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PREFACE

The material in this textbook has been used with success, in three
preliminary editions, by the author’s classes at Mechanics Institute,
New York City. In preparing the present edition, it was felt that other
schools would find the book well arranged and useful for their purposes.

It is intended to be a standard textbook for a full course in technical
and vocational schools and also for intensive study by properly qualified
students in technical schools and colleges. Such students should be
high-school graduates and should have at least two years of architectural
drafting to their credit.

Many books on estimating consider in great detail the design and
congtruction of buildings, mathematics, specification writing, mechanical
trades, and elementary plan reading. The present book is based on the
principle that a textbook should be complete only in the matters before
the class and should not treat in detail anything that is regularly handled
in other classes. Because there is no other book on estimating that
meets this test, the present book should be found acceptable by teachers
and students desiring a thorough textbook treatment without cumber-
some detail.

The practical requirements of the classroom have been given con-
sideration throughout. The book forms a complete working plan for the
instructor and contains all the required -material, including two sets of
plans, many specimen estimates, hundreds of construction terms, and all
essential reference data. The numerous illustrations will enable the
student to visualize better what is being discussed. The exercises are
not too many for a regular class to handle completely.

Chapters I to IX discuss contracting as a business, building codes,
plans, specifications, contracts, and the general technique of estimating.
This material comprises the first half of the course. Chapters X to XVII
deal with the estimating of work that is customarily performed by the
general contractor’s own men. Chapters XVIII to XXIV treat of the
work usually done by the subcontractors’ men.

The aim is to present in orderly sequence a well-rounded course cover-
ing the everyday work of the building contractor’s estimator. The final
chapter deals with the terminal aspect of the course. The challenge
““Are you an estimator?’ gives the student a strong motive for learning.
The comprehensive examination, with plans, provided in this chapter
will enable him to place a definite and practical value on his attainments.
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Wil PREFACE

This final examination might instead be based on a set of selected blue-
printed plans. In that event, the plans in the chapter should form the
basis of classwork or homework during the final months of the course.

A full set of specifications, as for a modern business building or
factory, would require as many pages as this entire text and might also
confuse the student. For these reasons it seemed best to include only
the essential extracts, which may be elaborated upon as desired by the
instructor. Several complete sets of plans and specifications should be
available in the classroom for additional drill and test purposes. These
plans will last longer if they are printed on cloth or mounted. Complete
estimates for several types of buildings should be available to show their
general form and arrangement. Copies of the local building codes also
should be available. The final month or two of the course should be
spent on these, and every student should be required to prepare at least
four complete estimates, each for a different type of building.

It is also suggested that full-size samples of many building materials
should"be on hand in the classroom where the students may see and fecl
them, especially if they are not provided in concurrent classes. Models
of different forms of construction and large-scale drawings will also be
found helpful and should be used to illustrate the instructor’s lectures.

The following reference books should be available and should be used
in the classroom and for homework assignments:

“ Handbook of Building Construction,” by Hool and Johnson, 2d ed.,
McGraw-IIill Book Company, Inc., or

“Architects and Builders Handbook,” by Kidder-Parker, 18th ed.,
John Wiley & Sons, Inec.

“Standard Construction Methods,” by G. Underwood, 2d ed.,
McGraw-Hill Book Company, Inc., or

“Materials and Methods of Architectural Construction,” by Gay and
Parker, 2d ed., John Wiley & Sons, Inc.

“Architectural Graphic Standards,” by Ramsey and Sleeper, 2d ed.,
John Wiley & Sons, Inc. 4

“Business Methods in the Building Field,”” by Schobinger and Lacker,
MecGraw-Hill Book Company, Inc.

“ Fstimating Building Costs,” by Frank I5. Barnes, 3d ed., Mc¢Graw-
Hill Book Company, Inc., or

“Estimating Building Costs,” by William Arthur, 3d ed., Scientific
Book Corporation, or

“The Estimator’s Reference Book,” by Frank R. Walker, 8th ed.,
Frank R. Walker Co., Chicago.
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Although the arrangement and contents of this book are original, and
the illustrations all especially made for it, the author wishes to acknowl-
edge his indebtedness to all the books and manufacturer’s catalogues
which he examined for ideas. No names of manufacturers or of their
products are mentioned either in the text or in the illustrations, nor has
any effort been made to favor the use of any particular materials.

GeorGE H. CooPER.
NEW YORK,
April, 1945,
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BUILDING CONSTRUCTION
ESTIMATING

CHAPTER 1
INTRODUCTION

Building construction estimating requires a working knowledge of
all phases of building work. The serious student of estimating may
therefore be said to have an excellent opportunity to make a good general
study of building work. As nearly every man will find this knowledge
useful at some time or other, whether or not he is directly connected
with the building industry, it will readily be seen that the practicality
of a course in estimating can hardly be overemphasized.

The estimator in a well-organized contractor’s office is usually the
center of activity in the office. From the time the office makes the first
contact regarding a proposed building until the job is well under way,
the estimator is in control. He may even have to make the contacts.
His first duties include quantity surveying, interviewing subcontractors,
obtaining quotations on materials, and preparing the estimate. He
then submits the.bid and follows through to secure the contract. He has
to make adjustments quickly and therefore must have his records in
fine order and his wits about him all the time. His work is important
at all stages.

Before the work at the job can begin, the estimator prepares the work-
ing estimate, the material lists, and the construction schedule. He is in
constant touch with sources of supply, as it is his duty to award the
subcontracts and to supervise the purchasing of materials. Unless these
are properly and promptly taken care of, there is much waste energy
all along the line afterward. The saying ‘““a job well begun is half
done’’ applies very aptly here, as many a job has been bungled merely
because it was given into the superintendent’s hands before it had been
properly started in the office.

When the job gets under way, the general superintendent has control
and the estimator gradually relinquishes his hold, in order that he may
put his time to use in securing other contracts. A good estimator will
see that complete plans and specifications, copies of all subcontracts,

1



2 BUILDING CONSTRUCTION ESTIMATING

and all other required data are given to the superintendent. He will
make sure that every adjustment has been made in the records up to the
time that he thus turns them over to the superintendent. He will
clarify all points about which he thinks there may be any question or
which may tend to slow up the progress of the job. He will insist upon
his records being so complete at the time of their final release by him that
nobody can hold him responsible for what happens afterward.

This course is for the practical purpose of training students in the
everyday work of the building contractor’s estimator. The plan is to
cover the entire ground as thoroughly as possible in the time given to the
subject. The textbook, which contains all the material required for
a complete presentation of the principles underlying this subject, is
planned for classroom use and home study under the direction of a
teacher. :

Two complete sets of plans are included and will be referred to in the
text. These plans illustrate many kinds of materials and several types
of construction. Detail drawings are included in the chapters in which
the work shown by the details is discussed.

Specimen estimate sheets will be found in all the chapters dealing
with the estimates. These illustrate the recommended method of mak-
ing the entries required in each of the various lines of work. Kach
student individually should do all the actual measuring of the plans, and
each should make all the entries in the estimates.. In this way the plan
indications, units of measure, and methods of scaling the plans will be
brought out forcefully.

The hundreds of construction terms treated in the text are those
commonly used by architects, contractors, and others concerned with
building work everywhere. The student should realize that these form
the heart of the construction man’s language. As they are tied in with
the text and the estimating work throughout the course, every serious
student will have an opportunity to enrich his vocabulary by including
in it these new words and expressions. They will probably be of more
practical value than the same number of words learned in a class in
English literature.

Exercises, given at the end of each chapter, are based upon the work
of the chapter. They should, therefore, be worked out thoroughly by
every student while the chapter is being studied. In this way the weak
points of the instruction or of the study will appear and can be reviewed
before the next chapter is started. The last chapter in the book contains
final examination directions and. problems and represents the goal of the
course. '

Many unit costs are given in the text and in the specimen estimates.
These are for the purpose of making the work more realistic and may be
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employed for pricing the estimates. However, it should be borne in
mind that costs vary, owing to many causes that will be discussed in the
text; and these unit costs should not be treated as permanent references
for actual pricing of work.

This is a practical course and the students should react by asking
questions and looking up information because of their interest in the
practical nature of the work. Thus will be fulfilled the conditions
that facilitate the acquisition of knowledge: a determination to know, an
active mind, and an effective method of study. As the student increases
in power, imitation must gradually decrease and reason play an ever-
increasing role. The students are urged to discuss the work among
themselves as well as with the teacher; in fact, they should work in pairs,
if possible, always being sure, however, that each member of the pair
goes through all the motions of the estimating process individually.

Exercises

1. Briefly, what are the duties of an estimator?

2. Up to what point is an estimator in control of a building operation?

8. What should the estimator do for the good of the job and for his own safety
when relinquishing control?

4. Look over some of the books on estimating, such as those listed in the Preface
to this texthook. Write at least 100 words of notes on an introduction to estimating.
Name the books that you have used for this purpose.



