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PREFACE 

1 HIS book deals with the fundamental problems of the design of reinforced 

concrete bridges of all types. It is the work of three engineers, each with decided 

opinions of his own on the matters dealt with in the chapters for which he has 

been mainly responsible, and it is thought that the work as a whole provides 
a reasonably balanced view of the subject. 

The illustrations (except those in Appendix VI and in Chapters XI11 and 

XVIII) are mostly of works designed and constructed under the supervision of 
the writers and fortunately it has been possible to choose from a wide range of 

types. A great many lessons that have been learned during the design and 

construction of bridges have resulted in the improvement and standardisation of 
numerous details, and many of these are given in the drawings. In some cases 

complete plans and detailed drawings are provided to enable the student to form 
a good idea of sound drawing-office practice. 

Almost all the elements of the design of bridges are dealt with, including the 
important problems of joints, surface finishes, drainage, and superelevation. 

Lack of attention to detail can easily spoil an important bridge which is funda¬ 

mentally sound in conception and general treatment, and very few bridges so 

far constructed in reinforced concrete have been entirely free from defects such 
as efflorescence at construction joints or staining at expansion joints. 

Only during recent years has very much attention been paid to the durability 
of concrete, although it is of primary importance in exposed structures such as 

bridges. Care must be taken to use high-quality concrete which will provide 
a high degree of workability with a low water-cement ratio. Only concrete 

mixed with a small proportion of water will^ithstand the effects of exposure to 

the elements, and a number of older concrete bridges need repairs which would 
have been unnecessary if the concrete had b^en of a reasonably high standard. 

1 he appearance of bridges ismm receiving much more attention than in the 

past, and details of all imporpMltw()rks have fo be submitted to the Royal Fine 

Arts Commission for approvSl and comment. This has resulted in an improvement 
in design and has ensured that no ugly bridge is now likely to disfigure the land¬ 

scape. There will, however, still be a considerable disparity between the really 

beautiful structure and that of just sufficiently good appearance to obtain approval, 

as the Royal Fine Arts Commission cannot do more than suggest general improve¬ 
ments or reject a really bad design. The closest collaboration between the 

engineer and the architect is required to produce a bridge of really fine appearance, 
and a masterpiece is possible only when both engineer and architect are masters 

of their craft and work together in complete harmony. The engineer must 

possess sufficient aesthetic feeling and sensitiveness to appreciate the architect's 

ideas and proposals, and he must also be able to act as interpreter of the more 
difficult aspects of engineering requirements. No architect worthy of the name 
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would wittingly associate himself with a sham, and he must know how each part 
of the structure is acting before he can make any real contribution to the aesthetics 
of the bridge. Thus a girder bridge may have curved soffits to the parapet girders, 
but considerable delicacy of line must be employed to ensure that the structure 
does not look like an arch bridge with a low ratio of rise to span. The new Waterloo 
Bridge is a beautiful structure of the continuous girder type, but despite the use 
of beams with curved soffits only an observer completely ignorant of engineering 
design would mistake it for a series of arches. Where a bridge deck has to be 
curved on both plan and elevation the finest combination of engineering and 
architectural skill is required to avoid the many subtle aesthetic pitfalls which 
will present themselves, and a satisfactory design can only be evolved with the 
exercise of great care and knowledge. 

Considerable discretion is required in choosing curves for the line of the 
road and the soffit of the bridge, and, even when they appear satisfactory in 

combination on the elevation, in the foreshortened view which is seen when 
approaching the bridge at an angle they may be most unsightly. A bridge Which, 
to suit the conditions of the site, requires a rise towards the centre of the span 
with reverse vertical curves at the ends offers considerable difficulty in the choice 
of an harmonious curve for the soffit. It is necessary in such a case to avoid 
a soffit with a small rise-to-span ratio, and the choice is particularly difficult 
when it is desired to provide a satisfactory foreshortened elevation. 

The small single-span bridge is always a difficult subject and very few small 
bridges erected during the past forty years have a satisfactory appearance. 
A pleasing example of this type of bridge is that constructed at Cawdor in 1936 
and illustrated on this page. The curve of the soffit and the line of the road 
are in complete harmony and combine well with the charming setting. The old 
hump-backed type of bridge, with a high arched soffit, provided an eminently 
satisfactory combination of line of road and curve of soffit curve, but these and 
other matters connected with the sesthetics of bridge design are beyond the scope 
of this work. So far as we know there is no comprehensive treatment of the 
aesthetics of bridges. 

The modem process of prestressing concrete has been applied to bridge 
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construction to a limited extent, mainly on the Continent, and it is very likely 
to replace a type of steel girder and mass abutment bridge used to a considerable 
extent in the construction of road bridges over railways. It is, of course, true 
that a form of prestressing is employed in arches where a curve may be selected 
which causes the dead load to impose bending moments on the arch at pre¬ 
determined positions, and this method has the advantage that no mechanical 
equipment is required to obtain the desired result. Despite our views on the 
limitations of prestressed concrete, we have included some details of this class 
of work and the method of calculation, as, in addition to its use in bridge con¬ 
struction, it has many other applications in building and structural engineering. 

A chapter is included on estimating and a series of graphs is given to enable 
a rapid determinatioh to be made of the costs of diherent types of bridges. 
Unfortunately building costs are far from stable at the present time and it has 
been necessary to base the costs on the 1039 prices. At present the cost of bridges 
is from two to two and a quarter times that ruling in 1939 and, whilst these 
factors may be used to give an approximate indication of cost, considerable 
caution is necessary in adopting such a procedure, particularly in the case of small 
bridges. So few bridges have been constructed during the last few years that 
there is not sufficient available information of prices to enable up-to-date graphs 
to be made. It is hoped that in the not far distant future prices may be stabilised, 
thus enabling the charts to be brought up-to-date in a new edition of this work. 

A chapter is included on the difficult problems of strengthening, widening, 
and realigning old bridges. Very few writers have attempted to deal with 
these subjects and we feel that the present contribution should be particularly 
useful to those who have to deal with these problems. 

We are indebted to F. A. Macdonald & Partners, Glasgow, for the use of 
a large number of drawings and photographs ; also to various members of their 
staff for valued assistance with illustrations and the checking of proofs. We are 
particularly indebted to Mr. Henry McClusky, who did a great deal of careful 
checking of the mathematical and arithmetical work. 

Glasgow, 1948. 
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CHAPTER I 

THE IDEAL BRIDGE 

Bridges New and Old -The Purposes of a Bridge—Alignment of 
Bridge and Approaches—Strength - Size and Wintii^—Permanency 
and Upkeep—Headroom—Appearance—Services—Road Surface— 

Road Drainage—Future Widening—Economy 

In view of the increasing interest taken in the ^Esthetics of bridge design in Great 

Britain, in this chapter the features which may be expected in an ideal bridge 

are discussed and some examples illustrated by photographs. 
Travelling along the roads of any developed country one passes over or 

under innumerable bridges, and it is instructive to consider the differences in 
them. Generally they may be divided into three main classes : Ancient; con¬ 
structed before 1914 but not ancient; and newer bridges constructed since 1918. 
What are the main differences in these three types ? 

In the first place it will be noted that the ancient bridges usually form 
river crossings, and an important feature common to them is that such crossings 
are almost invariably at right angles to the stream regardless entirely of their 
convenience or otherwise with regard to the road. In consequence at both 
ends of such bridges there are frequently bends which are sometimes as much as 
90 deg, {Figs, I and 2). Due to the fact that these bridges were mainly used by 
pedestrians and slow-moving horse and wagon traffic, the bends were not 
seriously detrimental in the days when these ancient bridges were constructed. 
But they are a serious danger on the roads under present traffic conditions, and 
in consequence such bends are avoided in modern bridge approaches. The reason 
for the square crossing was that it was both difficult and costly to construct 
a skew bridge in masonry. Every stone had to be set out separately and 
dressed to a somewhat complicated shape, as is indicated by the photograph 
of a typical example reproduced in Fig. 3. With modem constructional materials 
a bridge on a skew to provide ideal road alignment can be constructed at a 
cost very little in excess of that required for a square crossing and with equal 
simplicity, as is shown by Fig. 4. 

The second point which strikes one is that the contours of the ancient bridges 
were not nearly so convenient as in later examples. In many cases the centre 
of such bridges is in the form of a ''humpback,'' sometimes so steep on both 
sides that visibility from one end of the bridge extends only to the top of the 
hump, approaching traffic on the far side being completely obscured from view. 

A third great point of difference is that ancient bridges are almost invari¬ 
ably far too narrow for present-day traf&c. In many cases they provided for 
oiily one line of vehicles to cross the bridge at a time, and in some instances 
the bridge parapets were built out over the piers to form recesses into which 
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Fig. 1.—An Anci^t River Crossing. 
Note Narrow Humped Back with Righi angle Bend 

COMPLEIELY OBSCURING APPROACHING TRAtFIC 

Fig. 2,—Modern Bridge Replacing Above. 
A Wide and Level Crossing, providing an 

Unobstructed View of Traffic 

pedestrians could enter whilst vehicular traffic passed. It may be taken as a 
general rule that a bridge is unsuitable for modem traffic unless it has a width 
capable of taking at least one footpath and two lines of vehicular traffic at 
moderate speed. For mam roads, bridges are generally constructed with a 
total clear width between parapets of 40 ft., providmg a 30-ft. roadway and 
two 5-ft. footpaths, but the minimum width of one footpath and a roadway for 
two lines of vehicles would necessitate a roadway approximately 18 ft. wide with 
a 5-ft. footpath, that is, a total width between parapets of, say, 23 ft. 

Finally, and possibly the most evident difference to the layman, is the 
appearance of old and new bridges. The ancient structures still existing are 
usually built of stone, which called for an arch form of construction. The fact 
that ancient bridges are frequently more picturesque and pleasing to the 
than many of the more modem examples is surprising, because the use of 
the stronger materials—structural steel and reinforced concrete-—now available 
permits of a more slender form of construction, and with increased slendtemess 
one might reasonably expect a more graceful construction. Frequently tWs 
has not matured, and so it is often assumed that the ancient builders Of bridges 
had a more artistic sense of form and proportion than later engineers. 
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Fig. 3.—Typical Example of a Skew Bridge in 
Masonry. 

Fig. 4.—Constructional View of a Skew Bridge in 
Reinforced Concrete. 

[Compare the Complicated Curves and Cutting rj - 

quired to each Stone in the Masonry Arch with the 

SIMPLICITY OF the WORK IN REINFORCED CONCRETE.] 

There is a very interesting example of ancient and pre-1914 bridge con¬ 
struction on the northern outskirts of the Royal Burgh of Stirling. Figs, 5, 6 
and 7 show the three bridges which are to be found there. The first is Stirling 
Old Bridge, which was built several hundred years ago and is one of the most 
graceful and pleasing bridges in Great Britain; it is now listed as an ancient 
monuhient, and fortunately will be preserved by the nation. Downstream from 
this, and only about a hundred yards away, is the new road bridge, and a 

farther downstream is a structural steel railway bridge. Looking at the 
thre^ illustrations one cannot but be impressed by the fact that whilst the 
mdmt bridge is unquestionably a stately structure, the present road bridge 

on ugliness. The railway bridge, on the other hand, whilst certainly 



Fig. 6.—The Present Road Bridge at Stirling. 
A Typicai Struc ruRE of the Prf 1914 Period 

Fig. 7.~-RaUway Bridge at Stirling. 
A Typical Utilitarian Structure ; note the Piers of the Road 

Bridges in the Background, 
[These Three Photographs provide an Interesting Comparison op 
Different Periods of Bridge Construction. The Bridges Span the 

SAME River within a Distance of 400 ft ] 

4 
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not a pleasing structure, has the advantage that it is evidently purely utilitarian 
without any attempt at embellishment or decoration, and so provides some 
justification for its lack of artistry. It should be noted that the ancient bridge 
illustrates the points we have particularly mentioned. Its contour shows a pro¬ 
nounced hump-centre ; its width is small, being only 13 ft. It is constructed of 
stone, and it is beautiful. 

But whilst this particular example favours the ancient bridge so far as 
artistry is concerned, it is wrong to base on this and similar cases a sweeping 
judgment unfavourable to the aesthetic taste of the modern bridge builder. 

Many critics have apparently formed the opinion that ancient bridges in gen¬ 
eral are in themselves things of beauty and tend to improve the landscape. 
With this the writers disagree. It is in fact almost impossible to construct 

a bridge in any landscape without to some degree detracting from the aesthetic 
value of the countryside. Anyone doubting this should take a photograph 
of an ancient bridge considered to be beautiful and compare it with a photo¬ 
graph of the countryside adjacent to and similar to that at the bridge site, in 

order to obtain an idea of the view before the bridge was built. One case 
is illustrated (Figs. 8, 9 and 10), and we think it will be agreed that the 
bridge in question, whilst considered a “ fine old structure," is undoubtedly 

out of harmony with its surroundings. Furthermore, the modern concrete 
bridge replacing it, whilst offering every advantage of road alignment, grade, 

waterway, headroom, and economy, has an appearance which will not suffer 
by comparison with the ancient structure. 

Where opposition is encountered in arranging for the replacement of an 

existing bridge on this account, three views may be prepared : one a photo¬ 
graph of the existing bridge as it stands; the second a photograph with the 
existing bridge deleted and showing the view without the bridge ; and the third 

a photograph with the existing bridge deleted and with the proposed new 

bridge drawn in. A well-designed structure of reinforced concrete would not 
emerge unfavourably from such a comparison. 

Having discussed the differences between the old, the pr(M9i4, and modern 
bridges it will be well to consider the requirements for what one may term 
" the ideal bridge," so that in proceeding to design a new bridge one may 
blend the virtues of the ancient and modern forms of construction and omit 
their shortcomings. 

In the first place the line of the ideal bridge should be such that it does 
not present any serious deviation from the line of the road at each end. Gen¬ 

erally, of course, bridges will be in a straight line, but if the principles laid 

down are kept in mind there is no logical objection to a bridge itself being on 
a curve, provided always that the curve is of a radius not smaller than the 
general curvature ultimately to be adopted for other parts of the road, even 
when improved. The footpaths of bridges should have kerbs of reasonable 
height and parapets of sufficient strength to withstand a certain amount of 

collision shock in the event of vehicles mounting the kerb. As regards contour, 

it is far better that a modem bridge should be absolutely level, or at an even 
gradient similar to that of the roadway on both sides of the bridge, or if the 
bridge is long a slight camber throughout the length is permissible. The hump 

effect in ancient bridges to which we have referred tends to give a more 



Fig. 8.—Bridge at Hawkhead, Paisley. 
This Structurf is gkneralj-y considered to be “A 

Fine Oi d Bridge ” 

Fig. 9.—View of the River without the Bridge shown 
above. 

Note how the Bridge has Spoilt the Landscape. 

Fig. 10.—The Relndforced Concrete Bridge reiilacliig 
^e Old Btidge. 

In Addition to its Greater Convenience, the ArEEAitANCE 
or the New Bridge CoitPARES pavodraely with the Ancient 

Structure. 

6 
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picturesque appearance, but the purpose of a bridge is more important than its 
appearance, and all the other factors referred to should be made subject to the 
purpose for which the bridge is being constructed. 

The width of the bridge should be sufficient to deal with any traffic likely 
to use it at the present time, or indeed for the next fifty to one hundred years. 
In most districts the minimum width for secondary roads should be 23 ft., 
giving an i8-ft. roadway and a 5-ft. footpath; for main road bridges a total 
width of 40 ft. is desirable, providing a 30-ft. roadway and two 5-ft. footpaths. 

The next consideration is that of strength, and any main road bridge con¬ 
structed to-day in Britain should carry with a reasonable factor of safety the 
Ministry of Transport loading {Fig, 42). 

The third consideration is that of length and span. These, of course, depend 
entirely on the site conditions, and in every case it will be a matter for in¬ 
vestigation on the part of the engineer to decide the overall length and span 
subdivision of the bridge. If the bridge crosses a stream it is essential that 
it shall not produce undue obstruction ; in other words, it should provide a 
waterway through the bridge at least as great as the maximum waterway exist¬ 
ing in the river or stream above the bridge. It is, in fact, somewhat desirable 
that this waterway area should be a little greater than in the stream above in 
order definitely to ensure that the bridge does not in any way offer obstruc¬ 
tion, for if obstruction is caused there is not only a risk of damage to the struc¬ 
ture but also a risk of claims from proprietors for the flooding of their land 
above the bridge. The positions of the abutments of the bridge require careful 
consideration, and, generally speaking, they depend entirely on where it is most 
economical to cease susp)ended spans and to change over to solid construction. 
The foundations must be adequate to carry the loads to be imposed on them, 
and sufficiently deep to avoid damage by floods or other agency. 

Bound up with the question of span subdivision is the question of head- 
room below the bridge. Where the stream which is being crossed is not navi¬ 
gable, then the clear headroom to be provided depends entirely on the level of the 
highest recorded flood, above which a little clearance should be allowed. Where 
the waterway below is navigable and where the bridge does not provide an 
opening span it is necessary to ascertain what navigation rights exist in the 
river, and whether these provide for some minimum headroom under the 
bridges crossing it. If no such rights exist, then it is necessary for the en¬ 
gineer to ascertain the height of craft likely to use the stream and to provide a 
little clearance between this height and the underside of the structure. 

The next question of importance is probably that of appearance, and this 
requires special care where the new bridge is to replace an existing structure 
of some beauty. It is generally an advantage to photograph the site and to 
sketch on the photograph the outline of the new scheme. This not only gives 
the engineer a better idea of his proposal, but is l)etter than a drawing for indi¬ 
cating to the client the effect the new structure wUl have on the scenery and 
amenity of the site. Had a study such as this been made of some of the 
bridges built since 1918 a considerable modification might have resulted in 
the architectural treatment adopted. A further point to be kept in mind is 
that the bridge as a whole should fit into the surrounding landscape; in fact, 
l^erhaps the criterion of bridge construction on most sites, so far as the road- 
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way is concerned, is that one should be able to pass over it without having it im¬ 
pressed on one that a bridge is there. The parapets should be such that they 
blend with the surrounding scenery rather than obtrude themselves on the 
view of the user. So far as the side elevation is concerned it is of course im¬ 
possible to design a bridge which is absolutely unobtrusive, but it is possible to 
design one which does^ not clash with the surroundings. This is one of the 
reasons why ancient bridges generally have found favour, for the materials of 
which they were constructed were really part of the countryside, the stone 
generally being quarried in the neighbourhood of the bridge. With the intro¬ 
duction of structural steel, brick, and reinforced concrete, the materials—or 
shall we say the chief material which is evident after the bridge is constructed ? 
—is foreign to the countryside, and in order that they may be popular in their 
adopted country an endeavour must be made to make such materials unobtru¬ 
sive and fit in with their surroundings without any sense of aggression. 

The ideal bridge should also provide for services of gas, electricity, sewerage, 
water, telephones, telegraphs, and any similar work or line of connection which 
may be required. This is best done by forming a duct under one of the foot¬ 
paths in order that the road traffic will not be interfered with during the la5dng 
of the services or during their repair when necessary. If provision such as 
this is made it avoids placing unsightly pipes and cables on brackets fixed to 
the outside of parapets. In considering this point it is not only necessary to 
consider existing services, but it is desirable to ascertain from the responsible 
authorities what are likely to be their future requirements and to make ample 
allowance for them. If it is found that a duct under one footpath would be 
insufficient to allow for all such services, then it is advisable to include ducts 
under both footpaths ; the extra cost is a comparatively small item if the 
ducts are made part of the original design. 

The road surface provided over the bridge should be similar to that of the 
roadway approaching the bridge at both ends; it is an advantage to adopt 
exactly the same type of road surfacing over the bridge as along the remainder 
of the road. 

Ample provisions should be made for the drainage of the road surface. This 
may be done in several different ways, and is discussed in Chapter XVIII. 

Sometimes it may be considered that, whilst a certain width of bridge will be 
sufficient for the time being, the surrounding district may develop to such a 
degree that a greater width may be required in the future. If so, this should 
be taken into account in the original design in order to avoid excessive expend¬ 
iture and unsightly construction at any later date when widening is required. 
Some methods of providing for this will be described in a later chapter. In 
this connection it is interesting to note that in many older bridges which have been 
widened the engineer for the later work has for some reason or other considered 
that he could carry out the widening in a better manner by adopting a different 
form from that adopted by his predecessor. In general there is seldom justifi¬ 
cation for this where piers and abutments are being widened, and such a prac¬ 
tice usually reacts on the public mind to the detriment of bridge engineering. 
The original bridge may not be a thing of beauty, but a widened structure 
where the new work does not conform to the old is often one of definite ugli¬ 
ness. Where piers and abutments are not widened but the increased width 
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of bridge is formed by cantilevering from the existing work, then some change 
in the elevation is justified and frequently essential 

The next consideration, and one of the most important always, is that of 
economy. By keeping economy in mind it is not necessary to sacrifice 
appearance, for frequently the most economical construction produces an 
appearance in itself artistic and pleasing; it does at any rate veto all the 
senseless embellishment which we find on some of the early reinforced concrete 
structures. The consideration of economy does not necessarily restrict con¬ 
struction to any particular material There are cases of bridge construction 
where stone, structural steel, or brick is the most suitable material Such an 
example might be a new bridge over a deep and very wide river providing a poor 
foundation ; such a bridge would probably be more economical and of less dead 
weight if constructed in structural steel, especially the spans in the centre of the 
river. Many bridges constructed in recent years^ however, are of reinforced con¬ 
crete, which form of permanent construction economically provides all the features 
desirable in an ideal bridge. 



CHAPTER II 

SURVEY, LOCATION, AND SITE INVESTIGATION 

Site Survey—^Borings and Trial Holes- -Provision for Mains—Flood 

Level and River Flow—Accommodation Roads—Available Materials 

AND Labour—Summary 

An engineer usually receives his instructions with regard to the construction of 
a new bridge from a county or borough engineer, from the council whom the 
engineer represents, or from some other authority. When the instructions are 
received, unless the engineer has already an intimate knowledge of the locality 
the first step should be slowly to traverse the road on which the bridge is to 
be built for a distance of a mile or two on each side of the proposed site. This 
will give the atmosphere of the countryside, and will create an impression 
of the general treatment most suitable for the bridge in question before the 
engineer becomes involved in details. 

Having done this, the engineer might with advantage obtain the Ordnance 
Survey sheet covering the site of the proposed structure on which to stud37 the 
general features and arrangement on both sides of the bridge, with particular 
reference to side roads converging on to the road which the proposed bridge 
will carry. This study will in itself probably enable him to settle the approximate 
site of the bridge and the length of roadway at each end which should be included 
in the detailed survey. 

As an example Fig. ii shows a plan of a bridge site. It was decided to 
replace the old bridge by a new structure giving better gradients and adequate 
strength, and eliminating the dangerous narrow bends at the approaches to the 
old bridge. The site was visited and routes Nos. i, 2, and 3 considered. A 
study of the map, however, showed a further route. No. 4, to be ideal; this 
eliminates all bends by substituting one wide sweeping curve, and greatly 
improves the town by opening the view across the valley from the main street 
looking north. In addition it reduces the amount of property to be acquired, 
and avoids the necessity for the temporary bridge required by routes Nos. i and 2. 

The engineer should next obtain permission from the proprietors and adjoin¬ 
ing proprietors to make the detailed survey. This frequently avoids friction 
resulting from surveyors trespassing on ground which, although it may be required 
for the scheme they have in hand, actually belongs to others for the time being. 
It is an act of courtesy which is sometimes overlooked and which may avoid 
initial friction. It is extremely desirable in work of this kind that the adjoining 
proprietors and the local population should be well disposed to the scheme, as 
in numerous ways they can often facilitate the execution of the work. 

Having obtained permission, the detail survey of the site should be put in 
hand. It should include the preparation of a detail plan to a scale of not tess 

10 
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Fig. 11.—Study of Bridge Location from Ordnance Survey, 

than 8 ft. to one inch, together with longitudinal sections along the centre line, 
and at least along each face line of the bridge. Cross-sections should also be 
taken at reguiar intervals and should particularly include the lines on which 
the abutments and piers are likely, from superficial examination, to be founded. 
Ill the case of a river, not only should the cross-sections include the actual width 
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of the bridge and a short distance on each side, but they should be carried suffici¬ 
ently far downstream or upstream to disclose the deepest part of the river in 
the vicinity. The survey should extend at both ends of the bridge to include 
any road junctions and corners which may occur in a distance of two or three 
hundred yards from each end of the bridge. It is only by the consideration of 
such a length of roadway that one is able to choose the most suitable line, level, 
and perhaps gradient for the bridge. The survey should also include the whole 
of any property the purchase of which may be made necessary by the new scheme. 

Fig. 12.—^Hand Boring Tools. 

Whilst the surveyors are on the site they should note the surrounding 
scenery. It is advisable also to take photographs from both upstream and 
downstream sides of the bridge and from both ends of the roadway approaches. 
These photographs may be of any convenient size not less than 3 in. by 2 in.; 
if they are as small as this it is better to obtain enlargements from them to be 
used for the purpose of sketching in the new bridge to show approximately the 
appearance the site will present after the bridge has been constructed. 
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Borings and Trial Holes. 

The nature of the ground should also be ascertained. There are three 
main ways of doing this. The first and possibly the simplest is to ascertain 
what sub-soil has been found under structures in the vicinity. Mere hearsay 
should not be accepted, but if possible one should consult the builders of such 
structures, the responsible engineer, architect, or foreman, and ascertain the 
particulars from them. Trial pits should be dug at suitable points such as the 
positions likely to be occupied by the main abutments and piers. These trial 
pits should be carried down to such depths, say, 3 ft. minimum, that they show 
definitely ground suitable for foundations, and from this depth tubes or crow¬ 
bars may be driven to ascertain the nature of the ground to a further depth 
of, say, 6 ft. The actual thickness of a stratum to make it suitable for a sub¬ 
foundation, even if overlying different and poorer material, depends on the 
nature of the sub-foundation and must be judged in each case. 

Fig. 13.—^Hand Boring Plant. 

In more important structures this more or less shallow investigation is 
insufficient, and it will be necessary to take trial borings to ascertain the nature 
of the ground for a considerable depth. For engineering work on land there are 
three general ways of taking such bores. The first is with apparatus worked 
purely by hand, consisting of a boring auger with rods and drills of different 
types and lining tubes. The holes bored are usually from 2J in. to 4 in. diameter. 
The boring contractor should withdraw and preserve samples of the materials 
extracted from each level. Fig, iz shows the type of boring equipment used and 
the various kinds of drills required. Fig, 13 illustrates boring operations in 
progress. The logs of such bores should be recorded in a clear form, and the 
engineer should always see the material brought out, adding to the boring con¬ 
tractor's description any notes which may be necessdM to provide an accurate 
and permanent record of the types of ground encounmed. It is necessary in 
considering the samples of ground extracted to keep mind that if ground 
water is encountered the samples brought up are likely to be softer and more 
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disintegrated than the material existing in its natural bed. In addition, water 
is often introduced into the bore-hole to facilitate the working of the tools, and 
the nature of the cores obtained is thereby affected to some degree. The cost 
of carrying out such hand boring varies considerably, and depends on the rate 
of wages, the depth of the bore-hole, and the type of ground. This method can 
be adopted in all soils and to depths up to about 50 ft.; hand boring can be 
carried 2 ft. to 3 ft. into rock, although this is a laborious and expensive process 
and one which should be avoided wherever possible. 

Where larger and deeper bores are required the tools become too heavy to 
handle direct, and a tripod and winch are used as illustrated in Fig, 14. The 
boring is done by raising the boring tool, using the winch as shown on the photo- 

A'’’ 

Fig. 14.—^Wincb Boring in Progress. 

graph, and dropping it from varying heights depending on the nature of the 
material encountered. In both hand and the winch boring methods the bore¬ 
holes require to be lined temporarily with steel tubes in most types of soil, these 
tubes being withdrawn after the bore is completed when the hole may be per¬ 
mitted to fill up. Both methods are expeditious, and in most types of ground 
it is possible for the boring squad to pass through about 2$ ft. of ground in the 
course of a working day of eight hours. In most cities there are one or two 
boring contractors who spedalise in this class of work, and they are to be found 
in all mining districts. "Where the engineer has any difficulty in finding a suit¬ 
able boring contractor locally he will usually find that artesian-well engineers 
have the necessary plant and will be prepared to undertake the work. 

In general, it may be said with r^ard to investigations as to the nature of 
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the ground that trial pits give the most reliable results, permitting, as they do, 
an examination of the strata in their natural condition and around all sides 
of the pit. They may be used economically for depths up to about 20 ft., 
depending on the type of ground and the amount of water present; bores may 
be used for depths of 20 ft. or more. A complete record of the bores taken for 
a particular bridge is shown in Figs. 15, 16 and 17 with the levels at which the 
materials were ultimately found in the excavation. In general these results 
are more accurate than bores usually provide. Bores cannot be absolutely 
depended upon, and in designing foundations the engineer should make adequate 
allowance for contingencies in the event of his having to go deeper than the 
bores indicate or striking hard material at higher and inconvenient levels. 

Where a site consists of a valley having steeply-sloping sides but a com¬ 
paratively fiat bed, special care should be taken in investigating the ground 
conditions. It is probable that the original valley would be considerably deeper, 
consisting often of a ravine resulting from the continuation downward of the 
slopes of the two sides. The portion forming the existing flat bed may simply 

SidTOns t&ek. bopti.qn<< Stdcns 

be debris deposited in the original ravine, which, whilst appearing solid at the 
surface, may be quite unstable below. This is particularly the case in such valleys 
near the sea, where successive layers of shingle, sand, and soft alluvial clay are 
often found to considerable depths (see Fig. 18). 

Loading Tests on Ground. 
Load tests on the ground may ultimately be required, but these are often 

comparatively expensive, and it is frequently difficult to arrange for them at 
the depth of the finished foundation until such time as the contractor is on the 
site and has excavated one or more of the foundation holes. In most cases 
it is possible to defer or avoid the making of load tests, the engineer basing the 
design on his experience of the intensity of loading capable of being carried by 
the ground disclosed by the pits or bores. 

The simplest test is made with a timber sole-plate i ft. or 2 ft. square placed 
Ut the bottom of a trial hole. A timber post bearing on the centre of the plate 
duties a loading table and is guyed to prevent tilting. The weights of the post. 
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Fig. 16.—Sections showing Bores 
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Fig. 17.—Sections showing Foundations as designed from Logs of Borings and 
as actually Constructed. 

c 
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plate, and table, and of each increment of loading, should be accurately deter¬ 
mined. A similar, but improved, apparatus is shown in Fig, 19. A pit 10 ft. 
to 15 ft. square is excavated down to the proposed foundation stratum, and 
a smaller pit, say 3 ft. square, is sunk about 2 ft. farther. The sides of the main 
excavation may need to be timbered, but in moderately firm ground it may not 
be necessary to sheet the smaller pit. If water is encountered, it should be drained 
into a sump provided in one comer of the main pit from which it can be pumped. 
The bottom of the smaller pit should also be kept dry, but in so doing care must 
be taken not to disturb the surface upon which the bearing plate rests. The 
testing apparatus consists of a metal sole-plate, say, 2 ft. square, on which rests 
a metal spindle with a cast-iron cap supporting a steel or timber cross-head 
carrying the load. The ends of the vertical spindle are hemispherical and bear 
in cups on the sole-plate and cap, thus ensuring vertical reactions. The spindle 
passes through a guide in the frame, on which packing can be placed to support 

the cross-head should the latter become unbalanced. Otherwise throughout the 
whole of the test the cross-head is carried entirely by the spindle. Settlements 
are read on the extremities of the cross-head with a surveyor's level; a vertical 
graduated scale attached to the cross-head enables a rough check on the settlement 
to be made. 

Mineral Workings. 

Another important factor which should be ascertained during the survey 
is whether there are coal or other mineral workings below the site likdy to affect 
the stability of the bridge. One cannot too greatly stress the importance of 
this, for not only does it affect the possible permanency of the structure but it 
has a radical influence on the design to be adopted. If the bridge is to be founded 
on permanently stable ground, its type can be different from that on a founda¬ 
tion over coal workings which are almost certain to sink in the course of years. 
In the latter case the bridge foundations and complete superstructure must 
be made as flexible as possible to permit of the greatest relative movement 
between the various piers and abutments without damage to the bridge. This 
consideration will be dealt with at length later. 
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Provision for Mains. 

An investigation concerning the existing services across the bridge and 
future requirements should be made in the course of the survey. This can be 
done by reference to the engineer of the local authority who will usually be able 
to give information regarding sewers and water mains to be accommodated. 
The gas engineer for the district will be able to give similar information regarding 
gas mains. Reference should also be made to the Post Office authorities to 
ascertain what provision is required for telephone and telegraph cables. Fre¬ 
quently, also, overhead telephone and telegraph wires occur in positions where 
they will obstruct cranes, pile drivers, and similar plant during construction. In 
such cases a temporary diversion may be necessary, and as this takes some little 
time to arrange special note should be made of it. Finally, the engineer of the 
company operating in the district will give information about electric cables ; 
this point is particularly important, since there is a possibility of development 
going forward in electrification schemes that it is probable electric power will 
be introduced into a number of rural districts in the future. In discussing all 
these services with the competent authorities, the engineer should realise that 
he is not only providing a bridge for the present but for the future also, and that, 
whilst it is a simple matter to make provision for the mains when the bridge is 
being constructed, it may be difficult to lay those required in the future if they 
are not provided for in the original design. 

Flood Level and River Flow. 

A further point requiring special notice in cases where the bridge crosses a 
Wream is the probability and height of floods. As a general rule the highest 

flood ** level can be established by reference to old inhabitants or old 
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records. Failing this, a journey along the stream will frequently produce 
evidence in the form of debris deposited by floods and consisting usually of straw, 
grass, or twigs caught up in the bushes or undergrowth. More definite informa¬ 
tion about the highest flood is desirable, however, as this will have considerable 
bearing on the general plan adopted in design and construction of the bridge. 
It is also of interest to ascertain the speed with which floods develop in a river. 
Not only has this relation to the velocity of flow against which the bridge piers 
will require to be protected, but it may have some bearing on the design of the 
bridge in order to facilitate construction under particular circumstances. For 
example, in the case of a river liable to rise several feet in the course of an hour 
it will be appreciated that if timber centering were to be used considerable risk 
would be entailed throughout the whole course of the construction. Evidently 
if the river were to rise at such a speed when the whole of the centering was 
in position it would probably bring down with it branches, trunks of trees, and 
other large objects, and might also produce scour in the obstructed bed and cause 
considerable damage to the temporary work. Not only would this be a serious 
risk for the contractor, and one which would increase the cost of the work, but 
it might prove seriously detrimental to the permanent structure. Such a case 
calls duiing the design of the work for special consideration of the method of 
construction suited to the conditions. Another point to note is the size of the 
stones or boulders deposited by the stream, since these give an indication of the 
velocity in time of flood. An opinion should also be formed regarding the possi¬ 
bility of the stream changing its course. If there is any tendency to do so the 
foundations of the new bridge will require additional attention, and it may be 
necessary even to include in the scheme the training works necessary to ensure 
that the stream will keep to its course in the neighbourhood of the bridge. Table I 
indicates the velocity of flow which will induce movement in various types of 
material in a stream bed. 

Table I. 

Composition of Bed. 

Slimy earth or brown clay . 
Clay. 
Firm sand. 
Pebbly bed. 
Boulder bed. 
Conglomerate of slaty fragments 
Stratified rocks. 
Hard rocks. 

Least velocity (ft per second) causing scour. 

Surface velocity Mean velocity. 1 Bottom velocity. 

0-5 0-4 I 0*25 

lO 0-8 , 0*50 

2*0 1*5 i 1*00 
4*0 3-0 2*00 
5-0 4-0 1 3*00 

7*0 6-0 j 5*00 
8-0 7*0 { 6*00 

14*0 12*0 10*00 

_ .._ 

Where the new structure is located immediately downstream of an existii^ 
bridge, information should be obtained regarding the levels to which scour Wow 
the existing bridge has developed. This is an important factor, for it ’WilJ Often 
be found that, whilst the bed immediately under the bridge is normal, there will 
be at least potholes formed in the bed a little way downstream. This may 
necessitate deepening and a considerable increase in the cost of the foundation^ 
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of the new work and some expenditure in works to prevent scour between and 
around the new piers. 

Where the river is tidal it is desirable to take a tide record over a period 
of neap and spring tides and to arrange this so that it may give the contractors 
tendering for the work an indication of the length of time which they are likely 
to have available at each tide for construction at different levels. A tidal chart 
of this type made for a river which is partially tidal at the site of the bridge to 
be constructed is illustrated in Fig. 20, This site is at such a point in the river 
that it is subject to some tidal influence, but not entirely beyond the influence 
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Fig. 20.—Typical Tide Graph for Partially Tidal River. 

of flood water coming down the stream. In this case, as will be seen, there is a 
low>water period of approximately five hours to be expected at each tide. The 
exhibition of this chart to the contractors showed that the tidal work could be 
carried out under favourable conditions, and so enabled them to adopt a scheme 
for the execution of the work which permitted more economical construction 
than otherwise would have been the case. 

A further point for consideration is the drainage of the filling which may 
be required over the bridge superstructure and between the approach walls and 
the abutments. This is important, since considerable surface water may collect 
in these places before the impervious road surface is laid. Not only does 
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this surface water tend to produce an unstable filling, but there is every likelihood 
that if it collects in large quantities it may percolate behind the abutments and 
affect the foundations of the work. To avoid these risks it is desirable to provide 
effective field or rubble drains behind the points in question, and to collect this 
water and discharge it through the abutments or approach walls and lead it 
away to a suitable point a little distance from the bridge. If the bridge crosses 
a stream it is an easy matter to provide this, but in other cases special measures 
such as, for example, a drain from the bridge to a nearby stream may be neces¬ 
sary. In addition to this more or less temporary surface drainage of the bridge, 
there will also be the permanent surface-water drainage from the road and foot¬ 
ways to take into consideration. If the bridge is about 200 ft. long it will be 
possible to lead the surface water to each end of the bridge and there discharge 
it into a suitable stream or lead it to a soak-away. If, however, the bridge 
exceeds 200 ft. long it may be necessary to make provision for discharging 
this water through the deck of the bridge, or to lay a drain throughout the whole 
length and collect the water from the various gullies and carry this to the two 
abutments. This, however, is a somewhat expensive and cumbersome way of 
dealing with the matter, and, if at all possible, it is more economical to discharge 
the surface water at points along the length of the bridge. The engineer should 
keep this requirement in mind and make sufficient notes to enable him to decide 
in preparing the scheme what is the best and most economical method of dealing 
with it in each particular case. Drainage is also discussed in Chapter XVIII. 

Accommodation Roads. 

The line of the new bridge and approaches may cross certain existing services 
as, for example, an accommodation road. In such a case reference should be 
made to adjoining owners to ascertain what rights they have along such accom¬ 
modation road and what headroom and width it is necessary for the engineer to 
provide. This in some cases may involve building a culvert or tunnel through 
the approach to take the accommodation road, a factor which may appreciably 
affect the ultimate design. In addition, to provide sufficient headroom for the 
accommodation road and still keep the highway over the bridge at a reasonable 
level it may be necessary to regrade the accommodation road and take it to a 
different level immediately under the new bridge. To provide for this con¬ 
tingency the engineer should continue his survey for some little distance along 
the accommodation road on both sides of the bridge so that he may arrange the 
regrading in a way satisfactory to the users of the accommodation road. When 
the bridge, in addition to crossing a stream, involves approach works which cross 
an adjoining mill stream, full information should be obtained concerning the depth 
and flow of water and the possibility of the mill owners above the bridge closing 
down the stream at certain times and so permitting any work over it to be carried 
out in the dry. In other cases footpaths may exist along the stream, and it 
may be somewhat difficult, particularly in an arch design, to arrange the bridge 
in a suitable manner to cross stream and footpaths in one span. In some cases 
it may be possible to provide for the foot traffic by arranging for steps on both 
sides leading up from the ground below to the road over the bridge, an arrange¬ 
ment which is often made. In other cases, however, it may be necessary to 
form a tunnel or culvert under the bridge abutment to provide for this traffic. 
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Where the footway forms the towpath of a canal or river, to facilitate the navi¬ 
gation arrangements it must be included under the main span of the bridge to 
avoid interference with tow ropes, etc. In special cases the engineer may find 
other requirements of a nature which it is essential he should note in order that 

Fig. 21.—Method of keeping Road Open during Reconstruction of Bridge. 

bis finished structure shall not only form an ideal highway for the road user, 
but shall provide the best arrangements for those whose present facilities are 
affected in any way. 

It is frequently found that where a bridge is to be constructed it is necessary 
fo keep an existing road open throughout the whole period of the new construction. 
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If the new bridge is away from the site of an existing bridge, or if the work is a 
widening, this is not difficult. If the new line crosses the site of the old bridge 
and the roadway cannot be closed a temporary bridge may be necessary, but 
this is expensive and should be avoided whenever possible; such temporary 
works form an additional charge on the new bridge without providing any 
permanent future facility. An interesting example of provision for keeping 
open the roadway over an existing bridge during the construction of a new bridge 
is given in Fig. 21. The roadway to be accommodated is an important main 
road which it is impracticable to divert. In addition the valley crossed by the 
existing bridge and to be crossed by the new structure has a total width of approx¬ 
imately 400 ft. and a total depth of about 70 ft. In consequence the provision 
of a temporary timber structure to carry the roadway clear of the existing line 
would prove a comparatively costly item, probably running into three or four 
thousand pounds, and after completion of the new bridge this would not be of 
any benefit to the community. The new bridge is arranged on the line indicated. 
At the southern end there was no difficulty in keepihg the existing roadway open, 
since the new roadway commenced at a point some distance back from the bridge 
and at the same road level, and there were no works required immediately adjacent 
to the existing work. A different state of affairs existed, however, at the northern 
end of the bridge. At this point the new roadway was approximately 12 ft. 
above the existing roadway into which it ultimately joined at the same level 
between 200 and 300 yards away. The arrangement in this case was to complete 
as much as possible of the new work before making the junction between the 
new and the old work. Immediately this stage was reached a temporary retain¬ 
ing wall in rubble of sufficient strength to uphold the bank, and decreasing in 
height from 12 ft. to nothing, was constructed along the centre line of the 
existing road leaving one-half of the existing road open for single-line traffic. 
On completion of the filling to new road level behind this temporary retaining 
wall, the bottoming was placed and rolled in order to make it sufficiently solid 
and suitable to take a single line of traffic across the new bridge. At this stage 
the traffic was diverted across the new structure and then the second half of 
the existing roadway closed at the junction of the two bridges, the new retaining 
wall completed, the filling to the remaining width placed in position, and the 
roadbed laid as before. The traffic was then diverted to this second portion 
and the road surface finished on the first half of the approach road. During 
this time the traffic was consolidating the filling of the second half in the same 
way as on the first half. On completion of the road surfacing on the first half 
traffic was again diverted to it. The second half was then completed and the 
whole width of the new roadway thrown into service. This arrangement entailed 
only the construction of a temporary retaining wall in addition to the permanent 
work. This retaining wall cost approximately compared with £3,000 to 
£4,000 for a temporary bridge, the only alternative. 

It is quite impossible to deal here with every case of this nature which may 
occur, and the engineer must judge each on its own merits and devise the best 
arrangement to meet each case. He will find there are no fixed rules, but that 
it calls for the exercise of ingenuity and forethought. Whilst mainly concerned 
with the making of the preliminary survey, the engineer must* keep this require* 
ment in mind and obtain sufficient information and particulars on the site to 
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permit him to arrive at the best solution in the ofi&ce during the preparation of 
his plans. In no case should arrangements for keeping the existing road open 
be left for the contractor to fix at a later date. The engineer and the client are 
the parties most competent to settle this matter, and it should be shown on 
the drawings and described in the specification and schedule so that contractors 
tendering may price the work entailed on a uniform basis. 

Whilst obtaining the initial information the engineer should ascertain what 
sum, if any, in excess of the absolute minimum cost his clients are agreeable 
for him to spend on architectural treatment and finish. An ordinary plain 
concrete surface is seldom as pleasing as stone, but if a little additional money 
is expended it is possible to produce an exceedingly pleasing structure such as 
is presented by the elevations of many modern bridges in concrete. By suitably 
proportioning arch rings, spandrel walls, parapets, pilasters, and panels, and by 
a little judicious decoration, the result may be still further improved. This, 
however, may entail some additional cost, and it is important that the client 
should be given an idea of what will be a reasonable amount to expend and 
roughly what he can expect to obtain from this expenditure. This is a point 
best cleared up by personal discussion and interchange of views between the 
client and the engineer. As a general rule the client will be guided by the 
engineer’s advice, and the reasonable amount to be expended on this item obviously 
depends on the aesthetic necessities of the site in question. It is best that the 
engineer should have the point settled in the course of his survey and site investi¬ 
gations, since it may materially affect his design. 

Available Materials and Labour. 

Next for consideration are the materials and facilities for construction. 
Whilst these are primarily a matter for the contractor, it is a good plan for the 
engineer to ascertain sources of supply of suitable stone, sand, cement, labour, 
water, and power. If there are only a few local sources it is advisable to visit 
them and verify that the materials available are really suitable for his work. 
If, for example, there is a stone quarry close at hand producing chippings which 
are not suitable for the work, it is important that this fact should be indicated 
to contractors tendering, for, if not, it is almost certain that due to its probable 
cheapness some will include for stone from this source. There are districts where 
there is no local supply of sand, and in some such cases there are supplies available 
of whin or granite dust. Whilst the actual grit from these stones may be suitable 
as a substitute for sand, it frequently contains so much dust or flour tending 
to killthe cement that it is not looked on favourably by engineers. Cases 
such as these may call for special mention in the specification, and it may be 
desirable not only to indicate what will not be permitted for use in the work, 
but also to suggest sources of supply which will be approved. It is, of course, 
advisable if any source of supply is mentioned that more than one be included 
so that the contractors may have alternative sources and be enabled to obtain 
competitive prices. Cement is now sold in such a way that every part of the 
country is covered by an agent or agents who are able to give prices for the 
delivery of cement either to the nearest railway station or on the site of the work. 

With regard to labour, if the proposed bridge is a scheme to be assisted by 
a Government department there may be certain labour clauses necessary to meet 
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the requirements of the department making the grant. It may be necessary 
for labour to be obtained from distressed areas, and to engage the whole of the 
labour for the work from the local labour exchange ; in some cases these require¬ 
ments may be qualified by a certain percentage only of such labour being neces¬ 
sary. In other cases there may be no restriction, and the contractor may be 
left free to engage what labour he requires without reference to the authorities. 
All these factors are of importance to the contractor and should be ascertained 
by the engineer and covered fully and clearly in his specification to avoid duplica¬ 
tion of enquiries and to ensure a uniform basis of tendering. 

The water supply also calls for attention. If the bridge is in a neighbour¬ 
hood supplied by a water main, the engineer should enquire during his preliminary 
investigations regarding the amount of water available and the charges which 
will be made for it. Reference to the water engineer or manager for the neigh¬ 
bourhood will usually provide full information on this point. Usual ways of 
charging are by meter, by a percentage (often per cent.) on the total value of 
the concrete in the work, or in some cases a special lump sum charge is arranged 
for the contract. The engineer should include this in his specification so that 
all contractors may cover this item on the same basis without reference indi¬ 
vidually to the water engineer. If there is no local main supply and if the bridge 
is to be over a river or stream, the engineer should ascertain whether the water 
in the stream or river is suitable for concrete. If the stream is free from trade 
waste it is highly probable that the water is satisfactory. As a general rule if 
it is suitable for drinking purposes it is not likely to have any seriously detri¬ 
mental effect if used in concrete. On the other hand, if sewage or trade waste 
is discharged into the stream above the work it is possible the effluent may be 
detrimental to the concrete. In such cases it is desirable for the engineer to sub¬ 
mit a sample of the water taken from the vicinity of such effluent to an analyst 
for report. It is also advisable to take samples of the stone, sand, cement, 
and water proposed for use in the work and have briquettes and blocks made and 
tested to verify that the resulting concrete is entirely satisfactory. If the engineer 
decides that this water is suitable for use he should state so in his specification, 
and should later specify and include in his schedule for obtaining water from 
the stream or river for use on the work, as this may entail some expenditure in 
providing storage tanks, pumps, or other plant. 

Another case occurs when the bridge is some distance from any source of 
water supply. In such cases the engineer should ascertain where there is suitable 
water and enquire as to whether he will be able to use this in the work. Here 
again he should obtain full particulars, and it is advisabM th^t he should write 
his specification in such a way that contractors will viiit the source of supply 
and verify for themselves how they can best obtain the water and transport it 
to the site. 

Finally, there is the question of power. It is now possible to obtain plant 
for concrete works driven by steam, electricity, or petrol motor. As a general 
rule electricity is the most convenient. If it is available a short distance away 
it may be an advantage to have the power led on to the site and used there for 
various purposes, subject to the work being of sufficient magnitude. If there 
is a possibility of this, the engineer should obtain full particulars from the com¬ 
petent authority and should later include them in his specification and schednle. 
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The contractor should be allowed some freedom because insistence on a 
particular type of power may entail uneconomical conversion of plant. 

Summary. 

(1) A journey along the road for a mile or two on both sides of the bridge 
to obtain a general impression of the countryside and of the type of structure 
best suited to it. 

(2) Study of Ordnance Map showing the site. 
(3) Permission from adjoining proprietors to make a detailed survey. 
(4) A survey of the site of the bridge and of a length of road at each end, 

and of any side roads in order to lay out not only the bridge but its approaches 
in the most balanced and satisfactory manner. 

(5) Photographs to be obtained of the site and surroundings. 
(6) The nature of the ground on which the structure is to be built should 

be ascertained by means of bores, trial pits, or particulars of existing founda¬ 
tions. If safe load tests are ultimately required they may often be deferred to 
a more convenient time and a conservative assessment made at this stage. 

(7) Information regarding any coal workings existing or proposed under the 
site or approaches of the bridge, and for a distance of, say, one mile radius, 
together with the depths and thicknesses of the seams being worked. 

(8) The services which it is necessary to accommodate over the bridge, 
such as drainage, water, gas, electricity, telephones, telegraph, etc. 

(9) Particulars of the highest known flood, together with levels and speed 
with which such floods rise and any other information likely to be of use in the 
design or to the contractors in tendering for the work. 

(10) If the river is tidal, records of a neap and a spring tide should be obtained 
sufficient to provide tide charts for the guidance of the contractor. 

(11) Particulars should be obtained of the streams or drains into which it 
may be possible to drain the ground water from abutments and approaches and 
also the surface water from the new bridge deck. 

(12) Notes should be made of any special works, such as accommodation 
roads, mill streams, tow-paths, footways, etc., crossing the line of the new structure 
or affected by the scheme. 

(13) The necessity or otherwise of keeping open existing roads which may 
be affected by the construction of the new bridge should be ascertained, and 
consideration given to the methods to adopt to achieve this economically and 
effectively. 

(14) The sum, if any, available for beautifying the elevation of the new 
structure should be ascertained. 

(15) The sources of supply of suitable stone, sand, cement, labour, water, 
power, together with what in the case of water and power will be the charges 
made by the competent authorities for their use in the course of the construction 
of the new bridge, should be investigated. 

(16) Particulars of local authorities, Government departments, catchment 
boards, land drainage and navigation authorities, railway, canal, or other authori¬ 
ties affected by the scheme. 



CHAPTER III 

BRIDGE TYPES AND CHOICE OF TYPE 

Types Available—Foundations-—P'oundations Liable to Disturbance 

— Length — T.oads - - Width — Contour •- Appearance — Typical 

Examples- -Skew Spans 

Bridge Types Available. 

Every site provides its own particular conditions affecting the choice of the 
type of bridge most suited to the situation. The number of different cases is 
so great that it is impossible to do more than sketch the general principles involved 
and to give some brief indication of the procedure the engineer should adopt in 
selecting the type of bridge for any particular site. There are roughly thirteen 
main types of bridge construction in reinforced concrete, most of which are 
again subject to variation in transverse arrangement in two or more of five 
different ways. In considering what type of bridge is best suited to any par¬ 
ticular site therefore the engineer has a very wide choice before him, and the 
selection of the type best suited to the site conditions will call for careful con¬ 
sideration of every item of data he may be able to collect. 

For most sites it will be found that several of the different types of con- 
stn^ction will meet the local conditions, and the selection of these is not difficult. 
They may in fact be chosen by inspection of the types illustrated later, with 
littl^\more than consideration on the lines of the accompanying notes. To choose 
fromVhese the particular type which will meet the conditions with maximum 
efficiemy, permanency, and economy is a much more complicated matter, and 
it will probably call for rough calculations and rough estimates to assist in the 
comparison of two or more of the possible schemes before the correct choice can 
be made. Whilst it is necessary to make investigation for each individual case 
encountered in practice, some assistance can be obtained by a consideration of 
the various factors which affect the choice, and it is the object of this chapter 
to define these factors and to suggest the general lines of investigation which 
may be followed. 

The following notes relate to the thirteen different types of bridges referred 
to, and which are illustrated in Figs. 22 to 34 with the various transverse 
arrangements “ A to E shown in Figs. 35 to 39. Against each of the 
diagrams is given the approximate smallest span for which each type would be 
usually considered and the span range over which each type is commonly applied. 
Examples of girder and arch bridges of various types are given in Appendisf IV. 
It may be expected that the development of reinforced concrete, more particularly 
in regard to the use of higher working stresses, will in future tend to increase the 
maximum span for each type. 

28 
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Type No. i {Fig, 22) is a freely-supported slab or girder construction resting 
on abutments of any suitable form or material. This type is generally suited 
to spans up to say 35 ft. for a slab or a slab and beam construction, and to 
approximately 70 ft. if some form of parapet girder is used. It is simple to 
design and construct, and provided the bearings are properly arranged it offers 
a certain degree of “ flexibility '' in the event of bedding down or other disturb¬ 
ance of the substructure. 

Type No. 2 {Fig, 23) consists of a series of continuous spans each of which 
may have a length up to say 70 ft. if parapet girders are used, but which would 
probably be limited to about 50 ft. in the case of girders below the slab and to 
30 ft. if solid slab construction were adopted. In this type stresses set up by 
contraction and due to temperature changes must be taken into account. These 
may necessitate a cross division of the bridge by expansion joints at intervals 
if the total length is considerable. Care will also be required in the design of 
the bearings on the piers and abutments to avoid any considerable lateral stresses 
being transmitted to the piers. 

Type No. 3 {Fig, 24) is a rigid frame construction in which the horizontal 
deck slab is made monolithic with the vertical abutment walls. This construc¬ 
tion is suited to spans up to say 50 ft. but would not generally be found economi¬ 
cal for spans exceeding about 30 ft. For larger spans, it would be of beam and 
slab construction. 

Type No. 4 {Fig. 25) is a series of continuous spans in which the super¬ 
structure is not only continuous in itself but is also monolithic with the support¬ 
ing abutments and piers. The span limits are similar to those of Type No. 3. 
This is a form of construction which should not be adopted where there is any 
doubt of the rigidity of the foundation, for it will be apparent that any bed¬ 
ding down of the piers or abutments relative to the other foundations would 
induce extremely high stresses. For ideal situations, as for example on rock 
foundations, the method would be economical. 

Type No. 5 {Fig, 26) consists of continuous girder spans having varying 
moments of inertia along the span. As shown, this gives to the soffit of each 
span a shape similar to an arch, but where the girders are designed to project 
above the deck the structure may resemble a cantilever girder or a -suspension 
bridge in outline. This is a type of construction suited to much longer spans 
than those previously mentioned, and it might be used with advantage in favour¬ 
able circumstances up to a span of 150 ft. or even more. The superstructure 
might be made continuous with the piers and abutments or might be provided 
with free supports on the top of the piers and abutments. Generally speaking 
there is an advantage in providing joints, so avoiding somewhat doubtful varia¬ 
tions of stress on the substructure and foundations. 

Type No. 6 {Fig, 27) is suitable where the bridge is divided into several 
spans, its main feature is the construction of alternate spans with projecting 
cantilevers the ends of which are used as supports for freely-supported spans 
constructed between them. This construction has been used for spans up to 
200 ft. It has evidently greater ** flexibility ” than any of the continuous spans 
already mentioned and is therefore particularly well suited to sites liable to 
some bedding down or settlement of the supporting piers. For short spans up 
to say 40 ft. plain bearings may be used between the piers and the superstructure, 
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but for longer spans a form of rocker or roller bearing which will permit of slight 
rotation due to loading, bedding down of the foundations, or other causes is 
an advantage. 

Type No. 7 (Fig, 28) consists of a single long span between supporting piers, 
but with projecting cantilevers on the landward side of the piers at both ends 
forming counter-balances the effect of which is to reduce the positive moment 
in the central span. This construction has been used for spans of up to 450 ft. 
If of three spans, the design can be varied by the introduction of joints and a 
freely-supported span in the middle of the central span. This gives the construction 
greater flexibility.'' It is a type open to considerable development and is being 
adopted with advantage in more cases than has been done in the past. Where 
the span is across a canal or river and towpaths are required on both sides the 
cantilevers projecting behind the main piers can be arranged to span over these 
paths. 

Type No. 8 (Fig, 29) is a fixed arch, or arch made monolithic with the abut¬ 
ments or piers, and provided with closed spandrels, i.e. with side walls built up 
along both sides of the arch, the space between and over the arch barrel being 
filled with soil or other suitable material up to roadway level. It is suitable 
for use on spans up to 200 ft., or in special cases even more, but it is not often 
adopted for spans exceeding 120 to 150 ft. The reason for this is that the use 
of solid filling greatly increases the dead weight of the structure over and above 
that required if a construction similar to Type No. 9 is adopted. 

Type No. 9 (Fig, 30) is a fixed arch in which the arch barrel or ribs are 
monolithic with the supporting abutments or piers. Instead of the solid filling 
noted in Type No. 8 the deck is carried by column, beam and slab construc¬ 
tion, or cross-wall and slab construction. This type has been used success¬ 
fully for the longest spans constructed in reinforced concrete, notably the Elorn 
Bridge at Brest, the Esla Viaduct in Spain, and the 866-ft. span Sando bridge 
in Sweden. 

Type No. 10 (Fig, 31) shows a three-hinged arch in reinforced concrete. 
It has been adopted with success for spans exceeding 300 ft. and is suitable 
for situations where there is a possibility of slight movement in the founda¬ 
tion, as may possibly occur in certain types of soil or in areas subject to mining 
or other disturbance. Another advantage is the reduction of stresses due to 
contraction and temperature changes which become so important in monolithic 
structures. The hinges may be made entirely of metal, may be moulded in 
concrete, or may be formed in the reinforcement of the bridge. 

Type No. ii (Fig, 32) shows a two-hinged arch. Iliis is a type which is 
not frequently adopted. It has an advantage over the fixed arch in some cases, 
but as a general rule it will be found that if hinges are to be introduced then 
it is better to use three hinges, one at each springing and one at the crown, rather 
than to limit them to one at each springing as in this type. Here again the 
use of the hinges appreciably reduces the stresses due to contraction and changes 
of temperature. 

Type No. 12 (Fig, 33) is the bowstring form of construction consisting of 
arch ribs constructed above the deck level of the bridge with horizontal ties 
connecting the springings and resisting the horizontal thrust of the arches. These 
ties are therefore in direct tension. Usually they are suspended from the ardb 
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rib at intervals and form the side members of the deck construction. This 
form can be adapted to long spans, one of the longest built being 300 ft. By 
some engineers the direct tension in hangers and horizontal ties is considered 
to be an objectionable feature tending to the development of hair cracks in the 
concrete which might result in deterioration of the reinforcement; there is little 
direct evidence to support this criticism, however. 

Type No. 13 (Fig. 34) is a variation of the bowstring construction in which 
the deck is placed at a level above the apparent springing of the arch. The 
deck is suspended by ties from the arch rib for the major portion of its length, 
but towards the end is supported from the top of the arch ring by means of 
columns or cross walls. This is a type which the site conditions seldom make 
necessary. 

Most of the thirteen types described are subject also to variation in the 
arrangement of the cross section of the bridge. These are indicated in Figs. 35 
to 39 and are marked Types A, B, C, D, and E. 

Type A (Fig. 35) consists simply of a slab of uniform thickness throughout 
the cross section. It is found in short-span portal-frame construction and in 
some parapet-girder bridges. 

Type B (Fig. 36) consists of a deck slab supported by ribs or beams on the 
underside, and is possibly the most common form of deck slab construction in 
bridge work. 

Type C (Fig. 37) consists of a deck slab supported by ribs or girders 
projecting above it along both sides. Its usual form is that of the parapet 
bridge. 

Type D (Fig. 38) is similar to Type C except that the upstanding ribs are 
not so deep and do not form part of the parapet. It is not a very common form 
of cross section. 

Type E (Fig. 39) is a cross section of a cellular type of bridge in which a 
soffit slab is provided along the bottom of the girders and the deck slab 
spans across the girders at the road level. Externally a bridge of this type 
has a solid appearance. Due to the reduction of dead weight which results 
it is a form suited to long spans, and is used with either girder or arch con¬ 
struction. 

Types A, B, D and E can be used for any width of bridge, whilst Type C 
is suitable only for comparatively narrow bridges usually of the parapet girder 
type. 

In addition to these general types and variations in reinforced concrete 
bridge construction one occasionally encounters what may appear to be unusual 
types, often simulating structural steel work in general arrangement and appear¬ 
ance. Actually these may almost invariably be included with one or other of 
the types illustrated. The great amount of intricate shuttering work which 
they involve makes them unsuitable for what are to-day considered normal 
spans. Due, however, to the saving of dead weight resulting from their open¬ 
work construction they appear to be more suited to very long span bridges, 
and it is mainly in this class of work that they have been used up to the 
present. For spans under 250 to 300 ft. it is doubtful whether they would 
prove economical. 

Having before us the different types of bridge which may be adopted, there 
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36 REINFORCED CONCRETE BRIDGES 

7YP£ 9 

Secondary Yearns 

Min Span 7b-o" 

(knaro/ Us€ 

tDecK shb 

^ F=\ 

—' 
^ibs Main Beck/ny 

1 ^ C Coiumns I 

Concrete Abutment J 

OPEN SPANDREL RJ5&ED ARCH TYPE 

Mq{^ be dcstQned wtth fmed, liHinqe or SHtnoe t^ibs, 

Mou be SinqJe or muJhp/e span 

Fig. 30. 

Fig. 31. 



BRIDGE TYPES AND CHOICE OF TYPE 37 

Flft. 33. 



38 REINFORCED CONCRETE BRIDGES 
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axe three questions to which answers must be found before one can decide on 
the type of bridge most suited to any particular case. 

(1) Which of the types can be adapted to the particular site in question ? 
(2) Which of these possible types will do the work most economically ? 
(3) Are there any disadvantages in the adoption of this most economical 

scheme ? If so, one must then consider one of the schemes which is 
a little more costly than the cheapest to meet the requirements. 

If we can find definite answers to these questions for any particular example 
then we shall be in a position to concentrate on the detail design of the chosen 
type knowing that the final design will have all the requirements of the ideal 
bridge and particularly those of efficiency, permanency, and economy. 

In endeavouring to find an answer to these three questions, there are two 
sets of factors which call for consideration. The first, which may be termed the 
natural factors or factors dependent entirely on the site conditions, are : 

(a) The foundation. 
(6) The possibility of mining or other disturbance. 
(c) Headroom necessary, 
\d) The length of the bridge. 
There is also a number of what may be termed artificial factors, that is, 

factors decided by the necessities of the case. These may be enumerated as: 
{a) The load which the bridge is to carry. 
(b) The width of the bridge. 
(c) The contour. 
(d) The appearance. 
Let us now consider these factors separately with a view to appreciating 

the extent and manner in which they affect the choice of bridge type. 

Foundation. 

It may be taken as a general rule that if the foundation work is compara¬ 
tively costly it will be better to reduce the number of foundations as much as 
possible and in consequence to use comparatively long spans. If, on the other 
hand, the foundations are likely to be inexpensive it will be more economical 
to use short spans and a comparatively large number of foundations. 

It has often been suggested that in multiple-span bridges the division of 
spans should be such that the total cost of the substructure equals the cost of 
the superstructure. Whilst there is some justification for this it should not be 
followed too rigidly in view of the many factors involved in the choice of type 
of bridge. These statements are, however, open to some qualification. Take 
for example the case where the ground is particularly poor and where in con¬ 
sequence it is necessary to spread the load from the new bridge over the whole 
area of ground covered by the bridge. This might conceivably occur on a site 
where it is impossible to obtain an absolutely rigid foundation at any reasonable 
depth which could be reached by piling, but where a comparatively low loading 
of the ground at shallow levels is permissible. Although the foundations in 
such a case would be comparatively expensive, it would obviously be an advan¬ 
tage to have several short spans rather than one long one in order to reduce 
the stresses induced in the raft system connecting the various piers and abutments. 
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From the general rule one is also led to the fact that, in most cases, if the ^ 
foundations require to be carried to comparatively deep levels they will be costly 
and in consequence it will be better to use comparatively long spans and so 
reduce the number of foundations. At the same time it should be noted that 
if a foundation is only obtainable at a very low level it will be better to have 
only vertical reactions, and in consequence for single spans the arch type of 
construction is not likely to be favoured in cases of this kind. For multiple- 
span bridges, however, where the major portion of the horizontal thrust would 
be balanced over intermediate piers, the objection would not apply so strongly. 
On the other hand, if the foundations are shallow they are likely to be com¬ 
paratively cheap and short spans will be favoured. Such shallow foundations 
will also be more suited to deal with inclined reactions, and an arch type of con¬ 
struction would therefore offer some advantage. Where abutments or inter¬ 
mediate piers are to be constructed in a river or other water, dams are likely to 
be required. These are temporary works carried out solely for the purpose of 
facilitating the construction of the permanent structure and are removed after 
the permanent structure is completed. It is therefore desirable to limit the 
expenditure on such temporary works as much as possible, and this can best 
be done by reducing the number of foundations required. This automatically 
guides one to a reduction in the number of spans, so that in such a case, other 
factors being equal, comparatively long spans are favoured. 

The reason for the total cost increasing considerably with the increase in 
the number of dams is apparent, for as a general rule the longer side of the dam 
will be across the bridge and the short side in the direction of the span of the 
bridge. For example, suppose a bridge pier is 50 ft. long, say a little more than 
the total width of the bridge, and has a width of say 12 ft. ; if two such piers 
are required the total length of dam required will be 248 ft. If, however, four 
piers are used the width of pier to give the same intensity of loading on the 
ground will be in the neighbourhood of 6 ft. and the total length of dam required 
for four piers would be 448 ft., or almost twice as much as in the first case. In 
addition to the fact that the length of the dam increases almost directly as the 
number of supporting piers and abutments, the delay occasioned in constructing 
a number of such dams, timbering inside, pumping out, withdrawal of the dams 
after use, etc., is likely to be considerable and to increase appreciably the cost 
of the finished work. 

Table II gives the approximate weight per square foot which the super¬ 
structures of bridges of various spans are likely to produce, and if to these are 
added the design load per square foot calculated as equivalent to the live load, 
one can rapidly find approximately the total load on the foundations for any 
given span. From the information obtained during the investigation at the 
site the reasonable intensity of loading to be imposed on the ground at different 
levels will be known, and by equating the two one will be able to find roughly 
the width of foundation required for any subdivision of length. If the total 
width of the foundation for the chosen span does not exceed 20 per cent, to 
25 per cent, of the span then it will usually be reasonable to spread the load from 
the pier. If, however, the spread required exceeds 25 per cent, of the span it 
is probable that it may be economical to go deeper with the foundations to a 
stiffer stratum or to use piles, or to deal with them in an even more elaborate 
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Table II. 

Approximate Weights per Square Foot of Girder or Open Spandrel Arch 
Bridges. 

Span in ft. 

Approx, dead load of 
bridge superstructure 

per square foot 
lb. 

Ministry of Transport 
approximate equiva¬ 

lent live load per 
square foot * 

lb. 
20 160 355 
30 180 310 

50 215 274 

70 250 259 
100 310 235 
150 400 210 

200 490 194 

[Note : Add the dead and live load figures given to the approximate weight ot the founda¬ 
tions per square foot of bridge. This total multiplied by half the bridge area equals the 
load on one foundation for a single-span bridge.] 

* Includes knife-edge load 

Example. 

The use of the above table may best be shown by an examjile. 
Suppose one is considering the adoption of a loo-ft. span girder bridge. 

The approximate width of foundations required may be determined as follows: 
lb. 

Dead load = 310 j 

Live „ =235) 
Foundations, say f weight of superstructure “ 200 

from Table. 

Z15 
Safe intensity of pressure from foundations — 2 tons per square foot 

width of one foundation — g.o 
2 X 2240 

In the case of an arch bridge, the values of the live load and the weight of 
the superstructure could be taken from this Table, and the approximate hori- 

zontal thrust obtained from the formulae H = , where r is the rise of the 

arch. The size and shape of the foundations are then best determined graphic¬ 
ally, being largely dependent on the height of the arch springing from the natural 
foundation level. 
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way. Having made rough calculations on this basis, the engineer will find it 
necessary to prepare rough comparative costs of foundations necessitated by 
different spans or types to guide him to an answer to the question What type 
and span of bridge is to be adopted ? 

Foundations Liable to Disturbance. 

In mining areas or in areas where brine is pumped from the ground there 
is considerable possibility of settlement taking place in the ground at great depths 
below the bridge foundations. It should first be appreciated that such move¬ 
ments are really miniature earthquakes, and it is quite impossible to prevent 
this type of disturbance from affecting the bridge structure no matter of what 
material or to what design it may be built. No amount of spread or increase 
in the depth of the foundations (short of carrying the foundations down to a 
depth below the mine workings) will prevent ultimate settlement taking place 
where the whole of the ground sinks for great depths. In consequence it is 
necessary for the engineer to keep in mind that the bridge may settle and 
that it may not settle uniformly. In such cases he should adopt a type which 
will allow for considerable relative variations in settlement, of say 6 in. or more, 
of the abutments and various piers, dependent on the knowledge of the settlement 
already experienced in the neighbourhood, and the design must be such that 
this settlement may take place without affecting the strength or permanency 
of the structure. A factor of this kind will have a considerable effect on the 
choice of type of bridge to be built, and will always lead away from monolithic 
construction towards one of the “ flexible ” types having the maximum number 
of hinged joints. 

In this connection it should be noted also that in such cases there is a slight 
possibility of greater settlement at one end of an individual pier or abutment 
than at the other. In other words, it does not necessarily follow that a pier 
will settle uniformly over its whole area; it may in fact tilt across the bridge. 
The only way of providing for this contingency is to design and construct the 
pier as stiffly as possible along its length so that it will be capable of standing 
stresses induced by such unequal settlement, and by increasing the intensity 
of load on the part of the foundation which does not settle wiU tend to crudb 
this and to keep itself as nearly as possible on an even keel. Reinforced concrete 
is particularly well suited to the construction in such cases. In steel bridges 
arrangements are sometimes made for the jacking up of the girders on the top 
of the abutments and piers in the event of non-uniform settlement. There is 
no reason why a similar arrangement should not be adopted in reinforced con¬ 
crete construction. The deadweight is generally greater, but usually it would 
not be found either difficult or imduly expensive to provide facilities for jacking 
up the reinforced concrete superstructure. Unfortunately there has been up 
to the present a tendency to decry the use of reinforced concrete for cases of 
this kind, but it is anticipated that in future there will be a slowly increasing 
adoption of reinforced concrete for bridges of this type. In such cases Types 
Nos. 6, 10, and 12 are suitable for consideration; the remaining types should 
not be adopted. 

Another very important factor in deciding the type of bridge to be used is 
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the maximum construction depth available. The level of the soffit of a bridge 
is usually governed either by the height of flood water or by any navigational 
use to which the river or stream may be placed. On the upper side the level 
will be governed by the contour of the roadway over the bridge, and the differ¬ 
ence between the two will give the construction depth available. If this con¬ 
struction depth is large then it will in itself have no effect on the type of bridge 
to be used, but if it is restricted and it becomes less than a twentieth part of 
the span then the girder type of construction (Nos. i, 2, 3, and 4, and possibly 
also No. 6) is not likely to be suited to the case. Instead it will be found that 
Type No. 12, the bowstring girder, requires the minimum constructional depth 
owing to the fact that the actual carrying members of the bridge project well 
above the roadway. Types Nos. 5, 7, ii, and 13 will probably be the next most 
suited for a case of this kind. As regards the cross section of the bridge, Type A 
would probably give the minimum of constructional depth, followed closely by 
Types C and D. The construction depths necessary for a roadway say 20 ft. 
in width, using Type No. 12 bowstring girder, will probably be from 18 in. to 
24 in. and will be quite independent of the bridge span and wholly dependent on 
the width between the bowstrings and also on the load to be carried. The arch 
construction (Types Nos. 8, 9, and ii) and the girders having varying moments 
of inertia (Type No. 5) will probably necessitate a constructional depth in the 
centre from a thirtieth or a fortieth part of the total span of the bridge, depend¬ 
ing to some degree on the constructional depth available at the springing or 
alternatively on the rise of the arch. 

Length of Bridge. 

The total length of the bridge is another factor affecting the type to be 
adopted, and the length itself depends almost entirely on the economic point 
at which the change should be made from suspended to solid construction. It 
resolves itself into a comparison of costs of suspended approaches and of solid 
approaches con.sisting of approach walls and the necessary filling. A table 
similar to Table III based on rates applicable to the site will be of assistance. 
This gives the approximate cost of retaining walls of various heights on normal 
ground together with the cost of filling per foot of length for varying heights 
and for approaches having a total width of 20, 30 and 40 ft. The cost of the 
filling is based on a rate of 3s. td, per cubic yard in place. If we take the cost 
of construction of suspended approaches at say £10 per square yard and compare 
this with the cost of the solid approach construction we can quickly find a suit¬ 
able point at which to change from solid to suspended work. As a general rule 
this will be found to occur where the bank in the approach increases beyond 20 ft. 
in height. It should be noted that prices and rates will vary for different districts 
as the prices of the various materials involved vary from time to time, and that 
unusual conditions may increase unit costs. In consequence it will be necessary 
for the engineer when he has an important bridge structure under consideration 
to make up approximate prices based on the local rates ruling at the time on 
the same lines as those shown for purposes of comparison. 

There are numerous factors which may considerably influence this decision. 
For example, in some cases the materials excavated may be gravel suitable for 
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ase in concrete, and even if not suitable for reinforced concrete it will be reason¬ 
ably suitable for mass concrete. In a case of this kind the retaining walls to 
the approaches would be more economical to construct than in normal cases, 
and in consequence it would probably be an advantage to carry out the solid 
approach work farther and higher than in a normal case. 

A similar effect would result if filling were particularly cheap or if it was 
necessary to find a suitable tip for the excavations for the bridge foundations. 
Here it would be advisable to arrange the approach works so that they would 
absorb the whole of the surplus excavation available. 

Another case might occur where it was wished to make some improvement 
to a corner of the roadway at a site not far distant from that of the bridge and 
where there might not be available a suitable tip for any surplus soil. In such 
a case use might be made of the approaches of the new bridge to deposit the 
soil from such an improvement. 

The type of foundation will also have to be taken into account. In 
cases where suspended work necessitates deep and costly foundations, while 
solid construction can be founded cheaply at shallow levels, then the latter will 
obviously offer an advantage and will in consequence be adopted as far as 
possible. 

It will also be noted from consideration of Table II that the narrower 
the bridge the longer will be the total span, from solely economical reasons due 
to the fact that the approach work will always call for two supporting walls 
which are much more expensive than the intervening filling and more closely 
approach the unit cost of suspended work. Usually, therefore, the narrower 
the bridge the longer the suspended work and the shorter the solid approach; 
the wider the bridge, the shorter the suspended work and the longer the solid 
approach work. 

A further factor which might have some effect on the position at which 
one changes from solid to suspended work is the cost of the land on which the 
bridge is to be built. If this was particularly high it would be desirable to limit 
the width taken up by the banking of the approaches as much as possible and 
in consequence this banking would probably be retained between walls for the 
whole of its length. 

These various factors affecting the point where the change should be made 
from solid to suspended work have been briefly mentioned, but their number 
might be considerably extended; in fact the data collected at the site of any 
proposed bridge will almost invariably contain some novel factor affecting this 
choice. Those mentioned will, however, provide some guidance to the line of 
thought necessary when considering this matter. 

In addition to consideration of the points at which the change from sus¬ 
pended to solid work should be made, one must also consider the question, When 
should one change from main spans to suspended approach spans ? " This is 
a factor almost invariably settled by the contour of the site, but in principle 
it should be noted that down to comparatively short spans the greater the number 
of supports the lower the cost of the suspended work per unit of area on normal 
foundations. 

Another factor which will enter into the question is that of the width of 
the river to be spanned, and as has already been noted it is essential that the 
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Table III. 

Approximate Costs of Solid Construction for Bridge Approaches. 

Cost per lin. ft. 
Cost per lin. ft. of filling at 

3s. Od. per cub. yd. 

Height 
in ft. 

1 wall 

1 

1 2 walls 

1 

1 

Bridge 
20 ft. 
wide 

Bridge 
30 ft. 
wide 

Biidge 
40 ft. 
wide 

Notes. 

8 

1 

225. 44s 
i 

625. 935- 1245. (i) Add cost of 2 walls and 
filling between, and 

10 32s. bcL , 78.9 ' 117s 15GS. where this is less per 
square yard than the 

12 45.9. bd. 1 93s. bd. 1 1405. 1875. cost of suspended work, 
or say approximately 

15 70s. 6d. 1 14IS. 
1 

1 117s. 175s. bd 234s. ;^io, then solid con¬ 
struction is pirobably 

18 1015. 2025. 1405. 2105. 2805. preferable. 
(ii) If basic costs vary from 

20 127s. 254s. I 156s. 2345. 312s. those used in the pre¬ 
paration of the Table, 

25 2035. 4065 1945. bd 2925. 3895. the tabulated values 
should be amended 

30 304s. ! 608s. 233s. bd. 3505- 4675. proportionally before 
use. 

Example. 

A bridge approach is to be 40 ft. wide and 30 ft. above foundation level. 
Will solid or suspended construction be more economical ? 

From the Table: 
Cost of two walls == £30 8s. od. 

,, filling = 23 7s. od. 

£53 15s. od. 

l*>s. od, X 0 
Cost of solid construction per square yard = ^- 

= £12 approx. 

Suspended construction (cost £10 per square yard approximately) would 
probably be the cheaper. 
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full area of waterway existing before a bridge is built shall be preserved in the 
design of the new structure. 

Loads, Width and Contour. 

Next we come to artificial factors affecting the choice of type. In the first 
place we have the question of load. Where this is heavy it will tend towards 
the adoption of comparatively short spans, whilst if the design load is light it 
will tend towards the adoption of longer spans. The reason for this is that the 
heavier the load the heavier the construction required to carry these loads and 
the more expensive in consequence does the suspended work become. 

The next question is that of width of bridge. This has not a very great 
influence on the type of construction to be chosen except in cases where the 
bridge is so small that parapet girders may be adopted. These will provide an 
economical form of construction, but they are not generally liked owing to the 
possibility of vehicles colliding with them, and in damaging the parapet at the 
same time damaging the supporting power of the structure. This is a factor 
which does not occur if the parapet is not part of the supporting structure of 
the bridge as is the case in every other type. 

The next factor is the contour of the bridge, and this can be adapted to 
any type except that of the bowstring, which as a general rule is made hori¬ 
zontal or with only a very slight camber along the length of the bridge rising 
towards the centre. 

Appearance. 

Finally there is the question of appearance. Where the bridge is to show 
a concrete finish any of the types may be adopted, but where it is wished to 
add a veneer of stone or other material then only solid spandrel construction 
is suitable. This can be obtained in Types Nos. i, 2, 3, 4, 5, 6, 7, 8, 10 and ii. 

A decision on the subdivision of the total length of a bridge is also frequently 
affected by the appearance. Unless there is special reason to the contrary, 
multiple-span bridges should have an odd number of spans; an even number 
never looks well unless there is a special reason obvious to the layman when 
the bridge has been constructed. 

In certain situations some of the types may appear incongruous and unsuit¬ 
able, and this is a factor which should be given careful thought, for it is unwise 
for the engineer when designing a new structure to offend the aesthetic taste of 
the general public. He must remember, however, that the purpose of a bridge 
is of greater importance than its appearance, and it is seldom that the type of 
bridge to be adopted will be governed by its elevation. Instead, when an archi¬ 
tect is not employed, it will be a problem for the engineer to make the elevation 
of the most suitable type of bridge fit in as well as possible with its surroundings. 
There is a case where a bowstring girder has been erected in a wild moorland 
situation, and which in consequence has been severely criticised on the score 
of its unsuitable elevation. In this case the bridge crosses a stream travers¬ 
ing a wide valley, the stream being liable to sudden and high floods. To have 
raised the roadway in the neighbourhood of the bridge in order to permit of 
an arch or girder type of construction would not only have been expensive but 
might also have been dangerous due to the possibility of floods overflowing the 
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river bank and causing damage to the new embankment on both sides. In 
consequence a bowstring girder was adopted requiring the minimum construc¬ 
tional depth and so providing the maximum headroom for the flow of water. 
This is a perfectly sound engineering decision. It is admitted that the appear¬ 
ance of the bridge is not quite suited to the countryside. Possibly a roughly 
bush-hammered stone, concrete, or masonry-faced arch would have been more 
fitting, but this is a case in point where although the bowstring is unsuitable 
from the aesthetic point of view it is nevertheless the only sound engineering 
solution of the problem. 

Examples. 

Having suggested in brief outline the various questions which arise in select¬ 
ing a type of bridge, it is proposed to apply the conclusions to a number of 
typical cases where bridge construction might be required. It must be under¬ 
stood that every bridge type requires separate consideration of all the factors 
mentioned before a final decision can be arrived at, and the three examples 
given are merely a guide to the method of analysis and are not the analysis itself 
for any actual bridge. 

Example i.—A deep and narrow rocky ravine, with rock outcropping at 
both sides and everywhere found at shallow depths below the surface soil. 

This is obviously a case where it would be expensive to bring a foundation 
up from the bottom of the ravine to a comparatively great height and conse¬ 
quently at considerable cost. The case would therefore lead one toward the 
adoption of a single-span bridge. If the span were up to approximately 30 ft., 
Type No. i might be adopted. The rocky side of the ravine could, however, 
provide excellent resistance to the thrust of an arch, and in consequence Type 
No. 8 would also call for consideration due to the fact that there would be no 
likelihood of settlement in the rocky sides of the ravine. The fixed arch type 
No. 8 would here be preferable to the hinged types Nos. 10 or ii. As there are 
no practical limits to the construction depths this factor does not affect the 
decision. The choice would probably rest between Types Nos. i and 8, and 
a comparison of cost and appearance would finally determine which of these 
types would be used. 

Example 2.—A rocky valley, comparatively shallow and narrow, with the 
rock to be found everywhere at comparatively shallow depths below the surface. 
It is probable that in such a case the stream in the valley would be liable to 
considerable flooding. 

In this case the foundations would evidently be inexpensive, and in con¬ 
sequence it would be reasonable to use comparatively short spans. There is 
no possibility of mining or other disturbance, and in consequence there is no 
necessity to make the bridge particularly ‘‘ flexible.*' Owing to the probability 
of considerable flooding it would be desirable to provide the maximum waterway 
and also to give plenty of length to the bridge in order not to affect either the 
flow of the river in flood or the distribution of flood water when the river over¬ 
flows its banks. In consequence, if the span does not exceed 30 ft. Type No. ia 

(Figs. 22 and 35) would require consideration. If the span is greater. Types Nos. ib 

or ic could be adopted for spans up to say 70 ft., although in view of the com¬ 
paratively inexpensive foundations it would probably be found more economical 

E 
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to subdivide the total length into two or more spans. If the total width were 
70 ft. or more, and if the construction depth available was very little indeed, 
and if a single span offered some decided advantage, then a bowstring type of 
construction might call for consideration. The possibilities here would prob¬ 
ably be narrowed considerably by the detail data for any particular case, and 
as in Example i would probably resolve itself into the comparison of cost and 
appearance of, say, two of theT types mentioned. 

Example 3.—A wide deep valley with a stream to be crossed by the bridge, 
the ground being of normal type. 

In this case the foundations and substructure would be likely to prove 
expensive due to their considerable height, and in consequence it would be desir¬ 
able to limit the number of spans as much as possible. Due to their height, 
as previously noted it would be better to produce only vertical reactions. This 
rules out arch construction unless the arches are made with very considerable 
rise and spring from a level close to the ground. No mention is made of mining 
or other disturbance, and in consequence this factor will not affect the choice. 
Due to the depth of the valley it is obvious that the question of construction 
depth and headroom under the bridge would not affect the decision. The total 
length of the bridge would in this case probably require careful consideration, 
as also the subdivision of this total length into suitable spans. It is probable 
that Types Nos. 5 or 6 would prove most suitable for this case, probably adopting 
cellular construction for the piers. 

Skew Spans. 

Skew spans affect the type of bridge to be adopted as they invariably create 
complications in the design although little if any in the actual construction. 
Types Nos. i and 2 are more suitable than Types Nos. 3 and 4 where spans of any 
considerable skew are under consideration. The reason is that in a skew span 
there is always a doubt as to the direction in which the load will span, and 
there is a probability that it will tend to carry across the shortest span, that is, 
normal to the line of the supports as shown on the accompanying Fig. 40. In 
such a case one would be left with a state of affairs not amenable to strict cal¬ 
culation in the corners of the bridge span. In these positions it is possible that 
fairly high concentration of stres.ses will occur on which it is impossible to place 
a calculated value. Type No. 5, with accurate calculation, is quite easily adapt¬ 
able to skew spans. The same applies to Type No. 6 except that one is here 
faced with a somewhat peculiar state of affairs in regard to the hinges. These 
will not usually be normal to the centre line of the bridge, and in consequence 
their movement, due to various factors of load, contraction, temperature changes, 
etc., is somewhat complicated. For spans up to say 60 ft. this wiU not be a 
serious matter, but for spans of over say 100 ft. it would require careful con¬ 
sideration. It should be remembered that in cases of this kind, and in fact in 
every skew bridge, the reinforcement of the acute angle both of the support 
and of the suspended work should receive special consideration, and special 
reinforcement should be supplied to meet the stresses which it is evident are 
likely to develop and on which it is impossible to place any accurate calculation. 

It will be appreciated that the choice of bridge type depends to some degree 
on experience, but even more on a careful study of the site conditions. At 
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first it will prove somewhat laborious to go into the various considerations and 
to produce rough designs and rough estimates of the various schemes considered. 
In time the choice of type becomes much more straightforward as one obtains 
guidance from the rough schemes and the final schemes adopted for earlier work. 
In nearly every case there is a particular type which will give the most satis- 

PLAM Of 5K£W 3B/DGE. . 

Fig. 40. 

factory finished structure for the purpose for which it is built and which is also 
the most economical to meet the requirements of the case. 

It should perhaps again be emphasised that the notes in this chapter pro¬ 
vide a general indication of the line of thought required in selecting the type 
of bridge for any site, but that the decision for any particular case depends almost 
entirely on the site or on the natural and artificial conditions which have been 
noted. 



CHAPTER IV 

DESIGN OF SLAB AND GIRDER BRIDGES 

Freely-Supported Slab Spans—Ministry of Transport Loading— 

PiGEAUD’b Theory—Slab continuous over Two, Three, and Four 

Spans—Slabs supported on Four Sides—Single-span Girder Bridges 

—Longitudinal Girders with Cross Beams—Girders continuous 

over Two or more Spans—Varying Moment of Inertia—Girders 

WITH Hinges 

One of the difficulties in bridge engineering is ^he expeditious preparation of 
preliminary designs which will only require minor altferations to meet more exact 
calculations. The latter are usually checks on the final design. It is proposed 
here to deal with the methods of calculation of members for slab and girder bridges. 
The object is to give formulae which are sufficient to prepare preliminary designs 
and in most cases are suitable for final designs. 

SECTION A—SLAB BRIDGES. 

Simple Slab Spans without Ribs, freely supported at Ends. 

Slab spans without ribs and freely supported at the ends may be employed 
for spaces with clear openings up to 20 ft. 

(a) Dead loading.—The bending moment per foot width of slab is 

Ml == ft. lb. = in. lb. . . . (i) 
8 

where Wi = total dead loading, including road finish, in pounds per square foot, 
and the shear force per foot width is 

Si = iwj lb.(2) 

Fig. 41. 
52 
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In all important cases with heavy loading and short spans the bond stress 
should be calculated on the length giwn by x === — e + ^e{l + e) • (3) 
where e is the length beyond the axis of support measured to the back of the 
hook. The bending moment at this point {Fig. 41) is = - «*) (4) 

“■ = .<5' 

Ui being the bond stress due to dead loading, and 0 the perimeter of the reinforc¬ 
ing bars per foot band of slab. 

If D = the total slab thickness and d = diameter of the reinforcing bars, 

d D — 1{S i) or D — whichever is least. 
2 

{b) Live loading.—In accordance with the Ministry of Transport Loading 
{Fig. 42) the live loading is regarded as equivalent to a uniform loading 7^2 
square foot plus a concentrated knife-edge load W acting at the mid-point of 
the span for maximum moment, and at the supports for maximum shear. 

/2 WI 
Then Afa = ^ — ft. lb. = + 3WI in. lb. . . (6) 

8 4 

Sa = + IF lb. . . . . (7) 

The values of W2, as specified in the Ministry of Transport requirements, are given 
in Table IV, and W — 2,700 lb. 

Table IV. 

span. Lb. per 
square foot 

ft. in. 
— ___ 

3 0 2420 

3 b 2020 

4 0 1700 

4 b 1445 

5 0 1225 

5 b 1033 
6 0 872 

6 6 735 

Span. Lb. per 
square foot 

ft. in. 

7 0 625 

7 b 525 
8 0 444 
8 6 374 
9 0 314 
9 b 265 

10 0 to 75 ft. 220 

According to Fig. 42, W is to be taken as acting parallel to the supports 
even in the case where these supports are parallel to the bridge track. 

To check the bond stress for live loading: 

• • (8) 
as before. 

• • (9) 

\io{x + e) 
• (10) 

due to distributed loading, and 
Wa - x)x 

= mr+e) • • • (ir) 

due to knife-edge loading. 
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w = -f ^2 + Wg = total bond stress due to live and dead loading. 

Then the moments and shears due to dead plus live loads are 

A/ — ]M[I -|- \ S — Si T" S2- 

For the assumed depth of slab the moment of resistance is given by 

R.M. ™ J2Rd^ in. lb. per foot width . . . (12) 

and the steel area per foot width is 

. M 
ta^d (13) 

For stresses of c — 750 lb. per square inch and t — 18,000 lb. per square 
inch and a modular ratio of w — 15 

R.M. isiod^ 

A = 
15,700^ 

(14) 

(15) 

For other concrete stresses, in accordance with the Ministry of Transport 
Memorandum No. 577 (see Table VI) when t ~ 18,000 lb. per square inch, the 
values are shown in Table V. 

Table V. 

Concrete mix m c RM. A 

A II I I 1200 26^zd^ 
M 

14.540^ 

M 1 

14,540^ 

M 

14,540^ 

• ■ (!<■>) 

B 1212 1100 2412^/2 • • (17) 

C 1404 050 

1 

2084^^2 j 
■ • (18) 

Table VI. 

Ministry of Transport Concrete Stresses 

A 
B 
C 

Nominal mix 

Proportions 
Cubit ft of 

aggregate per 
bag of cement 

weighing ri2 Ib 

Minimum 
cube 

strength for 
work.s tests 

Modular 
ratio 

Fine Coarse 

Requirements 
at 28 days 

lb per sq in 

-- 

lb. cu. ft. cu. ft. 
150 : 2 : 4 : 3 3600 II 

120 : 2 : 4 ; n 3i 3300 12 
90 : 2 : 4 : 5 ; 

I 
2850 14 

Permissible com ret'' stiesses ~ 
lb per sq in 

Bending Direct 
Shea 

(no steel) 

Shear 
(with 
steel) 

Bond 

1200 9O0 120 300 145 
1100 880 no 275 135 

950 760 95 238 120 
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The permissible stresses are based on the following: 

Compression due to bending c — — 

Direct compression — o*8c . . . . . 
Shear stress without shear reinforcement = o-ic . 
Shear stress with shear reinforcement ~ o-2$c 
Bond stress — o-ic + 25. 

The shear stress on the concrete is given by 

(19) 

(20) 
(21) 

(22) 

(23) 

V = approx. (24) 
Ibd lo-sd 

If the allowable stresses without steel given in Table VI are exceeded some 
of the bars must be bent up diagonally or links inserted to resist the whole of 
the shear. 

The bond stress on bars with hooked ends should not exceed the values 
given in Table VI or by formula (23). If some of the bars are bent up to take 
shear, the bond stress should be calculated from the bending moment at the 
point where the bend nearest the support occurs; the bond on the straight 
length of bar running on to the support, assumed uniform along this length, 
should then be estimated. 

When the whole shear is taken by reinforcement, the sectional area of the 
latter is calculated from the formula 

A 
5X5_ 

V2 X Id X 18,000 
(25) 

where s is the spacing of the diagonals in inches. 
If either straight bars only, or a system of diagonals, be employed it will 

usually be found that, if the diameter of the bars is kept under 1/150 to 1/200 of 
the span, no trouble need be anticipated from failure of bond. 

So far, in calculating the live load moments and shears, the concentrations 
have been regarded as equivalent to a uniformly distributed load plus a knife- 
edge loading placed pardlel to the lines of support. Should it, however, be 
necessary to calculate for the actual concentrations, as may occasionally be 
necessary. Slater's formula, which has at least some experimental verification, 
is applicable. The breadth of distribution over which a concentration is taken 
as acting is w ~ b + kl, where w = breadth of concentration area, I = span 
of slab between its two supports, ^ is a constant given by TableYll, and /' is the 
breadth of slab measured parallel to the supports. 

Table VII. 

V 
1 

k V 
1 

k 
V 
1 

k 
V 
1 

k 

0*1 0*10 0-6 0*49 i*l 0*65 1*6 0*72 

0*2 0*20 07 0-53 1*2 0*66 17 0-73 
03 0-29 0-8 0*56 1*3 0*68 1*8 0-74 
0’4 0-37 0-9 0*59 1*4 070 1*9 0-75 
0*5 0’43 1*0 0*62 1*5 071 2*0 0-75 
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When the circular plane of the wheel is perpendicular to the supports 

ySufpW^ 

Fig. 43. 

{Ftg. 43), b is equal lo the breadth of the wheels plus twice the thickness (1) of 
the road finish. 

When the circular plane is parallel to the lines of supjx)rt (Fig. 44), b is the 

JLl 
h-H 

Fig. 44. 

Finiirh 

d Sleib. 

width of contact with the road finish plus twice the thickness (/) of the road 
finish. 

In either case, with all dimensions in feet 

Af = — A ~ ft.-lb. per foot of width (26) 
4w\ 2/ 

where w = (bo + + kl) or (3 in. + 2/ + ^/) • • (27) 
and c = (3 in. + 2t) or (&o + 2f) .... (28) 

bo being the wheel breadth and the width of contact being assumed as 3 in. 
To calculate the shear the nearer edge of the load is usually assumed to be 

placed at a distance equal to the thickness of the slab from the edge of the sup¬ 
port* If Cl === the width of the support (Fig. 45) 
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acting on a width w —h ^ k(2^d + c + Cj) . . . . (30) 

Here k is usually taken equal to f and 

w 075(2if H- c c^) . . . . (31) 

where ^ + 2/ or 3 in. + 2^ . . . . (32) 

c 3 in. + 2/ or 60 + 2^ . . . . (33) 

according to the direction of the plane of the wheel. 

The unit shear is 

_5 

Idw (34) 

In the case of two concentrations (Figs. 46 and 47) the corresponding formulae 
are as follows. 

Case i.—Circular planes of wheels perpendicular to supports {Fig. 4O). 

oil' 
h i 

Fig. 46. 

For moments, if &o = breadth of wheel, when w Wi 

w h “j“ kl = hfjf -T" ~j~ FI 

w = l{wi + b + kl) 

= \{Wt^b^^2t + kl) . 

(35) 
or, if w'^Wi, 

(36) 
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The moment in ft.-lb, per foot band is 

where c ~ 0*25 + 2t 
all units being in feet and pounds. 

For the shear, as before, 

S = W ^ ~ ^ + ^1) 

w == Bq 2t 0*75(2^ T" ^ "f* 
S y =-. 

Idw 

Case 2.—Circular planes of wheels parallel to supports {Fig, 47). 

(37) 

(38) 

(39) 

(40) 

(41) 

Fig. 47. 

For moments w ~ c + k{l —■ w^) 
where c ~ 0*25 + 2t 
the result being expressed in feet. 

The moment in ft.-lb. per foot band is 
W/ 

For the shear 

{l — wij . 

s - w: / — i — 1(6 4- fi) 

W = 0-25 + 2{ + 075(2i + 6 + Cl) 

S' = 14^ ^ ~ ^ ~ 

w' = 0-25 + 2< + 075(2C? + 6 + Cl) -f 2Wi 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 

(49) 

(50) 

5 4_ c 
and V -- total unit shear * . . . . (51) 

10-5^^ 

These formulae are based on a limited series of experiments, and to ensure 
the distribution longitudinal bars having a cross-sectional area of about one-third 
to one-half that of the main steel should be provided (see page 73). 
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An alternative method of calculating slabs under load concentrations has 
been derived by M. Pigeaud from the partial differential equations for the flexure 
of thin plates, the plates being regarded as of isotropic material. It is difficult 
to estimate the effect of the departure from this assumption in the case of re¬ 
inforced concrete where two systems of reinforcement are employed at right angles 
to each other, one system usually being much lighter than the other. Certain 
authorities (for example, Morsch, Der Eisenbetonbau,” Goodrich's translation, 
p. 113) regard the assumptions made, using Poisson's ratio, as inapplicable to 
reinforced concrete. On the other hand, the formulae of constructional engineer¬ 
ing generally are to be regarded merely as a shorthand notation for summarising 
experimental results, so as to ensure reasonable factors of safety, and it is clearly 
an advantage that such formulae should have some theoretical basis. For this 
reason Pigeaud’s results would seem to offer great advantages, once the unit 
stresses which may be employed in their use have been determined by experiment. 

To use Pigeaud's method (Annales des Ponts et Chauss6es, Memoires 1929 
—II) in the case of a single concentration, calculate 

(1) w + 2^, or 3 in. + . . . . (52) 
r; 3 in. + 2/, or 60 + 2/ . . . . (53) 

according to the direction of the plane of the wheel. 

(2) Calculate “ and ~ (Fig. 48) and determine Mi and from Pigeaud's 

pq 

SPAN Ja Cl 

b 

SLA6 SUPPORTED ON TWO OPPOSITE SLAB SUPPORTED ON 
SIDES ONLY. FOUR SIDES. 

Fig. 48. 

curves (Figs, 49-59). The pairs of curves (Figs, 49-56) give the values of Mi and 

M2, for various values of — and ^ and ratios p = ~ equal to 0*9, 0*8, 0707, o*6, 
ah b 

0*5, 0*4, 0*3, and o*2. Figs. 57 and 58 are for the case where p = 0. (A single 
curve (Fig, 59) gives the values of Mi and M2 for square slabs where p = i, 
and a separate curve (Fig. 61) gives values of Mi or M2 in the cases where there 
is a uniformly distributed load over the whole slab and p ranges from 0 to 3. 
It is to be noted that Mi and M2 do not represent the actual moments, which 
are given by M and M' and are linear functions of Mi and Afj.) In this case use 

the curves p = o (Fig. 57), with - instead of 
a b 

Then M == maximum moment across span a = (Mi + o^isAf j)P . (54) 
M' = maximum longitudinal moment = (0'i$Mi + M^P , (55) 

where P = the concentrated load (lb.), and M and M* are given in ft. lb. per 
foot width of slab. The values on the curves are lOoMi looAf*. 
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parMci\l^ lood«d (Tol'al load P s l) 
tm of psl 

Values oF M»(oreFMi)xlO* 

Fig. 59. 

In the case of two concentrations placed with the circular planes of the 
wheels perpendicular to the supports [Fig, 60(a)], it is usually sufficient to take 

w = 3 in. + 2^.(56) 
V w + bo + 2t.(57) 

and replace the two concentrations by a single load, if w does not exceed normal 
axle lengths. 

When the circular planes of the wheels are placed parallel to the supports 
[Fig. 60(b)] 

u w + bo + 2t.(58) 
v = 3 in. + 2f.(59) 
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Distribution Steel. 
Whether the loading on a slab supported on two opposite edges is a con¬ 

centrated load, a uniformly distributed load, or a knife-edge load, the calculation 
of the longitudinal bending moment by Pigeaud’s method (for p === o) is a useful 
basis on which to determine the amount of longitudinal reinforcement, that is, 
the distribution steel. The Ministry of Transport requirements for such steel 
are given in Fig. 42, and varies from 40 per cent, of the main steel for spans of 
4 ft. to 60 per cent, for spans of 10 ft. with a maximum area of 0*5 sq. in. per foot 
width of slab. 

Example of Slab Design for Purely Concentrated Loads on Single Spans. 
In Fig. 62 (Example I) the slab is shown supported along two edges only. 

{a) Slater's Method.—Considering first the conditions with the single 
6|-ton wheel in the middle of the span. 

I 10 ft., r = 20 ft. ; / — 3 in. ; “ 4 It. 6 in. ; 
c “ 3 in. + (2 X 3 in.) ~ 9 in. ; and from Table VII, k ~ 075. 

Then 
w - 4 ft. 6 in. + (2x3 in.) + 075 X 10 ft. -- 5 ft. + 7 ft. 6 in. - 12 ft. 6 in. 

Wheel load == tons “ 14,000 lb. 
50 per cent, impact 7,000 ,, 

21,000 lb. 
The moment per foot width of slab is 

M 
21,000 

4 X 12 
12 =- 48,500 in. lb. 

Considering next the axle carrying io| tons : 

Wi ^ 5 ft. 8 in. ; fL 8 in. ; ^ — 3 in. ; k ~ 075. 

Then 
w ^ J[5 ft. 8 in. + I ft. 8 in. -f- (2 X 3 in.) f (075 x 10 ft.)] = 7 ft. 8 in. 

The load W per wheel 
- I X 10-375 X 2240 = 11,600 lb. 

50 per cent, impact = 5,800 ,, 

17,400 lb. 

The moment per foot width of slab is 

M ~ 10 — )i2 =-= 65,500 in. lb. This moment is determinative. 
4 X 7*67\ 2 / 

[h) Pigeaud’s Method.—Considering first the single 6J-ton concentration : 

w 3 in. + 2 X 3 in. 9 in. ; v = 4 ft. 6 in. + 2 X 3 in. = 5 ft. ; 

P ™ 21,000 lb. 

Then ^ ^ 0-075, and ^ ~ A — 0-5. 
^10 a 10 

Using the curves for the case p = 0 (Figs. 57 and 58) 
= 21*5 X io~'2 and M, = 7-8 X 
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The moment in the direction of the span a = lo ft. is 

M = (21*5 + 0*15 X 7-8)io~2 X 21,000 X 12 == 57,100 

The moment in the direction of the 20-ft. width is 
M' = (0-15 X 21*5 + 7*8)10-2X 21,000 X 12 = 27,800 

in. lb 

in. lb. 
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Considering next the axle carrying lof tons: 
w = 9 in.; v = 5 ft. 8 in. + i ft. 8 in. + 6 in. = 7 ft. 10 in. 
P = axle load = 34,800 lb. 

Then ~ = 0-075 ~ = 0*7^* 
a a 10 

Using the curves for the case p = o (Figs. 57 and 58) 
Ml ~ i8-6 X io~"2 and Mg = 5 X io~^. 

Then the moment in the direction of the span is 
M “ (i8-6 + 0-15 X 5)10^^ X 34,800 X 12 = 80,800 in. lb. 

The moment in the direction of the 20-ft. width, which determines the 
required amount of distribution steel, is 

M' = (0-15 X i8-6 + 5)10-2 X 34,800 X 12 = 32,500 in. lb. 

The io|-ton axle load is therefore determinative. 
Assuming a 9-in. slab to be used 

Weight of slab 12 X 9 = 108 lb. per square foot. 
3-in. finish = 30 

The dead load moment is 

138 lb. per square foot. 

in. lb. 

io2 X 138 X 1*5 = 20,700 
and the live load moment is M = 80,800 using Pigeaud’s method 

101,500 

The resistance moment allowing stresses of c = 950 lb. per square inch and 

t “ 18,000 lb. per square inch is 

R.M. ~ 2,084 X I33»376 
101,500 

14,540 X 8 
= 0-88 sq. in.; A' 

_^5oo_ 

14,540 x" 7*4 
0-30 sq. in. 

A slab 9 in. thick reinforced with |-in. bars at 6-in. centres in the direction of 
the lo-ft. span can be used, and |-in. distribution bars at 12-in. centres will be 

sufficient. 

Simple Slab without Ribs and continuous over one Support. 

Let 11 = moment of inertia of span li, 
^2 ~ >> ft *» 

and 
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In the general case (Fig. 63) the negative bending moment over the support is 

_ .... (60) 
8(/x + rl,) 

for distributed loadings Wi and W2 on the two spans; this includes the case of 
loading on one span only by making Wi or zero. 

W I ^(k _ t 3\ 
For a concentrated load on/i,M = — —~~ I- 2 ' , . . , (61) 

2(/i + rh) 

and for a concentrated load on ^ it . (62) 
2(/i + z/2) 

From these values the distribution of the bending moments across the span can 
be determined graphically for any case. 

A commonly occurring case in bridge work is when 
and r -- I, and for bending the following cases apply. 

Moment over Support— 
Due to dead loading — — 0'i2^wJ.^ .... (63) 

Due to distributed live loading M{ — ~ o-i2$WjF .... (64) 
Due to knife-edge live loading ~ ~ o-ogblF/ .... (65) 

M„eg == M, + M/-f M; . . . (66) 

The value of Wi for the live load is taken from Table IV or from Fig. 42, and W 
is invariable at 2700 lb. per foot width of slab. 

Maximum Positive Bending Moments in Spans— 

Due to dead loading ..... (67) 
Due to distributed live loading M{ o-og^WjP ..... (68) 
Due to knife-edge live loading Af/' — 0-207!^/ ..... (69) 

=--= M, ^ m; -t- . . . . (70) 

('alculation of the maximum moments is generally sufficient in the design of 
simple slabs of this type, remembering that the contrafiexure point occurs at 
about one-quarter of the span measured from the central support. 

Shears— 
The maximum shear occurring at the central support is 

s == IK + a'zK +W . . . . (71) 
At the end supports 

S'=Uw, + w,)l+W .... (72) 

It is not usually necessary to calculate the bond stress adjoining the cen¬ 
tral support since ample steel must be placed here to deal with the moments. 
For the bond stress at the free ends it is sufficiently accurate to use the formulae 
given for free spans, allowing |/ in place of I for the dead loading and the full 

span for live loading. 
If calculations are to be made for pure concentrations the empirical method 

given for free spans on pages 56 to 59 can be used, emplo3dng, however, the lower 
values for k given in Table VIII instead of those in Table VII. 
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Table VIII. 

V 

f 
k V 

k 1 1' 

I 
A: 1' 

1 

01 01 0-6 0-46 ' i-i 0*57 1 ■() 0*63 

0*2 0*2 07 049 1-2 0-59 17 o-()4 

0*3 0-29 0*8 0-5^ 1 1*3 obo 1*8 1 065 

0-4 0-36 0-9 I 0*54 i ^-4 1 0*62 1-9 1 065 

0-.5 , 042 ' i-o 

1 1 
0-56 1 1 0*62 

1 
2-0 0*65 

In using Pigeaud's theoretical method in this case an exact treatment for 
continuity would be very difficult and has not been obtained. It is probably 
sufficient to allow 

.(73) 
in the spans, and 

- ~ o-SoM .... (74) 

over the supports, where M — the “ free ” moment calculated by Pigeaud's 
method, for a concentrated load on one span only. 

Simple Slabs without Ribs and continuous over Three Spans. 

ki li -ki ti-iyfc 

(Oi 

fti ‘ Ml kt Ml fii 

1. U 

Fig. 64. 

In the general case {Fig, 64) for distributed loading, when F — r and ■ 

the support moments are ..... (75) 
[ae “ bd) 

. 
where a == 2(/i + r/j), d = /a, 

h = r/a; ^ ~ ^(/a “f" 

C = l{Wyl^^ + f = + sze^g/g®). 

For point loads Afi and are given by the same equations 

where a = 2(/i + rl^) 
b=^rl^ 
c = - ^x») + rW^l,^2k^ - + ^2*) 
d^l^ 
^ = 2{/a + Sl^) 
/= 

From these equations the distribution of moments can be obtained graphically 
for any case. 
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Frequently for bridge work the spans and moments of inertia are equal and 
the concentrations can be replaced by a single value W == 2700 lb. per foot 
width. The following cases then apply. 

Maximum Negative Moments over either Support — 
Due to dead loading -= ~~ O'lowJ^^ ..... (77) 
Due to distributed live loading == — o-i2wp ..... (78) 

Due to knife-edge loading M{ — — 0*103!^/ ..... (79) 
M - M, + M, + M/ . . . . (80) 

Maximum Positive Moments in the Two End Spans— 
Due to dead loading — o-o8wJ>^ ..... (81) 

Due to distributed live loading Mi — o-iowp ..... (82) 
Due to knife-edge live loading M{ — o-2oWl ..... (83) 

M = M^ + Mi + M{ , . . . (84) 

Maximum Positive Moments at Centre of Middle Span— 
Due to dead loading ..... (85) 
Due to distributed live loading Mi ~ ..... (86) 

Due to knife-edge live loading M{ = 0*1751^/.(87) 
ilf = -I M/ . . . . (88) 

In some cases it is necessary to check the negative moments occurring near 
the middles of the spans, where the live load is large compared to the dead load. 

The values are given by the following equations. 
Minimum Moments towards the Centres of the Two End Spans— 

Dead load M^ = + .... (89) 

Distributed live load = — 0'02$wp .... (90) 
Knife-edge load M{ = — 0-041^/.(91) 

M = M^ + Mi + M/ . . . . (92) 

Minimum Moments towards the Centre of the Middle Span— 

Dead load M^ = + o-02^wJ^ .... (93) 
Distributed live load Mi= — o*o$wP ..... (94) 
Knife-edge load M{ = — 0-04!^/.(95) 

M = + .... (96) 

Should one or both of these values of M be negative, reinforcement should 
be placed near the top of the slab. In such cases the negative moments at the 
points of contraflexure for dead loading should also be calculated as follows. 

Negative Moment at Dead-Load Contraflexure Points in End Spans— 
Contraflexure point at 0*2/ from interior support. 

Distributed live load Af^ — o*o^wp.(97) 
Knife-edge load M{ == — 0*064!^/.(98) 

Negative Moment at Dead-Load Contraflexure Points in Middle Span— 
Contraflexure points at 0-28/ from the supports. 

Distributed live load = — o-o^wp.(99) 
Knife-edge load M/ = — 0*067^.(100) 

The required areas of top reinforcement having been calculated from these 
values, towards the centres of spans and at the contraflexure points, and knowing 
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the required areas over the supports, the position of the top reinforcement can 
generally be judged without drawing the moment and resistance diagrams. 

The shears are calculated as follows. 

Shears at End Supports— 

Dead load 5. = o-4wJ . . (101) 
Distributed live load = o-45ze’,/. . (uu) 
Knife-edge load = w' . • (103) 

Shears in End Spans at 

Dead load 

Interior Supports— 

Sj = o-bwj. . . (104) 
Distributed live load = o-bzwl. • (ro5) 
Knife-edge load C ' -^W . (loh) 

Shears in Middle Span— 

Dead load = o-swj, . . (107) 
Distributed live load — . . (108) 
Knife-edge load 5/ = W . (loq) 

For the bond stresses at the free ends of the end spans it is sufficiently 

correct to use the method given for free spans, substituting in place of / for 

dead loading and the full span for live loading. 
If calculations are required for concentrations, the empirical method pre¬ 

viously given for free spans on pages 56 to 59 can be used, but using the lower 

values for k given in Table IX. 

Table IX. 

V 
/ k 

V 
1 

k 
V 
f 

v 
1 

01 0*1 0*6 0*43 II 0-51 I'6 

0-2 0-2 07 0-45 1*2 05 2 1-7 

0-3 0-29 0-8 0-47 1-3 0*53 1-8 j 

0*4 j 0-35 0-9 0*49 1-4 0-54 i 1-9 

0-5 1 0*40 10 050 1-5 0-55 , 1 ^ ^ 1 

K 

0-55 
0*55 
0*55 
0*55 
0-56 

In using Pigeaud's method it should be sufficient to use the values : 

— o-SaAf in end spans • (no) 
Afpoa. = o^JoM in middle span . ■ (in) 

= ~ o*4oM over the supports . • (112) 

where M = the free moment by Pigeaud's method for a load on one span only. 

Simple Slab without Ribs and continuous over Four Spans. 

For equal spans and uniform moments of inertia the following values can 
be used. 
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Maximum Negative Moments over the Second and Fourth Supports— 

Due to dead loading ~ — o-ioywj^ 
Due to distributed live loading ~ — 0'i2iwp 
Due to knife-edge loading M/ -= — 0*103fF/ . 