CHAPTER 11
CONSTRUCTION RELATIONS

The construction of a building involves many kinds of administrative
and technical skills. This is a fact that is not often fully appreciated by
the general public or even by businessmen in other lines of work. They
see a building going up, but seldom have an opportunity to look behind
the scenes and observe the working of the system that makes possible
the construction of the building—the activity in the various departments
of the architect’s, the contractor’s, and the subcontractors’ offices.

In a contractor’s office there are much careful planning and scheduling
to be done, equipment to be arranged for, and materials to be purchased
and coordinated as to sequence of delivery. The field working force must
be organized anew for each project, and definite arrangements must be
made for pay rolls, accounting, insurance and tax records, in connection
with this floating population of workers on the job.

It is the contractor’s skill and the use of his business and technical
organization that the owner buyvs when he signs a construction contract.
A contractor who attempts to operate without proper skill and without
a proper business and technical organization is under a very great
handicap.

The chart on the following page (Fig. 1) shows the usual relationship
that exists between the men who are concerned with the design and the
construction of an average building job. This study is from the general
contractor’s viewpoint and, therefore, the main line of action is shown
running through the contractor’s organjzation, as the chart indicates.
The contractor looks to the owner as the man who pays him and as the
one he wants to satisfy regarding the particular job.

The architect is the man who makes the plans. He also writes the
specifications that accompany the plans and that further describe the
work. He is engaged and paid by the owner to do this planning and to
look after the owner’s interests in connection with the building work.

At the beginning, the architect has dealings with the owner alone,
preparing preliminary sketches and then making the regular plans and
writing the specifications. After this is done, the general contractor
comes upon the stage. He is asked to submit a bid for the job of con-
structing the building. Usually, the architect invites the contractors to
bid, although sometimes the owner does this.

4
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| City Depts. }-———-{ General Contractor }—-{ Sub-contractors ]

Architect’s Material
Inspector Men

[ Inspectors l———{dob Superintendent }-—Emen
l Foremen Men

Men

Fis. 1.—Construction relations.
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Contractors are very likely to know about the job before it is time
for bids, because they are always following up trade reports and other
leads toward jobs and are constantly in touch with a number of architects
and others who frequently have work to be estimated. As public con-
tracts have to be legally advertised, one can always know about this
class of work at least 10 days before the bids are due.

The architect lends each invited contractor a set of plans and specifi-
cations, in order that each one may prepare his estimates on which to
base bids. After the contract between the owner and the successful
contractor is signed, this contractor looks to the architect for further
information regarding the work to be done and for detail plans, etc. He
soon finds that he has both the owner and the architect to satisfy.

The architect sends a man from his office to act as his inspector on the
job. This man is sometimes referred to as the ‘“architect’s superin-
tendent.” The contractor has his own superintendent on the job to
handle the various trades and to lay out the work, to order material as
required, and to manage the subcontract work, etc. The contractor's
superintendent has continual contact with the architect’s man and with
the inspectors from the municipal departments that have jurisdiction
over the work of constructing buildings.

The municipal departments are visited by the architect, as he has to
file applications and plans in order to enable the contractor to secure a
permit for the erection of the building. The contractor also visits them
to, get this and various other permits that contractors are required to
have. After the job starts, it will be visited by the inspectors from these
departments—and the contractor will have them to satisfy too!

Local laws always include regulations governing building work, which
are generally referred to as “building codes.”” The building code states
the minimum requirements regarding the design, construction, and use of
buildings and other structures. Safe and sanitary buildings are required.
The size and kind of materials for walls, floors, roofs, plumbing, etc., are
given in the code.

Subcontractors are men or firms who do work for the general con-
tractors. This may be work that the general contractor does not wish
to do; or work that he has not the facilities to do with his own men; or,
perhaps, work for which he has not the required license. Steel, iron,
roofing, sheet-metal, plumbing, heating, and electrical work are some of
the lines that are commonly sublet in this way. The subcontractors
send their men and materials for the work they do on the job. The
general contractor’s superintendent sees that they do their work on time
and in harmony with the other lines of work.

In small towns, where there are very few inspectors from the munici-
pal departments, one man often acts as the whole personnel of the building
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department.
than in large cities.

7

Similarly, in small places there are fewer subcontractors
In such cases the general contractors employ men

for most of the trades directly, instead of giving the work out to sub-

contractor specialists.

In the very large cities there seem to be sub-

contractors without end: for wood flooring, for just seraping and finishing
wood floors, for doing only the cement-finish work, for caulking, and for
many other items of work that would ordinarily be done by the general

contractor’s men in a smaller place.

EMPLOYEE (LASSIFICATIONS

Classification

Air-tool operator. ... ... .. ... |

Asbestos worker. ... ... ...
Asbestos worker’s helper
Barman (wrecking).... ...
Barman’s helper
Boilermaker... ... ... ... S
Boilermuker’s helper. ... .. ..
Bricklayer. c
Bricklayer's h( lp('r ...........
Cable splicer. .

Carpenter................... ‘
Caulker (pipe)...... ...

Cement finisher

(‘ement and concerete worker. ..

Composition roofers. . ...... ..
Composition roofer’s helper. .

Curbsetter............. ... .

Derrickman (stone)

Dock builder. ............ ... '

EKlectrician

Elevator constructor..........

Elevator mechanic............

I
Elevator constructor’s helper.
Elevator mechanic’s helper. ..

Glazier. . .
Lal)oror, common

Laborer, concrete. . ........ ..

Manhole builder
Marble carver
Marble cutter and setter. .. ..

Marble polisher........... ...
Metal lather............ .. ...
Mosaic and terrazzo worker. . .
Ornamental ironworker. ... ...
Ornamental ironworker’s helper

Rates per

hour

$1.

2
1

e —

[

1424
.00
.50
.25
15
.90
.60
.00
L2137
.50
.60
15
.85
2137
42
.96
.65
.65
75
L7134
.85
.53
.35
.09
8837
8114
2134
.00
L0714
.75

1.5714

.75
.75
75
.30

Classification

Painter.......... ... .. ... ...
Plasterer. .
Plasterer’s
Plumber.................. ..
Plumber’s helper.......... ...
Sheet mectalworker... ... .. ..
Slate and tile roofer....... ...
Slate and tile roofer helper. . ..
Steamfitter............ ... .. i
Steamfitter’s helper. . ... ... ..
Stonecutter.. ... ....... .. . !
Stonemason.......... ... ..
Stone setter.................
Structural ironworker. .. ... .. :
Stru(,turnl iron apprentice.,

hlclavo
' Tile layer’s hvlper ............
! Timberman.......
{ Weatherstripper. ... ..... ..
{ Equipment Operators

Air compressor, single... .. ..
Air compressor, battery
Hoist . . .. R
Conc rcte mixer, wmall ........
Concrete mixer, large. .. ... ... f
Powersaw............... ...
Pump......................
Tractor.................... 1

Scraper. . ...
Bulldozer

Rates per
hour

$1.
2.
.42
.50
.683¢
.63
.86
.96
.00
.50
6834
.90
.00
.00
.30
6837
.25
.25
.60

1
1

.65

60
00

75
921,

2134

L9215
.60
.65

.65
.65
.65
.65

121y
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Material man is the term used to denote any of the men or concerns
that merely sell the materials used in building work. The lumber dealer
is a material man. He sends the lumber to the job but does not send the
carpenters who install it. The mason supply yard, the sand and gravel
company, the hardware dealer, and all others from whom materials are
bought are called ‘‘“material men’’ and are thus distinguished from sub-
contractors, who do actual work on the jobs.’

The subcontractors themselves use the material men—for supplying
their own men with materials. Thus, it may happen that occasionally
the same material men will send material to the same job, both for the
general contractor’s use and for use by one or more of his subcontractors.
The same mason supply man may send bricks and cement for the general
contractor’s mason-work and plastering materials for the subcontractor
who is doing the plastering.

The mechanics are the men who work with tools on the job. Helpers
or apprentices also are emploved in some trades. “Laborer” is a broad
term, used not only to apply to the men who do the ordinary heavy work
about the job, but also to refer to helpers and apprentices. A brick-
layer’s helper, for example, is often referred to as a laborer.

The list of the employee classifications found on large jobs, together
with their rates of wages, is shown on page 7. The rates are given here
merely so that the student may become somewhat familiar with them;
naturally, they do not apply in all parts of the country. The whole fiekd
of industrial relations and business economics is undergoing a change.
Workmen on construction jobs are being unionized in practically every
part of the country. The rates shown are union rates per hour that apply
in some localities.

Exercises

1. Make a chart showing the relationship between men on an average joh or, if
possible, on a job with which you are familiar.

2. State the relationship of subcontractors to a job and name at least six lines of
work that are commonly sublet.

8. What is a material man? Name several kinds. Do material men send men to
work on the job?

4. State what the term “mechanic’” means as used in building work, and name
six trade classifications of mechanics,

6. Name 10 positions held by men on a building job who are not employed by the
general contractor.

6. Write at least 100 words of notes on the men concerned with building work,
taken from one or two of the books listed in the Preface. Name the books used.



CHAPTER III
THE ARCHITECT

The architect’s duties have been partly set forth in Chap. II, which
shows his relations with the group of men concerned in a building oper-
ation. He furnishes the drawings and specifications necessary for the
proper prosecution of the work and also any additional drawings, details,
and directions required as the work proceeds, except the shop drawings.
He usually has the power to make decisions upon all the contracting
parties and upon all controversies arising under the contract.

“Shop drawing’ is the general term applied to all plans and details
prepared by the contractor and his subcontractors and material men.
The millwork details submitted by the material man for the millwork are
shop drawings. The fabrication details and setting plans prepared by
the structural steel and miscellaneous ironwork subcontractors are shop
drawings.

The architect inspects and passes upon the work and determines
whether it is in accordance with the contract and with his plans and
specifications.  He has the power to make decisions relative to the prog-
ress of the work and to determine the time to be allowed for changes
that are approved by the owner. If he thinks such action is necessary
for the proper execution of the contract or for safeguarding the work
from injurious weather conditions, he may suspend the work until the
causes of suspension have been removed.

The architect has the power to determine allowances for changes in
the work ordered by the owner. He has the power to act as the owner’s
agent in emergencies affecting the safety of limb or property and to
order any work necessary to meet such emergencies. He certifies as to
the amounts due to the contractor and has the power to withhold pay-
ments to protect the owner from loss that is due to failure on the part
of the contractor to meet obligations under the contract.

The architect’s office personnel consists of a head draftsman, several
other draftsmen, and at least one general assistant. The head draftsman
works in close conjunction with the architect in preparing the preliminary
sketches and in studying the client’s requirements, as well as in the
general designing and planning. The regular draftsmen complete the
drawings and make the tracings.

In architectural offices there is always ample provision for drafting
work. Even a small office will have several drafting tables. In addition,

9
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there are plan files, sample cabinets, bookcases, and other special equip-
ment, as well as the usual desks, files, typewriters, etc., that are common
to all offices.

Generally, either the architect or his head draftsman does all the
specification writing. This is a sort of one-man specialty, as it involves
not only continual contact with manufacturers’ representatives, but also
the proper coordinating of all the building work deseribed under the
different specification headings.

In large architectural offices there are designers, squad leaders, drafts-
men, tracers, detailers, engineers, structural draftsmen, mechanical

Privote
Office
Dratting
Room
General .
Office Reception
— Room

Corridor

I'te. 2. - An architect's office.

draftsmen, checkers, etc. Such offices are often highly organized. Fig-
ure 3 shows the layout of offices for a firm of architects and engincers
that handles the design of large industrial plants, as well as the general
run of architectural work.

A license is required. In practically all states it is unlawful for any
person to practice or to offer to practice architecture unless he has been
duly licensed as an architect. Engineers, as such, may also obtain
licenses, and they then have almost the same powers and duties as
architects in connection with building work.

In New York State, licenses are issued by the State Fducation Depart-
ment. To secure a license as architect the applicant must submit evi-
dence that he is at least twenty-five years of age and a citizen of the
United States. Besides, he must have completed an approved four-year
high-school course or its equivalent, as determined by the State Edu-
cation Department, plus the satisfactory completion of two years in an



11

THE ARCHITECT
; 0000000
So D 4 3E A 219 |°
5 D oD o[ o ° o o OD OD
L 1 D
- L]
6 14 L o
] - v
\ poUUU Il == I
.. . Clerk
Plan files Plan files
— — —]
Coats Coats
[ ] I
M. Corridor
/-j i X
o]
olole N 2
1‘ log D @ _«j

o ond w

L5 ]
= al
E D A

A i | [] DD r

o a o §0 b |2

&« 3 oo} =

% a o] v @ [a) 2 a 0 g

S| I - >

L] =) [w]

— ° o o
(o A = g
ODD o D DO l] DD

o] DQ
O ) 0C=20
Street

A-Architectural Dept. B-General Office C-Construction Dept

| Conference Room | Manager I Specification Writer

2 Architect
3 Architect

2 Bookkeeper
3 Stenographers

2 Contract Clerk
3 Construction Supt.
4 Stenogropher

4 Design Room

D-Drafting Room
I Chief Draftsman

2 Planning
3 Draftsmen
4 Detailers

5 Engineers
6 Checkers
1 Tracers

Fia, 3.

4 Informotion
E-Engineering Dept.

! Conference Room

2 Civil Engineer

3 Mechanical Engineer
4 Electrical Engineer
5 Design Room

-A firm of architects and engineers,



12 BUILDING CONSTRUCTION ESTIMATING

institution registered as maintaining satisfactory standards, conferring
the degree of bachelor of arts or science, or the equivalent.

The applicant must submit satisfactory evidence to the Board of
Regents of at least five years’ practical experience in the office of a
reputable architect, commencing after the completion of the high-school
course of study. The law in New York also provides that, notwith-
standing all else, every applicant shall establish by written examination
his competency to plan, structurally design, and supervise the construc-
tion of buildings and similar structures. Kach complete year of study
in a registered school or college may be accepted in lieu of one year of
experience; in this case, the applicant must submit evidence of sufficient
additional experience to give him a total of eight vears.

The examination in New York State is based on the four following
subjects or groups:

History oF ARCHITECTURE. The candidate gives evidence in the examina-
tion, by means of clear descriptions, analyses of plan, construction, general
expression, and ornament, that he understands the essentials that give character
to the various historic styles of architecture.

ARCHITECTURAL ComposITION. The candidate must show that he under-
stands the broad principles underlying the subject of architectural planning by
the application of those principles to specific problems stated in the examination.
The social, economie, and physical requirements of several architectural problems
are outlined and the candidate is asked to state the principal considerations that
would guide him in the choice of an arrangement of plan that would most ade-
quately express and fulfill the conditions suggested.

ARCHITECTURAL ENGINEERING. In this subject the candidate’s handling of
the examination must give evidence that he has a thorough understanding of the
appropriate use of the various materials used in buildings. He is required also
to solve certain technical problems, such as the caleulation of the proper economic
dimensions of various structural members common to buildings in the several
materials noted. The use of handbooks is permitted. Questions are asked
relating to structural design, use of materials, heating and ventilating, electric
equipment, plumbing and fire-protection equipment, and elevators.

ARCHITECTURAL PHacTicE. In the examination the candidate must give
evidence that he understands the moral and legal responsibilities of the architect
in the proper performance of his duties. He is required to outline or draft
clauses of contracts and to show that he understands the major provisions of
state, county, and municipal laws and ordinances and the way they affect the
different classes of buildings. Questions under this heading will be asked relative
to the following topics:

BUSINESS AND PROFESSIONAL FUNCTIONS OF ARCHITECTS. Professional rela-
tion of clients and contractors. Responsibilities of architects and
methods of conducting their business.
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BUILDING LAWS, State, county and municipal.  Filing plans and specifiea-
tions.  Obtaining permits.

conTrACTS.  Drawings, specifications, and agreement, as essential parts of
the customary contract between owner and builder. Provisions as to
bids, letting contracts, requisitions, certificates, and payments.

SPECIFICATIONS. General conditions, purposes, and scope. Principles that
should be observed in writing specifications.

DRAWINGS. Purposes, use, and limitations of preliminary drawings. Issen-
tials that should be embodied in contract drawings.

The architect’s inspector watches the men while they work and
reports back to his office as to what is going on at the job day by day.
If he is a practical and experienced construction man, his worth is
appreciated on the job. His presence there is equal to that of an addi-
tional superintendent or engineer. He will be able to offer practical
suggestions that will help toward making the job a happy place in which
to work. No honest contractor objects to this sort of inspection or
supervision on behalf of the architect or the owner. Some architects,
however, send young draftsmen to the job to act as their inspectors,
perhaps having them stop there only occasionally, if it is not a large job.
As these young men have not had much to do with construction work,
and as they do not keep in close contact with the work, they can merely
act as messengers between the architect and the job. If they do just
that much, the contractor’s men are usually satisfied. The trouble is, a
voung man of this type may be overambitious and become a thorough
nuisance in many ways; yet he must be treated courteously, even when
he deserves rather to be thrown oft the job.