Maximum Negative Moments over Third Support— 

Due to dead loading ~ — o-oyiwp 
Due to distributed live loading = — o^ioywp 
Due to knife-edge loading M/ — — o-o^^Wl . 

Maximum Positive Moments in First and F'ourth Spans— 

Due to dead loading -- + o^oyywp 
Due to distributed live loading Mi — -f O'Oggwp 
Due to knife-edge loading Af/ -- + 0*205BT . 

Maximum Positive Moments in Second and Third Spans— 

Due to dead loading Af^ ^ 
Due to distributed live loading Af^ — -f o-oSowp 
Due to knife-edge loading Af/ = + 0*173!^/ . 

Minimum Moments at Centres of First and Fourth Spans— 

Due to dead loading ^ -f o-oyiwp 
Due to distributed live loading Mi — — O'ozywp 
Due to knife-edge loading M{ — — 0*040 IF/ . 

Minimum Moments at Centres of Second and Third Spans ™ 
Due to dead loading M^i -h o-o^Gwp 
Due to distributed live loading M| — o-o4Swp 
Due to knife-edge loading M{ — o*o38IF/ 

F^or more than four equal spans it is usually sufficient to design the end 
spans for the end-span values already given, and all the interior spans as for 
spans 2 and 3 ; the negative moments over the third and fourth supports are 
to be taken from the values given for the third support. 

For unequal spans, tables (see, for example, G. Griot, '' Kontinuierliche 
Trager Tabellen are available and should be used, since calculations by the 
Equation of Three Moments are very troublesome and are only justifiable in 
the case of girder design. Alternatively, moment-distribution methods are 
available. 

Rectangular Slabs supported along Four Sides. 

The use of rectangular slabs whose sides do not greatly differ in length (the 

ratio ^ not being less than 2) offers great advantages by securing a monolithic 
V 

structure relatively free from temperature and contraction cracks. Such use 
has been relatively restricted mainly on account of the uncertainty of the calcu¬ 
lations, especially as regards concentrated loading and continuity. From prac¬ 
tical experience, however, it is generally considered that these slabs possess 
exceptionally large factors of safety when the ordinary methods of calculation 
are used. 

(113) 
(114) 
(115) 

{116) 

(117) 
(118) 

(119) 
(120) 
(121) 

(122) 
(123) 
(124) 

(125) 
(126) 
(127) 

. (128) 
• (129) 
• {130) 
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The following method of calculation taken from Pigeaud’s theory is sug¬ 
gested as being conservative. 

Freely-Supported Slabs.—^The factors for midpoint bending moments 
due to dead loading are obtained from Table X. 

== across shorter span I 
„ larger span /' 

Table X. 

/ 1 
T 1 

1 
A', / ) - 

1 '' ' 1 
A. 

! 
i-o I 0-043 ' 0-043 

1 

1 

1 

0-098 o-oo8 
0*9 1 005T , 0034 1 0-4 1 0-005 
0-8 i o-o6o 0-027 , 0*3 0-I2I 0-002 
07 1 0-072 0-020 0-2 0-122 0-0015 
0.6 j 0-085 0-013 o-i 0*124 O-OOOI 

Where continuity has to be allowed for the following values can be taken 

End spans : Positive moment negative moment - . 2 m, 
10 

Interior spans : ” .. =- 

For design in accordance with the Ministry of Transport’s requirements the 
equivalent distributed live loading plus a knife-edge loading is not regarded as 
applicable to square or rectangular panels. In such cases the panels are usually 
calculated for a single concentration, for example, a load of 20 tons distributed 
on an area of 24 in. by 3 in. When actual load concentrations have to be allowed 
for in this way Pigeaud’s curves (Figs. 49-59) may be used. In applying the 
results it does not seem admissible to neglect Poisson’s ratio, as is sometimes 
done, since the results obtained will be erroneous.* The method of using these 
curves is as follows : 

(i) Determine u and v, the sides of the concentration area, similarly to the 
method previously given for concentrations on slabs spanning in one direction only. 

For a single concentration (Fig. 6^), u or v ~ the corresponding width of 
the wheel -f twice the thickness of the road finish. 

Fig. 65. 

• Table X is based on Poisson’s ratio =» o, which is in accordance with British practice for the condition of slab 
completely loaded. 

G 
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For two concentrations it is usually sufficient to add, in one direction, the 
distance between the wheels and thus obtain an equivalent rectangle, the other 
dimension being unaltered. 

(2) Calculate p = and 
0 u 0 

(3) Pigeaud's curves (Figs. 49 to 56) give values corresponding to p — 0*9, 
0*8, 0707, 0*6, 0*5, 0*4, 0*3, and 0-2. In each case the upper set of curves gives 

Ml corresponding to the values of —and the lower set the values of M^. The 
a b 

case p = I is a special one, only one set of curves being given; is obtained 

by substituting ~ and ^ in place of - and ^ (Ftg. 59). 
a b a b 

(4) Calculate 
M =5 moment at the centre of the slab across span a 

--= (Ml + 0'i^M^)P X io~^ .... (131) 

M' = moment at the centre of the slab across span b 

= (o*i5Mi + M^P X io~2 .... (132) 

Ml and M2 are the actual numbers written against the curves. 
The value 0*15 is the assumed figure for Poisson's ratio, and the results are 

given in foot pounds per foot band of slab, P being the amount of the concen¬ 
tration in pounds. 

To allow for continuity where it exists, four-fifths of these values are taken. 
Shear force per foot width around the concentration : 

If 
p p 

^ ^ ^ 2U ^ V 
■ (133) 

If 
P P 

^ ^ 31; ^ 2V + U 
• (134) 

For the shears along the supports, the method given for simple slab con¬ 
centrations may be used (pp. 57 to 59). 

Example.—Conditions being as in Example I (Fig. 62) but with parapet 
girders on each side of the deck of the bridge and a kerb beam adjoining the 
footpath (see Fig, 62, Example II), the slab is to be regarded as supported along 
four sides with spans of 10 ft. and 15 ft. The design is required according to 
Pigeaud's method. 

Considering first the condition with the single 6J-ton wheel in the middle 
of the span : 

a ~ 10 ft., b = ft., u ~ g in., v = 4 it 6 in. + 2 X 3 in. ~ 5 ft. 

10 ^ u 075 , V 5 
Then p = „ = 0-67, = 0*075, and ™ = 0*33. 

15 a 10 b 1$ 

From the curves for p == 0*707, the nearest value to 0*67, 

Ml = 20 X lO""® and M* = 9*5 X lo^*. 

Then M = [20 + (0*15 X 9*5)]2i,ooo x lo^^ X 12 = 54,000 in. lb. 
M' = [(0*15 X 20) + 9*5]2i,ooo X lO""* X 12 — 31,500 in. lb. 
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Considering next the axle carrying the lo^-tou load and placed in the 
middle of the span : 

u = g in., 7; — 7 ft. 10 in., zP ~ a.xle load 34,800 lb. 

Then 
u ^ oj75 

a 10 
0-075 

V ___ 7^ 

' ^ 15 
0*52, and p 

10 

15 
0-67. 

From the curves {p “ 0-707) with 
Ml = 16-6 X io"2 and Mg =■ 6-8 x 10“2. 

Then M = [i6-6 + (0-15 x 6-8)]io-=* X 34,800 X 12 ~~ 73,600 in. lb. 
M' ~ [(0-15 X 16-6) f 6*8Jio'2 X 34,800 X 12 38,800 

From Table X, Ki 0-076 and Xg — o-oi8, corresponding to 
I 

1' 

0-667. 

Then M^^ ^ 10^ X 138 X 0-076 X 12 = 12,600 in. lb. 
Ml =- 73,600 

Total moment in direction of lo-ft. span 86,200 in. lb. 
M/ 152 X 138 X 0-018 X 12 6,700 in. Ib. 
Ml -- 38,800 

Total moment in direction of 15-ft. span 45,500 iji. lb. 
Using as in Example I (p. 73) a slab 9 in. thick 

86,200 
A = 0-74 sq. in. 

14,540 X 8 

or J-in. bars at 7-in. centres in the direction of the lo-ft. span. 

45,500 
A' - 

14,540 X 7-4 

or f-in. distribution bars at 8-in. centres. 

0-42 sq. in. 

Practical Considerations. 

The bending moment coefficients given in the foregoing for slabs spanning 
in one direction over two or more spans are derived from a theoretical analysis 
based on the assumptions that the supports are knife-edge su])ports and are 
maintained level. If the slab is monolithic with the supporting girders, due 
to the unequal deflection of the latter, when the slab is loaded with live load, 
neither of these assumptions is quite true. The effect of the slab being monolithic 
with the girders is to induce a negative bending moment in the slab at the end 
supports and to reduce the negative and positive bending moments elsewhere. 
If the girders deflect unequally, the result is to decrease the negative bending 
moments at the supports and increa.se the mid-span positive moments. The 
assumption of uniform moment of inertia is more or less true for a continuous slab. 

To allow for practical conditions differing from the theoretical assumptions, 
the following rules apply. 

(i) Calculate the maximum bending moments at midspan and the support in 
accordance with the theoretical formulae ; reduce the negative bending moments 
at the support by 15 per cent, and add the amount of moment so deducted to the 
positive bending moments in the spans on either side of the support. (This 
complies with the D.S.I.R. Code of Practice.) 
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(ii) For negative bending moments at midspan due to live loading on adjacent 
spans, adopt the rule : Where the ratio of live to dead load exceeds two, design 

for a possible negative bending moment at midspan equal to — ( - 
24\2 

- - ft.- lb. 

SECTION B—GIRDER BRIDGES OF ONE SPAN. 

Simply-Supported Girder Spans with Longitudinal Beams. 

Dead Loading. 

Let — total dead loading in lb. per linear foot, including the weight of the 
beam, 

then ~ in. lb. . . . . . (i) 
The shear at any point is ~ w^x . . . . . • (2) 

where x ^ the distance of the point from the centre of the span (Fig. 66). 

Live Loading. 

When designing to the requirements of the Ministry of Transport the live 
load consists of two parts : 

A uniformly distributed loading given by Table XI and a knife-edge 
loading (Fig. 42). 

Table XL 

T^oaded length Live load 

ft. m. j lb. per scpiare f 

1 
8 0 ] 444 
8 6 1 374 
9 0 314 
9 6 265 

10 0 to 75 0 1 220 

75 0 to 200 220 to 180 

|. * -J 

_i __.I 

it !_U__ - 

Fig. 66. 

(a) For the former the central moment and end shear are 

M, = in. lb.(^) 

S, = ire-,nb. . . - . . . . (4) 

where w, = i8ob to 4446 according to the span, b being the distance between 
girders. 
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It is usually necessary to calculate the shear at the centre ; this is given 
by the formula 

S,c = .(5) 

where — b X tabular rate of loading for ^ span. 

In cases where it is necessary to calculate the shear at various points {Fig. 66) 
in the span 

where — tabular rate of loading for a span of - -f- ^ and x = distance of the 

point from the centre line of the beam. 
(6) A knife-edge loading W = 2700 lb. per foot. 

The loading is assumed to act at right angles to the span and P ~ total 
load == Wb — 2700b. 

PI 
Ml “ — ft. lb. - ^ 3P/ in. lb. at the centre . . (7) 

4 

and MJ 3Pl(^l ” ^l^er point x . . (8) 

S/ = P at the supports ...... (9) 

S/ = at any point (lo) 

For single-span bridges freely supported at the ends and spans of 16 ft. to 
65 ft., tee-beams are commonly used ; above 65 ft., as the extreme limit, it is 

better to use some form of arch or rigid frame design. 
The general arrangement is to span the crossing with several parallel girders 

on which the deck slab is carried. The spacing of the longitudinal girders 
may vary between 5 ft. and 10 ft., but approximately 8 ft. is the most usual 

dimension. 
In cases where the question of clearance is of importance, two main parapet 

girders can be employed, carrying a system of cross girders, which latter can 
favourably be placed at about 8-ft. centres. The main girders are then carried 

above the deck slab and form the parapets. This form of construction is best 
adapted for bridges up to 20 ft. in width, as above this span the cross girders become 
unduly massive and expensive; it may, however, be imperative to use such a 
construction, even for greater widths. 

In simple girder bridges, spanning between mass abutments, sliding expan¬ 
sion joints should always be placed at one end. These may consist of two 
machined steel plates J in. to | in. thick separated by tarred paper; the plates 

should be anchored to the abutments and girders by means of countersunk 
bolts. Shch bolts are usually designed to resist a shear equal to one-third of 
the end reaction. 

There is no necessity, in general, with girder spans to employ either tilting 
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or roller expansion bearings. The plates should not extend up to the face of the 
abutment, but should be set back from the face a distance about one-half the width 
of the plates {Fig. 67), so as to avoid local crushing at the edge of the abutment. 

kwin^ 

Fig. 67. 

In the design of the longitudinal girders it is usual to make the outside 
girders, even if these only carry footpaths, identical with the inner girders, in order 
to provide for a possible future widening of the bridge. 

Central Section of Girder.— 

Let M total dead load + live load bending moment 

S ^ total dead load f live load shear. 

I-^ 

Fig. 68. 

The breadth of flange which may be taken is [Fig. 68) 

I 
3 

, or 6, or I2f + 

whichever is least. 

[Note.—h is the distance between the centre lines of the girders.) 

Case L—Compression Steel not used.—In general, for bridge girders, 



DESIGN OF SLAB AND GIRDER BRIDGES 87 

it is necessary to choose the minimum allowable value of d on account of com¬ 
pressive stress. A close first approximation is given by the equation 

d ^ if « > a where a = ~ . . . (12) 
3 cBt' d ' 

n is the depth of neutral axis factor, and c is the allowable extreme fibre stress 
in the concrete. 

If w a the exact value of d is independent of a and is obtained at once 
from the equations in Table V. 

The Ministry of Transport values for c are given in Table VL 
A particularly exact second approximation, if required, is given by 

= • • • • (^3) 

where 
t me 

4 = steel stress, m ™ modular ratio and 

4 
2W ™ , 

. 
V^~d) 

d being obtained from the first approximation. 
For the stresses and modular ratio specified by the Ministry of Transport, 

n = 0*426 with t = 18,000 lb. per sq. in. Thus 

equation (13) becomes d' = 1*17/' 4- 

and equation (15) becomes p 

' cBt\i ~~ p) 

0*426 — o*67a 

0*852 ^ 

. (13^0 

• (i5«) 

The value of d can be determined as a minimum from one or other of these 
equations, or a greater value may be chosen for constructional reasons. 

Should a check on the concrete and steel stresses be required for a given 
section, this is given approximately by the equation 

c =_-.(16) 
(d - 

'(-i) 

-^Bnd - z) 
or exactly by c = (17) 
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where (“ “ 4)'' 
. (i8^ 

(19) 

and p' = steel ratio 
area of tension steel 

t ~ steel stress 

Bd 

M 

A(d 

■ (20) 

• (21) 

The steel area required in tension is given closely by the following 
equation : 

A ^ ^ .(21a) 

and more closely by 

‘H) 
__ M 

t[d — z) 
■ (216) 

For Ministry of Transport requirements ~ ° . . (i8a) 

The diameter (5 of the reinforcing bars should in general be not greater than 
1/150 to 1/200 of the span, and the minimum number of bars is then fixed. 

Let N be the number of bars in a row, then the breadth of beam to accommo- 
date the bars must not be less than h (2N + i)(5 or iV5 + 3 in. + |(iV — i), 
whichever is the greater. 

The breadth of the beam must also satisfy the condition that the shear stress 
V shall not be exceeded, that is 

6 > where S = maximum shearing force on the beam. 
vd 

The usual values for v are as follows: 

1:3 : 6 concrete 120 lb. per square inch 
Mix C: 1:2 :4 „ v = 238 „ „ 

„ B: I: : 3 „ v = 275 ,, ,, ,, ,, 
„ A: I: I ; 2 „ v = 300 „ ,, 

These are 2J times the corresponding working stress on the concrete in shear. 
It is usual to bend up one-half to two-thirds of the total number of rein¬ 

forcing bars in order to take diagonal tension stresses. 
For a uniformly distributed load, let N' be the number of bars bent up at 
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any section counting from the centre of the beam, and N the total at the centre 
of the span ; then if x ~ the distance from the centre to the section {Fig. 69) ; 

I IW' 
.(”> 

" .<“'•> 

where A' is the area bent up and A ~ area at centre. 

Fig, 69. 

In the case of a uniformly distributed load plus a moving knife-edge load, 
the moment diagram is still parabolic and the previous condition applies. To 
determine the exact allowable points of bending in the general case with several 
point loads, it is necessary to draw correct bending and resistance moment dia¬ 
grams for the case considered. 

Actually the only case at all Likely to occur which cannot be reduced to a 
uniformly distributed load plus the effect of a knife-edge concentration is that for 
two concentrated loads. The diagrams in this case are obtained as follows 
{see Figs, 70 and 71). 
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Let r — the distance of the resultant of the two loads Pi and Pj from the 
heavier load, and P = P, + Pj- 

The maximum moment M is 

ilf=. 
P(/ - r)* 

(23) 

Set off CD = M and Da = Db = \r. 
Construct two semi-parabolae with vertices at a and 6. Then AahB can be 

taken as the diagram of maximum moments, ah being regarded as a straight line. 
The parabola for the heavier of the two loads should also be drawn to see if 

it falls below AahB towards the centre of the span ; if so, this portion should be 
regarded as forming a portion of the true bending moment curve. 

The shears are shown in Fig. 71, the loads being assumed to pass in either 
direction across the span. 

The moment and shear diagrams for distributed and live loading are then to 
be calculated and can be constructed from these diagrams. 

The simplest construction for a parabola is according to the diagram {Fig. 72). 

The following method can be adopted to determine the spacing of diagonals. 
In the first place a sketch is made by eye of the spacing, paying attention to the 
conditions for bending; the stress may be determined in any diagonal bent up 
at 45 deg. from the equation 

iday/ 2 
(24) 

where s' - i{s^ + ^2) (Fig. 73), 
a “ area of the diagonal, 

= maximum shear at the section due to dead load plus live load where 
no stirrups are provided, 

or ~ shear at the section less the shearing resistance of the stirrups 
where stirrups are placed in the beam. 

The stress should not, of course, exceed the working stress of the steel, 
and will usually be considerably less. In no case should s' be greater than ; 
this can always be arranged, either by choosing a sufficient number of diagonals, 
or by bringing the number taken sufficiently close to the supports. 

To secure an adequate bond to the diagonals, it is usual arbitrarily to assume 
that the strength of these bars should be developed in the concrete in the upper 
half of the beam. 
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If I' is the length in inches of the diagonal within the top half of the beam, 

then /' > X .(25) 
400 ' 

the ends of the diagonals being hooked. 

Fig. 73. 

In this method of spacing the diagonals, in the case of the diagonal nearest 
the centre of the beam, can be taken equal to d in order that this diagonal may 
be regarded as protecting the concrete for a distance Id towards the centre. 

The shearing resistance of the stirrups can be calculated from the formula 

na X 16,000 X 
Id __ i^.ooonad 

, (26) 

where n — number of branches, a ~ area of one branch of stirrup and e - spacing 

of stirrups. 
It is easy in all cases, by slight adjustments in the spacing of the diagonals, 

to obtain practically equal stress in all diagonals, especially as the stirrups can 
be varied to assist in securing this result. There seems no necessity, therefore, to 
incur the labour of dividing the diagonal stress diagram, as is sometimes done, into 
equal parts and placing the diagonals at the centroids of these areas. 

In all cases where the concrete shearing stress exceeds the allowable value on 

plain concrete, the total shear should be taken by the diagonals and links combined, 
and no allowance should be taken for the concrete resistance. Where diagonals 
can take the whole shear it is a frequent practice to place links to take one-quarter 

to one-third of the total shear, in addition. 
The allowable values for concrete shearing stress are as follows : 

1:3 :6 concrete . . . 40 lb. per square inch 
Mix C: I : 2 :4 „ , . . • 95 ^ 

„ B: I: : 3 » • • • -no ,, „ 
,, A. I . X . 2 ,, . . . . 120 ,, ,, ,, ,, 

The bond stress on the straight bars in the bottom should always be calcu¬ 
lated in important cases. This can be done as follows : 
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Fig. 74. 

Let X ™ the distance from the centre line to the diagonal nearest the support 

74)» 

p the perimeter of the straight bars (in.), 
e ™ length from last diagonal to end of straight bars (in.), 

-- moment at point of bending of last diagonal in in. lb. 
^ central moment in in. lb. 

II X
 

■ (^7) 

Then the bond stress 
Idpe 

. . (28) 

and this should be less than the value given in Table VI on p. 55, hooks being 
provided at the ends of the bars. 

Case II.—Top Reinforcement in Longitudinal Girders.—It is hardly 
ever necessary to calculate longitudinal girders for steel in compression by the 
ordinary text-book formulae. In almost all cases, once the allowable compressive 
stress in the flange becomes excessive for the maximum depth of girder allowable 
for headroom, it will be necessary to employ equal steel top and bottom, and the 
simple formula (29) given below for such equality of reinforcement should be used. 

In this case (Fig. 75) A == area of steel in compression, or tension 

= M/18,oooi.(29) 

Fig. 75. 

if the stress allowed in the steel is 18,000 lb. per square inch, the concrete stress 
not being considered. 
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The calculations for diagonals, links, and bond stresses are made as before for 
the ordinary case where the compressive stress is below the allowable value. 

Consideration should always be given to the possibility of placing a reasonable 
proportion of the compressive steel outside the stirrups and within the slab, in 
order to relieve the concentration of steel at the top, since this may seriously 
reduce the value of the bond resistance. The chief danger is a settlement of the 
concrete beneath the top bars, and this should be carefully watched on the site 
in all such cases. 

Bridge Carried by two Longitudinal Girders with Cross Beams. 

(Figs, 76 and 77). 

For the two longitudinals it is usually sufficiently correct to replace the load 
concentrations by a uniformly distributed loading ; that is, if R = total reaction 
from one cross girder (dead load plus distributed live loads) and e = spacing of 

R 
cross girders, w = — and the method given already for simple longitudinal girder 

Cm$ fconv. 

Fig. 76. 

Fig. 77. 

bridges applies directly, the knife-edge loading being treated as a single moving 
concentration. The top flange of the girder will not be directly supported later¬ 
ally, and this point should be given consideration ; the cross beams which stiffen 
the girders should be equally reinforced at top and bottom adjoining the girders, 
and the section on the line ab should be as strong as that on cd. In calculating 
the section ab for bending it should, of course, be remembered that the stirrups are 
initially stressed due to the shear. 
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The loading from the cross beams is applied near the bottom of the girders, 
and the total reaction should be transferred to the top of the girders by means of 
hangers passing under the bottom bars of the cross beams and carried up into the 
compression zone. 

Cross Beams.—Let I — span of cross beams and e =- their spacing 78), 

I 

Fig. 78. 

then w^, Wi, etc,, can be calculated and the moments and shears are to be calculated 
as for longitudinal beams for which the formulae have already been given. 

For the knife-edge loading P ~ Wl = 2700/ lb., since the load is to be 
regarded as acting in line with the cross beams. 

PI 
Then M,' - -- ft. lb. = 1-5 P/ in. lb. 

‘ 8 
• • (30) 

M; - i-5/p(i - in. lb. . . • (31) 

where x = the distance from the point to mid-span. 

S' ^P at supports • (32) 

■ ■ • 
• (33) 

where W = 2700 11). 

Bearing Plates at Supports.—These should be placed in pairs and have 
machined faces as already described. The bearing area should be such that the 
pressures on the supports do not exceed the following, when the pressure 
includes the dead and live loads, lateral loads and eccentricity : 

Plain concrete i : i .2 mix ..... 60 tons per square foot 
. 53 

,, ,, 1:2:4,,. 45 ,, .. 
,, ,, 1:3:0 mix, or I : 6 all-in aggregate 

Masonry or brickwork with units of crushing strength 
not less than 10,000 lb per square inch set in 

30 ,, 

I . 3 cement mortar 53 M „ 

When the pressure includes the dead and live loads, impact, lurching and cen¬ 
trifugal force it should not exceed the following: 

Concrete 4 : i—Plain 24 tons per square foot; Reinforced 36 tons per square foot 
6.1— „ 20 „ „ „ „ 30 „ „ 

Granite . . • 25 ,, ,, „ ,, Sandstone 20 ,, „ „ ,, 

These stresses can be increased by 20 per cent, if wind pressure, longitudinal forces, 
and temperature effects are included. 
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SECTION C—CONTINUOUS GIRDER BRIDGES. 

Girder Continuous over One Support (Two Spans). 

u lit Iz I. I. I.' U' li k 

M 
i 1 4 t t 0 1' t' 5' [V - 

I.___ll 
Wj per Wa' per lineal 0 

Fig. 79. 

Distributed Loading. 

In the general case {Fig. 79) let /i, /g, . . . 14, and Ii, T^, . . . I4 be the 

moments of inertia at points dividing each span into five equal parts ; Kq 

I r V 
= and K,' - /C/ f,. K,' 

/o /l' 

I' 

/V 

i 

r: 

For a distributed loading Wi lb. per foot on a span, the negative moment 
over the support due to a loading on span I is 

6 t 
M very closely 

t ” 4^1 "b 3-^2 “b 2A3 + K4 

(1) 

(2) where 
and 

s == I9{Ao+Ao') + 48(A,+A/) + 18(^3+A/) + 8(A3+A3') + 3(A'4+A;) (3) 

The negative moment over the support due to a loading on span I is 

where 

M - very closely 
55 

4Ab + 3A%' + 2A3' + A/ , 
and s has the value previously given. 

For loading Wi and on both spans 

M - - + i'wj'^) 
5s 

(4) 

(5) 

(f>) 
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M,. 

At a point x (Fig. 8o) in the span I the moment is 

^ — (Note that M is negative.) 

The maximum positive moment is 

2Wi 

and the position of the contraflexure point is given by 

a 

In the span /' the moment at any point is 

MJ = • 

and the maximum positive moment is 

2M 

Wil 

M'.. 

(w'+ 

2W^ 

The contraflexurc point is located by 

, 2M 

“ - wJ’ 

(7) 

(S) 

(9) 

(lO) 

(II) 

(12) 

From these equations the moments due to the distributed dead and Ijve 
loads can be obtained and bending moment diagrams drawn if required ; for 
maximum negative moments live loading must be assumed on both spans ; for 
maximum positive moments live load is assumed only on the span considered. 
The values of s and t are constant for the various cases considered. 

The shear in span I is given by 

and in span V by 

1 ; ^ ^ \Wil + y • ■ (13) 

• (14) 

W' + y • • • • • (15) 

, ,, M 
. (16) 

M being taken as a negative quantity, and the different combinations of dead 
and live loading used to give the maximum value in each case. 

Concentrated Knife-edge Loading. 

For maximum negative moments it is nearly always sufficiently accurate to 
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assume that the load JV is placed in the neighbourhood of points 2 or 2'. For 
a load W at point 2, the moment at the support is to a close approximation 

= .(17) 

where t — -f- i8/Cg -f- -I- 3-^4) • • • (18) 

and s - i9(^o+i^oO+48(i^i+i^iO+i8(i^2+i^2')+8(K3+i^3')+3^ (19) 

Similarly, for the load W placed at the point 2' 

.(20) 

where / - (18X/+ i8Zg'+ 8X3'+ 3^4') • • • (21) 

and 5 has the value given in (19). 
The positions of the contraflexure points are given by 

for load W at point 2, and 

(22) 

(^3) 

for load W at point 2'. 
In substituting in (22) and {23) the numerical value of M (a positive value) 

is used. 
The negative moments are given by the construction in Fig. 81. 

The negative moment in span I due to the load at point 2 is givep by PC. 

*1 tf 

i* n 
** »> 

II II 

i 
v 

II II 

II II 

2' „ P'A. 
2 „ PB. 

II II II II II II 2' II P'C'. 

The maximum positive moments are obtained sufficiently accurately by 
H 
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assuming the load W placed at point 3 or 3'. For a load at point 3 the moment 
at the support is 

^ne,. = - . 

where t = (8K1 + 8K2 + 8K2 + 3/C4) 

and s has the value already given in formula (19). 
For a load at point 3', the moment at the support is 

^ne*.= - .(25) 
5 ^ 

where t - (8i^/ SK^' + 8Ks' + 3^4') • • • (26) 

and 5 has the value previously given. The corresponding maximum positive 
moment in span I for load at point 3 is 

.(27) 
25 5 

a numerical positive value being taken for M with the contraflexure point at 

The corresponding maximum moment in span V for load at 3' is 

= ^WV -\m’.(29) 
25 D 

a numerical positive value being taken for M' with the contraflexure point at 

The maximum positive bending moment diagrams are shown in Fig. 82, 
M,o8, ^ being obtained from equations (27) to (30). 

6 

Fig. 82. 

By combining the diagrams for the various cases of distributed dead load 
and live load with those for the negative and positive concentrated knife-edge 
loadings, resultant diagrams can be obtained giving maxima at all points in the 
spans. For practical purposes this is necessary for the design of the girder^ 
and for determining the points for stopping off the bars and the arrangement 
of the steel over the supports and in the spans. 
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It is also useful to have values for the bending moments due to a concentrated 
load at any point of the span ; the values below cover every possible case of 
loading, since a variable distributed loading can be replaced with sufficient 
accuracy by a concentration equal to the load on one-fifth of the span at each 
point of division, and the effect of the moving point load is given very accurately, 
so that the whole effect is reduced to that of point loading. 

Load at point j 
{Ftg 79) 

Negative Moment [Miveg) over support 

I - i(48/C, + iSKj + 8A’3 -I (31) 

I' - i(48A’i' + iSisTj' 1 8A’,' + (32) 

2 - ^{i8A, + 18A3 + 8A, + iK^)Wl (33) 

2' - ^(i8A.' + 18A3' + 8X3' f ^K^']Wl' 
5'^ 

(34) 

1 

3 - (8A', + 8Aj f 8A'3 + iK^)Wl (35) 

3' - + 8A,' + 8A3' + 3K/)WI' 
5* 

(3(>) 

4 - {-{3K, + 3A3 4 3A3 + 3K,)WI (37) 

4' - + 3A3' + 3K,' 4- 3K/)WI' (38) 

Here 

The corresponding free ” bending moments at the load point are 

- ^\Wl • • • (40) 

M, = ^\Wl • {41) 

M3 = ^%Wl • (42) 

• (43) 

Mx' = A-M' . • • • (44) 

M.' = ^Wl' . • • ■ (45) 

M,' = ^Wl' . • • • (46) 

M«' = ATT/' . • (47) 

with which the diagrams for negative moments for each case can be combined. 
I V 

Value of Ki, etc.—The values of , etc., are usually 
ij ii 

obtained from an equation of the form I = where h is the breadth and 
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d the effective depth of the beam at any point. The values of a (Table XII), 
corresponding to the different percentages of steel 

100 X area tension steel -, 

give good results for calculated deflections relative to their experimental values. 

Table XII. 

p P a 

o-i 0-005 i-i 0050 
- 0-2 O-OIO 1-2 0055 

0*3 0017 1*3 0-057 
0*4 0-022 1*4 o-o6o 
0-5 0-027 1*5 0-064 
0-6 0-030 1-6 0-067 
07 0035 1-7 0-070 
0-8 0-040 1-8 0-073 
0-0 0-045 1-9 0-075 
10 0-047 2-0 0-077 

These values are obtained by assuming the concrete to have 

a ratio of moduli equal to 8. 

__1 r 
Continues Support 

widlH of $lenr» 

I Cenire Line efc 
^ Span meoSuM^ 
'*1 ^ con^n3fl€j«.u 

_J po'inl. 

Conlrori€)Lgf^ 
Point < 

Fig. 83. 

With regard to the breadth (b) of tee-beam to be taken at any point, it 
can be assumed that the maximum value (bi) is equal to the distance between 
beam centres of full flange width, and that this value decreases abruptly to b^, 
the width of the stem of the beam, at the contrafiexure point (Fig. 83). From 
the contrafiexure point to the support the width can be regarded as having a 
constant value From these values, being given the steel percentages and 
the depths at each point, the values of / can be calculated and plotted. From 
the diagram the values of /i, /a, etc., can be found at points i, 2, etc., and there¬ 

fore the values of etc. 

In making the calculations, it is necessary to prepare a preliminary design 
in order to obtain approximate values for p and for the positions of the contra- 
flexure points. This is usually done by assuming the values of K to be constant 
in each span and neglecting the haunching, if any, at the supports. For large 
and important bridge members with deep haunchings it is often necessary to make 
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a more exact calculation as indicated ; in I -section girders (that is, for bridges 
with a bottom intradosal slab) especially, the values of K may be small at the 
supports compared with those at the centre, so that the ordinary method gives 
very excessive central moments and deficient negative moments over the sup¬ 
ports. This is important when minimum depths of girders are required at the 
centres of spans to meet conditions of clearance. 

Case where Moments of Inertia are Constant in each Span.—Let 1 and 

w and w' the r be the moments of inertia in spans I and l\K 

distributed loads on the two spans, and W the amount of the concentrated knife- 
edge load. It is usually sufficient to consider full loading over one or both spans, 
since partial live loads only affect the positive moments near the support and 
do not affect the design. The moment over the support due to full distributed 
loadings is 

- 

8 
wl^ I 

K 

K 

In span / {Fig. 84), = \wx{l X) + 

In span V, 

The shears are 

MJ 

( 
2W 

M., 

\w'x'{V - X') -h -Mo 

2W 

= \wl -f 

5^ = \w'l' + 

S„ = ia 

M, 

I 

I' 

M, 

I 

Mo 

V 
So' = \wT 

Mo being taken negative throughout. 

^ W yer lin.ft 0 w' per lih.^t 

(48) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 

(56) 

B 

Fig. 84. 
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Fig. 85. 

For concentrated loads {Fig. 85), 

M,^~cWl . . . . (57) 
also Afj, Mg . . . etc, dWl . . (58) 
for loads on span /, and 

= . . . (59) 
M/, Mg' . . . 

for loads on span V, where c and d are 

Load at 
point or c' 

{Fig 85) 

o 160 

= dwr. . . . (60) 

obtained as follows 

1 
d or d' 

I 
~ HI ~ ^1) 1 (61) 

^2 — r!( ^ ^2) I (62) 

~ %ii ~~ ^3) I (83) 

d* = - C4) (64) 

“ Ms "■ ‘■i) {*^5) 

= m - C2') (66) 

d»' = - «.') (67) 

<^4' = Ml - ^4') 
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The maximum negative moments occur with the loads approximately at 

2 or 2'. In this case (Fig, 86) 
M - - c^Wl.(69) 

and 
M' - -  (70) 

The maximum positive moments occur with the loads approximately at 3 or 3', and 

M - + d,Wl.(71) 
and M' - + d,'Wr.(72) 

The error in using these approximate results in place of the exact formulae 
is about 2 per cent, in the values of the maximum bending moments. 

Table XIIL—Two Equal Spans. 

X 

T 

1 

Wd on both spans 
Maximum positive 

1 live load moments 

Maximum negative 

live load moments 

01 + 0033 •4 0 039 — 0006 

02 + 0-055 -1 o-o68 - 0013 

0*3 -f o*o68 -f 0 086 - 0019 

0*4 1 4- 0 070 4 0-095 — 0025 

0*5 1 + 0-063 + 0094 - 0031 

0*6 1 4- 0 045 ■+ 0-083 - 0038 

07 , -f o*oi8 ’ -f 0 061 ~ 0-044 

075 0 4- 0-047 - 0 047 

o*8o — 0-020 4- 0 030 - 0-050 

085 1 - 0 043 1 ( 4- 0 015 - 0 058 

0*90 o-o68 + 0-006 ” 0 074 
0-95 - 0 095 1 4- o-ooi — 0-096 

1*0 - 0-125 0 - 0-125 

Multiplier Wdl* Wil^ Wil^ 
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For the case of two equal spans, constant moments of inertia, and free end 
supports, the bending moments for distributed dead load on both spans, and 
distributed live loads placed to give the maximum positive or negative moments, 
are contained in Table XIII. For three equal spans with free end supports the 
bending moments are given in Table XIV. 

Table XIV.—Three Equal Spans. 

X 
oil all spans 

Maximum positive Maximum negative 

1 live load moments live load moments 

End Spans 

0 0 0 0 

o-i + 0035 4- 0*040 - 0*005 

0*2 -f o*o6o H- 0*070 -- 0*010 

0 3 + 0-075 4 0*090 - 0015 

0-4 4 o*o8o -{- 0*100 — 0*020 

0-5 + 0075 H- 0*100 - 0*025 

0*6 4- 0 060 4 0*090 ! ~ 0*030 

07 4 0035 4 0 070 - 0*035 

0 8 0 4- 0*040 — 0*040 

0 85 — 0021 4- 0*028 — 0*049 

0 90 - 0 045 4“ 0*020 - 0*065 

0-95 — 0071 \- 0*017 — o*o88 

I — 0*100 \ 0*017 j — 0*117 

Multiplier 
" i 

Wil^ WlP 

Middle Span 

1 

0 — 0*100 4- 0*017 — 0*117 

005 ] — 0*076 4- 0*014 — 0*090 

O'lO - 0 055 4- 0*007 — 0*062 

015 - 0*036 4- 0*020 - 0057 
0*20 — 0*020 4“ 0*030 - 0*050 

0*276 0 4- 0*050 - 0*050 

0*30 4- 0*005 4“ 0*055 ~ 0*050 

040 4- 0*020 4* 0*070 0*050 

050 + 0*025 4- 0*075 - 0*050 

Multiplier Wdl* ml* Wil* 

No universal practice of detailing continuous spans exists, and the following 
is only one of the many methods. The assumptions on which it is based are: 
(i) For the negative moment at the supports the section is to be calculated 
with equal steel at top and bottom in accordance with the steel beam theory. 
This is for the usual case of rectangular ribs, but where there is a slab connecting 
the soffits of the ribs it may be possible to reduce the bottom steel, (2) The area of 
bottom steel required over continuous supports should be provided, if possible, 
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by the crossings of the main steel without the addition of loose bars, (3) The ratios 

of bent-up to total steel should be equal in each beam, (4) Steel, in addition to the 
bent-up bars, required at the top over the supports should be provided by straight 
bars with hooked ends, a proportion being placed within the links and the 

remainder being placed within the deck slab outside, but close to, the links, and 
(5) The points where bars are to be bent up are to be determined by consideration 
of moments and not of diagonal tension ; where diagonals do not occur the total 
shears should be resisted by means of vertical links. 

A be 

Fig. 87. 

Let Ai — total positive steel required in span AB (Fig. 87) = 

A2 tt tt tt it >» FC — “h ^2 

(«! and ^2 are the areas of the cross-sections of straight bars and 
Ui and a2 of cranked bars.) 

A^ = total negative steel over the support at B. 
Ug == the extra area of straight steel at the top over the supports in 

addition to the bars cranked up from the two spans. 

Then « - 
' ^1 + ^2 ■ 

• ■ • (73) 

Aj^ -j- A2 
• (74) 

Cl^ — ^ 2 — ^2 • ■ (75) 
a,' = — a. ■ • • (76) 

it being assumed that ^ (^1 + ^2)- 
In cases where Ag is equal to or greater than (A^ A- A ^ all the bottom 

bars should be carried straight through over the supports and additional bottom 

bars must be placed over the supports. The top bars over the supports are then 

to be provided entirely by a separate group of bars preferably bent down at inter¬ 

vals at angles of 45 deg. 

Also Ag- — 0,2.(77) 

Should this have a negative value it indicates that additional bars are not 
required at the top over the supports, and some of the cranked bars can be stopped 

off before reaching the supports. 
The areas a^, and Og are now determined, and the correct number 

and diameter of bars are selected ; the latter should be kept as uniform as is 

convenient. 
The case described is the usual one when the section over the supports 

requires to be doubly reinforced, but in designs where the ribs are connected 

by a soffit slab compressive reinforcement may be unnecessary. The top steel 
over the supports can then be obtained by bending up sufficient bars. Then 
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Fig. 88. 

Should this lead to a design with an excessive number of bars within the links 
over the supports, one-half of the bars from each beam can be bent up and 
additional bars placed outside the links and within the slab. Then 

a/ ^ iA.(82) 

a*' = .(83) 

a^ — Ag — i(Ai -f .... (84) 
In most cases it is convenient to bend up one-half the total number of bars, 

and this can be effected by using two different diameters in the group forming 
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the main positive steel. Simplicity of arrangement is also obtained by employ¬ 
ing the same total number of bars in the adjoining spans. 

Convenient arrangements of the bottom reinforcement for various numbers 
of bars are given in Fig. 88, in which s designates the straight bars and c those 
cranked over the supports. In bridge members considerations of shear usually 
fix the widths of the beams which allow such arrangements, although in ordinary 
building construction these would not be economical. In all these cases the 

Fig. 89. 

bottom row of straight bars should be carried as far as the cranked bars in the same 
plane of the adjoining span to provide framing for the links. In these arrange¬ 
ments no cranking of straight bars is required at the crossings over supports. 

In all cases the breadth of beam should be made not less than 

6 = fta + 3+ (w — i)i or (2n + i)a, 

whichever is greater, where n = number of bars in a row and a = diameter of bars. 
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Arrangement of Steel over Supports,—^The bending of the bars adjoining 
the supports is determined by the values of the maximum negative moments. 
In important girders with splays or haunches it is necessary to draw bending and 

resistance moment diagrams. 
In drawing the resistance moment diagram {Fig, 89), it is best to calculate 

the resistance of one bar throughout the span in each of the groups a/ and aj', 

using the formulae m ~ ^diw and w' Idtw', 
In these expressions d is the effective depth at each point and w and w' are 

the areas of steel for one bar in each of the two adjoining spans ; t is the working 

steel stress. 
Referring to Fig. 90, AB is the resistance diagram for one bar of group 

(span 1) ; A'B' is the resistance diagram for one bar of group from adjoitiing 
span (span l^); A'C and AC are the resistance diagrams for one bar of group 

aa' (span /,), and for one bar of group (span 1) respectively. The points where 
bars may be stopped off or cranked down can then be easily found, the resultant 
diagram of resistance moments being drawn point by point, using a pair of 
dividers. It is necessary to check that every bar counted as acting at the various 

points considered has sufficient length beyond the point to develop its stress by 
bond. The smallest length is K X diameter, and for the various steel stresses 

Table XV. 

Steel stress 
(lb per sq in ) 

10,000 

12,000 

14,000 

16,000 

18,000 

Values of K 

25 
30 

35 
40 

45 

the values of K are given in Table XV. The values allow a bond stress ot xoo lb. 

per square inch on bars adequately hooked at the ends. For other bond stresses 
(see Table VI) the value of K can be reduced proportionately. 

Arrangement of Steel for Positive Moments.—k similar diagram should 
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also be drawn for positive moments ; the cranking adjoining the supports will 

already have been fixed as previously indicated by consideration of the negative 
moments. Towards the supports of the end spans the curves of moments can 
nearly always be considered as parabolae spanning up to the points of contra- 

flexure, and the maximum allowable distances from the support are obtained 
from the expression 

■ ■ ■ ■ M 

where a = area of cranked bars from the centre of to point a;, and A total 

area of steel (Fig. 91). 
Considerations of bond stress on the straight bars and the maximum allow¬ 

able distances between diagonals may make cranking closer to the supports 
desirable. 

Ministry of Transport Recommendations.—The following recommenda¬ 
tions given in Memorandum No. 577 and relating to bridges with tee-beam decks, 

are of value when considering the details for such structures. Substantial fillets 
should be provided between the slab and the rib of the beam. If these fillets are 
made not less than 4 in. by 4 in. the clear span between the beams can be taken 
for the effective span of the slab. The slab should be of constant thickness, the 
depth of the beams being increased to give the required camber to the road. 
When shear in the beams is resisted by bent-up bars, these should be bent up in 
pairs placed symmetrically in the beam. Vertical stirrups should always be 

provided in addition to, or as an alternative to, the bent-up bars. Pairs of the 
latter should not be spaced farther apart along the length of the beam than 
I X effective depth. Stirrups in the form of completely closed links should not 
be spaced farther apart than f times the effective depth of the beam, should 
always extend into the slab, and should have not less than i in. cover or in. 
if exposed to the sea. The main bars should be of the smallest practicable 

diameter for ease of handling and bending and to provide increased bond area 
for a given cross-sectional area. The space between two adjacent bars in a 
horizontal row should not be less than the diameter of the largest bar. Between 
each horizontal row there should be a space of at least one inch. 

London Building Act Requirements.—Although the London County 
Council By-Laws for reinforced concrete relate only to buildings within the 
county, the following requirements given in the Memorandum accompanying the 
By-laws regarding the arrangement of reinforcement in continuous beams repre¬ 
sent good practice applicable to bridge girders. At simply-supported ends of 
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beams at least 25 per cent, of the main tensile reinforcement should extend to the 
centre of the support before the hook or other end anchorage begins. In con¬ 
tinuous beams at least 25 per cent, of the tensile reinforcement should be carried 
for a distance of at least half the effective depth beyond the points of contra- 

flexure before a hook or other end anchorage begins. 

Girder Continuous over Two or More Supports, with Varying Moments 
of Inertia at each Point of the Span. 

For important bridge girders with deep haunches it is not allowable to treat 

the case as one with constant moments of inertia in each span, since the haunches 
greatly affect the values of the moments. The following general method, due 

to the late Mr. C. Wolff, may be used in such cases. 

Let 

and 

where /g, etc., are the moments of inertia in span / and etc., in span 
In the diagram (Fig. 92) Mi, Mg, . . Mi', M*' ... are the '' free ” mo¬ 

ments for the given loading in two adjoining spans; then the moments M^, 
Mq, and at the three supports are given approximately by the linear 
relation 

I2;'M^ + sMo + i2r'M^ + 5^ = 0 . . . (86) 

where r ^ K^ + K^ +  (87) 

r' - K,' + K,' + K,' + K,'.(88) 
s - 19(^0 + ^0') + 48(i^i + + K,') + 8(if g + K,') 

+ 3(K, + K/).(89) 

t = i2(ifiMi -f ifI'Mi') + 6(ifgM. + ifa'M,') + 4(ifsMg + ifg'Mg') 

+  (90) 



DESIGN OF SLAB AND GIRDER BRIDGES III 

By the successive application of this equation to the pairs of spans any par¬ 
ticular case of continuous girders may be solved. 

As an example the following case will be considered {Fig. 93). Here there 

are three equal main spans of identical symmetrical profile and two shorter 
anchor arms /i, all of varying moments of inertia; only equally distributed loading 
on the various spans will be considered. The dead loading on bridge girders 
can nearly always be taken as uniformly distributed, the effect of the hauncliing 
not being considerable. In the calculations average values are used. It is 
practically sufficient to take loading over the whole span and not partial loadings 
for fractions of the span. 

A K J K' C k' 0 k' E tc F 

1. . h U m , 
r 1 

Fig. 93. 

Case i.—Load w per linear foot over span AB. 

Let M^ ™ M^J and Mj^ — . (91) 

li 
The values of j in spans li are taken as A,, K^, and K^. The values 

I 
of j in spans are taken as A"/, A'g', A3', and A4'. By symmetry A/ — A/ 

and K^' = K,'. Also K„ - -ji, K„' - p. = X,., and 

K^' - K,' - = Kj,'. 
Let 

a, — (igKu + + i8A'j + 8/C3 -1- 3^4) f (^9^b 5^^i' H 26A2') (92) 
= (x9Kb' H 51^1' f 26K,'). (93) 

b - i2(A:,' + K,'). (94) 

and 

c = U4K, + 3K, + 2A3 + K,). (95) 

Then + zbnic + c — o . (96) 
™ 0 . (97) 

bm(i + ci2f^D + — 0 . (98) 
2bmj) + — 0 . (99) 

Case 2.—Load w per linear foot over span BC. 

2«iWj5 + ^btKc A- b 5s= 0 (100) 

4bm^ 4- 4«2^(7 + 4bmj^ + 6 ^ 0 (lOl) 
bm^, -f + bm^ — 0 (102) 

2bmj^ Pr a =0 (103) 
with Mjg = (104) 

= Woze'/a* . (105) 

• (106) 

Mg = w^w/j* . . (107) 
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Case 3.—Load w per linear foot over span CD, 

™ o . . . . (108) 
I 4(^2 + h)m^< 46 = 0. . . . (109) 

with Mji = Me = .... (no) 
Me = Mjj .... (in) 

The other two cases of loading on DE and EF are obtained at once by sym¬ 
metry. The values of the coefficients etc., having been obtained, 

Afj3 = — .(112) 

for dead loads only (Case a), 

~ 4- . ... (113) 

for dead load plus live load (Case 6), and similarly for the other moments, 4 or 
I2 being taken for I according to the case considered. Five diagrams should be 
drawn beneath one another and each giving the complete distribution of moments 

over the free spans (for Cases a and b) corresponding to loadings on a single span. 
The combination of these diagrams in a sixth, by addition, gives an envelope 
of positive and negative moments throughout the spans. 

Fig. 94. 

For moments in the span the sketch [Fig, 94) shows the quickest method of 

drawing the required parabola; here 

free moment (114) 

The line pq is parallel to PQ, and Pp, Qq, and the semi-spans are divided 
into equal numbers of divisions. The curve is obtained by intersections so that 
it is not necessary to draw the diagram for free moments. 

With regard to the values of K in the common case where the ribs are con¬ 
nected by slabs both at top and bottom, the moments of inertia can be replaced 
by the values of where d is the effective depth at each point. Generally the 
values of bd^ should be taken on the g^sumption of a constant percentage of 
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steel. Where very great accuracy is desired the variation of steel can be allowed 
for by adjusting the values of a in the formula aW* (see Table XII). 

In any span the shears can be calculated from the equations 

Sa = W + .... (115) 

Sj = ^wl - .... (ir6) 
If 

negative values being taken for and Mj^. 

A special case of this problem is obtained by making K zero in the two 
anchor arms. This gives the solution for a three-span girder of varying moment 
of inertia built in to massive abutments at the ends {Fig. 95], the elevation of 
each span being symmetrical and identical for the three spans. 

Case i.—Load w on AB. Let 

a == i(jK^ + + 26X2 . 
b - 12{K^ + K^) 

Then -f ^bm^ + ^ =0 
4bm(, + b~ o 

bm^ + ^ 
2bm(j + antj) = o 

and etc. . 

Case 2.—Load w on BC, 

antj^ + 2hm^ = o 
-}- 4(^ T" -j- 6 = o . 

and = mjwl^, etc. . 

Case 3.—Load w on CD. 

= value of (Case i) . 
== ,, iftQ ,, 

= >» 
Then for dead load only 

etc. 

For dead load plus live load 

Af^ ~ + Wi)l^ in each case 

(117) 
(it8) 

(119) 
(120) 
(121) 
(122) 

(123) 

(124) 

(125) 
(126) 
(127) 

(128) 
(129) 

(130) 
(131) 

(132) 

(133) 
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By a combination of the three cases the maximum positive and negative 

moments may be determined. 
Where the anchor spans are free cantilevers, the case is that of three equal 

spans, the end moments of the arms being statically determinate. The calcula¬ 

tions are as follows. 
It is assumed as before that the spans and the profiles of the three beams 

are identical (Fig. 96). 

B C 
^ ki it ti ki Kb fa Kg k> g ki ki D 

l 1 1 

Fig. 96. 

Case i.—Load w per linear foot on span AB. 

Let a = (igKfj + 51-^1 26K1) . • (134) 
b = 3(K^ + fC,) .... • (135) 

then 
ah 

“ (a* - 166*) 
■ (136) 

(fl* - 166*) 
• (137) 

and Mjt, = Mfj = . • • (138) 

Case 2. —Load w per linear foot on span BC. 

h 
/ 1 T\ * * 

® ® (a + 4^) 
• (139) 

Case 3.—Load w per linear foot on span CD. 

"-I ° + ia. - ■ ■ ■ ■ (W) 

^ ~ (<** -166*) . ■ ■ {141) 

In the case where there is a cantilever arm beyond A, giving a moment at 

A which can be determined statically, 

... (.42) 

Me = . ■ 
a* — 166® 

Where there is a cantilever arm at D, giving a moment 

These equations are sufficient to determine the moments with any length of 
cantilever arms. 
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Single-span Girder built in at Ends with Varying Moments of Inertia. 

Cases of single-span girders built into massive abutments at both ends some¬ 
times occur in which the end lixation may be regarded as perfecl. Tlie lormuhe 
are then as follows. 

Fig. 97. 

{a) Uniformly distributed loading w per linear foot. 

Here Kq ~ and the girder is taken as being symmetrical 

{Fig. 97). 

___ mi + K,) 
(19^0 + 75-K^i + 5oA%) 

wl^ 
-o- + (negative) 

• (146) 

{h) Concentrated loads. 

Load at point Q, the quarter-point in the span. 

■ ■ ■ • (148) 

■ ■ ■ 
• (149) 

where 
^ (igK^ + SIX, + 26A\) 

24(K, + K,) • • • • (150) 

, 2iK, + 24X1 
96(K, + X,) • • • • • (151) 

39^1 + 
96(K^ + K,) • • • • ■ (152) 

Load at point M, the middle of the span. 

= Vg - - - Wl 
4(i9X„ + 7sK^ 4- 5o^j) 

■ (153) 

lS)t 
^mai. == — + (negative) . 

4 
■ (153') 

These results for concentrated loads are not such close approximations as for 
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distributed loading, the maximum error being about 5 per cent, in the cases 
examined, but are sufficiently exact for practical purposes. 
Load at quarter-point Q\ 

[formula (149)] and [formula (148)] 

These values are sufficient to enable the influence lines to be drawn, remem¬ 
bering that in the case of the slope of the tangent line at A is given by tan 6 
equals W and that the curve must touch the base-line at B {Fig. 98). In fact 
can be assumed of the form 

- x{l - x)^[a + b(l -x) + c(l-^xy + d(l - x)^] . (154) 

the values of a, b, c, and d being determined from the values of M^, M^, Mj corre¬ 
sponding to X — I, i, and | with the further condition 

(a + bl + cl^ + dF)P . . (155) 

l-X-l 
Fig. 98. 

these giving four linear equations to determine a, b, c, and d. 
The influence line for is, of course, the image of the curve for Mj, and 

Wl 
the '' free moment diagram is a parabola with a rise equal to —. From these 

4 
three curves the moments at any points can be determined for any distribution 
of loading; a variable distributed loading, for example, can be replaced by 
corresponding point loads acting at regular intervals of the span. Usually, 
however, it is sufficient to calculate by means of equations (146), (147), (153), 
and (153') for a uniformly-distributed load plus a “ knife-edge load assumed 
acting at the centre of the span. 

Continuous Girders with Fixed Contradexure Points. 

The calculation of continuous lines of girders can be made exactly and re¬ 
duced to static equations by the introduction of hinges at chosen points {Fig. 99). 

Fig. 99. 

With regard to the position of such hinges no definite rules can be laid down, 
but they will usually be placed at distances of one-fifth to one-third of the spans 
measured from the supports. In cases of arched girders where the headroom 
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is limited, consideration of the middle freely-supported spans will be the deter¬ 
mining factor so as not to exceed the resistance moments for the pre-determined 
depth. 

The method of calculation is very simple, and can be illustrated by the 
following example. In this case the end of the bridge is at a distance d to the 
left of A. 

{a) Distributed load.—= dead load per linear foot, w. = live load 
per linear foot. 

Maximum moment in span CD, = iK + ■ (156) 
Maximum negative moment at B, Ms = - + w^)c(l + c) . • (157) 
Minimum „ „ ,, B, Ms' = - \w^{l + c) • (158) 
Maximum negative moment at A, Ma == - - \{w^ + W^jd^ . • {159) 
Minimum ,, „ A, Ma' = - \wsd^. . (160) 
Maximum moments in span AB 

+
 

II -X) + M/ +f,(Ms' - My) . • (161) 

Minimum moments in span AB 

-x) + Ma +
 1 . (162) 

Maximum shear at A in span V 

Sa = iK + w,)l' {Ma ~ Ms') 
1’ 

• (163) 

+
 

II w,)l' + - 
[Ma' - Ms) 

V 
■ (164) 

(b) Single knife-edge load W : 

Maximum moment in span CD, Mr. = \Wl . • (165) 
Maximum negative moment at B, Ms =-- - MTc . . (166) 

Maximum positive moments in span AB M. 
_ Wx{l' - x) 

/' 
• (1^7) 

Maximum negative moments in span AB .M, 
_ Wcx 

V 
. (168) 

or M, II 1 a.
 

1 

• (169) 

Maximum negative moment at A, Ma ==-Wd . • (170) 

Design of Hinges. 

The only difficulty in the design of girders of this type is in connection with 
the hinges, for here one-half of the depth of the girder must be cut away and 
the shearing stress may be high. There should be sufficient diagonal steel cranked 
down from the cantilever arms and passing under the rest of the freely-supported 
span to take the eiftire shear, and special attention should be given to the security 
of such bars in bond. Since at this hinge or contraflexure point, in cantilever and 
suspended span construction, the expansion of the structure is allowed for, a 
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sliding-plate type of bearing is usually provided owing to the small space available. 
For the expansion joint to operate freely there must be a free joint right across the 
bridge on the line of the contraflexure points, that is through the deck slab and 
parapets as well as through the girders. It is a matter of opinion whether the 
joint in the parapet should be marked or not. It is, however, important that, 
whatever treatment or filling is applied to the transverse joint in any part of the 
structure, freedom from restraint should be ensured. 

Example.—Continuous Span Girders {Fig. lOo) with (1) constant 
moments of inertia, and (2) varying moments of inertia. 

As an example the following will be considered : Five-span girder, two end 
spans li ~ 36 ft., three interior spans = 87 ft. Distance between girders 
= 7 ft. ; deck slab in. thick ; total dead load on end spans 3290 lb. per linear 
foot; on interior spans 2600 lb. per linear foot. Live load 276 lb. per square 
foot distributed. 

Case i,—Uniform depth of T-beam Girders, a Constant Moment of 

Inertia being assumed {Fig. loi). 

Dead load {w^ (decking, finish, and self weight) for end 
spans ~ 3290 lb. per foot. 

Dead load for interior spans = 2600 ,, ,, 

Live loading 7 X 276 -= = 1932 lb. per foot. 

With load on span AB.— 
(Assuming a uniform moment of inertia throughout, equations (96) to {99) 

reduce to 

8w^(a + i) + -f a = o where ^ = a = f 7 = 0-414 

= o 

+ 4^d + =0 

+ 2(a + i)mj^ = o 

giving ntji =r- ~ 0-0404, ntf. ~ + 0-0109, ~ ““ 0-0030, and ~ + o-ooio. 

The bending moments are then : 
Dead Load. 

At B, — 362 X 3290 X 0-0404 X 12 = — 2,060,000 in. lb. 
C, = 4- 362 X 3290 X 0-0109 X 12 ■= + 556,000 

D, = — 362 X 3290 X 0-0030 X 12 = — 153,000 ,, 
E, ~ + 362 X 3290 X O-OOIO X 12 = 4 51,100 

Live Load. 
At B, Mi= — 362 X 1932 X 0-0404 X 12 == — 1,210,000 „ 

C, = 4 362 X 1932 X 0-0109 X 12 = 4 326,000 „ 
D, Mi= — 362 X 1932 X 0 0030 X 12 = — 90,000 „ 
E, = 4 362 X 1932 X O-OOIO X 12 == 4 30,000 „ 

“ Free ” Moment: 

Af^ = 4 36® X 3290 X 1*5 == 4 6,400,000 in. lb. 
= + 36* X 1932 X 1-5 = 4 375o»ooo „ 
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With load on span BC.— 
Equations lOO to 103, with a = 0-414, become: 

8(1 + a)w5 + 4mc + 1 =0 
4W£ + i6ma + 4^d + 1 = 0 

+ 4Wp + == O 

Then nij^^ — 0-0713, = — 0-0480, = + 0-0132, and == — 0-0047. 

The bending moments are : 
Dead Load. 

At B, M^= - 87* X 2600 X 0-0713 X 12 = — 16,800,000 in. lb. 
C, Af^ = — 87* X 2600 X 0-0480 X 12 = — 11,320,000 
D, = + 87^ X 2600 X 0-0132 X 12 = + 3,110,000 
E, M^ — 872 X 2600 X 0-0047 X 12 1,110,000 

Live Load. 
At B, Ml == 872 X 1932 X 0-0713 X 12 = — 12,500,000 

C, Ml = ~ 872 X 1932 X 0-0480 X 12 == — 8,410,000 
D, Ml = + 872 X 1932 X 0-0132 X 12 = + 2,320,000 
E, Ml — - 872 X 1932 X 0-0047 X 12 = — 825,000 

Free '' Moment: 
M^ ■= 872 X 2600 X 1-5 = + 29,500,000 in. lb. 
Ml = 872 X 1932 X 1-5 = + 21,900,000 ,, 

With load on span CD.— 
Equations (108) and (109) reduce to: 

2(1 + a)w£ = o 
+ 20w^ +1=0 

== + 0-0190, and — — 0-0538. 

The bending moments are : 
Dead Load. 

At B and £, = + 87® x 2600 x 0-0190 x 12 = + 4,500,000 in. lb. 
C and D, M^^ — 87^ x 2600 x 0-0538 x 12 = — 12,750,000 „ 

Live Load. 
At B and £, = + 87* x 1932 X 0-0190 x 12 = + 3.340,000 

C and D, Ml — — 87* x 1932 X 0-0538 x 12 = — 9,450,000 
Free " Moment: 

M^ == 87* x 2600 X 1*5 == 29,500,000 in. lb. 
Ml = 872 X 1932 x 1*5 = 21,900,000 

Resultant Dead-Load Moments with all Spans Loaded.—Combining these 
results the resultant dead-load bending moments are: 

At B or £, M^ — — 2,060,000 — 16,800,000 + 4,500,000 — 1,110,000 + 51,100 
== — 15,419,000 in. lb. 

At C or D, Me = + 556,000 — 11,320,000 — 12,750,000 + 3,100,000 — 153,000 
== — 20,557,000 in. lb. 

The “ free moments are : 
In spans AB and ££, M^ — + 6,400,000 in. lb. 
„ „ BC, CD, and DE, Af^ = + 29,500,000 „ 
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Maximum Negative Moments due to Live Loading.— 
(1) At B (or E), spans AB, BC, and DE being loaded, 

= — 1,210,000 — 12,500,000 — 825,000 == — 14,535,000 in. lb., 

with a corresponding value 

= + 326,000 — 8,410,000 + 2,320,000 = — 5,764,000 in. lb, 

and “ free moments = + 3,750,000 in. lb. in span AB 
Mj == + 21,900,000 „ „ „ BC, 

(2) At C (or /)), spans BC, CD, and EF being loaded, 

M(j = — 8,410,000 — 9,450,000 — 90,000 = — 17,950,000 in. lb., 

with corresponding values 

Mjy = + 2,320,000 — 9,450,000 + 326,000 = — 6,804,000 in. lb. 
Mj5 = — 12,500,000 + 3,340,000 + 30,000 = — 9,130,000 

and free moments 21,900,000 in. lb. in spans BC and CD. 

Maximum Positive Moments due to Live Loading.— 
(1) In span AB with AB, CD, anh EF loaded, 

Mg = — 1,210,000 -I 3,340,000 f 30,000 = + 2,160,000 in. lb. and the “ free " 
moment is + 3,750,000 in. lb. The maximum positive moment can then be 
found graphically. 

(2) In span BC with BC and DE loaded. 

Mg = — 12,500,000 — 825,000 = — 13,325,000 in. lb., 
and Me = — 8,410,000 + 2,320,000 = — 6,090,000 

The “ free moment Mj = + 21,900,000 in. lb., and the maximum positive 
moment can be found graphically. 

(3) In span CD with AB, CD, and EF loaded. 

Me == Mj) = + 326,000 — 9,450,000 ~ 90,000 — — 9,214,000 in. lb. 

The maximum positive moment 

= 21,900,000 — 9,214,000 — + 12,686,000 in. lb. 

Maximum Negative Moments due to Dead Load plus Live Load.— 
(1) At B (or E), 

Mg^ - 15,419,000 i4.535»ooo = - 29,954,000 in. lb. 

with Me == — 20,557,000 — 5,764,000 = — 26,321,000 

“ Free moment: M^g = 6,400,000 + 3,750,000 = + 10,150,000 in. lb. 
“ Free moment: Mg^ == 29,500,000 -f- 21,900,000 = + 51,400,000 „ 

(2) At C (or D), 

Me = — 20,557,000 — 17,950,000 = — 38,507,000 in. lb. 
with Mg = — 15,419,000 — 9,130,000 = — 24,549,000 
and Mg = — 20,557,000 — 6,804,000 == — 27,461,000 

The free *' moment Mge = Meg = + 51,400,000 in. lb. 
(i) In span AB : 

Free moment = 6,400,000 + 3,750,000 = + 10,150,000 in. lb., and 

Mg = — 15,419,000 + 2,160,000 == — 13,259,000 in. lb. 

From diagram {Fig. 102) == + 4,600,000 in. lb. 
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(2) In span BC: 

“Free ” moment M^c = 29,500,000 + 21,900,000 = + 51,400,000 in. lb. 

Mg = — 15,419,000 — 13,325,000 = — 28,744,000 in. lb., 

and M(; — — 20,557,000 — 6,090,000 = — 26,647,000 „ 

From the diagram {Fig. 102) = + 23,310,000 in. lb. 

Fi£. 101. 

(3) In span CD : " Free ” moment = + 51,400,000 in. lb. 

Mf. — Mg = — 20,557,000 — 9,214,000 = — 29,771.000 in. lb. 

From the diagram (Fig. 102) = + 20,839,000 in. lb. 

Shears.— 

(I) Dead Load Shears.— 

At S^ = ^ X 36 X 3290 = + 59,200'j 

15,419,000 
- = - 35.700) 

= + 23,500 lb. 

At B (on right) 

36 X 12 

i X 87 X 2600 = + ii3,ooo\ 

(15,419,000 — 20,557,000) I + 
87 X 12 

= - 5670' 

== + 107.330 lb. 

At B (on left) S,, = — 59,200 — 35,700 = — 94,900 lb. 

At C (on left) S^ — — 113,000 — 5670 = — 118,670 lb. 

At C (on right) S^— — + 113,000 lb. 

(II) Live Load Shears.— 

At A, S, = i X 36 X 1932 

_j_ 2,160,000 

36 X 12 

and 
12,500,000 

36 X 12 

825,000 

’ 36 X 12 

= + 34.800' 

= + 5000 

= + 39.800 lb. 

(maximum). 

= — 28,900 

= — 19,200 

= — 48,100 lb. 

(minimum). 
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At B (on right) S, = J X 87 X 1932 = + 84,000 

, (14.535.000 - 5,764.000) 
87 X 12 

= + 8400' 

+ 92,400 lb. 

At B (on left) S, = 

At C (on left) S, = 

14.535.000 

36 X 12 

= — 34,8oo'| 
I = — 70,300 lb. 

= - 35.5001 ' 

= — 84,ooo\ 
_ (17.950,^ - 9.r3°.o<K.) _ _ 

87 X 12 I ^ 
= - 8450/ 

At C (on right) 5^ = 

+ 
(17,950,000 

= + 84,ooon^ 

6,804,000) 

87 X 12 
= + 10,650^ 

= + 94.650 lb. 

Combined Shears due to Dead Load plus Live Load.— 

23,500 4- 39,800 ~ + 63,300 lb. (maximum) 
[S = 23,500 *— 48,100 == — 24,600 ,, (minimum). 

At B (left), 5 — — 94,900 — 70,300 = — 165,200 lb. 

At B (right), 5 === 107,330 + 92,400 == + 199,730 lb. 

At C (left), S ™ — 118,670 — 92,450 = — 211,120 lb. 

At C (right), 5 = 113,000 + 94,650 = + 207,650 lb. 

Case 2.—In order to illustrate the effect of a wide variation in depths of 
a girder and the error involved in assuming constant moments of inertia, a five- 
span girder will be considered with the spans equal to those in the case just con¬ 
sidered, particulars being as follows [Fig, 103) : 

Two end spans, = 36 ft. Three interior spans, 87 ft. Soffit slab 
connecting ribs 8 in, minimum at crown. Depths of end and interior girders as 
shown, all interior and both end girders being identical. Distance between 
girders = 7 ft. Average thickness of deck slab = 8J in. Finish, tarmacadam, 
2 in. thick. Live load^276 lb. per square foot. Depth of girders at midspan, 
3 ft. 6 in. 
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Dead Load on 87-ft. Span.— 
Total decking on main span 87x6x104= 54,400 
2 in. tarmacadam 87X7X 20= 12,200 
Self weight 

3*5 ft. to 20 ft. X12 in. =710 X 144=102,500 
Soffit slab, average, 98x6x164= 96,300 
Cross beam at crown 6x2*2x96= 1,270 

266,670 

Average dead load jx^r linear 
foot 

266,670 
-2boo Ib.^ 

Live loading per linear foot 
=7X276=1932 lb.=z£;^. 

Dead Load on 36-ft. Span.— 
Total decking on main span 36x6x104=22,500 
2 in. tarmacadam 36X7X 20= 5040 
Self weight 469x144=67,500 
Soffit slab 96x6x41 =23,600 

118,640 

Average dead loading per 
linear foot 

118,640 
'~36 

=3290 lb. = z£;^^. 

Since these are continuous slabs connecting the ribs at top and bottom the 
values of I will be taken as varying proportional to depth^. Such a variation 
could be ensured in any particular case by correctly varying the thickness of 
the soffit slab, or alternatively a lower power can be assumed. 

Taking the values of K at point 2' as unity, the values of K, etc., at the 
various points are 

X
 

'm
Ii 11 (—Y’ ^B = = ^ X 

,8 ■' 
1 , «, = 32 65 

87 87 \20y 

» 11 X
 i-^y. K,'- = (-) ’ «2 = 31-95 

87 \20) from equations (92), 

i—Y’ - iw-Y' = 13-37 
(93), and (94). 

87 V8-25/ 

X
 11 (^)‘ K,'- = I. c = o*i6o6 

Load on Span AB,— 
Equations (96) to (99) become 

203*2 ntg + i66*5 + I = 0 
+ Wjy = o 

+ 2*39 = o 
o-Siqwjfj + — o 

Wjj = — 0*0094, nifj = 0*0054, mj^= — 0*0034, smd = + 0 0028. 
The bending moments are 

Dead Load. 
At B, — 36* X 3290 X 0*0094 X 12 = — 481,000 in. lb. 

C, Af^ = + 36* X 3290 X 0*0054 X 12 = + 276,000 
D, = — 36* X 3290 X 0 0034 X 12 = — 174,000 
£, = + 36* X 3290 X 0*0028 X 12 = + 143,000 „ 
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Live Load. 
At B, A/f = 3()2 X 1932 X 0*0094 X 12 = - " 282,000 in. lb. 

C\ ~ 4- 362 X 1932 X 0*0054 X 12 == I 162,000 
D, Ml ™ 36^ X 1932 X 0*0034 X 12 — 102,000 
E, Ml = I 362 X 1932 X 0*0028 X 12 ™ I 84,000 „ 

The “ free moments are 

= 4- 36^ X 3290 X 1*5 = 6,400,000 in. lb. 

Ml = -f 3^>^ X 1932 X 1*5 = 3750,000 „ 

Load on Span BC.— 
Equations (100) to (103) become 

4*885 4~ 4 +1 = 0 
4 + 9-56 4- 4 4- I = o 

niu 4- 2*39 -4- = o 
0*819 0 

giving = — 0*1650, — — 0*0485, = f 0*0308, and m^, — ~ 0*0252. 

The moments are then 

Dead Load. 
At B, M^ = — 872 X 2600 X 12 X 0*1650 = — 38,900,000 in. lb. 

C, Md = ~ 872 X 2600 X 12 X 0*0485 ==- — 11,450,000 

D, M^ = -f 872 X 2600 X 12 X 0*0308 = 4- 7,260,000 
£, Ma= — 872 X 2600 X 12 X 0*0252 = — 5,940,000 

Live Load. 
At B, Ml ~ — 872 X 1932 X 12 X 0*1650 — — 28,900,000 in. lb. 

C, Ml = — 872 X 1932 X 12 X 0*0485 = -- 8,500,000 
D, Ml = + 872 X 1932 X 12 X 0*0308 = 4- 5,400,000 
E, Ml = — 8y^ X 1932 X 12 X 0*0252 == — 4,410,000 

The “ free " moments are 

M^ == 872 X 2600 X 1*5 = 4- 29,500,000 in, lb. 
Ml = 872 X 1932 X 1*5 = 4- 21,900,000 

Load on Span CD.— 
Equations (108) and (109) become 

1*22 4- = 0 

4 ^B + 13*55 
giving = Wjg = 4- 0*0798, and == mj^ = — 0*0974. 

The moments are then 

Dead Load. 
At B and E, == 4- 872 x 2600 X 12 X 0*0798 = 4- 18,850,000 in. lb. 

C and D, M^== — 87® x 2600 X 12 X 0*0974 == — 23,000,000 „ 

Live Load. 
At B and E, = 4- 872 x 1932 x 12 x 0*0798 == 4- 14,000,000 in. lb. 

C and D, Ml == -- 872 x 1932 x 12 x 0*0974 — — 17,100,000 

The ‘‘ free moments are, as before, 

Af^ == 4- 29,500,000 in. lb. 

Af, = 4- 21,900,000 „ 
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Resultant Dead-Load Moments with all Spans Loaded.— 
Combining these results the resultant dead-load moments are : 

At B andE, = — 481,000 — 38,900,000 -f 18,850,000 — 5,940,000 i 143.000 
— 26,328,000 in. lb. 

At C and D, — 276,000 — 11,450,000 -f 7,260,000 — 174,000 — 23,000,000 
= — 27,088,000 in. lb. 

The '' free moments are : 
In spans AB and EF, ==: + 6400,000 in. ib. 
,, ,, EC, CD and DE, ■— T 29,500,000 

Maximum Negative Moments due to Live Load.— 
(1) At E (or E) spans AB, BC, and DE loaded. 

= — 282,000 — 28,900,000 — 4,410,poo ^ — 33,592,000 in. lb. 

with a corresponding value 

— + 162,000 — 8,500,000 -f 5,400,000 = — 2,938,000 in. lb. 

and free moments ~ + 3,750,000 in. lb. in span AB 
Ml = -f 21,900,000 ,, ,, EC 

(2) At C (or D) spans EC, CD, and EF loaded. 

Mu ~ — 8,500,000 ~ 17,100,000 — 102,000 = -- 25,702,000 in. lb. 

with corresponding values 

M^ == — 28,900,000 + 14,000,000 + 84,000 — — 14,816,000 in. lb. 
M^ = + 5,400,000 — 17,100,000 + 162,000 = ~ 11,538,000 ,, 

and '' free '' moments = + 21,900,000 in. lb. in spans EC and CD. 

Maximum Positive Moments due to Live Load.— 
(1) In span AB with AB, CD, and EF loaded. 

M^ = — 282,000 + 14,000,000 + 84,000 — + 13,802,000 in. lb. 
r “ Free '' moment = + 3,750,000 in. lb. 

The maximum positive moment can then be found graphically. 

(2) In span EC with EC and DE loaded. 

• M^ “ — 28,900,000 — 4,410,000 = — 33,310,000 in. lb. 
Mu = — 8,500,000 + 5,400,000 = — 3,100,000 

Free '' moment = + 21,900,000 in. lb. 

The maximum positive moment can be found graphically. 

(3) In span CD with AB, CD, and EF loaded. 

Mu == Mj) = + 162,000 — 17,100,000 — 102,000 = ~ 17,040,000 in. lb. 

The maximum positive moment is 

Mpoa. == 21,900,000 — 17,040,000 + 4,860,000 in. lb. 
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Maximum Negative Moment due to Dead Load plus Live Load.— 

(1) At B (or E). 

~ 26,328,000 — 33,592,000 = — 59,920,000 in. lb. 

with = - 27,088,000 -- 2,938,000 = — 30,026,000 

= f 6,400,000 +- 3,750,000 == + 10,150,000 (“ free " moment) 

Mj^fj — + 29,500,000 4- 21,900,000 — -f 51,400,000 (“ free " moment) 

(2) At C (or D), 
Mfj = — 27,088,000 — 25,702,000 = — 52,790,000 in. lb. 

with = — 26,328,000 — 14,816,000 = — 41,144,000 

and Mjy = — 27,088,000 — 11,538,000 = — 38,626,000 

“ Free " moments Mg^J = — + 51,400,000 

Maximum Positive Moments due to Dead Load plus Live Load.— 

(1) Ill span AB. 
“ Free " moment — I- 6,400,000 + 3,750,000 ~ b 10,150,000 in. lb. 

Mj^ — 26,328,000 + 13,802,000 ~ — 12,526,000 

From diagram (Fig. 104) — -f 4,850,000 in. lb. 

(2) In span BC. 
“ Free moment = + 29,50,000 + 21,900,000 = 4 51,400,000 in. lb. 

Mjf = — 26,328,000 — 33,310,000 = — 59,638,000 

— — 27,088,000 — 3,100,000 = — 30,188,000 

From diagram (F'ig. 104) = + 7.510,000 in. lb. 

(3) In span CD. 

Free ” moment = + 29,500,000 + 21,900,000 = + 51,400,000 in. lb. 

Mf. ~ Mj) = ~ 27,088,000 — 17,040,000 = — 44,128,000 

From diagram = + 7,272,000 in. lb. 

Shears.— 
(I) Dead Load Shears. 
At i X 36 X 3290 = + 59>200 

_ 26,328,000 

36 X 12 

At B (on right), 5^ = J x 87 x 2600 = + ii3,ooo"j 

(26,328,000 — 27,088,000) 

61,000 
1800 lb. 

+ 
87 X 12 

= - 730J 

> + 112,270 lb. 

= —• 59,200 — 61,000 = — 120,200 lb. 
113,000 — 730 = — 113,730 „ 

+ 113,000 ,, 
5.= 

At B (on left), 
At C (on left). 
At C (on right), = 

(II) Live Load Shears. 
At J X 36 X 1932 

13,802,000 + 
36 X 12 

66,800 lb. (maximum). 

and 5,= = — 77,800 lb. (minimum). 
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At B (on right), S, = | X 87 X 1932 ■= 4 84,ooo\ 

(33.592,000 - 2,938.000) I 

87 X 12 j 
= + 29,300; 

I- 113,300 lb. 

At B (on left), S, = ^ X 36 X 1932 

_ 33.592,000 

36 X 12 

34,800^ 

, I— 112,400 lb. 
77,600 ^ 

At C (on left), S, = — 84,ooo\ 

(2‘5,702,000 — 14,816,000) 
— —!-Jt’ -1—L l_ 94,400 lb. 

87 X 12 
10,400) 

At C (on right), S, = 4- 84,000 

, (25,702,000 — 11,538.000) 

87 X 12 

==- + 13,500 

4- 97,500 lb. 

Combined shears due to dead load plus live load.— 

At A, S — — 1800 + 66,800 = 4 65,000 lb. 

5 == — 1800 — 77,000 = — 78,800 ,, 

B (left), S == — 120,200 — 112,400 = — 232,600 lb. 

B (right), S = 4- 112,270 + 113,300 = 4- 225,570 „ 

C (left), S = — 113,730 — 94.400 = — 208,130 „ 

C (right), S = + 113,000 4- 97,500 4- 210,500 „ 

Comparison of Crown Sections in Cases I and II. 

The maximum positive crown moments (Ftgs. 102 and 104) are 
(1) M — 23,310,000 in. lb. (constant moment of inertia). 
(2) M = 7,510,000 „ (variable „ „ „ ). 

In the design for case (2) the overall crown depth was made for structural 
reasons 3 ft. 6 in., and the section was reinforced with twelve i^-in. bars in 
tension. The concrete stress is given by equation (17), 

c 

where, from (19) and (18), n 
#'“+1(2)’ 

t' 
p’in + 2 
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84 X 37-5 
™ ()-oo47, ^ 

3 X 37-5/ 

f±5V 
V37-5/ 

(15 X 0-0047) + 

(15 X 0-0047) + 

3*5 in. and {d — z) 

84 X 8*5 X 34 

2( 0*646 — —^ ) 
\ 37-5/ 

7,510,000 . , 
c z= --—  -—— — -— 475 lb. per square men. 

(I - -)84 X 8-5 X 34 
V 0-646 X 37-5/ 

. 1 . 7,510,000 „ . , 
t = steel stress — -- = 15,000 lb. per squaie inch. 

14*72 X 34 
The required depth to give a similar stress for case (i) with M 

in. lb. would be approximately 

steel stress 15,000 lb. per squaie inch. 

23,310,000 

5 X 8*5_23,310,000 

3 ' 475 X 84 X 8*5 
82*5 in., or 87 in. overall. 

The ratio of depths ~ 2*07. 
By designing with deep haunches and a continuous bottom slab the crown 

depth has been reduced to about gV span, as against about for the 
ordinary type beam design (using the same stresses). 

If a concrete stress of 750 lb. per square inch and a steel stress of 16,000 
lb. per square inch are allowed the minimum depths are found to be 5 ft. 3 in. 
for case (i) with uniform moment of inertia, and 2 ft. 9 in. for case (2) with vary¬ 
ing moment of inertia. The extreme depth can therefore be reduced for these 
stresses, and without the use of compressive steel, to 3^2 of the span for variable 
moment of inertia as against of the span for uniform moment of inertia. 
Further reduction in depth can be made if stresses of 18,000 and 950 lb. per square 
inch or other higher stresses are used. 

Design with Variable Moment of Inertia. 

(i) Crown section (Fig. 105).—As previously, 3 ft. 6 in. deep overall and rein¬ 
forced with twelve ij-in. bars in the bottom. 

Fig. 105. 

(2) Springing section (Fig, 107).—M = 59,920,000 in. lb. Here 

d = 240 in. — 4i in. = 235-5 = 10 in., k = 0*156, 

and the lever arm = 225 5 in. 
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Four ij-in. and eight li-in. reinforcement bars ^ i6-8 sq. in. in tension. 

Steel stress = = i<,8oo lb. per square inch. 
i6-8 X 225-5 

The concrete stress is given approximately by 

59,920,000 

24 

0-312 X 235 35-5) 

~ 196 lb. per square inch. 

84 X 24 X 225-5 

Fig. 107. 

The arrangement of steel is shown on Fig. 106, and it will be noted that four 
i|-in. bars are carried through continuously at the top to assist in framing up 
the stirrup reinforcement. The bottom bars should be bent up into the ribs to 
give a secure connection between the 8-in. soffit slab and the ribs; since the 
soffit slab will be concreted before the ribs, and allowed to set, it is necessary 
to obtain a connection between the two ; this is best done by bending up the 
bars, since the stirrups are not very effective for this purpose owing to their 
inclination to the soffit towards the ends of the span. 



CHAPTER V 

DESIGN OF PORTAL FRAME BRIDGES 

The hinged portal is a statically indeterminate structure, and it is necessary to 
find an expression for the magnitude of the horizontal thrust by the elastic 
theory before the bending moments can be determined statically. Formulae 
follow for a rectangular hinged portal under any system of horizontal and vertical 
forces and with variations in the moment of inertia at any point in the frame. 
These do not allow for the effect of shortening of the top member due to the 
horizontal thrust as this is practically neghgible. The results can be obtained 
by the Theory ol Least Work or by slope-deflections, but for the sake of brevity 
examples showing the application only to practical design are included here. 

Case I [Fig io8).—Uniformly distributed load w lb. per foot on BC. 
If 11 ~ the moment of inertia of the vertical members, /a — the moment 

IJt 
ir 

of inertia of the horizontal member, and k 

- hH, 

Case II (Fig. 109).—^With a point load W on BC. 

H = 31^^^ 
2hl{2k + 3) 

= Mr 

The maximum positive moment M 
Wab 

m 

T' 

- ML 

hH 

H 
wl^ 

4h(2k + 3) 
and 

Case III (Fig. no).—^With a triangular load varying from zero at the top 
to p lb. per linear foot at the bottom of each post 

^ ___P^ + 20 
20 * 2^ + 3 

Mg = Mc= + hH-tit. 

Case IV (Fig. in).—For uniformly distributed load of p lb. per linear foot 
on one post 

^ _P^ ii/j + 18 

8 2/f + 3 

21 

and Mg = Mo = Hh- 

m 
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Fig. 108. Fig. 110. 

General Case (A) {Fig. 112).—^With three loads as shown in the illustration 

= - P + i(mP + WiPi) + 
4. ^0 4. 
-r T 

(1 + 

Mj5 and may now be found statically (Fig. 113) and Mj^ ~ — hH^— Ph{i — m). 

The following additional notation is required : 
Qi = the area of the free " bending moment diagram (for the load P) multiplied 

by the distance of its centre of gravity from A, 
— the area of the “ free " bending moment diagram for the load W, 
= the area of the “ free bending moment diagram (for the load Pi) 

multiplied by the distance of its centre of gravity from D, 
= the factor allowing for the effect of temperature changes 

= e X X /2 X ^ 

where e = the coefficient of expansion for a rise or fall in temperature 
of I deg. F., 

E == the modulus of elasticity, 
== the moment of inertia of the horizontal member, and 

t = the variation in temperature in deg. F., a rise being taken as 
positive and a fall negative. 
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Qi, Q2, and (>3 may be found accurately by dividing h and I into a number 
of equal divisions (eight to twelve are usual). If (n -f- i) equals the number of 
divisions in a vertical or horizontal member, 

X yr) + (M,' xy,) + ... + (M„' x :y„)] 
n + 1 

where M/, etc., arc the “free” bending moments at points i, 2, etc., 
respectively, and y^, etc., are the distances of points i, 2, etc., respectively 

from A (see Fig. 113). 

“ —-— {Ml + M2 F • • • + 

w -h I 

= J -[(Ml" X y^) + (M," X j.) + ... + (M„" X >»„)] 
n I 

W 

Fig. 115. 

0 



DESIGN OF PORTAL FRAME BRIDGES 137 

In the great majority of cases the values of ^1, and can be found by 
addition from the following results : 

(1) A concentrated load P at a distance a from the point A 

Q. - - ci^)P 
(2) A uniformly distributed load p per linear foot over the full height h 

of the post 

(3) A varying distributed loading p per linear foot at A diminishing uniformly 
to zero at B 

Qi = 3I0M* 

(4) A \arying distributed loading zero at A and increasing uniformly to 
p at point B 

Qi = 
(5) A concentrated load P on the span BC distant a from B 

Q, = \Wa{l - a)l 

(6) A uniformly distributed loading p per linear foot over the whole span BC 

Q. = 
The result for a system of loads can be obtained from (j) and (0) by 

summation. 

Effect of 'rEMPERATURE Changes.—Due to variation in temperature 

H = and •= = - hH 

For a rise in temperature t is positive. For a fall in temperature t is negative. 
The preceding formulae only apply to symmetrical two-hinged rectangular 

portal frames with vertical or horizontal members of uniform cross section. 

Formulae for Hinged Portal Frames. 

General Case (B) [Figs. 114 and 115).—In this case 

^-P + . + mP) + 

wliere 
(Mj\ 

V 

a 

+ hlK^ 

M M. 

^ ^ a, 

fn-yn] 

J 

s 

Kt 

K 

K, 

_ /M/', 

“ “ V 

b{n + i) 

■3'. , 
^ ■ d^' ^ ^ d. ) 

i 

12 
X e.t.- .E (the temperature factor) 

h 

C. = (1 

\di •^7) 

and 
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b = the breadth of the vertical and horizontal members of the frame and is 
assumed to be constant. 

The remainder of the notation is shown on the diagrams, or has been given 
previously. 

An example will be given to show the simplicity of the application of this 
formula, which it is believed was given for the first time by one of the writers 
in “ Concrete and Constructional Engineering/' December, 1934. When the 
horizontal thrust has been determined the moments and vertical reactions 
may be determined statically, thus Mj^ — — hHj^ — P(i — m)h. 

The Hinged Portal. 

The portal type of bridge can be used effectively in cases where headroom 
is strictly limited over the full span, and where the span is not too great, and 
especially if the roadway is wide. These conditions would constitute an ideal 
case for a portal. An arch would be impossible due to the reduction of headroom 
at the ends of the span ; a parapet girder scheme would not be economical for 
a wide roadway on account of the heavy secondary beam system required, and 
a freely-supported girder bridge would also be handicapped by the headroom 
condition. Another case suitable for the use of the portal type occurs when 
an arch construction is unsuitable on account of the difficulty of dealing with 
abutment thrusts due to low bearing capacity of the ground. 

For spans up to 24 ft. it is generally advisable to avoid ribs, and span with 
a slab only. ITiis simplifies the construction without appreciably increasing the 
cost. The design worked out is for a bridge required to carry a roaSway for 
trucks between one section of a works and another on the opposite side of an 
existing thoroughfare. The new truckway was required to slope down on each 
side of the existing road, giving a clear headroom of 12 ft. between the soffit of 
the bridge and the top of the road. Fig. 116 shows a plan and section of the 
structure, and the full working calculations are as follows. 

The two walls and deck slab form a frame which can be assumed to be 
hinged at a point just above the base slab. The effective height is taken as 
14 ft. and the effective span as 24 ft. The deck load forms a large proportion of 
the total load, and a rough calculation is required to determine the approximate 
slab thickness required. The live load was given as a concentration of 22 tons 
on a width of 10 ft., and the ground surcharge as 400 lb. per square foot. 

Assuming a 24 in. deck slab partially fixed at the ends, and a point load of 
4940 lb. at midspan equivalent to 22 tons on 10 ft., 

Mp === 4940 X 24 X -y- X 07 = 249,000 
= 288 X 24^ X yf = 166,000 

415,000 in. lb. 

Taking the maximum compressive strength in the concrete at 750 lb. per 
square inch, m = 15, and t = 16,000 lb. per square inch. 

415,000 

I33’5 X 12 
= 16*15 in. 
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Fig. 116. 

Assuming a total slab thickness of 18 in., the following adjustments in span, 
etc., may be made. 

Span = / = clear span + ^ = 23-5 ft. 

* = 1375 ft. 

Live load = 22 x = 494° fb- acting at midspcin. 

Average thickness of walls = 15 in. 
Dead loading lb. 

i8-in. slab = 216 
2-in. road surface = 24 

240 
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Side Pressure.— 
w ™ density of earth = 100 lb. per cubic foot. 

“ angle of repose = 35 deg. 

_j_ ^ i pressure at depth h — Kh, 

Taking the surcharge at 400 lb. per square foot, = 400 x 0*27 = 108 lb. 
per square foot acting uniformly over the whole face of the wall. 

It will be a safe assumption to take \p as the dead load and p^ + \p as the 
live load ; this will allow for the full value of p and, at the same time, for a 
possible shrinkage of the filling away from the face of the wall. The dead load 
moments and thrusts will first be worked out, and then combined with the 
moments and thrusts due to the live loads. 

The values of the moments and thrusts may be found by means of the 
formulcE for hinged portal frames previously given. 

In this case k === 
I,h i-5« X 1375 

1-253 X 23-5 
I-OI. 

For the uniformly distributed dead load on the deck slab 

H 
lF/2 240 X 23*52 

4h{2k f 3) “ 4 X i375r(2 X 1*01) + 3] 
“ 480 lb. 

- M. — A// = — 13*75 X 12 X 480 lb. -- 79,400 in. lb. 

^ 240 X 2820 lb. 
2 

For the point load acting at midspan 

3P/ 3 X 4940 X 23-5 
H 

Sh{2k + 3) 8 X I375[(2 X 1*01) + 3] 

~ — hH = 13*75 X 12 X 630 lb. 
4940 lb. X i = 2470 lb. 

= 630 lb. 

= — 104,000 in. lb. 

Considering one-half of the unsurcharged earth pressure to act against each 
vertical member. 

P = 1375 X — lb. ^ 185 lb. 
2 

XX/V ph Ilk f 20 

20* 2^ 4^3 

185 X 1375 ^ (11 X I-0l) + 20 ^ 

20 (2 X l-oi) + 3 
795 lb. 

Afp = J^i3-75 X 795 186 X I3-75* 
']X2 

= *- 9450 in. lb. 
F^ = o. 

Considering earth pressure due to surcharge acting against the wall AB, 

- - !2!4i375 ^ ("X I-OI)-MS . _ ,^5 
8 2^ + 3 8 (2 X i-oi) -1-3 
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= (^H - = 1^1075 X 1375 - 

= lb. 
2/ 2 X 23-5 

Hj^ ■= P^h 4- = 108 X 1375 - - 1075 410 lb. 

M^ — — Hj^ X h = ~ 410 X 1375 X 12 == — 67,700 in. lb. 

With earth pressure due to surcharge against the wall CD, by synunetry 
with the preceding case, 

— 410 lb. Hjj — ~ 1075 lb. 
Mj^ — ~~ 67,700 in. lb. M(j = 55,200 in. lb. 

Effect of rise in temperature of 20 deg. F., 

h\Z + ^k) 

3 X o*ooooo6 X 2,000,000 X 
12 X 18^ 

12 

i652~(3 + 2 X I-01) 

X 20 

^ 31 lb. 

Mj^ = ~ — 31 X 165 — 5110 in. lb. 

Effect of fall in temperature of 20 deg. F., 

/f = — 31 lb., == = 5110 in. lb. 

The values of H, Mj^, and are tabulated, and, by combining them, 
the maximum moments and thrusts may be found. 

The maximum negative moment at B (or C) is 

= — 88,850 — 104,000 — 9450 — 67,700 — 5110 = -- 275,110 in. lb. 

For this moment 

= 2820 + 2470 + 435 = 5725 lb. 

The maximum positive moment occurs at midspan of the deck slab when 
the point load of 4940 lb. is at that point, the side pressure is a minimum, and 
there is at the same time a fall in temperature. The value of the maximum 
positive moment may be found by subtracting the negative moment at B (or C) 
from the “ free bending moment. 

Maximum positive moment = (240 x 23-5^ X + (4940 x 23-5 x -V) 
— 88850 ■— 104,000 + 5110 — 359,250 in. lb. 

The thrusts and moments due to the dead and live loads are shown in 
Table XVI. 

Fig, 117 shows the maximum positive moment with the accompanying 
moments on other parts of the frame. 

Fig, 118 shows the maximum negative moment in one of the vertical members. 
The preceding is the usual method of calculation; in most cases the maximum 
negative moment will be much less than shown, since the passive earth pressure 
will come into action on the wall opposite to the one surcharged up to any value 

not greater than 
I — sin 0 



Fig. 117.—Maximum Positive Bending Moment. 

Fig. 118.—Maximum Negative Bending Moment* 
142 
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The total slab thickness of the decking may be made 16J in. with an effective 
depth of 15 in. The area of steel required in the bottom of the deck slab is 

359.250 A, 17 sq. in. 
16,000 X 15 X 0*88 

that is, bars at 7 in. centres. One-inch diameter bars are used at 7 in. 
centres in the top of the slab at the supports. 

TABLE XVI. 

Dead Loads. 

Loading H (lb.) F^db.) j M^(in.lb.) lb) 

Uniform load on decking .... 480 j 2820 ' - 79,400 -79,400 
♦One-half the unsurcharged earth pres¬ 

sure on both walls. ” 795 0 - 94.50 - 9450 
Total effect of dead loads .... “ 315 1 2820 - 88,850 1 — 88,850 

* The other half is added and treated as a live load. 

Live Loads. 

Loading 

Point load at midspan of deck 
One-half the unsurcharged earth pres¬ 

sure on both walls. 
Earth pressure due to surcharge on wall 

AB. 
Earth pressure due to surcharge on wall 

CD. 
Effect of rise in temperature of 20 deg. 
Effect of fall in temperature of 20 deg. 

H (lb.) VJ\b.) Af^(in. lb.) A/^(m. lb.) 

630 2470 — 104,000 — 104,000 

“ 795 0 - 9450 - 9450 

- 1075 “ 435 j 55.200 
1 

— 67,700 

410 435 — 67,700 55,200 

31 0 — 5110 — 5110 

- 31 0 -f 5110 ' + 5110 

The general arrangement of the reinforcement is shown in Fig. 119. It will 
be seen that the vertical members are of varying width, although no allowance 
was made in the calculations for a varying moment of inertia. The difference 
between the results obtained by calculations taking into account a varying 
moment of inertia in the vertical members and the preceding calculations is much 
greater than a superficial consideration would lead one to expect, and for large 
or important structures the more accurate method should be used. In order 
to demonstrate the simplicity of the method allowing for vertical members of 
varying width, the preceding case wiU be worked out again, and the effect will 
be shown of the variation in the moments of inertia of the posts. 

The height will be divided into nine equal lengths of i‘53 ft. each making 
the assumed total height 1377 ft. 

The span will be divided into nine equal lengths of 2*61 ft., making a total 
length of 23-49 ft. The vertical members will be assumed to slope uniformly 
from 16J in. at the top to 12 in. at the bottom, and the deck will be taken as 
having a constant thickness of 16^ in. The case worked out will be that producing 
the maximum positive moment at midspan, that is, with minimum side pressure, 
and the point load of 4940 lb. at midspan. It wiU be necessary to draw the 

free bending moment diagrams for the horizontal pressure and for the com- 
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bined vertical point load and the uniformly distributed load. The values of 
y, y^, d, d^, etc., arc given in Tables XVII and XVIII, and are substituted in 
the formula for H. It will be noted that the points given in the tables are 
located at the centroid of each division. 

TABLE XVII 

Point V* ‘'(ft) 

I . 0-765 0-585 I-021 
2 . 2-295 5-27 1-063 
3 . . 3-8-25 14-63 1-104 
4 . . . 5-355 28-68 1-146 
5 • • • 6-885 47 40 i-i88 
6 . . . 8*415 70-81 1-229 
7 , . . i 9*945 98-90 1-271 
8 . . . 1 11-475 131-68 1*313 
9 ■ • • : 13-005 169-30 1*354 

M' V* M'v 

(ft lb) 1 d* 

1-064 600 
1 
1 0-554 431 

I-201 1497 4*388 2861 

1*346 2031 10-87 5772 

1*505 2251 19-01 8009 

1-676 2205 28-28 9005 

1-856 1940 38-15 8745 

2*053 1507 48-17 7300 

2*264 953 1 58-16 4830 

2-482 326 68-21 1708 

1 275-79 48,711 

TABLE XVIII 

Point a M 
I 

~a^ 

M 
a* 

I • • • 1-306 1*375 2-6 6702 0-385 
by 02 

2-6 

2 . . . 3*917 If ,, 18.878 
18.878 

2-6 

3 • • • 6-528 II ,, 29,418 
29-418 

2-6 

4 . . . 9-139 II 38,314 
38,314 

2-6 

5 • • • 11-750 .1 45.583 
45,583 

2-6 

6 . . • 14-361 ^ If I, 38,314 .1 
3?l3'4 

2-6 

7 • • • 16-972 ,, 29,418 
29,418 

2-6 

8 . . . 19-583 1 II 18,878 
i 

II 
18,878 

2-6 

9 . . . 22-194 6702 
6702 
2-6 

a® 

= 9 X 0-385 
232,207 

“ 2-6 

* 3 465 ^ 89,310 
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H, P + |(wP + w,Pj) 4 
jLjou^ 12 h 

X X 6 X 10“ * X 20 X 2 X 10* X144 I 
12 1377 } 

= - 853 f 

(2 X 48,711) 4 (23-5 X 89.310) - ^ 

~ ~ (1377 x"23^'J465) +- (2 X 27579) 

^ - 853 + 1289 = 436 lb. 

The values of obtained before is as follows: 

H. due to horizontal uniformly distributed load 

lb. 
•=: 480 

point load at midspan == 630 
,, ,, ,, half unsurcharged earth pressure - ~ 795 
,, ,, ,, fall in temperature of 20 deg. ™ — 31 

284 

The difference is 436 lb. — 284 lb. = 152 lb. 

Mj, = = L(- 436 X 1377) - (3-5 X 1377® X ',)J. 12 

= — 216,000 in. lb. 

Maximum positive moment at midspan 

= (240 X 23-52* X -V) + (4940 X 23-52 X V) - 216,000 = 331,000 in. lb. 

The maximum positive moment obtained by the previous calculations was 

358,600 in. lb., a difference of 27,600 in. lb., or approximately 8 per cent. 
L 
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It will be gathered from these results that sloping vertical members are 
economical, as they provide stiffness where it is most needed. 

In some cases, especially with large spans, the differences due to varying 
moments of inertia may be much greater than in the previous example. For 
instance, such a case would arise with a ribbed design when deep haunches are 
required at the angles, and where the slab between the ribs is placed so as to 
afford the maximum resisting moments, being diverted to the soffits of the ribs 
beyond the contraflexure points, a change over also occurring in the posts. In 
such a case, the moments of inertia at the ends of the span may be large compared 
with those in the centre, with a consequent increase of the bending moments 
at the intersection and a diminution of the central positive moments in the deck 
span. For this reason it may be in some cases necessary to apply the general 
formulae, although normally it is sufficient to assume constant moments of inertia 
in the members. 

Most sections of members of a portal frame are subject to a direct thrust 
in addition to the bending moment. Methods of calculating the stresses for 
such conditions are given in the next chapter. 

Fixed Portal Frames. 

Only portal frames with hinges at the bottoms of the vertical members are 
considered in the foregoing. Portal frames, the bottoms of the vertical members 
of which are fixed, are not analysed, as in practice there is difficulty in ensuring 
that complete fixity or a predetermined degree of partial fixity is obtained. 
Should the assumed degree of fixity not be obtained, the bending moments, 
thrusts, and shearing forces on the frame may vary considerably from those 
provided for in the design. It is therefore preferable to insert hinges at the 
bottoms of the vertical members, thereby ensuring compliance with the assump¬ 
tion that there is no bending moment at these points. 

In addition to the calculations for a fixed portal frame being more complex 
than for a hinged frame, the effects of unequal settlement of the foundations, 
shrinking of the concrete and changes of temperature are more serious on a fixed 
frame. 



CHAPTER VI 

COMBINED THRUST AND BENDING 

Calculation of Rectangular Sections Reinforced equally on Two Faces. 

The problem of combined thrust and bending on reinforced concrete sections 
offers little trouble from the theoretical standpoint, and it is only when an attempt 
is made to express the solution in a simple practical form that any difficulty 
arises. Unless a form of graph or table is used it is necessary to assume a section 
with a certain percentage of reinforcement and find the depth of the neutral axis 
by the solution of a cubic equation. When the depth of the neutral axis is known, 
the compressive and tensile stresses in the concrete and steel may be found 
by simple formulae. This method offers no real difficulties, but it is a long and 
tedious process to arrive at an economical section and several attempts may have 
to be made before a section is found which will keep the stresses within the 
desired limits. 

Several methods have been devised to lessen the amount of calculation 
required, and many solutions have been published. The method given here is 
such that, any two of the three variables (breadth, depth, and steel percentage) 
being given, the third can be obtained immediately without the necessity of 
determining any subsidiary quantity, such as that defining the position of the 
neutral axis. 

The following notation is used: 

M ~ bending moment (in. lb.) 
P or N direct thrust (lb.) 

b ~ breadth of the section (in.) 
d — overall depth of the section (in.) 

A ~ area of reinforcement on either face of the section (sq. in.) 
c = maximum compressive stress in the concrete (lb. per square inch) 
s = tension stress in the steel (lb. per square inch) 

. , . r 200^ 
p == percentage of total reinforcement = - 

m = modular ratio 

Case I.—^Tension Occurs across the Section.—Where tension and com¬ 
pression occur across the section the graph on Fig. 120 is applied as in the following 
examples. 

Example (a).'—M — 1,400,000 in. lb.; P == 100,000 lb. ; = 24 in.; 
6 == 15 in.; maximum allowable stress on concrete = 800 lb. per square inch. 

To find the percentage of steel reinforcement required: 

M 1,400,000 O X • -x X- _ = —!2—'-= 0*584 = eccentnaty ratio. 
Pd 100,000 X 24 

~ =-2-r= 0*347 == ratio of stress on concrete section for central 
bdc 24 X 15 X 800 

loading to allowable stress on reinforced section for eccentric loading. 
147 



148 REINFORCED CONCRETE BRIDGES 

The values of - - are given on the right-hand vertical scale, and the values 
bdc 

M 
of -rr- are given on the bottom horizontal scale. Find 0-347 right-hand 

Pd 
vertical scale, project horizontally, and find 0-584 on the bottom horizontal scale 
and project vertically upwards. The intersection point will be found to be 
between the curves representing 2 per cent, and 2\ per cent, of steel, and 2*5 
will be taken as the approximate percentage required. The intersection point 

“ s 
also lies between the curves representing the ratios — = 8 and 9 respectively, and 

c 
s (approximately) = 8-75 x 800 == 7000 lb. per square inch. 

Example (6).—M -- 2,500,000 in. lb.; P ~ 120,000 lh. \ d — 30 in.; p 
per cent.; c — 900 lb. per square inch. 

1*5 

To find the required value oi h, ~ 
Pd 120,000 X 30 

= 0-695. 

Find the value of 0-695 on the bottom horizontal scale and project vertically 
upwards until the intersection point with the curve representing 1*5 per cent. 

P 
is reached; then project horizontally to the right where the value 0*24 for ~ 

bdc 
is found. 

, 120,000 o 
b ~-== 18-5 in. or, say, 19 in. 

0-24 X 900 X 30 

The intersection point lies between the curves representing - 
c 

13 and 14 respec¬ 

tively, and s “ 13-5 X 900 = 12,100 lb. per square inch. 
Example (c).—M = 1,800,000 in. lb.; P = 150,000 lb. ; b 15 in. \ p 1 

per cent. ; c — 750 lb. per square inch, 

p2 150,000^ 
To find the required value of ---- = --^-— ™ i-n. 

Mhc 1,800,000 X 15 X 750 
p2 

Values of will be found on the left-hand vertical scale and continued 
Mbc 

on the top horizontal scale (i*ii is on the top scale), and a straightedge should 
be laid from this point to the point o-o at the junction of the bottom and the 
right-hand scales. Project horizontally from the intersection of the line i*ii 
to 0-0 with the curve for = i per cent., and read the value 0*385 on the right- 
hand vertical scale. 

p 
0-385 

bdc 

d = 
150,000 

34-6 in. or, say, 35 in. 

P 

15 X 750 X 0-385 

s = 5-2 X 750 =5= 3900 lb. per square inch. 

Example (d).—M = 2,800,000 in. lb.; P = 600,000 lb.; b = 24 in.; 

: 2 per cent.; c — 900 lb. per square inch. 

P* __600.000* 

Mbc ~ 2,800,000 X 24 X 900 
5-95. 



FIG. 120. 
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The values of arc given on the right-hand vertical scale, and the values 
ode 

M 
of -r-. are given on the bottom horizontal scale. Find 0-347 ^^e right-hand 

Pd 
vertical scale, project horizontally, and find 0-584 on the bottom horizontal scale 
and project vertically upwards. The intersection point will be found to be 
between the curves representing 2 per cent, and 2^ per cent, of steel, and 2-3 
will be taken as the approximate percentage required. The intersection point 

* s 
also lies between the curves representing the ratios - = 8 and 9 respectively, and 

c 
s (approximately) = 8-75 X 800 — 7000 lb. per square inch. 

Example [h),—M ™ 2,500,000 in. lb.; P == 120,000 Vo.) d ~ 30 in.; p = 1-5 
per cent. ; c = 900 lb. per square inch. 

^ cr\r\ r\f\r\ 

0-695. To find the required value oi b, ~ ^»5oo,ooo 
Pd 120,000 X 30 

Find the value of 0-695 on the bottom horizontal scale and project vertically 
upwards until the intersection point with the curve representing 1-5 per cent. 

p 
is reached ; then project horizontally to the right where the value 0-24 for 

hdc 
is found. 

120,000 

0-24 X 900 X 30 
18-5 in. or, say, 19 in. 

The intersection point lies between the curves representing - = 13 and 14 respec- 
c 

tively, and s = 13-5 X 900 == 12,100 lb. per square inch. 
Example (c).—M = 1,800,000 in. lb.; P = 150,000 lb. ; 6 = 15 in. ; ^ = i 

per cent. ; c — 750 lb. per square inch. 

To find the required value of d, 
150,000^ 

Values of 
p2 

mTc 

p2 

Mbc 1,800,000 X 15 X 750 
i-ii. 

will be found on the left-hand vertical scale and continued 

on the top horizontal scale (i-ii is on the top scale), and a straightedge should 
be laid from this point to the point 0-0 at the junction of the bottom and the 
right-hand scales. Project horizontally from the intersection of the line i-ii 
to 0-0 with the curve for ^ = i per cent., and read the value 0-385 on the right- 
hand vertical scale. 

m = 

d = 
150,000 

34-6 in. or, say, 35 in. 
15 X 750 X 0-385 

s = 5*2 X 750 == 3900 lb. per square inch. 

Example (d).—M = 2,800,000 in. lb.; P = 600,000 lb.; b 
/) = 2 per cent.; c = 900 lb. per square inch. 

P* _ 600,000* 

Mbc 2,800,000 X 24 X 900 

24 in. 

5-95- 
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p2 
The maximum value of given on the graph is 3, and therefore for the 

Moc 
3sent example tension does not occur in the section. The example will be 
rked out under Case II. 

It must be noted that the graph is only strictly true for a certain ratio of 
3 cover of the steel to the depth of the beam. The graph has been worked out 
iuming the distance from the centre of the steel on one face to the centre of 
‘el on the other face equals 0*85 of the total depth of the section, that is, 0*85^^. 
le general case is dealt with later. 

Case II.—No Tension across the Section.—For this case a graph has 
t been prepared, since it is desirable where possible to obtain results by a 
•ect formula. The formulae given here assume that the distance from the 
ntre of the steel on one face to the centre of steel on the opposite face is 
d they have been simplified by an approximation which for practical purposes 
es not affect the result. 

(i) rf 

(ii) b 

2b{l + o-i^p)c 

p 

, / , 2^cMbY 

+ 
bM 

dc(i + 0'i4p) dh(i + Q'i4pY 

(iii) c = f 
6M 

bd[T + o*i4/>) bd^{i -f- 0*14^)^ 

As before, p is the percentage of steel included in both faces of the section 

tliat p ~ A being the area on one face only. 
bd 

, P f / , 24cM6\M “ o-»r ^ "1^) 1 
Example (6?).—M = 2,800,000 in. lb.; P ^ 600,000 lb.; b24 in.; 

~ 4 per cent. ; c == 900 lb. per square inch; required to determine d. 
From the curves it is found that no tension exists across the section. 

d:^ 
600,000 -{i + (i + 24 X 900 X 2,800,000 X 24\* 

(600,000)2 ) 2 X 24(1 + 0-14 X 4)900 I 

= 29 in. 

Example (/).—M = 600,000 in. lb.; P = 220,000 lb.; c — 750 lb. per 
[uare inch ; 6 ~ 18 in.; d ^ iS in.; 

220,000 

0*28 X 18 X 18 X 750 

== 3*35 per cent. 

I + I + 
24 X 750 X 600,000 X i8y 

(220,000)2 ) 7*14 

18 X 18 
Area of steel on each face == —-== 5*4 sq. in., say, three i-in. 

200 
id three ij-in. bars. 

Cases I and II for any Modular Ratio m.—^The curves on Figs. 120 to 122 

id 124 to 127 are drawn for m = 15. In the case of any other ratio m the curves 
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pa 
The maximum value of —— given on the graph is 3. and therefore for the 

Mbc 
present example tension does not occur in the section. The example will be 
worked out under Case II. 

It must be noted that the graph is only strictly true for a certain ratio of 
the cover of the steel to the depth of the beam. The graph has been worked out 
assuming the distance from the centre of the steel on one face to the centre of 
steel on the other face equals 0-85 of the total depth of the section, that is, 0*85^. 
The general case is dealt with later. 

Case II.—No Tension across the Section.—For this case a graph has 
not been prepared, since it is desirable where possible to obtain results by a 
direct formula. The formulie given here assume that the distance from the 
centre of the steel on one face to the centre of steel on the opposite face is 0-85^^, 
and they have been simplified by an approximation which for practical purposes 
does not affect the result. 

(i)^=^ 
_P _ 

2b{i + 0'l^p)c 
I 4- 

V -) I 
(ii)6 + 

dc{i. + 0-14^) d^c{i + o-I4/))2 

(hi) c + 
6M 

hd{i -[- 0*14/)) ' hd^(x -f 0'i/\PY 

As before, p is the percentage of steel included in both faces of the section 

so that p -- A being the area on one face only. 
hd 

(iv) P = 
p 

o-28bdc 

zjcMby) 
"P^ ) ) 

- 7-I4. 

Example {e).—M = 2,800,000 in. lb. ; P — 600,000 lb. ; b = 24 in.; 
^ = 4 per cent. ; c ^ 900 lb. per square inch; required to determine d. 

From the curves it is found that no tension exists across the section. 

600,000 

2 X 24(1 + 0^4 X 4)900 
{! + (■ + 24 X 900 X 2,800,000 X 24 V 

(600,000) 2 J 

= 29 in. 

Example (/),—M—boo,000 in. lb.; P — 220,000 lb,; c — 750 lb. per 
square inch ; 6 — 18 in.; d — iS in.; 

__ 220,000 f j /j; ^4 X 750 X^oo,ooo X 18 

p _ X 18 X 18 X 7501 \ (220,000)2 

= 3*35 cent. 