Figure 4 shows a typical daily report as sent by an architect’s inspec-
tor, employed full time at the job, to his home office. The contractor’s
superintendent daily sends to his office 4 somewhat similar report.

Specification writing involves a knowledge of the materials and
methods of construction in detail and of the various customs that apply
in all the trades. This implies that the specification writer must have
experience in all these matters.  Pretty sketches for the client and well-
prepared working drawings for the contractor should be followed by
specifications that are as complete as the work warrants. The specifi-
cations are what guide the whole work in regard to the quality of materials
and workmanship and the relations between the many parties concerned
with the job. Specifications are legal documents as well as technical
treatises and should always be written with these facts in mind.

A good specification is written in the same sequence, generally speak-
ing, as the trades commence work on the job, following the section
devoted to the general conditions. Thus, the first work heading would
be Demolition, Clearing Site, or Excavating, depending upon which of
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these would be appropriate in the particular case. Suitable headings for
the rough and finish trades would follow. The so-called ‘‘mechanical
trades,” however, are generally placed at the end of the specification.
These mechanical lines are plumbing, heating, electrical, elevator work,
and other piping, wiring, and machinery work.

The specifications are theoretically supposed to take precedence over
the plans, what is described in the specifications being used in place of a
differing plan indication for the same item. Similarly, large-scale
drawings take precedence over small-scale drawings; therefore, estimators
should always study all the detail drawings that are supplied with the
general plans. Specifications, contracts, and plans must all be studied
with great care; often a single sentence in a specification or a contract,
or a simple note or symbol on a plan will mean the loss of the profit on a
job.

Estimators like a specification so arranged that they can follow its
order in their own work and use the specification as a complete check on
the items required. It must be said, however, that nearly all specifica-
tions show an overlapping of items, and the task has—unfairly, perhaps—
devolved upon the estimator of seeing that every item is provided for
in his estimate, whether the items are all specified or not, and also to
straighten out any duplications in the specifications and see that nothing
is duplicated in the estimate.

Contractors and estimators learn to beware of loose phrases in
specifications, especially if they do not know the architect from previous
experience with him.  Someone has described specifications as an archi-
tect’s dream, a contractor's nightmare, and a material man’s dilemma.
Such phrases as ‘“to the satisfaction of the architect,” ‘“as directed,”
“in the opinion of the architect,” ‘““as approved by the architect,” ‘if
required,” ete., depend for their meaning upon the character and the
whim of the architect and his inspector on the job and are, therefore,
obviously unfair to the contractor. The estimator is at a loss as to what
prices to put on items so worded, because the architect does not specify
just what is wanted.

Estimators should make a list of all vague wording found in specifica-
tions, especially if the indications are that their firm is to be awarded the
contract, and then, if possible, should have a clarification put into the
contract before it is signed. At least, they should have all such items
discussed before the contract is signed, and notes kept of the clarifications.

Grounds for Dispute. Most of the disputes in connection with build-
ing work arise from the fact that too little care has been given to the
writing of the specifications. These disputes often lead to expensive
lawsuits and arbitrations, which, although final, are unsatisfactory to all
parties. It ought to be the duty of the architect to take care that when
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a contract is entered into no disappointment may ever occur as to how
much work the builder has to perform, what is to be the quality of that
work, and how much money the owner must pay for it.

Exercises

. Briefly, what are the functions of an architeet?
Deseribe the work of an architect’s office personnel.
Make a sketch plan of an imaginary architect’s office.
. What is a shop drawing? Name some tvpes.
8. What are the four subjects or groups that the New York State architeets’
license law examination is based upon? )
. 6. What is the general form and arrangement of a specification?
7. What lines of work are commonly referred to as the “mechanical trades™?
8. What is the order of precedence of specifications, general scale plans, and detail
drawings?
9. What should an estimator do regarding vague phrases that he knows may bring
disputes if they are not clarified?
10. What are four vague phrases often used in specifications?
11. Write at least 100 words of notes on the architect and his work, from one or
two of the books listed in the Preface.  Name the books used.

W o



CHAPTER 1V
THE CONTRACTOR

-The term ‘‘contractor,” as used in building work, generally refers to
the man (or firm) who undertakes to construct a complete building or
to make a complete alteration of an existing building for an owner. The
chart in Fig. 1 shows this relationship. He is sometimes called the
“general contractor’ or the ‘“builder,” to distinguish him more clearly
from the subcontractors. Subcontractors may be called contractors
also, in their own special lines of work. Thus there are plumbing con-
tractors, héating contractors, painting contractors, etc. Material men
are occasionally referred to as contractors or subcontractors, too—mill-
work contractors, hardware contractors, ete., for example.

The Contractor’s Duties. The contractor (general contractor) organ-
izes and is responsible for the entire job. He supplies the tools, equip-

" ment, and material for doing the work that is to be done by his own men
and he makes subcontracts for the work that he does not intend to have
done by his own men. He establishes the job office and provides the
superintendent, job clerks, layout engineers, and watchmen. He usually
has to obtain the building permits and to provide the temporary safe-
guards, temporary toilet facilities, and water supply. He builds the
architect’s office on the job (when one is called for) and on large opera-
tions he provides telephone service, heat, and water supply in it. The
contrictor pays all the bills and pay rolls for his own work on the job,
and he also pays the subcontractors. He has to satisfy a great number
of Federal, state, and local laws, which call for taxes and insurance of
many kinds, and he must make the whole job comply with the require-
ments of labor department, building department, and other public
inspectors.

The building business is romantic and challenging, but it becomes
increasingly complex with the passing vears.  No longer can the bright.
voung foreman blossom out into & contractor by merely having a sign
painted with his name on it. At least, this is not one of the important
steps.  Now, he must first organize to suit many laws and regulations,
union requirements, financial arrangements, etc. Modern contracting
is a business to be learned well before one undertakes it. It is not a
poker game where the inexperienced may think they can jump in occa-
sionally and win. Sometimes even an experienced contractor errs in

17



18 BUILDING CONSTRUCTION ESTIMATING

thinking that he will be a wizard at anything he attempts. Only a
small proportion of the men who start in business as contractors ever
become really successful. Many of those who fail are expert: mechanics,
some are good foremen, and others are estimators who are lacking in
experience. Perhaps the main reason for all failures is a lack of the
understanding that the expert estimator possesses. Such an estimator
is the logical man to start a building business; yet—Dby virtue of his deep
insight into the many problems that are involved—he knows the impor-
tance of being organized for efficient management of every detail of the
business, in addition to being strongly organized financially.
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Fic. 5.-—A contractor's office.

Figure 5 shows a plan of a typical contractor’s office. The staff organ-
ization in such an office consists of the contractor, the estimator (or
‘office man’’), the superintendent (or ‘‘outside man’’), and the book-
keeper-stenographer. Where there is enough work, a regular bookkeeper
and a timekeeper are employed. If the jobs handled are large enough in
size, a superintendent is placed on each one and the so-called ““outside
man’’ becomes the general superintendent.

Obviously, hit-or-miss, slovenly ways of working should be avoided.
Economy and savings usually follow in the wake of method and orderli-
ness. In addition, the morale and interest of employees are raised by an
atmosphere of order and method. Some men are peculiarly fitted for the
planning and planting of construction work. Other men, who are
deficient in this faculty, are capable of managing and executing plans.
Tt almost goes without saying that unless a job is well planned and well
planted, even the most conscientious management will all too frequently
not be able to save it from loss. One is beaten from the start. Time
could not be spent more wisely than in making a close study at the
beginning to discover the best possible way of doing everything on the
job. Construction men like clean-cut, decisive instructions, but only
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with a well-thought-out program can such instruction be given with
confidence.

A job is on comparatively safe ground when it is under the direction
of a real superintendent, when it has a sensible but simple cost system,
and when it has been properly planned and coordinated before being
started. Good men cannot be held for such purposes in an organization,
however, unless loyalty, ability, and earnest interest are rewarded.
““Cheap’’ men are often very expensive in the end. A real superintendent
is a man with experience, judgment, alertness, and a disdain for carping
criticism. He is considerate and tactful in handling men, although he
demands results from them. He avoids all favoritism. He is thick-
skinned but always fair. He keeps informed as to new methods and
equipment. .

Jobs are affected by dissatisfaction among subcontractors. Too close
bargaining or poor supervision on the job on the part of the general con-
tractor’s men may cause this. When a contractor holds the subs down
to the last cent, things seldom go along as smoothly as they otherwise
would. Bargains can be too close, and there is no tonic so stimulating
to subs as making money. If they are squeezed too tight, by and by
the general contractor himself gets squeezed, often in most unexpected
ways. The law of compensation seems to bring this about.

A progress schedule should be made out for every job. This shows
the dates for the starting and finishing of each branch of work. In this
way, control is better and the work of the various trades is less likely to
conflict. The foundation, the rough superstructure, and the work of
the finishing trades are the three general divisions of the schedule. Each
of these divisions is subdivided to include the work of every different
group of men that will be required on the job. The progress schedule is
made out by the contractor’s estimator, after consultation with those
subcontractors upon whose work the progress of the job will mainly
depend. Copies of the schedule are given to the architect and to all the
main subcontractors. The other subcontractors and material men are
notified as to when they will be required. Figure 6 shows a tvpical
progress schedule.

Cost records should show all the items on the job—at least, all those
in any given main division—and not just a sample day's work or a single
item of work. The cost books should preferably be made to balance,
just as an accountant’s ledgers are balanced and closed. In this way,
the incidental costs of foremen, hoisting, handling materials, insur-
ance, etc., will not be ignored. The final analysis of the job-cost records
should be very carefully compared with the estimate and every possible
lesson be learned from this comparison for future estimating. Figures
7, 8 and 9 present typical cost record sheets. Nothing quite takes the
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PROGRESS SCHEDULE
REGIMENTAL CHAPEL FORT MONMOUTH, N.J.
WORK STARTED MARCH 10, 1945. COMPLETION DUE JUNE 30th.

MARCH | ApPriL | wmay | June ]

EXCAVATING =
WATER LINE TRENCHES =

WATER LINES S
SEWER TRENCHES I

[SEWERS 4

CONCR. FOOTINGS {z=]
FOUNDATION WALLS

FLOOR FRAMING =

TRUSS COLUMNS ==

TRUSSES ==t -

[ WALL FRAMING =gzl
INTERIOR FRAMING ==

IWALL SHEATHING ==

BOILER ROOM FLOOR =

CHIMNEY Ju iy

ROOF FRAMING =

ROOF SHEATHING =

STEEPLE -

WALL LININGS ===

CEILINGS |

EXTERIOR TRIM ===

CLAPBOARDS -

WOOD FLOORING =

STAIRS -

MILLWORK 1

PEWS AND ALTARS

KNOTTY PINE

ROOFING _ -, - _1
GLAZING _
EXTERIOR PAINTING T

INTERIOR PAINTING ) - _%:
(FLOOR FINISHING _
NG R NG _L_ 1

IPLUMBING FIXTURES I

HEATING LINES ===+

BOILER

RADIATORS, ETC. =

IELECTRIC WIRING = -

POLES AND LINES i

LIGHTING FIXTURES

CLEANING UP
ESTIMATED PROGRESS SHOWN THUS: MARCH 10.
ACTUAL PROGRESS SHOWN THUS:  wcmwee— ~ JUNE IS.

Fia. 6.—A progress schedule.




THE CONTRACTOR

21

COST RECORD READY-MIX CONCRETE, PER CU. YD.
Cost of concrete foreman, conocrete gang, runways,
stacking materials, and insurances. Add cost of
delivered concrete, admixtures and hoisting.
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Fig. 7.—.\ cost sheet for conerete work.

COST RECORD
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F1o. 8.—A cost sheet for carpentry.
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COST RECORD COMMON BRICK, PER M

Cost of mason foreman, masons and laborers, handling and
stacking, mixing mortar, and insurances. Add cost of all
materials, scaffolds, cleaning, pointing, and hoisting.
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F16. 9.—A cost sheet for mason work.
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F1u. 10.—A construction company.
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place of one’s own records when the matter of costs is concerned.  Actual
detailed accounts and analysis of work done under a contractor’s own
supervision give him a keen insight into the cost of the work performed
that will develop in him (and in his estimator) the confidence required

to estimate future items of the same kind.

[ Purchasing Dept. |
[ estimoting Dept. |—
| Engineering Dept.
[ Construction Dept. |—
L.R.R. Trock Dept. |
| Road & Sewer Dept. |

| Mech.Eng. Dept }-—

Project Manager

T
Fss‘l'. Proj. ManogeL}-W
I

rSu bcontroctors J

- Material Dept. |
—{ Equip.& Tool Dept. |
—{ Field Service Dept. |
-—{ Office Service Dept|

——-l?rne and Cost Dept.

L—-{Accounﬁnq Dept. l

I Elect. Eng. Dept. 1—

Office personnel 225
Supervisors 200
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Workmen 3500

Fia. 12—~ A large job organization,

The construction company is simply an enlargement of the building
contractor. There are many varieties and sizes of these companies.
Some are national or even international as to the territory in which they
operate. Some offer to build any kind of strueture, while others special-
ize in certain types of structures or in certain kinds of construction.
Often they maintain complete designing and drafting departments and
may go so far as to have financing departments, as well. A few com-
panies have no workmen on their own pay rolls and sublet all the various
lines to other contractors. A few, at the other extreme, have all the
workmen on their own pay rolls and sublet nothing. The majority,
however, do all the laying out and superintending and some of the work
with their own men, besides. Figure 10 shows the plan of one construc-
tion company’s home office. Figure 11 is the organization chart of the
same company. .

Very large operations are usually organized with full business facili-
ties in the job office itself. The job office then becomes reully a branch
office of the company. Figure 12 shows the organization of a large and
important job, employing about 4,000 men. Chapter X1, dealing with
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the cost of job expense and office expense, contains detailed lists of the
personnel in each department. A study of these charts will enable the
student quickly to get a grasp on the business of contracting and an idea
of the items that go into the general divisions carrying such names as
Job Kxpense, Job Overhead, General Expense, and Office Expense.

This chapter has discussed points that are of interest to everybody
concerned with building work. They are of interest to students of
estimating because of their effect on estimates. The general contractor’s
own personality, training, and character are very important factors that
must be kept in mind by the estimator. The contractor’s personality
has a psychological bearing on the office organization, on the job manage-
ment, and on the subcontractors. His training, if it is thorough and
practical with respect to building work, can be turned to advantage in a
very beneficial way; but if it is not based upon practical experience, it
must be seriously considered in connection with the pricing of estimates.
His character, as is the case in that of any business man, is of prime
importance. If he is honest and has a good reputation among his own
personnel and among subcontractors and architects, then the whole
work in the office and on the job runs along in a pleasant way, without
undue friction. It he ix of poor character, you would better get away
from him as soon as possible, for fear of becoming contaminated. Char-
acter and reputation-— hoth more valuable than many voung men realize
- -can make for happiness if they arc of the right sort. Keep vour
character and your reputation clean.

Exercises

1. Briefly, what are the functions of a general contractor in connection with
building work?

2. Muake a sketeh plan of an imaginary general building contractor’s office.

3. What are the qualities of a good superintendent of construction?

4. Make a progress schedule for an imaginary job.

6. Name the departments that might be found in a highly organized job.

6. Write at least 300 words of notes on the contractor and the business of con-
tracting, taken from two or three of the books listed in the Preface.  Name the books
used.



CHAPTER V
PLANS AND PLAN READING

Blueprints are oopies of drawings that are made in a blueprinting
establishment by a photographic process in which chemically treated
white paper is exposed to a strong light. The tracing is placed over the
sensitized paper, which turns blue where the light strikes it through the
tracing, but remains white beneath the black lines and other markings
on the tracing, which do not allow the light to pass through. The prints

F1u. 13.—A blueprinting machine.

are the same size as the original drawing from which the tracing was
made; thus, when anyone reads a blueprint, he is really reading the
architect’s drawing. As many prints as are desired can be made from
one tracing. Usually, about eight sets of the regular plans are required
to provide enough for the contractor’s office, for the subcontractors, and
for other purposes.

Building plans are generally understood to mean those that are pre-
pared by the architect. These, together with the accompanying specifi-
cations, are intended to show or to describe all the work thoroughly.

26
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What is not shown on the plans should be fully described in the specifi-
cations, and what is not described fully in the specifications should be
plainly shown on the plans. In general, dimensions, shapes, and other
items of information that can best be shown graphically are put on the
plans. long descriptions of the way the work is to be handled and other
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Concr [ETZ 53 D 26 x-68XKaL. D62 x 772 SteeL
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Factory For JoHnson MEre. Co.INC.
15 TH Jr. & Woortey Ave Rocrester, N.Y.

Jeare: %= 1Fv Jonn WaLTer Jones
Deawn By G.H.C. REGISTERED ARchiTroT
CrHeckeo By WMK. 500 FitH Ave, New York City

First_Froor PLAN

RCSIDENCE FOR
FAULKY E.KITTELSON
Woops Roap, himeerLy, CONN.

Georce W. THompsoN, ARCHT.
Harvey Bire. New Haven, Conn.