18 X l3 X 3*3^ 
Area of steel on each face =-= 5-4 sq. in., say, three i-in. 

200 

and three ij-in. bars. 

Cases I and II for any Modular Ratio m.—^The curves on Figs. 120 to 122 

and 124 to 127 are drawn for m = 15. In the case of any other ratio m the curyes 
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can still be used; p being the actual percentage to be placed, the percentage 

curve for ^ can be used as already described. For instance 1*5 per cent, to be 

placed with a modular ratio of 10 would be read Is x 1*5 = i per cent., and the 

depth or breadth of the section so determined is the correct result. The value of - 

from the curves becomes ~ ^ and s' = true tensile steel stress = —s. The 
15 15 

same remark applies to the algebraical method given under Case IL By choosing 

the correct percentage curve, s' can always be given a reasonable value. The 

curves are drawn for a cover ratio k 0*075 ; for modifications necessary to allow 

for a different value, see the general method IV given later ; except for estimating 
purposes the curves there given are to be preferred in all cases other than Case III. 

Case III.—No Steel in Compression.—The curves drawn for this case 

{Figs. 121 and 122) are also for m = 1$ and k = 0*075, and are to be used similarly 

to those given under Case I ; for the sake of clearness they have been divided into 

two ranges. In the lower range (Fig. 121) the value of ~ ^ is to be joined to the 

N 
origin and the value of read off corresponding to the intersection with the 

ode 
percentage curve used ; in the curves for the upper range (Fig. 122), since the 

origin is oh the paper, a secondary bottom horizontal scale marked has been 
Mbc 

constructed. Joining points on the left vertical or top horizontal to the bottom 

horizontal scale, the same value of —— will determine a line, which produced would 

pass through the origin, and the intersection with the percentage curve can be used 

as before. These curves can also be used for a different modulus m in the same 

way as indicated in Cases I and II; the percentage of steel to be placed is — X per¬ 

centage on curve. 

The correction for a value of k differing from 0*075 can be made as follows if 

required: Using the curves as they stand with k = 0*075, to find a depth d 

corresponding to a breadth b read off at the same time the value a — correspond- 
c 

ing to a chosen value of p, then x — —- and the variation of the required steel 
0 + 15 

percentage is given hy dp = xp. 

Where a = ^[{i - k - x) — k) - o-425(o-925 — *)] [** + 0-3(1 — k)p] 
b = [1-5** — 2x» — 0-9(1 — A) (i — k)p] [A — 0-073] 

c = [i-5Af* — 2** - o-9(jf — k) [x — k)p] [x~ (i — A)] 
d===3(\-k){i-k-x) [x* + 0-3(1 - k)p] 





C
asft 
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,,=i w—^ ^ 
With cr' == a + da, s' = &c, and p':= p + dp. 
The section b X d is maintained as found from the curves but with a new steel 
percentage p' and steel stress s'. The same method applies if d is fixed and b is to 
be found. The previous calculation assumes m = 15, but for any other value the 

fti 
percentage p* actually placed is to be read on the curves as alternatively by 

p* = ^p r= actual percentage to be placed, p being the curve value. The exact 

value of the steel stress is then obtained from the formula o'" = —o', where a" == - 
15 

or s'" = a'^c. 

Fig. 123. 

It will be seen that the use of these curves is very simple provided allowance 
has not to be made for a variation of k from the assumed value 0-075. 

General Case IV.—^Any modulus w, cover ratio k, ratio r of area of compres¬ 
sion to tension steel, and tension acting across part of the section (Fig, 123). 

^ xoo{A, + At) ^ _ A, 

M == applied moment about centre line of section 
N = applied thrust. 

a ratio of steel to concrete stress. 

The curves {Figs. 124 to 127) have been drawn (i) with as ordinates and 

as abscissae {A and B, Figs. 124 and 125); (2) with ~ ais ordinates and as 
otic Oa^C 

abscissae (C auid D, Figs. 126 and 127). (The scales of abscissae are not used and are 
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therefore not shown.) For clearness curves (i) and (2) are divided into two ranges of 

Referring to the lower ranges (curves A and C) it will be seen that 
N , N2 
— and T— 
bdc 
the left vertical and top horizontal lines are graduated with the ratios of ordinates 
to abscissae, which values are constant on lines drawn to the origin; these ratios are 

Nd 
the values of and 

M Mhc 
Curves (i) therefore enable h to be fixed for a given 

Nd 
value of d and (2) d for a given value of h, since — does not contain h and -- does 

M Mhc 
Nd 

not contain d. In either case the value of -- or ~ is to be joined to the origin by 

a straightedge ; the intersection with the percentage steel curve chosen gives a 
N 

value of - or —on the right vertical, from which h or d can be found. 
hcd hH^c^ 

In the upper ranges (curves B and D) the same method is employed, but since 
Nd 

the origin is off the paper a supplementary bottom horizontal scale of values 

N^ 
or —— has been added ; straightedge lines joining equal values of these expressions 

Mhc 
on the left vertical or top horizontal to the bottom horizontal will all pass through 

Nd N^ 
the origin if produced. In this way any particular — or values can be laid 

M Mhc 
N N^ 

down as a straight line, and the intersection with the p curve gives ~ or-as 
bdc b^dh^ 

before. 

Cuives are also drawn giving constant values of cr —-so that this quantity is 

known at every intersection of the straightedge line with the chosen p curve. In 
this way the tensile steel stress can at once be found. 

Case (a)—r ^ i or equal steel on both faces with k ~ 0’075 and m = 15. 

The curves can be used as they stand, and <t ~ -is given directly. The results are 
c 

the same, but more accurate than those obtained from the curves given under 
Case I. 

Case (6)—r “ i but for any modulus m, k ^ 0-075. Use the curves in the 
fH 

same way but refer to a percentage curve ^p where p is the actual percentage 

actual steel stress = where s is found from cr — placed, s 

Case (c)—Y = I, w 
15 

15, k = any value. Determine b, d, and a from the 
i3-8a 

(a + 15) 
the required steel percentage is 

3[(i - ky - 0-423*] [JC» -f 0-15^] 

curves corresponding to a chosen value oip, then x == 

reqr 

dp 

and the variation in 

xp 
- 2*» - o-9(i - kyp] - i] - s(i — ky(x^ + o-isp) 
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Also 6x — o-3^(i - x) 

(x^ f o-i5/>) 
X Sp 

and da = -^{(0-075 — k)x — (i — k)dx} 

a' = a -j- da and s' = a'c, p' ~ p dp. 

The required alteration in the steel percentage along with the variation in the steel 
stress are therefore determined. 

Alternatively, let p percentage to be placed. Calculate p' ^ p 
4-25*-^ 

and find the two curves p and p'. Lay down the straightedge line OP [Fig. 128) 
and find the a curve such that the point c of the right angle triangle abc lies on OP. 

or 
M Mbc 

, SO that 

h or d can be found. The correct a curve to satisfy this construction can always be 
interpolated by eye. 
When k 0*05, p' I-I2 p 

k = 0-075, case [a) p' — p and the curves coalesce 
k o-io, p' = 0-885 P 
k = 0-15, p’ 0-678 

The true value of a' — - where s' equals the true steel stress 

= 10(1 - ^) (g +15) -1387)^ 

, 9-25 {a + 15) - 1387 j 

<7 being read from the curves. 

This alternative method is however only of practical use when the curves have 
been drawn to a larger scale than can be conveniently reproduced in ordinary 
book form. 

Case [d)—r = i, w any value, k any value. Modification from (c), exactly as 

in case (6) with a" «= —a'. 
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Case (e)—r = or one-half as much steel in compression as in tension, 
w = 15, ^ any value. Using the curves as they stand, determine b, d, p and o’. 

I ^*88 
Then x -= ---. Taking the three coefficients a, and y from the following 

(<y + 15) 
table: 

k a P y 
1 

(«) 0 05 2*78 ! I‘50 0*650 

{b) 0075 2“j2 1*42 0 642 

U) 0 10 2*27 1*33 0*633 

(d) 0 15 

__1 
I 81 I-I7 0 617 

the variation in the steel percentage is given by 

dp = (y ~ 1) - 20X^ - o-9^«) + 3(<H - 1-8 - {x* + o-3Py) ^ . 

^ (* — y) (15*® — 20:*® — 0-9/>«) — 3(* — M (*® + O'3/’y) ^ 

dx -= - i) + (y - 
(*® + 0‘Zpy) 

= -i{(0'075 -*)*-(!- k)dx} 

with o' = o + 5o, and s' = o'c, p' ~ p + dp. 
Case (/)—r = I, m any value, k any value. This modification from (e) is 

to be dealt with exactly as under (d), p being read throughout as and being 

the actual percentage used. 
Case (g)—r = 2, or twice as much steel m compression as in tension. This 

case IS dealt with exactly as for (e) and (/) except that a, ft, and y are as follows * 

k 
1 « ft y 

0-05 1 1*275 1*5 0-350 
0-075 1 1*098 1*42 0-358 
0*10 ! 0*933 1*33 0-367 
0*15 1 1 0*642 1*17 0-383 

Case (h)—r = J, or one-quarter as much steel in compression as in tension. 
As for case (g) but a, ft, and y are as follows: 

a P y 

0*05 3-375 2*7 0*77 
0*075 3-081 2-55 0-755 
0*10 2 *800 2*40 0*74 

0*15 2*275 2*10 0*71 
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Case (;)—r — 0, or no steel in compression. This case has been dealt with 
directly by means of curves under Case III. 

Verification of Stresses in a given Section [Vig. 129):— 

^ „ ioo(^, + A^) ^ _ A, 

e “ tn ~ modular ratio. 
Nd 

M ™ moment about the centre line of section. 
N = applied thrust. 

x^i~e + tVC/S + V|8» - + ^(/9 - 

jtfd 

xd 

' 

* At * f 
6 

. At . j. 

_J \Hd 

Fig. 129. 

where a = 25(2^ ~ i)* — mpf 2e + —>')(i 2^)\ 
\ (I + y) / 

^ = 77^J5(2« - i)((i + r)e + 4(i - r)(i - 2k}) •}- 10(1 - (i - r)k)e + 
(I + r) 

5(1 - (l + r)A!)(l - 2ft)] - 125(26 - i)*. 

The external fibre concrete stress is given by 

and the tensile steel stress by 

___ wc(i — X — k) 

X 

Case (a)—Equal steel on two faces (r =■ i): 
oc = 25(2e — i)^ — 2mpe 
^ = (30^® + 7*5(i 2k)^)mp — 125(2^ — i)». 

Case (6)—No steel in compression (r = o): 
a = 25(2^ — i)* — mp(2e + 1 — 2^) 
^ x= (30^8 + 30(1 — 2k)e + 7'5{i — 2k)^)mp — 125(21? - i)^ 



i6o REINFORCED CONCRETE BRIDGES 

Case (r)—r — | or one-half steel in compression as in tension 
a “ 25(26* - i)2 — mp{zc -} J(i - 2k)) 

(306*2 j _ 2k)e + 7 5(1 “ ik)^)mp — 125(26 — i)^ 

Case {d)—r { or one-quarter steel in compression as m tension 
a — 25(26 - i)2 — mp{2e -f ^(i — 2k)) 
/? - (30^2 + 18(1 - 2k)e + 7-5(1 2k)^)mp — 125(26 — i)^ 

Genfral Cask, m, r, and k any Value , only Compression acting over 
Section — 

Let M = applied moment about centre line of section 
N ~ applied thrust 

^ bd ' A^' 

c — maximum unit compression m concrete 

The depth d for a given breadth is given by the positive root of the quadratic 
Ad^ — Bd " C — o where 

.[( 
I mp\lmp[i- k{r | i)](| k) i 

100 A 12 > ioo(r -} i) 

/mp(r - i)(j - k)\/mp[i | (r - i)k] 

'^ \ ioo(r-| i) A ioo(r+i) ^ 2/J 

B =- + J-l 
ioo(;' +1) 12J L 

rmpjx^ (I - r)k] 1-1^ 

L ioo(r+i) 2J 

iV 

For equal steel on both faces (r — i) the solution of the quadratic with k — 0-075 

and w - 15 gives 

d = 
N 

26c(i -} o isp) 
I + 

4- 

24Mbc 
*iVT” X a 

where a is a constant which can usually be taken equal to i , its values for dif¬ 
ferent percentages are as follows 

p (per cent) 

1 5 
2 
2- 5 
3 
3- 5 
4 

I 00 
l-oi 
I 025 
I 045 
I-06 
1-09 
1*11 

6 = 
N 

+ 
6Mx 

cd{i + 0-I5P) + o-i5/>)* 
Also 
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When r -- 2, or there is twice as much steel on the more compressed side 
than on that less compressed, d is given by Ad^ ~ Bd — C =- o, where 

-- - k) ^mp{\ - k)/mp(i -]-k) i\~| 

300 12/ 300 \ 300 " 2.}] ’ 

L 300 12J L 300 2J 
When m = 15 and k ^ 0-075 : 

^ [iV(i + 0'isp)[i + 0-198^) -f o-oii(i + Q-iQ%p)p]hc, 
^ = -hV + o-i5^)(i + o^igSp)N, and C -= i(i + o^ioSp)M. 

Other cases can be worked out from the general formulae. 
Case V.—Combined Bending and Thrust on Circular or Polygonal 

Sections (Fig. 130).—The curves (Fig. 131) given for this case assume that the 
steel is concentrated at the extremities of the core diameter. This is the usual 
case, since in bridge members bending only occurs in one plane ; the main steel 
should therefore be placed on a diameter and not distributed around the section. 
Since such sections are usually hooped to give a high concrete stress the concrete 
outside the core is neglected. 

F\ - Riraa of SVfttl vn Eock Foce. 
Fig. 130. 

N M s M 
The curves give simultaneous values of —, p and . A scale of is 

^ dh dH ^ c Nd 
shown along the left-hand vertical and the top horizontal. To use the curves 

M 
assume d, calculate and lay off a straight line from this value to the origin at 

5 
the bottom right-hand corner ; where this line cuts any chosen p ox ~ curve, the 

c 
N 

value of — is read, from which c and s can be calculated. Two trial values of d 
d^c 

usually give the desired stresses. 
M 
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By the addition of curves giving the ratio of or tor constant 
MH 

values, the system of curves could be used to give d immediately, withoul trial, 
for an assumed concrete stress, but this appears to be an unnecessary compli¬ 
cation. 

The curves arc drawn for a ratio of moduli equal to 15. For any other 
ratio [m) the curves can be used in exactly the same way but, p being the per¬ 
centage written against the curve found to give a correct value for c, the actual 

steel to be placed is p' = -^p and the true value of — — — x value of - on 
m c 15 c 

the curves. 
In the case where only compression acts across the section, the maximum 

concrete stress is given by the formula 

^ _ I I 800M ^ 4ooiV ^ 

7id^\(2$ + mpjd (loo H- mp)J 

with a steel stress s — me, p being the total steel percentage as before. 
Example i.—M — 54,000,000 in. lb. ; N ~ 1,800,000 lb.; rectangular sec¬ 

tion with 6 “ 96 in. ; p -- 0-3 per cent. ; c “ 600 lb. per square inch ; w — 15 ; 
k 0'075. Reinforcement equal on two faces. It is required to determine d. 
In this case 

{1,800,000)2 
-=r--L_:-!-L_. rrr J-QA, 

Mbc 54,000,000 X 96 X 600 

Using the curves for Case IV [A), a diagonal from 1*04 to the origin cuts 
the curve p = 0-3 per cent, at a point giving 

12 

0*108 and cr = - == 6*70. 
\bdc) 

Then 
N 1,800,000 

&cVo*io8 96 X 600 X 0*329 
= 95 in. 

The steel stress s “ 6*70 x 600 — 4020 lb. per square inch, and the steel area 
— 2^ — 0*3 X 96 X — 27*4 sq. in., or ^ = 13*7 sq. in. on each face. 

Example 2.—M = 54,000,000 in. lb. ; N = 1,800,000 lb.; rectangular sec¬ 
tion with = 95 in.; ^ = 0*3 per cent.; c = 600 lb. per square inch ; w ™ 15 ; 
k = 0*075. Reinforcement equal on two faces. It is required to determine b. 

Nd 1,800,000 X 95 ^ 
^-^ = 3*165. 

M 54,000,000 

Using the curves for Case IV (C), a diagonal from 3*165 to the origin cuts 
N 

the curve p — 0*3 per cent, at a point giving 0*329 and a ~ 6*7. Then 
ode 

, N 1,800,000 r . A T- 1 li¬ 
ft ==-^ =-^— = q6 m. As in Example i, s = 4020 lb. 

0*329 X do 0*329 X 95 X 600 

per square inch; 2A = 27*4 sq. in. 
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Example 3.—M — 54,000,000 in. lb. ; iV == 1,800,000 lb. ; rectangular sec¬ 
tion with 6 ™ 96 in. ; p ^ 0*3 per cent. ; c = 1200 lb. per square inch ; w == 10 ; 
k = 0*075. Reinforcement equal on two faces. To determine d we have 

iV2 (1,800,000)2 
-™?-L-= 0*52. 
Mbc 54,000,000 X 96 X 1200 

Since the modulus is 10, the percentage curve to be used corresponding to 
p — 0*3 per cent, actually to be placed is 

P' = ff X 0*3 = 0*2 per cent. 

Using the curves for Case IV (^), a diagonal from 0*52 to the origin cuts the 
curve p =-= 0*2 per cent, at a point giving 

and (T = - = 16*5. 
c 

Then d = 
N 

he V 0*047 

1,800,000 . . . ^ . 
-== 72 m., requiring a section 96 in. 
96 X 1200 X 0*217 

by 72 in. 

5 == If X i6-5 X 1200= 13,200 lb. per square inch, and the steel area 

= 2^ = 0*3 X 96 X 72 = 20*8 sq. in. 

A = 10*4 sq. m. on each face. 
Example 4.—M 54,000,000 in. lb.; iV = 1,800,000 lb. ; rectangular sec¬ 

tion with = 72 in.; ^ = 0-3 per cent. ; c = 1200 lb. per square inch ; w = 10 ; 
k = 0*075. Reinforcement equal on two faces. To determine h we find 

Nd 1,800,000 X 72 
_ — ' _2*4. 
M 54,000,000 

As in Example 3, the curve ^ ™ j-f X 0*3 = 0*2 per cent, is to be used. 
Using the curves for Case IV (C) a diagonal from 2*4 to the origin cuts the curve 

N s 
p == 0*2 per cent, at a point giving — = 0*217 and a = - = 16*5. 

hdc c 

Then b =-—- 
0*217 X dc 

by 72 in. as before. 

1,800,000 
-= 96 in., requiring a section 96 m. 
0*217 X 72 X 1200 

—= 13,200 lb. per square inch and 2A = 20*8 sq. in. as in Example 3. 
c 

Example 5.—M = 54,000,000 in. lb.; N = 1,800,000 lb.; rectangular sec¬ 
tion with 6 = 96 in.; p ~ 0*15 per cent.; c = 600 lb. per square inch ; m = 15 ; 
k = 0*075. Reinforcement on tension face only. To determine d we have 

— (1,800,000)2 _ ^ ^ 

Mbc 54,000,000 X 96 X 600 ^ 

Using curves III (S) {Fig, 122) a line from 1*04 on the top and bottom hori- 
N 

zontals would cut p = 0*15 per cent, at a point giving — « 0*316 (interpolating 
bde 

between o*i per cent, and 0*2 per cent, by eye); 
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Then d 
N 1,800,000 

= 99 in. 
be X 0*316 96 X 600 X 0*316 

s = 6*4 X 600 = 3840 lb. per square inch. 

A == 0*15 X 99 X 96 = 14*25 sq. in. 

If p be made 0*3 per cent., giving the same percentage on one face as the two 
N 

faces in Example i, then rj-~ 0*322 is given by the intersection of the same 
bde 

N 1,800,000 

0'^22bc 96 X 600 X 0*322 
97 in. diagonal with p ~ 0*3 per cent. Also d 

compared with 95 in. in Example i. 

5 = 5*5 X 600 “ 3300 lb. per square inch. 
A 0*3 X 96 X 97 — 28 sq. in. compared with 27*4 sq. in. in Example i. 

Example 6.—M — 54,000,000 in. lb.; N — 1,800,000 lb. ; rectangular sec¬ 
tion ^th 6 “ 96 in. ; p ^ 0*15 per cent. ; c = 1200 lb. per square inch ; w = 10 ; 
k ~ 0*075. Reinforcement on one face only. To determine d we have 

(1,800,000)2 
-~-1.J-!-i-= 0*52. 
Mbc 54,000,000 X 96 X 1200 

Using the curvesforCase III {A) (Fig. 121), aline from0*52 to the origin cuts^' = 0*1 
N 

per cent, at a point giving rT~= 0*212, p' being taken = -fi X 0*15 = 0*1 per 
hdc 

cent. In this case a i5*5* 

Then d = 
N 1,800,000 

74 in. 
be X 0*212 96 X 1200 X 0*212 

s ~ If X 15*5 X 1200 = 12,400 lb. per square inch. 

A ~ 0*15 X 96 X 94 = 10*7 sq. in. on the tension face. 

If a percentage p = 0*3 per cent, is used (being the same amount on one face 
as on the two faces in Example 3) then p' — X 0*3 = 0*2 per cent.. 

N s 
= 0*222 and cr = - 

bde e 

d 
1,800,000 

12*75 from the curves. 

70J in. as against 72 in. in Example 3. 

Also 

96 X 1200 X 0*222 

5 = X 12*75 X 1200 = 10,200 lb. per square inch, and 

zA = 0*3 X 96 X 70*5 == 20*3 sq. in. 

Example 7.—^The conditions being as in Example i, but with k = 0*15 in 
place of 0*075, it is required to determine the alteration in percentage of steel 
required to give the same section of 96 in. by 95 in. with the assumed concrete 
stress e = 600 lb. per square inch, and to find the altered steel stress. 

Using the formulae [General Case IV (C)], 

13*88 _ 13*88 
X = 

O' + 15 6*7 + 15 
0*64, p == 0*3 per cent. 
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3[(i - *)* - o-425*][a:* + o-i5j!>] = - 3 X 0-0581 x 0-455 = - 0-0793 
[1-5^;* — 2x^ — o-9(i -• kYP][x — i] = 0-057 X 0-14 == 0-008 

3(i — + 0-15^) = 3 X 0-35* X 0-455 = 0-167. 

Then 6p -- —-p — 0-50/) — 0-50 X 0-3 — 0-15, and the corrected 
o*oo8 — o-ioy 

percentage is p' ^ p + dp = 0-3 + 0-15 — 0*45 per cent. 

Also o*3a:(| — x) -- -- 0*3 X 0*64 x 0-14 = — 0-0269, 

a;2 + 0-15/) 0-455, 

dx = — X 0-15 — — 0*00887, 
0-4550 

da 15 
0-64- 

{(0-075 - 0-15)0*64 f 0*85 X 0-00887} 1*48. 

a' = 6-7 — 1*48 5*22, and s' = 600 x 5-22 — 3130 lb. per square inch. 

And 2A — 0-450 X 96 X -jVo ~ 4^ or 20*5 sq. in. on each face. 
The section 96 in. by 95 in. with ^ — 0*15 is to be reinforced with 20-5 sq. 

in. of steel on each face with a stress of 3140 lb. per square inch, in place of a 

section 96 in. by 95 in. with k — 0-075, reinforced with 13-7 sq. in. of steel on 
each face with a stress of 4020 lb. per sc^uare inch. 

Example 8.—To verify the stresses in the section determined in Example i, 
we find 

M 54,000,000 
e ^ ^ -0*316. 

Nd 1,800,000 X 95 

Using the formulae for verification of Case (a), we have 

a = 25(2<? — i)2 — 2mpc == 25(0*632 — i)2 — 30 X 0-3 X 0-316 0-542 ; 

^ = [30^2 + 7-5(1 — 2k)^]mp - I25(2e — i)» 44*09 ; 

= 4-451 and (/? - - a»)* - 0-1218. 

Also X ^ \ - e-^[{p + — ««)* + (/3 - Vp^ - a®)*] = 0-6413- 
N 1,800,000 

600 lb. per square inch a.ssumed. 

3015 

I — 0*6413 — 0*075 > 

0*6413 

inch against 4020 lb. per square inch found. 
In the modified case Example 7 with k = 0*15 and p = 0*45, 

/. a = ~ 0*8804 and fi = 51-26. 

{p + Vp^ - «*)* = 4-680 and (p - Vp^ - a®)* = 

= i — 0*316 + 0*4492 = 0*6332. 
. 1,800,000 

598 lb. per square inch as against 

15 X 598 ~ 3970 lb. per square 

o*i88. 

3016 
~ 598 lb. per square inch, as against 600 lb. per square inch 

assumed. 



COMBINED THRUST AND BENDING 167 

15 X 598 == 3070 lb. per square inch in place of 3140 lb. 

per square inch found. 
Example 9.—M ^ 54,000,000 in. lb. ; iV = 1,800,000 lb. ; rectangular sec¬ 

tion with h 96 in. and d % in. having twice the area of steel in compression 
as in tension ; c ~ 600 lb. per square inch ; w = 15 ; and k = 0*075. To 
determine p', the total steel percentage, and the steel stress. 

From Example i, ^ 0*3 per cent.; a *— 1*098 ; — 1*42 ; and 

y = 0’358. Also a; = — - = 0*64. 
^ 67 + 15 

(y ~ 4) (15^^ — 2o;r® — o*9^a) = —- 0*087, 
3(a - 1*8 — fix){x^ + o-^py) = 0*2745, 
(x — y)(i^x^ — 2ox^ — o-gpoCj = 0*173, 
3(a - }lx){x^ + o^3py) 2*67. 

— 0*087 -f 0*2745 j , 
^p =-c-Lh' X 0*3 ~ — 0*0225, ^od p = required percentage 

0*173 — 2*67 

= 0*3 - 0*0225 = 0*2775. 

o-3[i^(y - J) + (y ~ = - 0-00695, 
-f Q^zpy] = 0*4418, 

— 0-6332 — 0-15 N 

0-6331 y 

dx 
— 0*00695 

0*4418 
- 0*0157 

fa _ -5 X 0-9^5 X o-o£5Z „ „ 

0*642 

.*. & = a + da ^ 7*23 

s' = tensile steel stress “ 7*23 X 600 — 4340 lb. per square inch. In this case 

there is a reduction in the percentage of steel required as compared with the 
same section having equal steel on the two faces. The total steel required is 

4 0*2775 X 95 X 96 . o • • X • 1 
+ A^ ” —--—^ = 25*3 sq. in., say, 8*5 sq. in. in tension and 

17 sq. in. in compression. 
Example 10.—M = 35,000,000 in. lb.; iV — 1,000,000 lb.; octagonal section 

with hooped core ; c ~ 2000 lb. per square inch (allowing for hooping) ; and 
m -- 10. It is required to determine the diameter corresponding to = 3 per 

cent, of steel placed on a diameter. 
Since m 10, the curve value of p to be used is 

^ = 3 X 2 per cent., and assuming c? = 48 in. 

M 35,000,000 
— =n: —:-= 0*730. 
Nd 1,000,000 X 48 

A diagonal joining the point 0*73 to the origin cuts the curve ^ = 2 per cent. 

at a point where 
N 

dH 
= 0*219; 
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Then c ~ 
1,000,000 

1980 lb. per square inch, and 
482 X 0-219 

s = X II-8 X 1980 = 15,600 lb. per square inch. 

'Tu X t • :7t X 48^ X 3 The steel area is 2A —---^ = 54 sq. in , or 27 sq 
400 

54 sq. in , or 27 sq in. on each side. 

The diameter overall allowing 6 in. for cover is i = 48 in. + 6 in. — 4 ft. 6 in. 



CHAPTER VII 

DESIGN OF ARCHES 

In ordinary cases only three types of reinforced concrete arches require con¬ 
sideration, namely, (i) the three-hinged type, (2) arches without hinges, and 
(3) the bowstring type. 

The first is specially appHcable where settlement of the foundations may 
be anticipated, and would not generally be chosen in the cases where rock or 
firm boulder clay could be reached. Since the ground conditions are not usually 
favourable where the three-hinged type is employed, a framed superstructure 
with columns or cross walls, beams, and deck slab is the best construction to 
lighten the foundation loading ; where, however, the rise of the arch is unusually 
small relative to the span, a solid earth filling without superstructure may prove 
more economical. 

A three-hinged arch with the quarter-point thicknesses greater than the 
springing thicknesses is not always attractive in appearance, and the line of 
the extrados may be masked by thin spandrel walls extending to road level; 
the hinges are usually difficult to mask, and it is probably best to show them. 
Although the three-hinged type with mask walls and hollow superstructure is 
the best for comparatively poor foundations, there is no objection to the use 
of a three-hinged arch with solid filling for small or medium rises, between 
foundations on rock or boulder clay. 

Three-hinged arches are generally constructed in the barrel form, although 
isolated ribs can be used. The barrel form is specially convenient in allowing 
the use of bar hinges, the total thrusts being taken by reinforcing bars project¬ 
ing on each side into the concrete far enough to develop the full stress in the 
steel. Such hinges have proved satisfactory, and their use makes unnecessary 
the special cast-iron or steel hinges required in the case of three-hinged rib 
arches and which are usually an expensive item. 

The three-hinged arch is specially applicable to cases where it is desired to 
avoid the use of falsework in rivers subject to severe flooding. In these cases 
the reinforcement may consist of structural steelwork from which the falsework 
may be hung, the hinges allowing easy erection of the steel when working from 
both banks of the river. 

The hingeless type of arch is the usual form of arched construction, but 
should only be employed where very firm ground can be reached directly or on 
piled foundations. The construction is simpler than the three-hinged type, and 
the resulting form of the arch satisfies all aesthetic requirements without any 
masking being required. There are two main types : {a) The solid-filled barrel- 
arch type, which is the best for small rises, and (b) The barrel-arch or isolated- 
rib typ^ with an open superstructure, which is more adapted to medium and 
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high rise-span ratios. In general the ribbed type is most economical and lends 
itself to high concrete stresses with spiral reinforcement. 

The solid-filled type should never be employed for high rise-span ratios, 
since the spandrel walls become unnecessarily heavy and expensive to construct 

and the additional foundation loading is relatively considerable. 
One of the chief objections to the use of the hingeless type, namely the 

unnecessarily tedious calculations for moving point loads, no longer applies; 

regulations now allow the use of distributed moving loads with only a single 

concentration, and the calculations are relatively simple. 
The third type, or bowstring, is a special form of construction in which 

main ribs rise above the deck level and support the deck by means of hanging 

columns. It is often employed and is, indeed, the only type possible for single 
spans where the headroom under an ordinary arched construction would be 
insufficient. In this type the arch thrusts are taken by tension steel reinforcing 

longitudinal ribs at deck level. The reactions on the abutments can therefore 

be made vertical by the use of sliding or rolling supports, and considerable saving 

in the foundations results from the absence of horizontal thrusts. 
It would seem that a three-hinged type of arch should preferably be used 

in the case of bowstring bridges, since the extension in the ties may be con¬ 
siderable ; in any case one end of the bridge should always rest on roller bear¬ 

ings to ensure vertical reactions on the abutments. It is clear that there are 
disadvantages in a form of structure in which so many members are under 

tensional stress throughout their entire lengths, and it is often difficult to ensure 
that hair cracks in the concrete will not occur. On this account very conserva¬ 
tive stresses only should be adopted in the calculation of the tension steel 
reinforcement. 

The lateral bracing of the ribs in the bowstring type should be carefully 

considered and cross beams of ample strength provided to connect the ribs; 
these should be carried as far as possible along the ribs from the crown of the 
arch as the provision of the necessary headroom will permit; in addition* 
diagonal bracing between the ribs at the crown is often advisable. 
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Methods of Calculation. 

The sufficiency of an arch design can only be checked finally by means 
of exact methods applied fonnally either graphically or algebraically. The 
process involves a very considerable expenditure of time and pre-supposes a 
knowledge of the arch thicknesses, the arch line, and the reinforcement. 

In order to avoid the tedious repetition of this method, it is essential that 
the sections and the arch line should be determined so that a final check may 

give the required stresses in the section with the predetermined arch line or, 
at the worst, moments which can be resisted by a slight alteration in the rein¬ 
forcement percentages or in the concrete mix. The relative moments of inertia 
of the sections are so little affected by a slight alteration in the reinforcement 
that such an alteration, if required, will not invalidate the results of the check 

calculations as regards moments. 
The main difficulty of arch design is the correct predetermination of the 

sections, reinforcements, and arch line. The following approximate methods 
can be applied in the various cases. In all cases the live loading will be con¬ 
sidered as equivalent to a distributed load plus a single moving concentration. 

Three-hinged Arch with Earth Filling {Fig. 132). 

Let p ™ the distributed live loading in lb. per square foot, 
P “ the concentrated live load on one axle per foot width of arch (lb.), 
r = the rise from centre to centre of the arch (ft.), 

I ~ the span of arch between hinge centres (ft.), 
w " the density of the filling (lb. per cubic foot), and 

Wi = the density of the concrete (lb. per cubic foot). 

It is a considerable convenience in the details of the calculations to place the 
hinges so that the clear and centre-to-centre spans are equal ; if this is not 
the case, the modification will be obvious. 

From the diagram {Fig. 132) the rate of loading at the crown for distributed 

loading over the full span is go == — ^0) + ^1^0 + ^ • • • (i) 
where is assumed in the first instance. 

Similarly gy^ ^ w{hi — <f>xp . . . • (2) 

where is similarly assumed, and sec approximately. 

r — rise at centre 
= r' + — \di sec<f>i.(3) 

The crown thrust due to D.L. + distributed L.L. over the whole span + con¬ 

centrated L.L. at crown is 

H = ^ 
* 48r 4r 

The vertical reactions at the springings are given by 

V,=^{2go+g,)^^ + iP . . (5) 
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The resultant reaction at the springing is 

R Ho cos + Fi sin .(6) 

Let c •= allowable concrete stress in lb. per square inch, and ao and ai the steel 
ratios at the crown and springing. The values of the crown and springing 
thicknesses are, for a modular ratio of 15, 

~ i44c(iTlf4^) . 

~ i44c(i + 14a',) . 

The calculations for these equations can then be repeated if necessary, with the 
corrected values of ^0 and di obtained from (7) and (8). 

The maximum moment at the quarter-point is approximately 

1 . PI„ 
M, - + 

64 

H sec <f>2 +. 

on the assumptions that the arch line has been drawn for dead load plus one- 
half the distributed live load, and that the concentrated load is placed over the 
quarter-point to give the maximum moment. 

Here = quarter-point ordinate 

^Hsgo+gi) 
The corresponding thrust is given approximately by the formula 

Nt = H sec <i>i _L/ .... (10) 
sec ^2 

where H ^0 — and sec <f>^ = ^ 1 -f ^ 

The required thickness (^^2) at the quarter-point is then to be determined 
by using equations (9) and (10) and the method for combined bending and 
thrust (see Chapter VI). 

The arch line is now determined as follows: 

Let go = w{ho — do) + w^do + • • • • (n) 

\p l>eing now substituted for p in equation (i) and the final value of do used. 

Also = w(hx — di sec ^1) + w^dx sec px + p, 

/ 16 r® 
where sec ^ i + in the first place. 

Recalculate gx from the equation 

gx = w{hx — dx sec ^1) + Wydi sec <f>x + \p • . (ii«) 
thus obtaining a first approximation, 

using the value sec == Vi + tan® 

where in the first place. 

where tan px (2go + gl) w ^ 
hgt + gl) I 
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The quantities and gi are the unit rates of loading for dead load plus one- 
half the live load at the crown and springing. 

The quarter-point ordinate is given as a first approximation by 

yt = r X r; sec = Vi + tan*'^, and tan X ^ 

Let gt = the rate of loading at the quarter-point, then 

gj = w[h^ — r — idi sec + ya — \d^ sec <j>i) + sec + . (12) 

Using these values, a second approximation gives 

,, _ {24^»-^1 + 97^0) ^ . 
~ i6(i5r+sr+iST) ^.™ 

sec^i = Vl + tan»^.: tan ^ X . (14) 

3(i3g'o + + i6g^) I 

sec <f>t = Vi + tan* ; tan <f,t j::34gj) 
3(i3fi'o + I'l + 16^2) I 

go is given by equation (ii) 

gi sec <^i) + sec .(i6) 

ga = w{h^ — r — \dy sec — \d^ sec + w^d.^ sec ^2 + . (17) 

in which equation (13) is to be used forya, and (14) and (15) for and 02* 
Then the equation to the centre line is given by 

y =-X 
3(13^0+gi +1^»), 

[360 8o(i5^'« + - i6^j) + 512(3^0 + gi 

ga, gi, and gt being given by equations (ii), (i6), and (17). 
This equation for the centre line applies to all types of arch with or without 

hinges, and once go, gi, and gt have been determined correctly it gives a centre 
line practically coincident with the line of the resultant thrust for the assumed 
condition of loads. In the foregoing treatment the hne is coincident with the 
thrust line for dead load + one-half the distributed live loads; if the terms 
are omitted the arch line agrees with the line of thrust under dead loads 
only. 

If the semi-span is divided into ten equal divisions, equation (18) can be 
written 

30(13^0 + + J6g,) 

(l5go + gi - ^ (3go + gi - 4g»)^'*' 
200 12,500 

where iV = o, i, 2, 
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If the semi-span is divided into twenty equal divisions, equation (i8) can 
be written 

r y = -- 

120(13^0 + gi + 16^2) 

L 800 200,000 J ^ ^ 
where ■“ o, i, 2, . . . 20. 

Setting out the Arch. 

From equation (i8a) or (i85) the arch line is drawn as follows : 
Set off 01', i'2', etc. (Ftg.i^^), equal to 01, 12, etc., on a straight line OP 

and set up ordinates ^do, and ^di, to the same scale. Describe circular arcs 
AB and AC tangential to a horizontal through A and draw the other ordinates. 
With points o, i, 2, 3, . . . as centres describe circles with radii equal to the 
ordinates at o, i', 2', . . . Then the envelopes to the complete series of circles 
give the intrados and extrados of the required arch. 

Fig. 133. 

Alternative Method for Line of Arch. 

The following method is applicable to all forms of arch and gives the arch 
form extremely accurately; it is especially applicable to large spans. 

Calculate do, di and d^ as already described for the three-hinged type, or, as 
subsequently explained, for a fixed-end arch; then determine go and g^ from 
equations (ii) and Set out the arch line by means of the equation 

8y r 

+ . 
and draw the intrados and extrados as before. 

From a scale drawing of the arch, roadway, etc., draw the line of thrust in 
the usual manner. A new arch is then drawn with this line of thrust as axis. 
The process can be repeated as a check, but this wiU scarcely ever be necessary, 
since the arch line and the line of thrust converge very rapidly. 

Unsymmetrical Three-hinged Arches. 

Wherever possible the line joining the springings should be made parallel 
to the line of roadway, and even when the roadway is on a slope this method of 
setting out the arch line can be followed, the ordinates being now set out from 
an inclined line through the crown hinge parallel to the roadway. 
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When the heights of filling over the springings on the two sides of the arch 
differ considerably and the arch is horizontal, the arch line can be set out as 
follows. 

Determine go the crown loading, gi the lesser loading over a springing, and 
gi' the greater loading over the other springing {Fig. 134) from equations similar 
to (ii) and (iia). 

Calculate the arch thicknesses from equations (4), (5), (6), (7), (8), (9), and 

(10) using the value J(gi + g/) in place of gi, H being written 

H = ^^So + iigi + giW ^ PI 
4%r 4r 

Set out the arch line from the equation 

8j^(2g'o + ~ ^^1(7) ~ ~ ~ 

V=_!_W_J_ . . (20) 

(SiS'o + hgi + igi) 

For small spans this approximation to the arch line will be sufficient; for 
larger spans of 100 ft. or over a closer approximation can be obtained as 

follows. 
Set out the arch by means of equation (20) and make a scale drawing with 

the arch thicknesses and roadway shown. The line of thrust is then drawn 
graphically and a new arch is constructed with this line as axis. This process 
can be repeated, but the second approximation is usuadly sufficiently accurate. 
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The arch line can be most conveniently drawn in all such cases as follows 
(Fig. 135): 

(1) Divide the span into a number of equal divisions, say 10, 20, or 40, 
(2) Draw the equivalent line of total loading A'B' with PQ as base, the 

weight of the arch and one-half the live loading being reduced to the 
equivalent depth of earth, 

(3) Calculate the weights of the equivalent filling i, 2, 3, etc,, acting at the 
mid-points of the equal divisions, 

(4) Set off these loads to any scale on a vertical line ab, be ... kl, choose 
any pole Oj, and join o^io a, b, c . . . I (Fig. 136), 

(5) Starting from the springing P draw the line of thrust PPT with sides 
parallel to Oia, Oib, etc., 
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(6) 

(7) 

Join PT and draw o^t parallel to PT; through t draw a horizontal line 

hi and take a point 0 such that io ^ X 
Rm ' 

where is the 

perpendicular from to al, and finally 
Draw a line of thrust with 0 as pole. This line will pass through P, R, 

and Q, and is the required line of thrust. 

A similar method can be used where the lateral earth pressures must be taken 
into account as, for example, in arches of high rise-span ratio. In such cases, a line 
of arch being chosen according to ordinary practice, the line is corrected by draw¬ 

ing the corresponding line of thrust for the applied loads. If the arch line is 
reasonably chosen in the first instance the arch axis rapidly converges to the line 
of thrust, and two repetitions of the proc^ are usually sufficient. In this case the 

N 
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line of thrust is drawn as follows {Fig, 137). (i) Calculate the vertical loads i, 2, 3, 

etc., with the corresponding minimum lateral pressure : i' = ^ ^whiAh, etc. 
I + sin ^ 

(2) Draw the force polygon with any pole Oj. (3) Starting from P 
draw a line of thrust PS, the elements being parallel to o^J, o^e , . , OiU, and the 
point s lying on a line through Q parallel to af, (4) Draw o^h parallel to PS, 
cutting the straight line af in h, and through h draw a line hh-^ parallel to PQ, 
(5) Starting again from P, draw a line of thrust PT, T lying on a line TR through 
R parallel to If. (6) Draw ofi parallel to PT, cutting the straight line fl in k, 
and through k a line kk' parallel to PR. The intersection 0 of hh^ and kk^ is the 
required pole 0 and a line of thrust starting from P will pass through Q and R. 

The lateral thrust may vary within wide limits and many old structures are 
stable as the pressures vary within the limits so as to give stability. Since this 
may involve appreciable moments, the minimum value for the lateral pressure 
should be allowed. 

Three-hinged Arch with Open Superstructure. 

In this case g^, g^, and g^, the load per linear foot, including full distributed 
live load applied to a i-ft. width of barrel arch or to a single arch rib, are to be 
calculated from preliminary sketch drawings. Equations (4), (5), (6), (7), (8), 
(9), and (10) apply with the values to determine the arch sections. 

For the arch line equations (18), (18a:) and (186) apply, and, as before, g^, 
gi and g2 are to include one-half the distributed live load only. 

In estimating the dead loads due to the columns or cross walls, let C be the 

weight of a column placed over the springing, and a the common distance between 
columns. Then a value C/a is to be added to gx and a similar quantity C*/a 
to gt, C being the weight of a real or imaginary column over the quarter point. 

The alternative graphical method previously indicated gives the most 
accurate results for the arch line, in this case the loads being treated as concen¬ 
trations under the columns and cross walls, and the weight of the arch treated as 
concentrations at the same points. The arch line should then be taken as a 
mean line between curves inscribing and circumscribing the funicular polygon. 
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Arch with Earth Filling and Built-in Ends. 

The arch rib should be arranged so that for dead load plus one-half the dis¬ 
tributed live load the resulting moments are zero, although the curve is sometimes 
laid out for dead load only. The method applies equally to open superstructures ; 
in such cases gQ and gi are to be estimated from sketch drawings. The rates of 
loading due to dead load plus one-half the live load at the crown and springings 

are given by go = •” ^0) + ^1^0 + iP 
= w(hi — di sec (^1) + sec pi ~f Ip. 

Here di~d, where w is a constant having any value between 

0*15 and I, but usually taken at 0*25 to 0*30. 

sec 
16/2 

as a first approximation. 

and 

With these values of d^ and di, calculate r and sec pi from the equations 

r = r' + \d^ — \di sec pi 

sec pi~Vi + tan^ pi, 

X %. 
+ ii) I 

Then second approximations are 

go = w{h^ — da) + Wido + .(21) 

— w{hi — di sec pi) + Widi sec pi )- Ip.(22) 

n = sec .(23) 

m ~~.(24) 
^0 

The process can be repeated if necessary until there is no variation in the 
value of go, ^^1, or n. 

Crown Section. 

The thrust due to dead load plus one-half the live load is 

H, (5^0 + ^1)^^ 
48r 

(25) 

Only the maximum positive live load moment requires to be considered, and 
this is given by 

Ml = {Capl^ + Ca'Pl)—.(26) 

with a thrust H, + D©'—.(27) 
\ r r J10 

where C©, Co', Do, and Do' are given in order in each vertical group of the double¬ 
entry Table XIX. The coefficient Do allows for the different distribution of 
live loading from that included in equation (25). 

In this method, the concentration is assumed to be placed over the crown of 
the arch. 
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The thrust (negative) due to temperature fall of /q deg. F. is approximately 
given by 

f M ^ 
H, = + 0-269^).(28) 

p being the total steel percentage at the crown. The coefficient E© is contained 
in Table XX, h being the breadth of arch rib and all dimensions measured in 
feet. The value of the modulus of elasticity is assumed in calculating Eq as 
E ~~ 288,000,000 (lb. ft.) and the coefficient of expansion w 6 x io~ *. 

The positive moment (ft. lb.) is 

M,==^Eo'H,r.(29) 

The thrust (negative) due to shortening of the arch axis is approximately 
given by 

\ n sec pi/ 
X H, 

and - E,'H/ . 

where E^ is obtained from Table XX. 
The crown thrust is 

using equations (25), (27), (28), and (30). 
The positive crown moment is 

• (30) 

• (31) 

• (32) 

M = + M f M..(33) 

using equations (26), (29), and (31). 
The crown section is then designed for combined moment and thrust. Should 

there be a considerable difference from the assumed value of do, the calculation 
must be repeated using equations 21, 22, 23, and 24, keeping n at its chosen 
value, and modifying di and m to suit. 

Springing Section. 

Using the final values of go and gi 

^ {5go + ^1) i 
and the normal thrust is 

Ni = Ho sec pi . 

The negative moment due to the live load is given by 

I 
~ (Cipl^ + Ci'Pl) 

and the corresponding live load thrust by 

100 

sec p' 

10 

The values of Ci, C/, Di and Di are given by Table XXI. 

m being as before, and n 
So 

sec pi 

(34) 

(35) 

• • • (36) 

The value of 
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The thrust (negative) due to a temperature fall is 

sec <f>i. ■ ■ ■ (37) 
where H^ is obtained from equation (28). 

The negative moment is 
M, - F,H,r . • ■ • (38) 

The thrust due to arch shortening is 

^. = ■^4 sec . . . . • • • (39) 
and the negative moment is 

M^ = F,H/ .... • • (40) 
The values of jFi are given in Table XXII. 

The total thrust at the springing is 

N==^N, + N, + N, + N^ . . . • • • (41) 
and the total negative moment 

M ^ + • • • (42) 
The section is then to be designed for this thrust and moment, and the process 

is to be repeated, if necessary, until there is no variation in the required values 
of do and di. 

Variation of Arch Thickness. 

Let N be the number of the point of division of the semi-span {Fig. 139) 
assumed divided into ten or twenty parts. Then d, the corresponding thickness 
of the arch, is usually assumed to have the following values : 

d = ; AT = I, 2, 3, ... 10 

; N = I, 2, 3, ... 20 

■ (43) 

• (43«) 

where cos <f> = - .——.(44) 
VI + tan® <f) 

^ +■*" ~ 3,. •. 10. (45) 

w -1, A 3. .. . ao . (45-) 

From the calculated values the arch is to be set out in a manner similar to 
that explained in the case of the three-hinged arch, and using equation {iSa) 
or {186). 

Bowstring Girders. 

The best type of bowstring girder appears to be the three-hinged (FVg. 140), 
although two-hinged arches are most commonly used. The calculation for the 
former is very simple and identical with that described under Three-hinged 
Arch with Open Superstructure 
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The tension in the deck ties is given by the equation 

H = + gi)l^ ^ 
48r 4r' 

where the full live load is included when calculating go an<i The most satisfac¬ 
tory arrangement of decking appears to consist of stiff transverse main beams 
supporting longitudinals of the minimum practicable depth. The ties can be kept 
entirely separate from the decking [Fig, 141), and should be made of the minimum 

depth which will allow concrete to be placed properly round the reinforcing bars. 
In construction, a length in the middle of the span should be left unconcreted until 
after the centering has been struck. In this way, the large deflection at the centre, 
due to the dropping of the crown of the arches, will have little effect on the ties, 
since these ties will remain approximately straight over each half span with an 
angular intersection at the centre. Under actual working conditions the effect 

Fig. 142. 

of live load will not be great, provided the deflections due to dead load have been 
dealt with in this way. Horizontal bending in the decking due to lateral wind 
loading can be dealt with by placing some additional steel in the outer longitudinal 
deck deams. In these conditions it is sufficient to calculate the ties for tension 
due to H and to their own weight, the latter causing bending between the hangers. 
The tension in the ties should be restricted to 12,000 lb. per square inch. 

Should cantilever footpaths be provided, these should be constructed so as 
to avoid bringing a load on the ties, and in all cases deep members should be avoided 
for the ties or the deck longitudinals. Parapet walls, if occurring over the ties, 
should be supported independently, and should be provided with joints at intervals 
to allow deflection. 
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The vertical hangers should be regarded as cantilevers or portal frames 
built into the transverse deck beams, and should be designed for the lateral wind 
loads on the lengths of the arch ribs between the hangers and on the hangers 
themselves, in addition to the direct tension. They should be as narrow in the 
planes of the arches as will allow satisfactory concreting and placing of the 
reinforcement. The steel stress should be restricted between 12,000 lb. and 
14,000 lb. per square inch. 

The vertical hangers towards the ends of the spans cannot usually be con¬ 
nected transversely between the arch ribs to form frames, on account of considera¬ 
tions of headroom ; these hangers should be designed as cantilevers built into the 
transverse deck beams and loaded by the wind pressure on the corresponding 
length of arch rib and on the hangers themselves. It is usual to calculate for direct 

tension and bending on the steel, neglecting the concrete. Hangers towards the 
centre of the spans should be calculated as built-in frames in the following manner. 
Let P — the total wind pressure on the hatched area on the diagram [Fig. 142), 
applying to one hanger, h — the height from centre of the transverse deck beam 
to the centre line of the horizontal top member, — the moment of inertia of the 

hanger, /a the moment of inertia of the top member, and K = where 
11 d 

d = the distance between the arch ribs [Fig. 142). Then the hangers should be 

designed for a moment M = \Ph (I + 3K) 

(I + (>K) 
the top member calculated to resist a moment 

in addition to the direct load, and 

M = \Ph 
3K 

{6K + 1) 

The horizontal transverse members should be carried as far out from the 
crown as considerations of headroom will permit. Cross beams should also be 
inserted to connect the arch ribs (Fig, 143) at the crown ; these should be of equal 
strength in horizontal bending to that of the ribs themselves. 
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EXAMPLES OF ARCH DESIGN. 

The application of the foregoing formulae, tables, and design procedures will 
now be explained by means of two examples : (i) a three-hinged arch with solid 
earth filling, and (ii) an arch rib with built-in ends. In both cases the permissible 
stresses in the concrete and steel and the modular ratio are illustrative only, and 
the methods described will apply whatever maximum stresses and modular ratio 
are specified. 

Example of Three-hinged Arch with Solid Earth Filling. 

In this case (Fig, 144) the preliminary data are : the clear span = 70 ft. 6 in., 
= clear rise = 8 ft. 10 in. Road level at crown of arch = 32*14 O.D. Level 

of soffit of arch = 29*56 O.D. Ministry of Transport loading. Assumed maxi¬ 
mum stresses : Concrete 700 lb. per square inch ; steel 16,000 lb. per square inch. 
Fall of roadway from crown, i in 45. Use equations (i) to (18). 

Centre to centre span and rise— 

sec d), = /i + = X-I2 approximately. 
V 70-5" 

Assuming a crown thickness — ii in., and a springing thickness di = 12 in., 

then y = 8 ft. 10 in. + ^ in. — (^ X 12 in. X I*I2) = 8*73 ft. 

I = 70 ft. 6 in. + (12 in. X = 71 ft. 

Rate of loading at crown for dead load plus one-half live load— 
Weight of arch 12 X ii = 132 
Filling (32*14 — 29*56 — 0*92) 100 = 166 
Half five load = J X 220 — no 

go == 408 lb. per square foot. 
Rate of loading at springings— 

Weight of arch 12 x 12 X 1*12 = 

Filling *= 8*73 + 0*46 + i*66 — (i X i X 1*12) — — 100 = 
L 2 X 4Sj 

Half live load = 

161 

950 

no 

gi (first approximation) in lb. per square foot = 1220 
The corrected value of is given by 

tan X -f 1220 ^ 8_x 873 ^ 
55'o + 5'i i 5 X 408 + 1220 71 

and sec = Vi + (0-615)* = i'i74- 

The corrected rise r = 8 ft. 10 in. + — in. — (^ X 12 x i‘i74) = 8*70 ft. 
2 

The corrected span / = 70 ft. 6 in. + ^12 X ^ ^ 7^ 
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The corrected rate of loading is 
Weight of arch — 12 X 12 x 1-174 

Filling ^8-70 -f 0-46 4- i-66 — J x i X 1-174 

Half live load 

71 \ ---1 100 
2 X 45/ 

169 

945 

no 

The quarter-point ordinate 
gi (in lb. per square foot) = 1224 

= ^3go -f gy ^ ^ _ 23 X 408 -f 1224 
16(5^0 + gi) 16(5 X 408 + 1224) 

The inclination at the quarter point is given by 

tan X 
5go + gi i 5 X 408 + 1224 

X 870 — 175 ft. 

X 
870 

~7^ 

0*2x3 

sec ^2 = \/i + tan^^g = 1*024 

Crown Section (ii in. thick).—Calculating for full live loading, 

go ~ 408 + no ~ 518 lb. per square foot. 

gi == 1224 + ~ 1334 square foot. 

— 47;5oo lb. due to dead loading. 

^ = 5,520 lb. due to live loading. 
4r 4 X 8*70 

Ho == 53>020 lb. 

Placing Jdn. diameter bars at 12-in. centres on both faces (i per cent, of 
steel), the equivalent area = (12 X ti) + (2 X 0*6 X 14) ™ 149, and the 

c Q 020 
concrete stress at the crown is -== 355 lb. per square inch. 

149 

The hinge bars will consist of groups of three bars J in. diameter every 

6^ in. with a compressive stress of 

53,020 X ~A1^7 = 16,000 lb. per square inch. 
0*6 X 12 

And the length of the hinge bars is 2 X 45 X J in., say, 7 ft. 

Abutment Section (12 in. thick).— 

tan = 0*615 ; == 31 deg. 36 min.; cos = 0*8517 ; sin = 0*5240. 

Vx = (2go + gi)^ + \p = 28,000 + 1350 = 29,350 lb. 

R = Ho cos 4- Vi sin <f>i = 53,020 X 0-8517 4- 29,350 x 0-5240 = 60,500 lb. 

Placing |-in. diameter bars at i2-in. centres on both faces, the equivalent 
area is (12 X 12) + (2 X o*6 x 14) = 161 sq. in., and the concrete stress is 
60,500 , 
—= 375 lb. per square inch. 
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At the hinge, placing three i-in. bars in every 7 in., the steel stress 

60,500 X 2-33 ,, , , 
----= 15,000 lb. per square inch, 

0785 X 12 ^ ^ * 

and the length of the bars is 90 X 1 in. = 7 ft. 6 in. 

Quarter-point Sections.— 

^64 8 

ATj = P sec ^2 + where sec <^2 — 1*024 

pl^ __ 712 X 220 X 12 
208,000 in.-lb. ; 

2700 X 71 
^’5 + o — 202,000 in. lb. ; 

M " 410,000 in. lb. 

Tj 71^ X 220 ,, 
H - 47,500 - £ = 47,500 - = 39.500 lb. 

I 
71 , 3 X 870> 

3250 lb. 
2V4r 1) V4 X 870 ' 71 ) 

Then Nj = 39,500 X 1-024 -f- —= 43,600 lb. 
1-024 

The total moment M ~ 410,000 in. lb., and the total thrust N = 43,600 lb. 

_ (43.600)^__ 

Mbc 410,000 X 12 X 700 

Placing I per cent, of steel (J per cent, on each face), with k assumed — 0*075, 

the curves [Case IV (A), Fig. 124] give • /NV ive ( — ) = O' 
\bdcj 

075 and = 0*2740. 
bdc 

j N 43,600 
Then d = ;-—-—--= 19 in. 

be X 0*2740 12 X 700 X 0*2740 

A thickness of 20 in. was taken, and the value of k 

assumed. 

(2=0.075)» 

Using curves [Case IV (C), Fig. 126], ^ = 2-13, giving for 
M 410,000 

p = i per cent., — = 0-291. 
bdc 

43.600 
The concrete stress is--— = 625 lb. per square inch, and the 

12 X 20 X 0-291 
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steel stress is 625 x 10 = 6250 lb. per square inch. Seven-eighth-inch bars 

are placed at 6-in. centres on both faces, giving p 
4 X 0-6 X 100 

12 X 20 
— I per cent. 

Line of Arch.—For dead load plus \ live loading 

^0 == 408, = 1224, sec — 1*174, sec “ 1*024 

At the quarter point the loading is, with y2 = 1*75, 
Weight of arch 12 X 20 X 1*024 — 246 

Filling (0*46 + 1*66 + 1*75 — 0*83 x 1*024 — - | TOO — 286 
\ 4 X 45/ 

Half live load =-= no 

g2 642 
hen 

9gor 
■“ + ^ r 5o{i3go d- gi + i6gj) 1577G 

(15^0 4- - i6gs)r I 

6000(13^0 + + i6g2) 39^ 

(Siro + 5'i - 4giy I 

375,ooo(i3|'o + + 16^2) 5,839,800 

The equation to the centre line is then 
N2 iV4 

+ ■ - / 
~ \1577e .15776 3957 5 

where N is to be taken equal to o, i, 2, . . . 10. 

iV« \ 

,839,800/ ’ 

The arch line having been laid out to scale and the outline of the soffit 
determined corresponding to the var5dng thicknesses of the arch from 20 in. to 
II in., the ordinates to the soffit from a chosen base line can be scaled and a 
dimensioned drawing made of the soffit to enable the contractor to set out the 
arch. 

A parabola of the sixth degree has been used for illustrative purposes and 
should be used for large span arches. For spans under 100 ft. it is, however, 
usually sufficient to set out the ordinates from the equation 

Nh , N\ .1 
y == ~ r ioo(5§^o + 5^0 i 100 J 

where N is to be taken o, i, 2 . . . 10. 
The details of the reinforcement are shown in the drawings (Figs. 145 and 

146). 

Example of Arch Rib with Built-in Ends. 

In this case (Fig. 147) the centre-to-centre span I = 188 ft. 9 in., and the 
rise centre to centre is r = 33 ft. 6 in. The bridge was designed for the Ministry 
of Transport loading, with an allowable concrete stress c = 900 lb. per square 
inch and an allowable steel stress of 16,000 lb. per square inch. The width of 
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roadway carried by each arch is 19 ft., and the width of footpath 6 ft. 6 in. with 
a load of 85 lb. per square foot. Use equations (21) to (45a) and Tables XIX to 
XXIL 

Rates of dead loading,—From the details of the decking the rates of loading 
are 

9490 lb. per linear foot at the crown 
11,540 lb. per linear foot at the springings, including the weight of the ribs. 

Rates due to dead loading plus one-half live loading. 
At the crown 

Dead load = 9490 lb. 
Half live load = ^ X 220 X 19 = 2090 lb. 
Pavement loading i (6-5 x 85) = 280 lb. 

At the springings 
go = 11,860 lb. 

Dead load 11,540 lb. 
Half live load — 2090 lb. 
Pavement = 280 lb. 

gi - 13,910 lb. 

Then m .gi 13,910 

11,860 

tan <fti 

I-I7 

(2go + gi) ^ ^ ^ 

(5go + gi) I 

37,630 X 8 X 33-5 -= 073 
73,210 X 18875 

sec = Vi + tan Vi = ^'^4 

The concentration due to the knife-edge loading is 19 X 2700 == 51,400 lb,, 

n will be assumed equal to 0-32. 
(fj®COS 

Moment at the Crown. 

Distributed live load 

_ I 

100 

_ I 

100 

CoPl» 

X 0-445 X 4730 X (188-75)* 750,000 ft. lb 

Concentrated load at crown 

= —C'tPl — —X 4-20 X 51,400 X 188-75 = 406,000 ft. lb 
100 100 

Temperature fall of 30 deg. F. 

= EoEt X X (i -f- 0-2692^) 

3160 X 0-244 X 30 X 5-33 X (4-I7)* X 1-378 

33-5 
369,000 ft. 11 
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assuming p 1-4 per cent. 
Arch shortening 

- EoH/ <)-244 X 43,800 X 33-5 358,000 ft. lb. 

Total — 1,847,000 ft lb. 

In the previous calculations Co “=0455, Cq'“ 4‘2o, 3160, and 
E^' ~ 0-244 by interpolation from the tables, and is assumed to be 
64 in. = 5*33 ft. Also 50 m. - 4*17 ft. and 

H. - - h-i .5 I j.'jyyy -„,8c«,ib. 
\ ft set 1-2 \o-32 1-24/(33-5)^ 

7T (5i?o SiW (18875)^ X 73,210 , ,, 
Ho - - t'' 1,620,000 lb. 

48'' 48 X 33-5 

4730 lb per linear foot. 
p 220 X 19 4180] 

6-5 X 85 - 550J 

The total crown moment is then 

M == 1,883,000 X 12 - 22,600,000 in. lb. 

Crown Thrust — 

Dead loading + one-half the distributed live loading 

I 
Live loading distributed --~ 

10 r 

I (18875)2 
= — ~ X 0-030 X 4730 X - 

10 33-5 

I P 
Live loading concentrated = + -D„'- 

10 r 
I 188-75 

— X 2-51 X 51,400 X- 
10 33-5 

lb. 
{ r,62o,t)oo 

15,100 

+ 72,500 

Temperature fall of 30 deg. F. H, e; 
tbodo^ 

3160 X 30 X 5-33 X (4-17)2 X 

Arch shortening 

45,000 

43,800 

Total — + 1,588,600 
where Dq ~ — 0-030 ; Do' ~ 2-51 ; and £*0 “ f^om the tables by inter¬ 
polation. 

The total crown thrust is then 

H = 1,588,600 lb. 

It will be found (see later) that the core depth with a core width b = 60 in. 

required at the springing is do = 75 in. Taking a depth of core do — 46 in. at 

the crown, the value of w = ^sec^i = X 1-24 — 0*29, which is suffi- 

o 
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ciently close in the preliminary design to the assumed value of ^ = 0*32. Then 
Nd 1,588,600 X 46 _ TT • r/- r^r i — -^ = 3-23. Using curves [Case IV (D), F%g, 127] with, say, 
M 22,600,000 ^ \/b/j > j> 

N 
p = 1*4 per cent, it will be found that — = 0*460. The concrete stress is 

then 
1,588,600 „ . , 

c := —---- == 1250 lb. per square inch. 
0*460 X 60 X 46 

The “ increased stress c' may be calculated as follows ; 
Using /^-in. interlocking spirals 14J in. diameter at 2J in. pitch then 

c' = 6'(i + fsv) where fs = 32 and v 

32 X 4 X o 

4 X area of bar 4 x 0*15 

90o{ I +: 1^) 14*5 X 2*5 
in place of 1250 lb. per square inch actual stress. 

The total steel area required is 1*4 x 46 X 
100 

diameter x pitch 14*5 x 2*5 

1380 lb. per square inch 

38*7 sq. in., and thirty- 

two i|-in. bars (= 39*3 sq. in.) are used. 
Springing Section.—^As for the crown section, the following values apply: 

//o 1,620,000 lb. ; sec = 1*24 ; m = 1*17 ; n = 0*32 \ — 45,000 lb. ; 
and H, ^ — 43,800 lb. 

The values of the constants from the tables are as follows : Cj = 2*1 ; 
Di — — 0*24 ; " 0*758 ; C/ = 8*05 ; and D/ = 0*635. 

Moment (negative) at springing.— 

Distributed live load -- 
100 

j ft. lb. 
= — — X 2*1 X 4730 x (188*75)2 = - 3,540,000 

100 

Concentrated live load = — ^C^Pl 

= ~ X 8*05 X 51,400 x i88*75 = — 780,000 

Temperature fall of 30 deg. F. = F^H^r 

= — 0*758 X 45,000 X 33*5 = — 1,140,000 
Arch shortening = FJI/ == — 0*758 X 43,800 X 33-5 = — 1,110,000 

Total = — 6,570,000 
The total negative moment is then 

M = — 6,570,000 X 12 = — 79,000,000 in. lb. 

Thrust at springing.— 

Distributed live load ~ 
10 r ^ 

= — X 0*24 X 4730 X (188*75)* X -- 150,0001b* 10 T iUf 22*5 
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Concentrated live load ^ , PI , —D/— sec^i 
10 r 

I 1-24 
— X 0*635 X 51400 X i88*75 X —i = + 22,800 

Temperature fall 30 deg. F. 
sec^i 

A 1 t . • 43,800 Arch shortening =-- -- 
sec^i 1*24 

Dead loading — 1,620,000 x 1*24 

45>QOQ 

1*24 
36,300 

35,300 

2,010,000 

Total = + 1,811,200 

The total moment at the springing — — 79,000,000 in. lb. 
The total thrust at the springing — + 1,811,200 lb. 

With ^^-in, spirals placed at 2-in, pitch the allowable increased stress " 13801b. 
per square inch as at the crown section. 

The core breadth being b ~ 60 in. as at the crown, 

_ i,8ii,2oo‘^ _ 

Mbc 79,000,000 X 60 X 1380 ^ 

. /iV\2 ^ , N 
p = per cent (-Y ’ \dbc) 

™ 0*087, 

giving 
, 1,811,200 

ig d --= 74 in. 
60 X 0*295 X 1380 

A net area of 60 in. by 75 in. or an overall section 64 in. by 79 in. is taken. 

The reinforcement is 1*75 X 60 X —- = 78 sq. in., or 39 sq. in. on each 

The steel stress ™ 10*5 X 1380 = 14,500 lb. per square inch. 
Thirty-two ij-in. bars are placed on each face, and five jf^-in. interlocking 

spirals at 2j-in. pitch and 14J in. diameter are placed throughout (see Fig, 148). 

Thickness of Arch Ring.—Taking m = 1*17, 

46® X 1*24 Q, 

n == ---—- = 0*286 
75* 

and using the equations 

V’ f do depth d 

|^i-(i-«)^Jcos^ 

d, 
0*0714^') cos ^ 

Vx + tan* 

(»» + 5)l 
the following values are found. 

2-4iV + 
(« — 

I 14-. 
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— -- 

1 -- 

N tan 
i 

cos i l[- 
(1 - n) cos 1 V 

loJ > 1 
d 

do 

* 

Core depth 
d (in ) 

Overall depth 
D[it in) 

0 0 i ^ 1 I 46 i 4 2 
I o*o6t) 0*998 0*976 1 025 47-^ 4 31 
2 0*138 0*990 0*946 1*056 48*6 4 4i 
3 o*2o8 0*980 0*917 1*090 50*2 4 6i 

4 0*279 0*883 1*131 52 4 8 
5 0*351 0-847 i*t8o 54 4 4 io4 
h 0*423 0*921 0*808 1*239 57 i 5 I 

7 0*497 0*896 0*766 1*306 6o*t 5 4 
8 0*573 0*868 0*720 1*390 i 64 5 8 
Q 0*651 0*839 0-671 1*490 68*5 6 oi 

10 0*732 0*807 0*615 1*627 75' 6 
[ 7 

Axial Line of Arch.—It will be sufficiently accurate to employ the equation 

y NM -I”..!‘I where « 
5o(w f 5) io^(w + 5) 

m , iv‘ • ■ .u , — -f- —^— giving the values : 
3-07 10,830 

O, 1, 2, . 10 

N [ > (a in.) 
1 

N 1 y(ft in.) 
1 

1 
0 

i 

0 11 lOj 

I 0 3i 7 16 2i 
2 I 3l 8 21 2I 

3 2 11^ 9 26 Tl| 

4 5 10 33 6 

5 8 2j — — 

The arch is then set out for these ordinates and thicknesses and the heights 
to the soffit determined by scale. Figs. 147 and 148 show the setting out and 

reinforcement of the arch ring; the dimensions were determined at the twelfth- 
points of division to suit the centering employed. 

The design having been prepared the stresses at the crown, springing and 
quarter-point sections can be tested by the usual methods. Actually it will 
seldom be necessary to modify the design if ample reinforcement is provided. 



CHAPTER VIII 

FOUNDATIONS 

Ground Pressures—Cofferdams—Piling—Examples—Mass Abui- 
MENTs—Cellular Abutments 

The type of bridge to be used in a given case should not be decided without 
a thorough knowledge of the site conditions and the nature of the subsoil. It 
will be realised that a hingeless or two-hinged arch requires unyielding abutments, 
and that a small horizontal movement or uneven settlement of the abutments 
may prove disastrous for such a structure. It is usually only by trial, how¬ 
ever, that it is found that the cost of abutments may render prohibitive the 
use of an arch where, for clearance reasons, the springing must be high above 
foundation level and the rise/span ratio has to be fairly small because of road 
level requirements. Fig. 149 shows such a bridge and, despite suitable bearing 
material near the surface, an arch bridge is clearly uneconomical due to the 
very large abutments required. A fixed or two-hinged portal frame would 

probably be the better solution. Consideration of the foundation problem is 
therefore of first importance when deciding what type of bridge is needed. 

An engineer does not need to be a geologist, but he does require to have 
a sufficient knowledge of the earth's crust to enable him to recognise when he 
is on dangerous ground. Reference to a geological survey map may provide 
a great deal of general information which can be used in conjunction with the 
more precise information obtainable from trial pits and bores. Occasionally it 
may be desirable to consult a geologist where the site has indications ot being 
freakish, or where exceptionally heavy loads are to be carried as is the case 
with long-span bridges. Bores should almost always be taken to a depth con¬ 
siderably below the proposed foundation level. A safe rule is to take the bores 
to a distance below foundation level equal to the width of the foundation in 
feet multiplied by one and a half times the number of tons per square foot to 
be transmitted through the abutments or piers. Thus if the abutment width 

197 
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is to be 8 ft. and the load per square foot 2 tons, the bores should be taken to 
a depth of 24 ft. below foundation level. This precaution is usually necessary 
as a safeguard against the presence of a soft underlying stratum which might 
cause settlement even though a considerable depth below foundation level. If 
such soft material is located and its depth is known, a wider foundation trans¬ 
mitting a smaller load per square foot to the ground immediately below it may 
obviate any danger, but occasionally a complete alteration of the bridge type 
proposed may prove necessary. 

The comparatively new theory of soil mechanics lays down methods to 
assist in estimating probable settlements, but such methods are very rarely of 
practical value to the bridge engineer. It is, however, valuable to know what 
pressure is transmitted to the underl5dng strata, and how it is distributed. 
Pressure diagrams for many materials show that at considerable depths below 
the level of application of the load the pressures may be almost independent of 

Pressure bulb for 16-ton load Pressure bulb for 256-ton load on raft 
on 4-ft. by 4-ft. base. foundation (i6-ft. by i6-ft. base). 

Fig. 150. 

the width of footing for a given total load. Sufficient has been written here to 
indicate the dangers which may arise where foundations are constructed over 
a layer of soft material, and the reader is referred to one of the many books 
devoted to the subject. Typical pressure diagrams are given in Fig, 150; they 
are based on the assumption that the ground is uniform in character throughout 
its depth, arid such diagrams can never be more than a very approximate guide 
to the true distribution of pressure. It has been C5mically suggested that the 
theory of soil mechanics has been developed to enable the engineer to describe 
in involved technical terms failures which could have been avoided by adequate 
preliminary investigation, but the new theories are valuable even if they merely 
indicate the dangers which can exist and the kind of preliminary research which 
may detect them. 

Cofferdams. 
The spacing of piers for river crossings often provides complex and important 

problems greatly influencing the type and cost of a proposed bridge. River 



Coiferdam in Sand or similar Soil 
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piers have generally to be constructed in coflerdams which may be difficult and 
slow to construct as well as expensive. The cost of constructing and maintain¬ 
ing a cofferdam and the provision of pumping is usually hard to estimate, as 
may be seen by referring to the items dealing with such works in competitive 
tenders. This is one reason for avoiding river piers for small bridges ; another 
is the obstruction they will cause to the waterway, and the possible effect that 
this may have on the river banks. When estimates indicate that there will 
probably be only a moderate increase in cost by eliminating piers, then it is 
usually wise to do so. Where river piers are clearly necessary the choice is 
usually between two piers or four, as an odd number of piers providing an even 
number of spans is generally considered to be unsatisfactory from the aesthetic 
viewpoint. In such a case it is usually fairly simple to ascertain which of the 
alternatives will be the more economical, and in general two piers will be required 
for widths of between i6o ft. and 300 ft., and four piers for widths between 350 ft. 

Fig. 153.—Cofferdam for Bridge Foundation. 

and 500 ft. It is only rarely that rivers wider than 500 ft. will require to be 
considered without such important questions as navigational channels, etc., 
playing a decisive part. 

Cofferdams are not usually designed by the consulting engineer, but he must 
be sufficiently familiar with their design and construction to enable him to assess 
the difficulties and cost of any such work which he may have to consider when 
making comparative estimates of cost. Most cofferdams are now constructed 
using steel sheet piling, and the piling firms generally have technical staffs avail¬ 
able to advise regarding plant, costs and design. Typical details are given in 
Fig. 151. It will be seen that a clay stratum lies conveniently a few feet below 
the bed of the river, and very little trouble will be required to keep the excava¬ 
tion dry apart from small leakages through the sheeting. The case is very 
different when the material below the cofferdam consists of sand, or a mixture 
of sand with some clay, and much experience is required to deal adequately 
with such conditions. It is desirable to use sheet piling of adequate length so 
that the cut-off (see Fig. 152) can be increased in length, if necessary, to reduce 
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the rate of flow to the degree required to enable the pumps to control it. The 
pumping equipment should be adequate, and reserve pumps should always be 
available in case of a breakdown. Contractors often appear to take consider¬ 
able risks, and the engineer can never be sure whether this is due to superior 
knowledge or blissful ignorance. In any event, the optimistic outlook influences 

the tender with the result that the work is cheapened, and as the contractor 
almost always has to pay for his own mistakes the engineer should not interfere 

unduly. Photographs of cofferdams for bridge works are shown in Figs. 153 
and 154. The subject may be studied further by reading descriptions of works 

carried out which are published in technical journals. 

Fig. 154.-Pier Construction within Cofferdam. 

Piling. 

Load-bearing piles are frequently necessary in bridge foundations as the 
loads from piers and abutments are often considerable and only small even 
settlements are desirable. Whenever poor bearing soil is encountered near the 

surface, and strata of firm ground are found at depths of from 20 ft. to 40 ft., 
piling is usually fairly economical, rarely costing more than 10 per cent, of the 
complete bridge structure. The engineer has the choice of precast or in-situ 

piles and, in general, a decision on which should be employed should be based 
on cost. There are, however, occasions when most of the in-situ types of pile 
have distinct advantages over the precast pile; also, less frequently, when the 
latter is to be preferred. When the pile must depend almost entirely upon skin 

friction for its bearing value a precast pile will not carry as much load as some 
types of in-situ piles, and some of the latter are also helped by a club foot at 
the base. Some engineers have a prejudice against in-situ piling, and a claim 
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occasionally made is that the engineer cannot be sure that the minimum nominal 
section is always maintained. The safe load which can be imposed on precast 
piles may be calculated by one of several formulae which do not all give the 
same results. It is sound practice to assess the total load which can be carried 
on a pile without appreciable settlement, and then provide a reasonable factor 
of safety by limiting imposed loads to about two-fifths of this amount. This 
means that a 14-in. square concrete pile between 30 ft. and 40 ft. long, driven 
by a hammer weighing 3 tons with a 4-ft. drop to a set of J in. to i in. for each 
of the last few blows, will safely carry 35 to 45 tons. The formula used will 
give a much closer value than this rough indication, but arithmetical accuracy 
will not enable one to get much closer to the true bearing capacity. When the 
safe bearing value of piles is in doubt a loading test can be made, but this is 
both expensive and delaying and is only occasionally necessary. 

aWh 
Most formulae take the form R —--, where R is the ultimate bearing 

s -\r p 
value, W is the weight of the hammer, h the drop, and s the set. {R and W 
are measured in the same units, usually tons, and h and s are also measured in 
the same units.) The constant a depends upon the efliciency of the blow, and 
therefore upon the ratio of the weights of the hammer and the pile, as it is easy 
to prove that a heavy hammer with a small drop is more effective than a lighter 
hammer with a long drop, although the product of weight by distance is equal 
in each case. The constant is also dependent on the ratio of the weight of 
the pile to the hammer. The value of a may usually be safely taken at 0-45, 
and /3 at 0-4; the formula is then 

R 
0-45WA 
s + o-4 

When a double-acting steam hammer is used the value of its kinetic energy 
should be substituted for the term W/t. As an example, let W = 2^ tons, 

A = 36 in., and s = 0-2 in., then R = = 67-5 tons. 
0-2 -f 0-4 

It would be safe to impose a load of from 27 to 30 tons on such a pile, 
providing a factor of safety of about 2J. It is possible to work out the safe 
load by several different formula, but in the end the engineer must depend upon 
his own judgment, taking into account the nature of the superstructure. A 
typical pile detail is given in Fig. 155, and particular attention is drawn to the 
helical core shown in the pile head. This core is very important in assisting the 
head to withstand heavy driving. 

Bearing Value of Ground. 

It is very important to be able to assess the safe bearing value of the ground, 
as this factor has considerable influence on the t5q)e of bridge which may be 
used, as well as on the foundation design. Table XXIII gives a list of safe loads 
which may be placed on almost every variety of soil, and few engineers would 
disagree greatly with the suggested values. Difficulties arise, however, when 
an endeavour is made to define the different kinds of material, and individual 
judgment has to be relied upon in most cases. In almost all materials it is 
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TABLE XXIII. 

Allowable Bearing Values on Soils. 

Safe load—tons 
per sq, ft. 

Silt, mud, quicksand, peat ........ 0-4 
Alluvial soil, muddy clay ........ 
Soft clay and wet sand ......... J-i 
Moderately dry clay and fine sand ...... i-ij 
Soft argillaceous chalk ......... 1-1} 
Clay and sand in alternate layers ....... 1J-2 
Firm dry clay or compact sand . . . ^ . . . . 2^-3 
Hard white chalk or compact sand at great depth below surface . 3j“4 
Coarse gravel, in deep excavations, or hard blue clay . . . 4-5 
Boulder clay ........... 5-6 
Firm shale ........... 6-7 
Hard sandstone .......... 8-12 
Whinstone, granite, etc. ........ 12-20 

absolutely essential to place a concrete mat or blinding over the subsoil imme¬ 
diately it is exposed, thus preventing it from being churned up or softened by 
exposure to the elements. A minimum thickness of blinding of 4 in. is usual, 
but this may have to be increased when it is difficult to excavate to a fairly 
level bed. 

The excavation .should be inspected by the engineer prior to laying the 
blinding coat, and it is usual to keep the level of the excavations 6 in. above 
the final level so that the last few inches of material may be taken out in his 
presence. 

Foundations on Rock. 

Where rock is found near the surface, and other circumstances are not 
unfavourable to the choice, an open-spandrel arch bridge will often provide the 
most economical structure besides simplifying aesthetic problems. Craighall 
Bridge on the Perth-Braemar road is a good example, and the general arrange¬ 
ment (Fig. 156) gives details of span, rise, road width, etc. This is a simple case, 
presenting few problems, but it will be noticed that the bridge is on the skew 
and that separate abutments have been provided for each of the arches. Details 
of the foundations are given in Fig, 157. No particular difficulties were encountered 
during construction, and the low cost of the foundations resulted in a very cheap 
bridge. It is important when concreting mass abutments for arches that planes 
of cleavage are not formed, otherwise the horizontal component of the thrust 
may induce movement with fatal consequences to the structure. So long as this 
point is kept in mind it is a simple matter to arrange stopping-off planes which 
will obviate any danger. The pressure transmitted to the rock in the Craighall 
Bridge was limited to 3J tons per square foot, which is of course very low for 
sandstone. Other factors than the bearing capacity of the rock governed the 
determination of the overall area of abutment. 

EXAMPLES OF BRIDGE FOUNDATIONS. 

In the following pages descriptions and illustrations of bridges are given with 
special reference to the design and construction of their foundations. The 
examples selected include abutments for arch bridges and piers for girder bridges. 
The structures are all in Scotland, where the terrain is such that a wide variety 
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of problems of design and construction of bridges is encounteied. Later in this 
chapter typical design calculations are given for two types of mass abutment 
and for abutments of the cellular type. 

Glen Bridge, Dunfermline, 

An example of an open-spandrel arch bridge founded on rock is the 
Glen Bridge, Dunfermline, the gemeral arrangement of which is indicated in 
Fig. 158; Fig. 159 shows the arrangement of the west abutment. Here again 
the foundation costs were low, but the construction was not so simple as in the 
case of the Craighall Bridge. The steep slopes on either side of tlie valley were 

Fig. 162,—Excavation for Abutment on a Slope. 

well covered with earth, necessitating difficult excavation. Fig. 162 shows the 
excavation for one of the abutments and indicates some of the constructional 
difficulties in working on a slope. 

Kemnay Bridge, Aberdeenshire. 

Kemnay Bridge, in Aberdeenshire, provided a more difficult foundation 
problem than Craighall Bridge, due mainly to the relatively flat arch and the 
nature of the foundations. Fig. 160 is the general drawing, and the details of 
the abutments are shown in Fig. 161. It will be observed that the abutment 
width is considerable, and comparatively heavy expenditure was incurred in the 
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construction of these foundations. The method of concreting the abutment in 
layers is shown, and it will be noticed that some reinforcement is indicated. 
Most designers consider that reinforcement can be dispensed with in arch abut¬ 
ments of this type, although in Kemnay Bridge the cost of foundation rein¬ 
forcement was very small indeed in relation to the cost of the concrete. Figs. 163 

Fig. 163,—Abutment in Course of Construction, Kemnay Bridge. 

Fig. 1644—Abutment In Course of Construction, Kemnay Bridge. 
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and 164 show one of the abutments in course of construction, including the coffer¬ 
dam constructed partly of steel sheet piling and partly of timber sheeting. It 
all looks very safe and simple, but Fig. 169 shows the same site at a later stage 
of the construction when the main abutment had been completed. The possi- 

Flg. 169.—Completed Abutment, Kemnay Bridge. 

bility of severe floodmg is a risk that a contractor often has to take, but reason¬ 
able precautions are usually taken in advance to meet this contingency. The 
maximum pressure from the abutments on compact sand and gravel was 2| tons 
per square foot. 

Linlithgow Bridge. 

Comparatively few arch bridges have been constructed using cellular abut¬ 
ments, mass abutments usually being employed because of the speed and simplicity 
of the construction. Economy is the main factor, however, and occasionally 
cellular abutments will be cheaper. The design for this bridge with cellular abut¬ 
ments is indicated mFig. 165, and foundation and reinforcement details are given 
in Fig. 166. Additional dead weight is provided by earth filling, thus giving 
sufficient total weight to fix the arch rib. Careful treatment was required in 
detailing the thrust beam, as large forces were involved, but the remaining 
reinforcement followed comparatively simple lines. The maximum pressure from 
the abutments on sandstone is 4J tons per square foot. It is unHkely that in 
the majority of cases the cellular abutment will be less costly than the mass 
type unless shuttering costs are reasonably low. 

Complete calculations for a typical design Jor a cellular abutment are given 
later. 

Bridge at Guardbridge. 

An interesting treatment of a multi-span girder bridge with free inter¬ 
mediate spans, where the bridge is slightly on the skew, is shown in Fig. 167. 
The girders of variable depth rest on hinge bearings, which in turn are supported 
on hollow piers carried to a maximum depth of nearly 18 ft. below the river bed. 
Fig. 168, giving the arrangement of two of the piers, shows the treatment of the 
hinge to obviate the effect of the skew. This method of placing the centre line 
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of the hinge at an angle with the centre line of the pier is only applicable where 
the angle of skew is small. The piers were constructed inside steel sheet pile 
cofferdams. 

Inverbervie Bridge. 

Inverbervie bridge on the Montrose-Stonehaven road provides a good example 
of a girder bridge on a curve. The greater length of the bridge is on a circular 

Fig. 170. Inverbervie Bridge : Details of Piers. 

curve of approximately 420 ft. radius, as indicated in Fig. 171. The girders are 
supported on hinge and rocker bearings, and the arrangement of the main piers 
is given in Fig. 170. The details of the lower and upper portions of the piers as 
planned are shown in Figs. 172 and 173, and the hinges and rockers are fully 
detailed on these drawings. In construction the foundations gave considerable 
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difficulty, and the stepping of the bases across the pier widths was varied in 
almost every pier. Fig. 174 shows one of the excavations and Fig. 175 the con¬ 
struction of the base of one pier. The foundations generally consisted of a fairly 

Fig. 174.—Excavation for Pier, Inverbervie Bridge. 

Fig. 175.—Construction of Base of Pier, Inverbervie Bridge. 

hard gravel bed, but the excavations of one pier disclosed very different ground 
conditions and investigations indicated that a small ravine must have been there 
at one period. The ravine had gradually filled up, giving a very deceptive 
appearance at foundation level, but probing disclosed a layer of soft clay just 
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Fig, 177. Aboyne Bridge . Reinforcement in Upper Portion of Abutment. 

Fig. 178.—Aboyne Bridge; River in Flood during Construction. 
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beneath. After investigation it was decided to avoid the heavy expenditure 
involved in taking the piers down a further average depth of 14 ft., by the use 
of larch piles Details of the construction are given in Ftg, 176. 

Aboyne Bridge. 

A useful type of bridge where the minimum construction depth at the crown 
is required is the three*-hinged portal, as used in the main span of a bridge over 

Fig. 181.—Cellular Abutment in Course of Construction, Redding Canal Bridge. 

the nver Dee at Aboyne. A longitudinal section through the bridge is given in 
Fig. 182, from which it will be seen that the entu-e weight frbm the mam span 
rests on the two semi-circular hinges. Details of the abutments are given in 
Figs. 179 and 180, but many of the sphce bars in the soffit slab and nbs are 
omitted from these drawings. The hmges have a radius of 18 in , and very high 
compressive stresses occur in the concrete. The maximum compressive stress 
is approximately 2840 lb. per square inch, when calculated from the Hertz 
formula 
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where p = pressure (lb.) per unit length of hinge, 
and = radii (in.) of the surfaces in contact, 

and E = modulus of elasticity of the concrete. 
The calculated stress provides a factor of safety of about 2*2 on the high- 

strength concrete used. Fig, 177 shows the reinforcement in the upper portion 
of the abutment, and the peaceful nature of the river will be observed. A 
contrast is provided by Fig. 178, which shows the river in flood at a later stage 
of the construction. 

Redding Canal Bridge. 

A very difficult bridge to design and construct is illustrated in Figs. 183, 184, 
and 185. It will be observed that it is on a curve, besides having an angle of 
skew of more than 50 deg. To make it more difficult, headroom was of para¬ 
mount importance and only a small construction depth was available. Fortun¬ 
ately the span was small, and the problem was solved by the system shown on 
the drawings, using cellular counterweight abutments and a free partial span 
with joints suitably placed. The cellular abutments in the course of construction 
are shown in Fig. 181. It was known that in providing cofferdams the steel sheet 
piling would penetrate the clay-puddle seal in the canal bottom, and when the 
sheeting was withdrawn suitable measures had to be taken to make good the 
gaps in the clay. 

Dinnet Bridge. 

The arrangement and general details of a bridge constructed over the Dee 
are shown in Figs. 186 and 187. This bridge consists of cantilever parapet girders 
with counterweight abutments and a free mid-span portion. In order to avoid 
staging from the rocky bed of a fast-flowing river, which at flood times becomes 

Fig. 188.—R«iiiforcemeiit in Atnitment, Dinnet Bridge. 
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a raging torrent, steel lattice girders were cantilevered out to provide supports 
for shuttering and were finally built in to the structure. The cantilever girders 
are supported on hinged bearings on the top of foundation blocks carried down 
to hard whinstone. The maximum pressure on the rock from the foundations 
is tons per square foot. Tie walls are provided between the foundation blocks, 
and the necessary counterweight is supplied by filling supported in a cellular 
construction immediately behind the hinge. Reinforcement details of the foun¬ 
dations are shown in Fig, 187, and a photograph of the reinforcement placed 
in the north abutment ready for concreting in are given in Fig. 188. The 
maximum compressive stress at the hinge calculated by the Hertz formula was 
2500 ]b. per square inch. 

Bridge over Grange Burn. 

Small bridges on abnormally bad ground may occasionally be built using 
deep cellular foundations so designed that the weight of the excavated material 
is equal to the load imposed on the ground by the new structure. This method 
was adopted for a small bridge constructed near Grangemouth, details of which 
are given in Fig. 189. The ground at the bed of the stream is a silty clay which 
becomes softer 2 ft. or 3 ft. below the surface, and then continues down to 
depths of 100 ft. or more. Normal bridge design would be completely unsatis¬ 
factory on such a site, but the method used has proved completely successful. 
Attention is drawn to the flexible nature of the superstructure, which was designed 
to prevent damage to it due to limited foundation movements of any kind. 
The problem was complicated by the stone facing which necessitated careful 
attention to the joints in order to avoid unsightly cracks. Particular care 
was taken to ensure that the cellular foundations were perfectly watertight, 
as water penetrating into one of the abutments might result in a large settlement 
due to the increased load on the ground. The maximum ground pressure is 
approximately 16 cwt. per square foot. 

Kerse Bridge. 

Kerse bridge, near Grangemouth, had to be built with difficult site condi¬ 
tions. Bores disclosed that the ground consisted of 5 ft. of mud and stones, 
then 3 ft. of sand and gravel, and finally 83 ft. of soft silty clay. This condition 
existed over the whole area of the site, and as boring was not carried farther the 
soft silty clay may extend to a considerably greater depth. Special treatment 
was evidently required, and what is believed to be a new type of collar ” pile 
was produced. A tapered pile was constructed to the dimensions shown in 
Fig. 190, which also gives the details of the collar. A collar was laid on the mud, 
and a pile was driven quite easily until the swelling on the pile made contact 
with the inner ring of the collar. After this resistance to penetration increased 
considerably, but many of the collars were driven more than 5 ft. into the ground 
before a satisfactory set was obtained. A loading test was carried out on one 
of the piles {Fig. 194). When a load of 90 tons had been placed a settlement 
of I in. was recorded immediately, and after leaving the load on for two weeks 
a further J in. of settlement was measured. The load was then reduced to 
75 tons without change, and no further settlement occurred during the next 
two weeks. This test was considered satisfactory, and a design was prepared 
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Fig. 192.—Reinforcement for Tapered “ Collar ” Piles, Kerse Bridge. 

Fig. 194.—Loading Teat on Pite» Kerae Bridge. 
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placing a maximum load of 22 tons on each pile. Fig. 191 shows longitudinal 
sections through the bridge, from which the flexible nature of the sup)erstructure 
will be observed. Figs. 192 and 193 show the assembly of the reinforcement 
for the pile and collar. 

Mass Abutment with Battered Front Face. 

This is the most satisfactory type of mass abutment, since the batter allows an 
economical size of foundation. The design should be made, in the cases of both 
continuous and hinged arches, for the full dead and live loads over the span and 
the abutments, and should be such that the resultant acting on the base passes 
through its middle point; moreover, the maximum pressure due to this loading 
should not exceed a given value depending on the nature of the ground. It is 

unusual to take account of the effects of temperature or arch shortening, since 
the regulation live loading is so large and never likely to occur. 

The section so obtained can be checked for the dead load plus the maximum 
positive or negative moment at the springing with the corresponding thrusts, but 
it will seldom be necessary to modify the design for this condition. The active 
earth pressure may or may not be taken into account, but should be inserted if 
the effect is likely to be appreciable. Only the active value is usually counted 
on ; even in the case of a hinged arch information is not available to enable the 
movement to be assumed corresponding to an assumed passive resistance. The 
case of a hinged arch is simpler since it is not necessary to check for the maximum 
positive or negative moments at the springing. 

Referring to Fig. 195, let 
H = the horizontal component of the thrust of arch per foot width of abutment 

due to dead loading plus live loading (including knife-edge load) 
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V == the vertical component of the thrust of the arch for the same condition 
the positive moment at springing due to knife-edge load in the case of a 

continuous arch (zero for a hinged arch) 
5 = the surcharge on the roadway over the abutment 
w == the density of the filling over the abutment 
w' “ density of the concrete or masonry of the abutment 
Ao == the assumed mean depth of the base to reach bearing strata below arch 

springing 
= the mean depth of filling over the abutment obtained from a preliminary 

sketch 
Aa = the mean depth of the masonry of the abutment (from a sketch) 
A == the mean equivalent height of earth corresponding to filling, masonry, and 

, S + Wkt + ^'^2 
surcharge =---- 

w 
<f> = the angle of repose of the filling. 

I — sin 

I + sin ^ 

p == the allowable maximum pressure on the foundations (uniform) 
H' = the total active earth pressure on the foimdation 
z = the height of the resultant of H' above the mean depth of the foundation 
M = the sum of the moments of the horizontal forces and the springing moment 

™ Hho + if H' is neglected or Hh^ + — H'z if H' is included; 

(in the case of a hinged arch is zero) 
9 — the angle between the resultant of all forces acting on base and the horizontal. 

Writing io andt^i +^,H' = \ 

in the case where there is a curtain wall extending to the roadway. 

J kw{d^^ - d^^), z = 
3^1 (^1^ - - 2(^,3 - d,^) 

3id^^ - do^) 
pressure acts on the height Aq, ot di — do, only. 

in case the earth 

calculate a ■■ V p , , Af 
= 6, and — = m. 

wh wh wh 

To simplify the fonnulse, 

Let X = the distance of the back of the abutment from the vertical through the 
springing 

y — the distance of the front of the abutment from the vertical through the 
springing. 

Then x and y are given approximately by the equations 

(6 ■— i)x — a 

These equations express the conditions that the allowable base pressure shall 



FOUNDATIONS 223 

be uniform over the base, and shall not exceed the allowable value of p, the rate 
of pressure on the ground. 

The total vertical reaction on the base isp(x — y) ; the total horizontal thrust 

isH -H' -. and tan 0 = 

The base should usually be sloped so far as is convenient on a line lying 
between the horizontal and a normal to the resultant given by the angle 0, say, 
on a line ab in place of AB. Alternatively the base can be stepped to follow this 
line. The top of the base should be inclined at an angle with the horizontal rather 
less than the inclination of the resultant reaction at the springing ; this must be 
inchned at an angle less than 15 deg. to 20 deg. unless the concrete is to be shuttered 
on top. In the case of a fixed arch it is usual to form the top of the abutment 
somewhat as shown by the dotted line so as to give a large increase in the stiffness 
adjacent to the springings. 

If necessary the calculation for x and y can be repeated for the corrected 
values of hi and taken from the section as now drawn from the values of x 
and y, and the height of the base taken at the back. The final section is to be 
checked as illustrated in the example following. 

Example.—In a three-hinged arch the conditions are as follows : 
H = horizontal component of the thrust, dead + 

full hve load = 53,520 lb. per foot width 
including knife-edge load at crown 

V = vertical component of the thrust for the same 
loads = 29,950 lb. per foot width 

s = surcharge on roadway " = 220 lb. per square foot 
w = density of filling = 100 lb. per cubic foot. 

density of concrete == 144 lb. per cubic foot. 
Ao depth from centre of springing to mean depth of base = 12 ft. 9 in. 
Total depth from roadway to mean depth of base = 23 ft. 6 in. 
From a tentative sketch hi is taken as 15 ft. and h^SiS S ft. 6 in. 

Then h == 
220 + 15 X 100 + 8*5 X 144 

100 
29-4 ft.; 

I j r I — sin ^ 
^ = 35 deg.; k -= ——t~~ = 0*271; 

I -f- sm 0 

p = allowable rate of ground loading = 2\ tons per square foot = 5600 lb. 
per square foot. 

220 
Then == 15 ft. + 8 ft. 6 in. -f- — 12 ft. 9 in. == 12-95 ft. = depth of filling 

from roadway to springing. 
220 

di = 13 ft. + 8 ft. 6 in. + — 257 ft. = depth of filling from roadway 

to base. 
H' = \ y. o-27i(257* — i2'95*)ioo = 6660 lb. 

z = 3 X 237(^57* - 12-95*) - 2(257* - i2-95*) ^ ..g 
3(237* - 12-93*) 
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^ == 53520 X 1275 — 6660 X 5*6 = 644700 ft. lb. 

Then a 
29^950 

100 X 29*4 
10-2 ; h ™ 

5600 

m 

100 X 29-4 

644700 

-= 1-91 ; and 

219 
100 X 29-4 

2 X 219 X 1*91 

10-2 X 10*2 

0*91 

y = 
1*91 

I 23-6 ft. “ 23 ft. 7 in 

= 5*9 ft. = 5 ft. IT in. 

99,000 lb. The total vertical reaction on the base = 2*5(23*6 — 5*9) X 2240 
H — H' === 53,520 — 6,660 = 46,860 lb. 

99,000 

46,860 
Tan 6 2*1, and 8 ~ 64I deg. 

The base will be sloped at an angle of 15 deg. 30 min., giving an angle of 
80 deg. between the resultant and the base. 

The section (Fig. 196) is now checked as follows : 
(i) Draw the curve of equivalent earth loading including the surcharge, the 

height at any section being 

w X height of earth x* X height of concrete + s 

w 

(2) Determine the resultant of the equivalent earth loading by taking moments 
or graphically. In the pre.sent case the resultant is 65,660 lb. acting at 11*85 ft. 
from the springing. 

(3) Determine H' and z graphically from the diagram of active pressures. In 
the present case H' = 8,300 lb. and z == 6*7 ft. 

(4) Determine the resultant force acting on the base by means of a force 
polygon. 

In the present case 0 = 64 deg. 30 min.; (64 deg. 30 min. + 15 deg. 30 min.) 
= 80 deg. ; cos (90 deg. — 80 deg.) = 0*985 ; and R = 105,600 lb. with a normal 
component N = 105,600 x 0*985 = 104,000 lb. acting practically at mid-point. 

The width of the base on the slope is 18*4 ft., and the rate of pressure on the 

base = —= 2.52 tons per square foot in place of 2*5 tons per square 
2240 X 18*4 

foot assumed. 
From the force polygon 0 = 64 deg. 30 min., agreeing with the approximate 

calculation. 
In the construction of mass abutments stopping off planes of concreting 

necessarily occur in which the shearing resistance is probably low. The position 
of these planes, at least towards the springing, should be specified. The position 
of the top section and its formation can be determined in the following manner: 

In the example, taking the horizontal thrust H == 53,520 lb. and 
allowing 40 lb. per square inch in shear, the required horizontal width 5S' is 

Q 
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= 112 in. — 9 ft. 4 in. Taking M on the line SS' so that AM — MB, 
12 X 40 
AM being drawn at an angle of 15 deg. with the horizontal and MB perpendicular 
to the top line of the abutment, AMB is the stopping-off plane. No stopping-off 
planes should be allowed above this level, and the top section should be reinforced 
somewhat as shown. 

Below this section the rate of shear stress diminishes rapidly and the inclina¬ 
tion of the resultant forces on the section is well within the angle of friction, so 
that the formation of the planes is not of great importance. They should, 
however, in general be sloped up at 15 deg. towards the springing so that the 
resultants act as near the normal as possible. In the example the plane MB 
requires to be shuttered, while the concrete is allowed to take its natural slope on 
AM. 

Evaluation of the Thrusts, Reactions, and Moments transmitted 
to the Foundation of a Hingeless Arch. 

The values of H, V, and Mj^ can be calculated with sufficient accuracy for a 
preliminary design for the foundations as follows : 

Let go = the unit loading at the crown including half the live load 
= the unit loading at the springing including half the Uve load 

w = ^ 
go 

P = the concentrated knife-edge load at the crown 
ho = the height of the springing above the middle-point of the base 

H = + ^ + 
48^ i6r r 

V - {2go+gi)j+ipl + iP 

Mj^ = the positive moment at springing = CPI, where C can be taken equal 
to 0'o6o for an open-spandrel arch and equal to 0-070 for a solid- 
filled arch. 

Here it has been assumed that the arch has been set out for dead load plus 
half live load, and the moment at the springing due to half live loading over the 
whole span can be neglected. These equations are exact as regards the effect of 
the knife-edge load in the case of a three-hinged arch with = o ; in the case 
of a fixed arch the results will be slightly in excess since the maximum value of 

the positive moment is given. In case more accurate values are required these 
are given by 

H = - 9^0 - + ^ + • 
y2or j6r ' r 

V = + ipi + iP 
90 

= CPI where C = o*o6 or 0*07, as before, 
here go = rate of loading at the crown due to dead + half live load 

gi = rate of loading at the springing due to dead + half live load 
gj = rate of loading at the quarto-point due to dead + half live load. 
In the case of hinged arches Mj^ = o*. 
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Mass Abutment with Vertical Front Face. 

The calculation for this type is very simple and depends on the fact that the 
rate of loading on the ground under the front face of a frustrum of a rectangular 
prism depends only on the height of the front face and remains constant for any 
height of back face. 
Let H — the horizontal thrust of the arch per foot width of abutment due to 

dead loading plus full live loading (including knife-edge loading) 
V “ the vertical component of the thrust of the arch for the same condition 

~ the positive moment at the springing due to the knife-edge load (zero 
for hinged arch) 

s — the surcharge on the roadway over the abutment 
w ™ the density of the filling over the abutment 
w' ~ the density of the concrete or masonry of the abutment 
hi “ the depth of the filling over the back of the abutment 
h2 ” the depth of the back of the abutment. 

The values of hi and h^ will not vary appreciably from the values 
given by a tentative sketch since they will depend only on the slope 
of roadway. 

h ~ the reduced height of the filling, masonry, and surcharge on the line of the 

back face = 
w 

h' ™ the corresponding reduced height on the line of the front face 
(f) = the angle of repose of the filling. 
^ _ I —• sin 

I + sin (j> 
p = the allowable maximum pressure on the foundations 
H' == the total active earth pressure 

= the height at which H' acts above the base of the foundation 
M = the sum of the moments of the horizontal forces and the springing moment 

= Hhfi + if H' is neglected, = Hh^ + H'Z, if H* is included 
0 = the angle of the resultant of all forces acting on the base with the horizontal 
X ==: the required width of base. 

V p M V M 
For brevity, calculate a — —\h ^ m = ; and m' =-— 

wh wh wh wh wh 

Then 

\ (6 - I) J 
or 11 whichever is greater. The latter condition restricts 

the resultant to within the middle-third of the base and only applies for high 
rates of ground loading. 

Example.—^As in the former example, take H = 53,520 lb., V = 29,950 lb., 
s = 220 lb. per square foot, and A# == 12 ft. 9 in. From a preliminary sketch 
assume hi « 20*6 ft., A, = 27 ft. 
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Then h = (lOO X 20*6 + 144 X 27 + 220) 100 = 267 ft. 
p = allowable rate of ground loading == 2\ tons per square foot = 5600 lb. 

per square foot 
H' = ^ X 0-271 (25-5^ — 12*75^) X 100 = 6600 lb. 

- 3 X 25-5(2;y-5^ - 12-75^) - (25-5» - i275») ^ 

3(25-5* - 1275*) 
M == 53,520 X 12*75 — 6660 X 5*6 = 644,700 ft. lb. 

0 %m mm ^ ^ 

Then a = 
29.950 

100 X 26*7 
== 241. 

= 11-21 ; b 

Fig. 197. 

5600 

100 X 26-7 
= 2-1; and m 

644,700 

100 X 267 

.\x == II ■ziij 
l- 

, 6 X 241 X i-l 1 
I -I-!!_-1| 

II-2I® I = 27 ft. 6 in. 

i-i 

To verify the position of the resultant (with A'j = 107, A', = i3-i) 
h' = (107 X 100 + 13-1 X 144 + 220) 4- 100 = 31-8 ft. 

_ _644^ _ 

100 X 31-8 100 X 31*8 

X = z X9-44{. /1 + ---   —■ — = 20 ft. 8 in. 
2 X 9*44* / 
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The resultant therefore lies within the middle third for a base 27 ft. 6 in. wide 
(Fig. 197). 

This result is checked graphically as follows from the diagram. 
Weight of base = 27-5 X 8 X 144 = 31,700 lb. 
Centre of gravity of base, by the usual graphical construction, is io-8 ft. 

from the vertical through the springing. 
Weight of filling and surcharge = 27-5 X 17*9 X 100 == 49,300 lb. 
Centre of gravity of filling from the vertical through the springing = 14*9 ft. 
Distance of resultant of weight of base, filhng, and surcharge from the vertical 

through the springing 

d = (27-5 X 8 X 144) + (27-5 X 17-9 X 100) ^ 
31,700 + 49,300 

w ~ 31,700 + 49,300 == 81,000 lb. 

The force polygon having been drawn m Fig, 197 with directions ah, he, and 
cd, by drawing parallels AB, BC, and CD the resultant on the base will be found 
to cut the base at 17 ft. from the middle point M of the base. 

The normal component of the resultant = 81,000 + 29,950 = 110,950 lb. 
The maximum rate of loading on the base is then 

p =. (1 + ——== 5570 lb. = 2i tons per square foot as 
27*5 \ 27*5 J 

required. 
A section such as P'Q'R'S' (Fig. 197) will often be chosen in place of the section 

PQRS, since this gives a resultant more nearly perpendicular to the ground line. 
Regarding the position of stopping-off planes, the same remarks apply as 

under Case I. 

Cellular Abutments. 

In this type counterforts connected by a curtain wall, base slab, and top 
distributing beam, are employed in place of the usual mass construction. The 
counterforts are usually at about 7-ft. to 8-ft. centres, and it is clear that the 
fixation afforded by such a construction at the springing can only be a fraction of 
that afforded by a mass construction, since the relative moments of inertia of the 
various sections below the springing are so much smaller. The perfect fixation 
at the springing usually assumed in continuous arch design cannot be attained. 
For this reason the type seems only suitable in the case of three-hinged arches, 
where its employment may be very advantageous both on accoimt of economy 
and the superiority of reinforced construction generally. If it is desired to use a 
cellular structure for continuous arches then the counterforts should be regarded 
as continuous with and part of the arch and designed accordingly. The design 
of a counterfort abutment can best be explained by means of an example 
(Fig. 198). 

Example.—A three-hinged arch is considered with H = 53,520 lb. and 
V = 29,950 lb. per foot width, and a surcharge on the roadway equal to 220 lb. 
per square foot. The allowable rate of ground loading is taken as 2J tons per 
square foot. The following assumptions are also made : 
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Mean depth of foundation level below level of springing //q = 12 ft. 9 in. 
and total mean depth of roadway to base level == 23 ft. 6 m 
Angle of repose of filling — 35 deg. 
Density of filling ze/ = no lb. per cubic foot 
Density of concrete w' — 150 lb. per cubic foot 
Assuming an average weight of filling and concrete of 120 lb. per cubic foot, 

^ == [(23-5 X 120) + 220] no == 277 ft. 
Then, as in the example under Case I, 

Fig. 198. 

H' == 6660 lb.; z = 5*6 ft., M = 644,700 ft. lb., a = - = 0*85 
no X 277 

h 5600 644700 
0 = --== 1*838, m = —= 212. 

no X 277 no X 277 

.'.a; = 9-85 
I + 

2 X 212 X 1*838 

i* I 1 

0-838 X 24 — 9-85 

?838““ 

9-85^ 

0-838 

24 ft. 

5-6 =5 ft. 7 in. say. 

Assume, provisionally, counterforts 12 m. thick at 8-ft. centres, base slab 
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24 in. thick, curtain wall 12 in. thick, and top distributing beam 4 ft. deep. The 
base slabs will be sloped at an angle of 15 deg. 

Counterfort Ribs (12 in. wide at 8-ft. centres). 
lb. 

Resultant thrust from arch = 61,300 X 8 = 490,400 
Weight of concrete above plane aa = 47 X 4 X 8 X 150 — 22,500 
Weight of filling and surcharge above plane 

= 5 X 12*5 X 8 xiio == 55,000 

77.500 
From a diagram of forces the resultant on plane aa = 533,000 lb. 
Normal component of the resultant on plane aa = 530,000 lb. 
The component acts at 5 in. from the centre of the section aa, which is 7*4 ft. 

in width = 89 in., say, by scale. 
Maximum stress in section a-a, 

(■ + = “5 Ib. per square inch. 
12 X 

Splays, 12 in. by 12 in., are placed at the top and bottom of the counterforts 
at their junctions with the top beam and the base slab. 

The ratio of maximum length of counterforts to thickness is 18, so there is 
no risk of buckling. Placing about o*8 per cent, of steel in the direction of the 

0*8 X 12 X 12 
thrust, we get-= 1-15 sq. in., or X-in. diameter bars at 12 in. 

100 
centres on both faces. From a triangle of forces the resolved shear along the 
junction of the counterfort and base slab (neglecting earth pressure) is 330,000 lb., 
and the normal thrust — 422,000 lb. Fifty-four sections of f-in. diameter links 
(= 5*95 sq. in.) are placed cutting the junctions of the base slab and counterfort 
at 45 deg. and assumed working at 16,000 lb. per square inch. 

Shear resistance of links = 5*95 X 16,000 V2 
Allow for reduction of diagonal tension due to normal thrust 

i X (422,000) 

lb. 

135,000 

211,000 

346,000 
as against the applied shear of 330,000 lb. 

In the foregoing calculations the diagonal tension in the concrete has been 
neglected on account of the construction plane at the junction of the counterforts 
and base. It is questionable whether the full value of the normal thrust might 
not be allowed as reducing the diagonal tension effect of the shear force. 

Top Distributing Beam. 

Span / == 8 ft.; total normal load W == 530,000 lb. 
The calculation will be made for the end span, and the same area of steel used 

throughout. 
Positive moments in end spans 

M = 530,000 X 8 X 0-078 X 12 
in. lb. 

= 3»97o.ooo 
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Negative moment over supports 
M = 530,000 X 8 X 0-107 X 12 5,450,000 in. lb. 

3,970,00 

13,600 X 45 

5,450.000 

6 50 sq. in. (end spans) 

A — -= 8-9 sq. m. (over supports) 
13,600 X 45 

S ~ I X 530,000 X i = 232,000 lb. 

^iSpicrjboti 
at S’Cn 

Details or Countcrfort 
(at &-0’arf^ 

xHlrra Bcrrj I'Dia In groups 

eoTSot lectTs 
e5 

dia U Unks ot 6 Crs 
ovc ha» 

at 12* 

dors 
flttemotety Straigni 
s dTmked 

Section on line: A-A 

DeiAiL or Di5nwBtmNC beom 

^8 Brcmchefl ofh^ ^ 

/Links, 4" to 84* Ceritttd 

I'at bottom 

^Jit g*cts 
/oftlffTWtely straiyhf s croniked 

\Mdia dors dt tZ'Crs 
to^ & bottom, di^nbi/tiofi 
Cfrarrimj 5ttet 

012545«7«910tf12JS415«r7« « » 21 » 23 04 25 FCCT 
4»l, l.. i..l-.i., I I I I t-i I I t n 1 I I I i 1 I I I i-J 

Fig. 199. 

The steel used {Fig, igg) is eight i-m. bars at the bottom continuous over all 
spans, eight li-m. bars at the top continuous over all spans, and eight branches 
of f-in links at 4-in. to 24 in. centres. 

lb. 
Concrete m shear 24 X 45 X 70 = 75,500 

Links 8 X 0‘ii X — X 16,000 
4 

Shear resistance 
as against shear of 232,000 lb. 

158,500 

234.000 
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Base Slab,— 

The pressure on the base slab is found as follows : lb. 
Weight of counterfort (8-ft. centres) = 152 cb. ft. X 150 = 22,800 
Weight of top beam ~ 47 x 4 X 8 x 150 = 22,500 
Weight of curtain wall ™ 9 x 8 x i X 150 = 10,800 
Weight of base slab = 19-5 x 2 X 8 x 150 = 46,900 
Weight of filling and surcharge = 4130 cb. ft. X no — 454,000 

557.000 

Total per foot of base — 
557^0 

8 
69,630 lb. acting at I2-I ft. from the springing. 

Thrust per foot width = 61,300 lb. 
From a force diagram the resultant moment thrust to the base is found to 

be TV == 108,000 lb. acting at almost exactly the mid-point; width of base 19-1 ft. 