¥ia. 14.—Title boxes, ete,, on drawings.

matters that are best treated in written form are covered in the specifi-
cations. In some ways, the specifications are more important than the
plans. Realizing this, a good architeet takes as much care in the specifi-
cation writing as he does in the preparation of the plans. Specification
writing involves a detailed knowledge of the materials and methods of
construction and of the various customs that apply in building work.
Plan reading involves specification reading as well, for, although plans
may be complete in every respect, the materials to be used and the
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workmanship desired are generally found only in the specifications. In
order properly to understand what is shown on the plans, therefore, it is
usually necessary to read the specifications, too. Kven the plans and the
specifications together do not give every little detail of building work.
It is assumed that the builder knows how buildings are constructed and,
for this reason, he and, of course, the estimator must have training in the
practical use of plans and specifications. They should also have had
considerable experience with actual building work of the general nature
of that shown on the plans being used. Figures 17 to 25 comprise a
complete set of architectural plans, except that the borders, titles, etc.,
have been omitted in order to make use of the entire area of the textbook
page to show the drawings to better advantage. Figure 14 shows two
typical title boxes, etc.

Besides architectural plans, sometimes separate structural plans and
sometimes separate mechanical plans are furnished. Structural plans,
or “framing plans,” as they are often called, show the columns, girders,
beams, and other framing members more clearly than they could be
shown on the general architectural plans. These plans are used when
the framework of the building is to be of the skeleton steel type or when
the portions of the structure of the building are so complicated in design
that a large amount of information is required on the plans. In like
manner, mechanical plans are used when it is desired to show the plumb-
ing, heating, and other branches of the mechanical equipment better
than they could be represented on the regular plans. Special plans, such
as these, may be prepared in the architect’s own office or they may be
made by outside engineers. The latter is usually the case when the
special problems involved are very intricate and require the services of a
specialist.  Figure 15 shows a portion of a structural plan and Fig. 16,
a portion of a mechanical plan.

The term ““ plans’’ is loosely used to refer to all the drawings, including
not only floor plans but elevations, sections, and other drawings as well.
Most building plans are drawn to the scale of a quarter inch to the foot.
This means that every quarter inch measured on the plans represents
one foot, or twelve inches, at the building. The scale rules are intended
to save timeé in measuring the plans, although, of course, an ordinary rule
can be used and the number of quarter inches measured can be counted.
Other scales in common use for regular architectural drawings are 1¢” to
the foot and, especially for details, 14", 34", and 3" to the foot. Full-
size and half full-size details are occasionally made for special features of
buildings. .

Some draftsmen have a bad habit of using several different scales in
a single set of plans, where one scale could be used, or of using different
scales for several drawings that appear on one sheet. They may even
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indicate one scale in the corner of a sheet and then make all the work or
part of the work on the sheet at a different scale. Estimators learn to
be very careful and to apply the proper scale to each drawing separately,
regardless of the scale that may have been indicated.

Floor plans, generally speaking, are pictures of the floors of buildings,
such as one would get were he to imagine a building cut through on a
horizontal plane, just above the window-sill level, and the upper part of
the building removed. This view of the building shows the arrangement
of the rooms and the location of the doorways, halls, stairs, etec.; and gives
the thickness of the walls and partitions and the size of the various parts
of the building as measured horizontally. In making a floor plan, the
draftsman uses conventional symbols or wavs of indicating objects.
These conventional indications are fairly well established, but there is
no law making it necessary for any particular form of indication to be
used. It should be noted, also, that draftsmen take liberties, so to speak,
and show on floor plans items that would not be seen in a strict inter-
pretation of the floor plan as a picture. Electric ceiling outlets, wall
brackets, and kitchen wall cabinets, for example, are practically always
shown on the floor plans of a building. Other ceiling and wall features,
also, are frequently included on floor plans. Figures 21, 22, and 23 are
floor plans.

Elevations are views of the exterior of a building. The front elevation
shows the outside of the front wall as one would see it when standing
across the street. . Note, however, that is is not a perspective or photo-
graphic view of the building. This is because the draftsman assumes
that every point is directly opposite him or that he is always directly in
front of every feature or point shown on the drawing. This is necessary
in order that the drawing may be measured correctly with the scale rule.
Figures 17 to 20 are elevations.

Sections show the interior of a building. A floor plan is really a sec-
tion—a horizontal section, showing the floor layout, etc.—but the term
“plan’’ is always applied in this case. Sectional views are those obtained
by imagining a building cut through the other way—in a vertical plane,
instead of a horizontal planc—with one section of it removed. The pic-
ture thus presented shows the various floors, one above another, and
the roof at the top. It shows the thickness of the floors and the heights
of the basement and other stories, as well as their relation to the ground
level at the building. Figures 24 and 25 are sections.

Detail drawings are made of the parts of the building that require
to be developed in this way in order that the exact construction or shape,
of the parts may be seen more readily. This is done when these details
cannot be shown well enough on the regular plans or when they cannot be

(Continued on page 50)
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Figures 17 to 26 comprisc a complete set of plans for a house. TFigure
17 is a view of the front exterior, the “front elevation,” as it is called.
This shows the outside of the front, looking straight at every part. It is
not the same as a perspective view. A perspective or photographic view
would be taken from a single point and thus, even if one were to take
such a view from directly in front of the house, some of the parts would
be seen as partial side views. In an elevation all the parts are shown as
though they were being looked at from directly in front.

This is a frame house having a portion of the front wall veneered
with brick. The garage is a part of the house and can be entered from
the main hall. The main roof slopes at somewhat the same angle as the
garage roof, but the slope of the main roof cannot be shown in this draw-
ing. By reference to the side elevations the slopes of the main roof may
be seen.

The garage door is of the “overhead” type, swinging up on tracks
suspended below the ceiling of the garage. The garage floor is lower
than the first floor of the house.

Note the raised platform at the front entrance, the covered side
entrance with trellis, the stationary front window and flower box, and
the two dormer windows. The 83" and 80" heights indicated at the
leit side are undoubtedly the ceiling heights of the first and second
fioors. The dormers, however, reduce the height of the second floor
where they occur.  The height from the second-floor level to the top
of the dormer windows is shown to be only 6’9",

[t is customary to show some of the subsurface construction on eleva-
tions in dotted lines. and here several of the foundation depths are shown.

Questions
1. With what materials is the front wall faced?
2. What is the roof-covering material?
8. How deep iz the foundation for the front-entrance platform below the finish
grade?
4. What are the size and spacing of the rafters?
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The rear view, or rear elevation, shows no brickwork except that in
the chimney and the edging on the side porch and step. The chimney
is not at the back or the front of the house, but it is seen from both
these directions. It is, therefore, shown on both the front and the rear
clevations.

The back porch is shown in this view. Fly screens and a screen door
are shown here. The specifications call for the door to have an inter-
changeable storm sash and for storm sash to replace the window screens
for winter use.

The rear cellar windows project up above the ground line and are
sheltered above by the projecting hay windows. These cellar windows
are regular double-hung windows and are much higher than most cellar
windows. Apparently the owner of this house wants to use his cellar
considerably and has ordered these windows in an effort to produce a
more pleasing effect inside. Ordinary cellar windows are single sash
hinged at the top or bottom. Perhaps it was these full-size windows that
caused the architect to call the cellar of this house a basement. Techni-
cally it is a cellar. A basement is a story that projects more than halfway
above the ground level.

The outline of the cellar walls is shown in dotted lines. There are
footings under the cellar walls, but none under the areaway walls or
under the side-entrance porch walls. The cellar extends under the
back porch.

The rain leaders of the main roof run through the overhang or ‘““shed
roof” over the first story, where a gutter connects at each side to the
lower leaders. All the roofs, including those of the porches, overhangs,
garage, and dormers, are covered with slate shingles.  Exercise 3 at the
end of Chap. XIX describes the roofing and sheet metal work.

Questions

—

. What arc the ceiling heights of the cellar, first floor, and second floor?
2. What type of windows do those on the second floor appear to be?

. How thick are the footings shown on this elevation?

. How decp is the bottom of the footings below the finish first floor level?

i



AN |
WOl =LA T TYVOE —
— NOLLVAM T HdIS LSV I —

. - G-
l(tﬁb
K P4 .H S
“Xoadd, L e — P ————— =
= .Q\J\/WNZQ.GQMWQM ."nr/ ~
—— ..Q.nm\. __ } + D | 3
—_— Ve r—AEy 01T )
— = l..||ld_hwl C-r- ! \.«-
. il ul === x
< SdILS ¢ = N
AN LSIKNLL :
A, Y
© ) ] <
Oy A :
Y - HALLIND -
G
g N M. [— Yoo AL ﬂT
Y o
L \.‘...Q.QIN NLLY
_ UXAY AT HOD
xog S
W BT =
T lLIll./ s
P 7.VI w:
X
X N s
A -yo1Lly ‘NI X )
e X
/..u Uy
&
*M

R



PLANS AND PLAN READING 37

The east elevation is one of the two side views of this particular house.
1lere the rear bay-window projection may be secen. The dotted lines
below the bay window indicate that the walls of areaways for the cellur
windows extend down to the cellar-wall footings. Sometimes areaways
are called for to extend down only to below the sills of the cellar windows
and the walls around them are likely to heave, owing to the frost action,
and to break the area walls away from the main cellar walls. In the
plans given here, all the main foundation walls and the areaway walls
and porch-foundation walls are constructed of concrete and are all poured
at the same time and bonded to one another.

Apparently the present grade at the rear of the house is not to be
changed, as it is shown coinciding with the finish grade. The specifica-
tions, however, may call for a certain amount of ground to be removed
at this location and for topsoil to be installed for planting or for a lawn.
The front ground is obviously too low at present and will require filling.
This low area will provide a place in which to dispose of some of the
material excavated from the cellar and thus save some of the expense of
hauling material to the dump.

The kitchen window is djfferent in size and shape from the other
windows. The specifications call for a steel sash unit to be used in this
opening, with a stationary sash in the middle and a casement sash at
cach side.

The opening at the top of the gable has stationary wood louvers for
ventilation of the attic space. In this house the attic space has low
headroom and is not intended to be used. This space is reached through
a trap door in the ceiling of one of the second-floor closets.

Questions

1. Using a seale rule, measure the extreme length of the house, including the
garage and the rear porch.

2. Using the seale rule, measure the extreme height of the structure, from the bot-
tom of the footings to the peak of the gable.

3. Using the scale rule, measure the depth of the house from the finish grade
under the kitchen window to the cellar finish floor.  The cellar finish floor is 5" above
the top of the footings.

4. Using the scale rule, measure the beight of the main rear wall above the finish
grade shown on this drawing.
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The west elevation shows the chimney side of the house. IHere may
be seen the other rear bay window and the side of the garage away from
the main entrance to the house.

The garage does not end at the front wall of the main part of the
house, as one might at first suppose, but extends into the house almost
to the window immediately in front of the chimney. Note that the
garage foundations do not extend down as far as the cellar walls. There
is no cellar space under the garage. The walls do extend 4’0" below the
finish garage-floor level, however, as this is the depth required for escaping
frost action in most localities. FExtending the areaway walls down 4’0"
would not prevent frost action, because the inner faces of these walls are
exposed down to the level of the area bottoms just below the cellar
window sills.

The areaway walls project a few inches above the finish grade, forming
a curb to prevent some of the rain water from entering the areaways.

The chimney is wider at the bottom, in order to provide for the fire-
place in the living room. One of the flues serves the fireplace and the
other serves the boiler that heats the house and that is located in the
cellar.

All the walls shown on this elevation, including the sides of the
dormers and the rear porch, are frame walls covered with wood shingles.

The type of cellar window to be used is indicated on this drawing.
These are to be casement and double-hung windows and not the more

-common top-hinged type. Section C-C' in Fig. 25 shows an elevation
and a section of these windows.

Questions
1. How many lights of glass are there in cach window?  Tu each sash?
2. How high is the chimney, from the top of the footing to the top of the chimney
cap?
8. What is the difference in level between the sidewalk and the floor at the back of
the garage?
4. What is the difference in level between the sidewalk and the finish cellar floor?
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The cellar plan shows concrete foundation walls. The dotted lines
indicate the concrete footings under these walls and also under the two
columns. Footings are wider than the members that they support, in
order that the great load involved may be spread over a larger area in
the ground. For tall buildings, where the loads are tremendous, it is
necessary to plan the footings and the foundations with great care and
even to test the bearing value of the ground.

This plan shows the main cellar and the cellar storage room under the
rear porch. The spaces under the garage and under the front and side
entrance platforms are to be filled in with dirt and to be well tamped to
support, the conerete slabs that are poured on top.

Note the indication of the sizes and spacing of the floor beams that
are laid over the cellar to support the first floor.

Questions

1. What material is used for the cellar and foundation walls?  What thicknesses?
2. What is the total outside perimeter of the walls that extend down to the cellar
floor?
. What size and type of door is shown in the cellar?
. How many steel columns and girders are there?
. What is the size of the column footings?
. What are the sizes and spacings of the first-floor beams?
How many square feet of cellar Hoor are there?
. How many cubic vards of conerete are there in all the wall and chimney footings?
. Draw a sketch plan of the eellar and foundations.  Draw on it, with a colored
peneil, the outline of the outside of the excavation required, allowing room outside the
walls and the footings for the proper construction of them.

COID oW
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The first-floor plan shows many of the features already discussed,
such as the garage, the main entrance, the side entrance, the rear porch
and bay windows, and the cellar areaways. By keeping the elevations
and the cellar-floor plan in mind, or by referring to them, one is better able
to visualize these features on the first-floor plan. Plans and elevations
should be carefully used in conjunction with one another at all times.
Cross sections and detail drawings are often even more important in this
way. Figures 24 and 25 are sections and details.

The scale at which all the elevations and plans for this house are
drawn is 1§’ to the foot. The cross section shown in Fig. 24 is also at
1¢ to the foot, but the detail sections in Fig. 25 are 14"’ to the foot.
The two most common scales used for general drawings are )4’/ and 14"
to the foot. Details are more commonly 31" or 1" to the foot.

This house is very compactly designed. Note the storage rack hung
from the high portion of the garage ceiling. There is no waste hall space
and even the sloping roof at the front of the house is taken advantage of
for the stairway to the second floor. It is an economical plan, although
there is no sense of spaciousness about it.

Kalamein doors close off the garage and the cellar from the main
part of the house. Both the garage and the cellar stairway are covered
with metal lath and cement plaster as a further protection against the
spread of fire.

Questions

1. Of what materials are the outside platforms made, and what are the dimensions
of these platforms?

2. Deseribe the front-entrance doorway—items, sizes, ete.  Refer also to Section
B-B in Fig. 25.

3. Describe the floor heams of the second floor—sizes, spacing, ete.

4. Describe the kitchen—doors, windows, fixtures, sizes, ete.

5. What are the exact dimensions inside the three rooms, hetween finished walls
and partitions?

6. What is the total area of the subfooring on the first floor?  Adding 28 per cent
for waste, how many square feet (board feet) would have to be ordered?
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The second-floor plan shows the layout of the three hedrooms, the
hathroom, and the closets; also, the sloping roofs over the projecting
portions of the first story, such as the garage and the side and rear porches.
Only a few dimensions are required on this plan, as many of the first-
floor measurements carry through to the second floor.

The section reference lines, such as A-A on this plan, refer to the
sections given in Figs. 24 and 25.

The beams over the second floor are only 2”7 X ¢’ in cross section, as
they serve mainly for ceiling beams and for tie beams. The beams over
the first floor are shown on the first-floor plan to be 2”7 X 10" and
2" X 12", The floor beams over the living room are 12" deep, because
they span about 17 feet of clear space and would deflect and cause the
plaster ceiling of the living room to crack if they were any less in depth.
As a further precaution, they are called for to be spaced only 12" apart,
center to center, instead of the more customary spacing of 16’ on centers.

Note the way that the different parts of the building are shown on the
plans.  The walls and partitions are represented by two parallel lines
scaling about 6’ apart. The walls shown on this plan are constructed of
2" X 4" studs, covered on the outside with insulating sheathing board
and wood shingles and on the inside by plasterboard and plaster, the
whole thickness being about 6”. The 4” studs actually measure only
33¢"”. The partitions are constructed of 2" X 4" studs covered on both
sides with plasterboard and plaster. The studs between the closets are
turned “on the flat,” to gain 6 of space divided among the four closets
between the two rear bedrooms.  Note the way that the doors swing
and refer to Iig. 120 in Chap. XVII for a diagram that gives the “hand”
of doors.

Estimators do not like plans that are drawn at so small a scale as
15" to the foot, beecause this does not allow enough room for showing all
the important details, and they thus are forced to rely on the specifica-
tions, which, in turn, may not be very clear. Some architects always
use 1" for all the regular plans and elevations, but give, besides, a large
number of detail drawings that show every important feature.

Questions

1. Deseribe the bathroom—door, window, fixtures, ete., as shown on the second-
floor plan only.

2. How many linear feet of baseboard are there in the three bedrooms, each
one sepurately?  How many square yards of plaster cceilings are there in the three
hedrooms?
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Section A-A is a view of the interior of the house taken through the
front portion and looking toward the back. The reference lines A-A on
the floor plans show just where the section drawing applies.

The entire stairway is shown. The inner construction of the house is
seen, as well as the relation between the ground and floor levels.

Section views are of great value to the estimator and to the super-
intendent of construction, because they show so many of the construction
features on one drawing.