Rate of pressure on ground ■= = 5650 lb. per square foot or 2J tons per 
19-1 

square foot as required. 
The maximum upward normal reaction at the toe of the base per square foot 

of base (cos 15 deg. ™ 0*966) is 
P = (565^^ 21*1 X no X 0*966 — 2 X 150 X 0*966) “ 3110 lb. per square 

foot, 
where 21*1 ft. is the height of filling and surcharge over the toe of the base. 

Af =- 82 X 3110 X 1*0 = 199,000 in. lb. 
~ 3*5 X 3110 = 10,900 lb. 

Gross rate of shear == = 41 lb. per square inch, and no shear steel is 
12 X 22 

required. 

A = 
199,000 

13,600 X 22 
= 0*66 

Three-quarter-inch bars placed at 8-in. centres alternatively straight and 
cranked are equivalent to o*66 sq. in. 

The curtain wall is calculated in the usual way for active earth pressure. 
If the foregoing method of calculating the shearing resistance (by combining 

the resistances of the concrete and the links) is not permitted, the links should 
be more closely spaced, or their size increased, so that they can resist the whole 
of the shearing force. 



CHAPTER IX 

BRIDGE ARCHITECTURE 

It is seldom that a good engineer is an equally good architect; the converse will 
no doubt be admitted by most members of both professions. Bridge work, with 
all its problems of intricate stresses and strains, difficult foundations, and so 
forth, is primarily an engineering problem. At the same time bridges are im¬ 
portant structures, frequently providing focal points in the landscape. Their 
appearance, therefore, whilst not affecting their utility, is of importance in pre¬ 
serving the amenities of the sites on which they are erected. 

On viewing examples of reinforced concrete bridges, more particularly those 
carried out since the year 1918, one comes to the conclusion that there have been 
three different types of engineering outlook with regard to the architecture of 
bridges. The first ignored the appearance of the work so long as the structure 
was strong enough to carry its load. Such bridges provide the bare engineering 
necessities of the case, for example square columns, splays, finish straight from 
the shutters, and so on. There was evidently no attempt to adjust composition, 
proportions, and surfaces to obtain a more pleasing appearance. In the 
second, whilst taking care of strength and permanency, the engineer evidently 
wished to give some architectural appearance, and in doing so tried to produce 
something unusual and novel. The third was that of the engineer who cared 
equally with the first that strength and permanency should be sufficient, and 
equally with the second that the bridge should have a good appearance, but who 
at the same time did not necessarily strive for something entirely unlike previous 
works and took advantage of the lessons of bridge architecture of the past. 

The first engineer frequently produced ugly structures. The second pro¬ 
duced structures which occasionally, in certain situations, have proved satis¬ 
factory but in many cases are unsuited to the site. It takes time to change or to 
develop public taste, and the drastic differences in appearance between old stone 
bridges and some of the unusual elevations presented by concrete work of this 
kind have reacted to the detriment of concrete generally. The third engineer 
is now tending to lead modern thought on the subject, and it is to him we look 
for advancement and progress in the future. 

Those who use it freely feel that concrete offers the possibility of structures 
more beautiful than any carried out since the best periods of masonry architec¬ 
ture, and the best work of recent years tends to confirm this view. This is logical, 
since the greater strength of concrete permits of slender sections with elegant lines 
and at the same time provides strength equal to that of masonry structures of far 
greater mass. 

In the design of the largest bridges of recent years the engineer has been 

234 
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allowed the services of a consulting architect in order to ensure the best aesthetic 
treatment of his purely engineering design. This is a policy which might with 
advantage be adopted in the case of some smaller structures which, due to their 
exceptional situation, may be almost equally important from an aesthetic point 
of view. Few engineers would deny the resulting advantages, and the main 
difficulty in making such an arrangement appears to be one of remuneration. 
The fees paid to the engineer for designing structures of this kind are generally 

insufficient to enable him to pay for architectural assistance. Where bridges of 
even moderate size are to be built in situations calling for exceptional aesthetic 
treatment there is a growing tendency for clients to authorise the engineer to 

obtain architectural advice in the preparation of the elevations, the client paying 
the architect directly. The cost of architectural advice is small compared with 
the total cost of the bridge and, considering that the structure is likely to remain 

in service for hundreds of years, this slight additional expenditure is justified. 
The procedure in such cases has been first to discuss the scheme with the 

architect at the site, in order to obtain his general views on the composition of the 

design based on each of the several types which the engineering features of the site 
indicate as deserving consideration. These various types have then been in¬ 
vestigated and one ultimately chosen as providing the best answer to the engineer¬ 
ing problem. Keeping in mind the architect's advice on the general composition 
of the chosen type, the general scheme drawings showing the outline elevations, 

longitudinal sections and cross sections have been prepared in pencil. These have 

been submitted to the architect, with photographs of the site taken from several 
viewpoints and any additional notes which might be of assistance in treating the 
design architecturally. The engineer's drawings show the outlines of the proposed 

structure in their barest necessity; the function of the architect is to give the 

structure an appearance that has architectural merit at the lowest cost. The 
following suggestions may be helpful to architects engaged on bridge work for 

the first time. 
Type of Bridge.—The type of bridge shown on the engineer's drawings will 

have been chosen after careful investigation of the many different types which 
might be adopted, and will give the most economical construction to suit the 

site. In consequence the type of bridge should not be altered, although minor 

modifications are permissible if they can be made without seriously increasing 

the cost. 
Shape of Arch.—The shape of a fixed arch is definitely settled by the span, 

rise, and loading for which the bridge is designed. In consequence it is not 
possible to alter- its shape without increasing its cost. In a three-hinged arch 
adjustment of the shape within fairly wide limits is possible. In a fixed solid 

barrel arch the shape viewed from the side may be adjusted by introducing a 

thickening for a little way back from the face. Any thickening to the extrados 

is entirely masked by the spandrel walls. Thickening to the intrados will show 
as a projecting rib. The remainder of the arch barrel cannot be altered. If, 

however, slight adjustment of a few inches, say, would give the structure a much 

better appearance, the design may be amended to that extent. If it is desired 
slightly to increase the depth of the arch, this may probably be arranged also. 

Columns and Beams.—As regards columns, beams, and other members, the 

cross-sectional areas are fixed and the proportions of depth to width are most 
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economical as shown on the drawings. Here again, however, slight adjustment 
may be made by the architect. For example, the proportions of a column 15 in. 
square in cross section may be adjusted to, say, 20 in. by 12 in., which gives 
approximately the same cross-sectional area and about the same strength 
without appreciable increase in cost. Twelve inches is, however, about the 
least figure to which the thickness of these members should be reduced. So far 
as the beams are concerned, a reduction in their depth may cause a dispropor¬ 
tionate increase in cost, due to the increased reinforcement necessary to make 
beams of the decreased depth of equal strength to those shown on the drawings. 
In consequence it is desirable that the sections of the beams should be unaltered. 
In general, therefore, the dimensions given should be retained as closely as possible, 
but minor adjustments can be arranged. 

Span of Arches.—If the architect wishes to vary the length of the spans, for 
instance, to make the centre span longer and decrease the spans toward the abut¬ 

ments, this is possible, but it necessitates some increase in the cost of centering 
which must be set against the additional amount allowed for architectural treat¬ 
ment. 

Road Gradients.—Suggestions are sometimes made to alter the road 
gradients so as to produce a camber in the length of the bridge or even a slight 
hump-back appearance, but this is usually a matter for the surveyor or road 
engineer and is frequently one of the un^terable data. Primarily a bridge is 
erected for the facility and safety of road users, and the level of the bridge deck and 
the gradients of the approaches are fixed so as to obtain these ends with reasonable 
economy. Where both approaches are level [Fig, 200 [a)] it does not seem to be good 
road engineering to introduce a camber on the bridge. If both approaches are on 
an equal rising gradient (J), the bridge deck should be carried through on a 
similar gradient, for the convenience of trafl&c. If both approach gradients rise 
toward the bridge (c), a vertical curve may be used to give the camber over the 
bridge; this looks well from the road and on the side elevation. If both approach 
gradients fall towards the bridge (d), an inverted camber would provide the best 
contour from purely road engineering considerations; alternatively the bridge 
could be level, and joined to the gradients by vertical curves. In this case ((?) a 
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camber does not look well from the roadway nor does it give a smooth run for 
traffic. 

Whereas the side elevation of a bridge looks more graceful if cambered, a 
camber on a bridge with two level approaches is not pleasing when the bridge is 
viewed from the roadway. Whether or not a camber is provided, it should be as 
small as possible, so as to cause the least interference to the view of driv^ers. 

General Architectural Treatment.—It is difficult to give a guide to the 
expenditure that is justified for aesthetic treatment in excess of the cost of the 
engineering structure. Different authorities have different opinions. The writers' 
view is that if a bridge is constructed in a country district of no special scenic 
beauty, one is not justified in spending on architectural treatment more than 
5 to 10 per cent, over the cost of the engineering structure. If in a town, the cost 
of architectural treatment might in some cases be increased to 30 per cent, of 
the engineering structure cost without being considered wasteful. The cost of 
the architectural treatment of a memorial bridge might be considerably higher. 

The increase in cost due to any additions or deviations made from the design 

Fig. 201. 

which provides the necessary strength and permanence, or any additions to it, 
must be put against the additional percentage mentioned. This additional 
cost is a factor in which the client will be particularly interested, and regarding 
which his instructions might well be obtained. 

Abutments.—^To a design for an abutment embracing the bare necessities 
of strength and permanence it would be reasonable to add a plinth. This 
addition would also be advantageous where the abutments are adjacent to 
a river and possibly liable to erosion, against which the additional thickness 
of plain concrete in the plinth would provide protection. The addition of 
a stringcourse or other simple feature would be fitting. If the abutments are 
finished flush with the outside line of the bridge, emphasis may be obtained at this 
point by a pier or pilaster on each side of the abutments which might form 
part of the approach wall behind the abutment. The pier should project as little 
as possible beyond the general side lines of the bridge, since a projection increases 
the lengths of the foundation trenches and foundations and may be costly. 

Piers.—^The simplest form of cutwater to the intermediate piers of a river 
bridge is pointed, with straight sides to the splays ; this is also the cheapest form 
of construction. Very little is involved in making cutwaters bullnosed (Fig. 201), 
or with curved sides, or to any other regular figure, because any shape can be 
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produced by using special boarding or plastered metal laths as shuttering for the 
cutwaters. Where there are several piers repeated uses of the shuttering are 
obtained. A cap for the top of the cutwater should be designed on simfile lines, 
as its shuttering is likely to be complicated in any case, particularly in the case of 
a skew bridge. 

Plinths added to the piers and projecting above the water line serve the same 
purpose as similar additions to the abutments. 

The Arch Ring.—Whereas the general shape of the arch ring cannot be 
altered, slight adjustments of say 2 in. or 3 in. either in thickness or shape can 
be made provided that the thickness shown on the engineer's drawing is not 
reduced. A stringcourse can be added to the arch ring, but it complicates the 
shuttering. Alternatively the arch may be grooved or nulls formed throughout 
the length of the ring to give the emphasis desired. 

Columns Supporting the Decking.—^As previously mentioned, the cross 
section of the columns may be altered from the most economical size and shape 
by widening them on the front elevation and making them a little thinner—with 
a minimum thickness of 12 in.—in the other direction. Their sectional area may, 
of course, be increased if necessary, but the additional cost of concrete and shutter¬ 
ing must then be considered as additional expenditure on architectural treatment. 
In the past all the columns over open spandrel arches have generally been made 
of the same cross section, although their heights may be 20 ft. or more near the 
abutments and as little as 3 ft. near the crown of the arch. If desired, the 
longer columns may be made a little larger, provided that every column along 
any quarter elevation of the bridge has not a different cross section since this 
prevents repeated use of the shuttering. 

Instead of the column shafts springing directly from the sloping extrados of 
the arch, column bases can be arranged for in the construction. Actually a level 
bed formed on top of the arch ring and projecting above it from which the column 
can spring, is an advantage in construction. As it would be better construction 
to form the base at the same time as the arch is concreted, the shallower it is the 
more easily and efficiently it can be made. 

From an engineering point of view there is no advantage in providing column 
caps except where long-span main beams are used across the deck. In such 
cases a projection of the main beams beyond the face of the columns, besides 
providing the basis of an architectural feature, permits better anchorage for 
the main beam reinforcement. These projections are also useful where provision 
is required to permit of cantilevering out for footpaths at a later date. In other 
cases column caps may be introduced, if they are of the same shape and size 
throughout the bridge, so that the shuttering may be carefully made and used 
repeatedly. 

Longitudinal Beams.—The outer longitudinal beams may be formed with 
curved soffits and circular splays instead of horizontal soffits and straight splays, 
the additional cost of the curved shuttering being small because it can be used 
repeatedly. 

A stringcourse is usually made at the level of the deck slab, as the underside 
of the slab usually forms a construction joint in the depth of the side girders. 
It is therefore advantageous to extend the slab a few inches beyond the outside 
of the outer girders in order to mask the construction joint. Whether a string- 
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course or a cornice is introduced, its best position is with its underside level with 
the underside of the deck slab. 

Subject to there being no undercut mouldings, there is very little difference 

Fig. 202. 

in cost in producing any shape of stringcourse or moulding desired. The moulding 
may be run in plaster on the shuttering and the concrete placed directly against 
the plaster. The moulding shown in Fig. 202 was formed in this way. 

Joints in the Outer Girders.—In a bridge formed of cantilevers alternating 

Fig. 203. 

with freely-supported spans in which open joints occur at intervals, or where 
contraction joints are provided, attempts have been made in the past to fill these 
joints with various materials. This has not generally proved satisfactory, and 
inconsequence the tendency now is to leave these essential joints open (Fig. 203). 
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Their positions can be altered a little in cin arch, but any change in a cantilever 
bridge makes a less economical design. Unless a pilaster or pier is provided on 
the outside to mask the joint it is necessary to leave it exposed to form a part 
of the elevation. The joints are generally about i in. wide, and are not 
particularly obtrusive in the final construction. 

Concealment of Hinges.—In two- and three-hinged arch'bridges a certain 
amount of breathing'' is concentrated at the joints. The centre hinge may, 
if desired, be masked by moulding a keystone projecting from the general outside 
line of the arch, this being fixed to one side of the arch barrel and kept free on 
the other side. This, however, is a subterfuge. The alternative is to show the 
line of the joint as a plain black line about i in. wide on the outside of the structure. 
The joints at the abutments can be masked by a pilaster or pier as suggested 
for the fixed arch. One point to note particularly is that where a cornice returns 
around a pier which masks a contraction joint an absolutely free joint is 
necessary, otherwise a part of the cornice may be broken away by the small 
movements to which such joints are subjected. 

Spandrel Walls.—Spandrel walls are generally retaining walls having the 
arch barrel as their base and retaining the earth filling above the arch. As 
there is always a construction joint along the line of the arch ring, emphasis of 
the arch ring, which will help to mask this construction joint, is an advantage. 
Spandrel wadis are generally kept free from pilasters or piers constructed at the 
ends of the abutments, otherwise they tend to act as girders and are subjected 
to stresses for which they are not designed. A freely-sliding joint is therefore 
necessary between the ends of the spandrel walls and the abutments. To finish 
the surface of these walls any simple form of grooving, bush hammering, or 
similar treatment is suitable. 

Parapets.—Generally, many more persons see the inside of the parapet of 
a road bridge than see the side elevation. In towns and in some rural situations 
the proportion may be considerably lower, but in every instance the inside of 
the parapet is really important and worthy of a higher proportion of any addi¬ 
tional expenditure than the outside elevations. Although the cost of natural 
stone is generally at least double that of precast concrete, there may be some 
advantage in using it, and as the quantity is not large this may be the best way 
in which to spend a part of the money available for purely aesthetic treatment. 
It sometimes happens that features in a parapet look well on the exterior elevation 
but rather too heavy on the inside elevation of the parapet. To prevent this 
a detail should be prepared showing the inside of the bridge parapet from the 
roadway, in addition to the elevations of the outside of the bridge. 

Precast concrete blocks of any size up to about 6 ft. long and the full height 
of the parapet are practicable, and can be moulded to exhibit practically any 
simple and regular decorative feature. 

The coping may be moulded to any desired shape. As a large number of 
blocks will be required from the same moulds, the cost of the moulds, no matter 
how intricate they may be, has no great bearing on the cost of the finished work. 
As the units are comparatively small it is easy to produce a better finish on them 
than on in-situ work. 

A precast parapet (Figs. 202 and 204) is preferable to in-situ work because 
it is somewhat difficult to obtain absolutely true lines in in-situ work. Even 
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slight irregularities in line are very evident when the parapets are viewed in 
the direction of their length. 

Parapet piers are generally precast from one set of moulds, but if large 
architectural features are introduced that cannot reasonably be transported and 

Fig. 204. 

placed in one piece they may be cast in position, even if the mouldings are com¬ 
plicated, provided arrangements are made so that the shuttering is easily 
stripped. The in-situ work may not have quite such a good surface finish as 
the precast work. 

Fig. 205. 

An open balustrade instead of a solid parapet is very well fitted to precast 
concrete construction (Fig. 204). Whereas balusters of natural stone are somewhat 
expensive, they are little if any more expensive than ordinary rectangular blocks 
if cast in concrete. The moulds can made in plaster, timber, or in concrete 
moulded from turned timber or plaster patterns. If it is decided to use a balus¬ 
trade, three or four balusters should te made in wood or plaster and erected 

R 
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{Fig. 205) for preliminary inspection so that any minor adjustments can be made. 
They are then used as patterns for the final balusters. 

Fixing Balusters and Precast Copings.—^Either copper dowels or dowels 
cast on the various members can be used for fixing balusters and copings. For 
balusters a good fixing is obtained by forming 3-in. by 3-in. by i|-in. deep recesses 
in the plinths and the underside of the copings and similar projections on the 
ends of the balusters. This gives a very rigid connection. For coping stones it 
is better to leave holes in the ends and set copper dowels into these. The 
dowels may be either of tube or solid copper having a length of, say, 6 in. and a 
diameter of f in. 

Memorial Tablets.—If it is decided to place a memorial tablet on the 
bridge, a definite position should be assigned to it on one of the piers so that 
it does not appear to be an afterthought. Its size should be suited to the scale 
of the bridge. Although the tablet can be cast in concrete this does not show up 
well; a bronze memorial tablet fixed to the concrete by hidden bolts is to be 
preferred. 

Junctions of Parapet and Approach Walls.—Where post-and-wire fences 
are used, a better appearance seems to be obtained by having an end post butting 
on to the end of the parapet wall even though this end post may need to be specially 
made. Sometimes the wires are fixed into the ends of the parapet walls by eye- 
bolts, but these do not look very well and, in addition, are liable to deteriorate 
much more quickly than the bridge structure. If they need to be replaced at 
a later date the cutting out and replacement may damage the ends of the parapets. 
Where walls are introduced along the approaches the parapets and walls should 
be designed so that the two will join in a pleasing way. 

Treatment of Parapet Girders.—From the point of view of appearance 
a parapet girder is somewhat clumsy and is rather difficult to finish in an attractive 
way. It has also the disadvantage that it places cast in-situ work—of which the 
lines are not nearly so true as in precast work—in a position where it can be 
seen along its length. For this reason it is an advantage even in a parapet girder 
to introduce a precast coping. Further to improve their appearance features 
may be moulded on them, but nothing may be deducted from the engineering 
design. 

Parapet girders should be used as seldom as possible although in some situ¬ 
ations they are economical. One reason is their bad appearance and another 
that if a runaway vehicle were to crash into a parapet girder it might endanger 
the safety of the whole bridge. 

Lamp Standards.—If concrete lamp standards are used they may be either 
precast or cast in position. Any shape may be chosen, as the shuttering is used 
repeatedly and one set of shuttering will probably be sufficient for the whole of the 
standards. 

Coloured Cement.—A more pleasing tone is obtained from a coloured 
cement than from natural cement colour, but in work cast in position it is very 
difficult with local materials to obtain an absolutely uniform sand and mixture 
throughout, and variations in the colouring result. These generally show up as 
a kind of '' cloud effect which is not pleasing. 

In precast work, however, which consists of comparatively small units, it 
is quite easy to obtain uniform colour throughout any unit or series of units. 
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A slight difference in shade between complete units made at different times is 
not objectionable, in fact, it is often attractive. For this reason, too, there is 
no objection to the use of coloured stringcourses where only comparatively small 
quantities of concrete are required at a time and it would not be difficult to 
obtain an exactly similar shade throughout. A coloured stringcourse may be 
introduced in another way by forming a recess in the face of the concrete by 
planting a board on the inside of the shuttering and then, at a later date, filling 
the recess with coloured cement mortar. This is a permanent and effective 
method. Buff and red cements are inexpensive—some others are rather 
costly. 

Ornamentation.—Any ornamentation which can be repeated many times 
in the course of the work by using the same mould is suitable, no matter how 
complicated it may be, for it is practically as easy to place concrete in a decorative 
mould as it is to place concrete against ordinary shuttering. The additional 
cost, therefore, is only the original cost of the shuttering, which if used frequently 
is not very costly for each unit. 

Surface Finishes.—Several different surface finishes are available. In 
order of simplicity and probably of cost these are : 

(a) Ruhhed Finish,—This is produced by rubbing the surface of the concrete 
with carborundum blocks and water after stripping the shuttering. It is in¬ 
advisable to add cement. Should there be any imperfections in the surface, 
such as honeycombing or pin holes so bad as to require filling, these should be 
filled before the rubbing process commences and the filling should be permitted 
to harden thoroughly. The carborundum block is used over the whole surface 
whether this is irregular or not, and on completion the face dries out to an even 
creamy white colour. 

(b) Exposed Aggregate Finish.—^This is obtained by painting on the shutters 
a chemical which prevents the cement immediately adjacent to the shuttering 
from setting. When the shutters are stripped the surface of the concrete is 
brushed with a wire brush which removes the outer skin of cement and leaves 
particles of the aggregate exposed. The difficulty with this method is that up 
to the present no really satisfactory chemical has been found which will retard 
the setting of the outer skin for a period of three weeks. Unfortunately in bridge 
construction it is frequently necessary to leave the shuttering in position for 
a period so long as this, and, in consequence, this method of producing exposed 
aggregate is not generally suitable for bridge work. 

(c) Bush Hammered Finish.—After the shuttering has been stripped and the 
concrete surface has thoroughly hardened it may be bush hammered. Over 
large areas this is carried out by means of a hammer driven by electricity or 
compressed air, a light tool being used and the shape of the teeth depending 
on the depth of cut required. For small areas a similar effect may be produced 
by a special hand axe having five or six blades clamped together, the surface 
of the concrete being lightly hit by the edges of the blades. The depth of cut 
may be whatever is required, from a slight roughening of the surface to a cut 
about J in. deep. The resulting finish is good in appearance, its quality and 
colour depending on the materials used in the concrete. If granite aggregate 
is used the finished work has more or less the appearance of scabbled granite. 
If whinstone is used the finished surface has a bluey-grey appearance which is 
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not so attractive. If gravel is used the surface has a brown tone when 
viewed from a short distance. Bush hammering removes the outer skin of 
cement mortar which offers a very excellent resistance to all deteriorating influ¬ 
ences ; it is desirable to increase the cover of concrete that is to be bush hammered. 
If it is decided to use bush hammers a block of concrete made of the materials 
proposed for use in the work should be hammered to different depths so that the 
hammer best suited to the work may be selected. 

{d) Grinding,—A further surface treatment is to strip the shutters, permit 
the concrete face to harden and dry out, and grind it with a revolving carborundum 
disk. The effect produced is somewhat similar to a second quality terrazzo, the 
appearance and colouring depending on the aggregates used. This treatment 
costs approximately twice as much as bush hammering. It is not, however, 
open to the objections of bush hammering, as the finished semi-polished coat 
is almost if not quite as weather resisting as the original concrete face. 

(e) Moulded Fluting.—This can be produced in the surface of the concrete 
by lining the shutters with a suitable grooved material. Such grooving {Fig. 202) 
gives some life'' to the concrete surface and provides a considerable improve¬ 
ment on the somewhat dead appearance of ordinary concrete. Coarse canvas 
has been fixed to the face of shuttering to produce a somewhat similar effect, 
but the difficulty with this is that it sometimes proves rather difficult to strip. 
One of the points to guard against in connection with any lining is bulging after 
it becomes moistened by the concrete. If this occurs, irregular grooves show 
in the finished concrete surface. On one occasion the writer lined the soffit of 
an arch with mill board in order to produce a smooth surface. Despite the fact 
that there was approximately 15 in. of solid concrete laid on the top of this 
mill board, the weight of which was expected to keep the mill board down, 
it expanded and formed corrugations, each about 2 in. wide and i in. deep, in the 
under surface of the arch at intervals. Bitumen sheeting may be used to give 
a smooth surface free from board marks, but in order to get the sheeting to strip 
satisfactorily it is necessary to whitewash it before the concrete is placed on 
it. Special shutter-hning board is available for obtaining smooth surfaces, and 
due to its rigidity there is no danger of it curling. Such lining must be tough 
and durable to withstand wear and weather during the assembly of the rein¬ 
forcement and until concreting is completed. 

(/) Rendering.—^Finished concrete surfaces may be rendered and almost 
any texture may be given to this finish by using steel floats, wood floats, combs, 
or brushes. An objection to a rendered coat is that whilst it looks well when 
first finished it often crazes in time and after a period of years tends to break away. 

(g) Painting,—Any smooth surface may be painted after the concrete has 
matured. Several special paints are made for this purpose, the best probably 
being one which has as its base some oil which has an affinity for concrete. These 
paints are made in a variety of colours. Whilst painting may produce initially 
a slightly glossy surface, after about twelve months the gloss weathers off and 
leaves a matt surface. The best types of paints penetrate a little into the face 
of the concrete, and their effect lasts for several years. With most of these paints 
it is better to defer painting for twelve months after concreting when most of the 
chemical action in the concrete has c^ed. It is best to use cexnmt paints 
specially made for the purpose. 



BRIDGE ARCHITECTURE 245 

(h) Shutter-Board Marks.—The shuttering may be lined with special boarding 
plywood, or sheet metal in large sheets to avoid the marks of the shutter boards 
which otherwise are always to some degree evident in the finished work. 

Another method is to line the shuttering with weather boarding or even 
to use very thick weather-boarding as shuttering. By this means a ridged effect 
{Fig. 206) is produced on the finished face, and if the shuttering is designed to 
produce these small ridges to a predetermined design the effect is pleasing. The 
most satisfactory practical treatment is to have the ridges at from 4-in. to 7-in. 
centres and a projection of about J in. to | in. It is better to use boarding having 
the edges shot off lightly in order to avoid the risk of breaking them away during 

Fig. 206. 

concreting or of breaking away the concrete arrises during stripping of the shutter¬ 
ing. With this boarding only blunt ramming tools should be used in the concrete 
work so as to avoid damaging the boarding, and, in addition, it is necessary to 
take a little more than the usual care in ramming the concrete and in stripping 
the shuttering. 

(t) Natural Stone Facing.—Stone facing is rather expensive and, although it 
improves the appearance, does no useful work in the finished structure. In conse¬ 
quence it IS much more economical to form a satisfactory surface in some other 
way. If it is considered imperative to use stone, due, for example, to close 
proximity to a stone building, the facing may be anything from 4 in. upwards 
in thickness depending on the type of stone proposed. The best result is obtained 
by building the stone face and placing the concrete behind it, the lifts being 
of such a height that they will not cause the facing to bulge. This produces 
a more rigid construction than if the concrete is built first and the facing placed 
in front of it, the joints between being flushed up with mortar. It is advisable 
to provide ties in the joints of the masonry facing; these may be of copper, 
say, 12 in. long by 2 in. by i in. and having fish-tail ends. If facing is used the 
mortar joints must be aUowed to set thoroughly before placing the concrete 
behind, otherwise there is a tendency for the grout from the concrete to run 
through the joints and down the face of the masonry, so discolouring it. 
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The previous paragraphs cover most of the questions which are discussed 
by the engineer and the architects who are advising on the elevations of bridge 
work. Many more detail points arise later, but in general these are peculiar to 
a particular bridge under consideration. 

It may be noted that economy is frequently stressed throughout the foregoing. 
To what extent it should govern the ultimate treatment calls for consideration 
of each case by itself. Whereas the ultimate decision concerning the permissible 
expenditure on aesthetic treatment rests with the client, a reasonable expenditure 
may well be approximately agreed by the engineer and architect early in the 
development of the scheme and submitted to the client for approval. 



CHAPTER X 

STRENGTHENING, WIDENING AND RE-ALIGNMENT OF 

EXISTING BRIDGES 

Many old bridges exist which are in fairly good condition structurally, but which, 
due to development in the type and amount of traffic, are not suited to present- 
day requirements. Among structures of this kind there are many which may, 
by some alteration, be made suited to present needs, and it is the purpose of this 
chapter to describe generally the treatment of cases of this kind. 

Old bridges in good structural condition may require alteration for one or 
more of the following reasons: 

(1) Because there are old square crossings with bad comers at one or both 
approaches, a case typical of many ancient bridges; 

(2) Because the bridge is too narrow for present-day requirements, probably 
suited to one-way traffic, whilst a sufficient width for two-way traffic and foot¬ 
paths is now necessary; 

(3) Owing to the presence of a humpback in the centre ; in order to improve 
the bridge the hump must be eliminated; 

(4) Because secondary roads have become primary roads, and, in consequence, 
the amount and weight of traffic have greatly increased; and 

(5) Because some parts of the old structure have shown signs of either distress 
or decay. 

If an existing bridge is in fairly good condition and, up to the time when 
improvement is given consideration, is dealing with aU the traffic along the road 
of which it forms a part, there is naturally some reluctance to abandon it entirely, 
even if its factor of safety under modern conditions is very low. In such cases the 
first consideration is whether it is possible in any way to make use of the old 
bridge in the scheme of improvement. It is a problem which calls for special 
investigation, including comparison of the cost of making the necessary altera¬ 
tions or strengthening compared with the cost of pulling down the old bridge and 
building an entirely new structure. 

In comparing a proposal for alteration with one of entire rebuilding, there 
are certain advantages and certain disadvantages which must be taken into 
account in addition to the consideration of cost. In the first place the total 
cost of widening, strengthening, or alteration is generally less than that of a new 
bridge, but at the same time the cost p^ square yard of the actual widening is 
usually higher. Not only does the saving occur in the bridge proper, but also 
there is frequently a saving in the approach work. In addition, where a widening 
is made it is usually possible to keep the existing roadway open throughout the 
whole of the operation without serious disturbance to traffic. 

247 
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Against these advantages, there is often reluctance to repair or widen a com¬ 
paratively old structure when this requires much expenditure, since it is evident 
that at some time in the future the new work will still remain capable of doing 
its duty whilst the old portion will probably have deteriorated to such a degree 
as to call for complete renewal. A second disadvantage is that after the alteration 
has been made the finished line of the roadway is seldom the best to suit modern 
requirements, nor, as a general rule, are the grade and contour of the road so good 
as would be provided in an entirely new scheme. A third point is that one is 
seldom able to assess accurately the strength and internal condition of the old 
structure, and so, even when the work is complete, whilst one is sure of the carry¬ 
ing capacity of the new portion, there remains an uncertainty as to the strength 
of the old work. Finally there is the difficulty of providing a satisfactory appear¬ 
ance to a bridge strengthening, widening, or re-alignment without expending on 
the new work an appreciable sum of money on this account alone, over and above 
that necessary to provide increased strength and width. Whilst reinforced 
concrete usually provides the structural work in a widening or strengthening, 
seldom in such work is one able satisfactorily to leave the concrete showing on 
the elevation. Instead, one is almost compelled to face the concrete with a com¬ 
paratively expensive veneer of a stone similar to that of which the original struc¬ 
ture was built and which will still be left exposed in the old part of the work. 
This is an expense which gives no direct return since such a veneer does not 
assist in carrying the increased load. 

The preliminary investigation for a work of this kind is exactly similar to 
that for a new construction, but, in addition, it is necessary to make a thorough 
investigation of the construction, condition, and strength of the existing work. 
If drawings are obtainable showing the construction of the existing bridge these 
should be examined and compared with the work so far as possible to verify 
that in the original structure no appreciable deviation was made from them. 
If any variation is found then it may be necessary to make an investigation under 
the roadway of the existing bridge to verify that the thicknesses of spandrel walls, 
arch rings, etc., are in accordance with the drawings. If drawings are not avail¬ 
able it is necessary to measure the existing work in order that drawings may be 
prepared to form a basis of theoretical investigation of the strength of the bridge. 
A careful examination must also be made of the condition of the work. The stone 
should be examined to verify that it has not appreciably deteriorated as a result 
of atmospheric or other influences. This is particularly important in the case of 
stone bridges in industrial areas where the atmosphere frequently contains gases 
detrimental to the stone work. An examination should also be made to make 
sure that the stone has been laid on its natural bed and that there is no undue 
deterioration as a result of neglect of this requirement. Cracks in the construction 
should also be looked for both where they appear as the opening out of joints 
and particularly where fractures show through the stone. The former may not 
be particularly serious, but where cracks follow partly along joints and at other 
places pass right through the stones of the structure they are more serious and it is 
difficult to make the work entirely good. Such cracks indicate greater disruptive 
forces at work than would cracks along the joints alone. Careful examination 
should be made to ascalain whether there is any sagging of the arch or arches; 
this should not be confined to the two elevations of the bridge but attention 
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should be paid to the central portion also, for sometimes, due to the greater load 
which is generally brought on to the centre of the roadway, a portion of the arch 
in this area may sag whilst leaving the outer faces practically on the original lines. 
A defect of this kind usually shows by a projection of central arch stones at the 
underside of the joints. Sagging of arches usually shows in one of two ways, either 
by a settlement at the crown or by movement at the haunches. The condition 
of the spandrel walls should be examined, particular care being taken to verify 
that they still remain on their original lines and that they are still plumb. Fre¬ 
quently the spandrel walls of old bridges were constructed of a section inadequate 
to withstand the pressure of the earth retained, and one will often find that a 
certain amount of bulging of these spandrels has taken place. The piers and abut¬ 
ments of the bridge should also be plumbed in both directions to ascertain whether 
any movement has taken place. As regards the foundations, investigation sliould 
be made as to the kind of ground on which they rest and, if they are adjacent to a 
stream, careful examination should be made to ascertain whether there has been 
any scour tending to undermine them. Cases have been known where bridges 
have continued in use and have given satisfaction until an exceptional flood has 
occurred which has produced a defect in the structure, examination of which has 
disclosed considerable scour of long standing. General appearance of the work 
should not therefore be accepted when considering this point, but probings and 
any other method suited to the particular case which will give definite information 
should be adopted. 

Finally, note should be made of any repairs which have been made to 
the old structure since its construction. Evidence of this can be seen in stones 
evidently newer than the original work ; tie rods between spandrel walls ; addi¬ 
tional ribs constructed under the original arches ; and in fact in every detail 
which would appear foreign to an entirely new structure. Repairs of this kind 
indicate that the structure as originally built was not particularly strong, and the 
tendency would be to lead one to build a new structure rather than to recondition 
an old one which had evidently, even in the past, proved unsuitable for its work. 

Whilst this examination is being made notes may be collected to indicate 
what repairs will be necessary to the existing work in the event of a widening or 
strengthening scheme being adopted. Such repairs might consist of replacing of 
the defective stones, pointing the existing structure, and possibly waterproofing 
the extrados of the arch to prevent percolation of water through the joints. 
Percolation of water through the joints of stonework occasionally causes trouble 
which may ultimately result in the settling of an arch ring due to the deterioration 
and washing out of the mortar between the stones. 

Cases of bridge widening and strengthening may be divided into two types : 
{a) those in which the existing substructure will be adequate under the new con¬ 
ditions, and (i) those in which the existing substructure is inadequate. 

Where the existing piers or abutments are adequate any widening of the 
bridge should be arranged so that there is an equal increase in width on both 
sides. Not only does this facilitate the arrangement of the superstructure of the 
new work, but it also has the advantage of spreading uniformly the additional load 
brought on to the foundations. In cases of this kind there are two general types. 

First there is the case where the existing abutments and piers project an 
appreciable distance beyond the faces of the old bridge superstructure. A case 
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Fig. 207.—Method of Widening where existing Piers project. 

Fig. 209*—^Widening by Double Cantilever on Columns built 
up from existing Piers. 
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t5rpical of this occurs in bridges spanning rivers, where the cutwaters of the piers 
of the existing bridge project a considerable distance beyond the faces of the 
parapets and spandrel walls (Fig. 207). Where these projections exist it is often 
possible to build up from them, so increasing the width of substructure available 
at the springing level of the superstructure. In cases where the existing founda¬ 
tions do not project beyond the width of the roadway, it becomes necessary to 
provide some support for the widening projecting from the existing piers or abut¬ 
ments. This can best be done by cantilevering across the piers and abutments, 
giving an equal length of cantilever on both sides of the bridge. Such cantilevers 
must, of course, have their foundations carried down to the top of the original 
pier or abutment; this is usually at the springing level of the existing arch and 
considerable depth of excavation through the filling over the old bridge is required. 
The cantilever itself can be constructed at this level (Fig. 208), or, alternatively, 
piers or columns may be built up from the old springing level and the cantilever 

Fig. 210.—Strengthening Foundations of Old Bridge. 

beams formed at approximately the new road level {Fig. 209). Whichever method 
is adopted it will call for ingenuity on the part of the engineer to arrange the 
new construction in such a way that it will still permit of the existing roadway 
being kept in service throughout the carrying out of the work. 

The case where the existing foundation is inadequate is also divided into two 
subdivisions. In the one case there are examples in which the inadequacy is 
due either to deterioration of the subfoundation or to scour. Where the deteriora¬ 
tion results from the decay of piling it is likely to prove an extremely expensive 
and tedious operation to make such foundations good and will considerably 
favour the adoption of an entirely new structure. In such cases it may be found 
necessary to surround the existing foundations with sheet piling of either concrete 
or steel and to apply pressure grout to the area so enclosed. Both these operations 
are very expensive and, in preparing estimates for the widening, a very ample 
allowance for contingencies should be made over and above a fair estimate of the 
cost since pockets may be found during the operations requiring large amounts of 
cement to consolidate them. It should be noted also that the vibration due to the 
driving of piles adjacent to an old structure may in itself involve such a risk of 
trouble with the existing work as to make it impracticable. 
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In some cases where the distance between the pier supports is not great and 
where they have shown signs of distress a method of strengthening consisting of 
inverted arches laid in the river bed between the piers or abutments may be 
worthy of consideration {Fig. 210). It is impracticable to describe every method 
of dealing with a contingency of this kind and a separate method must be de¬ 
vised to suit each case met in practice. Generally, however, such cases may be 
dealt with by the use of sheet piling, cementation, or filling with mass concrete. 

The second problem arises where the existing foundations are inadequate 
and it is necessary to increase their area. In such a case it is far better to arrange 
for the widening to be carried out on one side of the bridge, thus reducing to one 
operation the widening of each pier or abutment instead of making two operations 
in each case as would be necessary if the bridge were widened on both sides. 
Where this arrangement is adopted it is usually possible to make an improvement 
in the alignment of the roadway. 

Where foundations require to be increased the first necessity is that a method 
shall be adopted which will ensure no relative movement between the new and 
old work. If any such movement takes place then internal stress may develop 
between the new and old work with consequent trouble to one or both. Probably 
the bad effects would show in the existing structure as a result of the drag due to 
bedding down of the new work on its subfoundation. To avoid this it is usually 
desirable that the new foundations should be carried down to the same depth as 
the original work and, in fact, that they should be even a little more consolidated. 
For example, if the original foundation was on piles then the new foundation 
should be either slightly more substantial or have a slightly greater number of 
piles per unit area than the original work, to make quite sure that the rigidity of 
the new foundations will be at least equal to that of the old work allowing for any 
consolidation since it was built. To this end, also, it is usually desirable to adopt 
the same type of foundation as in the original work. In case of rock it is evident 
that there will be no relative movement between the new work and the old, but 
on other subfoundations special precautions will be required. For example, if the 
original work was founded on clay it may reasonably be assumed that some con¬ 
solidation has taken place in the clay, and if the new work is placed directly on it 
without previous preparation it is likely there will be a certain bedding down with 
consequent danger of some drag on the existing structure. To avoid this the 
subfoundation should be solidified, either by driving stakes into the clay or by 
boring comparatively shallow holes and grouting up below the general level of 
the foundations. In such cases the greatest care should also be taken when 
excavating to strip off the last four to twelve inches of ground and to seal it 
immediately with concrete to avoid a layer of puddled and loose ground forming 
immediately under the new foundation. Neglect of this precaution will certainly 
result in an increase of the bedding down of the new structure. Gravel and sand 
subfoundations are much more easily dealt with. Where these are found in com¬ 
pact beds they can usually be built on without any special preparation, although in 
a case such as this it is inexpensive and advisable to gipout the bed for a little depth 
below the foundation. This can easily be done by working down a crow-bar or 
a tube and filling the holes so formed with grout as the bar or tube is withdrawn. 
This primitive method of applying cementation to the ground below gives excellent 
results in many cases. Where piling is being considered in the widening of an 
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existing structure, care should be taken to arrange the work in such a way that 
no damage will be done to the existing bridge. Whenever piles are driven in the 
normal way considerable vibration develops in the ground, and this may prove 
dangerous to an old structure particularly if the final driving is severe. An 
alternative method in a case such as this is to bore in the ground, a process which 
does not cause any appreciable vibration, and to fill the bore holes with either 
concrete or reinforced concrete so forming in-situ piles. In every case when the 
concrete foundation is laid care should be taken thoroughly to ram it into the 
virgin ground below in order to consolidate it as much as possible as it is laid. 

Finally it will usually be found more simple to widen a bridge over a stream 
on the upstream side rather than on the downstream side so far as the founda¬ 
tion work is concerned. The reason is that a considerable tendency to scour 
usually exists on the downstream side of a bridge, and, in consequence, in a widen¬ 
ing of this kind one is likely to be working in deeper water than if the work were 
carried out on the upstream side. At the same time, from considerations of 
permanency, if the scour on the downstream side is reaching proportions where 
it may perhaps call for protective measures, then these can be incorporated with 
the widening by carrying out the new portion of the work on the downstream side 
and to a greater depth than the original piers. Each case requires to be decided 
on its own merits, but this point should be given consideration in dealing with 
such schemes. 

Strengthening of Superstructure. 

There are four main ways of strengthening the superstructure of a bridge. 
(1) By means of a relieving slab constructed at a level immediately beneath 

the road surface with a view to causing appreciable spread of any live load which 
the bridge may be called on to carry before this load strikes the extrados of the 
arch {Fig. 211); 

(2) By carrying up piers or supports from the tops of the abutments and 
building across these a beam or slab construction which will entirely relieve the 
existing arch of any load except that due to its own weight and the filling over 
it (Fig. 212) ; 

(3) By thickening the existing arch, using a reinforced concrete construction 
and tying this by means of metal ties to the extrados of the arch (Fig. 213) ; and 

{4) By a cellular construction of reinforced concrete directly over the exist¬ 
ing arch and replacing the existing earth filling (Fig. 214). 

The first method, using a relieving slab, is open to considerable criticism, and 
should not generally be used except in unimportant bridges where the existing 
structure still appears reasonably capable of carrying the load. It is quite imprac¬ 
ticable to make any accurate calculation of the effect of such a relieving slab, but 
it is obvious that such a slab, spreading concentrated loads as it must necessarily 
do, will appreciably reduce the concentration of stress in the superstructure and, 
what is perhaps more important, reduce the effect of vibration on the old work. 

The second method of canying up the abutments and spanning an entirely 
new structure across, thus leaying the e^dsting work to carry only its own weight, 
is a perfectly sound method. Its adoption depends on the span and, as a general 
rule, such a method cannot be successfully adopted where the clear span of the 
existing bridge exceeds 60 ft.; it is not generally economically practicable where 
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Fig. 211.- -New Reinforced Concrete Slab spreading Live Loads and so relieving 
Old Arches. 

Fig. 212.—Relieving Old Arches from all Live Loads by New Reinforced Concrete 
Superstructure. 

Fig. 213.—Relieving Old Arches from all Loads by New Reinforced Concrete Arches, 

Fig. 214.—Relieving Old Arches from all Loads by New Reinforced Concrete 
Cellular Construction, 
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the span exceeds 30 ft. The construction in a case of this kind should be designed 
as a portal frame, as outlined in Chapter V. This construction, also, is suited 
to the elimination of a humpback from an existing bridge. 

The third method of thickening the arch really necessitates the design of the 
new arch ring of sufficient strength to take the whole load, leaving the existing 
ring to carry only its own weight. Calculation on any other assumption is imprac¬ 
ticable, as the existing and new arch rings are of entirely different materials and 
will probably act independently. One difficulty in this method is to provide a 
suitable skewback and abutment from which the new arch can spring, for it will 
usually be found that the existing abutments are no more than adequate to take 
the thrust from the existing arch. The new arch thickening will, of course, 
spring from a point behind the existing arch and from a far less favourable position 
on the existing abutment. This method will, therefore, usually be found more 
suitable in cases where the arch springs directly from a rock subfoundation. 

The fourth method, that of cellular construction, has many advantages. 
In the first place it permits of the entire removal of filling from the top of the 
existing arch and so considerably reducing the dead load. In the second place 
such a cellular construction can invariably be arranged so that it will carry the 
whole of the loading of the finished work, and, in addition, it can be tied to the 
existing arch ring so that if at any time this tends to collapse it will be supported 
directly by the new construction above. The method usually involves the strip¬ 
ping of the filling, the introduction of metal ties in the extrados of the existing 
arch, and the construction of a comparatively thin slab of reinforced concrete 
over the existing arch from which ribs project up to deck level, where the ribs 
are again joined by a reinforced concrete slab of sufficient strength to span between 
the ribs and to carry the roadway and all live loads. The ribs, in consequence, 
have very considerable depth at the springings over abutments and piers, and are 
comparatively shallow over the crown of the arch, and should therefore in general 
be designed as continuous beams having var3dng moments of inertia. The reduc¬ 
tion in weight resulting from this form of construction is a desirable feature and 
may in some cases avoid increasing the foundations with consequent considerable 
economy. If, on the other hand, a certain amount of filling is considered desirable, 
arrangements can be made to fill any particular part of the cellular construction 
and leave the remainder empty. The one difficulty which arises from this method 
is to preserve the roadway across the existing bridge during the carrying out of 
the work, since it is necessary to excavate the whole of the filling over the existing 
arch. This, however, can be overcome by the construction of one complete 
longitudinal cell before proceeding with the remainder, or in other ways. 

One of the points which calls for consideration in the work of widening 
an existing structure is whether or not the widening should be tied to the exist¬ 
ing work. In general it may be taken that for short spans up to a maximum of 
about 50 ft., and in cases where the existing arch is of comparatively large rise, 
and provided also the foundations will remain rigid, the new work may be tied 
to the old. In all other cases where there is probability of some slight movement 
between the new and the old work a sliding joint should be provided. The 
advantage of tying the two together is that the new work will tend to strengthen 
the old structure along what is probably its weakest part in the widened work. 
The comparatively weak edge of the old work usually becomes in the new con- 
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struction the centre of the roadway and will be called on to take the maximum 
loads. The tying may be carried out in one of two ways : either by cutting holes 
in the face of the existing work and grouting in steel ties, the projecting portion 
of which will then be embedded in the new construction ; or, alternatively, by 
simply hacking off the face of the existing work to provide a rough and clean 
surface against which the new concrete would be directly laid. Whilst this may 
at first sight not appear to be a very rigid tie, on consideration it will be appre¬ 
ciated that a joint of this kind has a high resistance to shear. 

In cases where the span exceeds about 50 ft. a sliding joint between the 
old and the new work should be provided. In such cases there is more probability 
of settlement of the new constniction, due to stripping of the superstructure 
centering, to contraction, or to bedding down of the new foundation. Where 
a sliding joint is to be provided care should be taken to ensure that it actually 

CORRECT 
WILL SLIDE 

INCORRECT 
MAY NOT SLIDE. 

Fig. 215. Fig. 216. 

will slide. In other words, the filling in the joint should be sufficiently thick 
to permit shearing taking place in the filling material itself, for if there are 
irregularities in the face of the existing work deeper than the thickness of the 
filling material and into which the new concrete can bed some interaction is likely 
to take place (Figs, 215 and 216). 

Care should always be taken to ensure that there wUl be no leakage of surface 
water through the joints between the old and new work. Where adequate pre¬ 
cautions are not taken this joint is Hable to be a constant wet spot with consequent 
deterioration of the work around this area. This is particularly tmdesirable in 
view of the fact that this joint usually becomes the centre of the new roadway and 
in such a position is liable to the maximum effect of traffic and vibration. 

Wherever the foundations are widened the new construction should be made 
entirely self-supporting so that, if at any future date the older bridge deteriorates 
to such a degree that it requires renewal, it may be possible to demolish this and ^ 
rebuild it without affecting the new work. 

In connection with such widening it will often be found that a considerable 
improvement of the roadway can be effected by re-aligning the parapets at the 
ends of the bridge on the opposite side from the widening. This can often be 
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carried out by spanning a beam across from the existing bridge to the face of the 
wing wall or to an independent foundation, as shown on Fig. 217 and the a<xom- 
panying photograph {Fig. 218). Whilst the distance the parapet is sdt back is not 
great, it often has a very considerable effect on the alignment of the new roadway. 

In works of widening care must be taken not to interfere with the drainage 
of the filling to the existing bridge. Sometimes this is by means of weep holes 

Fig. 318.—Re>aUgiunent of Parapet in Fig. 217. 

through the spandrel walls, and, if these exist, drains should be carried from, 
them directly down through the new arch 'ring. Alternatively, they may be 
collected together in one drain and carried over the new portion and discharged 
at convenient places at both ends of the bridge. 

Fig. 219.—Junction of wMeningand existing Bridge siwwlng ]>ow Spandrel Waite 
should be cut down to avoid Inrd spot In Roadway and, suhsequait forinatlan 

, of Ruts, - ' 

Hie fiilir^ placed over a new widening mdst solidifi^^ 
and to this end the niaterials for filHng ^h^d be wdl itipsen; It is adyisaWe 
to use a ^>ecial lanumg tool as, for example, a pe|toWbiKen 
ensure complete solidificdricm and to ai^M ridis ^ rim tto 
oW and -new work’ia the,,finpied;roadway. 

at least a',ft. 
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spandrel wall will form a hard spot in the centre of the road, and in a very short 
time deep nits are likely to form on one or both sides of it. The filling over the 
demolished spandrel wall should be made to match as far as possible the density 
of the filling on both the new and old work (see Fig, 219). 

A widening scheme should usually include for the re-pointing and re-con¬ 
ditioning of the existing structure. It is advisable, in addition, to include for the 
removal of any trees within 15 ft. to 20 ft. of the face of the existing work to give 
an air space and to prevent deterioration due to continuous moisture. 

After Widening. 

220«—Cowie Btidge, Stonehaven. 
[Note how closeiy the New Work FotLows the Old Structure 

IK Appearance.] 

These not6s outline the general principles to adopt in considering schemes of 
this kind and indicate that every scheme will provide its own particular problems, 
the whole of which can hardly be covered in any general analysis. 

Finally, there is the question of the tieatm^t to be adopted for the elevation 
of a wid^ed slructtne. In the case where it is decided to widen a structure 
it will lisuaHy be found that old parapets aue fe sufficiently good condition to be 
retained on the unaltered aide, md re-used on the side of the widening. This is 
m apiaredal^ mvmg over the cost of building entirely new parapets and is a 
course lyhich should gen«s^y be adopted^ If the old parapet is not re-used, it 
btonn^ evident whm one oonsidm the eievatkm of the widened part of the 
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work that in few cases will a satisfactory result be obtained unless the concrete 
is faced with stone. It is often possible to obtain the stone facing for the new 
widening from the same quarry as that from which the stone for the original 
structure was obtained. It is better to reproduce the elevation which is disturbed. 
Photographs should be taken of the old elevation, the stonework and pointing 
should be described in the specification, and items to cover their reproduction 
included in the schedule. If new stone is costly, the best treatment is prob¬ 
ably to use the old parapet and to bush-hammer the concrete below, using an 
aggregate which matches the natural stone. Fig, 220 shows a bridge before and 
after widening and shows how closely old work can be copied. The entire 
constructional work behind the stonework is of reinforced concrete. 

In the following, typical examples of bridge widenings are described. 
1.—Cowie Bridge, Stonehaven.—^This was a case where the substructure 

required to be increavSed in width (see Figs, 221 and 222). The improvement 
necessitated a widening of 14 ft. 6 in. The bridge crosses the river Cowie by 
means of three spans each of approximately 23 ft. 6 in., and in addition the 
northern approach crosses a mill lade approximately 10 ft. wide. On the northern 
side the approach runs in direct line with the bridge, but immediately to the south 
there is a sharp curve into the main road through Stonehaven. Unfortunately 
on the south-east side of this road there is property in such a position that to have 
widened on this side would have necessitated the purchase of several houses and 
an increased cost entirely out of proportion to the advantage gained. In conse¬ 
quence, and as the sub-structure required to be increased in width, the widening 
was made entirely on the western side and the opportunity taken to improve the 
approach at the north-west end. 

Provision is made for a clear width of 40 ft. between parapets, allocated as 
30 ft. to the roadway and 5 ft. on each side to footpaths. The river under normal 
conditions is about 1 ft. deep at this point, but at times of flood it rises approxi¬ 
mately 7 ft. above this level. The ground consists generally of loose gravel, 
becoming fairly solid at a depth of about 5 ft. below the river bed, and it is on this 
consolidated gravel that the old .bridge and the new widening are founded. 

Due to the comparative cheapness of concrete, resulting from a supply of 
aggregate being obtainable from the river bed, the abutments and the pier founda¬ 
tions are of mass concrete and are provided with only sufficient steel to form an 
adequate bond with the superstructure. The two river piers were formed within 
dams of 2-in. tongued-and-grooved boarding, backed up on the river side with 
the material from the excavations. Only a small quantity of water percolated 
through the bottom, and with the aid of a small pump it was found possible to 
place the concrete without damage. At approximately the bed of the existing 
stream a step was formed in the concrete abutments. From this level the whole 
of the work was faced with natural stone similar to that of which the old bridge 
was built and having a thickness of from 4 in. to 12 in. in different parts of the 
work. This stone facing was built up in short heights and joints in cement 
mortar; the concrete being placed behind it, the best possible bond was obtained. 
Care was taken to moisten the stonework before the concrete was placed in order 
to prevent undue absorption of water fpm the concrete which might have reduced 
the bond between the two* Further to improve the key, copper dowels approxi¬ 
mately I in. wide by | in. thick having ^ghtly fish-t^ed ends were bt^t into 
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work that in few cases will a satisfactory result be obtained unless the concrete 
is faced with stone. It is often possible to obtain the stone facing for the new 
widening from the same quarry as that from which the stone for the original 
structure was obtained. It is better to reproduce the elevation which is disturbed. 
Photographs should be taken of the old elevation, the stonework and pointing 
should be described in the specification, and items to cover their reproduction 
included in the schedule. If new stone is costly, the best treatment is prob¬ 
ably to use the old parapet and to bush-hammer the concrete below, using an 
aggregate which matches the natural stone. Fig. 220 shows a bridge before and 
after widening and shows how closely old work can be copied. The entire 
constructional work behind the stonework is of reinforced concrete. 

In the following, typical examples of bridge widenings are described. 
1.—Cowie Bridge, Stonehaven.—^This was a case where the substructure 

required to be increased in width (see Figs. 221 and 222). The improvement 
necessitated a widening of 14 ft. 6 in. The bridge crosses the river Cowie by 
means of three spans each of approximately 23 ft. b in., and in addition the 
northern approach crosses a mill lade approximately 10 ft. wide. On the northern 
side the approach runs in direct line with the bridge, but immediately to the south 
there is a sharp curve into the main road through Stonehaven. Unfortunately 
on the south-east side of thisVoad there is property in such a position that to have 
widened on this side would have necessitated the purchase of several houses and 
an increased cost entirely out of proportion to the advantage gained. In conse¬ 
quence, and as the sub-structure required to be increased in width, the widening 
was made entirely on the western side and the opportunity taken to improve the 
approach at the north-west end. 

Provision is made for a clear width of 40 ft. between parapets, allocated as 
30 ft. to the roadway and 5 ft. on each side to footpaths. The river under normal 
conditions is about i ft. deep at this point, but at times of flood it rises approxi¬ 
mately 7 ft. above this level. The ground consists generally of loose gravel, 
becoming fairly solid at a depth of about 5 ft. below the river bed, and it is on this 
consolidated gravel that the old .bridge and the new widening are founded. 

Due to the comparative cheapness of concrete, resulting from a supply of 
aggregate being obtainable from the river bed, the abutments and the pier founda¬ 
tions are of mass concrete and are provided with only sufficient steel to form an 
adequate bond with the superstructure. The two river piers were formed within 
dams of 2-in. tongued-and-grooved boarding, backed up on the river side with 
the material from the excavations. Only a small quantity of water percolated 
through the bottom, and with the aid of a small pump it was found possible to 
place the concrete without damage. At approximately the bed of the existing 
stream a step was formed in the concrete abutments. From this level the whole 
of the work was faced with natural stone similar to that of which the old bridge 
was built and having a thickness of from 4 in. to 12 in. in different parts of the 
work. This stone facing was built up in short heights and jointed in cement 
mortar; the concrete being placed behind it, the best possible bond was obtained. 
Care was taken to moisten the stonework before the concrete was placed in order 
to prevent tmdue absorption of water from the concrete which might have reduced 
the bond between the two. Further to improve the key, copper dowels approxi¬ 
mately X in. wide by ^ in. Idhick having sightly fish-tafled ends were bdlt into 
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the joints of the stonework and carried back into the concrete, there being approxi¬ 
mately one dowel to each square yard of stone surface. The arch rings have a 
span of approximately 23 ft. 6 in. with rises of 3 ft. 5 in. in the side spans and 
3 ft. 8 in. in the centre span ; they are 20 in. thick at the springings and 10 in. 
thick at the crown. It was not considered necessary in view of the comparatively 
good foundation to provide any special joint between the existing structure and 
the new widening. In consequence the face of the existing structure was simply 
well cleaned anc the new concrete placed against it, so providing some measure of 
bond. The culvert for the mill lade, which has a span of ii ft. 3 in. and a rise of 
5 ft. in. with a total height from invert to springing of arch of 5 ft. 5 in.^ has 
walls and arch ring 12 in. thick and a base slab 15 in. thick. This work was 
carried out during a week-end when it was possible to close the sluices and stop 
water running down the lade. Rapid-hardening Portland cement was used in 

Fig. 224.—Brotherton Bridge (Widening). 
[A Cellular Construction in Reinforced Concrete faced with Stone 
10 Reproduce exactly the Appearance of the Original Bridge. See 

Fig. 223 FOR Details,] 

the invert slab, and it was found that when water was turned on after a lapse 
of only 2j days no damage occurred. The appearance of the finished 
structure was specified to be exactly similar to the structure existing before 
the alteration. Photographs were t^en before the work commenced in order 
that the appearance of the new work might be definitely verified (see Fig. 220). 
The old parapet wall and coping were re-used, but where necessary bad stones 
were replaced by new ones and a certain amount of new coping was dso required. 
The work on the existing part of the bridge was re-pointed, and there is very little 
difference between the character of the stonework in the old structure and in the 
new, nor is there any difference in the general appearance of the two parts. This 
is an ideal state of affairs in such a scheme. 

2.—Brotherton Bridge.—Widening and re-alignment, substructure in¬ 
creased in width (see Figs. 223, 224 and 225). The span of the arch of this 
bridge is 44 ft. in the clear, and the rise 14 ft. 5 in. The height from the stream bed 
to road level is 55 ft. 6 in. The widening varies in width from 23 ft. at one end to 



262 REINFORCED CONCRETE BRIDGES 

14 ft. at the other, and, in addition, at the narrow end of the widening there is 
a re-alignment of the parapet on the opposite side of the bridge to give ultimately 
the best line for the finished road. In order to preserve the amenity of the site 
it was decided to reproduce the existing elevation exactly in the new structure 
both as regards surface finish and general outline. This, however, immediately 
presented a difficulty because the contour of the ground tended to throw the 
springing of the widening arch to a very considerable height above ground level, 
which would have necessitated in normal construction an abutment of very large 
size and consequent considerable cost. One or two des^s were investigated, and 
it was found that the most economical and at the same time the most satisfactory 
method of dealing with the case would be to carry out the work in cellular con¬ 
struction with cellular abutments, the soffit of the beams being the shape of the 
existing arch. The foundations throughout were carried down to rock which 
occurs at a shallow depth below the surface of the sidfes pf the ravine. The bases 
of all the abutment cells are 18 in. thick and are stepped as necessary to follow 
the general contour of the rock. The walls of the cells are generally 10 in. thick. 
The soffit slab forming the bottom of the cellular superstructure and following 

Fig. 22s.—Bromerton Bridge. 

the line of the existing arch is 6 in. thick. The deck slab is 8 in. thick and the 
ribs are 14 in. wide arranged as shown on the drawing (Fig. 223). Full advantage 
was taken of the fact that the beams were considerably deeper at the springing 
than at the crown, by taking into account the variation in moment of inertia 
along their length. They do, in fact, practically cantilever from the abutments. 
In order to produce the necessary counterbalance on the south Side where the 
abutments are comparatively shallow they are filled to a certain level with earth. 
All the cell walls have dram holes through them, and tdiould any water seep into 
the cells it will discharge through weep holes into the stream. The whole of 
the external elevation and the face of the abutment up to the q^Hrh^ing line of , 
the arch are faced with stone ^proximatdy 6 in. thidc. It was Oonodomd • 
unnecessary, and it would certainly have be«x very expensive, to face ^e tajder- 
side of the arch with stone. The character of the etone uud the df lointthg 
follow thut in the eaihar bridge. A photograph was teto d the weak 
in cuder to check that thefii#mdstnictme (1%. $94} *$ danriod' ie lUA'^Kadt' 
re|hca, The done lachi^ is fisced bjjfi by i-ia, by xfihh 
allowir^ one cramp pit Ijsee. It 1^' ^ f. 
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are tunnels through the abutments of ttie bridge at both ends. These serve no 
useful structural purpose, but apparently were intended in the original scheme 
to provide pathways through from one side of the bridge to the other. They 
have been carried through on the widening work to preserve the elevation and 
they certainly have the effect of relieving what would otherwise be a rather 
large expanse of plain wall. 

The re-alignment of the parapet of the bridge on the opposite side from the 
widening has been carried out by cleaning the face of the existing work from the 
centre of the arch down to the base of the abutment on the one side, the adjoining 
ground being excavated down to rock. Holes were cut at intervals in the existing 
work; into these copper ties were grouted and left projecting to bond with the 
concrete work in the widening. The widening may be considered as simply a pier 
built up adjacent to the existing abutment and keyed thereto with a cantilever 
projection towards the centre of the existing arch with which it bonds and into 
which it fades at the crown of the old arch. The old parapet wall has been re-used 
and a certain amount of re-ahgnment made in the walls beyond the approaches 
of the bridge at both ends to provide satisfactory ahgnment of the fini^ed road. 
The approaches to the bridge have been well balanced at both ends to give a 
pleasing effect as one enters on the bridge. The widened bndge is a very great 
improvement and the most economical treatment for this case. As already 
noted in a general way, however, the finished work does not provide either an 
alignment or a contour quite so ideal as could have been chosen if an entirely 
new structure had been erected, but this would have involved almost twice the 
expenditure and much difficulty in keeping the roadway open during reconstruction. 

3.—Junction Street Bridge, Edinburgh.—^A case in which the substructure 
required no strengthening is shown in Ftgs. 226, 227, and 228. This bridge is 
on the main road from Edinburgh to I^ith. Hie old structure has an overall 
width, outside to outside of parapets, of 30 ft. and it was found necessary approxi¬ 
mately to double the overall width of the roadway. The old construction consisted 
of a masonry arch having a clear span of 70 ft., and a rise from springing to 
extrados at crown of 19 ft. This arch was carried by mass masonry abutments 
and the extrados of the arch had constructed above it a series of spandrel walls 
as shown on Fig. 226. In the first place examination was made of the foimdation 
and analysis made of the stresses in the existing arch rmg. As a result the 
conclusion was arrived at that the foundations as they stood would be sufficient 
to carry the whole of the increased width of the bridge. This therefore forms one 
of the cases in which the supports are carried up from the top of the existing abut¬ 
ment to a level approximately that of the new roadway. Beams and cantilevers 
cross the abutments to carry the increased width. Between the cantilevers, 
ivhich are clearly diown on the drawings, and on both sides three beams span on 
each side of the bridge, one directly tindemeath the parapets, one underneath the 
kerb fanning boimdary of the roadway and one close up to the existing work. 
The abutiuent of the existing bridge proiected approximately 5 ft. on each side 
beyond the face of the ^andrd walk, and this made it necessary to provide a 
dear bverhaug of 10 ft. 4| in, on each side of the bridge. The face of the new 
cailtiever beams is set back kom the sprmgifiig line of the old arch approximately 
# ft. 6 thus giving a cl$ar of % ft- for the new g^ders. The girders below 
diU b ft. ih depth by 14 in, in width; those below the kerb are 
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7 ft. 6 in. in depth by 14 in. in width ; those immediately adjacent to the existing 
work are 5 ft* 6 in. deep by 16 in. in width. The new footpaths have a clear width 
of 9 ft., and below each of them is provided a pipe-duct the full width of the path 
and having a total depth from footpath level of 2 ft. 9 in. These ducts contain 
only the pipes and cables, and are not filled in. The footpaths over them consist 
of pre-cast reinforced concrete slabs spanning between a ledge formed on the 
parapet beams and a rebate formed on the inside of the kerb. The roadway 
between the face of the existing structure and the kerb beam is carried by a 
5-in. reinforced concrete slab. Over the slab there is approximately i ft. 6 in. 

View showing widened Roadway. 

Pig. 228.~-Juiiction Street Bridge, Edinburgh. 

of filling up to the new road level. The second span of this widening consists c 
the addition of a 9-ft, wide footpath to an existing bridge over the adjoining rai] 
way line. In this case, due to the necessity of avoiding staging below the worli 
it was carried out in a similar manner to the widening over the river but usin 
plate girders encased in concrete, the plate girders being of sufficient strength t 
carry the whole of the load and arranged so that they would support the shutterin, 
for the concrete during construction. 

TMs fornis a particularly good example of a bridge widening constructioi 
where the existing foundations are ^sufficient to carry the whole of the load o 
the widened work. It should be noted, however, that there are not many case 
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where the existing foundations are capable of carrying the load from a width 
double that of the existing structure. In cases, however, where there is a mass 
abutment similar to that existing in the case in question it is frequently possible 
to increase the total vertical loading appreciably if the point of application of the 
increased load is carefully chosen to produce an absolutely uniform load over tlie 
total width of foundation taking into account the thrust from the arch, the load 
of the foundation itself and the superimposed load from the new work. The new 
structure carries two tramway lines and extremely heavy traffic to and from the 
docks. It has now .been in service since the late 1920's. The photographs 
(Fig. 228) give some indication of the appearance of the finished work both from 
the roadway and from the side. Whilst the construction has not improved the 
appearance of the old bridge it has not seriously affected it, and in any case the 
structure as it now stands is equal in appearance to many buildings in the 
neighbourhood. 

The three examples given are typical of many cases met with in actual prac¬ 
tice. Each is dealt with in an entirely different manner chosen to meet the special 
requirements of the case. The wide variation in treatment is some indication 
of the thought required to deal with bridge widenings and re-alignments in the 
most satisfactory and economical manner. 

Strength of Existing Concrete Bridges. 

The remarks in this chapter on the condition and strength of existing bridges 
are limited to masonry structures. In some cases the engineer may have to assess 
the strength of existing reinforced concrete bridges and, as such bridges have 
usually been constructed within the last half century, it is probable that detail 
drawings are available, in which case it is only necessary to ensure, by comparing 
the drawings with the structure, that the latter has been built in accordance with 
the drawings. It is obviously only possible to check by superficial measurement 
that the sizes conform to the details. The accuracy of the reinforcement is more 
difficult to determine. Knowledge of the names of the designer and contractor 
may assist in deciding whether accuracy is likely, but unless some form of examina¬ 
tion is made the correctness of the amount and position of the reinforcement can 
remain only an assumption. It may therefore be advisable to remove a small 
amount of concrete cover to expose the reinforcement at a few critical places to 
determine the condition, position, and possibly the amount, of steel. New cover 
can subsequently be placed by cement-gun. Elsewhere the position of the 
reinforcement may be partially determined by electrical exploration or similar 
means. 

Examination of the structure should take cognisance of the position, extent, 
number, and penetration of any cracks in the concrete, and the extent of any 

Ting or other deterioration. Cores cut from the concrete may be examined 
Whiismdness and strength (the cavities being made good with new well-compacted 
desirabM h^aaae.i;q mind, however, that the relation of the strength of sucli cores 
possible* Prom exabe strength has not yet been definitely established. Founda- 
that cbntractots |dai^ned as already described for masonry bridges, 
isrete Wdrlt m matter Mest loading of the bridge may be justified. By means of 

in pmpariil^ctometers the increase in stress and deformation due to 
irorlt tni^ermined. Such tests cannot, however, reveal the existing 



a66 REINFORCED CONCRETE BRIDGES 

stresses due to dead load, shritikage, yield, fatigue, and possible foundation settle- 
ipent, which may be high compared with the increase in stress due to live load. 
Further, measured stresses in reinforced concrete structures are frequently 
considerably less than the calculated stresses. 

When the engineer is satisfied about the design and physical characteristics 
of the bridge, it remains to assess the strength of the structure, that is the estimated 
ability of the bridge to carry live load. This entails the determination of the 
weakest section of the composing members in relation to the calculated bending 
moments and shears. In computing the bending moments it may be necessary 
to take into account cracks that may have produced virtual points of contra- 
flexure in positions not intended by the designer. The safe working stresses 
should be assessed on the known strengths of the steel and concrete, or, if these 
are not available, the design stresses required at the time the bridge was designed 
may be a guide. Obviously, the factor of safety applied to an existing bridge 
should bear some relation to the accuracy of the established facts relevant to 
the strength of the structure. 



CHAPTER XI 

OFFICE PRACTICE 

Routine—Draughtsmanship—^Calculations and General Drawings 
— Detailing — Checking — Steel Sheets — Specification — Bill op 

Quantities 

In this chapter it is first intended to give a general outline of the steps which 
are taken m the drawing office in the preparation of the complete design and 
particulars for a reinforced concrete bridge, after which each of the steps will 
be discussed in some detail. 

When the survey notes are received from the site it is necessary to plot 
them, a scale of 20 ft. to i in. being generally suitable to show the site of the 
bridge and sufficient length of road on both sides without the drawing becoming 
unreasonably large. In addition to this, however, it is advisable to plot the 
actual site of the bridge to a scale of 8 ft. to i in. This plotting will form the 
basis of the scheme plan, which will include the positions of abutments and 
piers, the lines of approach walls, and any supplementary work included. In 
the preparation of the scheme plans investigation of several designs will often 
be required before the most economical and effective proposal is found _ These 
alternatives are usually drafted very roughly and based on quick approximate 
calculations both as to strength and cost. The general principles outhned in 
preceding chapters together with the ^ei^neer's experience will assist in an 
early clioice of the most suitable scheme. The cross-sections through the various 
parts of the structure should usually be drawn to a larger scale, say 4 ft. to i in. 
to show clearly the construction proposed. The elevation should also be pre¬ 
pared at this stage, keeping in view the amenity of the site as well as the need 
for economy. The preparation of the final scheme plans will entail a certain 
amount of calculation, ^though at this stage it is desirable to reduce the labour 
on these as much as possible by means of approximations, as these scheme plans 
usually require to be approved by the client, and possibly by Government 
authorities, before a final decision is made to proceed with the work on the 
scheme as outlined. 

The rntKi item of impcxianoe is the preparation of the engineer's estimate. 
Whilst this should cover ^ the work necessary to erect the structure, it is again 
^es^rable to limit the mimbet of items in the estimate quantities as much as 
possible. From examination of priced schedules it will frequently be found 
that cbntractors |daoe the same rate against practically the whole of the con¬ 
crete work no matter to what degree it may be sub-divided. It is quite reasonable, 

in preparing tho prd^naiy ^timate to take out the whole of the 
maaa. in one item ahd the whole of the reinforced concrete work 

aSjr 
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as another and place reasonable rates against them. Shuttering, excavations, 
surface finish, road finish, engineers* fees, clerk of works, the cost of property, 
etc., should all be included in this estimate so that the first figure given to the 
client shall be sufficient to cover the whole of the expenditure on the scheme. 
It is advisable, also, to include in this estimate an adequate sum for contingencies. 
The amount of this should be decided from a consideration of the site conditions. 
As a rule, work above foundations is fairly straightforward, and provided the 
scheme and schedule have been well drafted there is not likely to be any con¬ 
siderable increase of the expenditure on the superstructure over the preliminary 
estimate amount. The foimdations, however, are an entirely different matter 
and the amount allowed for contingencies will be governed to a great degree 
by the type of sub-foundation disclosed during the investigations at the site. 
If the engineer definitely knows the levels at which rock will be encountered 
and it is his intention to found on that rock the contingency item need be only 
small, but it is seldom that he can be quite certain of the strata below ground 
level over the whole site, Wliere the ground is likely to vary appreciably the 
contingency item must be fairly considerable. Generally it should not be less 
than 5 per cent, of the cost of construction; a usual figure is lo per cent, and 
on exceptional sites it might be so high as 20 per cent. 

At this stage one should submit to the client the following particulars: 

(1) General arrangement plan (say 20 ft. to i in.) showing bridge and 
approaches, 

(2) Detail arrangement drawings showing construction proposed, 
(3) Elevation of the proposed bridge, 
(4) Engineer's estimate for the work, and 
(5) Brief general report on the scheme. 

On approval of the scheme and instructions being received from the client 
to proceed, the engineer can commence to prepare the detail drawings and 
contract documents. 

Whilst it is possible to show the whole details of the work and reinforce¬ 
ment details on one set of drawings, it has been found from experience that 
this often leads to confusion and lack of clarity on the site. It is better practice 
to prepare complete plans showing the outlines of the whole of the concrete 
work fully dimensioned, so that the work may be set out and the whole of the 
shuttering and external work prepared from them without reference to the 
reinforcement details. In other words, this set of drawings includes details of 
everything except the reinforcing steel. In the event of urgency to commence 
construction, tenders may be obtained on these drawings with the addition, 
perhaps, of a typical reinforcement detail. Specification and quantities may 
be prepared from them, the amount of steel reinforcement beir^ approximately 
computed on the basis of pounds weight of steel per unit length of member, 
without waiting for the steel to be taken off bar by bar from the reinforcement 
details. If time permit^, however, it is better to prepare the reinforcement 
details before sending out for tenders, so that the amount of steel may be accur¬ 
ately ascertained and contractors may have the fullest details regarding the 
work for wliich they are asked to tender. The reinforcement details diould 
form a complete set of drawings giving a|} the necessary infermatito for the 
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steel benders and fixers to cany out their work without reference to other 
drawings. As a rule these details must be drawn to a scale of 2 ft. to 1 in., 
although in cases of large structures with comparatively simple reinforcement 
it may be convenient to draw them to a scale of | in. to 1 ft to keep the sizes 
of drawings to convenient dimensions. Plans of deck slabs and similar work 
may be drawn and the details clearly shown to a scale of 4 ft. to i in., although 
the cross-sections of such slabs should be to a scale of 2 ft. to i in. These details 
are best arranged to include complete bending schedules on which every bar 
in the structure should be shown diagrammaticaUy and the bending dimensions 
given. The drawings reproduced in F$gs, 229, 230, 231, and 232 illustrate respec¬ 
tively a t5;pical general arrangement, detail arrangement, detailed outline 
drawing, and reinforcement detail from the sets prepared for four- different 
bridges. 

Finally, so far as the drawing work is concerned, one or two further 
details may be required to show work other than reihforced concrete required 
in the structure. These may include such items as lamp standards, cover 
plates to expansion joints, manholes, pipe connections, flap valves to weep 

holes, etc. 

Draughtsmanship. 

Due to the necessity of drawing the details of the reinforcement to a com¬ 
paratively large scale, ukially 2 ft. to i in., it is more convenient for reference 
purposes, both in the office and at the site, to adhere throughout to the archi¬ 
tectural scales of 3 in., in., i in., J in., | in., J in., and ^ in. to i ft. Drawings 
should be made of a convenient size. The width standardised by the Ministry 
of Transport—26| in. overall—^is very suitable. Whilst the width may be 
standardised in this way, it is inconvenient to standardise the length; this 
should be not more than 54 in., or 42 in. if possible, but if this is unsuitable in 
any particular case and would necessitate the division of a view which would 
be better shown on one drawing, th^ the length may be increased. When 
this is done it is wise to make a definite fold in the linen tracing of the drawing 
at once to ensure that it will fit easily into the filing cabinet. If such a fold is 
made in the first instance, whilst it will cause some disfigurement to prints taken 
from the tracing, it will avoid the indiscriminate creasing which results if a definite 
fold is not made and will preserve the darity of the prints, which is the first con¬ 
sideration. To give as much room as possible for the drawing, borders J in. 
deep are advisable and in addition these give a good appearance to the finished 
work. To meet the wishes of the Ministry of Transport the title of the drawings 
should be placed across the top. For tMs purpose a line in. below the top 
border line may be drawn and the titte and number ol the dmmug Witten in 
the enclosed space. In addition, however# wh^e drawings are filed in drawers^ 
it will usually be found convenient for quick reference to have a title at the 
lower right-hand corner^ In the bottom rigb^band cotnor also shonldL H printed 
the reimjm number <4 scbame, number Of the ffimwixig, the Initials 
of the designer, diaughtsmte, and chedmr# the date on ivhi<% the drawing 
is fina% passed out for use# and dates of any nevisktes. Tkw 
given in 233. 



FIG. 232 
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After experience of probably every method of detailing the writers are of 
opinion that it is better to show the outlines of the concrete in thin lines on the 
reinforcement details and the steel bars in single thick lines. Whilst the showing 
of bars by double lines is perhaps more accurate it is extremely laborious, and 
only in special cases is it of practical value in assisting either the facility 
or accuracy of carrying out the work. 

In preparing a tracing it should be remembered that its purpose is to permit 
the production of clear and easily readable prints. The thinner outlines of 
the concrete work should be sufficiently thick to ensure a perfectly clear and 
continuous line on the prints. It is particularly necessary in reinforced concrete 
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details, which at times are somewhat intricate, that the printing should be neat 
and clear, because the conditions on the site are particularly liable to obliterate 
the diagrams and printing. Unless, therefore, they are made very clear in the 
first instance they soon become unreadable. 

The draughtsman should also cultivate the habit of drawing the hooks on 
bars to approximately their correct scale size. One sometimes sees reinforced 
concrete details on which hooks have been sketched to a uniform size throughout 
for bars varying in diameter from perhaps | in. to in. If this practice is 
adhered to, sooner or later the designer will find that he has drawn hooks on 
some of the larger diameter bars which it is quite impossible to get into the work 
at the site due probably to their overlapping adjacent hooks. Fig. 234 illustrates 
this point* 



DETAILS OF HOOKS. 
Rcnn. sues wm drrkn to scrk of e ft-to i inch. 

Fig. 234. 

272 



OFFICE PRACTICE 273 

Every drawing made should be given a definite reference number. This 
ruling eliminates the use of subscript letters which frequently result in difficulty 
in recording, filing, and quick reference. It will usually be found advisable to 
include on each drawing a number of notes. The position, size, and type of 
these should be such that they will not be overlooked. Details arc searched 
for on a drawing, but notes must make themselves seen. 

Calculations. 

Details of the calculations necessary for practically every type of reinforced 
concrete bridge are given in other chapters, but there arc certain general points 
in the preparation of the calculation sheets to which attention may well be given. 
In the first place it should be remembered that, whilst the designer making 
the calculations understands them, it will be extremely difficult for the checker 
and an engineer at a later date to follow them unless they are prepared in a 
clear and orderly manner. To this end they should be made throughout on 
sheets of a standard size. Ordinary quarto size paper is very suitable. A fairly 
wide margin should be included on the left-hand side of the sheet into which 
the final result of the calculations, such as the amount of steel found necessary, 
thickness of concrete in the case of slabs, overall dimensions in the case of beams, 
and sketches showing the arrangement of bars, may be included. Frequently 
it is necessary for these calculations to be submitted to different authorities, 
and in such cases it is a good plan to have them copied on a large sheet of tracing 
cloth ruled to quarto size. This not only helps to preserve the calculations but 
reduces the labour in printing as several sheets can be printed at one time and 
the prints cut up to give the quarto size sheets suggested. A typical first sheet 
of a set of calculations is given in Fig. 235. This sheet should he headed with the 
name and reference number of the work, the date on which the calculations 
are made, the name of the engineer making them, and the stresses and data 
to which he is working. This data should include the stresses allowed in the 
steel and in the concrete of various mixes; the intensity of loading allowed 
on the ground ; and .similar general data which may affect Mie calculations. 

The object of the general drawings is to show the finished work in every 
detail with the exception of the reinforcement. In some offices a practice has 
developed of showing plans of deck slabs with the beam arrangement as if one 
were looking from below. It has been found that whilst this is generally under¬ 
stood by engineers it often causes considerable confusion to the workmen at 
the site. It is better, therefore, to draw plans of this kind looking from the 
top with the outlines of the beeims below shown dotted. This may take a little 
more time in tracing but the additional clearness of the drawings at the site 
makes this labour well worth while. These drawings should include full dimen¬ 
sions for setting out the structure and for the use of the joiners and general 
workers in carrying out their part of the construction. The depths of the founda¬ 
tion should be given as far as they can be settled in the office by the engineer, 
but to avoid misunderstanding at the site notes should be clearly shown adjacent 
to the various foundations stating that the ground must be approved by the 
engineer before concreting commences. In the same place a note might well 
be given stating that where soft ground or bad pockets are encountered these 
are to be taken out and filled with mass concrete as directed by the engineer. 

T 
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Under all reinforced concrete foundations a layer of blinding concrete should 
be shown placed directly on top of the ground. The thickness of this may vary 
from 2 in. to 4 in. according to the nature of the groimd on which it is laid; for 
most soils and purposes a thickness of 2 in. is sufficient. The mixes of concrete 
in the various parts of the work should be classified under a general note given 
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prominently on the drawing. The cover to be giveu to the reinforcement on 
each part of the work should also be shown on these general drawings and should 
be included also on the reinforcement details prepared later for the use of the 
steel benders and fixers. 

Considerable improvement in the quality of reinforced concrete structures 
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would result if stopping-off planes in the concrete could be definitely arranged 
by the engineer and shown on his drawings, because in every case the stopping- 
off planes could then be located in positions where they would not seriously 
affect the strength of the work and where so far as possible they would not be 
evident in the finished structure. The difficulty in arranging for this, however, 
lies in the fact that until the contract is placed and the contractor’s programme 
of construction is disclosed the engineer is not aware of the size or number of 
mixers to be used nor of the quantity of concrete likely to be placed in one day. 
Without this information it is difficult to arrange stopping-off planes. The 
engineer may, however, insist on the position of such planes being at the springing 
of an arch or at the junction of the base and stem of a retaining wall, and these 
should be shown on the general dravidngs. Details of other features such as 
expansion joints and their method of construction and filling, notes on the surface 
finish to be given to the walls, provisions for possible extension to the work, 
etc., should also be shown. Where the parapet of the bridge is of precast baluster 
construction a full-size detail of the baluster is advisable ; not only does this 
show the shape clearly to the contractor but it is an advantage to the engineer 
in enabling him to decide whether the shape chosen is the most suitable and 
pleasing for the work. 

Detailing of Reinforcement. 

The detailing of the reinforcement forms possibly the most arduous part 
of the drawing office work in connection with a reinforced concrete bridge scheme, 
for on these drawings the position and details of the bending of every rod, link, 
binder, and helix should be clearly shown so that the steel benders and fixers 
have complete instructions with regard to their portion of the work. This 
entails the preparation of a skeleton elevation and plan and cross-sections for 
each separate member of the structure. In the case of beams there is frequently 
a doubt whether it is necessary to give several cross-sections of the beam to show 
the reinforcement in the various positions. The experience of the writers is that 
in practically every case a cross-section at the centre is sufficient, although in 
particularly complicated girders it may be necessary to include cross-sections at 
other parts. 

Before proceeding to describe the various arrangements of reinforcement, 
it is desirable to include some particulars in regard to the steel itself. This 
is pmrehased ex rolls, that is, from the manufacturers, or ex stock, that is, from 
a merchant who keeps on his premises quantities of bars of each diameter used 
in reinforced concrete work. The rolling mills usually work to programmes 
arranged for about one week ahead, commencing as a rule with the larger diameters 
and working through to the smaller sizes. For example, a mill might commence 
rolling ij-in. diameter material on Monday, continue rolling decreasing sizes, 
and perhaps finish on J-in. bars towards the end of the week. If, however, the 
orders do not cover sufficient material of some of the sizes the rolls for these 
may not be put in and this may mean a considerable delay in obtaining the 
particular size from that mill. It is therefore important to use the minimum 
number of different diameters of bar in any bridge. In addition the price for 
f-in. diameter bars is taken as the basis for roUed round bars, and an increased 
charge per ton is made for each diameter smaller than this. Occasionally in 
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preparing detail drawings smaller diameters than those allowed in the estimate 
of the work are used, and in consequence it must be kept in mind that such 
reinforcement may be charged at a higher rate. A watch must also be kept 
on the lengths of bars used in the work. Most mills supply in lengths of 30 ft. 
without extra charge, but over this length they have a standard list of extra 
charges. It is therefore desirable wherever possible to use bars not longer than 
30 ft. Further, by using bars under this length it is frequently possible to obtain 
the material more quickly. Another factor in regard to the length is that of 

NOTE COUPLING BOXES MAY BE ROUND OR 

HEXAGONAL THE ROUND TYPE TAKES UP 

LESS SPACE IN THE BEAM 

Fig. 236. 

CROSS SECTION 
(POUND TYPE) 

transport. An ordinary railway wagon wiU take material 18 ft. long and in 
consequence quantities of material up to this length and up to one ton in weight 
are charged a full one-ton carriage. For every 18 ft. or part of 18 ft. additional 

Fig. 237. 

length, each ton or part of a ton is charged as one-ton additional carriage. For 
exceptionally long bars, say 50 ft. and upwards, special wagons are required for 
which special charges are made. It is therefore advisable to use long length 
bars only when sufficient is required to warrant the additional carriage. Further 
difficulty arises here in that it is sometimes necessary to wait until a special 
wagon is available for exceptionally long lengths, and this may cause delay in 
the work unless ample time is allowed. 

It is obvious that where a merchant carries a stock of reinforcing bars he 
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requires remuneration for his outlay on the material, for the additional handling 
in taking it into his yard and delivering it to the site, for loss in cutting to lengths 
required, and so on. In consequence stock material should only be purchased 
when extreme urgency necessitates immediate delivery, and throughout the 
preparation of the design and the issue of the schedule ample time should be 
allowed to permit the contractor to obtain the material on ex rollsterms. 

With regard to stirrups, links, and binders, frequent changes in the size of these 
necessitate a fresh setting up of the machine on which they are manufactured 
and this increases the cost. Designers should therefore endeavour to use as few 
sizes as possible. 

Where only very few lengths of exceptionally long bars are required the 
designer should keep in mind that it is possible to use coupling boxes to join 
two shorter lengths of bars to produce the necessary total length at the site. 
A sketch of a coupling box is given in Fig, 236. Another method of joining bars 
to obtain longer lengths is butt welding; for furthei security a sleeve of steel 
may be slipped over the butt weld and the sleeve welded to the bars at both 
ends, as is shown in Fig, 237. 

In beams and slabs three different arrangements of main reinforcement 
may be used. The bars may be in straight lengths with sufficient steel allowed 
at the laps to develop their strength {F%g, 238). This method has been used 
with success, but it is doubtful whether the joint is really so satisfactory as an 
arrangement in which the bars are hooked at the end; there may, however, be 
cases in which its facility of assembly may warrant its adoption. 

The second type of reinforcement is that using bars having hooks at both 
ends but otherwise being straight and taking the whole of the shear in the member 
by means of stirrups or links {Fig, 239). This arrangement has the advantage 
of simplicity in bending and assembling, but in cases where the shear is high 
it necessitates a very close spacing of the stirrups which makes the placing and 
ramming of the concrete a little more difficult. 

The third method is to use turned-up or cranked bars as shown in Fig, 240. 
In this case at least a third of the main reinforcement should be carried through 
to the support of the beams; the remaining two-thirds may be carried up in 
suitable positions to assist in taking the shear in the member. The upper hori¬ 
zontal portion forms part of the reinforcement over the supports of the beam. 
This is the arrangement usually adopted. It is more economical in steel than 
either of the other methods, and in addition reduces the number of stirrups 
and to some degree the labour of assembly. 

Stirrups are usually formed in one of the four ways shown in Fig, 241. In 
the first case the stirrups consist of a straight length of the necessary diameter 
of bar, usually from J in. to J in., depending on the amount of shear to be resisted, 
bent to a rectangle to fit round two of the top bars and two of the bottom bars 
in the beam. The end of the bar from which the stirrup is made is bent sharply 
round one of the reinforcing rods, usually one of the top rods, for ease in assembly. 
In the second case the stirrup is formed from one length of rod and the main 
reinforcing bars are fitted into the bends in the positions indicated. This type 
of stirrup has the advantage of providing a greater amount of steel to resist 
shear, and it also perhaps gives rather better anchorage at both top and bottom 
of the beam than the first type shown. It is generally used in conjuiiction with 
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straight bars or with bars hooked at the end. The general opinion among steel 
fixers, however, is that this type of stirrup is more difficult to assemble than 
the first t5rpe. 

The third type of stirrup consists simply of a bar in the form of a U with 
a similar bar inverted. This is not used except in cases where it would be difficult 
to adopt one of the two previously mentioned types. In very complicated beams, 
however, this type has an appreciable advantage as it permits the bars in the top 
and bottom of the beam being placed in position without first having to slip all 
the stirrups over them. Where this type of stirrup is used sufficient lap should 
be given to the open ends of the U fully to develop the strength of the stirrups. 

TYPE 1. TYPES, 

TYPE1, TYPg4. 

Fig. 241. 

The fourth type of stirrup is that in which the rod is twisted round to encircle 
entirely each bar lying at its corner. The object here is to ensure that the bars 
will be properly spaced in the member. It is more frequently used for columns 
than for beams. Our experience is that it does not fulfil its object any better 
than the first type of stirrup described, for the following reasons. Due to the 
fact that reinforcing bars are burred slightly at the ends when they are cut, 
if this type of stirrup is adopted it is necessary to make the encircling portions 
at the corner appreciably greater than the diameter of the bar in order that it 
may slip easily over the burred end. This rather detracts from its accuracy 
in spacing the bars in the member, as the increase in the size of the loop leaves 
room for appreciable lateral movement of the bar. The second disadvantage is 
that it is admost impossible to assemble this type in a member when both ends 
of the bans are hooked. It is also more expensive to manufacture. 
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In addition to the ordinary type of rectangular binder in columns and arch 
ribs helical reinforcement consisting of bars from J in. to J in. diameter is frequently 
used in long lengths wound to a helix of calculated pitch. In the case of arch 
ribs these helices are frequently interlocked as in the case of the bridge arch 
ribs illustrated in Fig. 148 which shows a diagrammatic section of the arch rib, a 
photograph of which [Fig. 242) shows the interlocking helices. 

Details of the reinforcement should also give clearly the spacing between 
the bars both horizontally and vertically. The vertical spacing between layers 
of reinforcement in beams may be effected in practice by introducing short 
lengths of bar of the necessary diameter, and where the designer wishes this 
method to be adopted he may include in his details for a number of such short 
bars. These features are indicated in Fig 244 

Fig. 242. 

In addition to the elevations and the sections of the members, the details 
of the reinforcement should also include a bending schedule in which every bar 
is drawn out diagrammatically and is dimensioned to show the length and arrange¬ 
ment of the various bends. A typical arrangement for one of these bending 
schedules is given below: 

MEMBER BARS 

Reference 
No 

1 No off 
! 

Reference 
letter 

Diameter 
of bar 

No. of 
each type 

Total length 
of each bar 

Bending 
diagram 

1 
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There are different opinions as to whether these bending schedules should appear 
on the drawings or be separate documents. Generally it is better to include 
them on the drawing as this saves the designer's time and is more convenient 
for the contractor’s use at the site. Further, if these bending schedules are 
placed along the sides of the drawings it is easy to cut them off or to have only 
those portions of the drawings printed should additional copies of the bending 
schedule only be required. When they are included on the drawing it is easier 
to cross-reference the bars from drawings to schedule and vice versa when referring 
to the details at the site than is the case if one has to handle two sheets. Immedi- 

^ately above or below the bending schedule should be given a double-line diagram 
of a typical reinforcement bar showing exactly the points to which the dimensions 
given in the bending schedule are taken. A typical schedule of this kind is 
given in Fig, 243. The dimensions shown thereon are the most suitable for use 
on the site by the steel fixer. Generally speaking one should give overall 
dimensions so that the fixer can use the actual measurements rather than be 

compelled to add or deduct the thickness of the bars as (> ^ 
line dimensions are given. Where a dimension for a hook i / when cent. ^ 
intended as an allowance for forming the hook over and abov(£j.gQ^^u it is usually 
given for the overall length. dimension 

For hooks there are standard sizes, but those recomn^ 
are given in Fig, 245. These sizes are not fixed arbitrary t)y the writers 
pressure on the concrete inside the hook does not excet^f ensure that the 

On the bending schedule the dimensions along the k stated value. 
* * Mc nearest inch. Cranking dimensions should should be 
gi^^iWTiliitnensions ^ven aiv to expect th given to the nearest 
half-inch. In practice it is 'nor-i-«3a^4» bender and fixer 
to work to closer accuracy than this. 

On the skeleton elevations it will be a great advantage to letter the bars 
at each end rather than at some point along their length. By adopting this 
arrangement the length of a bar which overlaps several others in the elevation 
is clearly indicated, and it is possible when reading the drawing to trace the 
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bar from end to end in comparing it with the diagram given in the bending 
schedule. 

On plans hooks on bars are usually indicated by short ticks at the end of 
the bars. In the case of top bars it is a good plan to show the ticks on the lower 
side of the bar when looking at the drawing, the ticks on the bottom bars being 
on the upper side. In the case of bars parallel to the side of the drawing the 
ticks should be placed on the right-hand side for the top bars, and on the left- 
hand side for bottom bars. This notation materially assists those called on to 
interpret the drawing (see Fig. 245). 

The numbers and reference letters of bars in the elevations should be dis¬ 
tributed and not crowded into any one part of the detail of each unit. Such 
crowding gives the drawing a bad appearance and makes it difficult to read. 

T 

H00< PtMENSDNS, 

LgN&THS. 

Bqt- 
Top Iw ^ 

of hook on toffom bor ^ 

Plon of Hook on bp bor --^ 

7 

Throughout 
Fig. 245. 

that the steel whole of the detailing the designer should bear in mind 
his drawing. Th^U ultimately be called on to assemble the bars shown on 
the whole width isigner works on one plane only, whilst the steel fixer has 
designer may devfii^ beam to work in. Unless, therefore, care is taken, a 
assemble in the wor^ an arrangement of steel which is almost impossible to 
occur close together The points requmi^ particular attention are where hooks 
other. In consideriiheams and tend to overlap and where bars overlaT>_ 
very frequently a ho(fhe question of hooks it De remembered that 

of bar and when it is placed in fte wS^a 

«- b. 
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twist them into their correct position. Where there is insufficient width in 
beams to arrange lapped bars side by side, it may be necessary to crank one 
up above the other. In this case it should be remembered that the bars which 
lie in the bottom layer cannot be provided with hooks when other bars are to be 
placed over them. An example occurs where the bottom bars of a continuous 
beam overlap at the column. This is a position which always calls for special 
attention if an easy assembly is to be provided at the site. Another case requir¬ 
ing care is that where both ends of a bar are rigidly fixed by concrete dimensions 
or some other circumstance. It is advisable if possible to arrange the bars so 
that they do not run from end to end but are spliced at some point so as to give 
a little latitude for dimensions at the site which are not in absolute accordance 
with the drawings {Fig. 246). Where this is impossible a special note should 

Fig. 246.—Method of Arranging Bars to Split a Fixed Dimension. 

be made that such bars are to be of exact length. Failing such a note rolling 
mills usually supply to within plus or minus i in. of the length stated, and the 
bending at the site is not usually more accurate than one inch more or less than 
the overall lengths given. 

__.Thikmii FiKCd 

__OuWdc dimcniion 
oF W Filrcd. 

Fig. 247.—Fixed Cover to Bars. 

In the design of reinforced concrete members it is frequently possible to 
arrange the bending of bars in such a way as almost to ensure that the reinforce¬ 
ment will be given its correct cover. A simple instance of this is the case of 
retaining walls where, if the splice bars from the base slab into the stem are 
formed to a U shape so that they will fit with one leg of the U along the fror^^ 
and the other along the back of the wall, the correct cover on both ^ides^^gg 
be ensured. Where this is adopted, however, care should be taken 
bending dimensions given are not too " tight'' [Fig. 247). 

Distribution bars or temperature steel should wherever possible 
laps staggered. This is particularly desirable in cases where distril permissible 
are likely also to deal with a certain amount of tension due to bend'^j^^ minimum 
there is a possibility of fairly high stress developing in a long Ir^ers a cover of 
deck slab due to expansion. If the laps are staggered there is^^ify the 
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hood of obtaining a uniform strength in the structure against the forces which 
may develop than if all the laps are placed in one line across the member. 

Another point requiring attention occurs in retaining walls, portal frames, 
and similar structures. The base slabs of these are frequently comparatively 
thin, and do not form sufficiently deep anchorage for bars which extend a con¬ 
siderable height above. In such cases short lengths of bars should be used as 
splice bars to allow of the longer vertical bars being assembled after the foundation 
has hardened and when it is possible to arrange more conveniently for lateral 
support at the higher levels. 

In addition to arranging the reinforcement to meet the calculated stresses 
it should be kept in mind that there are certain secondary, or one might even 
call them tertiary, stresses which it is quite impossible to calculate. This is not 
a difficulty inherent only in reinforced concrete construction, but occurs in 
every type of constructional material. As an example, such a case occurs in the 
detailing of corner junctions of cantilever retaining walls ; whilst the main 
reinforcement against cantilever action will be vertical, a certain amount of 

Fig. 248.—Plan of Corner Showing Extra Steel Required. 

hoiizontal reinforcement should be included in the angle to deal with stresses 
developing as a result of the wall spanning as a monolithic member round the 
junction (F/g. 248). Another case occurs in a bridge parapet which is made 
monolithic with the structural reinforced concrete girder below but which is 
not designed to act as a part of that girder. This is a form of design which 
should be avoided wherever possible, for obviously if the parapet is rigidly attached 
to the girder below it must attempt to work with it, and in consequence cracks 
frequently appear in such members. Such cracks can, however, be avoided by 
including in the detail design a reasonable amount of reinforcement to counteract 
^hem. Another and wiser precaution is to provide vertical joints at frequent 

^^*gals in such a parapet so as to reduce its monolithic character, 
verv^inforcement placed at the junction of vertical and horizontal members 
of brought down from the horizontal member for even a short 
main ba^^^ vertical members. Instead, the reinforcement of the vertical 
the always be turned into the horizontal member. An example 
it will ? corner of a rectangular frame consisting of two columns 

usually.-1 cross-beam. Due to the fact that the columns are usually 
inderside of the beam before the beam reinforcement and shut- 
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tering are placed it is obviously unwise for the beam bars to project down into 
the column. It would be most inconvenient to fix the steel in this position ; 
it would in fact almost necessitate the assembly of shuttering and reinforcement 
for both column and cross-beam in one operation (Fig. 249). 

Througliout the detailing of the reinforcement the designer should keep 
in mind the site conditions. As a typical case of this one may consider the 
placing of reinforcement in deep excavations. Generally these necessitate 
considerable timbering and cross-strutting at close centres. In such an excava¬ 
tion it is obviously difficult to handle bars of long lengths, and they should be 
kept as short as possible. Where bars are to lie across such an excavation it 
is always more convenient to have them in two lengths overlapping t(; j)erinit 

Fig. 249.—Arrangement of Bars at Junction of Vertical and Horizontal Member. 

easy assembly and adjustment, and the design of most retaining walls will permit 
this arrangement. 

It has been found from experience that where heavy columns support com¬ 
paratively thin deck slabs there is a tendency for the slab to crack between 
the beam junctions. In order to counteract this tendency it is a good plan 
to arrange for pairs of bars, say | in. to | in. diameter, depending on the heaviness 
of the work, to be laid in the slab diagonally to the lines of the beams joining 
on to such column supports, as shown in Fig. 250. 

The cover to be allowed to reinforcement bars is open to question. It may be 
taken, however, that for internal work the absolute minimum cover permissible 
is i in. for small bars. For external work for walls and deck slabs the minimum 
cover should be | in. and for preference i in.; for heavier members a cover of 
li in. to 2 in. is desirable. In this connection it is usual to specify the .to 
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the main reinforcement, and where the shear reinforcement is particularly heavy 
care should be taken to ensure that even if this is placed on the outside of the 
main reinforcement there will still be ample net cover in the finished work. 

The cover given to the bars in the bottom of the foundations should always 
be defined as the net cover'' of reinforced concrete measured from the top 
of the blinding over the ground. 

It is unwise to state on a drawing that the cover to bai*s is to be a '' minimum,’' 
because if, for example, the cover of a slab is given as “ |-in. minimum ” a 
workman might make the cover i in. or 2 in. and think that by doing so he was 
improving the work, whilst as a matter of fact he might be endangering it. 

Where there is to be a very large amount of repetition in an assembly of 

Fig. 250.—Sketch showing Diagonal Bars Around Column Head. 

reinforcement, as for example in a long length of retaining wall or in the width 
of a wide arch ring, it is wise to add a note to the drawings that the assembly 
of the reinforcement in accordance with the bending dimensions given is to be 
checked to full size on the work after the first frame is prepared, and before 
the repetition work is put in hand. This permits of small adjustments being 
made to facilitate assembly, the need for which may not have been foreseen when 
the details were prepared. A check such as this frequently avoids Ihe con¬ 
siderable annoyance of making very minor adjustments to a large number of 
reinforcing bars. 

Blue prints are generally supplied of the reinforcement details. It is a 
great advantage to supply a set of these on linen to the clerk of works, but there 
is a doubt as to the desirability of supplying linen prints to the contractor. The 
experience of the writers is that it is better to supply paper prints and to renew 

as necessary throughout the construction. Linen prints do not wear 
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well under the conditions existing on a reinforced concrete job. They arc com¬ 
paratively expensive, and the additional money expended on them will often 
be spent to better advantage if a larger number of paper copies aie supplied. 

Checking. 

The design of reinforced concrete work is comparatively so intricate that it 
is essential that all drawings before final issue to the site shall be thoioughly 
and independently checked. In some cases this is done while the drawings 
arc in the pencil stage, but this tends to permit tracing errors to reach the site. 
It it better that the drawings be completed and traced and ready for use before 
they are passed to the checkers for examination. In this connection it should 
be noted that tracers should be made entirely responsible for ensuring that their 
tracings are in exact accordance with the designer's paper drawing. It is work 
which tracers can quite weU do for themselves and so save the more valuable 
time of the designer. 

On acceptance of a drawing for checking the first duty of the checker should 
be to make a general survey of the drawing with a view to noting whether there 
are any outstanding points contrary to good practice. Such things as wrongly 
proportioned retaining walls, bad arrangements of reinforcement, obviously 
light reinforcement in important members, and similar matters should be noted 
by an experienced checker in this general survey, whereas if he does not make 
the general survey he is liable to become immersed in the intricate details of 
the drawing with the risk of overlooking such evident errors. Having made 
a general survey the next step is to compare the reinforced concrete drawings 
with the particulars which have been supplied by the client and by any sub¬ 
contractors for work which joins up with the reinforced concrete work and to 
ensure that everything is in agreement. After this he should go over the whole 
of the general dimensions given for the work and verify that they are correct; 
that intermediate dimensions total correctly to over-all dimensions; and that 
the over-all dimensions agree with those required by the client's particulars or 
by the survey of the site. 

Next the checker should go over the detail points of construction and verify 
that items such as weep holes in retaining walls, proofing, expansion joints, etc., 
have not been overlooked. He should then make very approximate calculations 
of the amount of reinforcement required in each of the main members to ensure 
that there is no serious discrepancy in this important part of the work. Having 
made approximate calculations he should look over the arrangement of reinforce¬ 
ment and verify that it is in accordance with the bending moments, shear, and 
other stresses as more accurately calculated by the designer. Finally he should 
go over the whole of the dimensions in the bending schedule and verify that 
they are in accordance with the detail drawings and the requirements of the 
work. He should also total up the bending dimensions given on each bending 
diagram and verify that the total length of each bar is correct. The number 
of bars given in the bending schedule against each reference letter, and the 

number of members off'' to each detail, should also be checked. 
Throughout the whole of the checking red and yellow crayons should be 

used, everything which is correct being marked in yellow and everything which 
requires correction being marked in red. On completion of his work the che^^^r^ 
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should see the designer, discuss with him the various corrections required and 
any other points which may arise, afterwards passing the drawing back to the 
designer for alteration. When such drawings are returned to the designer they 
should be corrected as quickly as possible whilst the particulars are fresh in 
the minds of both parties, and after correction they should be passed back again 
to the checker so that he may look quickly over them to ensure that the conections 
have been carried out in accordance with his intentions. 

Occasionally owing to the urgency of the work it is necessary to issue draw¬ 
ings before they are checked. In every case such drawings should be marked 
in large letters “ Unchecked.’' If this is done the contractor receives immedi¬ 
ately useful information to enable him to proceed with the work pending delivery 
of the final drawings and it allows the office sufficient time for checking. 

When revision is required to a drawing which has already been issued to the 
site a print should be taken off the original drawing and marked Superseded ” 
and included in the office file; the date on which it was taken should be added 
together with any special note likely to be of future use to the engineer. This 
is important as occasionally disputes arise later in the work, and particularly 
during the settlement of the final measurements, as to what were the actual 
instructions in force at any specific date. 

It is particularly important that, when amendments are made to a scheme 
during construction necessitating alterations to the drawings, these alterations 
should be traced back through the whole of the drawings so that the necessary 
corrections are made throughout. Omission to do this is liable to lead to work 
being incorrectly built with consequent dissatisfaction and additional expense. 

Finally it is extremely important that such alterations should themselves 
be checked before the revised drawings are issued from the office. There is 
probably no part of the work connected with the design of reinforced concrete so 
liable to errors of omission as the making of revisions to drawings already 
completed. 

So far as the steel sheets are concerned the checking of these should be 
arranged for by the designer, as noted later, as they do not come within the 
province of the checker of the design drawings. 

The following are a few further general notes collected from experience of 
the design of reinforced concrete work. 

Occasionally work on a structure is divided between two or more designers. 
In such a case it is essential that particular care be taken to ensure that nothing 
is omitted at the junction of the work of the different designers and that there 
is no overlapping. 

Designers should return plans to file immediately they have finished with 
them. If this is not done it is extremely difficult for another member of the 
staff to refer to documents and particulars as quickly as he could otherwise 
do, and in addition there is greater risk of drawings and documents being mis¬ 
placed. 

Occasionally there may be an advantage in taking prints from the pencil 
details and despatching preliminary copies to the site in order to enable the 
work to proceed before the pencil drawing is traced. In such case the pencil 
drawing should be traced as quickly as possible after the preliminary prints 
l)ave been dispatched, and final prints should be sent forward. This avoids 
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pencil drawings being damaged and possibly being made indistinct beftire the 
tracing is carried out, and also permits of properly checked copies l)eing issued 
at an early date. 

When a number of prints is sent in an envelope each print should be folded 
separately. The practice of folding a number of prints together results in serious 
creasing. 

To facilitate the keeping of the files in order it is a good plan to have the 
desks of the drawing office cleared completely at regular intervals. In some 
cases this is done daily, when all books, papers, drawings, etc., are placed into 
their correct receptacles before the staff leaves. In other cases it is sufficient 
to arrange for this to be done once a week and in some cases even once a month. 
This practice also results in temporarily misplaced drawings and documents being 
found, to the convenience of all concerned. 

Steel Sheets. 

It is the practice of some offices to leave to the contractor the work of pre¬ 
paring steel sheets for ordering materials from mills or merchants, but m the 
opinion of the writers this is the engineer’s duty. Owing to the regulations 
of railway and transport companies it is generally cheaper to arrange for the 
despatch of as much material as possible in each consignment, and this should 
be remembered in issuing steel sheets or requisition sheets ; in addition, the 
designer should keep in mind the part of the work for which the reinforcement 
is immediately required. Steel sheets are usually set out as follows • 

Diameter of 
bar 

No of 
bars thus 

Length of 
bars 

Weight per 
unit of length 

Total weight Kemarks 

The information for these colunms is abstracted from the bending schedule by 
ruling a piece of paper into a number of columns, one for each of the diameters 
of bar to be used. The '' taker-off *’ then goes through the bending schedule 
and enters on this piece of paper the number of bars and length of bar from 
each item in the bending schedule. Having gone completely through the schedule 
referring to the part of work for which he is taking off the steel from the list 
he has obtained he then makes a list of the bars required in descending order 
of diameter and descending order of length. The total length of bars of each 
diameter is then worked out and multiplied by the weight per unit length and 
so the total weight of each diameter is obtained. When the steel list is com¬ 
pleted a summary is made showing the different diameters and total weight of 
each diameter and the total weight of the whole list. Figs. 251 and 252 show a 
typical schedule and the taking-off sheets. These steel sheets should be made out 
with several copies, for as a rule the engineer will require one for his records, 
the clerk of works will require one, the contractor will require one for use on 
the site and one for his own records, and one will be wanted for use in the mills, 
making five copies in aJU. 
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A question arises as to whether it is better to take off the steel sheets on 
tlie basis of certain specific parts of the work or on the basis of drawings. It 
is much more convenient, as well as being generally more satisfactory, to take 
off the steel drawing by drawing. The fact that a small portion of work included 
in a drawing may not be required for some little time is not really a serious 
matter, as the reinforcement required for the parts not to be immediately con¬ 
structed may be suitably labelled and placed on one side for use when required. 
If the recommendations given are followed, and bending schedules included on 
the drawings on the lines already described, the taking off of the reinforcement 
can be carried out by a junior, but in every case the steel sheets should later 
be checked by a designer. Not only does this place responsibility for the correct¬ 
ness of the sheets in the right quarter, but, in addition, when going through 
the bending schedule the designer has an opportunity for a final check over 
the reinforcement and (occasionally he may note where improvemehts or economies 
can be effected in time to take advantage of them. 

It is a good plan also to include in the steel sheets for a small quantity of 
spare steel. The diameter and length of this depend to some degree on the 
particular work in question. The steel sent under this spare list should be in 
i8-ft. lengths so that it may be sufficiently long to allow for cutting to lengths 
required. A small quantity of spare steel not only facilitates the making of 
adjustments in the work at the site but is also of assistance in dealing with minor 
errors in the lists or the making up of the consignments at the works. 

Some httle time elapses between ordering the steel and delivery at the 
site, and where the work is urgent the steel is sometimes placed on order before 
working details arc completed. This is a practice which should be avoided 
whenever possible, for the reinforced concrete detailer has sufficient to think 
about in interpreting correctly the calculations and arranging steel to suit them 
without the additional handicap of having to use steel of lengths and diameters 
already ordered. In addition, the practice is liable to lead to appreciable waste 
of steel not only in using diameters larger than necessary but also in cutting 
long bars and leaving short ends of scrap. 

In large contracts care should be taken to ensure that the reinforcement is 
not requisitioned twice. To this end the copy of the steel sheets^ kept in the 
engineer's office should be marked as duplicates are issued to the contractor. 

Contract Documents. 

On completion of the general drawings, or for preference on completion 
of the whole of the details, the engineer is called on to prepare his documents 
for the contract. The documents are divided into four parts.* These are the 
Form of Tender and General Instructions to contractors tendering ; the Conditions 
of Contract or the legal clauses of the contract ,• a description of the work, or the 
technical portion termed the Specification; and the Bill of Quantities with a 
Schedule of Prices appended. For the Form of Tender and the Conditions of 
Contract it is better for the engineer to make use of an earlier document in the 
preparation of which legal assistance has been obtained, adapting it where neces¬ 
sary to suit the requirements of the particular case. The Ministry of Transport 
issue a Form of Tender and Instructions to Contractors and Conditions of Contract 

bridge work in Britain. Alternativdy the Conditions of Contract issued by 
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the Institution of Civil Engineers in collaboration with the Federation of Civil 
Engineering Contractors is applicable (see Appendix I). So far as the description 
of the works, that is, the technical Specification, is concerned this should com¬ 
mence with a brief but comprehensive general description of the site and work 
to be done. A description of the materials to be used follows, and finally a series 
of paragraphs should describe in their correct sequence every operation and 
requirement from the taking over of the site to the completion and cleaning down 
of the finished work. If the Specification is prepared meticulously in this way 
it wiU usually give the contractor tendering a better conception of the work 
required than if the clauses are arranged in any other way. A typical specifica¬ 
tion is given in Appendix II, and this may be taken as a model in preparing 
documents of this nature. It is a good plan for an engineer to make notes of 
any points which arise during the construction of any of his works and which 
cause him difficulty in the interpretation of his specification for that work ; if 
he does this and alters his early specification, when dealing with further works 
he will in the course of time approach the perfect Specification. 

There is a general impression that all specifications are unfair, and one 
must admit that they do ask much of a contractor. It should be remembered, 
however, that in preparing these documents the engineer is working in the service 
of his client, a considerable sum of whose money he is empowered to spend, and 
that it is his duty to safeguard the client's interests. It is therefore essential 
that the engineer shall have absolute authoiity in connection with works entrusted 
to him. At the same time he is usually placed in the position of arbiter between 
client and contractor, and having provided himself with authority by means 
of his specification he should use it in a manner scrupulously just to both the 
client and the contractor. 

Bill of Quantities. 

Having completed the Specification the engineer then prepares the Bill of 
Quantities for the work. In dealing with this he may with advantage proceed 
on lines similar to those adopted in the technical specification, that is, commence 
with the first work to be done by the contractor on entering the site and proceed 
systematically through the whole of the construction of the bridge, giving each 
item in its correct constructional order. For example, a bill often commences 
with an item for “ clearing the site," proceeding to the removal of turf from 
the area of the excavations, and then to the excavations including the necessary 
timbering and pumping. Next one would include for the blinding concrete over 
the area of the excavations, for the reinforcement of that part of the work, and 
for any contingent labours and materials. He would then include for any 
necessary back-filling of part of the excavation, and if he wishes the sui*plus to 
be used for any specific purpose requiring an additional price he would include 
an item for that also. This is merely typical of the order in which the items 
would be taken, and the same principle may be continued throughout the whole 
of the Bill. 

A typical Bill of Quantities is given in Appendix III which illustrates the 
type of document suitable, but every structure requires to be treated individually 
on these principles to obtain the best results. At the end of the Bill it is a wise 
plan to include a list of the whole of the items in the specification so that 
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contractor may, if he wishes, include a price for meeting the re(j[uirement of 
any individual Specification item in the event of his considering it is not fully 
covered in the Bill. The Bill should conclude with an allowance for contingencies 
and with a Schedule of Prices in which the contractor includes rates to fix the cost 
of different kinds of materials and labours in the event of additional work being 
carried out on a day-work basis. In this he should include for every probable 
item of labour or material which he thinks might under even exceptional circum¬ 
stances be required in the construction of the work. 

For works in Scotland in reinforced concrete there is what is known as 
“ The Scottish Mode of Measurement,” and whilst this was prepared to apply 
to building rather than to engineering works it is possible to adapt it to bridge 
construction. Unfortunately, however, it entails a very considerable increase 
in labour and in the number of items in the Bill, the advantage of which is doubtful 
for works of this kind. In consequence, therefore, it is not often adopted when 
engineering works are under consideration. For bridge construction the ” Report 
of the Committee on Engineering Quantities ” issued by the Institution of Civil 
Engineers is suitable ; it deals with the classification of the various parts of 
the work, describes the methods of measurement and the units to be adopted, 
and gives rules for drafting the bill of quantities. 



CHAPTER XII 

ESTIMATING 

Estimating is often considered as the complete operation of preparing preliminary 
designs and arriving at the cost of a bridge, but it is proposed here to deal only 
with the process of obtaining the approximate cost of a bridge which has already 
been designed, either in detail or in outline only. The important factors are the 
degree of accuracy whicli it is desired to obtain and the speed with which the 
estimate can be made. Speed depends mainly on accuracy. The estimate 
required may be an estimate from a small-scale drawing giving merely the 
important features of the structure, or an estimate from an J-in. scale working 
drawing showing the sizes of almost every member, or an estimate from the com¬ 
plete working details and contract drawings. 

Estimating as understood by the engineer is entirely different from the intri¬ 
cate question of contractors’ tenders, which depend upon an accurate costing 
system. We are only concerned here with the engineer's requirements in making 
estimates at various stages of bridge schemes. The nearest approach to a con¬ 
tractor's tender is where the cost estimate is based on a completed bill of quantities. 
Even here, however, the engineer's aim is to arrive at an average tender price 
and not the lowest possible tender, which in certain cases may be based upon a 
risk which a keen contractor may consider legitimate. Two ways (apart from 
errors) in which a contractor can get his estimate below that of his competitors 
are by seeing some hidden possibility and by making use of some resource not avail¬ 
able to other contractors tendering. 

The engineer’s estimate will therefore, in general, lie between the lowest and 
the highest tender, and successful estimating largely depends upon considerable 
experience. The engineer requires to have a thorough knowledge of current prices 
of materials, labour costs, the natural difficulties likely to be encountered, the 
trend of prices when the estimate is made, the contractors available to undertake 
the work, the attractiveness of the project, and the supply of materials, labour, 
and transport. The question of labour and material costs may often entail 
enquiries in the district in which the bridge is to be built, but such enquiries must 
be pursued with caution and take into account the quantities of the various 
materials required. It will often happen in large schemes that materials obtain¬ 
able locally will not be in sufficiently large quantities to keep the work going, in 
which event imported materials must be used with consequently higher transport 
costs. Again, the bridge may be a very small one and prices for the smaller 
quantifies of some of the materials will then probably be rather higher. Labour 
costs may also be higher on small jobs due to the difficulty of providing continuous 
emplo5mient for some of the tradesmen. In such cases the contractor will ha^^e 
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to pay skilled men for doing stand-by work in order to have them available when 
they are required. 

Some bridges, because of the natural difficulties to be surmounted, are not 
attractive to contractors because of the risks they will have to take, and in such 
cases tenders will be high. The engineer must not overlook the difficulties to the 
contractor of a particular site, or his estimate may be very much below the lowest 
tender. 

The question of access to the site is not usually a serious one in the case of 
bridge works, but allowance must be made where the contractor has to operate 
within a confined working space. Often a bridge has to be built many miles from 
a large town, with the result that there are few, if any, local contractors able to 
carry out the work, and here, too, allowance has generally to be made for increased 
costs due to contractors bringing their skilled men a considerable distance to the 
work. Estimates for a small or medium sized bridge are usually the most difficult 
to make, and in such cases failure to take into account th^ factors referred to may 
result in an error of as much as 50 per cent. 

As a check on estimates, cost charts giving the price per square yard of most 
types of bridges will be found useful, and a number of these, based on costs 
current in 1939, are given in Figs, 253 to 264. A contingency item should always 
be added to allow for unforeseen difficulties which may arise during the course of 
the work. These difficulties are mainly encountered during the construction of 
the foundations, and rarely is such an item unused at the end of the work. Some 
engineers and authorities make an allowance of 10 per cent, for contingencies 
in bridge works as this percentage has been found by experience to be satisfactory. 
A systematic approach is one of the secrets of success in accurate estimating, and 
this chiefly involves the preparation of a list of items prior to taking off the 
quantities. A schedule of prices of materials and rates of wages in 1939 are 
given in Appendix V. 

First (Rough) Estimate. 

In the case of an estimate to be made from rough outline drawings the follow¬ 
ing items will generally be sufficient: 

Item Description Unit No Rate i S d. 

I Cost (from chart) .... Sq. yd. 
2 Allowance for natural difficulties . Sum 

3 Special finishes, stone facing, etc . Sq yd. 
4 Extra cost of materials, labour and 1 

transport ..... Sum 1 

Contingencies (10 per cent) . Sum 

1 i 
1 

I 
Total . i 

This kind of estimate is merely a wdl-judged guess, but if based on experience 
it is usually sufficient in the very early stages. It shotxld naturally be on the safe 
side but, in experienced hands, will not vary by more than 10 per cent, to 15 per 
cent, from the final estimate. The engineer can make such an estimate very 
quickly, and this is necessary as many estimates may have to be made in order 

* compare different schemes. 
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Fig. 254.—Chart for Estimating the Cost of Single-span Girder Bridge. 
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2S7«--<^art for Eotimattng the Cost of Filled Spandrel Arch Bridge. 
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Fig. 258.—Chart for Estimating the Cost of Three-hinged Arch Bridge* 
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Fift. 259.—Chart for Estimating the Cost of Open Spandrel Arch Bridge. 
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Fl^. 260.—Chart for Etthxuitlog the Coat ot Bowetrii^ Brld^. 
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Fig. 261.--^€lutrt for Estimating the Cost of Cantilevered Bridge. 
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Fig. 262,—Chart for Estimating the Cost of Three-hinged Portal.frame Bridge. 
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263.—Chart for Estimating the Cost of Continuous Girder Bridge. 
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Fig. 264.<—Chart for Eatitoatiiig Cost of Multiple span Cantilevered Bridge. 
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Second (Detailed) Estimate. 

The second, and more accurate type of estimate, is that made from J-in. scale 
working drawings, and in this case a more comprehensive list of items must be 
considered. A list of the more usual items encountered in bridge works follows, 
and this list, with one or two additions, usually suffices. 

[tern Description Unit No Rate L 

I Clearing site ..... Sum 
1 
1 > 

2 Cofferdams (if required) Sum 1 

3 Excavations ..... Cub. yd. 1 1 

4 Pumping ...... Sum 1 
5 Piling (if required) (give length) No. 
6 Blinding layer of concrete (state thick- 

ness) ...... Sq. yd. 
7 Mass concrete ... Cub. yd. 1 
8 Concrete in— 1 

(a) Foundations (state mix) Cub. yd. 
{b) Piers do. . . . . j Cub. yd. 1 

(c) Beams do. .... Cub. yd. 1 

{d) Slabs do. Cub. yd. 1 
I 

{e) Walls do. Cub. yd. 1 
(/) Pilasters do. .... Cub. yd. 

9 Precast concrete (including moulds) Cub. ft. 
10 Shuttering in— 1 

(a) Foundations .... Sq. yd. 
{b) Piers. Sq. yd. 
(c) Beams ..... 
(d) Slabs. 
(e) Walls. 
(/) Pilasters ..... 

Sq. yd. 
Sq. yd. 
Sq yd. 
Sq.Vd. 

II Reinforcement supplied and fixed— 
(a) In substructure .... Tons 
(6) In superstructure Tons 

12 Allowance for expansion joints, special 
bearing plates, etc. .... Sum 

13 Staging. Sum 
14 i Screeding and road surfacing Sq. yd. 
15 Paving ...... Sq. yd. 
16 i Precast blocks or masonry parapets Lin. yd. i 

17 Masonry facing or special surface treatment Sq. yd. 
18 Kerbs ...... Lin. yd. 
19 Drainage on bridge .... Sum 
20 Approach roads— 

(a) Excavation .... i Cub. yd. 
(b) Filling from excavation 
{c) New filling..... 

Cub. yd. 
Cub, yd. 

(ii) Ashes and bottoming . ! Sq. yd. 
(e) Tarmacadam .... Sq. yd. 
(/) First surface coat Sq. yd. 
(g) Second surface coat Sq. yd. 
(A) Drainage ..... Sum 
(f) Kerbs ..... Lin. yd. 
(j) Paving ..... Sq. yd. 
(k) Soiling and sowing slopes Sq. yd. 
(/) Walls or fencing Lin. yd. 

21 General items (2 per cent, to 4 per cent.) Sum 
22 Plant, pffices, stores, testing, etc. . Sum 

Contingencies (10 per cent.) . 

Total 
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Considerable experience is again usually required in order to obtain accurate 
results from an estimate of this kind, but it can be made in, say, five to ten hours 
depending on the size of the work, and with surprising accuracy. It may be from 
5 per cent, to lo per cent, on the high side, depending upon the complexity of the 
work, but sound judgment is required. The quantities on which it is based should 
be measured to within 2J per cent, to 5 per cent,, depending upon the importance 
of the item, and the necessity for avoiding errors in the larger items cannot be 
over-emphasised ; in such estimates small details are usually of little importance. 

Third (Complete) Estimate. 

The third type of estimate is usually made when the detail drawings have 

been completed, and in such cases it is usual to prepare the estimate from the 
complete bill of quantities. Such an estimate is generally a much simpler 
matter than either of the two kinds already referred to, but here again attention 
should be concentrated on the prices for the larger items. It is worth while going 

to some trouble in making enquiries in order to be sure that the prices for large 
quantities of material are correct, but it is not usually necessary to do more than 
place conservative approximate prices against the smaller items. In a large office 
dealing with numerous bridge works, previously priced schedules may usually bo 

consulted, and using the.se as a guide an estimate about 2| per cent, to 5 per c ent. 

above the lowest tender can generally be achieved. 

Requirements of .the Ministry of Transport. 

To summarise, the first method may be used when determining the most suit¬ 

able type of bridge, and where this is not sufficiently accurate the second method 

may be employed. The third method is used before finally issuing the documents 
for tender purposes. The Ministry of Transport requires estimates for the follow¬ 

ing five items for its standard form: Bridgework; Roadwork on bridge ; 
Approaches ; Property (including costs, legal charges, etc.) ; Any other expenses 

(clerk of works, engineer's fee, etc.). The second type of estimate is usually 
sufficiently accurate for this purpose, but occasionally the information may be 

obtained by pricing the items in the completed bill of quantities and re-grouping 

and abstracting these in accordance with the Ministry of Transport form. 

Examples of Estimates. 

In order to show the steps involved in preparing an engineer's estimate, and 
also to demonstrate the use of the cost charts given in Figs, 253 to 264, estimates 

using methods (i) and (2) will be described in detail. The charts are based on 
prices in the summer of 1939 (see Appendix IV). 

Method (i).—^Preliminary Cost of Bridge and Roadworks Scheme for 
Purpose of Comparison only.—This estimate can readily be prepared from 
-/^-in. scale plans and elevations as shown on Fig, 265. The scheme comprises 
a single main three-hinged portal frame {Fig, 262) of 170 ft. clear span across the 
river with five flood arches on the south approach of spans var5dng from 44 ft. to 
50 ft. and with rises of 6 ft. to 7 ft. Each of these small arches is the segmental 
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three-hinged arch type with filled spandrels {Fig. 258). On the north there is one 
flood arch with a clear opening of 19 ft. 6 in., and the construction here is a portal- 
frame slab with filled s])andrels [Fig. 255). The abutments, piers, and super¬ 
structure are all of reinforced concrete, and the foundations are assumed to rest 
on firm sandy gravel at the levels indicated. The work includes the demolition 
of an existing suspension bridge and the erection of a temporary timber bridge 
across the river—this bridge to be kept open to traffic during the whole construc¬ 
tion period and to be dismantled on completion. The timber bridge is to be 
continued on both sides of the river, so as to link up with the main roads along 
the north and south banks. The site is about 40 miles from the nearest large 
town and the materials will require to be delivered mainly by road transport with 
the exception of the aggregate for the concrete which can be quarried locally. 

As the river is liable to sudden and severe flooding the scheme has been 
designed to give a maximum waterway with as much clearance as possible towards 
the abutments and a minimum construction depth at tlie crown. The parapets 
are to be of precast concrete blocks and the exposed concrete surfaces are to be 
specially treated to produce a fine finish. 

The foregoing data are sufficient for the preparation of a preliminar}" estimate 
of the total cost of the scheme, and this would be made up as foll^^T^. 

la 

lb 

ic 

2 

3 

5 

Descnplioii 

Main bridge (170 ft. span)— 
Co.st from chart No. 10 (Ftg. 262) : 

34*5 X 170 X i-2/g 
5 South approacli arches (47 ft. aver, span) - 

Cost trom chart No. 6 {Fig. 258) : 
34-5 X 28o/() .... 

I North approach arch (iq ft. 6 in. span)— 
Cost from Chart No. 3 255) : 

34‘5 X i9'5 X i-2/g 
Allowance for finishes, special features, 

etc. ...... 
Approach roadworks and embankments 

complete ..... 
Allowance for natural difficulties, tem¬ 

porary timber bridge, and demolition 
of existing suspension bridge 

Availability of materials, labour supply 
and transport .... 

Contingencies (10 per cent.) 

Unit No. Rate 

—1 

£ s- d. i 

Sq. yd. 7^5 15 t6 0 12,400 

Sq. yd. 1072 G
O

 

0
 

0
 

9,200 

Sq. yd. 90 900 810 

Sq. yd. 1140 10 0 570 

Sq. yd. 1400 19 6 L370 

Sum 4,000 

Sum 500 

1 

1 

28,850 

2,885 

Total 3L735 

Method (2).—Engineer's Estimate from J-in. Scale Drawings.—^When 
he is satisfied that the scheme is the best for the particular site and compares 
favourably in economy and suitability with schemes using other modes of con¬ 
struction, the engineer prepares ^-in. scale drawings (see Fig. 266) and makes 
a more detailed estimate using the method that follows. 
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Item Description Unit No. Kate £ s. d. 

I Clearing site . , . . . Sum 50 0 0 
2 Taking down existing suspension bridge 

and demolishing old masonry arches. 
piers, and abutments Sum 200 0 0 

3 Erecting temporary timber bridge. 
maintaining, and dismantling on com¬ 
pletion ...... Sum 2,200 0 0 

Main Bridge 
4 Cofferdams ..... No. 2 £250 500 0 0 
5 Excavation ..... Cub yd 1710 56'. 6d. 470 5 0 
() Pumping ...... Sum 25 0 0 

7 6 in. blinding (1:3:5) mix Sq yd. 165 4s fid. 37 2 6 
8 1:2:3 concrete in foundations . Cub yd. 380 405. 760 0 0 
9 1:2:3 concrete in abutment walls Cub. yd. 742 409. 1.484 0 0 

lO 1:1:2 concrete in arch slab Cub. yd. 187 505. 467 10 0 
II 1:2:3 concrete in arch ribs Cub. yd. 388 40«;. 776 0 0 
12 1 : ij : 3 concrete m deck slab Cub yd. 104 45^- 234 0 p 

1:1:2 concrete in pilasters Cub. yd. 200 506. 500 0 0 

14 Precast concrete caps to pilasters, in¬ 
cluding all moulds .... Cub. ft. 400 25. 6d. 50 0 0 

15 Shuttering in foundations (within coffer- 
daiffol ...... Nil 

i6 Shutter^g in abutment walls Sq. yd. 750 45 Gd. 168 15 0 
17 ShuttcTjBig in arch slab (lagging) . Sq. yd. 700 8s. Gd. 297 10 0 
i8 Shutte^ng in arch ribs Sq. yd. 1820 7s. 637 0 0 
19 Shuttdring in decking Sq. yd. 53« 8s. Gd. 228 13 0 
20 Shuttering in pilasters Sq, yd. 357 6s. Gd. 116 0 6 
21 Mild / steel reinforcement (supplying, 

bonding, and fixing): 
1 (a) Substructure .... Tons 100 £zo i5i. 2,075 0 0 

(6) Superstructure Tons 150 do. 3,112 10 0 
22 Screw couplings, upsetting and threading 

bars, and zinc spraying . Sum 375 0 0 
^3 Allowance for expansion joints, special 

bearing plates, etc. . . . . | Sum 75 0 0 
24 Staging. Sum 1,000 0 0 
25 Wrought-iron kerb .... Lin. yd. 125 3s. 6d. 21 17 6 
26 Paving ...... Sq. yd. 470 , 3s. 3d. 76 7 6 
27 Precast concrete parapets . Lin. yd. 125 24s, 6d. 153 2 6 
28 Special surface treatment . Sq. yd. 866 8s. 3d. 357 4 6 
29 Screeding and road surfacing across 

main bridge ..... Sq. yd. 420 9s. gd. 204 15 0 
30 Drainage on main bridge Sum 

\ 50 0 0 

North and South Approach 
Arches 

31 Excavation ..... Cub. yd. 2290 5^* 572 10 0 
32 Pumping ...... Sum 15 0 0 
33 6 in. blinding (1:3:5 mix) Sq. yd. 555 7s. 6d. 208 2 6 
34 1:2:3 concrete in piers, wing wails. 

and abutments .... Cub. yd. 1160 405. 2,320 0 0 
35 1 : IJ : 3 concrete in arch barrels Cub. yd. 340 455. 765 0 0 
36 1:2:3 concrete in s|)andrel walls Cub. yd. 140 40s. 280 0 0 
37 1:1:2 concrete in pilasters Cub. yd. no 50^. 275 0 0 
38 Precast concrete caps to pilasters, in¬ 

cluding all moulds .... Cub. ft. 90 2s. 6d. II 5 o 
39 Shuttering in piers, wing walls, and 

abutment ..... Sq. yd. ri93 4s, 6d, 268 8 6 
40 Shuttering in arch barrel Sq. yd. 1253 6s. 6d. 407 4 6 
41 Shuttering in spandrel walls Sq, yd. 650 8s. 276 5 0 
42 Shuttering in pilasters Sq. yd. 320 6s. 6d. 104 0 0 



ESTIMATING 313 

Item Description Unit No. Rate £ s. d. 

43 Supplying, bending, and fixing mild 
steel reinforcement in 

(a) Substructure .... Tons 75 £2015s. 1.556 5 0 
(6) Superstructure Tons 80 £2015s. 1,660 0 0 

44 Allow for expansion joints, etc. . Sum 210 0 0 

45 i^taging. Sum 600 0 0 
46 Paving ...... Sq. yd. 410 7.9. 6d. 153 15 0 

47 forecast block parapets Din. yd. 200 245. 6d. 245 0 0 
48 Special surface treatment . Sq. yd. 664 45. Od. 149 8 0 

Roadworks over North and 
South Approach Arches 

49 Filling over arch barrels Cub. yd. 1400 SA'. 210 0 0 
50 Ashes and bottoming, blinding, and 

rolling ...... Sq. yd. 750 2s, bd. 93 X5 0 
51 Tarmacadam ..... Sq. yd. 700 3^'- 105 0 0 
52 ITrst surface coat and spray Sq. yd. 700 2S. 70 0 0 
53 Second surface coat and spray Sq. yd. 700 2S. 70 0 0 
54 Footpaths (bottoming, a.shes, blinding, 

and rolling) ..... Sq. yd. 4x0 35. 61 10 0 
55 Kerbs ...... Lin. yd. 200 7.9. 6d. 75 0 0 

5<^ Drainage ...... Sum 60 0 0 

Approach Embankment and Road 
Works 

57 Scarifying ..... vSq. yd. 480 IS. 24 0 0 
58 Filling to embankments (obtained from 

excavations) ..... Cub. yd. 1150 2S. 115 0 0 
59 New filling to embankments Cub. yd. 2800 3S. bd. ' 490 0 0 
60 Ashes and bottoming, rolling and blind¬ 

ing ...... Sq. yd. 1000 25. bd. 125 0 0 
6r Tarmacadam ..... Sq, yd. 1000 \ 150 0 0 
62 First surface coat and spray Sq. yd. 1000 25. 100 0 0 
63 Second coat and spray Sq. yd. 1000 ' 25. 100 0 0 
64 Footpaths (bottoming, ashes, tarmac¬ 

adam, etc.) ..... Sq. yd. 420 35. 63 0 0 
^>5 Kerbs ...... Lin. yd. 230 75. bd. 86 5 0 
66 Drainage ...... Sum 35 0 0 
67 Soiling and sowing embankment slopes 

and verges ..... Sq. yd. 1300 bd. 32 10 0 
68 Walls and fencing .... Lin. yd. 266 45. bd. X7 0 

28,905 13 6 
Allow 3 per cent, for general items . 867 6 6 
Plant, offices, stores, testing, etc. 180 0 0 

29,953 0 0 

Contingency (10 per cent.) 2,995 0 0 

Total i3^948 0 0 

The actual contract figure was £32,000, which is remarkably close to the 
figures obtained by the preliminary estimates. In general, however, the engineer’s 
estimate and the final cost will not correspond so closely, and the degree of 
accuracy to be expected has been stated previously. 

Variations in Tenders. 

Occasionally, when materials are scarce and most contractors are fully occu¬ 
pied, unexpected tender prices may be received, even for a large and highly satis¬ 
factory bridge project. These tenders may differ very considerably from the 
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engineer's estimate and it is necessary to analyse the tenders in order to find out 
whether they are genuinely keen offers made in good faith. In one large bridge 
work within the writers’ knowledge all the tenders were at least lo per cent, above 
the engineer's estimate, which was fairly conservative, and the highest was 6o per 
cent, above the estimate. A detailed analysis of the tenders disclosed the 
following interesting facts. The sum of the lowest prices for each item was one- 
third below the lowest tender, whilst the sum of the highest prices was nearly 
double that of the lowest tender. The analysis showed that the contractors had 
each filled in the schedule in a great hurry and without much consideration, the 
main desire being to complete the schedule and obtain the return of their deposit 
money without risking the possibility of obtaining the work at a low figure. Such 
instances are rare, but should be kept in mind in order to avoid unjustified 
criticism of the engineer's estimate if the unexpected happens. 

Some contractors tender for bridge work with inadequate knowledge of the 
difhculties, with the result that very low tenders are occasionally received. In 
such cases tenders have been received 20 per cent, below the engineer’s estimate, 
and very considerably less than the next lowest tender. Such tenders have to 
be accepted if the work comes under certain authorities, with the result that 
the contractor receives a sharp lesson in bridge construction and the engineer 
has endless trouble in an effort to obtain a reasonably sound job. ^ Fortunately, 
however, such cases are becoming rarer and, provided that the engineer insists upon 
a high standard of workmanship, unsound contracting on bridge works will rapidly 
decrease. 

It will be appreciated from the foregoing that accurate estimating cannot 
readily be taught, but can only be attained through familiarity with priced 
schedules on bridges actually constructed under widely varying conditions. Judg¬ 
ment is the chief feature of an engineer’s estimate and, as has been stated before, 
it is entirely different from contractors’ pricing, which is nearly always made from 
a completely detailed schedule of quantities and accurate knowledge of current 
prices and labour costs. An example of a contractor’s estimate is given in the 
succeeding chapter. 



CHAPTER XIII 

CONSTRUCTION METHODS AND EQUIPMENT 

Preliminaries to Construction—Estimating Contract Time—Plant and Arrangement 
OF Plant—Cost Estimates—Construction J^rogramme—Maintaining Tkafik—Setting 

out—Excavation—Construction of Foundations—Filling 

It is assumed that a contractor undertaking the construction of a reinforced 
concrete bridge has a sound knowledge of concrete work. In this and succeeding 
chapters, therefore, construction methods, materials, plant, and related matters 

are discussed only insofar as they relate to the special problems met in bridge 
construction, and are dealt with from the point of view of the contractor. The 

need for close co-operation between the contractor and the designer tliroughout 
all stages of the work cannot be over-emphasised and the relationship should not 

be too formal but rather one of mutual aid. It is therefore essential for the 
designer to be familiar with the practical problems and difficulties of executing 
bridge contracts, and for the contractor to appreciate the aim of the designer. 

A well-written specification describing this aim and including only those restrictions 
and requirements essential to its attainment will do much to promote a proper 

understanding on the part of the contractor. The problems and their solutions, 

which are best considered in the sequence in which they are encountered in the 
course of the work, are dealt with in the following, and references are given to 

other parts of this book that deal with these problems in greater detail. 
Preliminaries to Construction.—Many of the particulars described in 

Chapter II which the engineer requires for the preparation of the design, and the 
contract documents, are of value to the contractor when preparing a tender. 
Other information necessary may be obtained by inspection of the site and from 

public authorities concerned. A construction programme for the purpose of 
estimating the contract time, and later for the organisation of the work, is an 

essential preliminary, as is also the consideration of different constructional 
equipment and arrangements of the plant. Such matters affect the estimated 

cost of the works. Detailed consideration of programmes, plant arrangement, 
and cost estimates is given in the present chapter together with other preliminary 

matters such as provision for the maintenance of traffic and the setting-out of the 

works. 
Excavation and Foundations.—^The treatment of foundations in Chapter 

VIII relates principally to the design of the substructure, although cofferdams 

and piling are considered. The illustrations showing timbering of excavation 
and other temporary work based on actual contracts should be studied by con¬ 
tractors with similar problems. The sections on foundations in the present chapter 
therefore deal primarily with various methods of excavating, together with some 

observations on foundation construction, 

3x5 



3i6 REINFORCED CONCRETE BRIDGES 

Centering, Shuttering and Moulds.—The design and construction of 
shuttering, centering, and other falsework required in bridge construction are 
dealt with in Chapter XIV. 

Reinforcement.—Bar-bending schedules are dealt with in Chapter XI. 
The ordering, storing on the site, bending, and fixing of reinforcement are dealt 
with in Chapter XV. 

Concrete Mixing, Distribution, Placing and Curing.—^The essentials of 
these operations are given in Chapter XVL 

Special Features.—Reference should be made to Chapter XVII for details 
of constructional procedures relating to erection with precast members, prestressed 
reinforced concrete, jacking of arches, temporary and permanent hinges, permanent 
joints, waterproofing, drainage, and testing completed structures. The special 
problems encountered in the construction of culverts and subways and railway 
bridges are also dealt with in Chapter XVII. The surface finish of bridges and 
consideration of parapets are dealt with in Chapters I, IX, and X and, where 
they affect the shuttering, in Chapter XIV. 

Preliminary Information. 

Upon receipt of an invitation to tender, the first step is to study thoroughly 
the conditions of contract, specification, bill of quantities, and drawings to ascer¬ 
tain the essential particulars and requirements. This enables a list to be compiled 
of information required and action to be taken preparatory to making-up the 
tender. This list would include, in addition to any items peculiar to a given 
contract, such items as : 

Materials: Nearest sources of supply, prices, and method of delivery of 
aggregates, cement, timber, and materials required by all trades ; water and 
power supplies and the method of payment; whether the restriction of the site 
necessitates the steel being bent before delivery. 

Labour : Whether sufficient men are available locally or whether men must 
be taken to the site ; whether lodgings are available or living quarters have to be 
provided ; messing arrangements ; competence of local or directed labour. 

Sub-contracts : A list should be made of work that can be conveniently let 
to sub-contractors and quotations obtained; all prime-cost items should be 
enumerated. 

Diversion of traffic, streams, or railways: Whether a temporary bridge is 
required, and if so the loading; whether the existing bridge is to remain open 
for traffic in the case of a reconstruction ; whether part of a new bridge has to 
be opened to traffic before completion of the whole ; navigation requirements in 
the case of a bridge over a river; road signals, speed limitations, navigation 
lights, etc.; interruption of Wi>rk or limitation of working hours to suit traffic ; 
maintenance of rights-of-way. 

Plant: Compare the most suitable equipment for the contract with the 
plant available; consider the purchase or hire of additional plant; ascertain 
if counterweight material for cranes is available locally. 

Site : Whether demolition of existing buildings, tree-felling, etc., are neces¬ 
sary ; access for materials and plant; if the bridge is to be over a river, cross- 
river facilities, the nature of the river (current, floods, character of bed and 
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banks), whether the foundations have to be built in the dry (within cofferdams), 
piled, or under water ; nature of ground; land available for site operations. 

Authorities : Fees payable by the contractor to local authorities ; submission 
of falsework plans or other particulars to the road, railway, or navigation author¬ 
ities; whether detailed designs have to be prepared by the contractor and 
approved by the authorities. 

Financial: Terms of payment; sureties ; retention money ; penalties and 
bonus; provisional sums; possible claims from adjoining owners. 

The information under these headings, all of which affect the contract sum, 
is obtained by inspection of the site, by enquiries of suppliers, by the requirements 
of the contract documents, and if necessary by enquiry of the engineer and the 
authorities concerned. Upon being awarded a contract, the contractor has 
generally to consider the foregoing in greater detail, together with other factors 
such as the date of possession of the site and the condition of the site at that date, 
and the dates of delivery of the plant and first supplies of materials. These 
dates, and the time required to install the equipment and make preparation for 
the commencement of the work, have an important bearing on the construction 
programme. 

Estimating Contract Time. 

The time-schedule or programme for the works is jprepared in two stages. 
The object of the first, which is an approximate schedule showing only the major 
operations, is to assess the probable contract time, a statement of which usually 
accompanies the tender. Where more than one method of executing the work 
are possible, an approximate schedule should be prepared for each to establish 
the most efficient method. 

In Fig, 267 is given a sketch, approximate quantities, and an estimated 
time schedule for a filled-.spandrel arch bridge. It is proposed to erect two 
derrick cranes to handle the excavation and the concrete. Essential preliminaries, 
including erecting the cranes, will occupy three or four weeks, but excavation 
for the abutments should be started within a fortnight. In soft ground above 
water level, excavation by hand will proceed more quickly than when hard ground 
is reached or when working within cofferdams. Abutment construction cannot 
commence until at lea^t one excavation has been taken down to the full depth, 
and as both excavations will be proceeding concurrently (although they may be 
at different stages), concreting of the abutments cannot start until towards the 
end of the excavation period. Thus the excavation is the first of the critical 
operations and must be planned to maintain the scheduled speed. Owing to the 
comparatively small amount of excavation the provision of excavating machinery 
is not warranted, and therefore the method would be to dig and load by hand 
into lorries at first, and into crane skips when the cranes are ready for use. 

The placing of the large volume of plain concrete in the abutments is the 
second critical operation, and it is proposed to install two 14/10 mixers, one on 
each side of the river. Work should commence on the second abutment as 
soon as excavation permits, and thus the construction of the two abutments 
proceeds simultaneously for most of the time. Distribution of the concrete 
from the mixers to the excavation need not control the speed, as the mixers can 
be arranged alongside the excavation. 
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The construction of the arch cannot begin until the abutments are complete, 
but the erection of the centering and shuttering for the arch and the fixing of 
the reinforcement can proceed while the abutments are under construction so 
that when the abutments are finished the concreting of the arch can begin without 
delay. With two mixing installations concreting can proceed outwards from 
each abutment simultaneously but, owing to the greater difficulty of distribution 
and placing, it is probable that the average daily rate will be less than that 
attained in the abutments. The daily rate will be further reduced when con¬ 
creting the wing walls, spandrel walls, and parapets. Depositing the earth 
filling cannot proceed until the walls have matured. It is therefore advantageous 
to proceed with the walls simultaneously with the arch, as there may be periods 

when the concrete placers on the latter cannot cope with the maximum output 
of the mixers. 

In the example the roadway is to be laid by the local authority on consolidated 
earth filling deposited by the contractor. A reasonable time for clearing-up 
and possible delays must be allowed, and should only allow for matters within 
the contractor's or supplier's control, such as under-estimation of time or delay 
in delivery of materials. Delays due to bad weather, abnormal floods, strikes, 
labour shortages, extra work ordered by the engineer, and similar occurrences 
cannot be assessed. In Fig, 267 it is seen that the estimated contract time is 
about ten months. The provision of sufficient sheet piling for one cofferdam 
only, or enough centering for a half-width of the arch, would reduce the cost 
of the plant but would seriously extend the contract time, and possibly endanger 
the chance of obtaining the contract. When the contract has been secured, a 
detailed construction programme {Fig. 277) is prepared. 
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Construction Plant. 

When preparinp^ the contract-time schedule it is necessary to consider roughly 
what equipment will be necessary to deal with the work, but before the cost 
estimate can be prepared a closer study of the plant required and its arrangement 
is essential. On bridge contracts the equipment is the same as is used in normal 
reinforced concrete construction and in particular the following. 

Plant used for general purposes about the site includes narrow-gauge rail 
tracks and equipment, derrick or locomotive cranes, overhead ropeways in special 
circumstances, and timber or steel scaffolding. 

The most suitable types of excavating machinery for bridge contracts are 
shovels and trenchers, and grabs for excavating inside cofferdams and timbered 
excavations. For the latter purpose cranes with skips are also commonly used. 
Other plant for foundation construction includes pumps and driving plant lor 
sheet piles and bearing piles. 

Equipment for concreting operations may include aggregate crushing, 
screening, washing, and batching plants, storage bins, chuting plants, conveyors, 
and concrete pumps, in addition to concrete mixers. 

Concrete materials and reinforcement may be delivered by rail, road, or 
water, depending upon the transport facilities at the site and at the source of 
supply. Lorries would be used in cities and where good roads connect the source 
of the aggregates and the site. For sites on navigable rivers and canals, materials 
can be delivered by ship or barge, but economical transport by water or rail 
necessitates that the source of suppty as well as the site be alongside a waterway 
or railway. Concrete mixers, scaffolding, and other equipment are normally 
transported from the contractor’s yard to the site by lorry or rail, while lorries 
arc also used to convey workmen to and from isolated sites. Short end-tipping 
lorries with capacities up to 4 cub. yd. are used for conveying aggregates, but 
long drop-side lorries of up to 5 tons capacity are more suitable for reinforcement. 
Similar lorries, but with capacities up to 20 tons including a trailer, may be used 
for delivering cement, and in such a case temporary roads on the site should be 
capable of bearing this weight. 

Excavated material from open sites may be conveyed by jubilee wagons or 
lorries to a dump, but from town sites surplus material is usually loaded directly 
into lorries for disposal. On small contracts the concrete materials are generally 
taken from the storage heaps to the mixers in wheelbarrows, in which also concrete 
is often taken from the mixer to the concreting position. Hand-carts or jubilee- 
type wagons are also used for this, but where the distance from the mixer to 
the work approaches 100 yd. it is worth while using mechanically-propelled 
vehicles. If the concreting position is not conveniently accessible, bottom- 
opening crane skips may be employed. For wheelbarrows or hand-carts, timber 
tracks adjustable to the exigencies of the site are required. Gradients for hand- 
propelled barrows or carts should not in general exceed i in 30 nor be more than 
I in 12 over a length of more than a few feet. Lorries require sleeper tracks or 
similar roads on almost all types of ground. 

Stationary cranes for bridge construction are usually the derrick type, driven 
by steam or electricity. The capacity may be up to 20 tons with jibs up to 
120 ft., a useful machine being a 5-ton crane with an 80-ft. jib giving a working 
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radius of about 75 ft. The counterweight is provided by bricks, blocks of stone, 
iron, pile heads, or similar material. Two derrick cranes operating on the con¬ 
gested site of a bridge contract are illustrated in Fig, 268. In this position the 
cranes can handle all the materials required as well as being used for driving 
the steel sheet piling for the cofferdams and the timber piles for the trestles. 
Other examples of cranes used on bridge work are given later. Travelling cranes, 
steam or electrically driven and running on rails, road wheels, or self-laying 
tracks, work either at ground level or on temporary timber gantries. They 
have a wide range of capacities, but capacities of 2 tons to 5 tons are useful where 
a mobile crane can be used to advantage. Derrick cranes can also be used as 
travelling cranes by mounting the platforms on bogies running on two parallel 
rail tracks, and in this form have been found useful in a large pile-yard. 

Fig. 268.—Derrick Cranes used In Bridge Construction. 

Temporary timber gantries are used for crane or runway tracks, for sup¬ 
porting pile drivers, or for similar uses. They are generally made from 12-in. by 
i2-in. or lo-in. by lo-in. horizontal and vertical timbers, bolted or spiked together, 
and well braced diagonally. The verticals are driven into the ground as piles 
when the bearing power of the ground is low or when the staging is over water. 
When on good ground they rest on a ground frame. The verticals should be 
from 10 ft. to 15 ft. apart, braced in both directions at the top and bottom and 
at intermediate points not more than 10 ft. apart. Stages only one bay wide 
should be double-braced laterally with diagonal timbers, but elsewhere single 
half-timber braces alternately in opposite directions are sufficient. Splices in 
horizontal timbers should be made bver the heads of vertical timbers, whUe 
splices in the latter should be cleated on all four sides. If the gantry carries a 
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rail track the horizontal timbers should be provided directly under the rails. 
For large spans or exceptional loads steel joists are used for the main girders 
of a gantry. Where possible, the beams and posts of a timber gantry should 
be designed for the loads to which they will be subjected. Expressions for 
determining the safe load on timber piles, posts, and beams are given later. 

Arrangement of Plant. 

The efficiency of the construction is influenced by the way in which the plant 
is arranged. If the same plant is employed on successive operations construction 
should be arranged so that these operations follow one another with a minimum 
handling of materials. The major pieces of stationary equipment, such as large 
concrete mixers, derrick cranes, material bins, access roads, and rail-tracks 
should, if practicable, be able to maintain efficient service throughout the contract 
without being moved. Portable mixers, pumps, compressors, bar-bending 
machines, carpenters* benches, and timber runways are items that can be readily 

Fig. 269.—Arrangement of Plant for Replacement and Widening of Bridge 
on Congested Site. 

moved to different positions as the work proceeds. The position of any piece 
of plant should be decided with reference to the supply of materials and the 
position to be occupied in the work by these materials. Where possible, separate 
entrances and exits should be provided for vehicles delivering materials. Stores 
for materials should be situated so that the distances from the arrival point to 
the store and from the store to the work are a minimum. 

The procedure, and therefore the arrangement of the plant, depends upon 
the type of bridge, the size and number of spans, the available working area, and 
whether traffic has to be maintained under or over the bridge. The arrangement 
of the plant depends especially upon whether work can proceed from one end 
only or from both ends at the same time. The examples of typical arrangements 
of plant in Figs. 268 to 276 are based on actual contracts. 

As already described, two steam-operated derrick cranes were installed for 
the reconstruction of the canal bridge shown in Fig. 268. The congestion of this 
town site was aggravated by the necessity to maintain the existing tramway 
service. The concrete mixer was placed in a clearing on one bank of the canal, 
the aggregates being brought to the site by road. From this position the concrete 

Y 
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was transferred to the placing point by the cranes, which also handled any 
excavated material tind the piles. 

A suitable arrangement for replacing an existing multi-span bridge by a 
single-span and wider structure is shown in Fig. 269. In this example there was 
no need to keep the existing road open, but a pedestrian crossing over the river 
had to be maintained. The congestion of the site necessitated all operations being 
carried on within the boundaries of the new work and its approaches. The 
existing bridge was demolished, except for the two mid-stream i)icrs which were 
temporarily extended in timber to provide a support for the deck centering 

Fig. 270.—Construction of a Bridge over a Deep Valley. 

and temporary footbridge. A temporary access gantry was erected above the 
level of the deck for the passage of hand-carts carrying concrete from the mixer 
to all parts of the new structure. The concrete materials were delivered by road 
to one end of the bridge where the mixer was placed at road level. If the contract 
were large enough a mixer at both ends of the bridge would accelerate progress. 
A mobile crane at each end of the bridge would lift skips of excavated material 
out of the abutment excavations and discharge into lorries. 

The construction of a large arched bridge over a deep valley is illustrated 
in Fig. 270. In this case a derrick crane was erected over each of the two arch 
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abutments, in which position almost any part of the work could be reached for 
the purpose of removing excavation, depositing concrete, and handling shuttering 
and reinforcement. A similar arrangement is shown in Fig. 271, where two 
electrically-operated derrick cranes, having 80-ft. jibs and capable of lifting 
I ton at a radius of 75 ft., reached all parts of the work. A mixing installation 
was provided at both ends of the bridge, since access was available to both ends, 
and the concrete was taken to the work in bottom-opemng skips handled by crane. 

The span of the bridge in Fig. 272 was too great to enable all parts of the work 
to be reached by two cranes and access was only available from one side of the 
river. Thus the concrete mixing installation was placed on one bank only, where 
were also the stores, offices, steel bending yard, and power-house. The latter 
was required owing to the isolation of the site, and was equipped with a iio-h.p. 
Diesel-electric set. The cranes were electrically-operated and each had a 90-ft. 
jib with a lifting capacity of 5 tons at 65-ft. radiuo. Temporary timber piers 
were erected in the river to support the arch centering and a low-level temporary 
bridge laid with jubilee track so that materials prepared on the right-hand bank 
could be transported to within reach of the crane on the left-hand bank. The 
concrete was discharged from the mixer into skips which were either taken by 
crane No. i direct to the right-hand side of the work or placed on flat bogies and 
hauled across the temporary bridge to be picked up by crane No. 2. Over the 
centre portion of the work not reached by either crane, a high-level gantry was 
erected from which concrete was discharged from concrete carts, skips, or detach¬ 
able bodies of jubilee wagons, hoisted on to the gantry by crane No. 1. This 
arrangement of cranes is sometimes necessary when the bridge spans a valley 
with steep sides, in which circumstances the cranes are placed as near the top 
of the slope as convenient in order to reduce the height of the towers. 

The construction of the larger bridge illustrated in Fig. 273 was carried out 
with the aid of eight cranes so arranged that most parts of the work could be 
reached by two cranes with iio-ft. jibs. Two cranes were carried on temporary 
platforms supported on timber piles beyond the cut-waters of each of the two 
river-piers, the latter being therefore protected by supporting trestles. Two 
cranes were also erected on each bank, where two independent installations of 
concrete batching and mixing equipment were provided. 

A different arrangement was used for the construction of the bridge to which 
Figs. 274 and 275 refer. In this case the original masonry bridge lay athwart 
the site of the foundations for the new bridge. A temporary bridge for road 
traffic and an independent temporary bridge for pedestrian traffic were therefore 
erected, and the original bridge demolished. The cofferdams for the four piers 
were then driven {Fig. 274), and a temporary stage, carried on timber piles, and 
two 5-ton derrick cranes with a working radius of 90 ft. were erected in the river 
on one side of the site of the new bridge. On this stage, piles were oast and the 
concreting plant was installed. The cranes were used for handling materials from 
the demolition of the existing bridge and the concrete for the new bridge. 

A method sometimes adopted when building a bridge over a deep gorge is 
to employ an aerial ropeway, the ends of which are anchored at points sufficiently 
high on either side of the site. An example of this method is shown in Fig. 276^ 
in which case the centre-lines of the bridge and the ropeway did not coincide 
owing to difficulty in positioning the andborages. The skip on the traveller was 
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filled at the concrete mixing plant and, by means of the ropeway, traversed the 
length of the bridge to the concreting position. 

Fig. 276.—Arrangement of Plant with Overhead Ropeway. 

Co8t Estimate. 

In Chapter XII consideration was given to the preparation of an engineer's 
estimate of cost for a bridge contract. A method of estimating the cost of the 
work for the purpose of preparing a contractor's tender is described here. As in 
Chapter XII, the prices are based on the rates current in 1939,* but although the 
prices may require adjustment the method of assessing the contract sum is shown. 

The major items in the bill of quantities have been considered in preparing 
the estimate of the contract time (ten months, as in Fig, 267), but now every 
item must be dealt with in detail. The bill of quantities is as follows. 

Bill of Quantities. 

I’ERMANENT WoRK (quantities supplied by the engineer) — 
I Excavation above water level , 750 cu. yd. 
2. Excavation below water level ....... 275 ,, 
3 Excavation in hard material below water level . . . . 175 ,, 
4. Concrete (1:3:6) in abutments ....... 1050 ,, 
5. Concrete (1:2: 4) in spandrel and wing walls, includmg foundations 

to wing walls .......... 230 ,, 
6 Concrete (t : ij : 3) in arch .slab.710 ,, 
7. Concrete (i : 2 : 4) in parapet 35 ,, 
8. Shuttering to abutments.345 sq. yd. 
9 Shuttering to spandrel and wing walls, including vertical face of arch 
slab.1500 „ 

10. Shuttering to soflBit of arch slab ....... 720 „ 
11. Shuttering to parapet ......... 400 ,, 
12. Reinforcement (total weight of all sizes) . . . . ,115 tons. 
13. Finish to exposed surfaces ........ 950 sq. yd. 
14. Earth filling (excluding approaches) ...... 5000 cu. yd. 
15. Preparing surface of filling for road . , . . . . 950 sq. yd. 
16. Drainage.Item. 
17. Insurance of works ......... Item. 
18. Concrete tests.Item* 
19. Contingencies.Item. 

♦ See App^dix V, 
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Temporary Work (quantities measured by contractor).— 

A. Cofferdams, average 10 ft. deep ....... 300 lin. ft. 
B, Timber in centering for arch slab ...... 6000 cu. ft 

An approximate price can be determined from the charts in Chapter XII. 
In the case of the bridge in Fig. 267, a filled-spandrel hingeless arch of about 
145 ft. span and 40 ft. wide, the chart in Fig. 257 is used.' By extrapolation, 
the approximate unit cost is about £20 per square yard, the total approximate 
cost therefore being x 40 x 1*4 X 145 ~ £18,000, or say £16,000 as the road 
is excluded from the contract. This preliminary value enables an idea to be 
formed of how much should be spent on plant. 

The detailed analysis of the estimated costs is considered in the following 
sections: (i) Labour. (2) Materials. (3) Plant. (4) Site offices and staff, 
general on-costs, etc., and (5) Final make-up. 

Labour.—The unit cost of labour for each operation is usually based on 
the contractor’s records of comparable contracts. Only labour definitely attribu¬ 
table to particular items is included in this schedule, which is prepared as follows. 

Item No. Description 

1. Excavation above water 
2. Excavation below water 
3. Excavation in hard soil 
4. Concrete in abutments . 

5 and 6. R.C. in walls and arch 
7. Concrete in parapet 
8. Shuttering (abutments) . 
9. Shuttering (walls). 

10. Shuttering (arch) . 
11. Shuttering (parapet) 
12. Reinforcement 
13. Finishes 
14. Filling.... 
15. Prepare for road . 

Quantity Labour Total 
rate £ 

750 cu. yd. 4s. od. 150 
275 6s. od. 83 
175 izs. od. 105 

1050 7s. 6d. 523 
109. od. 470 

35 15s. od. 27 

345 sq- yd. 3s. 6d. 61 
1500 4s. od. 300 
720 3s. 6d. 252 
400 5v9. od. 100 
I15 tons £4 os. od. 4O0 
950 sq. yd. IS. od. 72 

5000 cu. yd. IS. od. 250 
950 sq. yd. IS. od. 4« 

Total net labour ^2903 

Materials.—In this section only the calculated unit rates for inclusion in 
the final make-up are determined. 
Concrete— 

Item No. 4. 5 and 7. 6. 
Mix.1:3:6 1:2:4 i;ij:3 

s. d. s. d, $. d. 

I J-in. aggregate @ 7s. per cu. yd. J cu. yd. = 62 —- — 
J-in. aggregate @ 75. 6d. per 

cu. yd. .... — I cu. yd. =*63} cu. yd. — 5 8 
Sand @ 8s. 6d. per cu. yd. . i cu. yd. = 43 ^ cu. yd. ==43 i cu. yd. — 4 3 
Ordinary Portland cement @ 

495. per ton • « • 3i cwt. = 80 — — 
R.H. Portland cement @ 55s. 

per ton .... — 4J cwt. = 125 5J cwt. = 15 2 

Total per cubic yard, say . 18 6 23 o 25 o 

Shuttering— 
Item No. 8. Abutments : aj cu. ft. @ £22 10$. per standard 

4* 3 uses = 25. od. per square yard 
Item Nos. 9 afld ii. Walls : 28s. 6d. per square x rh + 75 

per cent, for strutting -f- 2 uses = 2s. 3d. 
Item No. 10. Arch: 285. 6a- per sqhare. One use only. 

Allow for salvage value (strut¬ 
ting included in centering) say » 25. od. ,, 
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Plant.—Only equipment required for definite items in the bill of quantities 
is included in this section. Other items, such as scaffolding and cranes, are 
included under General charges 

Conerdams : 300 lin. ft., 10 ft. deep — 3000 sq. ft. 
Weight of steel sheet piling — 3000 x 20 lb. = 27 tons. 

1 1 
Cost of Sheeting : Depreciation . 1 10 per ton 

Carriage . 20,, - 

27 tons @ 3 .. ,, 95 
Hammer and compressor : Depreciation 25 

C arnage 15 
Erection, etc. 

s. d. 

10 

Labour, power, etc. Driving 1 0 per sq. ft. 
Extract 6 ,, 

3000 sq, ft. @ . 1 0 ,, 225 
Pumping : 2 men, 10 weeks @ £4 each 80 

ihimps, pipes, power, etc. say 50 

Total cost of cofferdams • £500 
Allocate 50 per cent, to excavation below water (Items Nos. 2 and 3) 

500 X 20 ‘- — IIS', 
2 X 450 

'id. per cu. yd. 

Allocate 50 per cent, to abutment concrete (Item No. 4) 

500 X 20 
— --- 45. 9tf. per cu. yd. 

z X 1050 
£ 

Centering: Materials, 6000 cu. ft. @ £12 105. per standard. .... 818 

Labour, 6000 cu. ft. @ is. ^d. . . . . . . ^ 375 

1193 
Salvage, deduct, say . . . . . . . . , .163 

1030 

Allocate to arch shuttering (Item No. 10) — 28s. 6d. per sq. yd. 

Concrete mixers : charge for one 14/10 mixer : £ 

Depreciate £j5, carriage £10, erect and dismantle £15 . . . 100 
Batch boxes, etc. .......... 10 
Petrol, 20 weeks £4 ■ . . . . . . . .80 

190 
Total charge for two mixers allocated to concrete (Items Nos. 4, 5, 6, and 7) 

190 X 2 X 20 

2125 
35. 6d. per cu. yd. 

General Charges.—Under this heading are included all the costs of staff 
and equipment that should be allocated to the contract as a whole. The total 
of such costs is then expressed as a percentage of the labour cost. 

£ i 
staff : Engineer on site, I year @ £450. 450 

Assistant engineer, 10 months @ £20 ..... 200 
Foreman, 44 weeks @ £7 • 308 
Timekeeper (A), boy {£\), watchman (/i), mechanic (£4), store- 

keeper (/a) = 44 weeks @ £12 ..... 528 
i486 



COST ESTIMATE 

Site offices, etc. : Site staff office 
Clerk of Works’ office 
Store, coverings, latrines 
Water . . . . 
Barricades and lighting . 

i 
50 
50 

75 
75 
25 

Cranes : estimated charge for one crane on site for q months — 

Depreciation : 20 per cent, per annum on £t>oo . . . ()o 

Other charges : 10 per cent, per annum . . . *45 
Carnage (;^2o), erect and dismantle {£50) .... 70 
Staging and counterweight ....... 40 
Fuel ; 2 tons per week @ £z for 30 weeks . . . .120 

(water included) 
Craneman: 36 weeks (3) los. . . . . . .162 

Two cranes @ £5^7 

Scaffolding : Material, four (a), £2^ ....... 100 
J.abour, four £^o . . . . . . . jOo 

331 

£ 

275 

1054 

2 ho 

Total of general charges . . . . . . . . . . • £i^75 

On-cost on net labour ~ 106 per cent 
2003 

Add : Head office on-cost 10 ,, 
Small tools and consumable stores 4 ,, 
Insurance (excluding “ Works ”) 4 

Gross on-cost on net labour, say 125 per cent. 

Final Make-up.—In this section the net charges and profit (say, 10 per 
cent.) applicable to each item are combined to give the rate entered in the bill 
of quantities, and by extension and addition the total amount of the tender is 
determined. 
Item Description and Make up 
No. 

Excavation above water: s. d. 

Labour 4 0 

On-cost 5 0 

Disposal . I 0 

10 0 
Profit I 0 

Excavation below water : 
s. d. 

I.abour 6 0 

On-cost 7 6 
Disposal . I 0 
Cofferdams II 2 

25 8 
Profit 2 7 

Excavation in hard soil: 
s. d. 

Labour 12 0 

On-cost 15 0 
Disposal . I 0 
Cofferdams 11 2 

39 2 

Profit 3 II 

Quantity R.'ite Total 

£ s. d. 

750 cu. yd. II5. od. 412 10 o 

275 „ 28s od. 385 o o 

175 435. od. 376 5 o 
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Item Deiicnption aad Make>up 
No. 

Quantity Rate 

4. Concrete in abutments (1:3.6): 
s. d. 

Materials . . 18 6 
I^abour 7 6 
On-cost Q 5 
Mixers 3 6 
Cofferdams 4 9 

— — 

43 8 
Profit 4 5 

Concrete in walls (1.2 .4): 
5. d. 

Materials . • 23 0 
Labour 10 0 
On-cost . 12 6 
Mixers 3 6 

49 0 
Profit 4 II 

Concrete in arch (i : ij : 3) • 
5 d. 

Materials . • 25 0 
Labour 10 0 
On-cost 12 6 
Mixers 3 6 

51 0 
Profit • 5 2 

Concrete in parapet (i . 2:4}. 
s. d. 

Materials . • 23 0 

Labour • 15 0 

On-cost . 18 9 
Mixers 3 (} 

60 3 
Profit 6 0 

Shuttering to abutments 
5. d 

Material . . 2 0 

Labour 3 6 
On-cost • 4 5 

9 II 

Profit . I 0 

Shuttering to walls, etc.: 
s. d. 

Material . . 2 3 
Labour 4 0 

Oii-cost • 5 0 

II 3 
Profit , .12 

1050 cu. yd 485. od. 

-230 .i 54s. od. 

710 ,, 56s. od. 

35 »> 66^- od. 

345 sq. yd. IIS. od. 

Total 

£ s. d. 

2520 o o 

621 o o 

1988 o o 

115 10 o 

189 15 o 

1500 12^. 187 10 o 
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Item Descsription and Make*np 
No. 

lo. Shuttering to arch . 
s. d. 

Material . z 0 
labour 3 6 
On-cost 4 5 
Centering . 28 6 

—, — - 

38 5 
Profit 3 10 

— — 

Shuttering to parapet: 

5. d. 
Material . 2 3 
Labour 5 0 
On-cost 6 3 

13 6 
Profit I 5 

Reinforcement (supplied cut 
to length) : 

£ s. 
Material . 18 0 
Labour 4 0 
On-cost . 5 0 

27 0 
Profit (10 per cent.) . 2 14 

Finishes. 

s. d. 
Material . 6 
Labour I 6 
On-cost 1 II 

3 II 

Profit 5 

Filling: 

s. d. 
Material . I 6 
Labour I 0 

On-cost I 3 

3 9 
Profit 5 

Preparing Surface: 
s. d. 

Labour I 0 

On-cost . I 3 

2 3 
Profit . 3 

16. Drainage (provisional): 
17. Insurance of works (provisional); 
18. Concrete tests (provisional) : 
79. Contingencies r 

Quantity Rate Total 

I S. d. 

720 sq. yd, 42s od. 1512 o O 

400 ,, 155. od, 300 o o 

(average) 

115 tons I'^o 3450 o o 

050 sq. yd. 4s. 3c/. 201 17 0 

5000 cu. yd. 45. ^d, 1083 6 8 

950 sq. yd. 25. 6cf. 

Item — 100 0 0 
Item ,— 100 0 0 
Item — 

25 0 0 
Item — 2000 0 0 

Total amount of tender £iS,5^y 14 2 
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Construction Programme. 

When a contract has been secured, the next steps are to order materials, 
arrange for plant to be sent to the site, and to prepare a detailed programme of 
all stages of the work from the possession of the site to the handing over of the 
completed structure. This programme, which is generally approved by the 
engineer or other authority, co-ordinates the delivery of materials, labour require¬ 
ments, and use of plant, and also enables a check to be kept on progress. An 
example is shown in Fig, 277, which applies to the same contract as that for 
which the estimate in Fig. 267 and the cost estimate in the preceding section were 
prepared. It differs in detail from the time-estimate chart, as small modifications 
seem desirable when each constructional stage is considered in detail. The 
notes on Fig. 277 are self-explanatory. 

Maintenance of Traffic. 

A method commonly adopted when replacing an existing bridge along the 
line of which traffic must be maintained is to retain the original structure, or a 
part thereof, to carry the traffic while a portion of the new bridge is constructed. 
Subsequently the traffic is diverted to the new work, while the old bridge, or the 
remainder thereof, is demolished and replaced. An advantage of this procedure, 
apart from obviating the necessity of providing a temporary structure, is that 
centering and other falsework need only be provided for the lirst portion of the 
new structure, so that it can be re-used on the succeeding portion. Co-operation 
between the contractor and the engineer is necessary to ensure that the design 
permits the contruction to be carried out in two stages. When the foregoing 
method cannot be adopted a temporary bridge may be essential. The require¬ 
ments may range from the provision of a way for pedestrians only, to the pro¬ 
vision of a temporary bridge capable of carrying normal road traffic as in Figs. 
274 and 275. In extreme cases a bridge of a semi-permanent nature may be 
required, but for such a major structure the design is usually prepared by the 
engineer. In the case of railway bridges, the railway engineers will generally 
provide drawings and details of all temporary works. A contractor is therefore 
usually concerned only with the design of the lighter forms of temporary bridges, 
the loading and clearances for which will be specified by the engineer and, in 
consultation with the latter, speed restrictions, loading limitations, and the 
arrangement and working of traffic signals will be established. 

A temporary bridge, which is usually the first work to be put in hand, is 
commonly in timber, except over wide navigable rivers where the erection of a 
temporary steel bridge may be warranted. Groups of timber piles are some¬ 
times driven as piers, adjacent piles in each group being braced together with 
bolted connections. Cross-heads support the main longitudinal runners. The 
latter, which may be either timber baulks or steel joists, span from pier to pier 
and carry the timber decking. Parapets are usually close-boarded, especially 
on the side adjacent to the new construction, to prevent crowds gathering to 
watch the work. The timbers should be designed to carry the loads as described 
later. 

The main constructional problem is the erection of the piers. In slow- 
flowing streams it may be possible to drive piles from an anchored barge, but 
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in other cases it is necessary to mount the pile driver on staging. One method 
of driving light timber piles is from a frame projecting in front of the staging 
being erected. The vertical guides for a winch-operated drop hammer are attached 
to the end of a cantilevered timber beam which is carried well back behind the 
last row of driven piles. The winch acts as a counterweight. For light temporary 
bridges the equipment described would be used to drive the piles formmg the 
piers of the bridge, but for a large temporary bridge the piles capable of being 
dnven by this equipment would be suitable only for the purpose of providing 
a staging upon which a larger pile frame could operate to drive the heavier and 
longer piles required to carry the bridge. 

The safe load on timber piles can be calculated approximately. On page 203 
a formula is given for the load-carrying capacity of the permanent reinforced 
concrete piles, but for temporary timber piles the Dutch formula in the following 
form is applicable. 

whn 

in which W = the safe load in tons on a timber pile, w == the weight in tons 
of the drop hammer, h == the drop in mches of the hammer, 

^ __ weight of pile 

weight of hammer* 

n = number of blows per final inch of penetration, and ^ is a factor having the 
following values for timber piles: 

Tn firm soil In resilient soil 

With dolly ..... .... 6 8 
Without dolly ......... 8 10 

The value of k may be decreased by 10 per cent, if a single-acting steam-hammer 
is used and should be increased by 50 per cent, if the bulk of the load on the 
post is live load as in temporary bridges for vehicular traffic. 

The safe concentric load m tons on a timber post is where h and d are 
the maximum and minimum cross-sectional dimensions in inches. This expres¬ 
sion assumes that the ratio of the unbraced height to the least dimension does 
not exceed 15, and that the timber is seasoned pitch pine, spruce, larch, elm, 
or beech. For yellow or red pine two-thirds of this value should be taken, but 
an increase up to 50 per cent, can be made if ash, teak, or oak is used. 

The safe concentric load on a timber pile considered as a column should also 

be calculated, and for this purpose the load is %bd\ where L (in 

inches) is two-thirds of the length of the pile embedded in the ground plus the 
length from ground level to the first effective brace. 

The total safe uniformly-distributed load in tons (including the weight of 
BD* 

the beam) on a timber beam is given by -z, where B and D are the breadth 
ia-5^ 

and depth (in inches) respectively and I is the span (ft.). The expression assumes 
that {a) the beam is simply supported at both ends; the load can be increased 
by 25 per cent, if the beam is continuous at one end, and by 50 per cent, if it is 
continuous at both ends; {h) the load is uniformly distributed; point loads must 



SETTING-OUT THE WORK 337 

be increased to their equivalent as uniform loads ; (c) the timber is sound seasoned 
pitch-pine, larch, or elm ; the load must be reduced by 50 per cent, for spruce, 
or red or yellow pine, but can be increased by 33^ per cent, if ash, beech, teak, 
or oak is used. The foregoing expressions are also suitable for the design of 
temporary timber gantries. 

Setting-out the Work. 

It is important that the responsibility for the accurate settmg-out of the 
works should be clearly defined m the contract documents, since corrections 
consequent upon errors may be very expensive. The general conditions of 
contract issued by the Institution of Civil Engineers are implicit on this point 
insofar as the contractor is responsible for the correctness of the position, levels, 
dimensions, and alignment of the works, and is required to make good at his 
own expense any errors unless the error is due to incorrect data supplied in 
wnting by the engineer. The fact that the settmg-out has been checked and 
passed by the engineer does not usually lelieve the contractor of his responsibility 
if errors should subsequently be found. It is normally incumbent upon the 
contractor to provide instruments and attendance required in settmg-out the 
works. 

The position of the principal reference lines and level-pegs should be selected 
so that, if possible, they can remain m an accessible position throughout the 
work. If origjnal reference pomts have to be disturbed during the work, the 
setting-out of the replacement points should be done with great care and checked 
before the original points are removed or covered. Bench-marks, site-rails, pegs, 
or other setting-out marks should be protected from damage, wear, subsidence, 
vibration, or other effects likely to cause inaccuracies. Where existing Ordnance 
Survey bench-marks are not used as a datum for levels, one or more level-pegs 
consisting of a small steel plate embedded in the top of a block of concrete should 
be arranged at known levels at convenient points, preferably just outside the 
area of the work. The principal reference line for a bridge is preferably the 
longitudinal centre-line, and this should be established by at least one point 
at each end of the bridge. Such points should be readily visible, and in such a 
position as not to be disturbed until at least the abutments have been built, 
after which it may be possible to transfer the reference pomts to the latter. If 
the bridge is on a curve the tangent points of the curve should be established 
by pegs, and other pegs provided to define the direction of the tangents. 

The procedure for setting-out the foundations for a single-span bridge is as 
follows. Parallel to the face of the abutments the position for a transverse 
reference line is selected. In the case of a non-skew bridge this line is at right- 
angles to the longitudinal centre-line, and if the bridge is to be over a road or 
rattway it is advantageous for the transverse settmg-out line to intersect the 
longitudinal centre-line at the centre of the span. This condition is shown in 
Fig* 278, where ABODE, etc., is the plan of the pier or abutment foundations, 
and XjOXg is the given centre-line of the structure, and YiOY* is the transverse 
reference line. Where it is inconvenient to establish the point 0 at the centre 
of the bridge, the line Y^OY^ might be placed, say, 3 ft. from one abutment face.. 
From the drawings the co-ordinates of B, C, D, etc., are determined, that is, 
bB and iB, dC and 3C, cD and 4D, etc. 

z 
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Over a peg at O, a theodolite is set up and pegs ranged in on the line X1OX2 
So that a line can be stretched between them. On uneven ground the number 
of intermediate pegs required will be increased to enable the line to be stretched 
between them. The line YiOYg is now set-out making the specified angle with 
XjOXg, and pegs are ranged along Y^OYg and a line stretched from peg to peg. 
The co-ordinates of iS, C, D, etc., are set out along the lines OY^ and OX^, and 
chaining pins or pegs are inserted at the points a, b, c, d, i, 2, 3, 4, etc. At 
the point b a tape is held at the reading Bb ; at the point i, another tape is held 
at the reading Bi. The rings of these two tapes are held together and the latter 
are pulled taut, thereby fixing the point B, where a peg is driven in. The 

remaining points C, D, E, etc., can be similarly established, there-by setting-out 
on the ground an arrangement of pegs delineating the outline of the foundation. 

If the ground is very precipitous the foregoing method of using the tapes 
may not be practicable even if allowances are made in the length of the co-ordinates 
for the difference in levels. In this case each co-ordinate will have to be set 
out with theodolite and lines, the intersections of the latter establishing the 
points B, C, D, etc. 

The pegs establishing the outline of the foundation enable the excavation 
to proceed correctly but, as these pegs will be disturbed during excavation, it 

^ is fi:rst necessary to replace them by other pegs, such as i', B', B" and C' outside 
the area of the digging but at a known distance from the original pegs. From 
these supplementary pegs the original lines can be re-established if required. 
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Excavation and Disposal of Material. 

Excavation for bridge foundations is executed by hand or by machine or 
by a combination of both methods. Commonly the amount of excavation is 
small; this factor, and also the occurrence of steep banks and excavating below 
water level, limit the economy and convenience of machines. If, however, a 
machine is employed on ancillary works, such as the cuttings and embankments, 
in the approaches, it may be useful for the more accessible parts of the excavation 
of the foundations for the latter. Often one or more cranes are installed for 
distributing the concrete and handling other materials, and if they are erected 
early enough they can be used for handling excavated material in skips. The 
skips are filled by hand either in open excavation or within timbered holes or 
cofferdams, and are emptied directly on to a dump or into lorries. Cranes can 
also be adapted to work a grab which can remove the bulk of the material within 

Fig. 279.—Superficial Excavation with a Scraper-Loader. 

a timbered excavation, the earth in the less accessible parts being dug and loaded 
by hand into the grab or skip.' 

Where the quantity and accessibility of the excavation warrant the use of 
a machine, the type of the latter depends on the nature of the soil, the shape of 
the excavation, and the relation between the working position of the machine 
and the bottom of the excavation. Many machines are readily convertible from 
one type to another and are useful where the character of the excavation for 
the abutments may vary within a short distance. Thus a single machine may 
be employed as a shovel, trencher, drag-line, or grab, as well as being converted 
into a crane. 

For superficial excavation to level a site for an approach road a skimmer 
can be used. The bucket, travelling on a horizontal boom, runs outwards from 
the machine for a distance of about 12 ft,, making a horizontal cut a few inches 
deep. At the end of the travel the boom is raised, swung over the lorry, and the 
contents of the bucket discharged therein. A scraper-loader {Fig. 279) may 
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be used for the same purpose. The hinged bottom of the body opens downwards 
and the forward cutting edge cuts a few inches into the ground while the machine 
is being drawn by a tractor. The earth piles up into the body which, when 
filled, is hauled to the disposal area. This machine is most useful when the dump 
for excavated material is adjacent to the site of the excavation ; otherwise a 
skimmer loading into lorries may be preferable. Bulldozers are used for similar 
levelling purposes when the surplus soil has to be transported only a few feet. 

When bulk digging is required the machine or the digging equipment attached 
to it must work in such a position that it will be able to get away on completion 
of the excavation. For digging into the face of a bank in the dry, a mechanical 
shovel (Fig. 280) can be used. This works with a forward and upward motion, 
and machines of medium capacity can cut into a bank 20 ft. high or to a depth 
of about 7 ft. 6 in. below the standing level of the machine and at a distance 
of about 25 ft. from the centre of the machine. Shovels will dig in most ground 
except conglomerates and rock, but the latter, when broken by blasting or other- 

Fig. 280.—Excavating with a Mechanical Shovel. 

wise, is often loaded into lorries by a shovel. If the ground is firm enough, 
digging by shovel leaves an almost vertical face; its use is mainly, therefore, in 
excavating in a bank for the upper part of an Abutment or preparing a cutting 
for an approach road. 

A trencher (Fig. 281), which is used for digging below ground to depths 
greater than a shovel can reach, say, 20 ft. for a machine of medium capacity, 
can also leave a vertical face in firm ground and can work in similar ground to 
a shovel It operates with an inwards and upwards motion and is used for 
either, digging trenches of limited width or for wide excavations, the face of 
the cut being almost at the edge of the machine. The machine is useful in digging 
narrow foundations for wing walls or for the lower part of an open abutment 
excavation without tinibering or cofferd^ns. 

A drag-line works in soft material either in the dry or under water and 
operates with a downwards, inwards, and upwards motion. Althb^h capable 
of digging to, say, 25 ft below the st^#ng letel of the machine, w 
commencing 6o4t from the ktter/a drag-Une cot also be 
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excavation. The shape of the excavation left by a drag-line is a trough with 
sloping sides, and this machine may be suitable for abutment excavation when 
timbering is not resorted to, although much more ground may be taken out 
than is essential, necessitating subsequent back-filling. 

For machine digging within timbered excavations or cofferdams, a grab 
suspended from the boom of a drag-line machine or from the jib of a crane can 
be employed. The grab must be designed for the type of digging encountered, 
and a heavy-duty excavating grab is generally used having capacities up to, say, 
I cu. yd. If working in sand a lighter grab can be used. Excavation by grab 
is most suitable for digging for mid-river piers if the equipment can be arranged so 

Fig. 281.—Trench-Digging Machine. 

that the grab with its load can be lifted out of the excavation and discharged 
into a lorry or other wagon in a single operation. If the grab is operated from 
a crane in a fixed position, and if the river is wide, the crane may be unable to 
reach lorries standing on the banks, and in this case discharge into barges can 
often be arranged. 

I>redgihg usually requires special equipment, although ^rag-lines operating 
from the bank may be suitable in some cases. 

The capacities of shovels, buckets, grabs, or other equipment for mechanical 
excavation are given by the manufacturers, often together with the speed of 
woridng. Rarely on construction work can these maximum outputs be realised 
since, apart from delays due to breakdowns, limitation of space, and other 
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circumstances, the rate of excavation by machine is affected by the speed with 
which lorries or wagons can be marshalled, filled, and dispatched. 

The equipment selected for removing excavated material depends on the 
distance from the excavation to the dump and the amount to be handled. If 
it is merely a case of transporting surface material from one place to adjacent 
hollows, a bulldozer would serve the purpose if the area to be levelled is sufficiently 
large to warrant bringing this equipment on to the site. Otherwise hand-filled 
crane-skips or small lorries are suitable. When similar levelling is required but 
the place of deposition is many yards away, a scraper-loader is suitable for large 
quantities, or hand-filled crane-skips (if within reach of the crane), dumpers, or 
lorries may be used for smaller amounts of material. When the dump is some 
distance from the site, for all types of excavation the material is most economically 
transported in lorries filled by hand, from crane-skips or grabs, or directly by 
mechanical shovels, trenchers, or drag-lines. Only in the case of very large 
quantities might it be economical to lay rail-tracks of cither narrow or standard 
gauge. 

So may variants enter into the excavation and disposal of spoil, and so many 
and varied are the types of equipment and methods available, that the foregoing 
remarks can only be considered as generalisations. When a contract is being 
planned, the nature of the excavation problem, allied with the other constructional 
operations, will suggest one or more likely ways of carrying out the work. It 
then remains for the contractor to consider the relative cost and speed of each 
of these ways and select his method and equipment accordingly. 

Timbering, Cofferdams, and Dewatering. 

In bridge construction, timbering and keeping the excavations clear of 
water present few problems differing from those encountered in other types of 
work, except that often the foundation levels of land piers or abutments are 
below water level and close to a river. Thus pressures on timbering are nearly 
always hydrostatic and considerably in excess of the pressures due to dry earth ; 
consequently the timbering must be much more substantial than for the latter 
condition. Also the flow of water may be more copious than is the case with 
normal ground water, and as a result pumps of greater capacity are necessary. 
For this reason, also, well-point dewatering systems are not always suitable for 
this class of work. 

Land piers and abutments may be sufficiently deep below the water level 
to necessitate the provision of cofferdams consisting of watertight sheeting driven 
into an impermeable stratum. Cofferdams are nearly always necessary for river 
piers, but when the foundation level exceeds 40 ft. below water level it is more 
usual to provide a form of cylinder foundation, open caisson, or pneumatic 
caisson. Caissons or cylinders are also used where cofferdams are impracticable 
owing to boulders or other obstruction^ preventing the driving of sheet piles, or 
due to an impermeable stratum not being met at a reasonable depth. Descriptions 
of some cofferdams are given in Chapter VIII. The design ancLconstruction of 
such temporary works, together with cylinders and caissons, are so dependent 
on circumstances that the subject cannot be adequately dealt with in this 
volume, and for fuller information the reader is referred to books dealing with 
the design and construction of these works. 
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Foundation Construction. 

Some examples of the construction of bridge foundations are given in Chapter 
VIII, but the following additional observations may be useful. 

When the excavation for a reinforced concrete foundation is completed the 
bottom should be blinded with a layer of concrete to provide a clean working 
surface. The engineer usually specifies the thickness of and concrete mix for this 
layer but even if the drawings do not call for a blinding layer it is to the contractor's 
advantage to provide one. In this case, the engineer should be consulted so that 
the strength of the concrete will be sufficient to resist the bearing stresses for 
which the foundation is designed. The thickness of the blinding layer, which 
must be taken into consideration when the depth of the excavation is determined, 
should not be less than 2 in., nor should the concrete be leaner than i part of 
Portland cement to 8 parts of all-in aggregate. The nature of the ground and 
the slope of the foundation will determine the thickness required. Friable earth 
would require a greater thickness than gravel, but seldom would more than 
6 in. be required. Any reinforcement placed on the blinding layer should be 
separated therefrom by a space equal to the minimum specified cover. 

When placing concrete in excavations it is necessary to ensure that water 
does not come into contact with the freshly-placed concrete, unless suitable 
measures have been taken for the concrete to be placed under water. Adventitious 
contact with water will seriously reduce the strength of the concrete and thus 
pumping must be maintained until the final set of the concrete has taken place. 
Subsequently the water may be beneficial to the maturing of the concrete, but 
if the water contains material in suspension it should not be allowed to cover 
the temporary face of an incomplete foundation, since undesirable materials 
may be deposited, and these may be very difficult to remove before placing the 
next layer of concrete. If the ground water is likely to be harmful to concrete, 
the engineer will specify protective measures, which may include the use of high- 
alumina cement. 

The concrete must be protected from falling earth, and from any disturbances 
during the driving of piles or sheeting, or during the withdrawal of sheet piling. 
In work that is difficult of access it is cheaper to leave shuttering or timbering 
in position than to make an attempt to remove it. If the contractor so proposes, he 
should obtain the engineer's approval since any cavity formed upon decay of 
material may have an adverse effect on the stability of the foundations or on the 
surrounding ground. 

The principles of making and driving precast reinforced concrete piles in 
wharf and similar construction apply to bridge construction, although site con¬ 
ditions are sometimes more onerous, as when piles have to be driven from a barge 
or within cofferdams, or where inclined piles are required under an abutment. 
It is not always possible in bridge construction to have the pile-casting yard 
immediately adjacent to the driving position. This is especially so in the case 
of piled river piers, for which suitable arrangements must be made for transporting 
the piles to th^ driving frames. Such arrangements may include a temporary 
staging supporting a rail track upon which the piles are transported on bogies 
or, if the piles are not excessive in length and weight, it may be possible to 
transport them by crane. In fairly calm water, transport by pontoon may be 
practicable. 
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Light concrete sheet piling that may be required for wing walls or for anti¬ 
scour purposes at the faces of abutments or piers can usually be driven by a hammer 
suspended from one of the cranes provided for general handling purposes. In 
some cases, cofferdam sheeting cut off at the requisite level may be left in place 
to act as a protection against scour. 

Filling. 

Earth filling behind abutments and wing walls or between the spandrel 
walls of bridges must be deposited with care and only selected material, usually 
approved by the engineer, should be used. 

Precautions are necessary to ensure that the placing of the filling does not 
produce undesirable stresses in the structure. For example, unless abutments 
have been designed accordingly, no filling should be placed behind the abutments 
during construction unless they are temporarily stiutted, or until the deck has 
been constructed and is capable of acting as a strut. The filling behind retaining 
walls should not be placed until the concrete has attained sufficient strength to 
resist the stresses produced by the action of the filling. When the engineer does 
not specify otherwise, the penod that should elapse between depositing the con¬ 
crete and the filling should not be less than four weeks with ordinary Portland 
cement and ten days with rapid-hardening Portland cement, assuming that no 
frosts have occurred during this time. The earth should be deposited in layers 
up to 12 in. deep evenly spread along the back of the wall, and should not be 
dropped from a height. When a rubble backing is used, it should be placed to 
the required thickness in contact with the wall in advance of the earth filling. 
If large rubble is used it is advantageous to pack this by hand in such a way that 
it is largely self-retaining. When placing filling over arches between spandrel 
walls, the engineer’s requirements should be asked for (if they are not specified) 
and followed, as serious over-stressing of the structure can result from haphazard 
or seemingly reasonable filling procedures. The consolidation of the filling while 
it is being deposited is important if excessive future settlements are to be avoided. 
For this reason, deposition in thin layers and the consolidation of one layer 
before the next is placed is usually advocated. 

For small areas consolidation can be economically effected by hand-tampers 
or hand-drawn rollers, but with increase in the amount of filling (and in bridge 
construction the amount is often comparatively large) power-operated rollers 
(steam or diesel) are used for open sites and power-tampers for the less accessible 
positions. Sheepsfoot rollers drawn by tractors are also suitable for consolidating 
filling in approach roads behind the abutments. Particularly behind wing walls 
and abutments, there is a special need for consolidation to avoid an excessive 
depression where the road passes from the comparatively imyielding structure 
on to the filling. The Ministry of Transport recommends some form of soil 
stabilization for the consolidation of such fillings. 



CHAPTER XIV 

STAGING, CENTERING, AND SHUTTERING 

Terms—Shuttering—Staging anb Centering—Examples of Shutter¬ 
ing AND Centering 

The terms shuttering, staging, and centering are often used ambiguously, and 
it may therefore be useful to give definitions which appear to have adequate 
justification, and which are used m the following. 

Shuttering is the boarding, sheeting, or boxing, together with all necessary 
clamps and stiffeners, forming the box into which the concrete is poured. The 
term “ moulds ” should be restncted to the boxing, whether of timber or steel, 
within which precast concrete units are formed. 

Staging is defined as the temporary foundations and vertical supporting 
members, together with horizontal and diagonal bracing, necessary to support 
the shuttering at the desired height above the ground. 

Centering means the curved members or trusses supporting the sheeting or 
boxing to arches or curved beams 

The subject of shuttering and staging is a vast one, and it is proposed here 
to deal only with aspects of the problem which have special application to bridges. 

The engineer should be aware of the type of staging which is most likely 
to be easily erected at the least cost. He must be able to recognise the special 
cases where staging from a river bed is hazardous, if not almost impossible, as 
considerations of this kind may influence the whole design of a structure. He 
must also be able to distinguish between a satisfactory staging project and an 
unsatisfactory one, because he will ultimately be required to approve or reject, 
within the limits of the specification and conditions of contract, the method 
proposed by the contractor. This kind of experience is difficult to obtain. 
In order to enable an engineer without much experience to grasp the nature of 
the staging problem, he should endeavour to think carefully of the following case 
and try to decide how he would deal with it if he should encounter this t5q)e of 
situation for the first time “ A single 6o-ft. span earth-filled closed-spandrel 
barrel arch is to be constructed over a fast-flowing mountain river with a normal 
depth of water of 6 ft. The soffit of the arch slab at the crown is to be zi ft. 
above the gravelly and rocky bed of the river, with rock never more than 12 in. 
below the bed. How should the staging be designed in such a case ? 

The problem is mainly to ascertain how to construct the temporary founda¬ 
tions op which the staging is to be supported and to erect on the foundations a 
structure which is not likely to be swept away by the river in flood. Clearly it 
is impossible to drive temporary piles because of the rocky nature of the founda¬ 
tions, arid for a small bridge of this type any expensive or ambitious methods are 
not warranted. The cemdusion will probably be reached that the information 

345 
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given is hardly sufficient to decide on the most economical treatment. It is 
possible, for instance, that bags filled with cement might be placed on the river 
bed, providing a support for tubular steel scaffolding closely spaced and adequately 
cross braced. Such a method was, in fact, employed with success recently in 
strengthening an old stone arch bridge which was liable to collapse. An alterna¬ 
tive would be to erect structural steel lattice trusses, supported from the mass 
concrete abutments, which could be used to provide a support for the shuttering 
to the arch soffit by means of suspension bolts. The trusses could be designed 
to form the reinforcement of the arch slab, and would ultimately be concreted 
in with the slab. 

Shuttering. 

Shuttering in bridge works differs little from that in other structures but, as 
the face of the concrete may be exposed to the elements for a hundred years or 
more, great care must be taken to obtain a good finish free from honeycombing 
and other blemishes. This can be obtained by the use of dressed tongued and 
grooved sheeting and boarding, and occasionally by the use of a shutter lining in 
order to prevent fins between the boards. Columns and walls which are not 
exposed to the elements may, by careful touching up, be made satisfactory, even 
though the stripped surface may appear unsightly, but such treatment of concrete 
exposed to the effects of wind and weather will soon result in a structure possessing 
a very poor appearance. 

Shuttering is usually constructed with yellow pine, either Norwegian or 
American. White pine appears to be suitable for mouldings, parapet plinths, 
etc., and makes a satisfactory lining, but it is too soft and has too little strength 
for general use. Boarding i in. to 2 in. thick is generally used, according to the 
requirements of strength and the general design of the shuttering, but in bridge 
works thicknesses of boarding below ij in. are very rare. Where a specially 
smooth finish is required, it is usual to line the shuttering with a smooth hard 
wall-board. The engineer who wishes to obtain a really good looking finished 
structure will inspect with care the contractor's shuttering proposals, as there are 
nearly always some levels where the line left by the boarding could utterly destroy 
the aesthetic effect. Shuttering for beams should be designed for early stripping 
of the sides, so that the concrete at an early stage may, if desired, be rubbed 
down with a carborundum stone and water or, occasionally, with a wooden float. 
The general design of the shuttering must be governed by the stopping-off planes 
of the concrete, and the latter should always be carefully specified by the engineer, 
taking into consideration the final appearance of the structure. 

Tying wire should not be permitted as a means of preventing movement of 
the shuttering during concreting, as the ends of the wire which are left are liable 
to form rust spots even though they may be cut back, say, J in. into the concrete 
and the surface then made good. Bolts may be used through cardboard sleeves 
and, after concreting, the bolts withdrawn and the holes subsequently filled to 
within I in. of the surface ; the last inch should be filled with a mixture of cement, 
sand, and fine aggregate to match the remainder of the concrete surface, and this 
requires great care to prevent a patched appearance. The bolts should not be 
more than | in. diameter in order to avoid large holes. 

Concrete in piers and columns should be carried out in lifts to suit the general 
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lines of the bridge, and external beams should, wherever possible, be concreted 
for the full depth in a single operation. 

Climbing shuttering may be economical for high piers, but should not be 
allowed unless it can be made to produce results which conform with the general 
aesthetic requirements of the finished structure. 

The contractor may occasionally have a special scheme in mind for the 
shuttering which might not suit the finished appearance required, and it must be 
remembered that the former cannot be expected to know the requirements unless 
they are stated clearly in the specification. The engineer should go over the 
shuttering problems with the contractor’s agent at an early stage in the work so 
that there can be no ambiguity about his intentions, and if the specification has 
not provided for certain requirements these points should be dealt with immedi¬ 
ately. A non-staining shutter oil should always be specified. 

The following strength requirements are usual for temporary shuttering and 
staging. 

Superimposed load during construction . . . . . 8o lb. per square foot 
Weight of concrete . . . . . . . . 144 lb. per cubic foot 
Side pressure of wet concrete per foot depth . . . . 125 lb. per square foot 
Safe bending stress for yellow pine, spruce, and fir . . 1200 lb. per square inch 
Safe shearing stress ........ 200 lb. per square inch 
Cru.shing against the grain (bearing) ..... 400 lb. per square inch 
Modulus of elasticity ....... 1,200,000 lb. per square inch 
Maxinmni allowable deflection for sheeting .... in. 
Maximum allowable deflection for joists (but half the live 

load may be taken for the latter in calculating deflection) . in. 

The resident engineer should carefully check all shuttering either from the 
contractor’s preliminary sketches or, if these are not available, as it is being 
erected. The design of staging and shuttering is quite simple so far as calculations 
for strength are concerned, the main difficulty being to find an arrangement which 
will be the most economical. The considerations governing economical design 
are similar to those for a finished structure, but the salvage value of the material is 
an important matter, as also is the ease with which stripping can be accomplished. 

All wedging should be done with hardwood, as it is most desirable to avoid 
any movement once the shuttering has been wedged up prior to concreting. 

Staging and Centering. 

The treatment of the staging and centering for a bridge is of the utmost 
importance, and the problems involved are closely related to the design of the 
bridge. The difficulty of constructing piers or posts in a river will cause long 
spans and wide spacing of vertical members, or even their omission in a carefully 
considered design, and this problem will probably have been solved by the engineer 
in designing the structure. The economical treatment of the staging may make 
a considerable difference in the cost of a bridge, but, whilst the contractor may 
have considerable difficulties to overcome, the structure is only a temporary one 
and a variety of solutions may be equally applicable. The engineer must seek a 
more studied and ideal solution of his problem, as the bridge is intended to serve 
for many years, but the temporary work offers much scope for improvisation as 
it is removed before the bridge is completed. 

During recent years an increasing use has been made of tubular steel scaf¬ 
folding, and numerous fittings have been designed to provide for almost every 
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type of work. The poles are provided with sole-plates of various sizes, and clips 
for making connections between vertical and horizontal members and for joining 
two vertical members together where extra height is required. These poles are 
more reliable than timber, and they may be used over and over again as they are 
not liable to such a rapid rate of deterioration as timber. The price of tubular 
poles appears to be high when compared with other manufactured steel products, 
but the cost of hiring them does not compare unfavourably with the alternative 
cost of erecting staging with timber. 

Examples of Shuttering and Centering. 

There are four methods of constructing staging and centering: 
(1) Propping from the ground or river bed, including the construction of 

sufficient temporary foundations. 
(2) Supporting temporary arches or girders from hqles or rests on the piers. 
(3) Supporting the shuttering from a steel framework which, with supple¬ 

mentary mild steel bars, can be embodied in the final structure as permanent 
reinforcement and which will be concreted in with the main bridge members. 

(4) Erecting trusses or girders above the new bridge level and suspending 
the shuttering from this by means of tie bars and suitable bearing joists. 

The first method is the most generally used and is applicable where the height 
of the bridge deck above the bed of the stream is not excessive —this covers most 
small and moderate sized bridges. The term excessive " is, of course, a relative 
one, but may be defined here as being applicable to structures where the height 
is greater than half the span of small bridges up to 60 ft. and one-quarter to one- 
third for larger spans up to, say, 200 ft. Spans greater than 200 ft. are the 
exception in this country. 

An interesting example of Method (i) was provided during the construction 
of Craighall bridge, on the Perth-Blairgownc road. This bridge is an open- 
spandrel arch, consisting of two arch ribs having a span of 155 ft., supporting a 
decking 30 ft. wide inside parapets. The centres of the two arches are 26 ft. apart, 
with a rib depth of 34 in. at the crown and 54 in. at the springing, the width being 
78 in. The general arrangement is shown m Fig, 156. The bridge spans over the 
river Ericht, which forms a shallow stream in dry weather but is liable to rise 
suddenly during a rainy period. The bed of the stream is rocky and the main 
abutments rest on the rock just below the surface of the ground. The staging to 
the main arches was carried out with tubular steel scaffolding; the construction 
is shown in Figs. 282 and 283 which, together with the following description 
illustrate the methods used. 

Concrete dwarf piers about 6 ft. long at ig-ft.b-in. centres were constructed 
on the bed of the stream during a comparatively dry period, and on these, con¬ 
creted into suitable pockets, were placed three rows of rolled steel joists. Resting 
on the joists were cross joists of timber at about 4-ft. g-in. centres, and from this 
substructure was raised the superstructure of steel poles which were also spaced 
at 4-ft. 9-in, centres. Adequate cross bracing and diagonal bracing wer^ pro¬ 
vided, and the top layer of horizontal members supported the sole-plate to the 
main arches. The pier shuttering was supported from the arch ribs^ and the 
shuttering to the cross beams and the deck slab was in turn supported by the 
concrete piers. 



Ai?di Staging Supported on Ktvor Bed, 
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The engineer, when considering the most suitable scheme for the main span, 
had to decide whether the staging method actually used would be cheaper or more 
appropriate than a light steel trussed arch which might have been erected to 
support the sliuttering, and which could have formed the reinforcement for t)ie 
concrete arch ribs. In this instance, however, there was little difficulty in pro¬ 
viding suitable temporary foundations for the staging, and orthodox methods 
were therefore satisfactory. 

The construction at the bridge shown in Fig, 284 provided a good example of 
Method (2), and is illustrated in Figs, 285 to 287. This bridge provided a very 
difficult problem for both engineer and contractor, and reference to Fig, 284 will 
show the difficulties of the site. The bridge is constructed on a curve and gradient, 
provision is made for superelevation, and the roadway is approximately 76 ft. 
above the valley of the river near the deepest point. The solution of the con¬ 
structional problem is seen in the illustrations. 

Fig. 285 shows some of the piers completely constructed with scaffolding around 
them, and steel trussed girders in position on three spans to support the deck 
beam and slab shuttering. The bridge consists of seven main spans, each approxi¬ 
mately 67 ft. long with a deck width between parapets of 40 ft. The super¬ 
structure consists of curved beams at approximately 6-ft. 8-in. centres, and the 
height from the ground to the lowest point of the beam soffit is 64 ft. at the deeper 
portions of the valley. The river, when not in flood, has rarely more than a few 
feet deptli of water and has a gravelly bed. There were considerable difficulties 
during the construction of the piers because of the widely varying levels of the 
shale subfoundation on which it was hoped to construct all the foundations. Tlje 
contractor supported the deck shuttering on steel trusses resting on rolled steel 
joist bearing beams, which were in turn supported by steel joists resting in pockets 
left in the hollow bridge piers. The beam soffits and sides, as well as the decking, 
were supported from the steel trusses, and Fig. 286 shows the construction at the 
stage where the shuttering for the beams was ready for concreting. Fig. 287 shows 
one span completed and the process of dismantling the steel trusses in progress. 
The constructional difficulties need not be over-emphasised in a job of this kind, 
and the critical reader might think that this case was one where steel girders might 
have been used to support the shuttering and ultimately built into the finished 
structure. Due, however, to the large curvature of the bridge such a course 
would have produced many additional designing difficulties and would undoubtedly 
have increased the cost of the finished structure. 

An interesting example of Methods (3) and (4) was demonstrated during the 
construction of Dinnet bridge over the river Dee about forty miles west of Aber¬ 
deen. At this point the river is not very wide, and during flood rises rapidly and 
is extremely fast flowing. The hazardous nature of any effort to attempt to stage 
from the river bed was clearly evident, even if such a course was reasonably 
possible, and was proved a few years later during the construction of another 
bridge over a river with similar but less severe characteristics. In this later 
instance very dangerous floods were experienced which gravely endangered the 
staging, and also rose above the level of the cofferdams during the construction 
of the abutment foundations, and indicated clearly the necessity for the special 
type of construction adopted previously at Dinnet bridge. The construction is 
illustrated by Fig. 288, and the way in which the contractor used every 



Fig. 285.—Steel Girders Carrying Beam and Slab Shuttering. 

Fig, 286,-^Detall ot Girders. 
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Fig. 287.—Dismantling Steel Girders. 

possibility to keep down constructional costs should be noted. The clear span of 
the bridge is 123 ft., providing a 24-ft. width between parapets, and a road level 
at about 32 ft. above the rocky bed of the river. The bridge has replaced an 
existing bow-string girder bridge which can be seen in some of the illustrations. 
A special design was adopted so that all the shuttering could be suspended from 
the reinforcement, part of which consisted of steel trusses cantilevered out from 
each abutment. The detail of the steel trusses is shown in Fig. 288, and Fig. 290 
shows the trusses in position before the assembly of additional mild steel bar 
reinforcement. Fig. 289 gives details of the mild steel bar reinforcement which, 
combined with the steel in the trusses, made up the total reinforcement required 
inthecantilevers. Fig. 291 shows the combination of mild steel bars and structural 
steel trusses prior to the assembly of the shuttering which was hung from the 
trusses. The arrangement of the shuttering was specified by the engineer, 
and is indicated in Figs. 294 to 296. A special programme of concreting had 
to be arranged in order to provide sufficient strength in the composite cantilevers 
at each stage of the construction, so that finally, when the parapet cantilever 
beams were completed, they were able to carry the deck beams and deck dab. 

In additi<m to the cantilevers, which had a span of approjdmately 38 ft-, a 
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freely-supported central span was embodied in the design, and the consti notion of 
this portion of the work exemplified Method (4). In this case, three 24-in. by 
7j-in. rolled steel joists were built resting on the completed cantilever arms, and 
the parapet girder shuttering from the free span was hung from this superstructure. 

Fig. 290.—Steel Cantilevers on North Side in Position. 

Fig. 291.—Rear Arm of Cantilever: Splice Bars for Hinge on Right. 

Some of the details of the construction of the shuttering are seen in Fig. 292, 
which shows the free span completed prior to removal of the temporary support¬ 
ing rolled steel joists and steel hangers, etc. Fig. 293 also shows certain details of 
the construction, besides illustrating the appearance of the completed parapet 
cantilever girders. 
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The contractor jacked up the old bow-string girder bridge and used this as a 
foot bridge and a satisfactory means of transporting materials and light plant 
across the nver dunng the construction of the new bridge. The new bridge has 
a somewhat unusual appearance, which, however, cannot be considered unpleasing, 
and the total cost of the structure was less than £10,000. A clear indication is 
provided of the economy of the design and constructional methods. 

Further examples of shuttenng and centermg for bridges of small and medium 
span are given m the following. 

In Fig. 297, which is an application of Method No. i, timber is used for the 
stagmg instead of tubular-steel scaffolding shown in Ftg 282. The former illustra¬ 
tion also shows the centenng for the arch soffit and the construction of the shutter¬ 
ing for the columns supportiner the deck. 

Fig. 292.—Free Span Completed Prior Fig. 293.—Showing Parapet 
to Removal of Supports. Girders. 

With arches of large span and considerable height it is not always convenient 
or economical to support the staging on a large number of closely-spaced founda¬ 
tions. In such cases one or more intermediate foundations axe provided between 
the abutments, and from the former the staging fans out to support the full 
length of the soffit. When intermediate foundations for the staging are impractic¬ 
able, a temporary timber arch is erected with the same profile as the soffit of the 
arch in the finished bridge. Where the construction of this falsework arch in its 
completed position presents difficulties, it may be made in twp semi-axch sections^ 
in an almost vertical position, with hinges at the base of each section. When 
both of the latter are complete, they are lowered {rotating about the base hinges) 
until meeting at the crown, where they are secured. Illustrations of this system, 
which was used on the reconstruction of Longeray viaduct in Prance ^Pigs. 098 
and 299). Fig. 298 shows the Msmmk sections completed and erected in t|ie 
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vertical position ready for lowering. Each section weighed 120 tons and was pro¬ 
vided with six 6-in. diameter steel pins as hinges at the springing. Fig, 299 shows 
the two sections lowered and connected, and the concreting of the arch ribs pro¬ 
ceeding. This method was used only for the central span where the nature of 
the river precluded the more conventional method adopted for the adjacent spans. 
On this contract concrete was distributed by an overhead ropeway, parts of which 
are visible in the illustrations. 

Hinged arch profiles were also used for the reconstruction of Carmarthen 
bridge, although this example can be classified as Method No. 2 since the lattice- 

Fig. 297. Timber Staging lor Open-Spandrel Bridge. 

steel trusses with curved top chords were supported on projections from the 
piers and abutments as shown in Fig, 300, which also gives details of the con¬ 
struction and method of erection of the trusses for the 70-ft. span arches. The 
trusses were spaced at intervals of 6 ft., and 9-in. by 3-in. timbers with a 9-in. 
space between each were laid on the flat to span between the steel trusses. Ply¬ 
wood sheeting was nailed to these timbers to form the soffits of the arch slabs. 

An example of centering (Method No. 2) for a high viaduct is iliustrated in 
Fig. 301, where typical timber centres for semi-circular arches are supported on 
the caps of the tall concrete piers. 

A common method of supporting the deck shuttering for a bridge over a 
railway is shown in Fig. 302. Owing to the restricted space between the loading 
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gauge and the underside of the concrete deck, the depth of the falsework must 
be reduced to a minimum, and this is done by spanning a combination of steel 
and timber joists between heavy timber trestles built up from the concrete bases 
of the piers. 

Fig. 302.—Shuttering for Bridge with Restricted Headroom. 

It will be realised from these few examples that the design of staging and 
shuttering is really creative work, in which contractors and engineers in the past 
have been able to produce excellent results under the stimulus of price limitation. 
The engineer might specify completely the construction of staging and tern- 
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poraxy bridges, etc., in every case, but a serious drawback might result from the 
general adoption of such a procedure. A contractor, left free to choose his own 
design, subject to reasonable supervision by the engineer, is able to make use of 
suitable spare materials which he may have in his yard, or which may be readily 
available, despite the fact that such a course might not provide the most economic^ 
solution. The engineer might, of course, prepare a design for the staging and 
shuttering and then allow the successful contractor certain freedom in carrying 
out the work, but this would be unfair in many instances, as the contractor might 
have in mind certain possibilities which would not comply with the engineer's 
designs and, as a result, might ultimately be compelled to adopt the engineer's 
specification with considerable loss to himself. 

There is so little standardisation in reinforced concrete bridges that there 
is usually little scope for the use of steel shuttering in the main part of the structure, 
but such shuttering may be suitable for such ancillary works as retaining walls 
and for pile moulds. 



CHAPTER XV 

REINFORCEMENT 

Ordering—Storing on Site—Bending—Welding--Fixinci 

The success of a reinforced concrete structure depends, both as to strength and 
permanency, on giving careful attention at the site to the instructions on the 
detail drawings. Every part of the construction work is important, and, whilst 
concreting is perhaps the most important factor, the correct bending and fixing 
of the reinforcement in accordance with the details is almost equally so. 

Fig. 303. 

Should any reinforcement be placed nearer to the shuttering than is in¬ 
dicated by the details the reduced thickness of concrete protection may permit 
attack by atmospheric influences, with the result that rusting and ultimate 
deterioration of the structure will develop. This remark applies not only to 
the main bars, but to the stirrups or binders and even to the tying wire, all of 
which must be given an adequate cover of concrete if they are to be permanent. 

One sometimes hears a remark that Reinforced concrete is all steel and 
363 
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no concrete '' or that “ There is so much reinforcement that one does not know 
how to get the concrete into place/' An oversight in detailing might conceivably 
produce an arrangement difficult to construct, but in cases where such state¬ 
ments are made, investigation will usually prove it to be due either to ignorance 
or to prejudice, and the bending and fixing of the reinforcement and the con¬ 
creting around it have ultimately been successfully carried out without calling 
for more than the usual care to which reinforced concrete work is entitled. With 
a view to discounting statements of a similar nature, two illustrations of somewhat 
complicated reinforcement are given. Fig. 303 shows the reinforcement for an 
arch rib, with longitudinal bars bound together by five interlocking helices. This 
arrangement occurs in both the top and the bottom of the arch ribs and the two 
systems are connected by the usual type of stirruping. The outside of the 
reinforcement is within 3 in. of the shuttering, and to add to the difficulty of fixing 
reinforcement the arch was 70 ft. above ground at the crown and its span was 
184 ft. 

Fig. 304 shows the reinforcement in the top of a cantilever forming part of a 

Fig, 304. 

bridge having a span of 124 ft. This reinforcement consists of 28 bars in seven 
layers, with clear spaces between the bars, both vertically and horizontally, of 
about in. Stirrups were introduced around the bars, although only a few 
of them are shown on the photograph. This, again, is an example of exception¬ 
ally heavy reinforcement, the necessity for which will be appreciated when it 
is realised that four similar cantilevers carry the whole load of both structure 
and traffic for a modern highway bridge of 124 ft. clear span. It is seldom that 
such complicated cases of reinforcement as these occur, but in both cases the 
reinforcement was assembled by general steel fixers without great difficulty 
and without excessive cost. In addition, the concrete in the finished work was 
free from defects. 

Whilst these notes are likely to present little or nothing new to the experi¬ 
enced reinforced concrete contractor, they may be of assistance to those who 
have seldom undertaken this class of work. In the event of a general contractor 
undertaking reinforced concrete work of any magnitude, a foreman experienced 
in this class of work, and an experienced steel bender and fixer, who will handle 



REINFORCEMENT 365 

the whole of the reinforcement, should be employed. In this way better work 
results, and the work will be carried out more economically than if it is attempted 
without experienced assistance. 

Ordering. 

The reinforcement for each job is usually ordered separately from a rolling 
mill, or from a merchant. Where the quantity required is less than about four 
tons it is usual to purchase from a merchant wlio stocks bars of various diameters 
and of lengths up to 30 ft. For greater quantities the order is sent to a mill to 
be executed as the bars are rolled. 

When the reinforcement required does not exceed, say, ten tons, it is usual to 
obtain the whole of the material in one consignment, but for larger works the 
amount required is usually divided into two or more consignments. This is a 
wise procedure, for if one obtains delivery at the site of a large quantity there 
may be considerable difficulty later in sorting different sizes and lengths for 
different parts of the work. Where several deliveries are to be made all the 
material for each section should be included with the relative consignment ; 
for example, when ordering foundation steel the splice bars for the columns or 
walls must be included, as these must be concreted in at the same time as the 
foundation steel. As a general rule the designer prepares the bending schedules 
with this point in mind, and if this is done it is safe to order the reinforcement 
in accordance with the bending schedules and steel order sheets which are, or 
should be, provided by the designing engineer. Usually this entails a separate 
steel sheet for each drawing or, in some cases, group of drawings. 

Generally, reinforcing steel is ordered to be delivered to the site straight 
and cut to the lengths required. Sometimes, where there is special urgency, 
stock lengths of 20 ft. to 30 ft. may be ordered and cut to the required lengths 
at the site. This, however, creates difficulties for the designer and waste of 
steel lor the contractor, and is not to be recommended in normal cases. Where 
it is done the longest length available should be ordered so as to reduce the amount 
of waste left after cutting. 

Steel from | in. diameter upward is generally delivered loose, but the smaller 
diameters are made up in bundles of the .same diameter and similar lengths. 
Where the site is within, say, 20 miles of the rolling mill, it is generally advan¬ 
tageous to have the material delivered by road, but in the majority of bridge 
works it is sent by rail to the nearest station and taken by lorries to its destina¬ 
tion. For bars of short and medium lengths ordinary lorries are used, but for 
very long bars special trucks are necessary. 

On works of any size, particularly in remote districts, it is an advantage 
to include in the order a little more steel than is shown to be required by the 
detailed drawings and steel lists. This additional steel is used as a site stock and 
can be drawn on for any of the odd purposes for which reinforcing bars are used 
on works, to replace missing bars, or to provide without delay reinforcement 
for any minor alterations or additions which may be ordered during construction. 

Since bending reinforcement takes some time it is advisable to order suffi¬ 
ciently far ahead to permit of tlie steel being delivered and bent before it is re¬ 
quired in the work. It is also important to arrange for delivery to the site in 
sufficient time to ensure that the miU scale will have weathered off before the 
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reinforcement is concreted in. In wet weather it may take about a month for 
the scale to weather off, but in long periods of drought many weeks may be 
required and arrangements should be made for the contractor to water the steel 
two or three times a day to accelerate the rusting off of the mill scale. In special 
cases acid has been used for this purpose, but this is hardly to be recommended, 
from the point of view of either safety or expense, except in special cases. When 
it is used a neutrahzer should be apphed after the scale has disappeared and 
before the bars are used. 

Occasionally reinforcement is delivered to the site bent ready for fixing. 
There is some advantage in this arrangement when the contractor has little 
experience or equipment for dealing with reinforced concrete work, but only in 
such cases It will usually be found that handling bent bars during transport 
is more difficult than handling straight lengths ; in addition, bent bars are much 

Flft. 305. 

more liable than straight bars to be distorted m handling. Even though the 
steel may be bent ready for fixing, it is often found that by the time the bars 
arrive at the site they require to be trued-up on the bending bench before being 
placed in the work. These remarks do not apply so strongly if the material 
can be loaded directly into wagons or lorries alongside the works' bending machines 
and unloaded from the same vehicles alongside the work into which they are 
to be placed. 

Storing on Site. 

On delivery it is advisable to sort and store the bars in a methodical manner 
until they are required for bending and fixing. Unless this is done chaos will 
result, for a consignment may contain several hundred bars each of which is 
intended for a special position in the work. Whilst they are being unloaded 
the bars can easily be separated into groups of different diameters and graded 
by lengths but if they are simply unloaded into one heap the selection of the 
correct bars at a later date is very troublesome and costly. 

It is therefore usual to store the st^ in groups of different diameters graded 
by length. The method of storing di^ends on the space available for hjmdHng 
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the bars. If this is considerable the bars are usually laid horizontally on sleepers 
resting directly on the ground, the different diameters and lengths being separated 
by stakes driven into the ground and marked with the description of the steel 
which they define. This is probably the most convenient method and does not 
involve hoisting any rods, and the selection of sizes and lengths for bending 
is an easy matter. 

Where less space is available suitable racks with several tiers (Fig. 305) may 
be arranged in which the rods are laid and graded by diameter and length. It 
is necessary to mark at the end of the racks the diameters and lengths contained, 
since the lengths cannot easily be checked as the bars lie in the racks. It is 
advisable to keep bars of large diameter and the longer lengths in the lower racks 
in order to reduce the weights to be handled to and from the higher levels. 

Bars should be checked against the steel sheets immediately after delivery. 
This is facilitated if the ends of all bars in each stack are tapped flush. The 
ends can then be chalk marked as they are counted and there is no risk of some 
of the shorter rods being missed. 

Where only a very small area of ground is available, bars may be stacked 
on end. This method is not suitable for bars of greater lengths than 18 ft. to 
20 ft., and in consequence is not generally adopted except in stock yards. In 
all cases the rods should be kept clear of the ground unless this happens to be a 
hard surface into which the rods will not sink; otherwise the bars will sink into 
the ground and considerable labour may be necessary to dislodge and clean 
them. 

Subject to the bars having been delivered in comparatively small consign¬ 
ments, it is better for them to be stored in the open so that the mill scale may 
weather off. If they are stored under cover the mill scale is likely to remain 
for several months. In cases, however, where the bars are not to be used in 
the work for a period of, say, six months or more, they should be stored under 
cover, for if they lie in the open for longer than six months not only will the 
mill scale disappear and ordinary permissible rusting commence, but it is probable 
that rust scales will form. If this occurs every rod must be thoroughly brushed 
with a stiff wire brush to clear it of rust scales before use in the work. 

Bending. 

As a general principle all reinforcing steel should be bent to the required 
shapes in a cold condition. Only in the case of exceptionally large diameter 
bars and exceptionally sharp bends can heating be considered, and this should 
only be carried out with the permission of the engineer. Where permitted, the 
steel should be heated to a cherry-red heat and allowed to cool slowly. 

Generally the tools used for bending are supplied by the contractor. Usually 
they are very simple and for the small sizes can be made by any handy man. 
For bars up to | in. or J in. diameter a light claw twister or dogof one of 
the types shown in Figs. 306,307 and 308 may be used ; the length of the lever is 
usually from i ft. 6 in. to 2 ft. 6 in. For djameters of | in. or | in., a lever of 
normal weight, for | in. to in. a heavjefiever, and for in. upward to iJ in. 
diameter an extra heavy lever of the p/pe shown in Fig. 309 is suitable. Except 
for the lightest claw bars, the heads Should be made of cast steel set in very heavy 
tut^, as ordinary forgings will not stand up to the \/ork. 
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The bending tool for heavy material, termed a " dog/' consists of a rect¬ 
angular block of hard cast steel set in a tube-steel handle, which may vary from 
3 ft. to 6 ft. in length. In tlie block is a semi-cylindrical hollow, whose diameter 

m* 310. 
is slightly greater than that of the bar to be bent. This is placed over the bar 
at the tangent point of the curve of the bend, the face of the block lying flush with 
the plate on the table It is essential that the plate be large enough to take 
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the block of the dog for its full swing, as difficulties would arise if the block were 
to leave the plate when bending. A railing may be erected around the circle 
described by the outer end of the lever and fitted with a rod stapled on to take 
the weight of the lever and act as a runway for it. 

For bending light steel up to about ^ in. diameter, either the cJaw or the 
twister type of tool may be used. The former gives better alignment, as the 
twister is apt to twist the steel unless carefully handled. The twister is quicker 
in use, but the choice of tool is largely a matter of individual preference. 

The twister (Fig. 307) is of horseshoe shape, with one shank bent into a cranked 
handle which allows the tool to be kept flush with the bending table when bend¬ 
ing. The other shank of the horseshoe is formed into a small upstand, against 
which the bar is forced when bending. The horseshoe portion fits loosely on 
the bending pin so that it can be swung round it easily. The bar is fitted be¬ 
tween the resistance pin, bending pin and twister, its length being gauged by 
the distance pins. The handle of the bender in the initial stage stands at right 
angles to the bar, away from the person bending, who pulls it towards himself 
when bending. 

The principle of the claw bender (Fig. 306) is similar, the bar being passed 
through the fork of the claw, the tails of which are curved to fit the bending pin. 
This bender is different from the twister insofar as it must be readjusted for 
each bend, whereas the twister is never removed from the pm. 

In addition to these somewhat primitive, though effective, appliances, 
several types of geared machines are made, one of which is illustrated in Fig. 310. 
Whilst these enable one man to bend a larger diameter bar than can be done 
with the direct lever method, it takes him proportionately longer. Such machines 
form part of the permanent plant of all specialist reinfoiced concrete contractors. 
The machines are equipped with collars of various sizes to permit the hooks and 
bends on the bars being adjusted to suit the standard for each diameter of bar. 

In addition to hand-driven geared machines, there is also on the market a 
number of power-driven machines which are very suitable for large work but 
would not normally be purchased specially except for works in which the weight 
of steel amounted to two hundred tons or more. 

In addition to the bending tools or machines, benches are required. These 
should be long enough to support the longest bar to be handled and wide enough 
to extend under the largest crank in any bar with a little to spare. Sometimes 
the benches may be shorter than the longest bar, in which case trestles are neces¬ 
sary to support the length of bar projecting beyond the bench. Benches are 
usually made on the job, generally out of 9-in. by 3-in. timber, and should be 
thoroughly, even if roughly, made, well stayed and braced, and very rigidly 
fixed to the ground. For large diameter bars the bench may have to withstand 
the full force exerted by several men at the end of a long lever. 

Plates and pins will also be required similar to those shown in the illus¬ 
trations of the bending tools. For heavy bars the pins, etc., are arranged as 
follows. Two iron plates, each about 2 ft. square and i in. thick, are bolted 
firmly, one on top of and one underneath the table. Holes are arranged in the 
plates to take iron pins tightly when driven through the bench. The success of 
bending lies in the tightness of the pins which resist the force exerted in bending. 
Fig. 311 shows a general arrangement and spacing of such plates and pins. For 

BB 
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bending light material a somewhat similar arrangement is employed, except 
that instead of a resistance pin a block of wood is sometimes used. Also light 
iron distance pins are driven into the bench at certain distances from the 
bending pin in order to save measuring each length when a large number of one 
size IS required, as, for instance, in bending stirrups. 

Slab bars may be bent two or three at a time, although there is some doubt 
whether this is real economy, because the handling of two or three bars is some¬ 
times awkward. The procedure in the bending of slab bars and beam bars is 
similar. In both cases one of the end hooks is first made, and then the positions 
of the remaining bends are marked in chalk along the bar and the bends pro¬ 
duced, working from one end. Any surplus length of rod is left at the free end 

of the final hook. Due to the creep of the bar around the pins in bending, a 
certain amount of experience is required to ascertain the exact point at which 
a bar should be gripped in order to produce the bend in the right place. With a 
little experience, however, this can be done accurately on every occasion. 

Some column bars are straight throughout their length, but in the majority 
of cases they are cranked at their upper end to reduce to the size required in the 
column above, or to fit among the beam reinforcement at the column support. 
These cranks are made in exactly the same way as for beam reinforcement. Some¬ 
times the bars are built in straight, and the cranks formed after the concrete 
below the crank has set. For bars exceeding f in. diameter this method is not 
recommended, as bending of the steel after it has been embedded is liable to 
fracture the concrete. 

Another type of large diameter bar which is often reqtfiied in bridge, oon* 
structiom is that which forms thsi main reinforcement of an arch rib or an fxdi 
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slab. These generally have hooks at both ends and are bent to a very large radius 
between. If, in the design, the diameter of these bars can be kept down to 
about I in., it will usually be found that the bars take up their correct curve 
when laid on the centering or require only very little adjustment to bring them to 
that curve. Heavier bars, however, must be bent and given a permanent set 
to the correct curvature. This can be done by moving the bar slowly around the 
bending pins, or in a bending machine similar to that used for bending beam 
bars, but giving the bar a slight set at every 2 ft. or so along its length. 

Another method is to form a wooden template of the correct curve, and to 
place pins along this template and a little more than the diameter of the bar 
away from it. The bar is then put into place and, using it as a lever, is moved 
slowly through the space between the template and the pins and bent in the 
manner shown in Fig, 312. Still another method is to use a ‘'Jim Crow'' similar 
to that used for bending rails but of a lighter build. The bar is placed between 
the jaws and slowly moved along. At frequent intervals the tool is tightened to 
give a slight “ setto the bar. When bars are bent for an arch rib they should 
be set out carefully to full size and each bar checked against the setting-out when 

312. Fig. 313. 

completed. This is well worth while, as in any arch there will be a fairly large 
number of bars to be bent to the same shape. 

Stirrups for beams and binders for columns are bent with small claw bars, 
commencing with a half hook at one end and then working round the various 
sides, the pins being set in the bench to give the correct final internal size for 
the stirrup. A stirrup being bent is shown in Fig, 306. Care should be taken to 
ensure that the comer bends of stirrups are made to suit the bars which they 
will encircle, If this is not done, the main bar will be brought too close to the 
centre of the concrete member or there will be too little cover to the stirrups, 
as indicated in Fig, 313. The ends of the stirrups should not be too long, as 
when they project far into the body of the work, particularly in the case of 
beams, there is a risk of them fouling the adjoining main reinforcement and 
making assembly difficult. 

Instead of independent binders, continuous rectangular binding is sometimes 
placed around the four bars in the com^ of a column, and may have a pitch 
of ij in. to 4 in. The most satisfactory way of forming this binding is to 
bend them around long pins set at the same centres as the column bars, using a 
light claw bar. This type of reinforcem^t, however, is not, on the whole, so 
easy to handle as independent stirmps. 
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Another type of reinforcement which may be encountered in normal work 
is helical wrapping. This consists of long lengths of light bar, usually from 

in. to I in. diameter, which is wound in the form of a helix around the main 
reinforcement. These helices are best purchased wound ready for assembling. 
If they are formed at the works site it is usual to wind the material around a 
wooden mandrel. It is necessary first to pass it over a tensioning drum, and 
the mandrel around which it is wound must be made of a diameter a little less 
than that of the finished helix in order to allow for the back-lash of the material 
after bending. As a general rule, if an internal diameter for the helix of 12 in. 
is required, the mandrel drum should have a diameter of from 10 in. to 
II in. 

In bending all main bars, care should be taken to ensure that all the bends 
are in the same plane ; this applies particularly to the two end hooks. If these 
are not in the same plane considerable difficulty i? likely to arise when they are 
being assembled in the work, A hook which is not in the correct plane is liable 
to foul the positions of adjoining bars, and it may be necessary to take the bars 
back to the bench for correction. 

Where a large number of bars is to be bent to the same shape, it is best 
to bend a sufficient number to form one of the units in the finished work, and 
to have these assembled before bending the remainder so that any minor adjust¬ 
ments of the bending dimension necessary to ensure a perfect fit and simplicity 
of assembly can be made. 

As bars are bent they may either be stacked in groups of the same type of 
bar, or made up in sets for each of the beams or other members in the work. 
The method chosen depends very much on the type of work under consideration, 
and the number of members of any one type to be constructed. Where the 
number of members of one type is small it is probably better as the bending 
is completed to place together complete sets of reinforcements for each member ; 
wliere the number of similar members is large, then bars of one type are better 
kept together. 

Where the complete reinforcement for a unit is stored together it is better 
to collect the correct number of stirrups for each unit and wire them loosely 
together so that they may be easily transported without loss. 

When light claw bars are being used, that is for stirrups, binders and slab 
bars, two men are sufficient, one for bending and the other for carrying the 
bars and assisting whilst the bars are in the machine. For the normal and heavy 
type of claw bar, two men are required for bending and two for carrying the 
reinforcement. For i-in. and larger bars, an additional man should be supplied 
to each squad ; at least four men will be required on the lever while the other 
assists in keeping the bar in position on the bench. Whilst the amount of steel 
which can be handled varies considerably with the amount of bending required 
on each bar and the size of the bars it may generally be taken that a squad of 
four will bend from three to four tons per day. Smaller diameter bars will take 
longer per ton to bend than those of large diameter. 

Where bars are of very long lengths, say exceeding 6q ft., or where only one 
or two bars are required of a length of, say, 50 ft. to 60 ft., use may be made 
of coupling boxes. Fig. 314 is a photograph of a coupling box, with one bar 
entered and the other ready for entering. Great care ^ould be taken to ensure 
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that the full length of thread of the coupling box is engaged with the bars ; in 

fact it is wiser to ensure that the gap inside the coupling box and between the two 
ends of the bars does not exceed, say, 2 to 3 in. For economy, it is usual to upset 
the ends of bars which are to be connected by coupling boxes before screwing 
them. This is done by heating the bar to a bright red and then staving up the 
end for a length of 6 or 8 in. and forming it to a new and larger diametei. A 
thread is then cut on this end by a power-driven inacliine, such as that shown 
in Fig. 315. Generally speaking, contractors would find it an advantage to have 
this work done away from tlie site unless there is a large number of bars to handle. 

It is advantageous to provide four holes in the coupling boxes for tommy bars, 
as adjustment is sometimes required when the boxes are surrounded by rein¬ 
forcement. 

Welding. 

An alternative to the coupling box is a welded connection, which has 
advantages over the coupling box in that there is no waste of steel, no trouble 

Fig. 314. Fig. 315. 

with upsetting, and a smaller diameter at the joint. The only disadvantage is 
the human factor which enters into the welding process. In the writers* opinion, 
however, this is a method which can be quite well considered, as where very long 
bars are required there is usually a large number of them and only one welded 
junction is likely to occur at any one section of the beam. Welding is of great 
advantage when reinforced concrete piles are being lengthened, as it forms a much 
neater and more effective junction than the usual over-lap or splice bar. 

One method is to slip over the end of one of the bars a steel sleeve having a 
tensile strength 25 per cent, greater than that of the bar. The ends of the bars 
are butt-welded together and filed smooth. The sleeve is then slipped back to 
a symmetrical position over the weld and fillet-welded at both ends ot the bars. 
Alternatively, the design and procedure adopted for welded joints should con¬ 
form with the Memorandum issued by the London County Council relating to 
the welding of reinforcement bars. Electric-arc welded butt joints are most 
convenient for round bars. Bars, the strength of which depends on cold-working, 
should not be welded unless the design stresses do not exceed those common for 
mild steel. 

The ends of the bars to be welded, which must be rigidly held in the correct 
relative positions, should be shaped to enable the weld metal to be in full contact 
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with the ends and to ensure access for the electrode, and to enable the welder 
to see the work clearly. Owing to the limitation of space in bridge members 
work can usually proceed from the top only, and the form of end most suitable 
is a single V or U. Before depositing the weld metal under a single joint a small 
plate about ^ in. thick is spot-welded on to the underside of the joint to provide 
a seating upon which the weld is buUt. For large bars a single V joint requires a 
large amount of weld metal, therefore a double-V joint, which does not require 
the use of a plate, is more economical but can only be used if access to the work 
is available from both top and bottom. 

A butt weld should be about lo per cent, thicker than the thickness of the 
bars being welded, the additional thickness being dressed off to form a smooth 
joint. 

When bars of unequal diameter are butt welded, a single-bevel butt weld is 
the most suitable type of joint. A square butt v'eld should not be used if the 
thickness of the bars exceeds ^ in. The gaps separating the ends of the bars 
should not generally be less than J in. for main bars. 

Fixing. 

The tools required for steel fixing are a pair of pliers with a wire-cutting 
device on them, or one of the patent tying tools, and a small lever to assist in 
levenng the bars and the partly assembled units into the correct positions. A 
quantity of i6 to i8-gauge annealed tying wire will also be required; this is 
usually cut into lengths of 4 in. to 6 in., depending on the size of the bars to be 
connected. Instead of cutting the wire into short lengths, some steel fixers prefer 
to cut it as required from a small hank which can be conveniently carried in the 
hand. Those who advocate this method claim that with a very little practice 
this becomes the easier method and probably the more economical. 

Reinforcement may be assembled in one of three ways. 
(a) In units ready for dropping into position in the work. This method is 

usually adopted for piles and frequently for columns, but it can rarely be satis¬ 
factorily adopted for continuous ^ams. The procedure is to place two or more 
trestles with planks between and lay across them two of the reinforcing bars to 
be assembled, having first slipped over them the requisite number of binders or 
stirrups. The remaining main rods are then threaded through and the stirrups 
wired in their correct positions. The planks between the trestles are then slipped 
out and the assembled unit is put on one side ready for fixing in the work. 

(i) A method frequently adopted for beams is to assemble the reinforcement 
on the shuttering, immediately above the beam mould into which it is to be 
lowered, temporarily supporting the bars on planks placed at intervals across the 
beam mould. In this case also the bottom bars are laid in place with the requisite 
number of stfirups in position around them. The upper bars are sUpped through 
the stirrups, and the stirrups moved along and wired in their final positions in 
the member. The member is then rigidly assembled, the planks are removed 
from below, and the complete unit is lowered into its place in the beam mould. 

(c) The most general method of assembling {illustrated in Fig, 316) is to 
place the bars one by one in their final portions. This necessitates, in the case 
of a beam-and-slab construction; first fdadng in position the bottom board of 
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the beam mould, leaving the side shutters and the slab shuttering to be erected 
later* On these bottom boards the bottom bars of the members are assembled, 
with the stirrups slipped loosely over as before. The upper bars are then brought 
into place and the stirrups spaced and wired m the correct positions. After 
aissembling the steel in the beams, the side shutters are placed in p)osition and 
the slab shuttering and reinforcement placed ready for concreting. The bars 
may be hoisted in quantity by crane, but frequently separate bars are hoisted by 
a rope and pulley when a crane is not required on the job for other purposes. 

Tying the junctions or bar crossings is of importance, for it is only by doing 
this correctly that a really rigid assembly can be obtained which will prevent distor¬ 
tion or displacement during concreting. If a single wire is put around the cross¬ 
ing of two bars the reinforcement as a whole is not rigidly fixed. A far better 
method is to form the binding wire into small hairpins,'' to place these around 
the bars, and complete the wiring as shown in Fig 317 Reinforcement assembled 
and tied in this way provides a perfectly rigid framework. After the tying has 
been completed, the ends of the binding wires should be snipped off. The writers 

Fig. 317. 

from careful inspection have found that about 90 per cent, of the rust marks on 
finished concrete work are due to the ends of binding wire projecting against the 
shuttering* The result is that the atmosphere attacks the wires after the shutter¬ 
ing is stripped, and progressive rusting along the wire may ultimately attack the 
main reinforcement* For this reason all tying wires should be snipped off J in. 
from the main reinforcement bars, and wherever possible the twisting should be 
done on the inside of the reinforcement and away from the shuttering. Before 
concreting, all snipped ends of binding wire, or other debris which may have 
collected m the mould during the placing of the reinforcement, must be washed 
out or removed, otherwise these become embedded in the surface of the concrete 
and rapidly produce rust stains. 

After assembly the reinforcement must be supported in position until the 
concrete is placed. This can be done in one of several ways, depending on the type 
of reinforcement. The lifting of reinforcement into position after concreting is 
commenced, or even the raising of it whilst the concrete is packed beneath it, is 
undesirable and is liable to lead to a considerable error in the final position of 
the steel in the work. 
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Fig. 318. 

Fig. 319. 

Fig. 320. 
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For slabs and beams, cement pats may be made having the same thickness as 
the requisite cover for the reinforcement. These should be about 2 in. square 
and should have rough edges so that they will bond with the concrete. If they 
are made of the same mix of mortar as that in the concrete, their positions will 
be almost indistinguishable in the finished work and they may be left in place. 
The best way to form these pals is to nail laths of the requisite thickness to form 
a tray on some convenient area of horizontal shuttering. This should then be 
filled flush with the laths with i : 3 cement mortar, and just before the mortar 
takes its final set it should be scored with the edge of a trowel run along a straight 
edge to form 2-in. squares. The next morning the laths can be removed, and 
the mortar broken along the lines of the scoring to produce small blocks with 
rough edges which can be left to harden and used as required. 

Another method of supporting beam reinforcement is to insert under the 
top bars rods or pieces of timber resting on the side shutters of the beam or on 
the slab shuttering. The beam can then be concreted, except in the immediate 
vicinity of the supports, and the supports can be removed before concreting the 
slab above. In the case of splice bars extending from abutments into arch barrels 
or ribs, special supports are required. 

For wall reinforcement, splice bars can be kept in their correct position in 
the foundations by wiring them temporarily to planks. The vertical steel is wired 
to the splice bars, and after the horizontal steel is wired to it a rigid assembl}^ 
results. When concreting a wall, however, it is desirable to keep a slip of timber 
between the shuttering and the reinforcement, the timber being of the correct 
thickness to preserve the cover required and moved up in order to keep it about 
3 ft. above the level at which concreting is taking place. 

The photographs show the assembly of reinforcement in different types of 
bridge work. Fig. 318 shows the reinforcement of the hinge of a three-hinge barrel 
arch in position in the abutment, and, in the upper right-hand corner, the com¬ 
mencement of the assembly of the arch-barrel bars using the small pre-assembled 
units shown lying on the shuttering, .some of which are already fitted between 
the splice bars. An interesting feature of this hinge construction is that the 
middle 12-in. length of the hinge bar was sprayed with molten zinc ; this can 
be seen in the photograph, the zinc showing white along a considerable length of 
the bar. Figs. 319 and 320 show the same bridge with the crown-hinge bars in 
position, and the bottom bars of the arch barrel. Along the side, the commence¬ 
ment of the reinforcement of the spandrel wall can be seen, together with some 
of the top steel in the arch barrel. 

321 shows the reinforcement of a fixed arch at its junction with the abut¬ 
ment. One-half of the abutment has already been concreted. The splice bars are 
seen temporarily supported on a timber trestle, the tdp part of this fitting into the 
hooks of the splice bars. The illustration also shows the commencement of the 
centering for the bridge. 

Fi^. 322 shows the assembly of some deep girders in a bridge construction. 
In this case a part of the side form has been placed in position, but in the manner 
suggested in an earlier paragraph the slab shuttering still remains to be carried 
out. This is one of the cases where reinforcement was assembled in its final 
position. Fig. 322 is a side view of one of the beams, the top of which is illustrated 
in Fig. 323. 
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Fig. 321. 

Fig. 322. 

Fig, 323. 
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Fig, 324 shows the assembly of beam reinforcement in which coupling boxes 
have been used. Due to the number of bars requiring connection in this par¬ 
ticular case, two couplings occur at the same section of the beam. 

From an examination of the illustrations it will be seen that in good quality 
work the fixing is an accurate interpretation of the detailed drawings. 



CHAPTER XVI 

CONCRETE AND CONCRETING 

Cement^—Sand—Coarse Aggregate-—Water- Test Cubes -Propor¬ 

tioning — Mixing — Transporting — Placing — Curing — Remedying 

Defects 

In recent years there has been a tendency to concentrate on the advance of 
theoretical design in reinforced concrete, until to-day this has reached a high 
state of refinement. There is some doubt whether construction has advanced 
to the same degree, and yet a little consideration will show that this is really 
the most important part of reinforced concrete work. Calculations made about 
1920, approximate as they were, nevertheless represented probably 70 per 
cent, of the truth, whilst those of to-day represent perhaps 90 per cent. ; a 
relatively small advantage for the work entailed. Furthermore defects in 
reinforced concrete structures resulting from errors in design are comparatively 
rare, but the same cannot be said of construction. Even to-day bad construc¬ 
tion joints, honeycombed concrete, rust spots, and so forth are met with far too 
frequently, and in every case they could have been avoided. 

On the concrete depends not only a great part of the strength but also the 
permanency and the appearance of the finished work. These factors are of 
primary importance in any reinforced concrete structure, but are particularly 
important in bridge construction where the work is exposed to the elements. 
There is therefore no part of the construction of a reinforced concrete bridge which 
deserves more careful attention than that of concreting. For the best results the 
men employed, in addition to experience, should have a pride in the ultimate 
result of their labours. Haphazard methods in its preparation and placing are 
detrimental to the good name of concrete, and precautions should be taken to 
prevent them being adopted. Improvement in the quality of concrete produces 
a better structure. The following notes on concrete and concreting apply to 
concrete construction in general and to bridges in particular. 

There are four materials used in the manufacture of concrete, namely, 
cement, sand, coarse aggregate, and water. An essential common to them all 
is cleanliness, not only on delivery to the site but up to such time as the material 
is placed in the work. 

Cement. 

Uniformity of cement is perhaps more important than attaining exceptionally 
high strengths in laboratory tests. The British Standards as revised from time 
to time specify the minimum requirements of good modem cements. In 
practice better results are usually obtained. For reference a summary of the 
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requirements of the B.S. No. 12 (1947) for ordinary and rapid-hardening Portland 
cement is given. 

Fineness.—Residue by weight on a sieve of B.S. Mesh No. 170 shall not 
exceed 10 per cent, for ordinary Portland cement and 5 per cent for rapid¬ 
hardening Portland cement. The specific fineness is also specified. 

Tensile test of cement mortar.—Mortar : i part cement, 3 parts sand by weight. 
For ordinary Portland cement, the average breaking strength of six briquettes 
at 72 hours after gauging shall be not less than 300 lb. per square inch. ; the 
average breaking strength of six briquettes at 7 days shall show an increase on 
the breaking strength at 3 days, and shall be at least 375 lb. per square incli. 
For rapid-hardening Portland cement the minimum strengths are 300 lb. per 
square inch at 24 hours and 450 lb. per square inch at 72 hours. 

Optional compressive stress (in lieu of tensile test).—Mortar: as for tensile 
test; test pieces: cubes with sides of 278 in. or 3 in. For ordinary Portland 
cement the average minimum compressive strength of 3 cubes shall be 1600 lb. 
per square inch at 72 hours and at 7 days there shall be an increase on the 
strength at 72 hours, and the strength shall be not less than 2500 lb. per square 
inch. For rapid-hardening cement the minimum strengths shall be 1600 lb. per 
square inch at 24 hours and 3500 lb. per square inch at 72 hours. 

Setting time.—Using Vicat needle apparatus. For normal-setting cement the 
initial setting time must not be less than 30 minutes and the final setting time 
not more than 10 hours. For quick-setting cement these periods should be 
5 minutes and 30 minutes respectively; quick-setting cement should not be 
used on ordinary construction and is now excluded from the B.S. No. 12, 

Soundness.—Using the Le Chatelier apparatus, the expansion shall not 
exceed 10 mm. (0*40 in.). 

Portland blastfurnace cement, having between 35 per cent, and 65 per cent, 
slag content, is available in some parts of Britain. The requirements of B.S. 
No. 146 (1947) are the same as for ordinary Portland cement as regards fineness, 
tensile strength, setting times, soundness, and compressive strength. 

High-alumina cement is not frequently employed on bridge construction, its 
use being limited to cases where high strength is required within a few hours, 
or where the concrete is subject to corrosive influences, or where concreting at 
low temperatures cannot be avoided. The requirements of B.S. No. 915 (i<947) 
for this cement include a residue by weight on a No. 170 sieve of not more than 
8 per cent., a total alumina content of not less than 32 per cent, by weight, 
compressive strengths of mortar cubes of not less than 6000 lb. per square inch 
at 24 hours and 7000 lb. per square inch at 72 hours, initial setting time between 
2 hours and 6 hours, and final setting time not more than 2 hours after initial set. 

When an engineer does not specify any particular brand of cement the general 
practice is to ascertain the brand proposed by the contractor and to have samples 
of this independently tested before work commences. If these tests show the 
cement to be satisfactory when used in conjunction with the aggregates proposed, 
the works test results provided by the manufacturer are generally accepted 
throughout for works of small size. On larger works, or in cases where a testing 
machine is easily available, the consignments as delivered to the site are tested 
to verify that a uniform material of specified quality is being supplied. 

Cement, particularly rapid-hardening cements, should be used in the work as 
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soon as possible after dispatch. Storage, no matter how good the conditions 
either at the merchant's warehouse or on the works, should be reduced to the 
minimum, as it appears that the finer the cement the more susceptible it is to 
various influences including age. 

Considerable variation in results may be obtained by variations in the 
process of making test briquettes. Care should be taken to use the specific 
amount of mixing water and sand of the quality described in the appropriate 
British Standard. The specified amount of water and sand will give mixtures 
apparently too dry to work and too large in quantity to fill into the mould. By 
careful filling and vibrating of the mould, practically the whole quantity can be 
inserted and in addition a slight surplus of moisture will work to the top. Cubes 
of mortar should be made exactly in accordance with the method specified in 
B.S. No. 12. It is advisable for the cement testing throughout any job to be 
done by one man in order to eliminate the variations in manipulation which 
result if two or more participate in this work. Curing should be carried out by 
storing m moist air in the moulds for 24 hours and afterwards in clean water at 
58 deg. to 64 deg. F. until tested. 

In addition to these tests it is frequently of assistancerto make rough tests 
of soundness at the site. These may be as follows: 

(a) Initial setting time.—Make up a pat as for a briquette and note the 
time taken to resist the penetration of the thumb nail. This should be not 
more than 10 hours for normal-setting cement. 

{h) Soundness.—On a glass base make a pat of cement paste about 6 in. in 
diameter and tapering to the edges, and similar in consistency to that for a 
briquette. Allow it to rest for 24 hours and then place it in cold water, bring 
to boiling, and keep so for three hours. The pat should remain perfect. Any 
cracking or crumbling denotes unsoundness, and use of the consignment repre¬ 
sented by the sample should be deferred pending more accurate tests. 

(c) Coolness.—Place the arm in a bag of cement. If cool it is probably in 
good condition. If hot it is fresh; but recent tests show that there is no risk 
in using hot cement. If cold it may be stale. 

Sand. 

• Sand is the most doubtful ingredient in concrete. Ideally it should be 
perfectly free from impurities and be graded from material passing a -^-in. mesh 
down to fines in accordance with the grading curve illustrated in Fig. 325. In 
practice these conditions are never entirely fulfilled; but fortunately both are 
open to some variation without appreciable effect on the resulting concrete. 
The amount of foreign matter permissible depends on its nature. If it is com¬ 
paratively pure inert silt, then the presence of up to approximately 5 per cent, 
is not likely to have any appreciable effect either on the strength or on the 
durability of the concrete, and in many cases even a little more than this is not 
a serious matter. If on the other hand the foreign matter is organic it is important 
that it should be ejicluded. If it is not excluded, action may develop after 
completion of the structure which may slowly produce decay. The sand may 
easily be tested for cleanliness by washing in a graduated glass measure and 
permitting the silt or foreign matter to settle. It is an advantage also to shake 
the water again and pass it through a filter paper in order to segregate the 
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This may then be subjected to microscopical or chemical examination to ascertain 
more accurately its nature and to form a conclusion as to its effect on the concrete* 

A simple test for the presence of organic matter consists of filling a medicine 
bottle to one-quarter of its depth with the sand and adding 3 per cent, caustic 
soda solution up to the three-quarters mark. This should be well shaken and 
left for twenty-four hours. If the liquid is then not darker than pale yellow 

Fig. 325. 

the amount of organic matter is small. If the solution becomes dark yellow 
the sand should be rejected or submitted for laboratory tests before use. Sand 
containing particles of coal or shell in appreciable quantities should not be used, 

A test of the grading of sand necessitates the use of a set of sieves vaiying 
from ^ in. to 40 meshes per linear inch and measurement of the residue from 
any given sample on each sieve. The results should be plotted and judged in 
comparison with the ideal curve given in Fig, 325. 
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With a little practice the quality of sand may be fairly accurately judged 
by examination under a small pocket microscope magnifying 40 diameters. 
Grading, shape, material, and to some degree cleanliness, become apparent at 
this size ; the method has the advantage of easy application amd makes possible 
a quick decision. This is particularly useful at the site during construction. 
In addition it is an advantage to make and test mortar produced with the cement 
and sand chosen. 

An important point which is sometimes overlooked is the necessity for 
ensuring that the supply of sand available is likely to be uniform. Lack of 
uniformity in different deliveries is more serious than the presence of a small 
but uniform and constant percentage of foreign matter or for the material not 
being ideally graded. As a typical case, if the sand is obtained from a pit in 
which there is a top spit of material containing considerable quantities of loam, 
it is important to ensure that the material supplied for reinforced concrete work 
should be drawn from a part of the pit which is not liable under any circumstances, 
in dry or in wet weather, to be contaminated by the foreign matter in the top 
spit. Again, where river sand is supplied there may be sources of pollution only 
at certain times or seasons, or at certain places in the river bed. In such cases 
care should be taken to ensure that all the material delivered will be clean, or 
alternatively another source of supply should be obtained. The reason we stress 
the question of uniformity is that after a sample of sand has been approved it 
is impracticable to test every small batch and delivery. The most certain method 
of ensuring that all the sand delivered is suitable is to make sure that the source 
of supply of the approved sample is uniformly reliable. 

Coarse Aggregate. 

The requirements of good coarse aggregate are that it shall be clean, tough, 
well graded from the maximum size specified down to in., and that the supplies 
be uniform. Provided it meets with these requirements it matters little whether 
the aggregate be shingle, crushed shingle, crushed whin, crushed granite, or any 
of the other materials generally used for reinforced concrete work. With regard 
to cleanliness, coarse aggregates are not usually liable to the presence of foreign 
matter to the same degree as sands, but they are subject to another source of 
pollution, that is the dust produced when crushing them. This is particularly 
the case with whinstone, some types of which produce large proportions of fine 
dust or flour in the crushing. This dust is almost as fine as the cement, to which 
it acts as an adulterant, and in addition it tends to form a film on the faces of 
the particles of aggregate so preventing complete adhesion of the mortar. When 
such aggregate is delivered in loads at the site it will be found that the last portion 
of the material tipped contains a high proportion of dust. If, as may easily 
happen, this last portion is put into one batch of concrete, that particular batch 
is likely to be weaker than the average concrete in the work. It is difficult to 
obtain crushed stone perfectly free from dust. The only way apparently would 
be for the quarries to install dust extractors, but these are expensive and offer 
no appreciable advantage where the stone is used for purposes other than concrete. 
It is an advantage to visit the quarry and to emphasise the necessity for the 
delivery of clean material. Often it will help if the bins through which the 
material is supplied are cleaned out at intervals of say one week to remove any 
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large accumulations of dust from projecting internal ledges. Failing this, such 
accumulations fall at intervals and form bad pockets of aggregate quite unsuitable 
for concrete work. 

With some aggregates it will be found that when concrete test cubes are 
broken the fracture occurs almost entirely as a result of the breaking down of 

Fig. 326. 

the adhesion between the mortar and the stone in the concrete. In other 
aggregates the break occurs as a fracture across the particles of aggregate 
throughout the concrete. In still further samples the fracture is approximately 
evenly divided between the breaking down of the adhesion and the fracture of 
the aggregate. In the first case it may be taken that the aggregate is really 
tougher than is necessary to provide concrete of the maximum possible strength 
with the mixture specified. In the second case the aggregate is not sufficiently 

cc 
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tough to produce the highest strength. The third case is probably the ideal in 
which the toughness of the aggregate approximates very closely to the adhesive 
properties of the mortar to the surface of the aggregate. When test cubes of 
the concrete proposed for use in the work are broken, careful observation should 
be made of these points with a view, if necessary, to either changing the type 
of aggregate or alternatively to adjusting the mixture of the mortar in the work 
to produce the maximum economical strength. Properly graded coarse aggregate 
is not so difficult to obtain as an ideal grading of sand ; but it may frequently 
be necessary to explain carefully the requirements if the quarry manager is in 
the habit of supplying large quantities of material for roadwork where grading 
is not so important. If difficulty is found in obtaining correctly graded material 
this may be improved by specifying the aggregate in two sizes ; that is, say, a 
proportion of f in. down to | in. and the balance in material | in. down to in., 
particularly noting that these sizes must exclude dust or flour. A typical grading 
curve for coarse aggregate is shown in Fig. 326. 

Water. 

In practically all works in or adjacent to towns or cities it is possible to 
obtain water directly from supply mains, but in outlying districts the water 
may have to be obtained from other sources, such as a river, stream, or well. 
In general, drinking waters are suitable for use in reinforced concrete work, 
but this does not of course apply to all river waters. Where the water is not 
polluted by industrial waste, sewage, or peat it will probably be suitable for 
use, but it is always desirable to obtain information regarding the stream above 
the point from which the water is proposed to be drawn for the work. If after 
such an examination there is any doubt of the purity of the water it should be 
analysed before it is approved. In addition to cleanliness of the water in these 
temporary sources of supply, it is desirable to make sure when the work com¬ 
mences that the quantity of water passing down the stream will at all times 
be sufficient to provide for the works in question. It may also be found that 
in time of flood the river may bring down considerable quantities of silt or peat 
which may make the water temporarily unsuitable for use. In such cases it 
will be necessary to arrange for sufficient storage of pure water to carry on the 
works over any likely period of flood. These points are emphasised as neglect 
of them may occasionally have a serious effect on the quality of the finished work. 

Finally, in regard to materials in general, the ultimate aim is the quality 
of concrete which they will produce. To this end the writers would strongly 
emphasise the desirability of having tests made, at the commencement of the 
work, of the materials it is proposed to use in the concrete in order to ensure 
that they will produce in combination a first-quality concrete. Samples of each 
of the approved materials should then be kept at the engineer's office and at 
the clerk of works’ office in order that consignments as delivered at the site 
may be compared with them and the quality kept uniform with that approved. 

Test Cubes. 

Concrete test cubes should have 64n. sides. Sometimes 4*-in, cubes are 
used, but these are too small to provide reliable results. 
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Cubes should be made in heavy metal moulds whenever possible. These are 
expensive but produce dead true and parallel faces. If, however, wooden moulds 
are used they should be very carefully made. They are a cabinet-maker’s job 
rather than a rough carpenter’s. Metal moulds are often loaned by the cement 
manufacturers or the testing laboratories. 

Cubes should be made from concrete as delivered from the mixer for use 
in the work and should be left in the moulds in damp air for 24 hours and then 
in damp sand at a temperature between 58 deg. and 64 deg. F. until two days 
before testing. After this period they should be allowed to dry. 

Before testing, the cubes may be machine ground to dead true and parallel 
faces and this gives the best results. Frequently the faces of the blocks against 
the machine jaws are faced with plaster of Paris. If this is done care is still 
required to ensure dead true and parallel faces. Often the blocks receive no 
treatment and millboard is inserted between their faces and the jaws of the 
testing machine. The importance of true faces cannot be too strongly emphasised. 
If the faces are not true the pressure is first brought on the highest area and this 
crushes, the failure then spreading slowly to the remainder of the cube. Testing 
should be carefully watched for this phenomenon as if it develops the test result 
will not be an accurate indication of the strength of the concrete. 

To enable the cause of unsatisfactory tests to be detected immediately, 
it being assumed that the water is already known to be suitable and the grading 
of the sand and aggregate satisfactory, and that the manufacture and curing 
of the cubes has been carried out as described, 4 sets of cubes should be made. 

(1) Cement, sand, and aggregate as proposed for the work. 
(2) Cement, washed sand, and unwashed aggregate. 
(3) Cement, washed sand, and washed aggregate. 
(4) Cement, unwashed sand, and washed aggregate. 
The cubes (i) should be tested first and if satisfactory the expense of testing 

(2), (3) and (4) is unnecessary. If unsatisfactory, the additional tests should 
be made in the order given. Should all prove unsatisfactory the defect will 
probably be in the cement. 

After much experience the writers find that this procedure is the only one 
which eliminates criticism by suppliers of materials. A further requirement is 
for cubes using unwashed sand to produce a strength at least 85 per cent, of 
that if similar sand is used after thorough washing. 

Proportioning. 

Increasing interest is being taken in proportioning concrete materials but 
nevertheless the old standards of i: 2 : 4, i: : 3, 1:3:6, and so on, continue 
to form the basis of the majority of specifications. The proportions of concrete 
expressed in two terms such as 6 : i, 4: i, etc., is so fundamentally bad that by 
now it is surely considered to be not only undesirable but dangerous by all likely 
to be responsible for specif5dng concrete for bridge work. The primary object 
in proportioning concrete is that the maximum amount of stone shall be intro¬ 
duced while ensuring that imder practical working conditions there is sufficient 
mortar available to a little more than fill the voids in the stone. The first 
important factor, therefore, is the voids in the aggregate. It is for this reason 
one stresses the necessity for grading the coarse aggregate, for the better the 
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grading the smaller will be the percentage of voids and the smaller the amount 
of mortar required to produce a solid concrete. Voids may be measured by 
taking a container of known capacity, filling it with aggregate, and then adding 
water or dry sand completely to fill the voids, afterwards measuring the amount 
of added material. If water is used care must be taken thoroughly to soak the 
aggregate before commencing the test, otherwise it may absorb some of the 
added water and give a misleading result. If sand is used, considerable vibration 
will be necessary and care must be taken to ensure that the total bulk of aggregate 
is not increased. 

In practice the variation of the percentage of voids is from approximately 
33 per cent, up to about 50 per cent., the former occurring in gravel aggregates 
and the latter in aggregates of the nature of whinstone and granite, as indicated 
in Table XXIV. This variation m voids indicates the necessity for the proportions 
of concrete to be fixed according to the nature of the aggregate actu^ly used in 
the work. 

Table XXIV. 

Voids in Aggregates. 

Material Size 
m. 

Percentage 
voids 

Weight per 
cu ft 
(lb) 

Granite chippmgs , . . . . i 47-3 86 
Crushed whinstone . ... 1 50-0 80 

Do. do. ... ... i to 1 450 88 
Crushed sandstone . . . , I to 1 39 3 «5 

Do. do. . . i 44*4 78 
Crushed limestone . ... 3 to I 41*0 77 

Do. do. ij to i 38-5 80 
Broken bnck. 4 38-5 79 
Thames ballast . li to J 35*3 85 

Do. do . . . I to tV 37*5 * 82 
Gravel . , . i to i 34*8 90 
Do. I to i 27-3 94 
Sand. J down 300 100 
Mixed gravel and sand. — 23*2 105 

Consider the type of aggregate in which the voids are approximately 50 per 
cent. These voids may be measured in what may be termed '' solid matter,'* 
that is in a material which itself contains no voids. But these voids are not 
filled with solid " sand. Practically all sand when delivered at the site contains 
a certain |>ercentage of moisture, and this causes a bulking which may reach a 
stage where i cu. ft. of what has been termed “ solid " sand amounts to approxi¬ 
mately ij cu, ft. of sand as delivered at the site. When more water is added 
this shrinks again until it arrives at a bulk approximately equal to that of perfectly 
dry sand. This shrinkage also takes place when cement and water are added 
to the sand to form the mortar in the concrete. If, therefore, the proportions 
specified are 1:2:4 the amount of mortar available to fill the 50 pet cent, of 
interstices will be only about 40 per cent., whereas, as a matter of fact, in order 
to provide a sufficient surplus to allow for the difficulties of perfect ramming, it 
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should in such a case amount to not less than 60 per cent., that is allowing 10 per 
cent, of mortar over the actual voids in the aggregate. From this it will be 
realised that the indiscriminate specifying of concrete in which the ratio of sand 
to stone is as I : 2 is unsound, and is probably in some measure responsible for 
much of the honeycombed concrete which has been constructed in the past. 
The most serious case occurs when these proportions are indiscriminately specified 
for whinstone and crushed granite. They are usually more or less right m the 
case of gravel, and particularly of well-graded gravel. 

The difficulty of deciding on the mixture of concrete to be used must be 
appreciated. As a rule, in his desire to preserve an op>en market, the engineer 
considers it inadvisable definitely to stipulate the sources of supply of sand, 
coarse aggregate, and cement. On the other hand, when he leaves his specifica¬ 
tion open for the contractor to choose the sources of supply he is not aware 
what materials will ultimately be proposed for use in the work, and is therefore 
unable to decide the best proportions required to produce a practical ideal 
concrete. His proportions are therefore based on surmise, and it is not until 
the contract has been signed and some material delivered at the work that he 
is able to decide finally the best practical mix. By this time it may be difficult 
to alter the proportions specified, and on which the contractor has tendered, 
without some adjustment in the cost. To meet such cases it is suggested that 
the engineer may specify a particular mixture and include in the schedule for 
rates to cover variations from the specified mixture. 

Finally, it should be specially noted that the proportions chosen for use at 
the site will seldom produce the maximum strength of concrete which may be 
obtained in a laboratory, due to the fact that a greater proportion of mortar 
will be provided than will give maximum strength. This increase of mortar, 
however, will produce under practical conditions a concrete which will permit 
of consolidation free from honeycombing or interstices when it is placed in the 
work. 

Mixing. 

Concrete is nowadays generally mixed in batch machines, the majority of 
which are very efficient. Into them are placed for each batch certain definite 
quantities of the various materials, and the batch is discharged before a fresh 
batch of similar proportions is introduced. To ensure that the right proportions 
of materials shall be used throughout the work separate measuring boxes should 
be provided for the sand and the coarse aggregate. For cement, due to its 
bulking properties, measuring by volume is inaccurate and the only certain way 
is by weight. If it is not practicable to arrange for weighing on the job it is 
desirable to have the batches of concrete of such a size that they contain one or 
more bags of cement of known weight as delivered on the site. Where the size 
of such batch is too great for ease of handling in the work, then the batch may 
be of such a size as to take one-half bag of cement for alternate batches, the 
balance of the bag from the first batch being used for the second. This results 
in only negligible variations of the amount of cement in each batch. Table XXV 
gives the quantities of cement, sand, and stone required for i cu. yd. of concrete 
of practically every mixture likely to be used. They are given both by volume 
and by weight, and in addition quantities are given for sand and aggregate to 
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one bag of 112 lb. of cement for each of the mixtures. This table will be useful 
in calculating the amount of material to order and in arranging for gauge-boxes 
at the site. 

Table XXV. 

Quantities of Materials for Different Concrete Mixes. 

Cement : 90 lb. per cu. ft Sand (semi-dry) : 100 lb. per cu. ft., 30 per cent, voids. 
Coar.se aggregate (graded | in. to J in.) ; 88 lb. per cu. ft., 45 per cent, voids. 

Mix 

i • 4 6 

1:3' (3 

1 ■ 3 • 5 
I : 2i : 5 

73 • 4 
i • 2i • 4 
T • 2 : 4 
I ; 2i : 3 
1:2- 3 
I : li : 3 
I : li : 2| 
1:2: 2 

I : ij • z 
1:1: 2 

(Quantities for i cu. yd. of 
concrete (by volume) 

Quantities for i cu. yd. of 
concrete (by weight) 

Quantities of sand 
and coarse aggregate 
to 112 lb. cement 

Cement i 
cu. ft. I 

I 

3.8 I 
4'22 , 
4*6z 
4'C)i 

51 
5-45 
5- 87 
6- 14 I 
6- 07 } 
7- 3 I 
«-3 
7- 7 
8- 57 
Q’b4 

Sand 
Cll. ft. 

Coarse 
Aggregate 

<u. ft. 

Cement 
lb. 

Sand 
lb. 

Coarse 
Aggregate 

lb. 

15-2 2Z-8 342 1520 2006 

1 z-66 25-3 2 380 1266 2228 
13-86 23-10 416 1386 2033 
IZZ7 24-55 442 1227 2160 

15*3 20-4 45Q 1530 1795 
i3‘^S 21-3 491 1363 1918 

11-74 1 ^3-48 528 1174 2066 

15-35 1 J8-42 553 i 1535 1621 

t3-33 1 20-00 600 1 1333 1760 
ll’O 1 2T-9 657 ' 1100 1927 
10-4 20-8 747 i 1040 1830 

^5-4 15-4 603 1 1540 1353 
12-85 17-14 771 i 1285 1508 
9-64 19-28 868 1 964 1 1697 

Sand I Aggregate 
cu. ft. ) cu. ft. 

5'0 
375 
375 
3'!^ 

375 
312 
^•5 
31^ 
2-5 
1-87 
1*56 

2*5 
1-87 

1-25 

7-5 
7-5 
(>•24 

6-24 

5-0 
5-0 
5*0 
375 
375 
375 
312 
2*5 
2-5 
2-5 

The delivery of sand and coarse aggregate to the site ready mixed should 
not be permitted, as segregation and consequent lack of uniformity in the mix 
results. If for any special reason the practice is ever permitted it should be 
remembered that to one part of cement only the specified number of parts of 
aggregate should be taken in measuring the mixture of sand and aggregate. 
The sand, of course, is merely filling the interstices in the coarse aggregate; for 
example if i : 2 : 4 concrete is specified take only 4 parts of mixed sand and stone 
to I part of cement. If 6 parts of mixed aggregate are taken, then the mixture 
is really 1:3:6. 

The time of mixing is not of appreciable importance within practical limits, 
but it will be found as a general rule that one batch every three minutes can 
be satisfactorily put through an efficient standard pattern mixer. 

A much more important factor is the amount of water to be used. This 
will vary according to the condition in which the aggregate and sand are available 
at the site. If they are wet to commence with, then less water will be used. 
If they are perfectly dry, then a rather larger quantity of water will be necessary. 
It is in every case desirable, however, that the mixer be fitted with a water- 
measuring apparatus which will ensure the inspector’s instructions with regard 
to the amount of water in the resulting mix being followed for periods of two 
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or three hours at a time. It will then be necessary to keep watch on the mix 
to ensure that if the coarse aggregate and sand are damp in the morning and 
become dry later in the day, or vice versa, the quantity of water may be adjusted 
to produce concrete of uniform quality. In general it should be taken as a 
working rule that the best amount of water to use in any concrete is the minimum 
amount which will produce a mix just sufficiently plastic to work into the moulds 
and around the steel after adequate ramming without producing surplus water 
or an undue amount of slurry on the top of the wet concrete. The importance 
of the word minimum in this rule cannot be too strongly emphasised. How 
serious an effect deviation from the rule may have on the resulting concrete is 
well illustrated by Table XXVI. It is not possible to give the amount of water 
required for every case, but it will be some guide to state that for dry materials 
a I : 2 : 4 mix will require about 12 gallons to 9 cu. ft. of coarse aggregate, and 
a I : I : 2 mix about 9 gallons to 5 cu. ft. of aggregate. For wet materials the 
quantities would be about 9 gallons and 7 gallons respectively. 

The slump test has been used as a gauge of the consistency of concrete, 
but experience shows that it produces varying results with different classes of 
aggregate and with different mixtures. In consequence it is better to decide 
the water content by personal observation as already noted. The use of the 
slump test, however, has a valuable moral effect in emphasising at the site the 
working rule already given. The slumps adopted must be settled from tests 
with the materials adopted for the work in each case, and these will depend on 
personal observation based on the general rule given. 

Table XXVI. 

Comparative Effect of Water Content on Strengih of Concrete. 

1:2:2 Mix. 

Water (‘ontent 
Water-cement- 

ratio 
Crushing strength 

lb. per square inch 

Gallons per cu. yd. 
of concrete 

Gallons per 112 lb. 
of cement 

Cu. ft. water 
Cu. ft. cement 

^ 1 
7 days 28 days 

1 

28-9 4-67 0*6 4000 6000 

360 5-85 075 3100 i 4900 

43^3 7-0 0-9 2300 3900 

50*5 8-17 105 1700 3000 

57'^ 9-34 1-2 1 1200 2100 

Great care should be taken to see that the mixing stage and all plant used 
in the mixing and depositing of concrete are kept perfectly clean throughout 
the operations. Occasionally one sees heaps of ** droppings '' developing around 
the mixer, and now and again someone may clear up this material and deposit 
it amongst the fresh concrete with deleterious results. The inspector therefore 
should take care to see that the mixing stage is cleaned at frequent intervals 
as well as after each working period. 

Occasionally, on very small work, hand mixing of concrete is resorted to. 
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It is usual to specify in such cases that an additional lo per cent, of cement 
shall be added to the mixtures specified where machines are used, and that the 
materials shall be mixed three times dry and three times wet. Further, the 
mixing stage should be properly sheltered from the wind to prevent cement 
being blown away. When the materials are turned three times dry and three 
times wet they must really be turned over, and not simply pushed straight from 
one heap to the other. So far as mixing of concrete is concerned, very con¬ 
siderable developments have been made in recent years, and it is doubtful if 
the effectiveness of a modern mixer will be appreciably improved on. 

Transporting. 

The transport of concrete from the mixer to the work may be by shovels, 
buckets, barrows, skips, chutes, chuhng towers, pumps, or by a combination of 
these. Where shovels are used care should be taken that the distance from the 
stage where the material is mixed to the work into which it is delivered is not 
too far, or, say, not more than 8 ft. If the throw is long there is a possibility that 
an appreciable amount will miss its mark and be deposited in positions where 
it may be difficult to remove and cause damage to later work. In addition, and 
perhaps more important, the stones are liable to become separated from the 
mortar in the process of throwing. Where the distance from stage to work is 
greater than will permit placing by shovel, and where the quantity is very small, 
buckets are sometimes used. These form a very satisfactory method, and the 
use of them almost invariably results in careful work, for the materials are 
delivered in such small quantities that the men have ample time to pun each 
bucketful of concrete and so produce a thoroughly consolidated piece of work. 

Where the quantities are larger and the distance greater barrows are used, 
and these generally necessitate the placing of the material into a barrow at the 
mixing stage, running it to a further stage on to which the material is tipped, 
and after this it is shovelled into the moulds. Occasionally it is possible to tip 
the barrow loads directly into the work, but this should only be done where the 
members are large and the reinforcement widely distributed. The deposition of 
comparatively large quantities of concrete directly into the work is liable to 
induce considerably higher stresses in the shuttering, to cause vibration on parts 
of the work in which the concrete may already be partly set, and to displace 
the reinforcement assembled in the moulds. 

Where still larger quantities and greater distances are involved the concrete 
is frequently tipped directly from the mixer into the skip of a crane, which then 
swings it round to a stage adjacent to the final position in the work. Where 
this method is used a watch should be kept at the delivery stage to ensure that 
the material is not becoming segregated during its journey and that it is entirely 
cleared batch by batch. Distribution of the concrete from the mixer to the 
place of deposition is often conveniently effected by dumpers as illustrated in 
Ftg. 327. In excavations and similar places below the general mixing level 
chutes are often used down which the concrete slides by gravity into the work, 
or preferably on to a stage at the bottom of the chute. In such cases the chute 
should not be at an angle steeper than approximately i: 2, depending to some 
degree on the plasticity of the concrete. Care should also be taken to see that 
the chute is kept free and that there are no adhesions of partly-set concrete 
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throughout its length. If any segregation develops, then the concrete must 
be re-mixed on the lower stage. If any considerable quantity is to be deposited 
by this method a metal-lined or all-metal chute should be used. 

On large work the coiscrete from the mixer is frequently hoisted up to the 
top of a tower from which chutes are arranged to deliver it into various parts 
of the work. This method has been highly developed in recent years, and it 
gives excellent results on works of sufficient magnitude. Great care is required 
in the erection of the plant and also in arranging that the angle of slope of the 
chute at no time exceeds approximately 40 deg. or less than approximately 
25 deg. Variations outside these limits result in segregation of the coarse material 
from the mortar in the one case and in the concrete adhering to the chute in 
the other. An example of this type of equipment installed on the construction 
of a reinforced concrete viaduct is illustrated in Fig. 328. 

Fig. 327.--Transporting Concrete by Fig. 328.--Placing Concrete by 

Dumper. Chute. 

It will be noted that in all these methods of transport the question of 
segregation of the large aggregate from the mortar is mentioned. It is, in fact, 
the most important factor to be taken into consideration when wet concrete 
is being transported. Provided arrangements are made by which there is no 
segregation the method of transportation to be adopted depends entirely on 
economy and suitability to the case in question. 

During the 1930’s a method of combining mixing and transport known as 
transit mixing was developed. In this method a lorry is fitted with a mixing 

drum which may be revolved by the lorry mechanism. The drum is filled with 
the necessary quantities of materials at a point some distance from the work 
and then commences on its journey to the site. For a portion of the journey 
the materials are mixed dry, and as the driver approaches the site he opens a 
vadve which permits a given quantity of water to enter into the body of the 
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mixer and by the time he arrives at the site the concrete is mixed ready for 
deposition in the work. This method offers particular advantages on works in 
congested areas where it is difficult to store large supplies of raw material and 
to provide space for mixing plant. 

The concrete pump as used in this country has a delivery pipe 5 in. in 
diameter, and the pump is driven by a 30-h.p. motor. The actual amount 
put through this pump is up to 24 cu. yd. per hour and the length of delivery 
pipe may be up to 2000 ft. with a lift from pump to delivery up to 130 ft. 

Placing. 

As already stated concrete and concreting form perhaps the most important 
feature in reinforced concrete construction. It should now be added that placing 
the concrete in the moulds forms the most importaiit part of concreting. It is 
on this question of placing that the ultimate density and solidity, and in con¬ 
sequence the strength and permanency, of the work depend. If the placing is 
not carried out in a proper manner, then the concrete will be pinholed and 
honeycombed, its strength reduced and the elements permitted to reach the 
interior, whereas they should be repelled on the outer surface. 

The furst factor in placing concrete is that it should be deposited in its final 
position in comparatively small quantities. It is only by this means that 
efficient punning may be obtained, for if concrete is laid in deep and wide layers 
it cannot be nearly so well consolidated as when laid in thin and confined sections. 
This is a difficulty which is greatly accentuated in semi-mass and mass work. 
In such construction large quantities of concrete are required, and in order to 
get them into position without an undue number of construction planes, large 
and deep layers of material are laid at one time with the result that the material 
is not thoroughly rammed, punned, and consolidated. In reinforced concrete 
work, on the other hand, the quantities of concrete are comparatively small 
and are confined within definite and narrow boundaries by the shuttering, and 
in this work the concrete can more readily and certainly be made solid and free 
from interstices and pinholes. In practice few mass or semi-mass concrete walls 
6 ft. thick will withstand even a small head of water without seepage unless 
given some surface lining, but a properly designed reinforced wall only a few 
inches thick will withstand a head of many feet without seepage. 

The ramming and punning tools to be used depend on the volume of concrete 
to be placed in position. They may vary from a lo-lb. rammer in the case of 
mass work to a small rod having a blade measuring approximately 6 in by 2 in. 
for works in small sections. Occasionally one sees attempts made to ram 
concrete with a straight rod about ^ in. diameter or with such a rod having 
a short right-angle bend at one end. These implements, although better than 
nothing, are not nearly so effective as a properly-bladed punning tool, and should 
not be allowed. In every case the workmen engaged on placing and ramming 
concrete should fully appreciate the responsibility which rests upon them to 
produce a perfectly finished job. Once this is fully appreciated there is seldom 
much difficulty in obtaining good results. Unfortunately, however, men are 
often placed on this class of work without its purpose having been explained 
to them, and think that all they need do is to raise the rod up and down so many 



CONCRETE AND CONCRETING 395 

times per minute throughout the working day, a procedure not likely to produce 
interest in the work or a sound job. 

One of the great difficulties in the effective placing of concrete is the necessity 
of dividing the work by providing construction joints. These should never be 
permitted to “ tail away,*' but should always be formed against temporary 
shutters. The reason is that where concrete tails away it is obviously impossible 
thoroughly to pun the upper surface of the tailed away portion as there is no 
solid support against which to ram. In consequence this surface will always, 
to a few inches deep, consist of more or less unsound concrete which in the 
finished work is certain either to give immediate trouble or to be detrimental 
to the permanency of the structure. In general, therefore, joints should be 
formed against a rigid vertical or slightly inclined shutter. For this purpose 
corrugated sheeting provides, in addition, a surface giving an excellent mechanical 
bond. 

The production of good horizontal joints is more difficult, for two reasons. 
When punning a layer of concrete the material spews up around the punning 
tool which consolidates the material below but leaves a slightly less dense layer 
on top ; in addition slurry and scum rise to the surface of every layer and form 
comparatively unsound concrete i to 3 in. deep on the top. Unless this is 
chipped away before further work commences, and the surface is moistened and 
coated with a layer of comparatively stiff mortar before proceeding, the defect 
will always remain. This difficulty is much greater in the case of semi-mass 
work than in reinforced concrete work, for not only are the horizontal joints 
much more numerous in heavier work but, due to the quantity of concrete placed 
at one time, the amount of slurry is usually much greater. In order to produce 
good results with semi-mass work a definite mechanical bond should be provided 
between the layers. One way of doing this is to introduce steel rod dowels, but 
this often creates complications. An alternative method is to use clean '' plums " 
of thoroughly sound stones, embedding the lower half in the first layer of concrete 
and permitting the upper half to project into the second layer. These form 
substantial dowels between the two layers, and are very effective. Where such 
plums are used care should be taken to ensure that they are not placed close 
together or close to any exposed surface of the concrete. Reasonable spacing 
is a clear 18 in. between any two plums and not less than g in. between the face 
of a plum and an outside face of concrete. In addition, it is advisable that 
the plums should not be too large, and for the usual types of semi-mass concrete 
bridge abutments and so forth their size should not exceed say i cu. ft. A further 
requirement is that they shall not be placed on a hollow bed, that is, with a 
concave surface on the underside of the plum, as in this event there is a risk of 
a hollow forming underneath the plum and so defeating the object for which 
it is used. 

The position of construction joints should always be decided by the engineer. 
There is no doubt that much better work would result if the positions of all 
construction joints could be definitely shown on the detail drawings for reinforced 
concrete. The difficulty is that not until the drawings have been prepared is 
the engineer usually aware of the size of mixer and the of concrete 
which the contractor is likely to place per day in the wd^ ^ ii the engineer, 
having ascertained these facts, specifies to the contractor the positions in which 
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he wishes the construction joints to be formed, the finished work will be improved. 
To ensure authority to do this, the engineer should include a clause in his speci¬ 
fication giving him power to make such an arrangement. 

Finally it is important that all freshly-placed concrete be properly protected 
from the elements and from adverse influences. In bridge work an example of 
such an adverse influence occurs in the case of an estuary or river on which 
there may be a certain amount of floating oil, or of deleterious chemicals in the 
water. In such cases the specification should include a clause calling on the 
contractor to protect all immature concrete from the oil or chemicals until it 
has properly matured. vSiich protection is particularly important in the case of 
construction joints. 

Placing Concrete Under Water. 

Whenever possible placing concrete under water should be avoided. Coffer¬ 
dams in water of moderate depth, and cyhnders, caissons, or piling in deep water 
are the methods usually adopted for the construction of abutments and river 
piers. Where placing concrete in the dry is impracticable, however, the following 
procedure and precautions should be observed. 

The common methods of depositing concrete under water are by tremies, 
bottom-opening skips, or bags. None of these is suitable for placing concrete 
around reinforcement, and precast reinforced concrete units bedded and bonded 
together in in-situ concrete under water are preferable. 

A tremie is a device for the continuous deposition of concrete under water 
and consists of a hopper head which is kept above water level and from which 
a pipe extends to the river bed or other bottom upon which the concrete is to 
be placed. The pipe may be from 6 in. to 12 in. in diameter and the lower end 
is either open or preferably fitted with an outwardly-opening flap valve. The 
pipe should be empty of water before being filled with concrete and once filled 
with concrete should be maintained so by replenishing the hopper throughout 
the operation of placing the required amount of concrete, during which period 
the lower end of the pipe should be kept immersed in the deposited concrete. 

A bottom-opening steel skip suspended from a crane is sometimes used in 
place of a tremie. The skip is slowly lowered through the water to rest on the 
bottom or on the concrete already in place. While being gently raised again 
the bottom flaps open and the concrete flows out. In this method the concrete 
falls or moves a few inches through the water, and consequently some of the 
cement and finer particles of sand may be washed out. Therefore a tremie should 
be Used in preference to a skip. 

Bagged concrete is suitable for protecting from scour a river bed around 
bridge piers, and for the protection from erosion of river banks near bridge 
abutments. A preferable ^ternative, if the sub-soil permits, is the provision 
of sheet-piled walls. In bagged concrete construction hessian bags or cement 
sacks are almost filled with fairly dry concrete and are laid in position to form 

wall or other protective work. Header-and-stretcher or similar construction 
adopted to ensure bonding between the bags, 
te to be placed under water should be mixed as dry as is practicable, 

tain at least 6 cwt. of cement in each cubic yard, and it should not 
temperature of the water is below 35 deg, F. 
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Curing. 

After concrete has been placed in position it should receive attention for 
a period of seven to fourteen days. In the first place it should be protected 
from the effects of hot sun which may tend too rapidly to evaporate the water 
from the concrete and to leave insufficient moisture to permit the chemical 
actions to take place. This may in special cases of prolonged high temperatures 
call for the provision of awnings or tarpaulins. Generally, however, frequent 
watering meets the case. Curves showing the approximate increase in strength 
of concrete with age are given in Ftg. 329. 

Except at low temperatures, great advantages will accrue from watering 

Fig. 329.—Effect of Age on Strength of Concrete. 

the concrete for a period of seven to fourteen days after it has been placed. Not 
only will the strength of the resulting work be increased, but the tendency to 
the formation of shrinkage cracks will be appreciably reduced. Experience of 
concrete structures of many different kinds has definitely shown that watering 
the concrete is of greater advantage than is often appreciated, and is worthy 
of a special paragraph in the specification and a special item in the schedule 
of quantities. 

The length of time the shutters should be left in position depends on many 
factors. In the first place the type of cement used may require the shutters 
to be left in position for not more than, say, two days in the case of high alumina 
cement to perhaps a month in the case of ordinary Portland cement. Rapid- 
hardening Portland cement will usually permit earlier stripping than if ordinary 
cement is used, but in cold weather or if the cement is not in a fresh condition, 
the question requires careful attention and the shuttering may need to be left 
in position for as long a period as when ordinary cement is us^. On the other 
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hand, it is frequently possible to remove the shuttering earlier than is generally 
assumed from concrete for which ordinary cement has been used, due to the 
very considerable increase in the quality of such cements during recent years. 
Some idea of the time at which shutters may be stripped may be obtained from 
results of tests at, say, seven days on concrete cubes made with similar materials 
and under the same conditions as at the site. After this, the time when the 
shutters may be removed from the work may usually be decided by using a 
hammer or hammer and chisel to ascertain to what degree the concrete has 
hardened. For girder bridges having a span of, say, 50 ft. it is preferable to 
keep the props in position for at least three weeks, for girders up to, say, 20 ft. 
at least two weeks, but for slabs up to spans of approximately 12 ft. under normal 
setting conditions (that is when no frost or very cold weather is experienced) 
they can frequently be stripped with safety, even when ordinary cement is used, 
after seven da3^s. 

The worst enemy so far as curing is concerned is frost. The heaps of sand 
and stone must be protected from it before use and the new concrete protected 
from it for the first 14 days after placing. If the storage piles of sand and stone 
are covered with tarpaulins, and if after a somewhat cold night the sand and 
stone are drawn only from the inside of the heaps, less trouble will be experienced. 
In the setting action of concrete a certain amount of heat is generated which is 
usually sufficient to keep the material at a temperature above the danger point 
in moderately cold weather. If, however, the materials used with the cement 
are in a frozen condition when placed in the mixer the hardening of the concrete 
is materially retarded and may possibly become so slow as to be dangerous. 

In addition to protection from frost, finished horizontal surfaces may require 
to be protected from rain for about 24 hours until hard. In every case immature 
concrete in a structure should also be kept free from vibration. This is a particu¬ 
larly important point and one which is frequently neglected. Once concreting 
has commenced the placing of further concrete should be arranged so that the 
work already placed is not subjected to vibration. This can be done by arranging 
the supports of barrow-ways over lines of props and by taking other similar 
precautions. 

Remedying Defects. 

In conclusion, there are cases in which defects become apparent only after 
the concrete has set and the shuttering has been stripped. These and their 
treatment are summarised in the following. 

Rough Surfaces.—These are generally due either to the use of rough 
boarding or of dressed boarding which has been previously used and not properly 
cleaned. The most satisfactory way of dealing with this defect is to rub down 
the face with carborundum blocks. Grout may sometimes also be rubbed into 
the surface, but its effect is not usually permanent nor is it attractive. Another 
cause of the trouble is the use of dry boarding, which tends to absorb too much 
moisture from the face of the concrete. 

Bulging.—Bulging is due to the soldiers being too far apart, the boarding 
being too thin for its purpose, or the supports being unstable. Bulging may 
take place either slowly as the load of wet concrete is increased, or suddenly due 
to defects in the supports. In the former case the work may perhaps be sound 
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though unsightly. Where the movement is sudden, however, damage is almost 
sure to result either internally or externally and in the majority of such cases 
the work will require to be demolished and reconstructed. It is almost impossible 
satisfactorily to remove a bulge from the face of concrete work, for two reasons. 
In the first place the chipping off of surplus concrete may reduce the cover of 
the reinforcement to such a degree that it may affect its permanency. Second, 
even if this does not occur it is very difficult to make good the surface which 
has been chipped without at the same time showing a bad patch on the face 
of the concrete. Generally, therefore, even where a bulge occurs slowly during 
the placing of the concrete, it is better either to have the defective work demolished 
and rebuilt, or alternatively to leave the defect in. If it is left, then investigation 
should be made to ensure that the movement of the shuttering during concreting 
has not adversely affected adjacent work. 

Pin-holes.—Pin-holes in the face of concrete work are usually due to 
insufficient ramming, or to the use of shuttering which is too dry and absorbs 
moisture from the surface of the concrete. Pin-holes alone may be filled with 
mortar, or the face of tlic work may be rubbed down with a carborundum 
block and cement grout, during which process the pin-holes will be automatically 
filled up. 

Honeycombing.—Honeycombing is due usually to one of three causes : 
(a) At the end of a batch of concrete the coarse material may have become 
segregated from the mortar ; {b) There may be a leakage of the mortar through 
the joints of the shuttering, so leaving insufficient in the concrete adjacent to 
the joint to give a good face ; (c) In the case of horizontal joints the top surface 
of the lower lift of concrete may not have been chipped, moistened, and treated 
with cement mortar before carrying on with the further work. 

Investigation should be made to ascertain the depth of the honeycombing. 
If it is not more than one inch deep then it may be thoroughly cleaned, moistened, 
and rendered over, although the result will show a patch on the finished work. 
If, however, the honeycombing goes deeply into the work and there are com¬ 
paratively loose pieces of aggregate, it is advisable to demolish and rebuild the 
work, or if work above has proceeded too far to permit of this it may be grouted 
under pressure. To carry this out the defective surface should be rendered 
over and allowed to set. Pipe connections should be built in through the rendering 
and the pressure grouting attachment made to them. Grout should be forced 
in until it is impossible to force in more. If the depth of the honeycomb face 
is shallow, say not more than 12 in., then the grouting pipe should be fixed near 
the top in order that the grout will run down through the full thickness. If 
the depth is greater than this, then grouting pipes should be fixed at intervals 
of approximately 12 in. in the height of the defective work and the grouting 
carried out by steps, observation being made at each step to verify that the 
work below has been thoroughly solidified. 

Board Marks.—Whilst there is almost invariably some indication of board 
marks in concrete work, excessive marking and an unsightly finish often result 
from unjustifiable irregularities in the shuttering. This may be due to bad 
workmanship in making up the shutters, or to the shuttering warping after 
being left too long in position exposed to the elements. It may also result from 
the boarding being too thin and deflecting irregularly under the pressure of wet 
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concrete. In these cases small projecting ridges may be chipped off, the whole 
of the work rubbed down with carborundum blocks, and, if considered advisable, 
grout rubbed in. 

Generally defects m concrete cannot be treated to produce a result so good 
as originally sound work. Furthermore, the making good of such defects is both 
tedious and expensive. It is therefore desirable to avoid them entirely, and this 
can be done by the exercise of care and by the adoption of the several suggestions 
made m this chapter. 



CHAPTER XVII 

SUPERVISION OF CONSTRUCTION 

Duties of Resident Engineer—‘Excavation—^Materials—Mixing 
Concrete—Fixing Steel—Shuttering—Concreting—Curing— 

Measurement 

Duties of the Resident Engineer. 

The duty of a resident engineer or clerk of works is to act as the representative 
of the client at the site and to ensure that the specifications, drawings, and any 
other documents supplied by the engineer are interpreted throughout in full 
accordance with the engineer’s intentions. If the resident engineer adopts the 
attitude that the work is being done for himself, and if his actions throughout 
are based on this attitude, then his work will be well done. He will find that 
this attitude will lead him not only to ensure that the work is done in accordance 
with the engineer’s intentions, but also to help both the engineer and the con¬ 
tractor as much as possible in the carrying out of their respective duties. They 
both have their duties to perform, and each should be of assistance to the other 
in performing those duties, keeping in mind throughout that “ it is the job that 
matters.” If this spirit of mutual helpfulness is adopted not only is the work 
likely to be carried out in a far better manner, but it is likely to be carried out 
in a more econoniical way. 

A clerk of works or resident engineer on taking over his duties should be 
given a complete set of the drawings for the work, a copy of the specification, 
and a copy of the quantities, the last, except in special circumstances, being a 
priced copy. He may with advantage first study the drawings carefully, noting 
as he goes through them any points which are not quite clear to him, any apparent 
lack of information on the drawings, and any items which may not appear to 
him to agree as between drawings, specifications and quantities. He may then 
proceed to study the specification in detail so that he may obtain a more clear 
understanding of the materials the engineer proposes to use and their respective 
qualities. The copy of the quantities will assist him in the study of the other 
documents, but for the time being it may not be so important as the drawings 
and the specification. Having gone through these documents he should see the 
engineer and obtain from him information on all doubtful matters and any 
additional information and instructions which are necessary to enable him to 
interpret the engineer's requirements accurately. 

On taking up his duties at the site of the work he should note and record 
in detail the existing conditions. Unless already done, this will include a complete 
level survey of the site to facilitate the calculation of quantities of excavation and 
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similar work, and also the recording of items which may perhaps be interfered 
with during progress of the work and which may require to be made good on 
completion. In such cases it will be necessary for him to note their present 
condition. For this purpose a camera is useful, and in fact a clerk of works 
or resident engineer usually finds a camera of great assistance if used discriminately 
at the beginning of the work and throughout construction. 

It is necessary for the resident engineer to obtain the agreement of the 
contractor’s engineering representative to all these preliminary figures and 
particulars. This may avoid disputes at a later period when it becomes necessary 
to go into the question of final measurement for works affected by such records. 

Excavation. 

So far as the actual carrying out of the excavation is concerned it is only 
necessary for the resident engineer to check the contractor s setting-out, or 
alternatively for the contractor to check the engineer’s setting-out, whichever 
may be the instruction in the contract. He may, however, also verify that 
sufficient room is being left in the excavations to permit of the erection of shuttering 
and the proper finishing of any concrete which is to be constructed inside the 
excavation. He should also verify that any pumping equipment installed is 
sufficient to keep down the water, and that the sump is carried to a sufficiently 
low level to ensure that the foundations will be constructed on a dry bottom. 
As a general rule the resident engineer’s position is not such as to enable liiin to 
dictate to the contractor what size of pump he is to put in an excavation, and his 
comments on such points should generally consist of helpful suggestions rather 
than actual instructions to increase pumping plant. Usually it is only when the 
contractor is cleaning the bottom of the excavation preparatory to concreting 
that the resident engineer finds that the equipment is insufficient to deal satis¬ 
factorily with the water and that he has power to issue instructions and if necessary 
to forbid concreting until the contractor adjusts his pumping installation so as 
to permit concreting to be carried on without interference from ground water. 
Throughout the excavation the resident engineer should keep the engineer advised 
of the nature of the ground being encountered, and particularly and in greater 
detail when it varies from that previously disclosed by bores or trial pits. When 
it becomes evident that the excavation is nearing the foundation level the resident 
engineer should advise the engineer in ample time so that he can be in attendance 
when the excavation is cleaned out to give either his approval or further instruc¬ 
tions. In some cases the duty of approving the foundation is left to the resident 
engineer, but this is usually far too important a decision to be made by anyone 
but the engineer responsible for the work. Once the resident engineer has seen 
part of the subfoundation passed by the engineer, and has thus seen an example 
of what the engineer is willing to approve, then it is perhaps reasonable for the 
engineer to empower him to approve further excavations. It should be noted, 
however, that if at any time the resident engineer has the slightest doubt as to 
whether the foundation is suitable for the work he should refer the matter to the 
engineer for decision rather than make one himself whilst still in doubt. 

If boulders are encountered in the course of excavation the resident engineer 
should note them and agree with the contractor as to their volume and any other 
particulars which may be necessary to deal with the payment for removal in 
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accordance with the specification and quantities. When an excavation is carried 
down to rock it will usually be found that before bed rock is reached there is a 
stratum of what is termed rotten rock, which it may be necessary to lemove 
before the foundations are commenced. Often the specification and quantities 
allow for some additional payment for the removal of such rotten rock, and if 
this is the case it is important that the resident engineer should agree with the 
contractor as the excavations are opened out at what levels the additional cost 
will be payable. If they cannot agree then each sliould take his own records, 
and the resident engineer should obtain typical samples of the material being 
removed at various levels and refer the matter to the engineer as early as possible 
so as to ensure that a settlement is reached before the excavation is filled in. 
If this is not done the whole question is left to surmise and diverse opinions which 
make it difficult to arrive at an amicable settlement later. 

Occasionally in excavations old piles, the foundations of earlier work, or 
other obstructions are encountered, which were not anticipated at the time the 
contract documents were prepared. In such cases either a price for removal 
may be agreed with the contractor or the work may be carried out at day-work 
prices. In either case it will be necessary for the resident engineer to keep full 
notes so that he may check any accounts submitted for tlie work. He should 
also note where any old drains arc intersected and either himself or in collaboration 
with the engineer arrange for their diversion and the preservation of the drainage 
in a condition at least equal to that m existence before the new work was 
commenced. 

Generally with regard to excavations and work connected therewith the 
resident engineer should keep in mind that it is the part of the scheme in which 
most variation from the contract documents may be expected, and, tliat being 
the case, it is the part which calls for the most careful and accurate records as it 
is carried out. 

Materials. 

Whilst the excavations are proceeding materials for the permanent work 
will usually be delivered to the site. These should be inspected as delivered 
and tests made as described in Chapter XVI. For this purpose the resident 
engineer should be provided with a set of sieves for testing the grading of both 
sand and coarse aggregate, measuring glasses, briquette moulds, steel moulds for 
making concrete blocks, and, in some cases, on works of sufficient size, with a 
cement and concrete testing machine. 

Cement.—Apart from the usual field tests and the preparation of specimens 
for laboratory tests, the resident engineer should obtain the works test sheets for 
examination and approval. He should also verify that the shed in wliich the 
cement is to be stored is weather-tight and is suitable for its purpose, and he 
must take precautions to ensure that the cement is not simply stacked into this 
shed and used from the top of the stack every time. Cement should be used 
in the work in the order in which it is delivered to the site. This is not always 
a simple matter and it depends on the arrangements at the site what precautions 
should be taken to ensure that consignments are completely used in the order of 
their delivery. Some specifications require that the cement shall not be stored 
for more than a certain period, and if so arrangements must be made to ensure 
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that this stipulation is complied with. On the mixing stage cakingof the 
cement as emptied from the bags and the presence of any partly-set pieces should 
be looked for. If such appear then the bag of cement should either he condemned 
or put aside ft)r furtlier investigation. 

Sand.—resident engineer's duties include the inspection of the sources 
of the supply of sand from time to time to ensure that suitable material is available 
in ample quantities and that the material for the work is being drawn from the 
best positions. On arrival of consignments of the material at the site he should 
test them for cleanliness from time to time and make field tests for organic matter, 
giading, etc., as described in Chapter XVI. 

There is a tendency on some works to heap the sand m any convenient place 
without taking care that the area on which it is dumped is suitable, clean, and 
likely to remain so. II necessary the resident engineer should insist on a stage 
being made on which the sand may be dumped to ensure that it is kept clean ; 
failing tins othei measures may be taken. In some cases the sand near the 
bottom of the heap is formed into a bed for the deposition of the sand actually 
for use in the work. It is obviously more satisfactory, however, to use old boarding 
for this purpose, and so avoid the waste of the considerable quantity of sand 
required to form such a bed, and which will still involve risk of contaminated 
material being gathered up and used in the work. 

Coarse Aggregate.—The stone as delivered to the site should be examined 
for cleanliness, freedom from dust or flour, grading, and quality. It should be 
tipped in a position where contamination will be avoided, as noted for the sand. 

Water.—Wliere the water supply is from a main the resident engineer will 
have no trouble except that he may be called on to assist m negotiations with 
the water authority for the supply to the work. If the water is drawn from any 
other source, such as a well, a river, or stream, the attention of the engineer 
should be drawn to it and his approval or instructions obtained and worked to. 

Mixing Concrete. 

In addition to these items the resident engineer should ensure that separate 
measuring boxes are provided for sand and stone, and make sure that these are 
of the correct sizes to suit the mixes specified. A divided measuring box for sand 
and stone is undesirable. During mixing of the concrete he should ensure that 
conditions are such that cement is not blown away or lost by other means and 
that the concrete is left in the mixer for a sufficient length of time to ensure 
proper mixing. A point the resident engineer should pay particular attention 
to is that of water content and the consistency of the concrete. It is impossible 
to lay down any general definite and practical rule as to the quantity of water 
required in any particular mix of concrete to produce the best result. It will 
vary with the proportions, the types of sand and stone and with their moisture 
content on delivery to the mixer. It will be necessary in every case to test the 
amount of water that should be added. He may test the result by the slump 
test, although an experienced man will usually be able to judge best as the materials 
are being put into the work whether the amount of water is the most suitable 
or not. It is correct to use in the concrete the absolute minimum quantity of 
water which will produce a mixture of such a consistency that it has the maximum 
stiffness which permit of it being worked into the portion for which it is 
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intended and produce a solid concrete free from interstices or pin-holes. He 
should insist on a water-measuring apparatus being attached to the mixer so that 
he can definitely decide from time to time the amount to be used in order to keep 
the consistency uniform between his tests. 

So far as transport is concerned the two main points which require attention 
are that no segregation of the materials in the concrete takes place during transport 
and that the transport of the fresh concrete does not damage by vibration or 
otherwise any work already placed. The resident engineer should also ensure 
that no wet concrete falls into positions where it will be difficult to clear away 
at a later date, and which may possibly prove detrimental to later work. This 
applies particularly to adjacent reinforcement the adhesion of which may be 
reduced in the finished work if it becomes coated with “ droppings '' before it is 
concreted in. 

Test Cubes. 

The resident engineer, as soon as possible after deliveries of materials com¬ 
mence, should make test cubes of the concrete mixes proposed. As a rule three 
cubes are required in each of two sets, one set for testing at 7 days, and the other 
at 28 days in order to verify that a proper increase in strength has been obtained. 
Whenever cubes are made great care should be taken to mark them clearly so 
that the marks will not be removed during transport. This may be done by 
scoring the upper surface of the cubes while they are soft and marking them 
with the necessary reference and the date of manufacture. This is probably 
the most satisfactory way. Some engineers, however, object to the cubes being 
interfered with in any way, and in such cases they should be marked with paint 
immediately on stripping the moulds. Care should be taken that the cubes are 
properly cured as described in Chapter XVI. Cases are known where defective 
curing at the site or careless handling during curing has been the cause of poor 
test results, and these poor results have given considerable trouble to all connected 
with the work pending further tests being carried out. As an example, a poor 
test result was definitely traced to the moving of the cubes by the office cleaner 
before they had properly set. 

Reinforcement. 

On all except large works it is usual to accept the mill’s test sheets in regard to 
reinforcement steel, although the British Standard specification allows the resident 
engineer to visit the steel works and have specimens taken from the consignments 
intended for the site tested in his presence. He should keep a record of all test 
sheets received and of any tests which are made under his observation. If at 
any time he is doubtful of the quality of material being supplied, perhaps as a 
result of the behaviour of the steel during bending, he should arrange for a set 
of tests to be made in collaboration with the engineer for the works. 

If steel is delivered straight from the mills and is to be used fairly soon after 
delivery it is better to store it in the open so that it may weather and the mill 
scale be removed. Mill scale adhering to a bar does not permit of proper adhesion 
of the steel to the concrete, and arrangements should always be made for it to be 
removed either naturally by the elements or artificially by pickling before it is 
placed in the work. If it is necessary to pickle the bars it will also be necessary 
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to neutralise the pickling medium before the bars are used. Such processes are 
comparatively tedious and costly for the contractor, and in consequence the steel 
should be ordered early enough to permit of proper weathering and scaling off 
of the mill scale naturally before it is necessary to use the material in the work. 
On the other hand it is necessary for the resident engineer to see that so much 
steel is not delivered and stored in the open as to permit rust scale developing 
before the material can be used. If the contractor wishes to obtain large deliveries 
at one time there is no reason why he should not do so if he arranges to store 
under cover the bars not required for a long period. The resident engineer should 
see that the bars are kept free from clay, grease, and other material which may 
tend to destroy the adhesion between the bars and the concrete. 

Generally bars are bent cold and no heating of the bars should be permitted 
except perhaps for small quantities of large sizes of mild steel bars, say over 
ij in. The usual bending machine will bend bars up to ij in. diameter cold, but 
in some cases it may be necessary to use bars of a larger diameter. If only a few 
of these are required the resident engineer may approve of them being bent at a 
red heat and cooled slowly, subject to a competent man being employed to do 
the work. If, however, many large-diameter bars are required the contractor 
should be instructed to supply a bending machine capable of bending the bars cold. 

In some cases where extremely long lengths of bar are required turn-buckles 
or unions to join two lengths of bars together may be specified. These will entail 
right-hand and left-hand threading of the ends of bars. In such cases the ends of 
the bars for a length of g in. to 12 in. is increased over the normal diameter in 
order that when the thread is cut the diameter at the root will be at least equal 
to the normal diameter of the bar. This operation is usually carried out in a 
machine shop, in which case the resident engineer should verify that it is being 
done in a proper manner. Sometimes a sufficient length of the bar is heated and 
knocked up into a ball from which the increased diameter is drawn out. This 
should not be permitted, as it tends to form a bar of poor quality or perhaps even 
with a hollow core. Instead, an '' upsetting ” machine should be used and short 
lengths of the bar heated at a time, commencing at the root of the upset and 
slowly working toward the end of the bar. By adopting this method a hard end 
of steel is left until the last, against which the hammer can be used to knock up 
the heated portion of the bar. The shape of the upset at the root and the diameter 
of the upset is formed by working the heated bar in tongs or cress of the correct 
size. The heat at which this work should be carried out is a good pink heat. 

Fixing Steel. 

The resident engineer should ascertain what arrangements the steel fixers 
propose to adopt to ensure the rigidity of the steel in the moulds, and should 
approve these or otherwise as the work proceeds rather than leave any considerable 
portion of the work to be assembled before inspecting it. This will avoid delay 
and difficulty. He should verify that the wiring of the bars is adequate to keep 
them in position during concreting, and that the loose ends of all binding wires 
are turned in towards the body of the work. He should also verify that the 
cover to the reinforcing bars is in accordance with the drawings, and that proper 
measures have been taken to preserve this cover throughout the placing of the 
concrete. In beams and girders this is usually done by hanging the reinforcement 
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from the top and propping out from the sides with removable wedges, but any 
method may be adopted which gives rigidity and which at the same time leaves 
the cover unimpaired after the shuttering is removed. A case which requires 
particular attention is that of a bar held at the base in a comparatively shallow 
foundation but with a long length projecting upward to be embodied in later 
work. This may occur in a wall that spans vertically, and particularly in a 
cantilever retaining wall in which the vertical bars in the wall are carried to some 
height up the stem. In such a case it is important for the resident engineer to 
ensure that adequate strutting and support are given to such bars near the top 
in order to prevent them vibrating during the work. If they are permitted to 
wave about it is obvious that towards the top of each layer of concrete their 
adhesion will be impaired. 

Shuttering. 

The first factor to consider in connection with the shuttering is that it is 
correctly aligned ; the second is that the material has sufficient strength and 
thickness to avoid bulging or movement during construction. This can be verified 
by simple calculations as described in Chapter XIV, or alternatively making use of 
suitable tables of strengths of shuttering. For special cases the resident engineer 
may refer the contractor’s proposals to the engineer so that he may make more 
elaborate calculations to verify that this work will be sufficiently stiff. Usually, 
however, a resident engineer will be able to tell by inspection in ordinary cases 
whether the shuttering is sufficiently stiff or not. The third point is that the 
joints in the boarding must be sufficiently tight to prevent any loss of mortar 
from the concrete. This does not necessarily entail tongue-and-groove joints 
which, in fact, where shuttering is to be re-used are often more a nuisance than 
an assistance, but* it does entail shot edges to all boarding. 

Another point which calls for attention is that the supports of any centering 
should preclude settlement under the load from the wet concrete. Settlements 
during the deposition and setting periods can be extremely serious and may 
perhaps necessitate the demolition of the new work. In the case of bridge work 
it may perhaps be necessary even to drive piles to support the centering, or 
where the ground is firm enough and is not under water it may be necessary 
to use concrete bases for the temporary staging. 

In the course of supervising the shuttering the resident engineer should also 
verify that adequate attention is paid to the necessity of simplifying stripping 
to avoid damage to immature concrete. He should also ensure that the shutter¬ 
ing is properly tr^jated either with grease, limewash, or other preparation to 
prevent adhesion of the concrete to the boarding. 

A further point, and one which is sometimes overlooked, is the necessity for 
arranging the shuttering so that chips, shavings, or rubbish of any kind can 
be cleared out immediately before concreting. This is particularly important in 
the case of deep beams containing such quantities of reinforcement that it is 
impossible to get a brush or other similar tool to the bottom and where it will 
probably be found necessary to wash out the moulds with a hose before concreting. 
In shuttering for piers and columns it is advisable to leave out one board at the 
bottom of one side in order that it may be cleaned out with a brush before 
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concreting. This board should be carefully fixed immediately before concreting 
commences. 

Concreting. 

Immediately before concreting commences the resident engineer should go 
over the work to sdb that the shuttering is clean, properly greased, and that 
it is adjusted to the proper line, that all wedges and props are tight, that the 
steel IS correctly fixed m position to give the correct cover, and that the shuttering 
is sufficiently rigid to avoid movement during concreting. He should also verify 
that the stone and sand are clean and in proper condition, and particularly that 
they are not frozen. In addition, where a certain part of the work is to be 
carried out in one operation, he should check that adequate supplies of material 
are available to permit this being done; if not, concreting should be postponed 
until the stocks are increased. During the placing he should verify that an 
adequate number of men is employed on ramming, ard that the materials are 
not being segregated in transit. He should also arrange to avoid vibration of 
the finished or partly-finished work before the concrete has matured. He will 
frequently be called on to decide the position of construction joints, and he should 
not under any circumstances permit concreting to be tailed off but should always 
insist on it being stopped against a vertical board, including any grooving or 
other bond he may consider necessary or as the engineer may specify. Corrugated 
sheeting frequently provides a good method of forming a joint to give a definite 
mechanical bond at the end of a day*s work. Finally, the resident engineer 
should remember that on the concreting operations depends the strength, the 
appearance, and the permanency of the finished work, and it is therefore particu¬ 
larly important that these operations should receive his closest attention. 

Curing. 

After the concrete has been placed care should be taken to protect it as 
necessary from either frost or rain until such time as it is immune from their 
influences. Protection from the sun can usually be arranged by watering immedi¬ 
ately after the initial set has taken place, or in extreme cases by covering with 
tarpaulins. In the case of frost, where this is slight the work may be protected 
by covering with bags or clean straw, but where the frost is keen and extends 
over some days it may be necessary for braziers to be supplied. Where this is 
done precautions must be taken to avoid risk of fire, and it will be necessary to 
employ watchmen for this purpose. Except during frost, after the concrete has 
been placed in position, and usually for seven days, it should be kept moist. 
This requirement is included in most specifications, but it is seldom implemented 
with the thoroughness which it deserves. There are cases, for example beams, 
where it is impossible to water the concrete until the side shutters are removed, 
but immediately it is possible to do so the resident engineer should insist that 
this important provision be carried out. If the job is sufficiently large it is advis-, 
able to arrange for a man to be continually employed on watering. The resident 
engineer must of course use discretion when there is a possibility of frost, as it 
would be obviously detrimental to the work to wet it during the day and to have 
the outer wet surface frozen at night. He should also see that during curing 
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the immature concrete is well protected from any shocks which might cause 
disintegration of the work. 

The resident engineer, as already stated, should verify that as the shuttering 
is erected it is so arranged that it can be easily stripped without disturbance of 
the finished work. Generally side shutters from beams, or any shuttering which 
is not supporting a weight of concrete, maybe removed first. Before this is done 
the engineer should go over the exposed faces of the concrete and test them with 
a hammer and chisel to verify that the concrete has properly set. In testing 
with a hammer the work should give a clear ring ; any sound of dullness indicates 
that the work is not sufficiently hard. When testing in this way the engineer 
will require to differentiate between the sound which he will obtain from, say, the 
middle of the span of a deep girder and the sound from that member close up to 
its support, or the ring which he will obtain on a deck or arch slab. The ring is 
similar, that is, comparatively clear, but the volume of it will vary. Having 
decided that the shuttering may be stripped the resident engineer should supervise 
the easing off of the wedges and the taking down of the supports. After removal 
of the shuttering he should examine the surface of the concrete for any defects 
and have them dealt with in the manner desenbed in Chapter XVI. If the work 
is to be bush hammered, then commencement of this should not be pennitted 
until the concrete is really hard. It is of course easier to carry this out whilst 
the concrete is comparatively immature, but there is then a much greater tendency 
to disintegrate the work and a better and cleaner result is obtained by leaving 
the work to mature at least a month before commencing bush hammering. 

In addition to the construction of the reinforced concrete work there will 
be other items for the resident engineer to inspect, such as earth filling. Where 
it is important that the minimum settlement shall take place the use of mechanical 
rammers is recommended. In placing filling the question of land drainage is 
particularly important, and it is often within the duties of the resident engineer 
to make arrangements for this. 

Measurement. 

Generally measurements of completed work are taken monthly. These 
should be recorded in a proper form, and not only the final results but also the 
taking-off figures in each case should be retained so that they may be referred 
to when required. Wherever possible the quantities for any work should be 
agreed with the contractor as each portion is completed. It is far better to do 
this whilst the mattei is fresh in the minds of those dealing with it than to leave 
it for a period of perhaps twelve months or more, by which time some of those 
interested in the work may not be available and even if available their recollection 
is not likely to be so clear. 

It is desirable also for the resident engineer to keep a progress record through¬ 
out the work, together with records of the weather from day to day. These 
may be kept in a diary, but in addition the progress can be shown graphically on 
drawings or charts in a manner which is useful to all connected with the work. 
The main advantage of this graphical progress record is that it shows immediatelv 
the date on which any particular portion of the work was concreted, and bv 
inference the reasonable date on which this part of the work can be stripped and 
when it can be placed in service. 



CHAPTER XVIII 

SPECIAL FEATURES 

Kailway Bridges—-('ulverts and Subways -I^recast Concrete 

Bridges —Prestressed Keinforced Concrete Bridges—J acking 

Arches—Temporary Hinges- -Permanent Hinges, Bearings and 

Joints—DRAiNAcr: and Waterproofing—Wind Pressure on Bridges- - 

Testing and Maintenance of Bridges—Plain <^'oncrete Bridges 

Railway Bridges. 

In addition to the constructional difficulties imposed by the necessity to maintain 
railway services during the erection of overdine or underdine bridges, there are 
in the latter type of bridges a number of design factors that do not appertain to 
other bridges, or do so in a negligible degree. Apart from the stresses due to 
dead load, live load, changes of temperature, shrinkage, and wind pressure, in 
the case of underdine bridges the effects of lurching and longitudinal forces must 
be considered, and in the case of a bridge on a curve the centrifugal forces must 
also be considered. Impact is also more serious on a bridge carrying steam loco¬ 
motives than on one designed for road traffic or for electric trains. 

Impact and Lurching.—Impact can be greatly reduced by the provision 
of an adequate thickness of ballasting under the tracks, and such cushioning is 
most necessary to reduce noisy and hard running. The impact effect due to rail 
joints, irregularities in the track, and hammer-blow from locomotives are not 
determinable accurately. The live load will usually be specified by the railway 
company in the form of a series of axle loads to which the addition of an impact 
factor is necessary. An approximate impact factor to allow for rail joints and 
irregularities in the track and the wheels, and suitable for conditions comparable 

to main lines in Britain, is given by ^ where L is the span of a longitudinal 
o-i^L 4- 3 

main beam or twice the distance apart of transverse beams. For tracks laid 
and maintained less well than in Britain, the factor should be increased by up 
to 50 per cent, of the value given by this expression. The factor could be reduced 
if the line is used only for slow-moving traffic (such as mineral trains) or light 
traffic. An approximate impact factor to allow for hammer blow from loco¬ 

motives is J for secondary members and for main longitudinal beams not 
o-osL 2 ■ 

exceeding 40 ft. in span, and 0*25 + -for main beams over 40 ft. span. 

The factors for hammer-blow should be reduced for slow-moving locomotives and 
for lighter locomotives, and increased by one-third for single-track bridges. 

These factors are approximate, and are only suitable for use when preparing 

410 
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preliminary designs ; reference should be made to text-books and papers on the 
subject for accurate analyses. Most published data relating to impact on railway 
bridges refer to steel bridges, but in the case of reinforced concrete bridges the 
increased mass of the bridge, the damping effect, and similar relevant factors 
combine to reduce the seriousness of the dynamic effects. 

The effect of lurching is to transfer part of the load from one rail to another 
of the same track. In the design of any member this effect can be allowed for 
on main lines by assuming that one rail carries five-eighths of the total live load 
and the other rail carries three-eighths of the total live load, the most heavily- 
loaded rail being that which produces the greater stresses in the member being 
designed. The factors given apply to British conditions, and require adjustments 
for variations in the span of the member, the speed of the tram, the type and 
rigidity of the structure, and the type of roiling stock in respect to its springing, 
weight, and height. It is not necessary to allow an imjiact factor on the transferred 
load. 

Curved Bridges.—If a bridge carrying a railway is curved, the centrifugal 

effect can be calculated from the expression F — —. , where ze^ is the live load 
r 15 

on one track expressed as an equivalent uniformly-distributed load in lb., v is 
the speed of the train in miles per hour, r is the mean radius of the tracks in feet, 
and n is the number of tracks. The force F^, to which no increase due to impact 
need be added, is considered as a uniformly-distributed live load acting horizontally 
at a height of 6 ft. above the level of the rails. 

Tractive Effort and Braking.—The longitudinal forces to which a railway 
bridge is subject are due to tractive effort and braking, and are based on the 
maximum shear forces due to live load on the member being designed. The 
maximum value of the factor by which the maximum shear force should be 
multiplied is 0-2625 for both the tractive effort and braking force due to steam 
or electric locomotives, and this value should be inc'reased by one-third for 
multiple-unit electrical stock. The factors can be reduced for small spans. The 
forces are considered to act at rail level. Where a bridge carries more than one 
track, the longitudinal forces need only be calculated for half of the tracks. 

Working Stresses.—Normally the forces, or the method of calculating the 
forces, due to centrifugal, lurching, tractive effort, and braking effects, would be 
specified by the railway company. If all the secondary effects mentioned, 
together with wind pressure, are taken into account in the design of a member 
it is usual to allow, at the discretion of the engineer, an increase in the stresses, 
but this increase should not exceed 20 per cent, of the permissible working stress. 
The latter .should not be exceeded when the member is analysed for the combined 
effect of dead load, live load, impact, and lurching. An intermediate degree of 
increase should be assessed if any of the secondary effects are neglected. 

Corrosion due to Gases.—The corrosion of the concrete is a factor that 
must be considered in over-line bridges, and although smoke guards, often in 
precast reinforced concrete, are commonly provided, they do not entirely protect 
the structure from deleterious fumes. It is therefore important to provide a dense 
concrete free from cracks by which the corrosive gases can reach and attack the 
reinforcement. Thus this aspect becomes a matter of design as well as con¬ 
struction. The amount of cover of concrete over the reinforcement should be 



412 REINFORCED CONCRETE BRIDGES 

increased beyond that normally provided, and tensile stresses should be limited 
so that cracks larger than hair cracks are not likely to occur. Deformed bars 
may be used with advantage to limit the widths of cracks that do occur. In 
assessing the probability of cracking, the tensile strength of the concrete should 
be based on tests made to determine the modulus of rupture of the actual concrete 
it is proposed to use, rather than on an arbitrarily assumed proportion of the 
compressive strength. 

Culverts and Subways. 
It may be necessary to conduct drainage ditches or streams under embank¬ 

ments by means of culverts or to construct subways for pedestrians or cyclists. 
Frequently such culverts and subways are constructed in reinforced concrete. 

Culverts.—Culverts should be designed to accommodate the flow of water 
in the stream it is proposed to conduct through the culvert not only under normal 
conditions but also in times of flood. Records of the flo^ in the stream at different 
times of the year, the collation of reliable information on the behaviour of the 
stream over as long a period as possible, and observation of any existing culverts 
and bridges over the same stream, may aid in establishing the required data. 
An allowance should also be made for any interference by the new works of the 
existing land drainage system which may augment or decrease the quantity of 
water passing through the culvert. 

The culvert should be made in a straight line where possible and to a uniform 
gradient equal to the mean gradient of the stream between the two ends of the 
culvert. 

The construction of a culvert to conduct a stream more or less along its 
original course presents difficulties arising from the maintenance of the flow of 
water. It is usual temporarily to divert the stream so that the culvert can be 
constructed in the dry. The stream is dammed above the site of the culvert 
and, from the pond so formed, the water is led through pipes, timber flumes, or 
open excavated channels on one side of the site and discharging into the original 
bed below the site. 

Pipe Culverts.—For culvertmg small streams precast reinforced concrete 
pipes are suitable, two or more parallel lines being laid when required. Standard 
pipes are manufactured from 6 in. to 4 ft. internal diameter in increments of 
3 in. and may have rebated or socketted ends. The pipes should be bedded on 
a concrete haunching and, if not surrounded with concrete, should be strong 
enough to resist, with an adequate margin of safety, the lateral and vertical 
pressures due to the earth and loads superimposed thereon. It is better, however, 
for a pipe culvert under a road to be surrounded by at least 6 in. of concrete, 
reinforced to resist transverse bending stresses if it is on a poor subsoil. This 
design is suitable for a culvert at a shallow depth, where the traffic load will be 
high, or at any depth up to, say, 20 ft. where the weight of the earth cover may be 
high although the effective traffic load may be negligible. The ^hole construction 
should also be reinforced to resist any longitudinal bending effects that may occur 
due to differential settlement arising from unequal loading along the length of 
the culvert. 

The determination of the size of pipe culverts is a problem in hydraulics that 
has not yet been completely solved. Where the entrance is not submerged the 



CULVERTS AND SUBWAYS 413 

principles of the flow of water in channels apply, but since the effect of the entrance 
to the culvert may be equivalent to a large rediution in capacity especially for 
short culverts, the net capacity is not accurately determinable One practical 
method of design is to provide one or more pijxjs of sufhcient cross-sectional area 
so that when they are half full the pipes can conduct the normal flow of water. 
There is then a margin for excessive entrance losses and for an increase in flow 
above the normal, since when it is half full a pipe has a capacity of a httle less than 
half its maximum capacity. The approximate capacity of a circular concrete 
pipe of diameter D ft flowing half fuU can be estimated from 

Q = I50y ^ . 

where Q is the capacity in cubic feet per second, H is the difference in level between 
the two ends of the pipe in feet, and I is the length of the pipe in feet This 
expression includes an arbitrary allowance for entrance losses 

The design should then be checked for flood conditions If the le\el of the 
water at the inlet end coincides with the top of the pipe, the capacity of a circular 
concrete pipe with square corners at the inlet and a flat end-wall at the inlet, the 
latter not being shaped in any way, is approximately as given m the following 
table when = i ft. For other values of H, multiply the tabulated values of 

Q bv VH 

Capacity of culvert t i ft per stcoiid 

Dj mieter 
of 

culvert 
D ft 

i 
Lenf,th of culvert / ft 

30 100 20f 300 

I 
1 

4 3 * 

2 18 16 1 13 12 

3 44 , 37 , 
1 

33 

4 

1 i 

70 04 5t> 

If a pipe culvert is not suitable for the conditions, it is probable that a box 
culvert of about the same width and mean gradient as the stream should be 
provided 

Box Culverts —For a stream that is too large to be dealt with by pipes, a 
reinforced concrete box culvert with a flat or arched roof and with a slightly 
dished invert is frequently provided An arch roof is designed m the same way 
as an arch bridge Since the span is usually small, elaborate calculations are 
unnecessary. It is generally sufficient to calculate the roof as a two-pin arch 
(the invert forming a tie between the spnngings) and to provide some reinforce¬ 
ment to resist the bendmg moments due to fixity at the springings. 

A cast-in-situ rectangular culvert is designed as a four-sided rigid frame, the 
bending moments produced at the corners by various types of loading being as 
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given m Fig. 330 The maximum reverse bending moments m the loaded sides 
are obtained by algebraically combining the " free ” bending moments with those 
at the c orncrs b or the purpose of Fig. 330, all loads are assumed to be acting 

Fig. 330. Box Culverts. 

inwards; the pressure from the water in the culvert acts outwards, and the 
bending moments due thereto can be evaluated as for the corresponding inward 
pressures but with the signs reversed. 

The loads acting on the roof are the weight of the earth and the live load on 
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the road. It is usual to ignore the effect of impact if the culvert has a reasonable 
cover of earth, and concentrated loads may be so well dispersed by the time they 
reach the roof that they can be considered as uniformly distributed. If, however, 
the cover is, say, less than 2 ft. the value of these effects should not be reduced, 
and, if designed for the Ministry of transport Equivalent Loading, the 50 per cent, 
impact factor allowed therein and the knife-edge load should be taken as fully 
operative. To allow for the effect resulting from the tendency for the filling 

on either side of a culvert to settle more than that above the roof, the head of 
earth over the roof should be assumed to be 15 per cent, in excess of the actual 

value. The loads on the roof produce bending moments and vertical thrusts in 
the walls which must be combined with the forces and bending moments due to 
the weight of the walls and to other causes. Bending moments are also produced 
due to the lateral pressure of the earth on the walls. In non-cohesive soils these 

pressures can be calculated by Rankine’s formula, and by Bell’s formula in cohesive 

soils such as clays. Some allowance should be made for the probable saturation 
of the soil against the lower parts of the walls. 

The envelopes of the maximum bending moments can be drawn by considering 

probable combinations of loadings, and the bending moments should be combined 
with the corresponding thrusts at each critical section when designing the trans¬ 

verse reinforcement. Longitudinal reinforcement is necessary to resist the 
probable longitudinal bending effects. 

The entrance and exit should be protected from scour by continuing the 
invert for several feet from the culvert itself and providing retaining walls for 

the same distance. 
The construction of a box culvert presents a number of problems relating 

to the shuttering, one method of erecting the latter in stages being illustrated in 

331* excavation should be taken out to such a slope that timbering is 
unnecessary. Vertical soldiers are erected as at {a) and boarding for the external 

face of the bottom slab and lower part of the walls is fixed. The invert and bottom 
splays are now concreted, the external shuttering removed and the boarding for 
the inner and outer faces of the walls erected as at (i). The walls are concreted 
and shuttering removed. The final stages (c) are to erect the roof shuttering, 

concrete the roof slab, remove the shuttering and back-fill. 
Subways.—Subways of rectangular cross-section under roads are designed 

in a similar manner to that described for box culverts, but in this case as there is 
little or no earth cover over the roof of the subway the principal loading will be 

that due to traffic. The Ministry of Transport recommends that pedestrian sub¬ 

ways should have a minimum headroom of 7 ft. and a clear width of 7 ft. 6 in. 
The corresponding dimensions for subways for cyclists are 7 ft. 6 in. and 10 ft. 6 in. 
for traffic in one direction or 15 ft. 6 in. for traffic in both directions. Subways 

for pedestrians and cyclists should have a footpath 6 ft. 6 in. wide raised above 
the cycle track, and should have the foregoing headrooms and widths for the 

cycle track. 

Precast Concrete Bridges. 

For the construction of bridges over railways and canals and in other positions 
where the need to maintain traffic makes impossible the erection of temporary 

falsework and limits the available working periods, precast concrete can be used 
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given in Fig. 330. The maximum reverse bending moments in the loaded sides 
are obtained by algebrcucally combining the “ free bending moments with those 
at the (orners For the jnirpose of Ftg. 330, all loads are assumed to be acting 

inwards ; the pressure from the water in the culvert acts outwards, and the 
bending moments due thereto can be evaluated as for the corresponding inward 
pressures but with the signs reversed. 

The loads acting on the roof are the weight of the earth and the live load on 
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the road. It is usual to ignore the effect of impact if the culvert has a reasonable 
cover of earth, and concentrated loads may be so well dispersed by the time they 
reach the roof that they can be considered as uniformly distributed. If, however, 
the cover is, say, less than 2 ft. the value of these effects should not be reduced, 
and, if designed for the Ministry of Transport Equivalent Loading, the 50 per cent, 
impact factor allowed therein and the knife-edge load should be taken as fully 
operative. To allow for the effect resulting from the tendency for the filling 
on either side of a culvert to settle more than that above the roof, the head of 
earth over the roof should be assumed to be 15 per cent, in excess of the actual 
value. The loads on the roof produce bending moments and vertical thrusts in 
the walls which must be combined with the forces and bending moments due to 
the weight of the walls and to other causes. Bending moments are also produced 
due to the lateral pressure of the earth on the walls. In non-cohesive soils these 

pressures can be calculated by Rankine's formula, and by Bell's formula in cohesive 
soils such as clays. Some allowance should be made for the probable saturation 
of the soil against tlie lower parts of the walls. 

The envelopes of the maximum bending moments can be drawn by considering 
probable combinations of loadings, and the bending moments should be combined 
with the corresponding thrusts at each critical section when designing the trans¬ 
verse reinforcement. Longitudinal reinforcement is necessary to resist the 
probable longitudinal bending effects. 

The entrance and exit should be proteted from scour by continuing the 
invert for several feet from the culvert itself and providing retaining walls for 
the same distance. 

The construction of a box culvert presents a number of problems relating 
to the shuttering, one method of erecting the latter in stages being illustrated in 
Fig. 331. The excavation should be taken out to such a slope that timbering is 
unnecessary. Vertical soldiers are erected as at {a) and boarding for the external 
face of the bottom slab and lower part of the walls is fixed. The invert and bottom 
splays are now concreted, the external shuttering removed and the boarding for 
the inner and outer faces of the walls erected as at (6). The walls are concreted 
and shuttering removed. The final stages {c) are to erect the roof shuttering, 
concrete the roof slab, remove the shuttering and back-fill. 

Subways.—Subways of rectangular cross-section under roads are designed 
in a similar manner to that described for box culverts, but in this case as there is 
little or no earth cover over the roof of the subway the principal loading will be 
that due to traffic. The Ministry of Transport recommends that pedestrian sub¬ 
ways should have a minimum headroom of 7 ft. and a clear width of 7 ft. 6 in. 
The corresponding dimensions for subways for cyclists are 7 ft. 6 in. and 10 ft. 6 in. 
for traffic in one direction or 15 ft. 6 in. for traffic in both directions. Subways 
for pedestrians and cyclists should have a footpath 6 ft. 6 in. wide raised above 
the cycle track, and should have the foregoing headrooms and widths for the 
cycle track. 

Precast Concrete Bridges. 

For the construction of bridges over railways and canals and in other positions 
where the need to maintain traffic makes impossible the erection of temporary 

falsework and limits the available working periods, precast concrete can be used 
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with advantage. Ihc principle of this type of construction is that precast rein¬ 
forced concrete beams, which can be made adjacent to the site or at a concrete 
works, are placed m position on the piers and abutments that have been previously 
constructed, usually in situ There are two principal methods, namely, (1) the 
beams are spaced apart and the deck slab is cast in situ thereon, and (11) the beams 

are laid closely together to form the deck 

(b) (c) 

Fig. 331.-—Shuttering for Box Culverts. 

An example of the former method is illustrated in Ftg, 332. The beam forms 
the web of a T-beam, the flange of which is formed by the cast-in-situ slab. Binders 
project above the concrete and are bonded into the slab and, if the beam 1$ to form 
one span of a series of continuous spans, reinforcement projects from the ends 
to connect with the adjacent beams. The reinforcement is designed for the 
ultimate condition of a T-beam subject to the full dead and live loading, but 
the stresses in the beam must also be checked to ensure that dunng transport 
and erection the concrete is not overstressed in compression and that reinfcwrce- 
ment is provided in the top to resist tensions due to reverse bending moments. 
The stresses on the beam due to its own weight when in its final position and the 
weight of the shuttering and the wet concrete forming the deck slab and any 
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incidental loads thereon, must also be examined. Since the stresses during 
handling arc due to the dead weight of the beam, it is essential not to underestimate 
this weight. It will usually be well in excess of the generally-accepted value of 
144 lb. per cubic foot. If possible the actual weight due to the gross weight of 
the reinforcement and the weight of the concrete (as determined from test cubes) 
should be calculated. 

Stresses during Lieiing.—^The stresses during erection can be controlled 
by selecting a suitable method of hoisting. For short beams lifting at the central 
point may be permissible, but in this condition the beam is a double cantilever 
and must be designed as such. For beams of medium length suspension at the 
two ends from a single crane hook is practicable, in which case the temporary 
bending momcmts are in the same sense as the permanent moments Beams 
exceeding 20 ft. long are preferably suspended at two intermediate points. In 

Fig. 332.—Erecting a Precast Concrete Bridge. 

this case a steel spreader or strong-back is suspended from a crane and the beam 
is suspended on a link at each end of the former. The positions of the two points 
of suspension can be determined so that the temporary bending moments during 
lifting are adjusted to suit the strength of the beam. Generally the positions 
would be such that the safe moment of resistance based on the compression at the 
midspan section of the beam would equal the safe moment of resistance based on 
the tension due to cantilever action at the points of suspension. 

There are several methods of attaching the suspension member. If care is 
taken to protect the concrete from damage, a chain sling wrapped around the 
beam may suffice for single-point lifting, but where it is necessary to lift the beam 
at predetermined points a suspension eye can be cast into the top of the beam, 
or horizontal holes can be formed through the beam when it is cast. 

Arch Ribs.—Precast units may not always be beams since, up to 30-ft. 
span, single arched members have been used. For greater spans, two semi-arch 
units that when combined form a three-pin arch have been successful. 

££ 
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IN“SITu Deck.—If the deck slcib is not also made of precast units, it is neces¬ 
sary to erect shuttering to support the concrete. This is done by bolting timber 
bearers to each side of the precast beam after erection, bolt holes being formed in 
the beam during casting. These bearers support transverse timber joists span¬ 
ning in the same direction as the beam, and the joists in turn carry the timber or 

steel sheeting. Such a construction for the shuttering is possible without any 

projection below the soffit of the beam. 
When the deck consists of precast beams laid in contact with each other to 

give a continuous deck, a method of interlocking must be adopted to distribute 

the live load over a number of units and prevent any beam deflecting more than 
its neighbours. This can be done by constructing a thin cast-in-situ reinforced 
concrete slab on top of the beams, and if provision is made for the precast beams 
and in-situ topping to bond effectively the combined construction can be con¬ 
sidered as a single structural unit and continuity may be imparted thereto. This 
results in the precast unit being lighter than would otherwise be necessary. The 
beams may either be rectangular or preferably of I-scction, U-section, or inverted 
U-section. The necessary bond between the precast and cast-in-situ portions 
of the construction is effected by the projection of reinforcement from the former 

and by the roughening of those surfaces of the precast beam that will be in contact 
with the cast-in-situ concrete. 

Footbridges.—Footbridges over railways and the stairs in conjunction 
therewith are frequently constructed of precast reinforced concrete. The usual 
form is a pair of parapet girders, the footpath being composed of precast slabs 
spanning between the girders. Precast double-cantilever frames are sometimes 

bolted to the girders to prevent buckling of the top flanges. The supporting 
trestles are also made in precast units. The units for this type of bridge, which 
may have spans up to 50 ft., are usually constructed at the concrete depbt of the 
railway company concerned, which may be many miles from the site. The erection 
only necessitates the occupation of the line for a few hours. 

Another form of footbridge over a railway, and one which has been used for 
spans exceeding 55 ft., incorporates a single precast reinforced concrete girder 
of T-section, the top flange of the T forming the footpath. 

Prestressed Concrete Bridges. 

A recent development in the use of precast reinforced concrete members for 
bridges involves the application of prestressing. The principle of prestressing 

in reinforced concrete beams is that before the load is applied to the beam there 
are induced in the latter stresses of the opposite kind to those induced by the 
loading. Thus in a freely-supported beam compression would be induced in the 

bottom and a limited tension in the top. These prestresses are produced by 
stretching the bottom reinforcement, the reaction against the stretching force 
being eventually taken by the concrete which is thereby subject to an eccentric 
thrust. There are two primary methods of prestressing, of which there are 

numerous variants. Formulae for the design of prestressed concrete girders are 
given in Appendix V. 

Pre-stretching.—In one method the reinforcement is laid in the mould with 
the ends of the bars or wires projecting beyond the ends of the mould. By 

gripping the ends of the wires in a jack, a predetermined stretching force is applied, 
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the reaction being temporarily resisted by abutments or by the mould itself The 
concrete is then placed and encases the stretched wires. When the concrete has 

matured the stretching force is relaxed, but since the wires are gripped by the 
concrete the stretched reinforcement cannot regain its original length and the 
reaction to the tensile force in the steel is imparted to the concrete by bond. 

This method of pre-stretching is one of the original methods used for the pre¬ 
stressing of beams. For bridge beams, the mould or the abutment has to be made 
extremely strong to resist the great pressure from the jacks, and in the calculations 
an allowance for a loss in the effective stretching force has to be made to counteract 

the reduction in extension of the wires due to contraction of the concrete when 
the stretching force is transferred thereto. 

Fig. 333.—DetBil of Cable Anchorage. (M. Freyssinet’s Apparatus.) 

Post-stretching.—In the method of post-stretching the reinforcement is not 
bonded to the concrete but is contained in a metal tube and stretched after the 

concrete has matured. The reaction to the stretching force in the wires is resisted 
by the pressure of the anchorages on the ends of the concrete beam. Two types 
of stretching apparatus are illustrated in Figs. 333 to 336, In M. FreyssineFs 

method of post-stretching, both ends of the wires forming the reinforcement cable 
are threaded through precast concrete anchorage cones or cylinders, typical designs 
for which are shown in Figs. 333 and 334 {a). The cones are of high-strength 

concrete and are reinforced with steel helicals internally and sometimes externally. 
These anchorages with the cables passing freely through them are fixed in the 
moulds before placing the concrete. The concrete surrounding the anchorages 
is reinforced by steel hoops. When the concrete has matured, the projecting ends 

of th0 cables are cleaned and separated into pairs along the internal face of the 
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conical anchorage. A helically-reinforced concrete plug [Fig. 334 (^)] ^ 
tar coating is pressed into the conical aperture of the einchorage at the etid of t le 
cable, thereby fixing this end. The wires at the other end of the cable are wedged 

on to the cylindrical surface of the body of a double-action jack \l"ig‘ 334 (^)l- 
The operation of the jack bearing against the matured concrete stretches the 

reinforcement by a predetermined force, which can be checked by the reading of 
the pressure gauge and by the extension of the wires. When the required force 
IS reached, the main jacking operation ceases and a secondary ram on the j^^k 
forces home another mortar-coated conical plug which secures the wires in jiosition 

in the anchorage cone or cylinder. The jack can then be released and the cable is 

{a) C\LINDERS AND PLUGS FOR hlXINCx EnDS 01 CABLES. 

(6) Double-acting Hydraulic Jack. 

Fig. 334.—Plugs and Jacks for Stretching Cables. (M. Freyssinet’s Apparatus.) 

injected throughout its length with cement grout or other protective material, 
a pipe being cast in the plug for this purpose. 

An alternative method developed by Professor Magnel is based on stretching 
only two wires at a time in the cable, and therefore requires a much lower stretching 
force than when, say, i6 pairs of wires are stretched simultaneously. The wires, 
which are in layers of four, are separated by the vertical and horizontal spacers 
shown at C and A in Fig. 335. Near their ends the wires ate fixed to steel sand¬ 
wich ” plates, each of which has four grooves, and in each groove two wires are 
secured by one small wedge. Between the plates and the end of the matured 
concrete beam a cast-steel distributing plate is interposed. The wires are guided 
into the grooves in the sandwich plate by a special steel spacer frame (B in 
Fig. 335). The type of jack used for this method is illustrated in Fig. 336. After 
stretching a pair of wires, the wedges in the sandwich plates relating to this pair 
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are driven tight before releasing the pressure on the jack. The cables are giouted 

as in the method previously described, and the distnbution plate and the projecting 
sandwich plates are eventually encased in concrete. 

Fig. 335.- Details of Cable Anchorage. (Professor Magnel’s Apparatus.) 

Fig, 336. Prestressing Jack in Operation. (Professor Magnel’s Apparatus.) 

Some of the .original stretching force is eventually lost due to shrinkage of 
the concrete and creep in the stretched reinforcement. This loss can be calculated 
with a fair degree of accuracy. By inducing a high stress in the reinforcement 
during stretching, say, 140,000 lb. per square inch, the reduction in the effective 
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stretching force is not more than lo per cent, to 15 per cent, of the original force. 
It is this high prestress that necessitates the use of high-tensile steel. Usually 
steel having an ultimate strength of about 100 tons per square inch is used. Such 
steel is supplied in wires of No. 5 gauge (about o-2 in. diameter). The small 
diameter has the advantages of presenting a large superficial area for the bond 
required in pre-stretching, and of reducing the stretching force required when 

two wires only are simultaneously stretched. 
Examples.—Many bridges on the Continent have been built with prestressed 

members and there are a few examples in this country. Prestressed beams suit¬ 
able for bridge decks are usually of I-section, but some of box section have been 
constructed although they are more costly in shuttering. Typical sections for 

prestressed bridge beams up to 50 ft. span are shown in Fig, 337- the pre¬ 
stretching method is adopted, the wires are arranged in pairs spaced throughout 
the bottom flange of the unit [Fig, 337 (^)]. In post-stretching the wires are 

((Q PUC ■ 8T«.ETCH1M^ (V)POaT-yrtMETCHtNq 

Fig. 337. -Prestressed Beams of 50-ft. Span. 

combined in a cable [Fig. 337 (6)] within a metal sheath into which cement grout 
is injected as already described. In either case, if prestressed reinforcement is 
not incorporated in the top of the beam, two or more ordinary mild steel bars are 
provided in the top flange to resist any tensions produced therein by the pre¬ 
stressing operations or during the handling of the beam. 

If the stretching force is such that tensile stresses are produced in the top 
of the unloaded beam, and if the prestressed wires are kept straight in the bottom 
of the beam (that is, with constant eccentricity), under loading there will always 
be tensile stresses over a considerable length towards the ends of the beam, due 
to the fact that the counteracting compressive stresses resulting from the bending 
moment are less towards the ends. Thus the cable of wires is arranged to hang 
in a parabolic curve such that the eccentricity is a maximum at jnidspan and zero 
at the ends. Often some of the wires remain in the bottom and the rest sweep 
upwards towards the supports. The practical advantage of the latter arrangement 
is that the ends of the wires are spread over a larger area at the end of the beam, 
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allowing thereby greater facilities for the stretching apparatus. The advantage 

of this arrangement from the point of view of design is that, apart from the 
reduction of the tensile stresses under bending, the production of an upward 
component of the force in the inclined cable offsets in part the effect of the shear 
force due to the loading. This is additional to the reduction of the principal 
tensile stresses in the web of a beam which is a characteristic of prestressed con¬ 
struction. Thus in small spans shear reinforcement is seldom necessary. For 
long spans, binders are sometimes provided to act as shear reinforcement. A 
beam of I or box section is usually filled solid at the ends over the bearings. 

If post-stretching is adopted, the beam need not be cast in one piece but may 

be made of separate precast blocks having the same depth as the full depth of 
the beam The blocks, which may be butt-jomted but are preferably interlocked, 
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Fig. 338.—Prestressed Slab Bridge of 65-ft. 10-in. Span. 

have holes cast in them through which the cable and longitudinal tie-bolts are 

threaded. 
In a bridge deck constructed of prestressed beams, the latter are laid side 

by side [Fig. 337 (r)] spanning between the prepared abutments. The joints 

between each beam may be left untreated, although sometimes they are jointed 

with gunite or are sealed with bitumen. As in ordinary precast construction, 
a cast-in-situ reinforced concrete distribution slab is laid over the assembled units. 

Prestressing can be applied to cast-in-situ construction but post-stretching is 

preferable owing to the very heavy construction needed for the moulds to resist 
the stretching forces in pre-stretching. Details of a cast-in-situ deck slab for a 

railway bridge of about 66 ft. span in Belgium is shown in Fig. 338. The slab 
is 43I in. thick and the width of the part of the bridge so constructed is 12 ft. 

Details of the reinforcement, alternate cables of which were turned up at the ends, 
and the positions of the anchor plates are also illustrated in Fig 338. In this 
instance the post-stretched construction adopted proved cheaper than a number 

of similar, but non-prestressed, slabs constructed at the same time. 

Another example of cast-in-situ post-stretched construction is the footbridge 
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of about 69 ft. span, details of which are shown in Fig. 339. Each girder is rein¬ 

forced with two prestressed cables, one of which is turned up at the ends. 

Jacking Arches. 

The inducement of predetermined bending moments and thrusts by con¬ 

trolled distortion by jacking open the crown of an arch during construction is 

analogous to prestressing. The stresses in an arch are primarily due to the dead 
and live loading, and in large spans the stresses due to shrinkage, contraction of 
the concrete under compression, temperature changes, and settlement upon 

removal of the temporary centering are of much importance. The effects of 

shrinkage, arch contraction, and settlement of staging arc all of the same nature 
insofar as they produce negative bending moments at the springing and positive 
bending moments at the crown, so that if bending moments of the reverse sense 

are induced in the arch the effects mentioned can be neutralised. These induced 
bending moments are produced by leaving a temporary gap at the crown, opening 
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this gap by jacking, and thereby raising the arch at the crown. Consequently 
a positive bending moment is produced at the springing. The negative bending 

moment at the crown is produced by placing the jack eccentrically about the 
centre of the crown section, the amount of the eccentricity depending upon the 
magnitude of the moment desired. Since there is a gap at the crown across which 
there is no reinforcement, this method is only possible where no tensile stresses 
are produced under any combination of loading and other forces. 

This method of jacking arches, which serves the same purpose as temporary 

hinges, was devised by M. Freyssinet and used for a number of bridges on the 
Continent. The first instance of its use in Britain was in the construction of a 
bridge over the River Thames at Chiswick. 

The gap, or plane of separation, at the crown is provided transversely across 

the entire width of the bridge, and recesses are left in the concrete to take the 
jacks (Fig. 340). The portions adjacent to the recesses are heavily reinforced 
to distribute the thrust from the jucks, and the concrete near the crown, which is 
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highly stressed at an early period, is placed before that in other parts of the 

arch so that it has time to mature. These preliminary sections are placed for the 

full width of the bridge and, in the case of Chiswick bridge, were approximately 
26 ft. in length. Between the recesses for the jacks the face of the concrete on 
either side of the plane of separation is temporalily lined with mild-stcel plates 

>5^ in. thick. As the construction of the arch proceeds, a record is kept c»f the 

deflections of the centering and the arch itself, since these data are required when 
computing the amount of the opening of the arches at the crown and the required 
eccentricity of the jacks. With the deductions made from these measured 

deflections, the estimated effect of future shrinkage and arch shortening due to 
compression under dead and live load is combined. 

Fig. 340.—Jack in Recess at Crown of Arch. 

For Chiswick bridge, ten hydraulic jacks of a working capacity of 250 tons 

each were provided at the crown of each span. Two interconnected pumps 
operated the whole of the ten jacks simultaneously. Pressure gauges were 
provided at each pump, at each external jack, and one centrally. The procedure 

was to increase the load exerted by each jack in increments of 20 tons up to 
180 tons, which was estimated as being about 90 per cent, of the total force 

required. The time taken to reach this load was 35 minutes, pumping being 
stopped at frequent intervals for measurements to be taken. At this stage the 

maximum vertical rise in the level of the crown of the arch was 0-64 in. and the 
horizontal opening was 0-5 in. The pressure was then reduced to zero in four 
stages and the arch resumed its original position. 

The pressure was then increased in stages as before but up to a maximum 
of 220 tons on each jack when the vertical rise reached the required value of 
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1*25 in., for which the horizontal opening was i in. The rotation of the inter¬ 
mediate piers was also measured, and under maximum thrust the horizontal 
displacement of the piers at springing level was approximately o-i8 in. The 
pressure of 220 tons was maintained for 45 minutes while the gap in the arch 
was prepared for filling. The steel plates were withdrawn and the bottom of 
the gap was plugged with rope, the open ends being closed with timber shuttering. 
A hand-mixed mortar, composed of zj parts of uncrushed sand having uniform 
grains in. in diameter to i part of ordinary Portland cement and with a water 
content equivalent to 1*25 gallons to i cu. ft. of dry sand, was deposited in the 
gaps in layers of about 2 in. The mixture was very dry, thereby being practically 
incompressible but sufficiently workable to be placed in the narrow gaps and 
consolidated by vigorous punning with fiat iron bars. This operation occupied 
about 12 minutes, and previous tests had shown that such a mortar could resist 
very high compression immediately after deposition. Upon completion of the 
consolidation the pressure on each jack was reduced from 220 tons to 180 tons. 
This relaxation caused the gaps to close about o-ooi in. due to compression of the 
mortar, but during further reduction of the pressure of the jacks to zero no further 
closure took place. The crown of the arch continued to rise, however, by about 
0*1 in. but this had disappeared in about two hours. The entire operation of 
jacking the arches took about three hours. After removal of the jacks from the 
recesses, the sides of the latter were thoroughly hacked and cleaned, and the 
recesses were filled solid with concrete, which was kept damp during hardening 
to prevent shrinkage. 

Temporary Hinges. 

An earlier method, and one more frequently used than jacking, for controlling 
the bending moments in arches is the provision of hinges. Since a hinge can only 
transmit thrusts, pulls, and shear forces, the bending moment at a hinge is zero. 
Thus at a section at which it is desired to relieve temporarily the bending stresses, 
a temporary hinge can be provided. Thus if during construction temporary hinges 
are introduced at the crown and springmgs of the arch, the latter becomes a three- 
pin arch and will adapt itself to shortening due to shrinkage, to contraction, to the 
effects of the settlement of the centering, to unequal settlement of the piers or 
abutments, and to the dead load of the arch itself. Thus it can be arranged that 
these combined effects do not produce bending moments at the critical sections 
at the crown and springing. 

The simplest form of temporary hinge (due to M. Consid^re) is merely a 
reduction in the area of the concrete at the crown {Fig. 341). The amount of 
concrete must be sufficient to transmit the thrust and shear to which the crown 
section will be subject during the time it is acting as a hinge. In order to make 
the section as flexible as possible the amount of concrete should be as small as 
possible, and to increase its compressive resistance it is usual to provide helical 
binding around some longitudinal bars. The main reinforcement of the arch, 
which will be subject to stress when the hinge no longer operates, passes through 
the gap above and below the reduced section. Shear reinforcement in the form 
of binders, which may be required especially in an arch rib, will also necessarily 
be in position during the time the crown section is acting as a hinge. It is held, 
however, that the reinforcement passing through the gap does not offer serious 
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without shear reinforcement. The effective area resisting the shear stress should 

not be taken as greater than seven-eighths of the gross area. 
If reasonable dimensions for the reduced section are not obtainable within 

these limitations, a design similar to that at (b) should be adopted. In either 
design the concrete immediately adjacent to the hinge should be well reinforced 

to resist the secondary stresses that are induced but which cannot be calculated. 

Fig. 342.— Hinges for Portal Frames. 

The maximum reaction R lb. that can be transmitted by a concrete bearing of 

design (6) and width B in. is given by R = In this formula, which is 

based on Hertz's formula (Chapter VIII) and which is not applicable if is nearly 

equal to rg, R is the maximum reaction (not necessarily vertical) obtained by the 
vectorial addition of the various combinations of the horizontal and vertical 
thrusts, and and fg are the radii of the two faces of the bearing as shown in 
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Fig. 342 (c). The shaped foot at the base of the vertical member of the frame 

is difficult to construct unless the member is precast. Therefore a thin non- 
corrosive former should be used and left permanently in ])()sition. Alternatively 
the difference in radii can be formed in plaster. 

If sufficient resistance cannot be obtained by a conc rete hinj^e of design {b), 
a steel hinge of similar design to that shown in Fig. 342 {d) should be used. This 
design, as is that at {b), is most suitable for slab and girder bridges in which the 
girders and counterforts of the abutments form a portal frame. Owing to the 
continuous nature of the bearing in slab bridges of ])ortal-frame design, this type 

of bridge would never require hinges of the design shown at (c/), and rarely would 
necessitate adoption of the design (b). 

Some designs for hinges for arch bridges have bc^en illustrated in previous 
chapters. Attention is drawn to Fig. 145 where details are given for the crown 

and springing hinges of a three-hinged arch-slab bridge, earth filled and with solid 
spandrels. The hinges form a complete plane of separation through the slab, 
and the joints are carried up through the spandrel walls. The hinge is protected 
from the earth filling by the provision of loosely-htting cast-iron plates. 

Other designs for crown and springing hinges are given in Fig. 232 for a three- 
hinged cellular arch bridge. Details of similar serni-cinailar concrete springing 

hinges are given in Fig. 179 and Fig. 180. In an arched rib bridge, the forces 

on the hinges are concentrated on the comparatively narrow width of the rib. 

Tn bridges of large span, a concrete-to-concrete hinge may not offer sufficient 
resistance and therefore a cast-steel hinge may be necessarv. 

The provision of expansion joints and articulations in girder bridges necessi¬ 
tates the provision of joints and bearings, the details of which must be given 

considerable attention if the resulting design is to act as intended. Bearings may 
be either of a type that permits rotation but not lateral movement (termed a 

fixed bearing,” although offering no resistance to bending moments as does the 
” fixed ” end of the beam), or of a type that permits both rotation and lateral 

movement (termed a sliding bearing). 
Any of the designs of hinges in Fig. 342 are in effect ” fixed ” bearings and 

can be adapted for use in girder bridges. A simple alternative is illustrated in 
Figs. 186 and 187 where a convex form to the top of certain lengths of the abut¬ 
ment registers with a concave face of larger radius on the underside of the girder 
at the bearing. A similar design is used at the ” fixed ” bearings of the bridges 

illustrated in Figs. 167 and 173, but for the piers of the latter bridge where lateral 
movement is to be permitted a ” rocker ” bearing continuous along the full 
width of the pier is provided. The rocker is a heavily-reinforced precast concrete 
block with convex upper and lower ends which fit into concave recesses on the 
underside of the girder and the top of the pier. If the stress in the concrete is 
excessive, cast-iron rockers of similar shape can be used, in which case flat steel 
plates are built into the underside of the girder and into the top of the pier or 
abutment, and against these plates the rocker bears. The vertical load in pounds 

transmitted by a cast-iron rocker should not exceed the distance in inches between 
the convex faces multiplied by the length in inches of the rocker multiplied by 
300, and the compressive stress should not exceed 9000 lb. per square inch. 
The permissible pressures on various materials for other types of girder bearings 

are given in Chapter IV. 
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A simple sliding bearing, consisting of two steel bearing plates, is illustrated 
in Fig. 67. This type is only suitable for small spans owing to the frictional 
resistance offered by the plates, a rocker bearing being more suitable for large 
spans or other conditions producing heavy reactions. 

For suspended girder spans a checked form of bearing is required to transmit 
the reaction from the free beam to the cantilevers. This may be a simple halved 
joint as in Ftg 171 and Ftg. 184. With hcaviei loads a more complex stepped 
joint as in F'lg. 167 is required. In the latter design, at each step an .upper and 
lower bronze plate are connected to the concrete with two bronze bolts of i in. 
diameter. The stepped joint occurs for the width of the girder only; between 
the girders the joint is a plain gap foimed with a cork slab i in. thick. 

An expansion joint in a bridge, as in other structures, must be carried right 
through the work to effect complete separation. In girders, provision for expan¬ 
sion and contraction is made by sliding bearings, stepped bearings, or other devices 
introduced for the purpose of making the structure statically determinate. The 
joint must, however, be carried through the deck slab and wing walls. An 

Fig. 343.—Expansion Joint in Deck Slab. 

example of the latter is given in Fig. 161. The bent copper strip shown in 
section FF crosses the joint and thus prevents the extrusion of the earth filling 
or the intrusion of the weather without affecting the flexibility of the joint. 

A typical design for an expansion joint in a bridge deck slab is shown in 
Fig. 343. The continuous angles A and B are secured to the concrete of the deck 
slab on either side of the expansion gap by means of lugs or anchor bolts. A 
steel plate C is welded or riveted to angle A but is free to slide on angle B. If 
a corresponding gap is not made in the road surfacing, cracks will occur in the 
latter. The edges of the gap must, however, be protected, and one way of so 
doing is to provide continuous angles D and E. Angle D is secured by welding 
or riveting to the cleats F which in turn are secured to the sliding plate. Angle E 
is secured to the cleats G which are bolted into the concrete dab. To prevent 
stones or other matter clogging the gap and preventing free movement, the latter 
should be filled with a plastic joint filler. 

Drainage and Waterproofing. 
In bridges of small spans the question of drainage is not serious since the 

provision of a camber or cross fall to the road surface and a cross fall to the pave¬ 
ment will cause rainwater to flow towards the kerb channels and thence, by virtue 
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of the longitudinal fall or longitudinal camber of the bridge, to road drainage 
systems at either end of the structure. In long bridges provision has to be made 
to collect rainwater at intermediate points, usually over piers, and t(^ conduct it 
to places where it can be disposed of conveniently. The pi ovision of openings 
through which the water falls freely on to whatever is below tlie bridge is seldom 
permissible except m the case of a bridge crossing water where water-borne traffic 
is negligible. In all cases, however, it is essential that the water should be dis¬ 
charged free of the structure, otherwise stains will be produced on the surface. 

For bridges over roads, footpaths, railways, and frequented rivers, the rain¬ 
water should be collected at each pier and abutment and conducted to the foot 
of the pier where it can be discharged into the drainage system beneath, or directly 
into the river, as the case may be. For appearance sake the pipes should be con¬ 
cealed, but they should not be so arranged that leaks cannot be detected and 
easily repaired. 

Where the road surface is of bituminous or asphaltic material it may be 
impervious to such an extent that all rainwatei falling upon it finds its way to the 
drainage system. If the surfacing is not impervious, as in the case of ballasted 
railway tracks, the concrete deck slab should be sloped towards transverse and 
longitudinal channels formed in the slab so that the water is conducted to the 
drainage system. Although the concrete may be practically impervious to water 
passing over it, waterproofing measures, such as asphalting, should be taken in 
all parts of the work where water in large quantities can collect, due either to the 
presence of pockets in the work or to discharge pipes being accidentally clogged. 
Generally the place most susceptible to such collections is behind the springings 
of earth-filled solid-spandrel bridges, and in cellular abutments. Normally the 
design would provide for such positions to be adequately drained. 

Wind Pressure, 

It is difficult t6 assess the effects of wind on bridges, and the rules relating to 
buildings are of little value. In a normal reinforced concrete bridge of small or 
medium span erected at the same level as the surrounding ground and of a width 
about equal to the height, forces due to the pressures and suctions of the wind 
can be neglected as the stresses induced thereby are small compared with those 
due to dead and live loading. For high bridges or for bridges erected in exposed 
positions the stresses due to wind should be investigated, although for road bridges 
under conditions of dead load plus live load (including impact) plus the effect of 
temperature, shrinkage, and arch contraction plus wind pressure, it is probably 
acceptable to increase the allowable stresses by one-third (as in buildings) above 
the stress permissible for all these effects except wind pressure. In the design of 
reinforced concrete bridges the increase in stress due to wind pressure, and 
longitudinal centrifugal forces, might be limited to 20 per cent, of the permissible 
stresses due to dead load plus live load (including impact and lurching) plus the 
effects of temperature, shrinkage, and arch contraction. 

The effect of wind varies with the situation of the structure, the degree of 
shelter afforded by the environment (buildings, hills, etc.), the height above the 
general level of the surrounding terrain, the rigidity of the structure, and the 
shape of the members. The presence of vehicles or trains on a bridge increases 

the area of resistance to wind. 
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The magnitude of the pressures and suctions resulting from wind on a structure 

depends on the velocity of the wind and the shape of the member exposed. The 
velocity in turn depends on the district and the height. In Britain the velocity 
of gusts of wind rarely exceeds lOO miles per hour, and such gusts are limited to 
the western coasts. Gusts of upwards of 8o miles an hour are, however, fairly 

widely, although infrequently, experienced in exposed positions. Thus for 

practical design, and in the absence of any local meteorological observations, the 
maximum velocities near ground level might be taken as 85 miles an hour in 
Wales and in the West'of England and Scotland, 75 miles an hour in the east and 

south of England and the east of Scotland, and 70 miles an hour in the central 

parts of England. These velocities are applicable to sites near the coast and on 
mountains inland, and may even require to be increased if conditions of extreme 
seaward exposure obtain. For inland sites in open flat or undulating country 
velocities equal to 85 per cent, of the foregoing can be assumed, and 75 per cent, 
of the maximum velocities where the bridge is sheltered from full exposure by 
surrounding hills. These velocities would be applicable to structures extending 

not more than 40 ft. above the general ground level. A formula given by the 
Meteorological Office for the variation of wind velocity (V m.p.h.) with height 

{h ft.) can be transformed into the expression 

V = K[J + 2-8i log (0-305^ + 475)] 

where A is a constant that can be evaluated if the velocity is known at a given 

height. For the conversion of wind velocity in miles per hour into pressure 
(p lb. per square foot) on large flat surfaces the expression p ™ 0*0034^2 can be 

adopted. A comprehensive formula, which is given in the British Standard 
Code for “ Loading,'" gives the relation between pressure, wind velocity at 40 ft., 

and height as 
V / 

p = ^—VI + o*o6/?. 
600 

It is assumed that there is no increase in pressure at heights above 200 ft. 
The following numerical examples indicate the method of assessing the basic 

pressure p. 
(i) Assuming a maximum wind velocity of 85 miles per hour at 40 ft. above 

ground level, determine the pressure on a flat surface 100 ft. above ground level 
for conditions of maximum exposure. 

(a) From V = K[i + 2-8i log (0-305* + 4-75)] 
85 = K[i + 2-8i log (12-2 + 4-75)]. 

Therefore K = 19-05. 
Thus at 100 ft., V = i9-05[i + 2-81 log (30-5 + 4-75)] = 102 m.p.h. 
Therefore p = 0-0034 X 102® = 35 lb. per square foot. 

Y% _ gj-2  _ 

ib) From p = -—Vi + o*o6/?, p = -—Vi + 6 = 32 lb. per square foot. 
600 600 

(ii) For what maximum wind pressure should a bridge in an inland district 
and sheltered from full exposure be designed ? Assume the parapet of the 
bridge is 20 ft. above the general ground level. 

The appropriate maximum velocity is 75 per cent, of 70 miles per hour at 
40 ft., that is, 52J miles per hour. 



(a) 

Therefore 
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52-5 == A[i 4- 2-8i log (i2-2 4- 475)]. 
K = 1175. 
V = ii75[i 4- 2-8i log (6-1 t- 475)J :.= 46 m.p.h. 

Thus p : - 0-0034 X 46^“ ~ 7-2 lb. per square foot. 

{b) p --Vi + 1*2 ™ 6*8 lb. per square foot. 
600 

When contrary pressures are not specified, it is usual to consider tliat an 
unloaded bridge is subject to wind pressure of 50 lb. per square foot, a loaded 
road bridge to 20 lb. per square foot, and a loaded railway bridge to 30 lb. per 
square foot. 

^ The effect of wind on a bridge or any other structure has not yet been fully 
investigated, and the assumption of a uniform pressure on the windward side is 
merely a conventional manner of allowing something for the complex distribution 
of positive and negative pressures that occur on the surfaces of the various 
members. 

The pressure on a surface which is not flat is less if the surface is convex and 
greater if concave. Concave surfaces of great extent are not common in bridge 
design. The wind pressures on members presenting a surface other than a flat 
one normal to the wind can be reduced by 40 per cent, if cylindrical and by 20 per 
cent, for other shapes, although for a square section on which the wind blows 
normal to a diagonal a reduction of one-third can be made. 

The area of a bridge assumed to be exposed to the wind is normally the area 
of the windward elevation, although some allowance should be made for the 
leeward parapets and girders. When the bridge is an open-spandrel or similar 

openwork design, the pressure on the exposed leeward area (that is, the net area 
of the leeward girders, arches, or parapets facing windward) should be included, 
but some reduction in the area so included can be made if the distance between the 
windward and leeward areas is less than twice the depth of the members concerned. 
Alternative assessments of wind loading should be made for the unloaded and the 
loaded bridge. In the latter case, allowance can be made for the leeward parts 
screened by the load, but the area of the latter extending above the parapets, or 
having the effect of converting open-parapets or girders into solid members, must 
be included in the windward exposed area. 

It is seldom necessary to design each secondary mcoiber of a reinforced 
concrete bridge for wind stresses, but the principal members and the bridge as a 
whole should be analysed for wind effects, bracing (as in bowstring construction) 
being provided where necessary. Considerable stresses can be induced in light 
members due to vibrations caused by the periodicity of wind gusts, but again it is 
unusual for reinforced concrete members to be susceptible to this phenomenon. 

Testing and Maintenance. 

Where bridges are required to be tested, the test load should not be applied 
until all parts of the structure affected have attained the design strength. It is 
not usual for the test load on a bridge to exceed by a specified amount the design 
load, as in buildings, but it is rarely possible for the test load to be exactly the 
same as the specified design load owing to the difficulty of obtaining sufficient 
vehicles of the prescribed weights. It is necessary, therefore, to determine what 

FF 
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vehicles (or locomotives in the case of railway bridges) will be available for the 
test and to dispose these in one or more arrangements so that the maximum 
bending moments, thrusts, and shear forces due to the design load are produced 
at the critical sections. Thus, although the design load for a road bridge may be 
a uniform load combined with a knife-edge load, it may be necessary to simulate 
the effects of this loading by means of several steam rollers, traction engines 
drawing heavy loads on trailers, loaded steam wagons, etc. In some tests, a deep 
layer of sand spread over the roadway and the footpaths has been combined with 
moving vehicles to correspond to the design load, but in the case of a large bridge 
the cost of clearing away the sand would usually make the test more expensive 
than hiring heavy vehicles for the purpose. 

If a specified vehicular or locomotive load is subject to impact, it is necessary 
to reproduce this effect to some extent in the test. In some cases an artificial 
impact has been produced by running lorries over a plank laid on the deck. 

During the test, apart from close inspection for the occurrence of cracks 
(a record of the sequence in which cracks appear is as important as records of the 
final cracks), deflections at midspan should be measured during various stages 
of the test and any residual deformation after the lemoval of the load should be 

determined. 
During the life of a bridge a regular inspection and recording service should 

be instituted either by the authority owning the bridge or by the designing 
engineers on behalf of the authority. Among the matters which should be the 
object of routine inspections is the operation of the drainage system, expansion 
joints, hinges, and sliding bearings. If slight cracks are detected, either in the 
road surface or elsewhere, these should be kept under observation, and by means 
of “ tell-tales '' or otherwise, their development should be watched until the cause 
is ascertained and the defect made good. Settlement of foundations and scour 
at river piers should be watched for, and examination should be made for deteriora¬ 
tion of surfaces. All such records should be allied to a corresponding record of 
weather cycles. 

Plain Concrete Bridges. 

Concrete bridges without reinforcement are now seldom constructed, although 
in the past plain in-situ concrete arches were common. Many plain concrete 
viaducts were built^with a facing of brick, their true structure being hidden. 

Plain concrete arches are sometimes built with precast concrete blocks, 
in the same manner as are masonry arches, with concrete haunching on the 
arch ring. Several solid-spandrel concrete viaducts of this type consisting of 
arches of about 30-ft. span have been constructed in connection with railway 
extensions near London, and plain concrete blocks have elsewhere replaced 
masonry for the construction of open-spandrel arches. In^situ plain concrete 
arches are often suitable for small culverts. An outstanding example of a cast 
in-situ plain concrete bridge is that built at Wansford in 1928. This^has two 
side spans of 50 ft. and a middle span of no ft. 

As plain concrete can resist practically no tensile stress, it is not suitable for 
beams or slabs. Arches of plain concrete must be designed so that the concrete 
is always in compression, which condition is assured as regards stresses due to the 
primary structui^ action if the line of thrust under any condition of loading 
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remains within the middle third of the thickness of the arch ring. Such arches 
are therefore designed in the same way as are masonry arches, as described in 
most text books on the theory of simple structures. Arches without reinforce¬ 
ment can be provided with two or three hinges depending upon the same conditions 
as described for reinforced concrete arches in Chapter VIL Plain concrete arches 
are only practicable when the ratio of rise to span is more than about i to 7 ; 
the arch ring is much thicker than a corresponding arch in reinforced concrete. 
In some circumstances a plain concrete arch may be economical, one obvious 
circumstance being when steel is very dear or unobtainable. 

Although the statical calculations may show the absence of tensile stresses 
in an arch, such stresses may be induced due to the shrinking of the concrete on 
maturing, or to thermal contraction. Stresses due to restrained shrinking can 
be kept small by casting an arch ring in short pieces with gaps between and filling 
the gaps subsequently. The use of precast concrete blocks obviates almost the 
whole of the stresses due to shrinking, but construction m alternate segments or 
methods producing similar results must be used m the construction of plain 
in-situ concrete retaining walls, piers, and abutments. 

The prevention of stresses due to restrained thermal contraction is less 
simple, but aids in this direction include casting the concrete when the tem¬ 
perature is not high (but not so low as to cause trouble from freezing), and the 
provision of permanent hinges in the arch ring. Undesirable stresses due to 
temperature may also occur because of the heat generated during the setting 
of the cement being unable to escape from the mass of the concrete. This 
condition, which is likely to occur in massive plain concrete abutments or the 
foundations of piers, can be in part obviated by using a low-heat cement, by 
providing artificial means of cooling the concrete, or by placing the concrete in 
small quantities at long intervals of time. 

The methods described in Chapter VIII for the design of massive plain 
concrete abutments for arches are applicable whether the arch is of plain or rein¬ 
forced concrete.. 



APPENDIX I 

CONDITIONS OF CONTRACT 

In the following is given (by permission) the General Conditions of Contract issued 
jointly by the Institution of Civil Engineers and the Federation of Civil Engineering 
Contractors m 1946. These conditions are suitable lor use in connection with civil 
engineering contracts such as bridge construction. 

It is imperative that the engineer, when using standard conditions, should examine 
the circumstances of each contract to ensure that the /cquircments of every clause 
are in accordance with his intentions. Where any clause is contrary to the latter 
the wording should be altered and the remaining clauses should be scrutinised to 
detect inconsistencies arising from the modification. It is desirable to indicate to 
the contractor any variations that have been made from standard conditions ; other¬ 
wise the contractor may overlook important differences and thereby cause trouble 
for himself or the engineer during the progress of the work. 

There are m most standard conditions a number of optional clauses, and th(‘se 
should be studied particularly and the selected clause clearly indicated, either in 
the clause itself, or in an addenda to the Conditions of Contract, or preferably on 
the Form of Tender. In the conditions given in this Appendix, the following clauses 
re(iuire the exercise of the engineer's option : 

Clause 10.—State the amount of the bond, if any. 
Clause 22.—State the amount of the third-party insurance. 
Clause 43.—The time for completion of the works should generally be stated 

by the contractor when submitting his tender. 
Clause 47.—State the amount of liquidated damages, if any. 
Clause 49.—State the length of the maintenance period. This may be six months 

or one year for a bridge contract. 
Clause 60 (i).—The percentage and limit of the retention money should be stated 

together with the minimum amount of an interim certificate. The percentage is 
usually 10 per cent., but the other sums depend upon the value of the contract. 

Clause Go (iii).—The period within which j)ayment is to be made after a certificate 
has been issued should be stated. Fourteen days is a convenient period. 

There will generally be a number of special conditions relating to a particular 
contract. These can be inserted at the end of the general conditions or in the preamble 
to the specification. In the following typical documents the latter course has been 
adopted. 

436 
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GENERAL CONDITIONS OF CONTRACT. 

Deiinitions and Interpretation. 

1. In the Contract (as hereinafter defined) the following words and expressions 
shall have the meanings hereby assigned to them except where the context otherwise 
requires :— 

(rt) “ Employer " means... . .. 
of... 
and includes the Employer’s personal representatives or successors. 

(b) Contractor ” means the person or persons firm or company whose tender 
has been accepted by the Employer and includes the Contractor’s personal 
representatives, successors and permitted assigns. 

(c) “ Engineer " means... 
or other Engineer appointed from time to time by the Employer and 
notified in writing to the Contractor to act as Engine<.‘r for the purposes of 
the Contract in place of the said. 

(d) "Engineer's Representative" means any resident engineer or assistant of 
the Engineer or any clerk of works appointed from time to time by the 
Employer or the Engineer to perform the duties set forth in ('lause 2 hereof 
whose authority shall be notified in writing to the Contractor by the Engineer. 

(e) " Works " means the works to be executed in accordance with the Contract. 
(/) Contract " moans the General Conditions Specification Drawings priced 

Bill of Quantities Schedule of Rates and Brices (if any) Tender and the 
Contract Agreement. 

(") " Contract Price " means the sum named in the Tender subject to sucli 
additions thereto or deductions therefrom as may be made under the pro¬ 
visions hereinafter contained. 

(h) " Constructional Plant " means all appliances or tilings of whatsoever nature 
required in or about the execution completion or maintenance of the Works 
or lemporary Works (as hereinafter defined) but does not include materials 
or other things intended to form or forming part of the permanent work. 

(/) "Temporary Works" means all temporary works of every kind required 
m or about the execution completion or maintenance of the Works. 

(7) " Drawings " means the drawings referred to in the Spi'cification and any 
modification of such drawings approved in wTiting by the ICngineer and 
such other drawdngs as may from time to time be furnishetl or apjiroved 
in writing by the Engineer. 

(k) " Site " means the lands and other places on under in or through which the 
Works are to be executed or carried out and any other lands or places provided 
by the Employer for the purposes of the Contract. 

Words importing the singular only also include the plural and vice versa where 
the context requires. 

The headings or notes in these General Conditions shall not be deemed to be 
part thereof or be taken into consideration in the interpretation or construction 
thereof or of the Contract. 

Engineer’s Representative. 

2. The duties of the Engineer's Representative are to watch and supervise the 
Works and to test and examine any materials to be used or workmanship employed 
in connection with the Works. He shall have no authority to relieve the Contractor 
of any of his duties or obligations under the Contract nor except as expressly provided 
hereunder to order any work involving delay or any extra payment by the Employer 
nor to make any variation of or in the Works. 

The Engineer shall from time to time in writing delegate to the Engineer’s 
Representative such of the powers and authorities vested in the Engineer as may 
be necessary for the efficient execution of the Works and shall furnish to the Contractor 
a copy of all such written delegations of powers and authorities. Any written instruc¬ 
tion or written approval given by the Engineer’s Representative to the Contractor 
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within the terms of such delegation (but not otherwise) shall bind the Contractor 
and the Employer as though it had been given by the Engineer. Provided always 
as follows ;— 

(a) Failure of the Engineer's Rejuresentative to disapprove any work or materials 
shall not prejudice the power of the Engineer thereafter to disapprove such 
work or materials and to order the pulling down removal or breaking up 
thereof. 

(^) If the Contractor shall be dissatisfied by reason of any decision of the 
Engineer’s Representative he shall be entitled to refer the matter to the 
Engineer who slxall thereupon confirm reverse or vary such decision. 

Assignment and Sub-Letting. 

3. The Contractor shall not assign the Contract or any part thereof or any 
benefit or interest therein or thereunder without the written consent of the Employer. 

4. The Contractor shall not sub-let the whole of the Works. Except where 
otherwise provided by the Contract the Contractor shall not sub-let any part of the 
Works without the written consent of the Engineer and such consent if given shall 
not relieve the Contractor from any liability or obligaiion under the Contract and 
he shall be responsible for the acts defaults and neglects of any Sub-Contractor his 
agents servants or workmen as fully as if they were the acts defaults or neglects of 
the Contractor his agents servants or workmen. Provided always that the execution 
of any part of the work on a piece-work basis shall not be deemed to be a sub-letting 
thereof. 

Extent of Contract. 

5. The Contract comprises the construction completion and maintenance of 
the Works and the provision of all labour materials constructional plant temporary 
works and everything whether of a temporary or permanent nature required in 
and for such construction completion and maintenance so far as the necessity for 
providing the same is specified in or reasonably to be inferred from the Contract. 

Contract Documents. 

6. Documents Mutually Explanatory.—The several documents forming the 
Contract are to be taken as mutually explanatory of one another and in case of 
ambiguities or discrepancies the same shall be explained and adjusted by the Engineer 
who shall thereupon issue to the Contractor instructions directing in what manner 
the work is to be carried out. Provided always that if in the opinion of the Engineer 
compliance with any such instructions shall involve the Contractor in any expense 
which by reason of any such ambiguity or discrepancy the Contractor did not and 
had reason not to anticipate the Engineer shall certify and the Employer shall pay 
such additional sum as may be reasonable to cover such expense. 

7. Drawings.—^The Drawings shall remain in th% sole custody of the Engineer 
but two copies thereof shall be furnished to the Contractor free of cost. The Contractor 
shall provide and make at his own expense any further copies required by him. At 
the completion of the Contract the Contractor shall return to the Engineer all drawings 
provided under the Contract. 

The Contractor shall give adequate notice in writing to the Engineer of any 
further drawing or specification that may be required for the execution of the Works 
or otherwise under the Contract. 

One copy of the Drawings furnished to the Contractor as aforesaid shall be kept 
by the Contractor on the Site and the same shall at all reasonable times be available 
for inspection and use by the Engineer and the Engineer's Representative and by 
any other person authonsed by the Engineer in writing. 

8. Further Drawings and Instructions.—^The Engineer shall have full power 
and authority to supply to the Contractor from time to time during the progress 
of the Works such further drawings and instructions as shall be necessary for the 
purpose of the proper and adequate execution and maintenance of the Works and 
the Contractor shall carry out and be bound by the same. 
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General Obligations. 

9. Contract Agreement.—The Contractor shall when called upon so to do 
enter into and execute a contract agreement (to be prepared at the cost of the 
Employer) in the form annexed with such modifications as may be necessary. 

10. Sureties.—^The Contractor shall (if the Tender so provides) at his own 
expense provide two good and sufficient sureties or obtain the guarantee of an Insur¬ 
ance Company or Bank (in either case to be approved by the Employer) to be jointly 
and severally bound together with him to the Employer in the sum provided in the 
Tender for the due performance of the Contract. 

11. Inspection of Site.—The Contractor shall inspect and examine the Site 
and its surroundings and shall satisfy himself before submitting his tender as to the 
nature of the ground and sub-soil (so far as is practicable) the form and nature of 
the Site the quantities and nature of the work and materials necessary for the com¬ 
pletion of the Works and the means of access to the Site the accommodation he may 
require and in general shall himself obtain'all necessary information (subject as above- 
mentioned) as to risks contingencies and other circumstances which may influence 
or affect his tender. 

12. Sufficiency of Tender.—The Contractor shall be deemed to have satisfied 
himself before tendering as to the correctness and sufficiency of his tender for the 
Works and of the rates and prices stated in the priced Bill of Quantities and the 
Schedule of Kates and Prices (if any) which rates and prices shall except in so far 
as it is otherwise provided iii the Contract cover all his obligations under the Contract 
and all matters and things necessary for the proper completion and maintenance of 
the Works. If however during the execution of the Works unfavourable physical 
conditions or artificial obstructions are encountered which in the opinion of the 
Engineer could not have been reasonably foreseen by an experienced contractor then 
the Engineer shall certify and the Employer shall pay such additional sum as may 
cover the additional expense which the Contractor has reasonably incurred. 

13. Work to be to Satisfaction of Engineer.—Save in so far as it is legally 
or physically impossible the Contractor shall execute complete and maintain the 
Works in strict accordance with the Contract to the satisfaction of the Engineer and 
shall comply with and adhere strictly to the Engineer's instructions and directions 
on any matter (whether mentioned in the Contract or not). The Contractor shall 
take instructions and directions only from the Engineer or (subject to the limitations 
referred to in Clause 2 hereof) from the Engineer's Representative. 

14. Programme to be Furnished.—^As soon as practicable after the acceptance 
of his tender the Contractor shall if required submit to the Engineer for his approval 
a programme showing the order of procedure and method in which he proposes to 
carry out the Works and shall whenever required by the Engineer furnish for his 
information particulars in writing of the Contractor’s arrangements for the carrying 
out of the Works and of the Constructional Plant and Temporary Works which the 
Contractor intends to supply use or construct as the case may be. The submission 
to and approval by the Engineer of such programme or the furnishing of such particulars 
shall not relieve the Contractor of any of his duties or responsibilities under the Contract. 

15. Contractor’s Superintendence.—^The Contractor shall give or provide all 
necessary superintendence during the execution of the Works and as long thereafter as 
the Engineer may consider necessary. The Contractor or a competent and authorised 
agent or representative approved of in writing by the Engineer (which approval may 
at any time be withdrawn) is to be constantly on the Works and shall give his whole 
time to the superintendence of the same. Such authorised agent or representative shall 
receive on behalf of the Contractor directions and instructions from the Engineer or 
(subject to the limitations of Clause 2 hereof) the Engineer's Representative. 

16. Removal of Workmen.—^The Contractor shall employ in and about the 
execution of the Works only such persons as are careful skilled and experienced in 
their several trades and callings and the Engineer shall be at liberty to object to 
and require the Contractor to remove from the Works any person employed by the 
Contractor in or about the execution of the Works who in the opinion of the Engineer 
mt^onducts himself or is incompetent or negligent in the proper performance of 
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his duties and sucli persons shall not be again employed upon the Works without 
the permission of the Engineer. 

17. Setting-Out.—The Contractor shall be responsible for the true and proper 
setting-out of the Works and for the correctness of the position levels dimensions 
and alignment of all parts of the Works and for the provision of all necessary instru¬ 
ments appliances and labour in connection therewith. If at any time during the 
progress of the Works any error shall appear or arise in the position levels dimensions 
or alignment of any part of the Works the Contractor on being required so to do by 
the Engineer shall at his own expense rectify such error to the satisfaction of the 
Engineer unless such error is based on incorrect data supplied in writing by the 
Engineer or the Engineer's Representative in which case the expense of rectifying 
the same shall be borne by the Employer. The checking of any setting-out or of 
any line or level by the Engineer or the Engineer’s Representative shall not in any 
way relieve the Contractor of his responsibility for the correctness thereof and the 
Contractor .shall carefully protect and preserve all bench-marks site-rails pegs and 
other things used in setting out the Works. 

18. Boreholes and Exploratory Excavation.—If at any time during the 
execution of the Works the Engineer shall require the Contractor to make boreholes 
or to carry out exploratory excavation such requirement shall be ordered in writing 
and shall be deemed to be an addition ordered under the provisions of Clause 51 
hereof unless a provisional sum in respect of such anticipated work shall have been 
included in the Bill of Quantities. 

19. Watching and Lighting.—The Contractor shall in connection with the 
Works provide and maintain at his own cost all lights guards fencing and watching 
when and where necessary or required by the Engineer or by any competent statutory 
or other authority for the protection of the Works or for the safety and convenience 
of the public or others. 

20. Care of Works.—From the commencement to the completion of the Works 
the Contractor shall take full responsibility for the care thereof and of all Temporary 
Works and in case any damage loss or injury shall happen to the Works or to any 
part thereof or to any Temporary Works from any cause against which the Contractor 
is required by the Contract to insure or from any other cause save one which could 
not reasonably be attributed to the fault of the Contractor the ('ontractor .shall at 
his own cost repair and make good the same so that at completion the Works shall 
be in good order and condition and in conformity in every respect with the requirements 
of the Contract and the Engineer’s instructions. In the event of damage loss or 
injury to the Works or any part thereof or to any Temporary Works occurring from 
any cause for which the Contractor is not responsible under this condition the 
Contractor shall if and to the extent required by the Engineer repair and make good 
the same as aforesaid at the cost of the Employer. 

21. Damage to Persons and Property.—(i) The Contractor .shall take every 
practicable precaution not to damage or injure any adjoining or other properties or 
any persons. He shall (except if and so far as the Specification provides otherwise) 
be responsible for all injuries or damage to any person or property whatsoever (includ¬ 
ing surface or other damage to land being or crops being on the Site) which may happen 
before the end of the Period of Maintenance named in the Tender (subject however 
to the provisions of Clause 49 hereof) arising out of or in consequence of the construc¬ 
tion of the Works or any Temporary Works and shall indemnify and keep indemnified 
the Employer against all claims demands proceedings damages costs charges and 
expenses whatsoever in respect of or in relation to any such injuries or damage. 
Provided always that nothing herein contained shall be deemed to render the Contractor 
liable for or in respect of any compensation or damages for or with respect to :— 

(a) The permanent use or occupation of land by the Works or any part thereof 
\h) The right of the Employer to construct the Works or any part thereof on 

over under in or through any land 
(c) Interference whether temporary or permanent with any right of light air 

way or water or other easement or quasi-easement which is the unavoidable 
result of the construction of the Works in accordance with the Contract 
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{d) Injuries or damage to persons or property resulting from any act or neglect 
of the Employer his agents servants or other contractors or (save in regard 
to damage to crops as aforesaid) from the carrying out of the Works by the 
Contractor in due accordance with the Contract 

or for or ni respect of any claims demands proceedings damages costs charges and 
expenses in respect thereof or in relation thereto. 

(ii) The Employer will save harmless and indemnify the Contractor from and 
against all claims demands proceedings damages costs charges and expenses in respect 
of the matters referred to in the proviso to sub-clause (i) of this Clause, 

22. Limitation of Liability for Damage.—Notwithstanding the provisions of 
CUiuses 20 and 21 hereof the Contractor shall not be liable for or in respect of any 
damage to the Works or to adjoining or other properties or for or in respect of injuries 
to persons for any amount in excess of such amount as by the Tender he is required 
to take out a policy or policies of insurance against such risks unless such damagcj 
or injuries result from the negligence of the Contractor his agents workmen or servants. 

23. Contractor’s Insurance. —Without limiting his obligations and respon¬ 
sibilities under the Contract the Contractor shall imsure in the joint names of the 
Employer and the Contractor against all risks of Act of God (which shall include any 
act of nature) the King’s enemies insurrection civil riot and iire until the Works are 
taken over by the Employer — 

[a) The Works and the Temporary Works to the full value of such works executed 
from time to time. 

[h) The materials Constructional Plant and other things brought on to the Site 
by the Contractor to the full value of such materials Constructional Plant 
and other things. 

Such insurances shall be effected with a company approved by the Employer 
and the Contractor shall whenever required produce to the Engineer the policy or 
policies of insurance and the receipts for payment of the current premiums. 

24. Remedy on Failure to Insure.—If the Contractor shall fail to effect and 
keep in force the insurances referred to in Clause 23 hereof or any other insuranci* 
which he may be required to effect under the terms of the Contract then and in any 
such case the Employer may effect and keep in force any such insurance and pay such 
premium or premiums as may be necessary for that purpose and from time to time 
deduct the amount so paid by the Employer as aforesaid from any monies due or which 
may become due to the Contractor or recover the same as a debt due from the ('ontractor. 

25. Workmen’s Compensation Insurance.—The Employer shall not be 
liable for or in respect of any damages or compensation under the k'atal Accidents 
Act 1846 the Employers’ Liability Act 1880 the Workmen’s Compensation Acts 
the National Insurance Acts or any statutory re-enactment extension or modification 
of those Acts or any of them or at Common Law by or in consequence of any accident 
or injury to any workman or other person whether in the employment of the Con¬ 
tractor or any Sub-Contractor and the Contractor shall indemnify and keep indemni¬ 
fied the Employer against all such damages or compensation and against all claims 
demands proceedings costs charges and expenses whatsoever in respect thereof or 
in relation thereto. 

The Contractor shall effect a policy of insurance against all liability to pay 
damages or compensation as aforesaid in respect of all workmen and other persons 
who may be employed on the Works with a company approved by the Employer 
(which approval shall not be unreasonably withheld) and shall continue such insurance 
during the whole of the time that any persons are employed by him on the Works 
and shall when required produce to the Engineer such policy of insurance and the 
receipt for payment of the current premium. Provided always that in respect of 
any persons employed by any Sub-Contractor the Contractor’s obligation to effect a 
policy of insurance as aforesaid under this sub-clause shall be satisfied if the Sub- 
Contractor shall have effected such a policy of insurance in respect of such persons 
but the Contractor shall require such Sub-Contractor to produce to the Engineer when 
required such policy of insurance and the receipt for payment of the current premium. 

26. Givtag of Notices and Payment of Fees.—The Contractor shall give all 
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notices and pay all fees required to be given or paid by any Act of Parliament or 
any Regulation or Bye-law of any local or other statutory authority in relation to 
the execution of the Works or of any Temporary Works and by the rules and regulations 
of all public bodies and companies whose property or rights are affected or may be 
affected in any way by the Works or any Temporary Works. The Contractor shall 
conform in all respects with the provisions of any general or local Act of Parliament 
and the Regulations or Bye-laws of any local or other statutory authority which may 
be applicable to the Works or to any Temporary Works and with such rules and 
regulations of public bodies and companies as aforesaid and shall keep the Employer 
indemnified against all penalties and liability of every kind for breach of any such 
Act Regulation or Bye-law. Provided always that the Employer will repay or allow 
to the Contractor all such sums as the Engineer shall certify to have been properly 
payable and paid by the Contractor in respect of such fees. 

27. Fossils, etc.—All fossils coins articles of value or antiquity and structures 
and other remains or things of geological or archaeological interest discovered on 
the site of the Works shall as between the Employer and the Contractor be deemed 
to be the absolute property of the Employer and the Contractor shall take reasonable 
precautions to prevent his workmen or any other persons from removing or damaging 
any such article or thing and shall immediately upon discoveiy thereof and before 
removal acquaint the Engineer of such discovery and carry out at the expense of 
the Employer the Engineer's orders as to the disposal of the same. 

28. Patent Rights and Royalties.—^The C-ontractor shall save harmless and 
indemnify the Employer from and against all claims and proceedings for or on account 
of infringement of any patent rights design trade-mark or name or other protected 
rights in respect of any Constructional Plant machine work or material used for or 
in connection with the Works or Temporary Works or any of them and from and 
against all claims demands proceedings damages costs charges and expenses what¬ 
soever in respect thereof or in relation thereto. Except where otherwise specified 
the Contractor shall pay all tonnage and other royalties rent and other payments 
or compensation (if any) for getting stone sand gravel clay or other materials required 
for the Works or Temporary Works or any of them. 

29. Interference with Traffic and Adjoining Properties,—^All operations 
necessary for the execution of the Works and for the construction of any Temporary 
Works shall so far as compliance with the requirements of the Contract j^ermits be 
carried on so as not to interfere unnecessarily or improperly with the public conveni¬ 
ence or the access to use and occupation of public or private roads and footpaths or 
to or of properties whether in the possession of the Employer or of any other person 
and the Contractor shall save harmless and indemnify the Employer in respect of 
all claims demands proceedings damages costs charges and expenses whatsoever 
arising out of or in relation to any such matters. 

30. Extraordinary Traffic.—The Contractor shall except where otherwise 
provided be responsible for all claims demands proceedings damages costs charges 
and expenses in respect of damage or injury to highways and bridges caused by 
extraordinary traffic arising out of the execution of the W'orks and he shall make 
good all such damage or injury to the entire satisfaction of the Authority or Authorities 
having the control and maintenance of such highways and bridges or if such Authority 
or Authorities shall prefer to make good the same themselves the Contractor shall 
be responsible for so much of the cost so incurred as may be referable to extraordinary 
traffic arising out of the execution of the Works. The Contractor shall indemnijfy 
and save harmless the Employer from and against all such claims which may be brought 
or made against the Employer and from and against all demands proceedings damages 
costs charges and expenses whatsoever arising thereout or in connection therewith. 
The Employer shall reimburse the Contractor the cost and expenses as certified by 
the Engineer which the Contractor may properly have incurred from this cause 
provided that the Contractor shall in the opinion of the Engineer have taken all 
reasonable precautions to prevent such damage or injury by the use of alternative 
routes vehicles methods of loading them or other action and by compliance with any 
statutory requirements as to limitations of weights and class of vehicles. 
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31. Facilities for Other Contractors.—^The Contractor shall in accordance 
with the requirements of the Engineer afford all reasonable facilities for any other 
contractors employed by the Employer and their workmen and for the workmen 
of the Employer and of any other properly authorised authorities or statutory bodies 
who may be employed in the execution on or near the Site of any work not included 
in the Contract or of any Contract which the Employer may enter into in connection 
with or ancillary to the Works. 

32. Supply of Plant Material and Labour.—Except where otherwise specified 
the Contractor shall at his own expense supply and provide all the Constructional 
Plant Temporary Works materials both for temporary and for permanent works 
labour (including the supervision thereof) transport to or from the site and in and 
about the Works and other things of every kind required for the construction com¬ 
pletion and maintenance of the Works. 

33. Clearance of Site on Completion.—On the completion of the Works the 
Contractor shall clear away and remove from the Site all Constructional Plant surplus 
materials rubbish and Temporary Works of every kind and leave the whole of the Site 
and Works clean and in a workmanlike condition to the satisfaction of the Engineer. 

Labour. 

34. (i) The Contractor shall pay rates of wages and observe hours of labour 
I not less favourable than those commonly recognised by employers and trade societies 

(or in the absence of such recognised wages and hours those which in practice prevail 
amongst good employers) in the trade in the district where the work is carried out. 
Where there are no such wages and hours recognised or prevailing in the district 
those recognised or prevailing in the nearest district in which the general industrial 
circumstances are similar shall be adopted. Further the conditions of employment 
generally accepted in the district in the industry concerned shall be taken into account 
in considering how far the terms of this Clause are being observed. The Contractor shall 
be responsible for the observance of the terms of this Clause by any Sub-Contractor. 

(ii) The Contractor shall from time to time and at all times during the continuance 
of the Contract display and keep displayed upon the Site and in every factory work¬ 
shop or place occupied or used by the Contractor in or about the execution of the 
Contract in a position in which the same may easily be read by all persons in his 
employ a clearly printed or written copy of sub-clause (i) of this Clause. 

(in) The Contractor shall keep proper wages books and time sheets showing 
the wages paid and the time worked by such persons and such wages books and time 
sheets shall be produced whenever required for the inspection of the Engineer. 

(iv) The wages hours and conditions of employment above referred to shall be 
those prescribed for the time being by the Civil Engineering Construction Conciliation 
Board for Great Britain save that the rates of wages payable to any class of labour 
in respect of which the said Board does not presmbe a rate shall be governed by the 
provisions of sub-clause (i) of this Clause. 

35. Returns of Labour, etc,—The Contractor shall if required by the Engineer 
deliver to the Engineer or at his office a return in such form and at such intervals 
as the Engineer may prescribe showing in detail the numbers of the several classes 
of labour from time to time employed by the Contractor on the Site and such informa¬ 
tion respecting Constructional Plant as the Engineer may require. 

Work Materials and Plant. 

36. Quality of Materials and Workmanship and Tests.—All materials and 
workmanship shall be of the respective kinds described in the Contract and in accord¬ 
ance with the Engineer's instructions and shall be subjected from time to time to 
such tests as the Engineer may direct at the place of manufacture or fabrication 
or on the Site or at all or any of such places. The Contractor shall provide such 
assistance instruments machines labour and materials as are normally required for 
examining measuring and testing the Works and the quality weight or quantity of 
the materials used and shall supply samples of materials before incorporation in the 
Works for testing as may be selected and required by the Engineer. 
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The cost of making any test shall be borne by the Contractor. Provided that where 
the test or the sample ordered is clearly not intended by or provided for in the Specifica¬ 
tion or Bill of Quantities the cost thereof shall be paid to the Contractor by the Employer. 

Provided also that if any test of materials is ordered by the Engineer to be carried 
out by an independent person at any place other than the Site or the place of manu¬ 
facture or fabrication of the materials the cost of making such test (but not the cost 
of the samples) shall be paid to the Contractor by the Employer unless the test shall 
show the workmanslup or materials to be not in accordance with the provisions of 
the Contract or the Engineer’s instructions. 

Unless otherwise specified the cost of any test required by the Engineer of 
finished or partially finished work under load or to ascertain whether the design of 
such work is appropriate for the purposes which it was intended to fulfil shall be borne 
wholly by the Employer. 

37. Access to Site. -The Engineer and any person authorised by him shall 
at all times have access to the Works and to the Site and to all workshops and places 
where work is being prepi»red or whence materials manufactured articles and machinery 
are being obtained for the Works and the Contractor shall afford every facility for 
and every assistance in or in obtaining the right to such access. 

38. Examination of Work before Covering.^—(i) No work shall be covered 
up or put out of view without the approval of the Engineer and the Contractor shall 
afford full opportunity for the Engineer to examine and measure any work which 
is about to be covered up or put out of view and to examine foundations before 
jwmanent work is placed thereon. The Contractor shall give due notice to the 
Engineer whenever any such work or foundations is or are ready or about to be ready 
for examination and the Engineer shall without unreasonable delay unless he considers 
it unnecessary and advises the Contractor accordingly attend for the purpose of 
examining and measuring such work or of examining such foundations. 

(ii) The Contractor shall uncover any part or parts of the Works or make openings 
in or through the same as the Engineer may from time to time direct and shall reinstate 
and make good such part or parts to the satisfaction of the Engineer. If any such 
part or parts have been covered up or put out of view after compliance with the 
recpiirements of sub-clause (i) of this Clause and are found to be executed in accord¬ 
ance with the Contract the expenses of uncovering making openings in or through 
reinstating and making good the same shall be borne by the Employer but in any 
other case all such expenses shall lie borne by the ('ontractor and shall be recoverable 
from him by the Employer or may be deducted by the Employer from any monies 
due or which may become due to the Contractor. 

39. Removal of Improper Work and Materials.—The Engineer shall during 
the progress of the Works have power to order in writing from time to time 

(a) The removal from the Site within such time or times as may be specified 
in the order of any materials which in the opinion of the Engineer are not 
in accordance with the Contract 

(b) The substitution of proper and suitable materials and 
(r) The removal and proper re-execution (notwithstanding any previous test 

thereof or interim payment therefor) of any work which in respect of materials 
or workmanship is not in accordance with the Contract. 

In case of default on the part of the Contractor in carrying out such order the 
Employer shall be entitled to employ and pay other persons to carry out the same and 
all expenses consequent thereon or incidental thereto shall be borne by the Contractor 
and shall be recoverable from him by the Employer or may be deducted by the 
Employer from any monies due or w^hich may become due to the Contractor. 

40. Suspension of Work.—The Contractor shall on the written order of the 
Engineer suspend the progress of the Works or any part thereof for such time or 
times and in such manner as the Engineer may consider necessary and shall during 
such suspension properly protect and secure the work so far as is necessary in the 
opinion of the Engineer. The extra cost (if any) incurred by the Contractor in giving 
effect to the Engineer’s instructions under this Clause shall be borne and paid by 
the Employer unless such suspension is 
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(а) otherwise provided for in the Contract or 
(б) necessary for the proper execution of the work or by reason of weather 

conditions or by some default on the part of the Contractor or 
(c) necessary for the safety of the Works or aii}^ ])art thereof. 

Provided that the Contractor shall not be entitled to recover any such extra cost 
unless he gives notice in writing of his intention to claim to the Engineer within 28 
days of the Engineer’s order. The Engineer shall settle and determine the extra 
payment to be made to the (Tintractor in respect of such claim as the Engineer shall 
consider fair and reasonable. 

if the progress of the works or any part thereof is suspended on the written order 
of the Engineer for more than three months the Contractor may serve a written notice 
on the Engineer requiring permission within 28 days from the receipt thereof to 
proceed with the Works or that part thereof in regard to wliich progress is suspended 
and if such permission is not granted within that time the C'ontractor by a further 
written notice so served may (but is not bound to) elect to treat the suspemsion where it 
affects part only of the Works as an omission of such part under Clause 51 hereof or where 
it affects the whole Works as an abandonment of the Contract by the Employer. 

Commencement Time and Delays. 

41. Commencement of Works .—The Contractor shall commence the Works 
within 14 days after the receipt by him of an order in wTiting to this effect from tlie 
Engineer and shall proceed with the same with due expedition and without delay 
except as may be expressly sanctioned or ordered by the Engineer or be beyond the 
Contractor's control. 

42. Possession of Site.—Save in so far as the Contract may prescribe the 
(‘xtent of portions of the Site of which the Contractor is to be given possession from 
time to time and the order in which such portions shall be made available to him and 
subject to any requirement in the Contract as to the order in which the Works shall 
be executed the Employer will with the Engineer’s written order to commence the 
Works give to the Contractor possession of so much of the Site as may be required 
to enable the Contractor to commence and proceed with the construction of the 
Works and will from time to time as the Works proceed give to the Contractor posses¬ 
sion of such further portions of the Site avS may be required to enable the Contractor 
to proceed with the construction of the Works with due despatch in accordance with 
the Contractor's plans for the execution thereof. If the Contractor suffers delay or 
incurs expense from failure on the part of the Employer to give possession in accord¬ 
ance with the terms of this Clause the Engineer shall grant an extension of time for 
the completion of the Works and certify such sum as he considers fair to cover the 
expense incurred which sum .shall be paid by the Employer. 

The Contractor shall bear all expenses and charges for special or temporary 
way leaves required by him in connection with access to the Site. The Contractor 
shall also provide at his own cost any additional accommodation outside the Site 
required by him for the purposes of The Works. 

43. Time for Completion.—Subject to any requirement in the Specification 
as to completion of any portion of the Works before completion of the whole the 
whole of the Works shall be completed within the time stated in the Tender calculated 
from the date of the Engineer's written order to commence the Works or such extended 
time as may be allowed under Clause 44 hereof. 

44. Extension of Time for Completion.—Should the amount of extra or 
additional work of any kind or other special circumstances of any kind whatsoever 
which may occur be such as fairly to entitle the Contractor to an extension of time 
for the completion of the work the Engineer shall determine the amount of such 
extension. Provided that the Engineer is not bound to take into account any extra 
or additional work or other special circumstances unless the Contractor has within 
28 days after such work has been commenced or such circumstances have arisen 
or as soon thereafter as is practicable delivered to the Engineer full and detailed 
particulars of any claim to extension of time to which he may consider himself entitled 
in order that such claim may be investigated at the time. 
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45. No Ni^t or Sunday Work.—Subject to any provision to the contrary 
contained in the Contract none of the permanent work shall save as hereinafter pro- 
vided be carried on during the night or on Sundays without the permission in wnting 
of the Engineer save when the work is unavoidable or absolutely necessary for the 
saving of life or property or for the safety of the Works in which case the (^ontractor 
shall immediately advise the Engineer's Representative. Provided always that the 
provisions of this ClaUvSe shall not be applicable in the case of any work which it is 
customary to carry out by rotary or double shifts. 

46. Rate of Progress.—The whole of the materials plant and labour to be 
provided by the Contractor under C'laiise 5 hereof and the mode manner and speed 
of execution and maintenance of the Works are to be of a kind and conducted in a 
manner approved of by the Engineer. Should the rale of progress of the Works 
or any part thereof be at any time in the opinion of the Engineer too slow to ensure 
the completion of the Works by the proscribed time or extended time for completion 
the Engineer shall so notify the Contractor in writing and the Contractor shall there¬ 
upon take such steps as the ('ualractor may think necessary to expedite progress so 
as to complete the Works by the jiresctibed time or extended time for completion. 
If the work is not being carried on by day and by night and the Contractor shall 
request permission to work by night as well as by day the Engineer shall grant such 
permission but the Contractor shall not be entitled to any additional payment for 
so doing. All work at night shall be carried out without unreasonable noise and 
disturbance. The Contractor shall indemnify the Employer from and against any 
liability for damages on account of noise or other disturbance created wliile or in 
carrying out the work and from and against all claims demands proceedings costs 
and expenses whatsoever in regard or in relation to such liability. 

47. Liquidated Damages for Delay.—]f the Contractor shall fail to complete 
the Works within the time prescribed by Clause 43 hereof or extended time then the 
Contractor shall pay to the Employer the sum stated m the Tender as liquidated 
damages for such default and not as a penalty for every week or part of a week which 
shall elapse between the time prescribed by Clause 43 hereof or extended time as 
the case may be and the date of completion of the Works. The Employer may 
without prejudice to any other method of recovery deduct the amount of such damages 
from any monies in his hands due or which may become due to the Contractor. The 
payment or deduction of such damages shall not relieve the Contractor from his 
obligation to complete the Works or from any other of his obligations and liabilities 
under the Contract. 

If before the completion of the whole of the Works any part of the Works has 
been certified by the Engineer as completed pursuant to Clause 48 hereof and occupied 
or used by the Employer the liquidated damages for delay shall for any period of 
delay after such certification be reduced in the proportion which the value of the 
part so certified bears to the value of the whole of the Works. 

48. Certificate of Completion of Works.—As soon as in the opinion of the 
Engineer the Works shall have been substantially completed and shall have satis- 
factorily passed any final test that may be prescribed by the Contract the Engineer 
shall on receiving a written undertaking by the Contractor to finish any outstanding 
work during the Period of Maintenance issue a Certificate of Completion in respect 
of the Works and the Period of Maintenance of the Works shall commence from the 
date of such certificate. Provided that the Engineer may give such a certificate with 
respect to any part of the Works before the completion of the whole of the Works 
and shall give such certificate with respect to any substantial part of the Works which 
has been both completed to the satisfaction of the Engineer and occupied or used 
by the Employer and when any such certificate is given in respect of a part of the 
Works such part shall be considered as completed and the Period of Maintenance 
of such part shall commence from the date of such certificate. 

Maintenance and Defects. 

49. Maintenance*—^The Contractor shall for the period named in tlae Tender 
(in these Conditions referred to as the Period of Maintenance) from the date of com* 
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pletion of the Works certified by the Engineer in accordance with Clause 48 hereof 
(or in the event of more than one certificate having been issued by the Engineer in 
accordance with that Clause from the respective dates so certified) maintain the 
Works in such manner that at the expiration of the Period of Maintenance they shall 
be in as good and perfect order repair and condition (fair wear and tear excepted) 
as that in wliich they were at the commencement of the Period of Maintenance and 
shall at the expiration of such period deliver up the Works in such order repair and 
condition to the satisfaction of the Engineer. The Contractor shall at his own cost 
repair rectify and make good to the satisfaction of the Engineer all defects imper¬ 
fections shrinkages and other faults arising from or out of the use of materials or 
workmanship not in accordance with the Contract or from the neglect or failure 
on the part of the Contractor to comply with any obligation on his part under the 
Contract which may appear arise or become manifest and of which the Engineer shall 
give him written notice during the Period of Maintenance and if the Contractor shall 
fail to repair rectify and make good as aforesaid the Employer may execute the 
necessary work by his own workmen or by other contractors and recover from the 
Contractor the cost thereof or deduct the same from any monies due or that become 
due to the Contractor. Provided always that 

(a) If the Contractor shall be required to carry out any work of repair rectification 
or making good which he is not expressly liable to do at his own cost under 
the provisions of this Clause the value of such work shall be ascertained 
and paid to the Contractor as if it were additional work. 

(b) The Contractor shall not (save in the course of carrying out any work under 
this Clause) be liable for any damage to the Works or for damage or injury 
to any person or property occurring during the Period of Maintenance and 
arising out of or in consequence of the execution of the Works wdiich is not 
due to the use of materials or workmanship not in accordance with the 
Contract nor to the neglect or failure on the part of the Contractor to comply 
with any obligation on his part under the Contract and the Employer shall 
indemnify the Contractor against all claims demands proceedings damages 
costs charges and expenses what-ever arising out of or in relation to any 
such last-named damage or injury. 

50. Contractor to Search.—The Contractor shall if required by the Engineer 
in writing search for the cause of any defect imperfection or fault under the directions 
of the Engineer. Unless such defect imperfection or fault shall be one for which 
the Contractor is liable under the Contract the cost of the work carried out by the 
Contractor in searching as aforesaid shall be borne by the Employer. But if such 
defect imperfection or default shall be one for which the Contractor is liable as afore¬ 
said the cost of the work carried out in searching as aforesaid shall be borne by the 
Contractor and he shall in such case repair rectify and make good such defect imper¬ 
fection or default at his own expense in accordance with the provisions of Clause 49 
hereof. 

Alterations Additions and Omissions. 

51. Variations.—^The Engineer shall make any variation of the form quality 
or quantity of the Works or any part thereof that may in his opinion be necessary 
and for that purpose or if for any other reason it shall in his opinion be desirable 
shall have power to order the Contractor to do and the Contractor shall do any of 
the following:— 

(a) increase or decrease the quantity of any work included in the Contract 
\h) omit any such work 
\c) change the character or quality or kind of any such work 
(d) change the levels lines position and dimensions of any part of the Works and 
(«) execute additional work of any kind necessary for the completion of the Works 

and no such variation shall in any way vitiate or invalidate the Contract but the 
value (if any) of all such variations shall be taken into account in ascertaining the 
amount of the Contract Price. 

No such variation shall be made by the Contractor without an order in writing 
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of the Engineer. Provided that no order in writing shall be retjuired for increase 
or decrease in the quantity of any work wliere such increase or decrease is not the 
result of an order given under this Clause but is the result of the quantitiCvS exceeding 
or being less than those stated in the Bill of Quantities. Provided also that if for 
any reason the Engineer shall consider it desirable to give any such order verbally 
the Contractor shall comply with such order and any confirmation in writing of such 
verbal order given by the Engineer whether before or after the carrying out of the 
order shall be deemed to be an order in writing within the meaning of this Clause. 
Provided further that if the Contractor shall confirm in writing to the Engineer any 
verbal order of the Engineer and such confirmation shall not be contradicted in writing 
by the Engineer it shall be deemed to be an order in writing by the Engineer. 

52. Valuation of Variations.—(i) The Engineer shall determine the amount 
(if any) to be added to or deducted from the sum named m the Tender in respect 
of any extra or additional work done or work omitted by his order. All such work 
shall be valued at the rates set out in the Contract if m the opinion of the Engineer 
the same shall be applicable. If the Contract shall not contain any rates applicable 
to the extra or additional work then reasonable prices shall be fixed by the Engineer. 

(li) Provided that if the nature or amount of any omission or addition relative 
to the nature or amount of the whole of the contract work or to any part thereof shall 
be such that in the opinion of the Engineer the rale or price contained in the Contract 
for any item of the Works is by reason of such omission or addition rendered unreason¬ 
able or inapplicable the Engineer shall fix such other rate or price as in the circumstances 
he shall think reasonable and proper. 

Provided also that no increase of the Contract Price under sub-ckiuse (i) of this 
Clause or variation of rate or price under sub-clau.se (li) of this Clause shall be made 
unless as soon after the date of the order as is practicable and in the case of extra 
or additional work before the commencement of the work or as soon thereafter as 
is practicable notice shall have been given in writing :— 

[a] by the Contractor to the Engineer of his intention to claim extra payment 
or a varied rate or 

{b) by the Engineer to the Contractor of his intention to vary a rate or price 
as the case may be. 

(hi) The Engineer may if in his opinion it is necessary or desirable order that 
any additional or substituted work shall be executed on a daywork basis. The 
Contractor shall then be paid for such work under the conditions set out in the Day¬ 
work Schedule included in the Bill of Quantities and at the rates and prices affixed 
thereto by him in his tender and failing the provision of a Daywork Schedule he shall 
be paid at the rates and prices and under the conditions contained in the " Schedule 
of Daywork carried out incidental to Contract Work ” issued by The Federation of 
Civil Engineering Contractors current at the time when the order for such work is 
given. 

The Contractor shall furnish to the Engineer such receipts or other vouchers as 
may be necessary to prove the amounts paid and before ordering materials shall 
submit to the Engineer quotations for the same for his approval. 

In respect of all work executed on a daywork basis the Contractor shall during 
the continuance of such work deliver each day to the Engineer’s Representative an 
exact list in duplicate of the names occupation and time of all workmen employed 
on such work and a statement also in duplicate showing the description and quantity 
of all materials and plant used thereon or therefor (other than plant which is included 
in the percentage addition in accordance with the Schedules hereinbefore referred 
to). One copy of each list and statement will if correct or when agreed be signed 
by the Engineer's Representative and returned to the Contractor. At the end of 
each month the Contractor shall deliver to the Engineer’s Representative a priced 
statement of the labour material and plant (except as aforesaid) used and the Con¬ 
tractor shall not be entitled to any payment unless such lists and statements have 
been fully and punctually rendered. Provided always that if the Engineer shall 
consider that for any reason the sending of such list or statement by the Contractor 
in accordance with the foregoing provision was impracticable he shall nevertheless 
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be entitled to authorise payment for such work either as daywork (on being satisfied 
as to the time employed and plant and materials used on such work) or at such value 
therefor as he shall consider fair and reasonable. 

(iv) The Contractor shall send to the Engineer once in every month an account 
giving full and detailed particulars of all claims for any additional expense' to which 
the Omtractor may consider himself entitled and of all extra or addition.d work 
ordered by the Engineer whicli he has executed during the preceding month and no 
claim for payment for any such work will be considered wliicli has not been inehuled 
in such particulars. Ihovided always that the Engineer shall be (‘iititled to authorise 
payment to be made lor any such w'ork notwithstanding tlie Contractor’s failure 
to comply with this condition if the Contractor has at the earliest practicable oppor¬ 
tunity notified the Knginec'r that he intends to make a claim for such work. 

Property in Materials and Plant. 

53. (i) All ('oiLstructional Plant 'J'emporary Works and materials provided b>^ 
the Contractor shall when brought on to the Site immediately be deemed to become 
the property of the Employer and the Contractor shall not remove the same or any 
part thereof without tlic consent in wTiting of the Engineer which shall not be unreason¬ 
ably withheld, l^iit the Employer wall iiermit the Contractor to use all sucli Con¬ 
structional Plant Temporary Works and materials in and for the completion of tlie 
Works until the happening of any event wdiich gives right to the Employt'r to excliuhi 
the Contractor from the Site* and proceed with the completion of the Works. 

(ii) l^pon the removal of any such Constructional Plant Temporary Works or 
inat('rials with consent as aforesaid the sanu' .shall be deemed to nwest in and beconu' 
the property of the Contractor and upon completion of the Works the renuiindi'r 
of the said Constructional Plant and Temporary Works and any unus('d materials 
jirovided by the Contractor shall be deemed to re\'est in and become the property 
of the Contractor who shall remove the sanu*. If tlu' Contractor fails to remove 
any of the said ('onstructional Plant Temporary Works or unused materials within 
such reasonable times after the completion of the Works as may be allow'ed liy tlie 
Engineer thmi the hTnployer may .sell the same and shall after deducting from the 
procec'ds the costs charges and expen.ses of and in connection with such sale ]>ay the 
balance (if any) to the Contractor. 

(lii) The Employer shall not at any time be liable for the loss of or injury to 
any of the said Constructional Plant Temporary Works or materials sav(' as mc'ntioiu'd 
in Clause 65 hereof. 

54. The operation of the last preceding Clause shall not be deemed to imply 
any approyal by the Engineer of the materials or other matters referred to therein 
nor shall it prevent the rejection of any such materials at any time by the Engineer. 

Measurement. 

55. Quantities.—The cjuantities set out in the Bills of Quantities are the 
estimated quantities of the work but they are not to be taken as the actual and 
correct quantities of the Works to be executed by the Contractor in fulfilment of 
his obligations under the Contract. 

56. Works to be Measured.—The Engineer shall except as otherwise stated 
ascertain and determine by admeasurement the value in accordance with the Contract 
of work done. He shall when he requires any part or parts of the Works to be 
measured give notice to the Contractor who shall forthwith attend or send a qualified 
agent to assist the Engineer or the Engineer’s Representative in making such measure¬ 
ment and shall furnish all particulars required by either of them. Should the 
Contractor not attend or neglect or omit to send such agent then the measurement 
made by the Engineer or approved by him shall be taken to be the correct measure¬ 
ment of the work. 

57. Method of Measurement.—Bills of Quantities shall be deemed to have 
been prepared and measurements shall be made according to the procedure set forth 
in the Report of the Committee on Engineering Quantities of The Institution of Civil 
Engineers (1933) and any subsequent amendment or modification thereof notwith- 

GG 
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standing any general or local custom except where otherwise vSpecitically described 
or prescribed in the Contract. 

Provisional and Prime Cost Sums and Contingencies. 

58. (i) Provisional sums set out in the Jhll of Quantities are intended to cover 
the cost of such items of work included in the Contract as may not be specified in 
detail when the Contract is entered into. The amounts inserted in the Pill of Quan¬ 
tities against provisional sums shall be expended in whole or in part in accordance 
with the direction in writing of the Engineer. Where appro]mate the prices in the 
Bill of Quantities shall be applied otherwise only the actual net cost to the Contractor 
of any work done or equipment supplied will be paid to which will be added a sum 
calculated at the percentage rate stated in the priced Pills of Quantities to cover 
overhead charges and profit. 

(ii) Prime Cost items set out in the Pill of Quantities (the mtitals I\C. used 
in the ('ontract shall be deemed to mean prime cost) are intended to cover articles 
specified in the Contra<T and priced in the Bill of Quantities by the Engineer but 
such items may be subject to change. The articles supplied shall l>e to the recpiire- 
ments of the Engineer and only the actual net cost to the Contractor will be paid 
under this item together with the sum stated in the ])riced Bill of Quantities calculated 
.as a percentage of the actual cost to cover overhead charges and profit. 

(lii) The sums set out in the Pill of Quantities in respect of provisional sum and 
prime cost items shall be deducted in ascertaining the amount of the Contract Price 
and the sum or sums ascertained in accordance with sub-clauses (i) and (ii) of this 
Clause in respect of such items shall be added. 

(iv) All provisional and prime cost sums shall be taken as the net cost to be 
defrayed from the provisional sums or to be defrayed as a prime cost as the case 
may be after deducting trade discounts and all discount for cash over and above 
2^ per cent. 

(v) Where a contingency sum has been included in the Bill of Quantities no 
claim by the Contractor for loss of overhead charges and profit will be admitted on 
the ground that such sum has not been expended in whole or in part. Any expenditure 
required under the contingency item shall be in accordance with instructions issued 
by the Engineer in writing and only so much of the sum as is ordered by him to be 
expended shall be paid to the Contractor. 

(vi) The Contractor shall when required by the Engineer produce all quotations 
invoices vouchers and accounts or receipts in connection with expenditure in respect 
of provisional or prime cost items. 

59. Nominated Sub-Contractors.—All specialists merchants tradesmen and 
others executing any work or supplying any goods for which provisional or prime 
cost sums are included in the Bill of Quantities who may have been or be nominated 
or selected or approved by the Employer or the Engineer and all persons to whom 
by virtue of the provisions of the Bill of Quantities or Specification the Contractor 
is required to sub-let any work shall in the execution of such work or the supply 
of such goods be deemed to be Sub-Contractors employed by the Contractor and 
are hereinafter referred to as “ nominated Sub-Contractors." Provided always that 
the Contractor shall not be required by the Employer or the Engineer or be deemed 
to be under any obligation to employ any nominated Sub-Contractor who shall decline 
to enter hito a sub-contract with the Contractor containing provisions :— 

(a) That in respect of the work or goods the subject of the sub-contract the 
Sub-Contractor will undertake towards the Contractor the like obligations 
and liabilities as are imposed upon the Contractor towards the Employer 
by the terms of the Contract and will save harmless and indemnify the 
Contractor from and against the same and from all claims demands proceedings 
damages costs charges and expenses whatsoever arising out of or in connection 
therewith or arising out of or in connection with any failure to perform such 
obligations or to fulfil such liabilities and 

(b) That the Sub-Contractor will save harmless and indemnify the Contractor 
from and against any negligence by the Sub-Contractor his agents workmen 
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and servants and from and against any misuse by him or them of any Con¬ 
structional Plant or Temporary Works provided by the Contractor for the 
purposes of the Contract and from all claims as aforesaid. 

Before issuing under Clause 60 hereof any certificate which includes any payment 
in respect of work done or goods supplied by any nominated Sub-Contractor the 
Engineer shall be entitled to demand from the Contractor reasonable proof that all 
payments (less retentions) included in previous certificates in res|Xict of the work 
or goods of such nominated Sub-Contractor have been paid or discharged by the 
Contractor in default whereof unless the Contractor shall 

(а) inform the Engineer in writing that he has reasonable cause for withholding 
or refusing to make such payment and 

(б) produce to the Engineer reasonable proof that he has so informed such 
nominated Sub-('ontractor in writing 

the Employer shall be entitled to pay to such nominated Sub-Contractor direct upon 
the certificate of the Engineer all payments (less retentions) which the Contractor 
has failed to make to such nominated Sub-Contractor and to deduct by way of set-off 
the amount so paid by the Employer from any sums due or which become due from the 
Employer to the Contractor. 

Provided always that where the Engineer has certified and the Employer has 
paid direct as aforesaid the Engineer shall in issuing any further certificate in favour 
of the Contractor deduct from the amount thereof the amount so paid direct as aforesaid 
but shall not withhold or delay the issue of the certificate itself when due to be issued 
under the terms of the Contract. 

Certificates and Payment. 

60. (i) The Contractor will be paid monthly on the certificate of the Engineer 
the amount due to him on account of the estimated contract value of the permanent 
work executed up to the end of the previous month together with such amount (if 
any) as the Engineer may consider proper on account of materials for permanent 
work delivered by the Contractor on the Site and in addition such amount as the 
Engineer may consider fair and reasonable for any Temporary Works or Constructional 
Plant for which separate amounts are provided in the Bill of Quantities subject to 
a retention of.the percentage named in the Tender until the amount retained shall 
reach the Limit of Retention Money named in the Tender (hereinafter called 
“ the retention money '’). Provided always that no interim certificate shall be issued 
for a less sum than that named in the Tender at one time. 

(ii) One half of the retention money shall become due and shall lie paid to the 
Contractor when the Engineer shall certify in writing that the Works have been 
substantially completed and the other half shall be paid to the Contractor at the 
expiration of the Period of Maintenance notwithstanding that at such time there 
may be outstanding claims by the Contractor against the Employer. Provided always 
that if at such time there shall remain to be executed by the Contractor any works 
ordered during such period pursuant to Clauses 49 and 50 hereof the Employer shall 
be entitled to withhold payment until the completion of such works so much of the 
second half of the retention money as shall in the opinion of the Engineer represent 
the cost of the works so remaining to be executed. 

Provided further that in the event of diflerent maintenance periods having 
become applicable to different parts of the works pursuant to Clause 48 hereof the 
expression “ expiration of the Period of Maintenance shall for the purposes of this 
sub-clause be deemed to mean the expiration of the latest of such periods. 

(hi) Payment upon each of the Engineer's certificates shall be made by the 
Employer within the number of days named in the Tender after such certificate has 
been'delivered to the Employer and in the event of failure by the Employer to comply 
with the provisions of this sub-clause or to pay the retention money or any part 
thereof at the times prescribed by sub-clause (h) of this Clause he shall pay to the 
Contractor interest at the rate of 5 per cent, per annum upon all over-due payments 
from the date on which the same should have been made. 

(iv) The Engineer may by any certificate make any correction or modification 
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in any previous certificate which shall have been issued by liim and shall have power 
to withhold any certificate if the Works or any part thereof are not being carried out 
to his satisfaction. 

61. Approval only by Maintenance Certificate.—No certificate other than 
the Maintenance Certificate referred to in Clause 62 hereof shall be deemed to constitute 
approval of any work or other matter in respect of which it is issued or shall 1)(‘ 
taken as an admission of the due performance of the Contract or any part thereof or 
of the accuracy of any claim or demand made by the Contractor or of additional 
or varied work having been ordered by the Engineer nor shall any other certificate 
conclude or jirejudicc any of the powers of the Enginc(T. 

62. Maintenance Certificate.—(i) The Contract shall not be considered as 
completed until a Maintenance Certificate shall have been signed by the Engineer 
and delivered to the Employer stating that the Works have been completed and 
maintained to his satisfaction. The Maintenanci* Certificate shall be given by the* 
Engineer upon the expiratioii of the Period of Mainbmance or as soon thereafter 
as any works ordered during such period pursuant to Clauses 40 and 50 hereof shall 
have been compUded to the satisfaction of the Engineer' and full (;tf(‘ct shall be given 
to this Clause notwithstanding any ])revious entry on the Works or the taking posses¬ 
sion working or using tliereof or any part then^of by the Employer. Provided always 
that Iluj issue ol the Maintenance Certificate shall not be a condition predecent to 
payment to the C ontractor of th<‘ second hall of the retention money in accordance 
with Clause (yo luTeof. 

(ii) The Employer shall not be liable to the C'ontractor for any matter or thing 
arising out of or in coniUK tion witli tlu' Contract or the execution of the Works unless 
the C'ontractor shall luiAa^ made a claim in writing in respect thereof before the giving 
of the Maintenance C'ertificaU* under this Clause. 

(iii) Notwithstanding the issue ol the Maintenance Certificate the C'ontractor 
and (subject to sub-clause (ii) of tiiis Clause) the Employer shall remain liable for 
the fulfilment of any obligation incurred under the provisions of the C.ontract prf^r 
to the issue of the Maintenance C'ertilicate which remains unperformed at the time 
such certificate is issued and for the purposes of determining the nature and extent 
of any such obligation the Contract shall be deemed to remain in force between the 
parties hereto. 

Remedies and Powers. 

63. Forfeiture.—(i) If the Contractor shall become bankrupt or have a receiving 
order made against him or shall present his petition in bankruptcy or shall make 
an arrangement with or assignment in favour of his creditors or shall agree to carry 
out the Contract under a committee of inspection of liis creditors or (being a corpora¬ 
tion) shall go into liquidation (other than a voluntary liquidation for the purposes 
of amalgamation or reconstruction) or if the Contractor shall assign the Contract 
without the consent in writing of the Employer first obtained or shall have ^m execution 
levied on his goods or if the Engineer shall certify in writing to the Employer that in 
his opinion the Contractor :— 

{a) has abandoned the Contract or 
(b) without reasonable excuse has failed to commence the Works or has suspended 

the progress of the Works for 14 days after receiving from the Engineer 
written notice to proceed or 

(c) has failed to proceed with the Works with due diligence or 
(d) has failed to remove materials from the Site or to pull down and replace 

work for 14 days after receiving from the Engineer written notice that the 
said materials or work had been condemned and rejected by the Engineer 
under these conditions or 

(e) is not executing the Works in accordance with the Contract or is persistently 
or flagrantly neglecting to carry out his obligations under the Contract or 

(/) has to the detriment of good workmanship or in defiance of the Engineer’s 
instructions to the contrary sub-let any part of the Contract 

then the Employer may after giving 7 days' notice in writing to the Contractor enter 
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upon the Site and the Works and expel the Contractor therefrom without thereby 
avoiding the Contract or releasing the Contractor from any of his obligations or liabili¬ 
ties under the Contract or affecting the rights and powers conferred on the Kmployer 
or the Engineer by the Contract and may himself complete the Works or may employ 
any other contractor to complete the Works and the Employer or such other confractor 
may use for such completion so much of the Constructional Plant Temporary Works 
anci materials on the Site as he or they may think proper and the Employer may at 
any time sell any of the said Constructional Plant Temporary Works and unused 
materials and apply the proceeds of sale in or towards the satisfaction of any sums 
due or which may become due to him from the Contractor under the C'ontract. 

(ii) The Engineer shall as soon as may be practicalile after any such entry and 
expulsion by the Employer fix and determine cx parie or bv or after reference to the 
parties or after such investigation or enquiries as he may think fit to make or institute 
and shall certify what amount (if any) had at the time of such entry and exjiulsion 
been reasonably earned by or would reasonably accrue to the ('ontractor m respect 
of work llien actually done by him under the Contract and what was the value of 
any unused or partially used materials any Constructional Plant and any Temporary 
Works upon the Site. 

(lii) If the Employer shall enter and expel the ('ontractor under this Clause he 
shall not be liable to pay to the Contractor any money on account of the Contract 
until the expiration of the Period of Maintenance and thereafter until the costs of 
completion and maintenance damages for delay m completion (if an}^) and all other 
expenses incurred by the Employer have been ascertained and the amount thereof 
certified by the Engineer. The Contractor sh«ill then be entitled to receive only 
such sum or sums (if any) as the Engineer may certify would have been due fo him 
upon due completion by him after deducting the said amount. But if such amount 
shall exc('cd the sum which would have been payable to the Contractor on due com¬ 
pletion by him then the Contractor shall upon demand pay to the Employer the 
amount of such excess and it shall be deemed a debt due by the Contractor to the 
Employer and shall be recoverable accordingly. 

64. Urgent Repairs.—If by reason of any accident or failure or other event 
oc curring to in or in connection with the Works or any part thereof either during the 
execution of the Works or during the Period of Maintenance any remedial or other 
work or repair shall in the opinion of the Engineer be urgently necessary for security 
and the Contractor is unable or unwilling at once to do such work or repair the Employer 
may by his own or other workmen do such work or rcjxiir as the Engineer may consider 
necessary. If the work or repair so done by the Employer is work which in the 
opinion of the Engineer the Contractor was liable fo do at his own expense under 
the Contract all costs and charges jiroperly incurred by the Employer in so doing shall 
on demand be {laid by the Contractor to the Employer or may be deducted by the 
Employer from any monies due or which may become due to the Contractor. Iho- 
vided alwa^^s that the Engineer shall as soon after the occurrence of any sucli emergency 
as may be reasonably practicable notify the Contractor thereof in writing. 

War Clause. 

65. (i) If during the currency/ of the Contract there shall be an outbreak f)f 
war (whether war is declared or not) in which Great Britain shall be engaged on a 
scale involving general mobilisation of the armed forces of the Crown the Contractor 
shall for a period of 28 days reckoned from midnight on the date that the order for 
general mobilisation is given continue so far as is physically possible to execute the 
Works in accordance with the Contract. 

(ii) If at any time before the expiration of the said period of 28 days the Works 
shall have been completed or completed so far as to be usable all the provisions of 
the Contract shall continue to have full force and effect savt‘ that 

(a) the Contractor shall in lieu of fulfilling his obligations under Clauses 49 
and 50 hereof be entitled at his option to allow against the sum due to him 
under the provisions hereof the cost (calculated at the prices ruling at the 
beginning of the said period of 28 days) as certified by the Engineer at the 
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expiration of the Period of Maintenance of repair rectification and making 
good any work for the repair rectification or making good of which the 
Contractor would have been liable under the said Clauses had they continued 
to be applicable 

(6) the Employer shall not be entitled at the expiration of the Period of Main¬ 
tenance to withhold payment under Clause 6o (ii) hereof of the second half 
of the retention money or any part thereof except such sum as may be allow¬ 
able by the Contractor under the provisions of the last preceding paragraph 
which sum may (without prejudice to any other mode of recovery thereof) 
be deducted by the Employer from such second half. 

(iii) If the Works shall not have been completed as aforesaid the Employer 
shall be entitled to determine the Contract (with the exception of this Clause and 
Clauses 66 and 67 hereof) by giving notice in writing to the Contractor within 7 days 
after the aforesaid jx^riod of 28 days has expired and upon such notice being given 
the Contract shall (except as above mentioned) forthwith determine but without 
prejudice to the claims of either party in respect of any antecedent breach thereof. 

(iv) If the Contract shall be determined under the provisions of the last preceding 
sub-clause the Contractor shall with all reasonable despatch remove from the Site 
all his Constructional Plant and shall give facilities to his Sub-Contractors to remove 
similarly all Constructional Plant belonging to them and in the event of any failure 
so to do the Employer shall have the like powers as are contained in Clause 53 (ii) 
hereof in regard to failure to remove Constructional Plant on completion of the Works 
but subject to the same condition as is contained in Clause 53 (iii) hereof. 

(v) If the Contract shall he determined as aforesaid the Contractor shall be paid 
by the Employer for all work executed prior to the date of determination at the rates 
and prices provided in the Contract and in addition :— 

{a) The amounts payable in respect of any preliminary items so far as the work 
or service comj)rised therein has been carried out or performed and a proper 
proportion as certified by the Engineer of any such items the work or service 
comprised in which has been partially carried out or performed. 

(b) The cost of materials or goods reasonably ordered for the Works or Temporary 
Works which shall have been delivered to the Contractor or of which the 
Contractor is legally liable to accept delivery (such materials or goods 
becoming the property of the Employer upon such payment being made 
by him). 

{c) A sum to be certified by the Engineer being the amount of any expenditure 
reasonably incurred by the Contractor in the expectation of completing the 
whole of the Works in so far as such expenditure shall not have been covered 
by the payments in this sub-clause t^fore mentioned. 

(d) Any additional sum payable under the provisions of sub-clause vi (b) (c) and 
{d) of this Clause. 

(e) The reasonable cost of removal under sub-clause (iv) of this Clause. 
(vi) Whether the Contract shall be determined under the provisions of sub¬ 

clause (iii) of this Clause or not the following provisions shall apply or be deemed to 
have applied as from the date of the said outbreak of war notwithstanding anything 
expressed in or implied by the other terms of the Contract viz. :— 

{a) The Contractor shall be under no liability whatsoever whether by Way of 
indemnity or otherwise for or in respect of damage to the Works or to property 
(other than property of the Contractor or property hired by him for the 
purposes of executing the Works) whether of the Employer or of third parties 
or for or in respect of injury or los.s of life to persons (statutory liabilities 
in respect of Workmen's Compensation excepted) which is the consequence 
whether direct or indirect of war hostilities (whether war has been declared 
or not) invasion act of the King's enemies civil war rebellion revolution 
insurrection military or usurped power and the Employer shall indemnify 
the Contractor against all such liabilities and against all claims demands 
proceedings damages costs charges and expenses whatsoever arising thereout 
or in connection therewith. 
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(6) If the Works or Temporary Works or any matenals on the Site (whether 
for the former or the latter) shall sustain destruction or any damage by reason 
of any of the causes mentioned in the last preceding paragraph the Contractor 
shall nevertheless be entitled to payment for any permanent work so des¬ 
troyed or damaged and the Contractor shall be entitled to be paid by the 
Employer the cost of making good any such destruction or damage whether 
to permanent work or the Temporary Works so far as may be required by 
the Engineer or as may be necessary for the completion of the Works on 
a prime cost basis plus such profit as the Engineer may certify to be reasonable. 

(c) If under decision of the Civil Engineering Construction ('onciliation Board 
or of any other body regulating the rates of wages in an> trade or industry 
to wliich Civil Engineering Contractors either by agreement or in practice 
give effect or by reason of any Statute or Statutory Rule or Order or other 
Government Order or Regulation there shall thereafter during the currency 
of the Contract be any increase or decrease in the wages or the rates of wages 
payable to labour of any kind as then fixed by the said Board or such other 
body as aforesaid or any increase or decrease in the cost of materials prevailing 
at such date whicli increase or increases decrease or decreases shall result 
in an increase or decrease of cost to the Contractor in carrying out the Works 
the net increase or decrease of cost shall form an addition or deduction as 
the case may be to or from the Contract Price and be paid to or allowed by 
the Contractor accordingly. 

(d) Tf the cost of the Works to the Contractor shall be increased or decreased by 
reason of the provisions of any Statute or Statutory Rule or Order or other 
Ciovernment or Local Government Order or Regulation becoming applicable 
to the Works after such date or by reason of any trade or industrial agreement 
entered into after such date to which the Civil Engineering (Construction 
('onciliation Board or any other body as aforesaid is party or gives effect 
or by reason of any amendment of whatsoever nature of the Working Rule 
Agreement of the said Board or of any other body as aforesaid or by reason 
of any other circumstance or thing attributable to or consequent on such 
outbreak of war such increase or decrease of cost as ccrtilied by the Engineer 
shall be reimbursed by the Employer to the Contractor or allowed by the 
Contractor as the case may be. 

(e) Damage or injury caused by the explosion whenever occurring of any mine 
bomb shell grenade or other projectile missile or munition of war and whether 
occurring before or after the cessation of hostilities shall be deemed to be 
the consequence of any of the events mentioned in sub-clause vi {a) of this 
Clause. 

Settlement of Disputes. 

66. If any dispute or difference of any kind whatsoever shall arise between the 
Employer or the Engineer and the Contractor in connection with or arising out of 
the Contract or the carrying out of the Works (whether during the progress of the 
Works or after their completion and whether before or after the determination aban¬ 
donment or breach of the Contract) it shall be referred to and settled by the Engineer 
who shall state his decision in writing and give notice of the same to the Employer 
and the Contractor. Such decision in respect of every matter so referred shall be 
final and binding upon the Employer and the Contractor until the completion of 
the work and shall forthwith be given effect to by the Contractor who shall proceed 
with the Works with all due diligence whether notice of dissatisfaction is given by 
him or by the Employer as hereinafter provided or not. If cither the Employer or 
the Contractor be dissatisfied with any such decision of the Engineer then and in 
any such case either the Employer or the Contractor may within 28 days after receiving 
notice of such decision require that the matter shall be referred to an arbitrator to be 
agreed upon between the parties or failing agreement to be nominated on the aj)plica- 
tion of either party by the President for the time being of the Institution of Civil 
Engineers and any such reference shall be deemed to be a submission to arbitration 
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within tlic meaning of the Arbitration Acts i88g to IQ35 or the Arbitration (Scotland) 
Act i8q4 as the case may be or any statutory re-enactment or amendment thereoif 
for the time being in force. Such arbitrator shall have full power to open up review 
and revise any decision opinion direction certificate or valuation of the Engineer and 
neither party shall be limited in the proceedings before such arbitrator to the evidence 
or arguments put before the Engineer for the purpiose of obtaining his decision above 
referred to. The award of the arbitrator shall be final and binding on the parties. 
Such reference except as to the withholding by the Engineer of any certificate or 
the withholding of any portion of the retention money under Clause 60 hereof to 
which the Contractor claims to be entitled or as to tlie exercise of the Engineer's 
power to give a certificate under ('lause 63 (i) hereof shall not be opened until after 
the completion or alleged completion of the Works unless with Ihe written consent 
of the Employer and the C'ontractor. Provided always that the giving of a Certificate 
of CoTn])letion under Clause* 48 hereof shall not be a condition precedent to the opening 
of any such reference. 

Notices. 

67. Any notice to be given to the Contractor unaer the terms of the Contract 
shall be served by sending the same by post to or leaving tlu* sarm* at the Contractor's 
princi])al place of business (or in the event of the C'ontractor being a Company to 
or at its registered office). 

, ^Any notice to be given to the Imiployer under the terms of the C'ontract shall 
be served by sending the sanu* by post to or leaving the same at the Employer's 
last known address (or in the event of the Emplo}^ lieing a ('ompany to or at its 
registered office). 



APPENDIX II 

SPECIFICATION FOR A TYPK'AL BRIDCiE CONTRACT 

This specification is bas('d on an actual contract. Thus some of the clauses ■would 
require amendment or would be redundant on another contract, for which additional 
clauses might be required. 

SPECIFICATION OF WORKS FOR THE CONSTRUCTION OF A HRIDGE 

OVER THE RIVEi; . AND CONTINGENT WORKS. 

Preamble. 

1. DiiSCKiPTiON OF Works.- Ihe contract embraces the construction of a^new 
bridge over the river.at.m the County of. 
and includes the diversion of the existing road. The total length of the new bridge 
and the approach works will be about 1200 ft. and will be on a gradicuit of approxi¬ 
mately 1 in 125. The site of the new bridge is about 240 ft. downstream from the 
existing bridge at. 

The new approach load will diverge from the existing mam road a short distance 
from the existing railway bridge and will take the form of a reverse curve across 
the river to rejoin the existing main road at a point 350 ft. beyond the existing 
premises of Messrs. A. cV H., as shown on the site plan. The radii of tlie curv es of 
the new road will be 300 ft. and 640 ft., with suitable spiral transition cur\a\s at both 
ends of each circular arc. The new road, which will have a carriageway 2() ft. wade 
and twai y-ft. footpaths, wall be laid on Idling contained between new reinforced 
concrete retaining walls, except for a portion of tlu' north apjiroach which wall be 
on a new low embankment. 

The new bridge, wdiich will be on a curve on plan, wall be a leinforced concrete 
vaulted arch structure with a single span of approximately 100 ft. For a distance 
of 15 ft. on either side of the crown the road will be laid on filling deposited between 
spandrel walls. For the remainder of the span a reinforced concrete deck will be 
supported on transverse walls built off the arch slab. At the abutments, reinforced 
concrete retaining walls will contain the filling upon which the road wall be laid. 

The existing bridge will remain in use for pedestrians, and road blocks will be 
constructed after completion of the new works. 

2. Available Space.- Only the land within the boundaries of the Works is 
available for the use of the Employer for the purposes of the contract. If the con¬ 
tractor requires additional area for stores or offices or for carrying out operations 
connected with the contract he shall make his own arrangements for leasing or 
otherwise acquiring such additional working space, and shall be deemed to have 
included the cost thereof in his tender. 

3. Maintenance ot Traffic.— During the whole of the time the Works are 
in progress road and pedestrian traffic shall be maintained along the existing road 
and over the existing bridge with a minimum of interference. Any system of traffic 
signalling deemed nccessar}^ by the Engineer shall be installed, maintained, operated, 
and ultimately removed by the Contractor. The Contractor shall erect, maintain, 
and remove such barricades, direction signs, and lighting in connection therewith 
for the protection of pedestrians and other users of the existing road as may be 
deemed necessary by the Engineer. 
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4. Protection of Game and TREES.—Care shall be taken to prevent damage 
from any cause whatsoever to fish or game, and the Contractor shall be held liable 
for any such damage whether caused by him or by his employees or in any way 
directly or indirectly resulting from the execution of the Works. 

Throughout the progress of the Works care shall be taken to avoid damage to 
trees and bushes and to preserve tlie natural scenery, outside the boundaries of the 
Works as delineated on the site plan. 

5. Water Levels. -The Contractor shall by his own enquiry and observation 
determine the normal level of the water in the river, the levels of high and low water 
at mean spring tides, and the level of floods possible during the course of the contract. 
The Contractor shall be deemed to have included in his tender for all contingencies 
due to variations in the water level. 

The levels and depths of water and subsoil and the tide ranges shown on the 
drawings are not guaranteed and the Contractor shall provide, maintain, and remove 
upon completion temporary works sufficient to protect the Works and to enable the 
Works to proceed to the satisfaction of the Engineer during all states of the water- 
level in the river. The Contractor shall, subject to the provisions of Clauses 20, 21, 
and 22 of the Conditions of Contract, at his own expense make good any damage to 
the Works by floods, blow-outs, or any other cause. 

6. Office for Enuineer’s Representative.—The Contractor shall provide, 
furnish, maintain, heat, light, and remove upon completion of the Works a suitable 
office for the Engineer's representative. 

Materials. 

7. CricNERAL. 'The materials used in the Works shall be new and of the qualities 
and kinds specified, and no material shall be used in the Works until approved. 

Materials delivered to the Works shall be equal to the approved samples. 
Delivery shall be made sufficiently in advance of constructional requirements to 
enable further samples to be selected and tested by the Engineer before using the 
materials in the Works. 

Materials failing to comply with the Specification shall be immi'diately removed 
from the Works at the Contractor's expense. 

8. Samples and Tests. —Samples of or certificates for the reinforcement, cement, 
fine aggregate, coarse aggregate, and such other materials as specified or directed, 
shall be deposited with the Engineer as soon as possible after the commencement 
of the Works and before delivery of the materials represented thereby. Samples 
of cement and aggregate shall be deposited with the Engineer at least thirty-five 
days prior to the use of these materials in the Works. 

If during the course of the Works the source or type of any material be changed, 
further samples shall be deposited with the Engineer and approval obtained before 
delivery of the material concerned. 

Irrespective of any contrary requirements specified other than in this Specification, 
the requirements hereinafter specified shall apply to samples and tests of materials 
and to the cost of such samples and tests. Samples or test pieces of materials if 
specified herein or instructed to be supplied by the Contractor shall be so supplied, 
prepared, and delivered at the C'ontractor’s own cost. The cost of all tests specified 
herein or instructed to be made shall be paid by the Contractor, who shall be reimbursed 
for the cost of tests on such materials as comply in all respects with this Specification. 

Certificates and similar documents specified herein or instructed to be supplied 
by the Contractor to the Engineer shall be so supplied at the Contractor's expense 
and the Contractor shall make or have made at his own expense all tests necessary 
to obtain the information specified to be given on the certificates or similar documents. 

9. Protection of Materials.—^Materials shall be transported, handled, and 
stored on the site in such a manner as to prevent damage, deterioration, or contamina¬ 
tion. Reinforcement shall be stored under cover clear of the ground. Cement shall 
be stored in a dry watertight shed the floor of which shall be raised clear of the 
ground. Aggregates shall be stored in a bin or on a clean hard surface and main- 
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tained free from loam, vegetable matter, dust, or other contamination. Aggregates 
of different types or sizes shall be kept separate. 

10. Reinforcement.—The reinforcement shall be plain round bars of mild 
steel and shall comply with British Standard No. 785. 

All reinforcement shall be free from pitting, loose rust, mill scale, paint, oil, 
grease, adhering earth, ice, or any other material that in the opinion of the F'ngineer 
may impair the bond between the concrete and the reinforcement or that causes 
corrosion of the reinforcement or disintegration of the concrete. Adhering cement 
grout shall be approved. 

Each consignment of reinforcement for use in the Works shall be accompanied 
by a certificate giving the ultimate strength, yield point, and elongation, and the 
result of the cold-bend test for each size of bar included in the consignment. All 
tests for the purpose of obtaining the information on these certificates shall comply 
with the procedure described in B.S. No. 785. 

If any reinforcement be supplied from the Contractor’s or other stock for which 
mill test sheets or other records are not available, or where m the Engineer’s opinion 
the material has been subject to corrosion or other deleterious influences, the Engineer 
shall select as many test pieces from such bars as he may deem necessary. The 
Contractor shall obtain, deliver, prepare, and test the test pieces at his own expense 
and shall have no claim for bars mutilated in obtaining the tost pieces. 

The preparation of the test pieces and the test procedure shall comply with the 
requirements of B.S. No. 785. 

The size of a reinforcement bar described on the drawings or elsewhere shall be 
the minimum size, and the rolling margin and other tolerances shall be wholly above 
this size. The length of a reinforcement bar shall be not less than the length of that 
bar as described on the drawing or elsewhere and shall be not mon‘ than 2 in. in 
excess of that length. 

11. Cement. —The cement shall be of approved manufacture and shall be normal¬ 
setting ordinary Portland complying with British Standard No. 12. If the Contractor 
is directed to use rapid-hardening Portland cement it shall comply with the require¬ 
ments for this type of cement in British Standard No. 12. If the Contractor is 
directed to use high-alumina cement it shall comply with Hritish Standard No. 915. 
Quick-setting cements shall not be used. Cements of different types shall not be 
mixed one with another. All cement shall be fresh when delivered. 

Consignments shall be used in the order in which they arc delivered. Each 
consignment shall be identifiable, and the Contractor shall supply the Engineer with 
a copy of the manufacturer’s test certificate for each consignment. The compression 
test on cement-sand cubes specified in the appropriate British Standard shall be 
made for all types of cement. The tensile test on cement-sand briquettes shall not 
be made. If the Engineer deems it necessary to make further tests on any of the 
cement used in the Works, samples shall be taken as instructed from the manufacturer’s 
bin or other stores, or from the site store, or from elsewhere on the Works, or from 
any place where cement be used for incorporation in the Works. The selection of 
the samples and the procedure of the tests shall comply with the appropriate British 
Standard. 

12. Admixtures.—Admixtures for accelerating initial setting of the cement or 
for increasing the impermeability or workability of the concrete or for any other 
purpose shall be used only if approved. The Contractor shall supply the Engineer 
with the description, trade name and, where possible, the chemical composition of 
the proposed admixture, and if instructed shall supply approved evidence that the 
proposed admixture has been satisfactorily used elsewhere for the identical purpose 
for which it be intended to be used in the Works. Admixtures or other materials 
that retard the setting of the cement shall not be used. 

13. Concrete Aggregates.—Materials used as aggregate for plain or reinforced 
concrete shall where possible be derived from a source that normally produces aggregate 
satisfactory for concrete and, if requested by the Engineer, the Contractor shall 
supply evidence to this effect. If instructed, samples of the aggregate shall be supplied 
for the purpose of making preliminary concrete test cubes as hereinafter specified. 
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shall be chemically inert, strong, hard, durable, of limited porosity, 
free from adherent coatings, clay lumps, coal, and coal residues, and shall contain 
no organic or other admixtures that may in the opinion of the Engineer cause corrosion 
of the reinforcement or impair the strength or durability of the concrete. 

If the Engineer so directs, tests of the aggregates shall be made. The samples 
selected by the Engineer shall be delivered to a prescribed laboratory and tested in 
compliance with the respective procedures specified in British Standard No. 882. 
The test results of approved aggregates shall be as hereinafter specified, relative and 
limiting quantities being deemed to be iiercentages by weight unless the context 
otherwise implies. 

14. Fine Aggregate.—The fine aggregate for plain or reinforced concrete, 
except the precast blocks and coping of the parapet, shall be natural sand or sand 
derived by crushing suitable gravel or stone and shall be free from coagulated lumps. 
Sand derivc'd from a stone unsuitable for coarse aggregate shall not be used as fine 
aggn'gate. The caustic soda test for organic impurities shall show a colour not deeper 
than that of the standard solution (corresponding to Pilkington’s in. deep amber 
polished plate glass). 

Ihe amount of fines ascertained by the laboratory sedimentation test shall not 
exceed 5 per cent, for natural sand or cruslu'd gravel and shall not exceed 10 per cent, 
for crushed stone. If instructed a settling test for natural sand or crushed gravel 
shall be accepted in place of the laboratory sedimentation test. The settling test 
shall be made by placing a sample of the fine aggregate in clean water in a parallel¬ 
sided glass container. After vigorously shaking the mixture, the contents shall be 
allowed to settle for three hours when the thickness of the layer of silt deposited on 
the coarser material shall not exceed 10 per cent, of the latter. 

Ihe grading of natural sand or crushed gravel fine aggregate shall be such that 
not more than 5 per cent, shall exceed fe in. in size and not more than 10 })er cent, 
shall pass a No. 100 B.S. sieve. The intermediate grading shall be such that not less 
than 45 per cent, nor more than 85 per cent, shall pass a No. 14 B.S. sieve, and nc)t 
less than 25 per cent, nor more than 60 per cent, shall pass a No. 25 B.S. sieve. 

For plain concrete the grading of fine aggregate from any approved source shall 
be such that not more than 10 per cent, shall exceed in. in size and not more than 
15 per cent, shall pass a No. 100 B.S. sieve ; not less than 25 per cent, shall pass a 
No. 14 B.S. sieve and not less than 10 per cent, shall pass a No. 25 B.S. sieve. 

The aggregate for the precast parapet blocks and coping slabs is to be an approved 
proprietary mixture containing broken glass or other suitable material to produce a 
glittering surface. 

15, Coarse Aggregate. The coarse aggregate shall be crushed stone or gravel un¬ 
less specified to the contrary hereinafter. The pieces of aggregate shall be cubical or 
angular in shape and shall have granular or crystalline or smooth (but not glassy) 
non-powdery surfaces. Friable, flaky, and laminated pieces, mica, and shale shall 
only be present in such quantities as not to affect adversely the strength and durability 
of the concrete as ascertained by tests on concrete cubes. 

The strength of the coarse aggregate shall be such that the " aggregate crushing 
value defined in B.S. No. 882 shall not exceed 45 per cent. The amount of fines 
occurring in a free state or as a loose adherent shall not exceed i per cent, when tested 
by the laboratory sedimentation method. After twenty-four hours’ immersion in 
water, a previously dried sample of the coarse aggregate shall not gain in weight 
more than 5 per cent. 

The grading of coarse aggregate shall be such that not more than 5 per cent, 
shall be larger than the maximum size and not more than 10 per cent, shall be smaller 
than in. Between these sizes the coarse aggregate shall be well graded. For 
all the concrete except the precast kerbs, flags, parapet blocks, and coping slabs the 

shall be £ in, maximum size and not less than 25 per cent, nor more than 
55 per cent, by weight shall be smaller than J in. For the precast parapet blocks 
and coping slabs the coarse aggregate shall be g in. maximum size and well graded 
down to j in. 

II aggregates conforming to the hereinbefore specified gradings are not reasonably 
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obtainable, the Contractor shall supply two or more classes of (Otherwise satisfactory 
aggregates but of different maximum size and these separate' materials shall b(‘ mixed 
in proportions to be directed by the Kngineer without any extra charge to the* 
Contract. 

The aggregate to be used in the exposed parts of the abutments, spandrel walls, 
and approach retaining walls and in the precast kerbs, pavmg slabs, parapet blocks, 
and coping slabs shall be washed pink Aberdeen granite chippings. Samples of the 
aggregate used in precast units shall bf* submittc'd to and approvt'd by the Engineer 
before manufacture proceeds. 

16. Water. —The water used for making concrete or mortar, cleaning out shuttering, 
curing concrete, or similar purposes shall be clean and fresh and free from acid, oil, 
pollution from industrial or farmyard waste, or other organic or inorganic matter 
in solution or suspension in such amounts to imjiair the strength or durability of 
the concrete or mortar. Water shall be obtained from the public sujiply, ancl no 
water taken from a spring, well, river, lake or similar source or from the estuary 
or from the excavations shall be used for any purpose on the Works unless approved 
by the Engineer. If instructed, samples of water collected in an approved manner 
shall be submitted for the purpose of analysis or for making concreti' tests. 

17. Prfxast Concrete Paving Elags.- The paving flags for the fool paths on 
the bridge shall be precast natural colour concrete flags of nominal sizes 3 ft. by 2 ft, 
by 2 in. thick, or of such other dimensions as directed. A certificate' shall bc' furnished 
stating that the flags delivered comply with the requirements of B.S. No. 30vS. 

18. Precast Conckeik Kerbs.—The kerbs for the road throughout shall be 
natural colour precast concrete kerbs complying with B.vS. No. 340 and a certificate 
shall be furnished stating that th(i kerbs delivered do so comply. 'I'he coarse aggregate 
shall be crushed granite and samples shall be submitted to the Engint'cT before the 
manufacture of the kerbs proceeds. The dimensions of the kerbs shall be 6 in. by 12 in. 
overall and the section shall be half-battered. Radius kerbs shall be manufactured 
to the radius shown on the drawings and elsewlK're. 

19. Pile Eitments.—The pile shoes shall be rock shoe type of approved pattern 
and manufacture weighing not less than 200 lb. each, and shall have chilled-hardened 
cast-iron bases, special hard wrought-steel points, and mild steel straps. Eorks for 
retaining the longitudinal reinforcement bars in position shall be of cast iron, pressed 
steel, or other approved metal and of approved shape and length. 

20. Tilling Material.—The filhng between the retaining walls, behind the 
abutments, in the embankment, and between the spandrel walls of the bridge shall 
be ajiproved before and after depositing. The matt'nal shall be cajiable of being 
in suitable material from the excavations, the Contractor shall supply additional 
earth or other approved filling from an approved source. Each load of filling shall 
be approved before and after depositing. The material shall be capable of being 
readily consolidated and shall not contain metallic or other rubbish or any substances 
the decay of which may affect the compactness of the consolidated filling. Clay or 
earth with a predominating clay content, or soft chalk, shall not be used. 

21. Pitching and Blinding for Road Foundation.—-The material for the 
bottom course of the road foundation shall consist of hard sound blocks of whinstone 
from an approved quarry, each block being about 9 in. high on a base of area not less 
than 36 sq. in. and not more than 144 sq. in. The blinding to the bottom course 
shall consist of quarry slivers of the same material or material of the same nature 
as the existing road metal, with an approved proportion of clean engine ashes. 

22. Bituminous Macadam.—^The material for the bottom layer of the surfacing 
of the approach roads shall consist of an approved roadstone not exceeding 2 in. in 
size and graded down to J in. The stone shall be coated with an approved liquid 
bitumen in the proportion of 9 gallons of bitumen to i ton of stone. 

The bituminous macadam for the top layer of the surfacing of the approach 
roads shall be similar to that specified hereinbefore for the bottom layer, except that 
the stone shall not exceed if in. in size and shall be graded down to | in. 

The bituminous macadam for surfacing the footpaths of the approaches shall 
conform to the foregoing except that the stone shall be graded from f in. to f in. 
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23. Asphalt for Road Surface.—^'Fhe surface of the road over the bridge shall 
be a single coat of hot-process rolled asphalt complying with the appropriate parts 
of B.S. No. 505 subject to the following requirements. 

The asphaltic cement shall conform to Table i, column i, of B.S. No, 595 and 
shall have a penetration index of 45 at 77 deg. F. The chippings shall be coated 
clean hard granite from an approved quarry. Samples of the mixture shall be 
taken for testing before laying. 

The stone, sand, filler, mixing, and the composition of the mixture shall be in 
accordance with Part 6 of B.S. No. 595 subject to the following provisions. Granite 
or other igneous rock shall be provided for the stone aggregate and ordinary Portland 
cement shall be used tor the filler. The composition of the mixture shall conform to 
Table 5, Schedule 3, of B.S. No. 595. 

24. Grass Seed. -The seed for sowing the slopes of the embankments and the 
margins and verges shall be tested seed composed of a mixture of equal parts of rye 
grass and white clover and shall be obtained from an approved seedsman. 

25. Fencing. - Fencing shall be of the post and wire type, consisting of Douglas 
pine posts 4 in. square and 0 ft. 0 in. long. The posts shall be creosoted under pressure 
and for a distance of 3 ft. from the lower end the surface shall be charred and coated 
with tar. The wire sliall be No. 8 gauge best galvanised iron wire. One strand of 
barbed wire shall be fixed to the inner face of the post and live strands of galvanised 
iron wire to the outer face. The height from ground level to the top strand shall 
be 4 ft. The straining posts shall be of Douglas pine 7 in. in diameter and 7 ft. long 
creosoted under pressure, and the lower half shall be charred and tarred. Corner 
posts shall comply witli the requirements for straining posts and shall be provided 
with diagonal rakers to be approved by the Engineer. The fencing shall be supplied 
complete with strainers, ratchet winders, staples, and all other fittings in galvanised 
metal or other approved non-corrosive material. 

Workmanship. 

26. Clearing the She.—^Trees on the site of the Works remain the property 
of the Estate. Any tree within the boundaries of the Works that may be in the way 
of the latter shall, unless the Local Authority has issued an order for its preservation, 
be marked and, upon approval by the Estate, shall be felled, cut into sizes required 
by the Estate, and loaded on tc^ the Estate’s lorries or otherwise disposed of as directed. 
Roots of trees and bushes shall be grubbed up. Roots and brushwood shall be burned 
or otherwise disposed of as directed. 

The whole area covered by the Works shall be stripped of turf which shall be 
set aside and properly stacked for re-use if required. Turf not required for re-use 
shall be disposed of by the Contractor. 

The beach shall be cleared of boulders and all loose material and debris. 
27. Excavation.—When the site has been cleared as specified hereinbefore and 

before the main excavation commences the whole area of the Works shall be stripped 
to a depth of 6 in. of vegetable soil, which shall be deposited in heaps where directed 
for re-use if required on slopes and verges. Soil unsuitable for re-use shall be disposed 
of by the Contractor. 

Excavations shall be of the width and length necessary for the construction of 
the foundations and shall be taken out to the depths shown on the drawings or to such 
depths as directed by the Engineer. The Contractor shall record on a plan the depth 
of every excavation, which plan, when complete, shall be deposited with the Engineer. 

Any obstacle encountered during the excavation shall be reported to the Engineer 
and shall be dealt with as instructed. The Contractor shall supply and maintain 
and remove any timbering, sheet-piling, cofferdams, or other temporary works 
necessary for the retention of the faces of the excavation, and shall by pumping or 
other approved means maintain the excavations free from water during the con¬ 
struction of the work therein. The term '' timbering " shall mean all planking, 
strutting, sheet-piling, wedges, dogs, straps, bolts, spikes, rails, and other fastenings 
and fittings whatsoever and of any material. No payment shall be made to the 
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Contractor for timbering left in position unless so left in by instruction from the 
Engineer. Should any slips occur, the cavities shall be filled with concrete, dry 
stone, or other materials as directed by the Engineer and at the Contractor's expense. 
Any sumps dug in the bottom of the excavation shall be filled in the same way. 

Excavations shall be left open for as short a period as possible. Imint'diately 
before any work proceeds within an excavation, the sides of the latter shall be trimmed 
if necessary, and the last 4 in. of the bottom shall be excavated and the whole ap])roved 
by the Engineer. Where so directed, the Contractor shall excavate a pit or sink a 
bore hole to ascertain the nature of the sub-strata. 

Earth and other materials taken from the excavation shall be set aside for selection 
for re-use as filling, and material unsuitable for this purpose shall be disposed of by 
the Contractor. Should any of this suitable surplus material be lost by being deposited 
in the river or by being washed away by floods or by any other cause, the Con¬ 
tractor shall replace it with an equal quantity of other ajiproved material at his own 
expense. 

28. Rock Excavation.—For the purpose of this Contract, rock shall be only 
that material which in the Engineer's opinion cannot be broken up and removed by 
pick and shovel. Incidental boulders occurring within the limits of material not 
classified hereby as rock shall be considered as rock only if they exceed 2 cu. ft. in 
capacity. 

29. Cofferdams.—The Contractor shall provide and maintain cofferdams of 
approved construction for the whole of the retaining walls and the abutments. The 
cofferdams shall be watertight and shall extend into a trench cut in the rock and 
shall be staunched by clay or other material. Any fissures in the rock shall be 
effectively sealed by grouting or otherwise. The cofferdams shall be maintained clear 
of water by pumping or otherwise during the construction of the work for the period 
specified, and shall be entirely removed upon completion of the work. .Sumps, sluice 
gates, and all other devices and works necessary for the complete dewatering of the 
excavations during the construction period shall be provided. 

The foundations of the retaining walls and the retaining walls shall be constructed 
in the dry within the cofferdams and, if the Contractor so desires, in short lengths 
in the order directed by the Engineer, thereby enabling repeated uses of the cofferdam 
material. The cofferdams for the abutments shall completely surround each abutment 
to enable the construction of an entire abutment to proceed continuously. 

30. Drain Trenches and Pipe-Laying.—Trenches for drains shall be excavated 
to the fines, levels, and widths shown on the drawings or elsewhere. The bottom 
of the trenches shall be so cut that each pipe bears on solid undisturbed ground through¬ 
out its entire length. Soft or yielding material shall be dug out and replaced by dry 
and firm material well rammed into place. The trenches shall be maintained free 
from water while the pipes are being laid. Precautions shall be taken by plugging 
or otherwise to prevent any material or water getting into the pipes while they are 
being laid, and no pipes shall be laid until the trench bottom has been prepared to 
take the pipes for a distance of at least 10 yd. in advance. Upon completion of each 
section, the pipes shall be flushed out with clean water. 

The drain trenches shall be refilled where directed with hand-packed, selected, 
and approved stone rubble. Elsewhere the trenches shall be filled to their entire 
depth with approved excavated material deposited in layers not exceeding 12 in. 
thick. Each layer shall be thoroughly consolidated, and care shall be taken to ensure 
that no stone is in contact with the pipes or tliat the pipes are not damaged or displaced 
during the consolidation of the filling. Surplus material from the trench excavation 
shall be disposed of on the site as directed. 

31. Concrete Blinding.—Immediately after the bottom 4 in. of excavation 
has been removed as hereinbefore specified, the entire area of the bottom of the 
excavation shall be blinded with a layer of concrete quality D and of the thickness 
described in the Bills of Quantities. The concrete shall be as dry as practicable, and 
shall be well tamped into the ground. Where plain concrete is to be deposited on 
the blinding layer the surface of the latter shall be left roughly grooved. Where 
reinforced concrete is to be constructed thereon the surface of the blinding layer 
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shall bo spado-finished and the specified cover of concrete under the reinforcement 
shall be provided entirely above the blinding layer. 

32. Bkndino RiiiNFOKCKMENT. Rcinforcoinont bars shall be bent by machine 
or other approved means producing a gradual and even motion. Bars shall be bent 
cold unless the Engineer shall approve bars of over i in. in dianuder being bent hot. 
Bars bent hot shall not be heat(*(l beyoiid chc'irv-n'd colour, and after bending shall 
be allowed to cool slowly without quenching. 

Bars incorrectly bent shall only Ix' used if llu' means adopted for straightening 
and rebending be such as shall not injuie the material. Without apjiroval no rein¬ 
forcement shall ])e bent when in position in the Works wlndlier or not partially 
embedded in hardened concrete. 

Bends shall comply with the dimensions described in the bending schedules or 
elsewhere. Overall dimensions .shall not be exceeded and shall not be less than J in. 
below the required dimension. 'I'he sizes of binders and the like shall be within a 
tolerance of I in. under or over the specified dimensions. Any tolerance in the total 
length of the bar as cul sliall be taken uj) in the end hooks or other approved portions 
of the bar. Any discrepancievs found by the Contractor in the bending schedules, 
on the drawings, or in other documents shall be immediately re})orted to the Engineer 
whose interpretation and instructions relating thereto shall be accepted. 

The internal radius of a bend shall be not less than twice the diameter of the bar 
nor less than the radius given on the bending .schedule or elsewhere. A hook and other 
end anchorage shall be bent to an internal radius of twice the diametcT of the bar. 
The internal radius of the bends at corners of binders and the like shall eijual half 
the diameter of the bar embraced by the binder. 

33. Fixing Reinforcement.—Reinforcement shall be accurately fixed and by 
approved means maintained in the position shown on the drawings or elsewhere. 
Bars intended to be in contact where pa.ssing each other .shall be secun^ly wired together 
at such points with No. t6 gauge annealed soft iron tying wire. Binders and the 
like shall tightly embrace the bars with which they an* intended to be in contact and 
shall be securely wired, or if approved spot-welded, thereto. The ends of the tying 
wire shall be bent into the body of the work and not left projecting towards the surface 
of the concrete. 

Reinforcement shall be lapped, joined, or spliced only where shown on the 
drawings or elsewhere. If splices and the like are necessary elsewhere they shall 
be formed only as directed by the Engineer. 

Where practicable bars for each member shall be assembled and fixed in the 
form of a rigid cage before placing in the moulds or shuttering. 

Immediately before concreting, the reinforcement should be checked for position, 
cleanline.ss, freedom from rust, or retarding liquid. Means shall be taken to ensure 
that reinforcement remains correctly in position during the placing and consolidation 
of the concrete. 

Reinforcement projecting from work being concreted or already concreted shall 
not be bent out of its correct position unless so approved and shall be protected from 
deformation or other damage. 

34. Cover of Concrete.—Unless otherwise described elsewhere, the cover of 
concrete over the reinforcement bars shall be as follows : 

Horizontal, vertical, or inclined slabs, walls, arch slab, etc.—| in. or the size of 
the bar, whichever is greater. 

Beams, columns, piles, etc. : Main bars—1| in. or the size of the main bars, 
whichever is greater. Binders and the like | in. minimum. 

The specified cover shall be provided and maintained within a tolerance J in. 
under or over (except where specified as a minimum), by means of accurately made 
cement mortar or other approved non-corrosive distance pieces. 

35. Spacing of Bars.—The minimum clear horizontal distance between adjacent 
main bars in any one layer in beams or similar shall be i in. or the diameter of the 
bar, whichever be greater. The minimum clear vertical distances between successive 
layers of main bars in beams or similar shall be ^ in. for bars not exceeding i in. 
diameter and } in. for bars exceeding i in. diameter. These vertical clearances 
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shall be maintained by the provision of J-in. or J-in. diameter mild steel spacer bars 
inserted at such intervals that the main bars do not perceptibly sag between atljacent 
spacer bars. 

36. Construction oi- Shutirring and Ckntrring. Shuttering, moulds, and 
centering for concrete shall be substantially and rigidly constructed of timber or 
steel or pre-cast concrete or other approved material and shall be true to tht' shape 
and dimensions shown on the drawings. 

Timber shall be well seasoned, free from loose* knots and, for shuttering of 
exposed concrete faces, wrought on all faces, imees in contact with concrete shall 
be free from adhering grout, ])rojectmg nails, sjilits, or other defects that will mar tlu* 
concrete surface. Shuttering for foundations and other concealed work shall be oi 
undressed timber. 

All joints, except as hereinbelow specified, shall be sutficiently tight to prevent 
leakage of cement grout and to avoid the formation of tins or other blemishes, and 
all faulty joints shall be caulked. If timber boarding be continuously wet throughout 
the period of use the joints shall be not tight when the shuttering be first constructed. 
Where the ajipearance of the concrete fact* is important, the ]X)sition and direction 
of the joints shall be as directed. 

Unless described on the draw'ings oi elsewdiere to the contiaiy, fillet strips shall 
be fixed in the shuttering to form a chamfer i in. by 1 in. on all external corners of 
the concrete whether or not such chamfers be shown on the drawings. 

Openings for inspection of the inside of the shuttering for walls, beams and simikir 
work and for the escape of wash-water shall be formed in such a wav that they can 
be conveniently closed befoie commencing to ]>lace the concrete. 

Connections shall be constructed to permit of easy removal of the shuttering 
and shall be either nailed, screwed, bolted, clamped, breiced, or otherwise secured 
so as to be sufficiently strong to retain the correct shape during consolidation of the 
concrete by tamping, ramming, vibration, or other means, \\dre tics shall not lx* 
used. Bolt holes in the concrete sliall be made good by plugging with cement after 
the removal of the bolts. 

Top shuttering shall be provided to concrete faces where the slope exceeds 1 in 2^. 
Such shuttering shall be counterweighted or othei*wise anchored against floating. 

37. Erection of Shi^ttering for Concrete Cast In Situ.-—Shuttering shall 
be erected true to line and braced and strutted to prevent deformation under the 
weight and pressure of the w^et concrete, construction loads, wind pressure, or other 
forces. The deflection shall not exceed | in. Beam soffits shall be erected with an 
upward camber of | in. for each 10 ft. of horizontal span. If so directed calculations 
and designs of the shuttering and centering shall be submitted to the Engineei for 
approval before construction, but irrespective of such approval the C'oiitractor shall 
be held responsible for the sufficiency and strength of the shuttering, centering, and 
all other falsework. 

Beam and slab shuttering shall be so erected that the shuttering on beam sides 
and slab soffits can be removed wuthout disturbing the beam bottom boards. Ke-prop- 
ping of beams shall not be approved except when pro])s arc reinstated to relieve the 
beams of loads in excess of the design load as hereinafter specified. Vertical props 
shall be supported on folding wedges on sole-plates, or other measures shall bi* taken 
whereby the props can be gently lowered vertically when commencing to renujve 
the shuttering. 

38. Arch Centering.—The centering for the arch slab shall be true to line and 
sufficiently rigid to prevent settlement or distortion or vibration during the placing 
and maturing of the concrete, and shall be provided with adequate foundations. 
Approved provision shall be made for gently easing the centering and shuttering 
attached thereto away from the concrete before dismantling the centering. The 
boards forming the shuttering to the soffit of the arch shall be new, dressed, and 
thicknessed, and shall be coated with an approved mould oil as hereinafter specified. 

Details of the proposed construction of the centering shall be submitted to the 
Engineer as hereinbefore provided. 

39. Moulds for Precast Concrete.—The moulds for pre-cast piles, parapet 

HH 
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blocks, and coping slabs shall be of such dimensions and construction and with such 
bracings as to maintain the correct shape and produce clean finished units free from 
bowing or winding or other distortions. The sides of the moulds shall be so bedded 
that cement grout shall not leak from under the sides. 

40. Fixings and Cavities.—No holes or other cavities shall be cut in any 
concrete work unless approved. The Contractor shall asccTtain from the drawings 
or from sub-contractors or from elsewhere particulars of all bolts and other fixings, 
and of all openings, holes, pockets, chases, recesses, and other cavities, so that before 
placing the concrete all bolts and fixings shall be in position, and the cores, gas-pipe, 
or other approved ferrules, or any other inserts necessary for forming all holes and 
other cavities, shall be fixed to the shuttering. 

41. Coatings for Shuttering and Moulds.—All faces of shuttering and moulds 
in contact with wet concrete shall be treated with mould oil or other approved coating 
to prevent adherence of the concrete. Such coatings shall be insoluble in water, 
non-staining, and not injurious to the concrete, and shall not become flaky nor be 
removable by rain or wash water. Liquids that retard the setting of cement shall 
only be applied to the shuttering when approved. Mould oils, retarding liquids, 
and similar coatings shall be kept from contact with the reinforcement. 

42. Proportions of Concrete.—The aggregate shall be measured by volume 
in a gauge box of correct and approved size, or by other approved accurate means. 
The gauge box or other container shall be filled, without compacting, with the aggregate 
to a predetermined uniform depth, accurate allowance being made for bulking due 
to the moisture content of the fine aggregate. 

The cement shall be measured by weight, one or more complete bags containing 
112 lb. of cement being used for a single batch of concrete. 

The nominal proportions of cement and aggregate shall comply with the quantities 
specified in Table A for the respective mix described for each part of the work. The 
specified quantities shall be altered if so directed after examination of the aggregate 
in samples or in bulk in order to obtain the densest concrete with approved materials. 
Any such alterations within the range of i part of fine aggregate to jiarts of coarse 
aggregate and 1 part of fine aggregate to 2J parts of coarse aggregate shall be made 
without any alteration in the contract rates. 

TABLE A. 

Concrete Mixes. 

Quality 

A 
1^ 

C 
D 

Nominal quantilifb Crushing 

Nominal 
\a)lum<nnc 
proportions Cement 

(lb.) 

Fine aggregate 
(cu. ft. of dry Corirse aggreg.itf 

(lU ft.) 

strength of 
bite-made 
cubes at 
28 days 

material) (lb. per sq. in ) 

1:2 : 3 II2 ! i a 3.150 

1 : : 3 II2 1 li 3.300 

1:1 : 2 II2 i 3.750 

J : 3 : 5 TI2 1 3i 
1 

1,800 

43. Consistency of Concrete.—Only sufficient water shall be added to the 
cement and aggregate during mixing to produce a consistency such that the concrete 
shall be sufficiently workable to enable it to be well consolidated, to be worked into 
the corners of the shuttering and around the reinforcement, and to give the specified 
surface finish, and to produce a concrete having the specified strength. 

The consistency shall be determined by making trial mixes with dried aggregates 
or when so directed by laboratory-made test cubes as hereinafter specified. The 
slump of the trial mix of approved consistency shall be measured as hereinafter specified. 
This slump shall not be exceeded throughout all batches of concrete made from the 
same materials mixed in the same proportions as the trial mixes and used in those 
parts of the Works as directed. In no case shall the slump exceed 6 in. nor exceed 
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4 in. for concrete in slabs, nor exceed i in. for concrete consolidated by mechanical 
vibration. The slump test shall be made on conciete actually being placed in the 
Works at the commencement of each period of concrete placing and at such other 
times as directed. 

If difficulty be experienced in placing the concrete of specihed mix and approved 
consistency between and below the reinforcement bars in the bottom of beams and 
similar units, the bars shall be embedded in a concrete t)f improved workability by 
increasing the proportion of cement by an approved amount and using aggregates 
of approved smaller maximum size than specified. 

44. Slump Test.—The apparatus used for the slump test shall be a truncated 
cone 12 in. high, 4 in. diameter at the top and 8 m. diameter at the bottom and nuide 
from No. 20 gauge galvanised iron. A pair of handles shall be provided on the outside. 
The inside face shall be free from projections. The cone shall be placed on a board 
with the larger end downwards and shall be filled with concrete placed in four suc¬ 
cessive 3-in. layers, each layer being punned fifteen times with a ^-in. diameter mild 
steel rod. When the cone be filled, it shall be raised vertically clear of the concrete 
and the measurement of the slump shall be 12 in. minus the height of the slumped 
heap of conende. 

45. Mixing Concrete.— The cement and aggregates shall be thoroughly mixed 
together in the specified proportions in a batch-type mechanical mixer. The water 
shall be admitted to the drum of the mixer only when all the cement and aggregate 
constituting one batch are in the drum. The concrete shall be mixed until the mixture 
is of uniform colour and in no case for less than one minute if the peripheral speed 
of the mixer drum is 200 ft. per minute. If the drum rotates at lower speeds the 
minimum period shall be increased inversely proportionally to that speed. The 
period of mixing shall be measured from the time when all the materials and the 
water are in the drum. 

The entire contents of the mixer drum shall be discharged before materials for 
the succeeding batch are placed in the drum. Materials spilled from the skip or 
other container shall not be used. No partly-set or frozen concrete shall be remixed 
with water nor shall excessively wet concrete be stiffened by the addition of cement 
or aggregate. Such partly-set or wet concrete shall not be used on the Works and 
shall be immediately removed therefrom. 

If mixing concrete by hand be approved, the instructions of the Engineer shall 
be followed. 

46. Concrete Strengths.—The strength of the concrete at twenty-eight days 
shall be not less than that specified in Table A for the lespective mixes, except that 
if the use of rapid-hardening Portland cement be approved the specified strengths 
shall be attained at seven days. The concrete strength shall be ascertained by 
testing 6-in. site-made cubes of concrete as hereinafter specified. 

47. Site-Made Concrete Test Cubes.—The test cube moulds shall be of metal 
and true to shape to give a 6-in. cube and shall be well oiled before filling. 

The moulds shall be filled with concrete taken from that actually being placed 
in the Works, the concrete being selected by the Engineer from a point as near as 
possible to the position of placing. The filling of the mould shall be done immediately 
after the selection of the sample and in such a way that the concrete in the moulds 
be truly representative of that in the Works. The concrete shall be placed in the 
moulds in three layers of equal thickness, each layer being rammed with twenty-five 
strokes of a steel bar ij in. in diameter (or equivalent) weighing 4 lb. 

The cubes shall be made in batches of three from each selected concrete sample 
and, unless instructed to the contrary, a batch of cubes shall be made at weekly 
intervals, and when the concrete mix or materials be changed, and when concrete 
is placed in cold weather and other abnormal conditions, and for such separate parts 
of the Works as the Engineer shall direct. Each cube shall be marked with the date 
of manufacture and an identification mark, a record being kept for each batch of 
cubes showing the position in the Works which the concrete represents, the date of 
manufacture, the identification marks on the cubes, the temperature at the time 
of manufacture, the mix, the slump of the concrete, particulars of the cement and 
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used, a statement as to whether or not the cubes were vibrated, and other 
information relating to the subsequent history of the cubes. 

The moulds containing the test cubes shall be stored for twenty-four hours on 
the site in a damp place free from vibration or extreme cold. At the end of this 
period the cubes shall be taken from the moulds and stored in damp sand for twenty 
days if they are to be tested at twenty-eight days or for foui days if Ihey are to be 
tested at seven days. 'Fhe Contractor shall despatch the culx's to an ap])roved 
laboratory as dinxied. 

The Contractor shall pay all costs incurred in supplying the material for, and in 
making, maturing, dtdixering, and testing the concrete cubes, and shall be reimbursed 
for the costs of all batches of cubes that attain the specified strength. 

48. LahokatokV’Madk CoNC'KhiE IhST ('up.KS.—When instructed, tests shall 
be mad(' on laboratory-mad(‘ ('oncrete test cubes for the following purposes ; {a) 
l^.xaniming as hereinbefore specihed the materials proposed to be used or actually 
used tor the concrete in the Works ; {b) Determining the eoiisistency and work¬ 
ability of the concrete ; (c) Adjustment of the sjiecified proportions ; (d) An)’ jiurpose 
other tlian tlu' foregoing, if so instructed before or during the progress of tlie Works, 
the Contractor shall sujiply and deliver to an approved laboratory or elsewhere sami)les 
of the cement and aggn^gates and water in sufficient quantities to enable the laboratory 
test cubes to be made. 

Jf the tests be made for the purpose (a) hereinbefore specified, the strength of 
the laboratory-made cubes shall be not less than 50 per cent, in excess of the strength 
specified in Table A at twenty-eight days for ordinary Portland cement concrete, or 
at seven days for rapid-hardening Portland cement concrete. If the cubes do not 
attain the specified strength, the cement or aggregates or water used in the making 
of the cubes shall not be used on the Works. Notwithstanding the fact that the 
laboratory-made concrete test-cubes attain the specified strength, the Engineer shall 
be empowered to withhold approval of the cement or aggregates or water if they do 
not comply with other specified requirements. 

The Contractor shall pay all costs relating to the supply and deliverv of the 
materials and the making and testing of the laboratory-made cubes, and "^shall be 
reimbursed for such costs, except for the costs relating to batches of cubes made for 
purpose (a) that fail to attain the strength liereinbefore specified. 

49. Distribution of Concrfif.—The concrete shall be distributed from the 
mixers to the position of placing in the Works by approved means that do not cause 
separation or otherwise impair the quality of the concrete. 

When distribution by chutes be approved, all parts of the chutes in contact 
with the concrete shall be of metal. The chutes shall be laid to a slope that is uniform 
throughout and not steeper than one-in-two nor so steep as to produce sc})aration. 
Concrete from the chutes shall be discharged on to a banker or into a hopper before 
being placed in the work. 

When distribution by pump be approved, a continuous flow of concrete without 
air-pockets shall be maintained in the pipeline. 

Mixers, barrows, spades, chutes, pumps, and other mixing and distributing equip¬ 
ment shall be thoroughly clean before commencing each period of concrete placing, 
and such equipment shall be kept free from hardened concrete. 

50. Preparations for Placing Concrete.—Before proceeding to place the 
concrete, the shuttering shall be trued-up and any water accumulated therein shall 
be removed. All sawdust, chips, nails, and other debris shall be washed-out 
or otherwise removed from within the shuttering. The reinforcement shall be re- 
inspected for accuiacy of fixing. Immediately prior to placing the concrete, the 
shuttering shall, except in frosty weather, be well wetted and inspection openings 
shall be closed. 

51. Placing Concrete.—The interval between adding the water to the concrete 
materials and completion of the concrete placing operations shall not exceed twenty- 
five minutes. 

Except where otherwise approved for slabs and bulky sections, concrete shall 
be placed in the shuttering by shovels or other approved implements and shall not 
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be dropped from a height nor handled in a manner to cause separation. Accumula¬ 
tions of hardened concrete droppings on the reinforcement shall be avoided. Concrete 
shall be placed directly in its permanent position and shall not be worked along the 
shuttering to that position. 

Each layer of concrete while being placed shall be consolidated by approved 
methods of ramming, tamping, or vibration to form a dense mass and a surface free 
from honeycombing and tolerably free from water and air holes or other blemishes. 
Particular care shall be taken to tamp the concrete between the reinforcement and 
the face of the shuttering so as to produce a dense fair surface. 'I'he number and 
type of vibrat(^rs shall be approved before consolidating by vibration. Idacmg and 
consolidation of concrete shall be done in such a manner as not to disturb concrete 
already placed, and reinforcement projecting from concrete already placed shall not 
be vibrated or jarred. 

Any water accumulating on the surface of the newly-placed concrete shall be 
removed by approved means and no further concrete shall be placed theneon until 
such water be removed. 

No unset concrete shall be brought into contact with unset concrete containing 
a cement of a different type. 

Unless otherwise appro\'cd or instructed, concr<‘te shall be placed in a singh' 
operation to the full depth of slabs, beams, and members similar thereto, and shall 
be placed in horizontal layers not exceeding 3 ft. deep in walls, columns, and members 
similar thereto. Concrete shall be placed continuously until completion of the part 
of the work between construction joints as spcxified hereinafter or of a part of approvi’d 
extent. At the completion of a specified or approved part a construction joint of 
the form and in the position hereinafter specified shall be made. If a temporary 
cessation of concrete placing be unavoidable elsewhere a construction joint shall 
likewise be made. 

52. Placing Concrktk in Coi d Weather.—No concrete shall be mixed or 
placed while the temperature is below 34 deg. F. on a rising thermometer or below 
36 deg. F. on a falling thermometer. The Contractor shall supply an accurate 
maximum and minimum thermometer and hang it in an approved shaded position 
away from heat. 

Aggregates that have been exposed to frost shall not be used until completely' 
thawed. 

C'oncrete shall be maintained by approved means cit a temperature of not less 
than 40 deg. F. during placing and for a period of three days thereafter, or for a period 
of one day thereafter if rapid-hardening Portland cement be used. All concrete 
placed during cold weather or when a frost be predicted or be likely to occur or 
occurs contrary to expectation, shall be protected from freezing by approved means. 

53. Construction Joints. —Construction joints shall be made in the positions 
hereinafter specified or elsewhere as approved but the work shall be arranged so that 
the number of construction joints is reduced to a minimum. Such joints shall be 
truly vertical or horizontal, as the case may be, except that in the arch the joint shall 
be strictly at right-angles to the axis of the arch. Construction joints shall be rebated 
to an approved profile. Vertical joints shall be formed by inserting temporary 
boards, corrugated horizontally where practicable, against which the concrete shall 
be rammed. The provision of such boards shall be deemed to be included in the 
Contractor's rates and shall not be measured as shuttering. 

Construction joints shall be made horizontally 18 in. above the top of foundations 
of retaining walls, and horizontally at the bottom of the splay at the head of all 
walls. Concrete in splays at the junction of walls and slabs shall be placed at the 
same time as that in the slab. Construction joints in slabs shall be made parallel 
to the main reinforcement and where required at right-angles to the main reinforce¬ 
ment shall be made vertically at midspan. Construction joints in the retaining walls 
and arch slab shall be made in the positions directed, and concreting shall be executed 
in alternate panels of the walls and in alternate sections of the arch slab or otherwise 
as directed by the Engineer. 

Before placing new concrete against concrete already set, the old concrete face 
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shall be cleaned and scum or laitance removed. The face shall be roughened and 
any loose aggregate removed therefrom. Immediately before placing the new concrete 
the face of the old concrete shall be thoroughly wetted and a coating of neat cement 
grout applied. The new concrete shall be well rammed against the prepared face 
before the grout sets. 

54. Expansion Joints.—Expansion joints shall be made in the positions and 
of the form shown on the drawings and described in the Bills of Quantities. 

55. Curing and Protection of ('oncrete.—Newly-placed concrete shall be 
protected from rain, and during hot, dry, or windy weather approved coverings shall 
be provided to prevent j>remature drying-out. The concrete shall also be protected 
from frost as hereinbefore specified. All exposed faces of concrete shall be kept 
moist by approved means for seven days after placing or for three days if rapid- 
hardening Portland cement be used, except when there be danger of the curing water 
or damp coverings freezing. 

Concrete in foundations and other work below the ground shall be protected 
from admixture with falling earth during and after placing. Approved means shall 
be taken to protect immature concrete from damage by floating debris, ice, and similar 
material. Slabs and other work shall be protected from damage by workmen, equip¬ 
ment, overloading, or any other cause. 

Concrete damaged from any cause shall be cut out and replaced by sound concrete 
at the Contractor’s expense. 

56. Removal of Shuttering.—Shuttering and centering shall be removed by 

gradual easing without jarring, and only in the presence of a competent supervisor. 
Before removal of the shuttering the concrete shall be examined, and removal shall 
only proceed if the concrete has attained sufficient strength to support its own weight 
and any constructional or other loads likely to come upon it. If any loading in excess 
of the design load be anticipated, approved props shall be provided after removal 
of the shuttering. The Contractor shall record on the drawings or elsewhere the 
date upon which each part of the work is concreted together with the date upon which 
the shuttering is removed. 

No shuttering or centering shall be removed until an approved period has elapsed 
since the last day on which concrete was placed in the part of the Works concerned. 
Notwithstanding the approval of the Engineer, the assessment of the period that 
shall so elapse and any damage or other consequences arising thereform shall be the 
Contractor’s entire responsibility. 

57. Finishes.—The shuttering for exposed concrete faces shall be so constructed 
that the latter shall be true to line and surface. The concrete shall be consolidated 
as specified in and against the shuttering so that the face of the work shall be free 
from honeycombing and other blemishes. If, upon removal of the shuttering, the 
line or surface of the work is in the opinion of the Engineer unsightly and not in 
accordance with the requirements of the contract, the Contractor shall at his own 
expense cut out and make good such portion of the work as the Engineer directs. 
Rendering over defective surfaces shall not be permitted. Small areas of honey¬ 
combing shall with the approval of the Engineer be made good immediately upon 
removal of the shuttering, and isolated superficial air and water holes shall be filled in. 

The shuttering of the exposed faces of the approach retaining walls shall be made 
up with weatherboarding in lengths as long as possible and so arranged that upon 
removal of the shuttering the concrete face shall show truly horizontal ridges tapered 
from J in. deep and at intervals of 6 in. The surface of the approach retaining walls 
is to be hghtly bush-hammered as specified hereinafter. 

The shuttering to the exposed face of the arch ring and to the splayed feature 
at the base of the abutments and to the continuous stringcourse at the base of the 
parapet is to be lined with an approved lining to give an extra smooth surface. This 
lining shall also extend under the soffit of the arch for a distance of 2 ft. 6 in. from each 
outer edge. 

The remainder of the spandrel walls, pilasters, and arch soffit is to be lightly 
bush-hammered. The bush hammering shall be executed with an approved tool 
and only by competent workmen. Before proceeding to bush-hammer the entire 
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axea to be so treated, the Contractor shall prepare an area measuring 2 ft. 6 in. square 
as a sample which upon approval by the Engineer shall be considered as the standard 
of bush-hammering to be maintained throughout. The finished surface shall be of 
uniform texture, free from depressions, markings, or other defects. 

Concealed concrete faces shall be left as from the shuttering provided that 
honeycombed surfaces shall be made good. The top face of the deck slab shall be 
levelled and floated with a wooden float to a smooth finish at the levels and falls 
shown on the drawings or elsewhere. The floating shall not be executed to the 
extent of bringing excess fine material to the surface. 

58. Precast Concrete Piles.—^The precast reinforced concrete piles shall be 
manufactured on the site in lengths as directed. The concrete shall be quality D 
as hereinbefore specified. 

Shoes, reinforcement, forks, links, toggle-hole tubes, and other fittings shall be 
fixed accurately in the positions shown on the drawings. Shoes shall be fitted with 
the point axial with the pile. The lower ends of the reinforcement bars shall bear 
on the top of the shoe and the upper ends of the bars shall not differ in level by more 
than i in. 

The moulds shall be so supported that the pile is not distorted during casting or 
subsequently. The sides of the moulds shall not be removed until two days after 
casting and the pile shall not be disturbed for at least seven days after casting. 

Notwithstanding the foregoing requirements, the Contractor shall be responsible 
for any damage done to the pile due to the sides of the moulds being removed or the 
pile being removed from the mould bottom too soon or from any other cause, and 
all piles damaged during manufacture, handling, driving, or at any other time shall 
be replaced at the Contractor’s expense. 

Tlie piles shall be removed from the mould bottoms only by canting sideways 
and rolling to the stacking ground for final curing. The runners or other supports 
upon which the piles are canted or rolled shall be not more than 6 ft. apart and shall 
be level with each other. 

The piles are to be kept continuously damp for a period of at least ten days after 
casting, except in frosty weather. 

Otherwise than aforesaid the piles shall not be handled, slung, j:)itched, or driven 
until six weeks after casting, and shall be protected from damage by any cause. 
The piles shall ohly be slung from the toggle-holes provided in the positions shown 
on the drawings. 

The piles shall be driven with a 2-ton semi-automatic hammer with a drop as 
directed or other approved driving equipment operated from an approved type of 
frame. During driving the pile-head shall be fitted with an approved cast-steel 
helmet with a timber stub-dolly and with suitable packing below the helmet. The 
dolly and packing shall be renewed as often as is necessary to protect the pile head 
from damage. When the driving of any pile commences it shall continue without 
cessation for any avoidable cause until the pile shall be driven down to rock to the 
satisfaction of the Engineer. 

The piles shall be driven in the position shown on the drawings or within 3 in. 
thereof, and shall be at the inclination shown on the drawings or within deg. 
thereof. The sequence of driving the piles shall be left to the discretion of the 
Contractor who shall be responsible if the driving of a pile shall cause defects in 
position or inclination, except within the aforementioned tolerances, of piles already 
driven. If a pile is at any time out of position or inclination by more than the 
aforementioned tolerances, the Engineer shall direct that, at the Contractor's expense, 
the pile be extracted and redriven, or a new pile driven in lieu thereof in conformity 
with this specification. 

A record of the driving of each pile shall be kept in the form to be prescribed by 
the Engineer. 

59. Test Piles.—Before casting the bulk of the piles the Contractor shall 
manufacture, cure, and drive entirely in accordance with this specification and in 
positions as directed, two 14-in. square test piles each 30 ft. long, which shall remain 
as two of the permanent piles under the abutment. Records of the driving of the 
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two test piles shall be taken as directed. The Contractor shall allow for the manufac¬ 
ture of the remaining piles to commence only after these test piles have been driven 
and when so instructed by the Engineer. 

60. Stripping Hp:ads of Piles.—After they are driven, the concrete shall be 
cut away from the portion of the piles extending above a level 3 in. above the bottom 
of the abutment without damaging the reinforcement. The binders, links, forks, 
and toggle-hole tubes within this portion shall be removed and the main bar rein¬ 
forcement shall, if so directed, then be bent into the body of the abutment. 

61. Precast ('oncretk Parapet Blocks and ('oping Slaps.—The parapet 
blocks and coping slabs shall be precast on the site and shall consist of concrete of 
quality A with the aggregates hereinbefore specified. The moulds shall be metal¬ 
faced and of such construction as to produce units free from joint marks, and shall 
be cleaned and trued before each casting operation. When' the parapet blocks are 
to have imitation stone faces the moulds shall be manufactured t(^ produce a rock- 
face effect on both exposed faces and such moulds sliall b(‘ a})proved by the lingmeer 
before use. 

The parapet wall blocks shall be 12 in. thick by in. deep approximately by 
2 ft. 6 in. long, 'fhe pilaster blocks shall be 21 m. thu k by 2H m. deep. 

The coping slabs for the parapet wall shall be of weatlu'rc'd section 12 in. wide by 
7 in. maximum depth and shall be supplied in k'ngths of approximately 3 ft. Over 
the pilasters the coping slabs shall be 28 in. wide by 7 in. maximum depth. The 
coping slabs shall be fixed with |-m. diameter copper dowels 5 in. long between adjacent 
blocks fitting into 3-in. diameter holes in. deep. 

The precast units shall have sharp arrises and faces free from air holes or other 
defects and shall be not less than two months old when incorporated in the work. 
No blocks having patched faces or arrises shall be used m the work. 

The parapet blocks and coping slabs shall be erected plumb and true to line and 
shall be bedded and jointed in i : 2 cement mortar. Beds and joints shall lx* raked 
out to a depth of 1 in. and pointed with gauged mortar neatly drawn with a round 
key. All exposed faces shall be wire brushed to bring out the glitter effect to the 
Engineer's satisfaction. 

When built, the parapets shall be protected by timbt'r guards until the completion 
of the (>)ntract. The Contractor shall provide any scaffolding required during the 
erection and after-treatment of the parapet. 

62. Loading Test.--The Engineer shall instruct that a loading test be made 
on the Works or any part thereof if in his opinion such a test be deemed necessary 
for one or more of the reasons hereinbelow specified : (a) The site-made concrete 
test cubes failing to attain the specified strength ; (6) The shuttering being prematurely 
removed ; [c) Overloading during construction of the Works or part thereof ; (d) 
Concrete improperly cured ; (c) Any other circumstances attributable to alleged 
negligence on the part of the Contractor which in the opinion of the Engineer results 
m the Works or part thereof being of less than the expected strength ; (/) Any reason 
other than the foregoing. 

If the loading test be instructed to be made solely or in part for the reason {a) 
the test shall be made at the Contractor's own cost. If the test be instructed to be 
made for one or more of the reasons (b) to (e) inclusive the Contractor shall be reim¬ 
bursed for the cost of the test if the result thereof be satisfactory. If the test be 
instructed to be made for the reason (/) hereinbefore specified, the Contractor shall 
make the test and shall be reimbursed for all costs relating thereto irrespective of 
the result of the test. 

The test load shall not be applied within eighty-four days of the completion of 
placing of the concrete in the part of the Works to be tested, and the latter shall not 
be supported during the test by the shuttering or other non-permanent support. 
Means shall however be taken to ensure that in the event of failure under the test 
temporary support of the loaded member shall be immediately available. The test 
shall proceed strictly as instructed. 

If the result of the loading test is not satisfactory in the opinion of the Engineer, 
the Engineer shall instruct that the part of the Works concerned shall be taken down 
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or cut out and reconstructed to comply with this Specification, or that other remedial 
measures shall be taken to make the Works secure. If the test be instructed to be 
made for one or more of the reasons (a) to {e) inclusive, the Contractor shall take 
down or cut out and reconstruct the defective work or shall take the remedial measures 
instructed all at his own cost. 

63. Placing Filling. - The filling between the retaining walls, behind the abut¬ 
ments, between the spandrel walls over the arch, and in the embankment shall be 
deposited in layers not cxce^eding t ft. in thickness. Natural hollows shall be filh'd 
first in layers each of which shall be consolidated to the degree of compactness specified 
hereinafter. Each layer shall bi' thoroughly consolidated with a roller of not less than 
10 tons weight and rolling shall continue until no visible settlement is produced by 
the ])assage of the roller. Where the lolhng produces a depression that in the opinion 
of tlie Engineer is excessive, the depres.sion .shall be filled with material and rolled 
as aforesaid before depositing tlie next layer. 

In places where a mechanical roller cannot operate, the successive layers of 
filling shall each be rammed by a hand-rammer or other ap]>roved apparatus to the 
same degree of consolidation as where rolled. 

Each layer shall extend the full width between the retaining walls or the full 
width of the embankment, making proper allowance for the slopes. Greater widths 
and flatter slopes to the embankment if so directed shall be formed to allow for 
subsidence, shrinkage, and final consohd^ition so that the proper lines, levels, and 
slopes shall ultimately be obtained without requiring additions t<^ be made thereto. 
Care shall be taken where the embanknu'uts are built over drains to prevent damage 
to the latter, and the filling shall be carefully rammed by hand in layers and brought 
up equally on both sides of the drain. 

The foregoing requirements m respect to consolidating the filling shall in no 
way relieve the C'ontractor of his ribligation under this contract and m particular 
as to his responsibility in respect to the character of the materials used for forming 
the embankments or upon which the embankments are built or through which drains 
are laid. 

64. P'ORMATION FOR RoADS. The formation under the roads shall be covered 
wdth a layer of hard well-burnt engine ashes and rolled with a roller of not less than 
10 tons w^eight and consolidated to the thickness and to the kwels showm on the 
drawings, which allows for the ( amber, cross-fall, superelevation, and other variations 
in the contour of the finished road. Should any clay or mud work through the surface 
of the ashes before, during, or after consolidation, or should any depression occur, 
the affected areas shall be dug out and made good at the Contractor's expense. 

65. Bottom Coursl for Rovus.— The bottom course shall be laid on the forma¬ 
tion and shall consist of ap])roved whinsfone pitching as specified, hand-set so that 
onl^^a minimum area of the formation shall be left uncovered. ITojecting heads shall 
then be knocked off and the whole thoroughly and properly pinned to fill the voids 
in the pitching. The latter shall then be blinded with approved material as specified 
and thoroughly rolled wheel to wheel wdth a lo-ton road roller. Subsidences, depres¬ 
sions, and malformations shall be dug out and made good at the Contractor's expense 
and to the satisfaction of the Engineer. 

66. Surface of Approach R.oads. -I'he surface of the approach roads shall be 
formed by spreading on the bottom course a layer of bituminous macadam as specified. 
The macadam shall be spread evenly and rolled true to line and level and .shall have 
a thickness of not less than 3 in. after consolidation. The consolidation shall be 
effected by a road roller weighing not less than 10 tons or more than 12 tons. The 
levels of the finished bottom layer shall allow for the cambers, cross-falls, and super¬ 
elevations shown on the drawings and shall be so adjusted in the vicinity of the road 
gullies as to conduct surface water to the latter and to prevent water lying in the 
channels or elsewhere. This layer shall be maintained in the specified condition and 
to approved levels for a period of twelve months from the date the road is opened 
to public traffic. 

Immediately upon expiry of this period the top layer of bituminous macadam 
as specified shall be spread and consolidated to a thickness of not less than 2 in. and 
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shall conform to the finished lines and levels shown on the drawings or elsewhere, 
adjustments being made where necessary to conduct all surface water to the road 
gullies. 

67. Surface of Road Over Bridge.—^'fhe consolidated thickness of the single¬ 
coat asphalt surface to the road over the bridge shall be not less than 3 in. excluding 
the chippings projecting above the wearing surface. The finished surface shall be 
to the lines and cambers, cross-falls, superelevation, or other levels .shown on the 
drawings or elsewhere, and the levels shall be adjusted as necessary to ensure that 
all surface water is conducted to the road gullies. 

The specified mixture shall be delivered to the site in clean containers and 
protected from the weather. Each load shall be discharged on to clean plates and 
shall be immediately distributed into place and spread, while hot, on the foundation 
by means of heated rakes. The mixture shall be maintained clean throughout all 
operations, and the foundation shall be swept clean before depositing the mixture. 
The consolidation shall be effected with a roller weighing not less than 6 tons and 
shall be continued until no impression is made by the roller on the newly-laid surface. 

While the compressed asphalt is still warm and in a plastic condition, a layer 
of chippings shall be spread uniformly such that 1 ton of chippings shall cover not 
less than 100 sq. yd. or more than 150 sq. yd. The chippings shall be rolled or other¬ 
wise pressed into the asphalt so as to project above the surface. A strip of asphalt, 
not less than 6 in. or more than 9 in. wide, shall be left against the kerbs free from 
chippings. 

At the end of each period of laying the asphalt, the material shall be finished 
against a board, and when laying is resumed the exposed edge of the joint shall be 
cut back and painted with a thin coating of asphaltic cement or bituminous emulsion. 
All kerbs, manholes, gullies, and similar projections against which the asphalt abuts 
shall be likewise painted before the mixture is laid. The mixture shall be tamped 
around and against such projections by hot tampers and the finished surface shall 
be left flush or shall project not more than ^ in. above such projections. 

The surface of the road over the bridge shall be maintained to the satisfaction 
of the Engineer and at the Contractor’s expense for a period of five years from the 
date the road is opened to public traffic. 

68. Scarifying Existing Carriageway.—Where the existing carriageway abuts 
on the new road, the surface of the former shall be scarified, shaped, rolled, and formed 
to approved lines and levels to receive the new surfacing. 

69. Formation for Footpaths.—The surface of the filling under the footpaths 
shall be cleaned free from mud and water, and shall be rolled with a power roller 
weighing approximately 3 tons. Any depressions or parts not presenting a clean 
surface after rolling shall be dug out and replaced by sound clean material and 
consolidated by rolling. Approved hardcore shall be spread, consoUdated, and blinded, 
the thickness after consolidation being not less than 4 in. The finished surface of 
the formation shall be true to lines and levels and prepared to take bituminous 
macadam on the approaches and paving flags over the bridge. 

70. Surface of Footpaths on Approaches.—For the surface of the footpaths 
on the approaches a layer of bituminous macadam shall be spread and consolidated 
to a finished thickness of not less than ij in., the surface bejng true to the lines, 
falls, and levels shown on the drawings or elsewhere. 

71. Surface of Footpaths on Bridge.—The surface of the footpaths on the 
bridge shall be formed with precast concrete flags as specified, well bedded with 
flush joints on sand and ashes and to the lines, falls, and levels shown on the drawings 
or elsewhere. The joints shall be close fitting and shall be set in i : 2 cement mortal*. 

72. Kerbs.—The straight units of precast kerbs shall be accurately aligned to 
the curves, lines, and levels shown on the drawings or elsewhere, and shall be bedded, 
jointed, and neatly pointed in i : 2 cement mortar. A backing of concrete quality D 
not less than 4 in. thick shall be provided. When laid the kerbs shall project not 
less than 5 in. above the contiguous final road surface. 

73. Covering and Sowing Slopes and Margins.—The slopes of the embank¬ 
ment and all margins and verges after being formed and trimmed to the specified 
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profile shall be covered to a depth of 4 in. with selected excavated soil laid aside for 
this purpose or obtained by the Contractor from another source. The soil shall be 
sieved and neatly raked and sown at the rate of t lb. of grass seed as specified for 
each 25 sq. yd. If the seed when sown fails from any cause, or if the soil becomes 
displaced, the sowing shall be repeated at the Contractor’s expense until the Engineer 
is satisfied that a good sward is obtained. 

74. Erfxtion of Fencing.—-Post and wire fencing as specified shall be erected 
along the lines shown on the drawings or elsewhere as directed. The posts shall 
be embedded for a length of 2 ft. 3 in. in a block of concrete of quality I). Straining 
posts shall be embedded for a depth of 2 ft. q in. 



APPENDIX III 

TYPICAL BILLS OF QUANTITIES 

The: followin/^ Hill of Quantities relates to the same contract as the Specification 
in A})pendix 11, and should be read in conjunction with the Conditions of Contract 
m Appendix 1. 

HJLLS OF gUANTlTIES. 

(а) In accordance with Clause 57 of the ('onditions these Bills arc prepared and 
measununents have been made m accordance with tlie Report of the Committee 
on Engineering Quantities of the Institution of Civil Engineers unless otherwise 
described herein, 

(б) The rates and prices inserted by the Contractor in the Bills are to be full 
inclusive rates and jirices for the finished work described in the respective items and 
to include for all labour, materials, temporary work, plant, overhead charges and 
profit as well as for general liabilities, obligations, and risks arising out of the Conditions 
of Contract and for such other matters as may be sp(‘cifically described herein, except 
insofar as any materials, labours, temporary work, or other matters are specifically 
measured separately herein. 

Section A.—Preliminaries. 

Note : The following items from the Conditions of Contract and the Specification 
are entered here so that the ('ontractor may place against them any sum or sums 
which he may consider necessary if he is of the opinion that such sum or sums are 
not covered by the rates given in the succeeding items in the Bills of Quantities. 
If no sum is entered against^ a particular item it will be deemed to mean that the 
inclusive cost of the whole of the work or service or other matter represented by that 
item as described in the Conditions of Contract or Specification has been included 
in the rates given in the Bills of Quantities and no claim in respect thereof will be 
entertained. The sum or sums entered against the following items shall be deemed 
to be the inclusive cost of the whole of the work or service or other matter represented 
by that item as described in the Conditions of Ckmtract or Specification. 

— - -i — 

Item ' Particulars ^ 
1 1 

Unit j 1 

Quant. Rate 1 d. 

‘ Condi¬ 

i ' 
1 
I T 

tions ” 1 

Clause 1 
No. 1 1 1 

7 1 Additional copies of drawings sum 1 1 
TO j Sureties sum 
I I Inspection of site sum 1 1 i 

14 1 I^rogramme sum t 
Superintendence sum j 

*7 j Setting-out j sum 1 

ig Watching and lighting sum 
21 , Indemnify employer sum 

1 

t ! Carried forwar d: 2 ,1 

476 



TYPICAL BILLS OF QUANTITIES 477 

Item Particulars Ihiit ()iiant Rate 

' Condi¬ 
- 

tions ” ' 
Clause 

No. 13rought for war 
'' 

Insurance of works sum 
Workmen’s insurance sum 1 

26 (hving notices and jmyment of fees sum 
2cS I <oy allies sum 1 

Extraordinary tralhe sum 1 1 

31 Clearance of sit<' on completion sum 1 

1 ests sum 
42 Waylcaves Sinn 1 

I 
4<) Maintenance Sinn i , I 

Measurement of works sum ' 1 
( (.Add any other clauses deemed 

necessary) ! 

Note.— The clauses in the Spetifna- i 1 

1 tion should ho enumerated and 
1 briefly described here so that th(‘ 1 

contractor can enter a price again.st 1 
any of the requirements d neces¬ ! 
sary. 

Total of Section A earned to 1 
Summary 

Section B.—Clearing Site, Excavation, and Filling. 

PrF, AMBLE. 

{a) The quantities for excavation are measured net cubical contents of the 
voids to be formed by the removal of the matericil excavated m accordance with 
drawings or other instructions. 

(b) Excavation in trenches is the net measurement obtained by multiplying the 
horizontal area of the foundation by the mean depth below the surface. 

(e) The Contractor is to include in the prices for any additional excavation 
required beyond the net width of the foundations for working space, timlx'ring, 
cofferdams, or other temporary works. 

{d) No allowance in measurement has been made for bulking. 
(e) The quantities of excavation are not guaranteed correct, but have been 

measured with reasonable accuracy from the information available. In accordance 
with Clause 55 of the Conditions of Contract the quantities are not to b(' taken as 
the actual or correct quantities. 

(/) The rates and sums entered by the Contractor for exca\ation and similar 
items are deemed to include for timbering and other temporary works (excluding 
cofferdams), for upholding and maintaining the excavation, trimming bottoms of 
excavation to receive concrete, maintaining the surface of the excavation as specified 
and keeping the excavation, whether within cofferdams or not, clear of water by 
pumping, baling, or otherwise, and to include any contingency duo to tidal action 
or floods. 

(g) The measurements for filling are taken in final position as consolidated to 
the outlines and levels of the finished work as shown on the drawings. 
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Clearing Site. 

Item Particulars 1 Unit Quant. Rate 1 ^ 

s. 

I I'ell trees, cut down bushes, and dis¬ 

1 
1 

1 

pose of as specified 1 sum 
1 Take down existing timber fences, lay 1 

aside as directed, and make good 
end of fence left standing by means 
of new posts and stays hn. ft. 1 f)0 

3 Demolish existing masonry partapet 
wall, co])ing, and julaster and lay 
aside debris as directed lin ft. 120 1 

4 Take down existing concrete posts 1 
and wire fence, make good and re¬ 
erect ill now position as directed ; 
include inter aha for digging holes 
and forming concrete bases for posts 

1 
1 1 

1 
1 
1 

-and for painting posts two coats I 

white lead paint upon completion lin. ft 210 1 

5 Take down existing notice boards and 
supporting posts and struts, lay 
aside as direc ted, make good and 
re-erect in new position to be indi¬ 
cated on completion of Works No. 

1 ’ 

(> Remove existing field gate and gate¬ 
posts, make good, and re-erect com¬ 
plete in new position as directed sum 

7 Break up existing reinforced concrete 
slab in front of the premises of 
Messrs. A. & B. and dispose of debris 
as directed sq yd 1 4H5 

1 

8 ' Clear beach as specified over the area 1 ! 
1 
1 of the Works 1 sum 
Strip turf and stack for re-use as 1 1 

directed sq. yd. 1 

Excavation. 

10 Excavate and lay aside for re-use as 

1 directed top 6-in. layer of vegetable 
soil ; include for disposal of excess 
and unsuitable material sq. yd. 

1 
1 

11 j Excavate m drain trenches z ft. 6 in. 1 

1 
average width and 3 ft. average 
depth but not exceeding 5 ft. deep 
in any material other than solid 
rock and lay aside for refilling; 
include for disposal of excess and 
unsuitable material 

1 

cii. yd. 

1 

380 1 

! 
1 

1 
1 
1 

1 1 

12 Extra only over Item 11 for depths 
exceeding 5 ft. but not exceeding 
10 ft. cu. yd. 150 

1 : ( 
[ I 

Extra only pver Items 11 and 12 for 1 
excavation in rock cu. yd. 1 35 

14 Excavate in trenches for 4-in. drain, I 

average depth 2 ft. and not exceed¬ 
ing 5 ft. deep lin. yd. 1^5 

Earried torwar d: L\ 
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Excavation within Cofferdams (Tidae Work). 

— - - — 
11 

Item 1 Particulars Unit 
1 1 

Ouant 1 Rale ' i b. d. 

- — - „ 

Drought forward 1 1 

15 Provide, maintain, and remove coffer- 
dams for all retaining walls as speci¬ 
fied, including for pumping or other 
means of keeping dry sum ! 

1 

i 
16 Ditto for south abutment sum ! 
17 Ditto for north abutment sum 1 

t8 Remove river mud and similar 1 

material from river bed over whole 
1 area within cofferdams pre]iaratory 
1 to commencing main excavation sq. yd. 1 ,()=)() 

i<) Excavate for retaining walls within 1 1 

coflerdams after removal of mud (as 
1 in last) in any material other than 
1 rock to a depth not exceeding 5 ft. 

below the level of H.W.O.S.T. and 

1 
1 

1 

1 

1 

j 

‘ part return fill and ram before 
removal of cofferdam, and lay aside 
surplus material to be used for 
filling as directed elsewhere cu v<l r.2<)() 1 

1 

1 

20 J.)itto but abcjve H.W.O.S.T. cu yd 250 1 
21 Extra only over Items 10 and 20 for 

1 depths exceeding 5 ft. but not 
e.xceeding 10 ft. c u. yd. 5 SO 1 

22 Extra only over Items iq. 20, and 21 
for excavation in rock tii yd. 300 

Excavate all as Item ig but for abut- 1 

rnents cu. yd. .pSo 

h^xtra only over Item 23 for depths 
j exceeding 5 ft. but not exceeding 

10 ft. cu. yd i 450 
^5 1 Ditto exceeding 10 ft. but not 1 

i exceeding 15 ft. tu >d. i 180 1 
1 

2O Ditto exceeding 15 ft. but not 1 
1 

exceeding 20 ft. cu yd. 1 IS i 
1 

27 Extra only over Items 23 to 26 for 1 
excavating in rock ( u. yd 25 

28 Extra only over Item 27 for benching 
surface of rock excavation to slopes 
shown on the drawings for abut- 

' ments sq. yd. ! 2'55 1 

FlLiTlNG. 

29 Provide and hand-pack selected 1 1 
approved stone rubble in drain 
trenches 2 ft. 6 in. average width cu. yd. 130 

1 

! Fill and consolidate as specified with ! " 
t excavated material trenches for 

4“in. drain lin. yd. i 125 1 || 

1 
i 

31 Transport from dump, deposit, and 1 i '1 1 
consolidate in layers as specified 
filling between retaining walls and | 
behind abutments 1 

I 
i 
1 

cu. yd. 1 
'i 

l,TOO '1 
1 
1 1 

32 Ditto in embankments including 1 

forming to the lines and levels 
shown on the drawings and for 1 i 

trimming the slopes , cu. yd. , 950 1 jl 1 

33 Ditto over central portion of arch ' cu. yd. ) 
1 1: 

Carried jforwar d : 
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Item Ptirticulcirs Unit ()uant KdU 

3S 

17 

3^ 

Broii^^ht 
1 \tra only over Ittms ji to foi 

supplying cidditionil ap]m)\fd fill 
ing material tn \d 

Provide and set l)\ li iiul di\ stoiu 
backing in tlmk bthind anil to 
lull ht if^lit ol n t lining w ills me bid 
mg bringing uj) backm^ com in 
lently with lillin^ stj \d 

Soil and sow with ipprovid gi iss 
seed asspteilied verges ind slopes 
of new emb inkments with s jil 
reserved under Item 10 sq \<l 

liansport from dump la> bv hmd 
and pun with an approve el lieetle a 
mat gin of tin f 12 m wide il >n^ the 
toes eif the slopes of the embank 
ment using approved and selected 
turf from tint reserve el uneiei Item ej Im ft 

I \tra einly over Item 37 fen supplying 
aelehtional appreiv eel turf to make up 
elehe-ieiiey ne)t avail ible on site Im ft 

forvv ar el 

5e)0 

1 eioo 

I 1 so 

I (leie) 

ISO 

lotal eif Seetieiii B eariieel b 

Sum mars / 

Section C. —Drains. 

Item 

3b 

Particulars 

Provide lay to the falls as direete,el m 
trench and joint e; m diameter 
iire(la> SI drain cennpltlt and 

1 nit ()uant Kate 

40 
flush as specified 

1 xtra only over Item 3e; fen q in 
juiietion with 4111 single bi me h 

hn yd 

41 

and with round inspection e ye 
All as item 311 but 4 in diaiuctei 

No S 

42 
(between gullies and o m dram) 

Lxtra only over Item 41 for 4 111 
Im }d 1 1^5 

diameter 22^ deg bends No iS 

41 Provide and lay to fall as directed 
and coneuirently with filling behind 
re'tainmg walls ^ m diameter east 
iron S h dram including for eaulke^d 

1 

44 

lead joints and flushed as specified 
Fxtra only over Item 43 feir \ in 

lin v'd «o 

45 

diameter 45 deg east iron bends 
Provide and set best quality east iron 

gullies and traps with 4 m diameter 
outlets, complete with gratings 
covers and frames size 2z\ in deep 
by 2O in by 13J in Include for 
excavation, concrete mix D ” in 
bed and surround, shuttering and 
back filling as required, and for 
jointing to cast iron drains previ 

No 

1 

1 

lb 

15 1 
1 

1 

oil sly described j No 

1 
1 Carried forwar d . £ 
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Item I’artirulars Unit Quant.| Kate | 

I I I 
Brought iforwar^d : 

46 Provide and build manholes complete, * 
size approximately 5 ft. by 2 ft. (> m. 1 
by 4 ft. deep internally, including I 
excavation, concrete quality C in t 1 
base, 9-in. brick walls arched over 1 
pipes, corbelled out at top and I 1 
pointed and waterproofed internally, I ' f 
all necessary channels bedded and i j 1 
benched up in cement mortar and | j I 

20-in. diameter I No. j ' 
47 Allow provisional sum of twenty-live j j 1 

pounds for making good connections | ' , 
to held drains , sum I I, 

48 Provide and build into retaining wall. 1 ' '1 
at level below J..W.O.S.T. as shown | i 
on drawings, 4-m. diameter cast- 1 | 
iron pipe 2 ft. b in. long and include | i 
for connecting to 4-111. diameter ] 1 |i 
cast-iron pipe on inner face of wall ' l| 
and for caulking, bolts, etc. I No. ' 22 jj 

49 lYovide and hx complete at outlet of , 
last cast-iron flap valves of approved ^ ii 
pattern and manufactuie ; valves 
to be single-hmge type with gun- , | 1 
metal bolt and machined faces; | I' 
include for connecting to 4-111. pipe I No. ^ 22 ' j| 

Total of Section C carried to I ji- 

Summary \ 1 i 'I 

£ 

Section D.—Piling. 

Preamble. 

(a) The concrete in the precast reinforced concrete piles is measured by multiplying 
the cross-sectional area of the pile by the overall length (as cast) from the head of 
the pile to the point of the shoe, no deduction being made for holes, shapings, rein¬ 
forcement, etc. 

(b) The prices for concrete in the piles shall include for the moulds. 
(c) Reinforcement is measured separately (in Section E). 

Item J Particulars Unit Quant Kate 
1 

50 Concrete quality B in 85 No. 14-in. ' 1 
square precast piles in lengths as 
directed exceeding 20 ft. but not 1 

exceeding 30 ft. cu. ft. 2.875 
51 Provide and fix in moulds before 1 

casting 2-in. gas pipe in lengths of 
14 in. for forming toggle holes No. 85 

52 1 Provide and fix spacer forks as 
specified No. 

53 Provide and fix rock type pile shoes 
of approved pattern No. 85 

54 Handling and pitching within coffer¬ 
dams 14-in. square piles not exceed¬ 
ing 30 ft. long No. 85 

Carried forwar <1: 
II 
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Item l^articulars Unit Quant. Kate 

- 
Brought forwar d : 

55 Driving to batter 14-in. piles not 
exceeding 30 ft. long in groups 
within cofferdams down to level of 
lock as specified No. «5 

Kxtra oiilv over Items 50 to 55 for 
manufactun' and driving complete 
test piles as speiihed No. 

57 Stripping cone rete only from heads of 
14-111. square piles for length as 
directed, exposing reinforcement, 
and include for bending excess 

1 length ol reinfon ement into founda¬ 
tions 

1 

No. ^^5 

total of Section D earned to 
vSurnmary £ 

Section E.—Concrete and Reinforced Concrete. 

pRLAMBTJi. 

{a) vShuttering is measured net area of surface of finished work to be supported 
during concreting. 

{b) The rates and prices for shuttering and centering are to include for all supports, 
posts, wedges, fillets, bolts, and other connections, and all materials, labours, fittings, 
and other matters necessary for the supply, construction, preparation, erection, 
maintenance, removal, cleaning, etc., of the shuttering in accordance with the 
specification. 

(c) The weights of reinforcement are computed from the sizes and net lengths 
of the bars given on the drawings or elsewhere, the basis of the calculated weight 
being that one foot length of bar weighs 3-4 lb. per square inch of nominal cross- 
section. 

{d) The rates and prices for reinforcement are to include for any excess weight 
over the net weight [as calculated according to {c) ] due to cutting to waste, rolling 
margin, tolerances on cutting to length, and for any extras for short lengths and for 
providing tying wire, spacer bars, cover blocks, and all other matters necessary for 
the supply, preparation, and fixing of the reinforcement in accordance with the 
Specification. 

(e) Concrete is measured the net size of the finished work and no deduction is 
made for the volume of the reinforcement, or for chamfers not exceeding 6 in. by 6 in., 
or for holes, openings, or other voids of less than i cu. ft. 

Shuttering and Centering. 

Item Particulars Unit 
1 
jQuant. 

|... 

Rate £ s. d. 

58 Rough boarded shuttering to vertical 
1 

1 
edges of retaining wall foundations sq. vd. 650 

59 Close boarded shuttering to faces of 1 
retaining wall stems both faces 

[ measured sq. yd. 3,800 
i Extra only over last for forming 
1 outer face to batter sq. yd. 1,900 

Carried forwar d: £., 



TYPICAL BILLS OF QUANTITIES 4^3 

Item 

6o 

hi 

b2 

0^ 

^>5 

bt) 

(>j 

()8 

Oq 

70 

71 

7^ 

71 

74 
75 

76 

77 

78 

79 

80 

Particulars 

Lxtra only over Item 59 for forming 
2 in and 4 in horizontal set backs 
on the outer face and forming 
smooth and true to line 

Fxtia only over Items 50 and bo for 
weather boarding in lieu of close 
boarded shuttering 

bxtra only over Items 58 and 59 for 
curved work on plan 

Extra only over Item 59 foi forming 
18 in by 18 in horizontal splays at 
base of stem 

Ditto all as last by 15 in by 15 in 
Ditto for forming face of butt joint of 

v( rtical expansion joint in retaining 
walls width of face varying from 
12 in to 24 in and include for form 
ing^in by^in e hamfer on exposed 
veitieal edge of joint (joint Idling 
measured s( parately) 

Ditto for forming to in projections 
20 in wide on inner face of retaining 
wills at expansion joints and form 
iiig th( reby 8 in by 4 m slot 

Kough boarded shuttering to con 
cealed vertical faces of abutments 
within e offei dams 

Ditto to sloping backs of abutments 
Extra only over Item 67 for forming 

front face to batter 
Close boarded shuttering to exposed 

vertnal faces of abutments within 
eoflerdams 

Ditto to all \ t rtical faces to walls and 
pilasters 

1 xtra only oeei Item 71 for forming 
outer fact to batter 

Ditto for lorming splayed feature on 
each pilaster at springing level 

hormmg mitres to last 
hxtra only over Item 71 for forming 

wing walls to curve on plan 
Ditto for providing approved lining to 

shuttering at splayed portion at 
base of main pilasters 

Ditto for forming 18 in by 18 in 
horizontal and v crtical splays at 
junction of retaining wall stems and 
abutment block and cross walls 

Close boarded shuttering to transverse 
cavity retaining walls over abut 
ments (twin walls three faces 
measured for shuttering) 

Extra only over last for forming one 
face to batter 

Ditto for forming i-in cavity between 
twin walls (joint-filling material 
measured separately) 

Unit Quant | Rate 

Brought forw ar d 

lin y d 700 

sq \ il T ^50 

sq >d 1 450 

III! vd i8f) 

lin vd S ) 

llM ft 37) 

1 
lin ft 11 

1 ‘■q yd 2S() 

1 sq yd *.20 

j sq yd 90 

sq >cl ()0 

sq yd 

sq }d 3-5 

lin ft J p) 
No s 

bn 3d 1-) 

sq vd 45 

bn ft I So 

sq yd 1 (K)0 I 
1 

sq )d 190 

sq yd 1 190 

Carried jforwar 

3 d 
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Item 1 I Particulars 
1 
' Unit 
1 

(Juant 
1 li” 

Kate £ 5. d. 
1 

I Brought forwarld : 
81 1 Miow for all net cssary proppini^, 

1 suiffolchiig, staging, and supports 
1 to shuttering for reinforced (oncrete 
1 skew barrel arch, including for all 
1 timber pilcj-, struts, sole-pieces, 
1 wt'dgcs, bolts, etc , neci'ssary to pro- 
1 vide a thoroughly rigid and unyield- 
1 ing support lor the arch during 

construction and maturing and 
1 include for maintenance and 

i 1 
! 

1 
! 

1 

' 

1 1 1 

i 

1 
! 

removal as (lire(t<‘d (the shuttering 
1 for the arch is measured separately) sum 

1 

82 Close boarded dressed curved shutter¬ 1 1 1 
ing to soffit of arch slabs including 
for forming to skew sq. yd 

1 
, 500 

1 
1 1 

«3 Ditto all as last but to top face of i 
i| 

1 arch slab (two-lhirds only assumed 
necessary to shutter) sq. yd. 1 200 

84 Close boarded shuttering to si<k*s of 1 
1 

1 1 
lo-in cross ribs over arch sq yd. igo 

Ditto but ()-in. sq. yd. 100 
1 

86 Ditto but to i8-]n. transverse up- 1 

s lands .sq. yd. 40 ii 
«7 Extra only over last for forming one 

face to batter 
{Note . Since the woik m Items 84 to 

sq. yd. 20 
'1 1 

87 and Item 95 is cellular, it may 
not be possible to withdraw all the 
shuttering. I'he Contractor is there¬ 
fore deemed to have included in his 

1 

price for any shuttering approved 
by the Engineer to be left in 
position.) 

88 Close boarded shuttering to faces of 
9-in. spandrel walls including for 
forming to line of arch 1 sq. yd. 340 

89 Extra only over last for forming to 
curve on plan sq. yd. 340 

go Ditto for forming arch ring to project 
2 in. from face of spandrel wall and 
include feu’ accurately fcdlowing the 
contour of the arch barrel anci for 
providing an approved lining for the 1 
shuttering to produce a smooth 
finish sq. yd. 

i 

30 
91 Ditto for forming g in. by 9-in. hori¬ 

zontal and vertical splays at junc¬ 
tion of spandrel walls and deck slab 
and arch slab lin. ft. 1,500 

92 Close boarded shuttering to continu¬ 
ous moulded string course 14 in. 
deep and projecting 6 in. at head of 
approach retaining walls and span¬ 
drel walls lin. yd. 360 

93 Extra over last for providing approved 
lining to shuttering of outer vertical 
face to leave a smooth finish lin. yd. 3bo 

94 Form mitres to stringcourse at 
pilasters No. 16 

Carried forwar d: £ 



TYPICAL BILLS OF QUANTITIES 

m Particulars Unit iQuant. 
1 

Rate j 

Brought Iforwar d : ”1 
95 Close boarded shuttering to soffit of 1 

ii-in. deck slab including for form¬ 
ing to superelevation, etc. (net 
measurement) sq. yd 1 290 1 

90 Ditto to vertical 9-in. face of last for 1 1 
in-situ kerb and include for forming 
to curve Jin. ff 150 

97 Form 8J-in. wide recess | in. deep in 1 ' 1 ii 
top of deck slab at transverse 1 ii 
expansion joints over abutments hn. ft. 100 '1 

Rp:inforcement. 

98 

09 
100 

In Situ 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

I Provide, cut (if necessary), straighten 
I (if necessary), bend, clean, and tix 
I in position with tying wire as spoci- 

fted, mild steel plain round bar 
reinforcement in accordance with 
drawings, bar schedules, and other 
instructions, | in. diameter and over | 
in lengths not exceeding 40 ft. in 

, piles, retaining walls, abutments, 
j bridges and elsewhere 
i Ditto all as last but |-in. diameter 
Ditto ditto § in. diameter 

Concrete. 

1 Concrete quality D in 2-in. blinding [ 
layer under retaining wall foiinda- [ 
tions 

Ditto 0-in. thick under abutments 
within coiferdams 

Concrete quality A in reinforced base 
slabs and beams of retaining walls, 
including transverse steps at change 
in level, and include for simultane¬ 
ously casting i8-in. height of wall 
stem and adjacent i8-in. by i8-in. 
splay 

Ditto in stems of retaining walls of 
varying thickness but not less than 
12 in. thick, and include thickenings 
at expansion joints 

Ditto in unreinforced abutments 
within cofterdams 

Concrete quality B in reinforced 
abutments at arch spririgings 

Concrete quality A in reinforced 
abutment wing walls and pilasters 
not less than 21 in. thick 

Concrete quality B in reinforced arch 
slab of ly-in. thickness at ciown 
increasing to 30-in. at springing 

Concrete quality A in reinforced 
transverse retaining walls over 
abutments 16 in. thick 

Ditto in cross ribs not less than 9 in. 
thick including 9-in. by 9-in. splays 

Ditto in 9-in. spandrel walls including 
2-in. projection of arch ring 

c wt 
cwt 
cwt 

4,-00 
1,170 

1^5 

sq. yd 
1 

sq yd 1 >^75 

cu. ft. ^3.500 

CLl. ft. 31,100 

CU. yd 1,000 

cu. ft. 2,500 

cu. ft. 
i 

7,0oo 

cu. ft. 7.500 

cu. ft. 4,200 

cu. ft. 1,700 
1 

cu. ft. 1.750 

Carried forwar 

II 

i\ 

£ 

4^5 

I 

1 

I 

1 

I 

I 
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Item 
1 

Particulars Unit Quant. Rate 

Brought for war d: 
112 Ditto in 11-in. deck slab including 

extra thickness under footpaths and 
for forming to fall to conform to 
superelevation, etc. cu. ft. 3,050 

113 Ditto in continuous moulded string- 
course 14 in. deep projecting 6 in. 
along toj) of spandrel walls and 
approach retaining walls cu. ft. 1.875 

114 Float smooth with i : 2 cement 1 

mefrtar the top horizontal surface 1 1 1 
of retaining walls including for 1 , 
accurately grading to lines and 1 ^ ' 
levels given on drawings and leave 1 1 
prepared t(; receive parapet wall sq. ft. i.4751 !l 

ti5 Concrete quality D in continuous 1 1 
backing to kerbs cu. yd. 60 ' , 

llO Allow provisional sum of eighty-five ' Ii 
pounds for new concrete stairs from I 
new road down to existing house | sum 1 '1 

RECAST Concrete (Excluding Piles). 

117 Provide and lay as specified precast 
concrete kerbs to large radius | lin. yd. 925 ' 

118 Extra only over last for kerbs laid to 1 
approximately 15-ft, radius ' lin. yd. 70 1 

119 Provide and lay as specified precast 
concrete fiags for footpaths over 
bridge sq. yd. 2^5 

120 Ditto precast blocks in 12-in. parapet 1 
and at pilasters cu. ft. 2,050 

121 Ditto precast parapet coping slabs cu. ft. 350 
122 Ditto over pilasters No. 3b 
123 Extra only over Items 120 to 122 for 

pointing both faces of parapet, ' 
1 pilasters, and coping as specified sq. yd. 650 

124 Extra only over Items 121 and 122 j 
for providing and fixing J-in. 
diameter copper dowels 5 in. long 
between each coping slab and 
include for cutting neatly 3-in. 
diameter holes 2} in. deep at each 
end of each coping slab and filling 
with I : 2 cement mortar No. 180 

Expansion Joints. 

123 

126 

127 

Provide and fix in shuttering at time 
of constructing retaining walls, 
|-in. approved resilient expansion 
joint filler ; width of face of joint 
varies from 12 in. to 24 in. 

Seal vertical slot 8 in. by 4 in. at 
expansion joints in retaining walls 
with stiff mortar consisting of equal 
parts of cement and sand 

Provide and fix with 2-in. copper 
nails 7 lb. sheet lead wrapped 4 in. 
round each face of expansion joint 
in retaining walls ; total girth 9 in. 

lin. ft. 375 

lin. ft. 365 

lin. ft. 365 

Carried forwar d: £ 



TYPICAL BILLS OF QUANTITIES 

Item Particulars Unit Quant. 1 Rate | 

128 Provide and fix by sweating on to 
back face of retaining walls at 
expansion joints ^-in. bituminous 
sheeting 3 ft. 6 in. wide 

i^roiight 

sq. yd. 

forwar d : 

140 
129 Provide and fix in transverse cavity 

walls over abutments, i-in. approved 
resilient expansion joint filler includ¬ 
ing for fixing to face of retaining 
walls with 2-in. copper nails sq. yd. T90 

130 Provide and fix with 2-in. copper 
nails 7 lb. sheet lead wrapped 4 in. 
round each exposed vertical edge of 
expansion joints at pilasters ; total 
girth, 9 in. hn. ft. 40 1 

I'rovide and fix complete flush with 
top of concrete slab, |-in. mild steel 
plate 8 in. wide covering expansion 
joints in deck slab over abutments, 
including for fixing on one side of 
joint only by ^-in. countersunk 
steel bolts embedded in the concrete 
at 15-in. centres liii. yd. 

1 

1 
1 

1 

33 
132 Provide and fill approved bituminous 

compound into space ^ in. wide and 
1 in. deep at expansion joints m 
deck slab 

1 
1 

lin. yd. 

1 
1 1 
1 
1 

35 

'INISIIES. 

133 Bush hammer all exposed faces of 
approach retaining walls excluding 
stringcourse 

! 
sq. yd. 

1 
1 

1.600 ii 
134 I>itto of spandrel walls and pilasters. ' 1 

1 
excluding arch ring, stringcourse 
and splayed feature at springing 
level 

1 

sq yd. 500 [ 
135 Wire brush exposed surfaces of ! li 

parapet and coping to present a 
uniform appearance and expose the 
special “ glitter ” material sq. yd. 

1 1 

750 1 

Total of Section E carried to 
Summary 

i 
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Section F.—Roads and Pavings. 
Note : The rates for road and footpath surfacings are to include for making 

good up to kerbs, gullies, manholes, and the like. No deduction is made from the 
measurements for manholes, gullies, and the like. Kerbs and flags are included in 
Section E, 

Item Particulars Unit Quant Rate i s. d. 

136 Scarify and break up surface of 
existing carriageway at ends of new 
approach roads and elsewhere as 
directed, and lay aside scarified 
material for re-use as directed sq. yd. 1.350 

137 Provide and prepare as specified 
formation to new approach roads sq. yd 4T)50 

Ditto to road over bridge sq. yd. «5 
130 Ditto to footpaths sq. yd. 2,025 
140 Provide, lay, and blind as specified 

bottom course of whinstone pitching 
to approach roads and road over 
bridge sq. yd. 4.750 

141 Ihovide, lay, and blind hard-core 
bottoming for footpaths as specified sq. yd. 2,025 

142 I’rovide and lay 3-in. consolidated 
thickness of bituminous macadam 
as specified in bottom layer of sur¬ 
facing to approach roads sq. yd. 4.f>75 1 

143 Maintain last for twelve months as 
specified and make good sq. yd. 4.f>75 

144 Provide and lay after expiry of twelve 
months 2-in. consolidated thickness 
of bituminous macadam as specified 
for top layer of surfacing to approach 
roads 

1 

sq. yd. 4.<>75 
145 Provide and lay i^-in. consolidated 

thickness of bituminous macadam 
as specified for footpaths of approach 
roads sq. yd. 1.985 

146 Provide and lay 3-in. consolidated 
thickness of single coat hot-process 
asphalt as specified for road over 
bridge 

Total of Section F carried to 

sq. yd. 435 

Summary ;^l 
Section G.—Sundries. 

Item Particulars Unit Quant. Rate 
1 
' i s. rf. 

. 147 Provide and erect post and wire 
fence complete as specified lin. yd. 395 

148 Allow P.C. sum of twenty-five pounds 
for supply of bronze engraved tablet 
and add for taking delivery, setting, 
and fixing to parapet and for profit sum 

149 Allow provisional sum of twenty 
pounds for testing materials sum 20 — 

150 Allow provisional sum of fifty pounds 
for constructing road blocks and 
other works at ends of existing 
bridge 

Total of Section G carried to 
Summary 

sum 50 
! 
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Summary. 

489 

Sums brought 
forward from 

Bills of 
Quantities 

i s. d. 
Section A—Preliminaries .......... 

,, B—^Clearing site, excavation and filling ..... 
,, C—Drains ........... 
,, D—Piling ........... 
,, E—Concrete and reinforced concrete ...... 
,, F—Roads and pavings ......... 
,, G—Sundries. .......... 

The Contractor is to enter here a sum for any and every work, materials, labour, 
plant, service, or other matt(*r which he may consider necessary for the due and 
proper completion of the Works in accordance with the full intent of the Contract 
Documents and for which he has not included in one or more of the preceding 
items of the Bill of Quantities, and a description of such work, etc., shall be 
entered here. 

Allow for lithography or copying Bill of Quantities the sum of twenty pounds. 20 - - 

Total 

Allow for contingencies a sum equal to ten per cent, of the foregoing total, 
which sum shall be at the absolute disjiosal of the Engineer and shall be deducted 
in part or in whole as directed ......... 

Net amount of tender carried to Form of Tender . . . . £ 

Schedule of Prices, 

Materials."—Quality to be as specified and rates are to include for delivery to position 
required on the site. 

Unit Rate 

Ordinary I’ortland cement ...... ton 
Rapid-hardening Portland cement ..... ton 
High-alumina cement ....... ton 

Note :—In the event of the Contractor being directed 
to use high-alumina cement, the prices given against the 
appropriate items for concrete in the Bill of Quantities 
will be adjusted only by the net difference in the cost 
of the cement based on the rates quoted in this 
Schedule. 

Fine Aggregate : 
Source of fine aggregate proposed to be used by the 
Contractor to be stated here. 
. cu. yd. 

Coarse aggregate: 
Source of coarse aggregate proposed to be used by the 
Contractor to be stated here. 
... cu. yd. 

Timber left in as directed . . . . . . cu. ft. 
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Unit Rate 

Daywork. — No payment additional to the rates quoted herein will be 
allowed lor foremen, time-keeper, head-office charges, or for 
the use of scaffolds, tackle, tools, or for sharpening tools. 
Time on fixing and removing scaffolds will be allowed 
Labourer | hour 
Labourer engaged on concreting . . . . . i ,, 
Concrete mixer operator . . . . . . ^ 
Carpenter . . . . . . . . . ' 
Steel bender and fixer . . . . . . . ' 
Timberman . 
Mason or bricklayer setting precast units . . . , ,, 
5-ton lorry and driver . . . . . . . 
5- ton crane and driver . 
lo-ton road roller, scarifier, and driver . 
6- ton road roller, scarifier, and driver . . . . ,, 

APPENDIX IV 

PRICES OF MATERIALS AND RATES OF WAGES IN 1939 

The data in the following has been abstracted from Concrete and Constructional 
Engineering,” June, 1939, and relates to materials delivered in London and to the 
rates of wages current in London. It is given for the purpose of comparison with 
prices at other times so that the estimates of costs given in Chapters XII and XIII 
can be approximately adjusted. 

Materials.— 

Washed sand, 8*'. ^d. per cubic yard ; |-in, gravel aggregate, 7s. ^d. per cubic 
yard ; all-in aggregate, 7.9. 3^/. per cubic yard. 

Portland cement delivered in 4 ton loads and upwards, 425. per ton ; rapid¬ 
hardening Portland cement, bs, per ton extra. 

Wrought boards for shuttering : i in. thick, 23s. per square (100 stp ft.) ; in., 
28s. 6d. per square. Sawn timber 3 in. by 4 in. to 3 in. by 7 in., £22 to £22 10s, per 
standard (165 cu. ft.). 

Mild steel bars for reinforcement: | in. and upwards, 155. gd. per cwt. ; J in., 
165. ^d. per cwt. ; | in., 165. gd. per cwt. ; in., 175. gd. per cwt. 

Wages.— 

Carpenters and joiners, is. gd. per hour; if working on old shuttering, 15. lod. 
per hour. Labourers, is. 3!^/. per hour. Men on concrete mixers and hoists, 15. ^Id. 

per hour. Bar-benders, is. ^\d. per hour. 



APPENDIX V 

FORMULAE FOR PRESTRESSED CONCRETE BEAMS 

Typical prestressed concrete beams for bridges are described in Chapter XVIII and 
are illustrated in Fig. 337. The formulae given in the following apply to the design 
of such beams assuming that (i) the beams are freely supported ; (ii) the concrete is 
not to be subjected to tensile stress under the working load ; (iii) only the steel in the 
bottom of the beam is to be stretched, and the wires are to be stretched after the 
concrete has hardened, and are not to be bonded to the concrete ; (iv) half the number 
of wires are to be curved upwards towards the supports sufficiently to allow for the 
reduction of bending moment due to the load ; and (v) the deck does not contribute 
to the resistance of the beams. 

The following symbols are used: P is the initial stretching force and is assumed 
to be reduced to 0-83P when all losses due to shrinking and creep have occurred ; the 
elastic contraction of the concrete is ignored, as post-stretching is assumed. Ma is 
the bending moment at midspan due to the weight of the beam and other loads acting 
at the time the prestress is established ; it is important that the designer should assure 
himself that this bending moment will indeed act at this time as any overcstimation 
of Md will affect the stresses when the prestress is established. is the bending 
moment at midspan due to any loads, including the live load, that act permanently 
or transiently after the prestress has been established. 

A section for the beam must be first assumed and the following properties deter¬ 
mined : A, the cross-sectional area ; /, the moment of inertia about the centroid of A ; 
r, the radius of gyration (7 -- Ar"^) ; Vi and y^. the distances from the centroid to the 
top and bottom fibres respectively ; and e, the distance from the centroid to the 
stretched wires. The area (occupied by the sheath containing the wires must be 
deducted from the gross area when calculating A, 1, etc. 

The primary conditions are : (i) P(r* -f ey^) must be not h‘ss than Mdy^, other¬ 
wise at the time the prestress is established tensih* stress will b(‘ induced in the bottom 
fibre. This condition is generally satisfied if conditions (2) and (4) are satisfied. 

P MdV 
(2) y(y2 — ey^ -1 —y-” must not exceed the safe compressive stress in the concrete 

at the time the prestress is established. (3) o*83P(y2 _} must exceed 4- d/a)yi, 
otherwise under the working load tensile stress may be induced iu the bottom fibre ; 
as a precaution against cracking under accidental overload, 

+ Ma) - o-85~{r^ + ey^) 

must not exceed the modulus of rupture of the concrete (this gives a factor of safety 

of 2*5). (4) — ey^) + y-j Ma) must not exceed the safe compressive 

stress in the concrete at the time the bending moment Ma acts, that is, must not 
exceed, say, one-third of the compressive strength of the concrete at 28 days. 

To conform to conditions (3) and (4), the stretching force must be not less than 

{Md ■+• M(^y^ j j. j.1. — {Md 4" Mi^y^^ . . . / \ 
i and not more than--r- . Also for condition (4), the 
0‘85(r» + ey^) 0'85(f* - ey^) 

c 
properties of the section of the beam must be such that 

yi +>^2 
A(r> -feyiY 

The assumed section should be tested by the foregoing rules and the 

491 
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dimensions adjusted until a satisfactory and economical beam is obtained. The area 
P 

of the stretched steel is -j, where t is the safe tensile stress in the steel, say, 140,000 lb. 

per square inch for O'2-in. wires having a tensile strength of 100 tons per square inch. 
The stresses during transporting and erecting the beam should be investigated, 

and if the prevention of excessive negative bending moments cannot be assumed then 
suitable mild steel reinforcement should be inserted in the top flange. The beam 
should be transported in an upright position with the bottom flange downwards. 



APPENDIX VI 

EXAMPLES OF REINFORCED CONCRETE BRIDGES 

In the following pages examples of reinforced concrete bridges of some of the types 
described in Chapter III are illustrated and briefly described. The references to 
types relate to Figs, 22 to 34. The structures illustrated have been selected for 
their engineering features and not necessarily for their aesthetic qualities. The 
bridges described in the previous chapters also illustrate the application and design 
of the various basic types and variations thereon. 

493 
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GIRDER BRIDGES. 

Fig. 344.—Elevation. 

This IS a typical simple single-span beam-and-slab construction (Type i, Ftg. 22) 
applied to a bridge having a skew span of 30 ft. 6 in. Although generally such 
construction is not used for spans exceeding, say, 40 ft., tliere are a few cases of 
bridges with much larger spans, such as that over the tidal basin entrance, Royal 
Docks, London, a diagram of which is given in Ftg. 346. The longitudinal girders 
are 8 ft. 2 in. deep and the effective span is 103 ft. 6 in. 

-ya-o 

-4o‘-o'- 

Vti 11^1 
Fig* 346*—Bridge at Royal Docks, London* 
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Fig. 347.—Elevation. 

LONGITUDINAL SECTION ALONG (£ 

Fig. 348.—Longitudinal Section. 

Bridge at Kirksmeaton, Yorkshire. 

This bridge is of multiple-span slab construction (Type 2, Fig. 23). The spans are 
arranged in the ratio of i : i -3 : i to equalise approximately the positive and negative 
bending moments. A feature of the structure, which carries a 20-ft. road and two 
5-ft. footpaths, is that the levels of the slab conform to the superelevation of the 
road. 
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Fig. 349.—Edale Viaduct, Hope, Derbyshire. 

This IS of multiple-span continuous beani-ancl-slcib construction (Type 2, Fig. 23). 
It carries a single line of railway, and two of the eight spans are 61 ft. 6 in , one 43 ft., 
three 40 ft., and two 26 ft 6 in. The deck is 13 ft wide and is supported on longi¬ 
tudinal girders under the rails and cross beams carried by the parapet girders. Near 
the middle of the bridge there is an expansion joint and a double supporting trestle. 

Fig. 350.—Bridge at Champaign, Illinois. 

In this railway underline bridge the parapets and deck slab over the four spans 
are precast and non-continuous. Otherwwe the structure is of slab construction 
(Type 2, Fig. 23). the two inner spans being 22 ft. 6 in. and the outer spans 10 ft. 6 in. 
The thickness of the slab is 3 ft. The supporting columns are 2 ft. square, are spaced 
at 7-ft. centres, and are surmounted by a transverse beam 3 ft. deep. The bridge 
was built in 1924. 



Fiji. 351. Elevation 

Alvelky Brid(;k over the River Severn. 

This bridge, which was constructed in 1937, t^arries two coal-tub roads and a 
footpath. For dead load it is designed as a beam continuous over three spans 
(Type No. 5, Fig. 26), but it is designed as an arch for superimposed load. The 
depth of the girders at midspan is 5 ft., increasing to 18 ft. 5 in. at the supports. 

Fig. 353.—Footbridge over River Forth, Stirling. 

Completed in 1935, this bridge was designed as a single-span double-cantilever 
structure (Type No. 7, Fig. 28) for dead load, and as a continuous girder (Type No. 5. 
Fig. 26) for superimposed load. The depth of the parapet girders at midspan is 
6 ft., increasing to 22 ft. 4 in. at the supports. 

KK 
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A*’u. * - ^ 

Fig. 356. Elevation. 

Fig. 357.—Longitudinal Section. 

Bridge over Puget Sound, Washington, U S A. 

Ihis IS of multiple-span double cantilever construction with a suspended span 
(lype No 6, Fig 27) The depth of the suspended girders is 7 ft. and at the haunches 
the depth of the girders is 14 ft. The bridge, which carries a 20-ft. road, was completed 
m 1938. 



GIRDER BRIDGES 

Fig. 358. - Elevation. 

Bridge at Bry-sur-Marne. 

Another example of cantilever construction with a suspended span (Type No. 6, 
Fig. 27), this road bridge, completed in 1936, has short end spans acting as counter¬ 
weight to the cantilevers. The depth of the longitudinal main beams over the 
central span is 5 ft. 2 in. at midspan and 12 ft. 6 in. at the supports. 
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Fig. 354. -Longitudinal Section. 

Bridge at Santa Paula, California. 

This road bndge, 62 ft. wide and completed in 1941, is of single-span counter 
weighted construction analogous to Type No. 7, Fig, 28. 



504 REINFORCED CONCRETE BRIDGES 

Fig. 365.-Bridge at Villeneuve-St. Georges, France. 

This road bridge, which is 46 ft. wide and was completed in 1939, is a modifica¬ 
tion of Type No. 7, Fig. 28, insofar as there is a central span of 255 ft. and two end 
spans of 134 ft. For a distance of 97 ft. from each of the river piers the girders of 
the end spans are cantilevers, the remainder of the end spans being freely suspended. 

Fig. 366.—Road Bridge at Wiggenhall, Norfolk. 

This is an adaptation of Types Nos. 6 and 7 {Figs, 27 and 28) insofar as the 
central span and 48-ft. projections of the end spans constitute double cantilever 
construction, while the remainder of the end spans is provided by a short freely- 
suspended span supported at the outer ends on cantilevers projecting from the 
abutments. The depth of the main girders of the central span is 4 ft. 9 in, at the 
crown and 10 ft. 9 in. at the piers. 
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Fig, 368.—Part Plan and Part Elevation. 

Bridge Yakima, Washington, U.S.A 

This bridge carries a 24-ft. road and two 3-ft. 6-in. cantilevored footpaths, and 
was completed m 1939. It consists of four intermediate spans of 130 ft each and 
a cantilevered span of 40 ft. at each end. The longitudinal beams are box-girders 
built monolithic with the central pier, but roller bearings arc provided over each of 
the other four piers. The design is thus somewhat like Type 6 (-Ftg. 27) without the 
freely-suspended span. 
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ARCH BRIDGES. 

Fig. 369.—Deepdene Bridge, Decking. 

This IS a typical single-span solid-spandrel fixed barrel arch (Type No. 8, Fig. 29). 
For moderate spans the road is laid on earth filling placed between the spandrel walls. 

Fig. 370.—Bridge over River Thames at Chiswick. 

In this multiple-span sohd-spandrel barrel arch (Type No. 8, Fig. 29) the deck 
is supported on columns earned on the arch slab, the latter being of cellular con¬ 
struction. The central span is 150 ft. clear, the two side river spans are each 125 ft. 
clear, and the spans on each bank are 61 ft. 6 in. The width of the bridge is 70 ft., 
comprising a roadway 40 ft. wide and two footpaths each 15 ft. vride. The thickness 
of the arch at the crown is 3 ft., increasing to 4 ft. 8 in. at the springing. 
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Fig. 371.—Elevation. 

Sand6 Bridge, Sweden. 

The bridge at Sando, Sweden, is an open-spandrel fixed single-arch nb construction 
(Type No. 9, F%g. 30) and is the longest reinforced concrete arch in the world. Con¬ 
struction was completed in 1943. The span is 866 ft. and the ratio of rise to span 
is I to 6-66. The overall thickness of the arch is 8 ft. 8 in. at the crown and 14 ft. 9 in. 
at the springing, and the arch is of triple-cellular construction, the top and bottom 
slabs and the vertical diaphragms being 12 in. thick. The deck carries a 34-ft. 
roadway and two 4-ft. footpaths, and is supported on columns carried on the arch. 
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Fig 373 — Bridge in Saskatoon, Canada 

Completed in 1915 this is an open spandrel multiple span fiKcd aich nb con 
stniction (Type JNo g hig 30) 

Fig. 374.—Bridge at Aarhus, Denmark. 

An open-spandrel multiple-span arch nb structure with three-hinge arches, and 
therefore one of the vanants of Type No 0, Fig 30 

The seven spans vary in length from 116 ft to 148 ft. centre to centre, the clear 
spans being from 99 ft. to 129 ft The ratio of rise to clear span varies from i to 5 2 
to I to 7 3. At the crown the three-hinged arches are i ft 8 in to 2 ft. thick at the 
crown and 2 ft. to 2 ft. 4 in at the springing. The maximum thickness at the 
quarter-points is 3 ft. 4 in. The deck carries a 37-ft road, two 6-ft. 6-in. cycle tracks 
and two 9-ft 6-in footpaths 
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Fig. 375.—Elevation. 

Fig. 376.—Articulation Diagram 

Lorraine Viaduci over the Rivfr A\r, Switzerland 

This IS a combination of Types Nos 9 and 10 (Figs ^o and 31), since it consists 
of a three-hinged arch slab but is of open-spandrel construction The arch slab is 
of cellular construction with four longitudinal diaphragms and is 44 ft, wide. The 
depth at the crown is 10 ft 6 m. and at the springing 16 ft 6 m Based on the 
theoretical span of 492 ft. the ratio of rise to span is i to 4 3. The deck is 57 ft. 
wide and carries four hues of railways. 
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Fig. 378.—Esholt Bridge, Yorkshire. 

This IS a bowstring bridge (Type No 12 Fig 33) with a span of 15^ ft The 
illustration shows the structure under a test load of 252 tons 

Fig. 380.~ Dimensions. 

Bridge at Neuville-sur-Oise, France. 

This IS a special type of bowstring construction with Vierendeel stiffening girders 
at deck level forming the parapets. The bridge, which was completed in 1938, has 
a span of 265 ft. and carnes a 19-ft. road and two 6.ft. 6-in. footpaths. 
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Fig. 381.- Elevation. 

126 00 

Fig. 382.—Dimensions. 

Bridge at Roche-Guyon over the River Seine, France. 

Completed in 1934, this is of open-spandrel fixed-arch rib construction with 
the deck partly suspended (Type No. 13, Fig. 34). The arch ribs are partly solid 
and partly cellular and have a span of 528 ft. The ratio of rise to span is 1 to 7. 
The deck carries an i8-ft. G-in. road and two footpaths, giving a total width of 
32 ft. 9 in. 

This is a combination of the previous design and bowstring construction, as 
hinges are introduced at deck level. The complete span is 470 ft., the ratio of the 
nse to span for the bowstring portion being i to 7. The two arch ribs are each 
3 ft. 3 in. wide, 3 ft. 11 in, deep at the crown and 4 ft. 11 in, deep at deck hinge level. 
The deck provides for an i8-ft. road and two 3-ft. 3-in. footpaths. 
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Abutments, Architectural treatment of, 2^7 
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,, Mass concrete, 221 

Admixtures in cement, 459 
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Aggregates, Coarse, 384, 459 

,, Pine, 382, 404, 4f)0 
Alignment of bridges, 5, 247 
Ancient bridges, i 
Arches and Arch Bridges (See also Bowstring 

girders) : 
Architectura] treatment, 235, 238 
Design, 169 
Ivxamples, 188, 506, 512 
P'ixcd earth-filled, 179, 301 

,, open-spandrel, 179, lai, 303 
Jacking, 424 
Precast, 417 
Shape, 174, 196, 235 
Spans, 236 
Three-liiiiged eailh-filled, 171, 188 

,, ,, open-spandrel, 178, 302 
,, ,, unsymmetrical, 174 

I'ypes, 30, 35 
Variation ot thickness, 185, 195 

Architectural treatment, 2, 7, 48, 234 
Asphalt, 462, 473, 488 

Balusters, 242 
Beams (See also Girders, Cantilevers,, and Con¬ 

tinuous girders) 
Beams, Architectural treatment of, 235 

„ Tee-, 86 
Bearings, 85, 94, 427, 430 
Bending and thrust combined, 147 
Blinding, Concrete, 343, 463, 485 

,, road foundations, 461 
Boring, 12, 440 
Bowstring girdiTS, ^7, 185, 304, 511 
Bridges illustrated (see page viii) 

Calculations, 273 
Cantilevers, 29, 34, 116, 305, 308 
Cavities, 466 
Cement, 380, 403, 459 

,, Coloured, 242 
Centering for arches, 345, 347, 465 

,, Jixamples of, 348 
,, Quantities for, 482 
,, Removal of, 470 

Certificates, 436, 446, 451, 452 
Cofferdams, 198, 342, 463 
Columns, Architectural treatment of, 235 
Completion of works, 436, 445 
Concrete and Concreting, 380 

Bill of quantities, 482 
Consistency (see Water) 
Corrosion, 411 
Curing, 397, 408, 470 
Distribution, 392, 468 
In cold weather, 469 
Mixing, 389, 404, 466 
Placing, 394, 408, 468 
Proportioning, 387, 466 
Quantities for various mixtures, 390 

Remedying defects, 398 
Slump tost, 467 
Strength of tixistmg, 2()6 
Stresses, 55 
Supervision, 408 
Test rubes, 381, 38C, 404, 4C1, 467 
Under water, 396 
Water, 38(’>, ^91, 104, 461, 4()() 

Construction, Mi^thods of and (‘(luipment for, 315 
,, ITelimiiianes to, 415 
,, ProgramiiK' of, ^4. 4P> 

Continuous girders, 29, 95, 118 
,, ,, Plslim.iliiig cost of, 307, 308 
,, ,, witli fixed points of ('outra- 

llexiire, 116 
Continuous slabs, 75, 83 
Contingencies, 296, 450, 490 
Contours, i, 5, 48 
Contract, Alterations to, 447 

,, agreement, 292, 439 
,, Conditions of, 292, 436 
,, documents, 292, 4^8 
„ price, 328, 437 
„ time, 317, 445 

Copings, 342, 472 
Cost estimates, 295, 314, 328, 333 

,, of labour and matenals, 490 
,, Prime, 450 

Culverts, 412 
Curved bridges, 411 

Damages, 439, 446 
Daywork, 421 
Defects, 398, 446 
Dimensions of bridges, 2, 7 
Distribution remfon emeul, 73 
Drainage, 22. 430, 463, 480 

,, of abutments, 21 
,, of approach roads, 21 

Drawings, 2, 67, 270, 287, 437 
Ducts, Service, 8 

Economy, 9 
Estimating contract time, 317 

„ cost, 295, 314, ^2H, 333 
Excavation, 205, 339 

Disposal of material, 339 
Exploratory, 440 
Quantities, 478 
Specification, 462 
Timbering, cofferdams, and dewatering, 342 

P'euces, 462, 475, 484 
Filling, 344, 461, 473 

,, Quantities for, 479 
Finishes, 243, 288, 242, 470 
Fixings, 466 
Floods, 7, 19 
Footbridges, 418 
Footpaths, 2, 7, 474, 488 
Foundations, 41, 197, 343 

,, Design of, 221 
„ Examples of, 204 
„ liable to disturbance, 44 

(See also Ground) 
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Gases on concrete, Effect of, 411 
Girder Bridges, 32, 52, 84 

Continuous spans, 95, 307 
i:)esign, y 
Estimating cost, 298, 307, 308 
Examples, 118,445 
Single span, 84, 298 

,, ,, with cross beams, 93 
Types, 29, 32 
With fixed points of coiitraflexure, 116, 308 

Gradients, 23O 
Grass, 462, 480 
Ground : 

Bearing pressures, 197, 203 
Bearmg tests, 15, 18 
Borings, 13 
Classification, 13 
Investigation, 13 

Headroom, 7, 22 
Hinges, 426 

Concealment, 240 
In arches, i6g, 189, 190, 214, 427 
In continuous girders, 117 
In portal frames, 145, 427 
Temporary, 426 

Insurance, 435, 440 

Joints, Construction, 469 
,, Expansion, 429, 470, 486 
„ in continuous girders, 116, 239 

Kerbs, Precast concrete, 461, 474, 486 

Labour, 25, 443, 490 
Lamp standards, 242 
Length of bridges, 7, 45 
Loads: 

Concentrated on slabs, 56, 73 
Effect on size of span, 48 
Ministry of Transport, 53 
On railway bridges, 410 
Tests, 472 

Macadam, Bituminous, 461, 473, 488 
Mains, Provision for, 19 
Maintenance, 433, 436, 446, 452 
Margins, Covering and sowing, 474 
Materials, 443, 449, 458 

Available sources, 25 
Prices, 490 
Protection, 458 
Quality, 443 
Quantities, for vmous concrete mixtures, 390 
Sampler and tests, 443, 458 
Supervision, 403 

(See also particular materials) 
Measurement of quantities, 294, 449 

„ „ works, 409, 449 
Mineral workings, 18 
Ministry of Transport loads, 53 

„ „ „ recommendations, 109 
„ „ „ requirements for estimates, 

310 
„ „ „ stresses, 35 

Moulds for precast concrete, 465 

Navigation rights, 7 

Office Practice, 267 
Bills of quantities, 293 
Calculations, 273 
Checking drawings, 287 
Drawings, 270, 273, 275 _ 
Routine, 267 ^ 

Specifications, 292 
Steel sheets, 289 

Oil for shuttering, 347, 466 
Ornament, 243 

Parapet blocks. Precast, 472 
Parapets, Architectural treatment of, 240 
leaving flags, 461, 486 
Piers, Architectural treatment of, 237 
Piles, Precast, 201, 471, 481 

,, Fitments for, 461 
,, Stripping heads of, 472 
,, Test, 471 
„ Timber, 336 

Pipe-laying, 463 
\,/Pitching, 461, 473, 488 

Plain concrete bridges, 434 
Portal-frame Bridges, 134 

Estimating cost, 299, 300, 306 
Fixed, 146 
Hinged, 134 
Hinges, 4Ji8 
Types, 29, 33 

Precast Concrete (see also Piles) : 
Bridges, 415 
Balustrades, 240 
Coping, 240, 242, 472, 486 
Kerbs, 461, 474, 486 
Moulds, 465 
Parapet blocks, 240, 472, 486 
Paving flags, 461, 486 
Quantities, 486 

Prestressed concrete, 418, 491 
Prices of materials and labour, 490 

,, Schedule of, 489 

Quantities, Bill of, 293, 477 
,, Measurement of, 294, 449 
,, of concrete materials, 320 

Railway bridges, 410 
Reahgnment of existing bridges, 247 
RElNFORCEMi NT, 363 

Bending, 367, 464 
Bending schedule, 280, 290 
Coupling boxes, 276 
Cover to bars, 281, 464 
I9etails, 268, 275 
Fixing, 374, 406, 464 
Hooks, 272, 281 
Ordering, 365 
Quantities, 485 
Spacing, 281, 464 
Specification, 459, 464 
Steel sheets, 289 
Storing, 366 
Supervision, 405 
Welding, 373 

Resident engineer’s duties, 401, 437 
River, Flow of, 19 
Roads: 

Accommodation, 22 
Alignment, 5 
Approach, 45, 473 
Bottom course, 461, 473 
Draining, 21 
Foundation, 461, 473 
Gradients, 236 
Maintaining traffic, 23, 334 
Quantities, 488 
Secondary, 7 
Surface and top course, 8, 461, 473 

Sand, 382, 404, 460 
Scarifying existing carriageway, 474, 488 
Service ducts, 8, 19 
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Settin^-out the works, 337, 440 
Shear in beams, 88 
Shearing resistance of diagonal bars, 88 

„ „ u stirrups, 91 
Shuttering, 345» 407. 4^5 

Erection, 465 
Examples, 348 
For culverts, 416 
For precast concrete, 465 
Oil for, 347, 466 
Quantities, 482 
Removal, 470 

(See also Centering and Staging) 
Site, 10, 437 

,, Access to, 444 
,, Clearance of, 443, 462, 477 
,, Possession of, 444 
,, survey and investigation, 10, 439 

Skew spans, 50 
Slab-and-girder bridges (see Girder bridges) 
Slab Bridges, 29, 33, 38 

Continuous, 75, 83 
Design, 52 
Estimating cost, 297 
Examples, 73 
Portal frame, 135 

Slabs, Freely supported, 52 
„ supported on four sides, 60, 80 
,, supporting concentrated loads, 56, 80 

Slopes, Covering and sowing, 474, 480 
Slump test, 467 
Spandrel walls. Architectural treatment of, 240 
Span on loading, Effect of, 48 

,, Subdivision of, 7 
Specification, 292, 457 

Staging, 345, 347 
Steel-beam theory, 92, 104 
Strength of concrete bridges, 266 
Strengthening existing bridges, 247 
Subways, 412 
Supervision of construction, 401 
Surveys, 27 

Temporary bridges, 334 
„ works, 334, 437 

Tenders, 313, 438 
Testing bridges, 434, 472 

„ concrete, 386, 405, 467 
,, ground, 15 
,, materials, 443, 458, 467 
,, piles, 471 

'riirust and bending combined, 147 
Tides, Influence of, 21 
Towpath, Amenities of, 22 
Traffic, 23, 334, 442 
Trenches, Drain, 463 
Types of bridges, 28 

Variations of contract, 313, 447 

Walls, 242 
Water, 386, 391, 404, 461, 486 
Water levels, 458 
Waterproofing, 430 
Waterway, 7 
Widening existing bridges, 8, 247 
Width of bridges, 48 
Wind pressure, 431 
Workmanship, 443, 462 
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