The side-entrance platform is two steps below the first-floor level, as
there is a step in the entrance doorway and another step under the
kalamein door between the landing at the top of the cellar stairs and the
first floor. The side entrance has a Dutch door, one in which the upper
half may be opened while the lower half remains closed.

Questions

1. How many risers are there in the entire stairway from the cellar floor to the
second floor, including those from the landings?

2. How high is the lowest headroom under the stairway?

8. How high is the ridge of the roof above the top of the attic-space floor beams?

4. How long are the Lally columns?

6. Allowing 715" for each riser, how many risers are required between the first
floor and the second floor?  If the answer does not work out evenly with the total rise,
what would you do about the difference?

6. Beams of what size are used over the hack portion of the garage?

7. How should the storage rack in the garage be constructed and how should it be
supported?
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The three sections given in Fig. 25 show details of the construction at
the front entrance, bay windows, cellar windows, and rear porch. These
are features which are not found in every house and, therefore, require
detailing.

The sections may be referred to as ‘“‘details,” although details are
generally made at larger scale, sometimes being of full size. These are
drawn at a scale of 11" to the foot.

The construction of the garage roof is shown in Section B-B. It is not
good practice to carry brickwork on wood framing, so a steel angle is
inserted under the small triangle of brick veneer on which the brickwork is
built. The storage rack in the garage occurs only under the high-ceiling
portion of the garage, under the second-floor beams.

Section C-C is taken through one of the rear bay windows and the
cellar window under it. Cellar windows are often set higher than these
in order to admit the maximum amount of daylight into the cellar, the
beams of the first floor being “framed out” to provide a space at each
window. The floor over these spaces is carried on 2" X 4" beams.

Section D-1) shows the construction of the rear porch. It has a wood
floor carried on 2" X 8" beams. The cross bridging shown between
these beams is employed also elsewhere throughout the house.

Questions

1. How thick are the foundation walls of the garage, the house, and the areaways?

2. Beams and rafters of what size are used over the front portion of the garage?

3. Referring to all the plans, how many square feet of brickwork are there in the
front-wall veneer?  Allowing 7 bricks per square foot, how many bricks are required?

4. Using all the elevations and sections, list all the dimensions of the roof surfaces
that are to be covered with slate shingles and compute the total area in square feet.

6. List all the rooms except the kitchen and poreh and show the square feet of
finish wood flooring required in each.  Add 38 per cent to the total, for waste, and
mark the answer “board feet.”’
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readily described in the specifications. Details are thus made of doors,
windows, cabinetwork, cornices, etc., when these are to be made up
specially instead of in stock patterns. Special details of floor construc-
tion and of decorative work are often furnished along with the regular
plans or are made up afterward. Figure 25 could be called a “sheet of
details,” but the illustrations in Chaps. X through XXIV are more truly
detail drawings.

Symbols are used on plans to save time in making the plans and in
reading them. Unfortunately, like the conventional ways of indicating
materials, etc., they are not absolutely established as to use. Good
architects do indicate brickwork, terra cotta blocks, and other regularly
used forms of construction by crosshatching lines that are all but accepted
as the standard method of indicating them. Doors, casements, and
double-hung windows are generally shown on plans in such ways that
persons familiar with plan reading seldom have trouble in discovering
what is intended. National trade associations have endeavored to
standardize the electrical and plumbing symbols. Despite all this, how-
ever, the estimator and all other men using plans hiave to be careful not
to jump to conclusions regarding the symbols and other indjcations that
they see on plans. What seems to be meant for gypsum blocks may
mean terra cotta, instead; and what looks like brickwork may be con-
crete—just to mention two examples. Figure 14 shows a typical key
to the symbols used on a plan.

Abbreviations are used to a considerable extent on plans and less
frequently in specifications. There is usually no difficulty about them,
although at times it is hard to interpret some of them, and there are often
two possible meanings that could be applied to one abbreviation. It is
recommended that as few as possible be used and that those that are used
be made plain to understand. Specifications should describe all work
fully, without any except the most common abbreviations, in order that
disputes may be minimized.

Laws and Regulations. There are many laws and regulations per-
taining to building work. The national labor laws and the social-security
and old-age pension laws have to be considered, both in the preparation
of estimates and in the actual work of erection of buildings. State laws
very directly affect the design and construction of buildings and the use
of buildings after they have been completed. A thorough study of the
state labor laws and the local building code would constitute an excellent
review of the whole field of building design, materials, methods of con-
struction, and the proper care and use of buildings of all kinds. How-
ever, an understanding of the more involved parts of these laws can be
gained only by means of a background of technical training and experience
in building work. TUnion regulations are becoming more definite and
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understandable, and these, also will have to be considered by the
estimator.

Building codes originated in the desire of people for fire protection.
Later, safety of life and health was looked for and the present-day codes
cover the design, construction, equipment, and occupancy of structures
of all kinds. Codes are intended to be schedules of minimum require-
ments and should never be used as specifications of good design and con-
struction. In many instances, they certainly fall far short of describing
the best.

A building code is a technical treatise on a highly involved subject
and is not readily understandable by the layman. The purpose of the
New York City code, as stated in it, is to provide standards, provisions,
and requirements for safe design, methods of construction, and suffi-
ciency of materials in structures, and to regulate the equipment, use,
and occupancy of all structures and premises. 1t deals with the heating
and ventilating of buildings. Stairways and other means of egress are
given consideration. The important subject of sanitation is treated in
a scparate section, and fire-resistive construction, fire sprinklers, and
standpipes for fire fighting are provided for. Elevators, in which many
thousands of people travel every day, are governed by what is probably
the longest and most elaborate set of elevator regulations ever produced
anywhere.

Codes usually give definitions of the terms used in them. One should
keep in mind that the use of terms in a code is not always the same as
that in trade language, or the same as among real estate dealers and
others having to do with property. For example, the terms ‘basement,”
“cellar,” ‘““fire wall,”’ “ penthouse,” and others given in the code may have
different meanings if used in other connections.

Some terms defined in the New York code are the following:

enclosure wall. An exterior nonbearing wall in skeleton construction,
anchored to columns, piers, or floors, but not necessarily built between columns
or piers, nor wholly supported at each story.

curtain wall. A nonbearing wall built between piers or columns for the
enclosure of the structure, but not supported at each story.

panel wall. A nonbearing wall in skeleton construction built between
columns or piers and wholly supported at each story.

apron wall. That portion of a panel wall between the window sill and the
support of the panel wall,

spandrel wall. That part of a punel wall above the window sill and below the
apron wall.

parapet wall. That portion of a wall extending above the roof.

fire wall. A wall provided primarily for the purpose of resisting the passage
of fire from one area of a structure to another, and having a fire-resistive rating
of at least four hours,
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partition. A nonbearing interior wall one story or less in height.

fire partition. A partition provided for the purpose of protecting life by
furnishing an area of exit or refuge, and having a fire-resistive rating of at least
three hours.

fireproof partition. A partition other than a fire partition, provided for the
purpose of restricting the spread of fire and having a resistive rating of at least
one hour. .

fire door. A door and its assembly capable of resisting fire, as specified in the
code in detail.

fire window. A window with its sash and glazing having a fire-resistive rating
of three-quarters of an hour.

protective assembly. An opening protective including its surrounding frame,
casings, and hardware.

floor area. Any floor space within a story of a structure enclosed on all sides
by either exterior walls, fire walls, or fire partitions.

horizontal exit. The connection of any two floor areas, whether in the same
structure or not, by means of a vestibule or an open-air balcony or bridge, or
through a fire partition or fire wall.

place of assembly. A room or space 2,500 square feet or more in area, or a
space capable of or designed for containing 250 or more occupants and used for
educational, recreational, or amusement purposes.

private dwelling. A structure occupied exclusively for residential purposes
by not more than two families.

human occupancy. The use of any space or spaces in which any human does,
or is required to live, work or remain for continuous periods of two hours or more.

steel joist. Any approved forin of open-webbed beam or truss less than 20"
in depth, made from rolled- or pressed-steel shapes by welding, pressing, riveting,
or expanding. :

controlled concrete. Concrete for which preliminary tests of the materials
are made and the water-cement ratio is made to correspond to these and other
tests. All controlled concrete work must be inspected by the architect orengi-
neer responsible for its design and a complete progress record kept.

average concrete. Concrete for which the preliminary tests are omitted and
the work is without the inspection required for controlled concrete. When con-
crete structures are designed to receive their full loads at periods of less than
28 days after the concrete is installed, controlled concrete must be used.

shaft. A series of floor openings. consisting of two or more openings in suc-
cessive floors, or a floor and a roof, shall be deemed a shaft and shall be enclosed.
Such shafts shall be constructed of materials of three-hour rating, except dumb-
waiter shafts and except vent shafts in nonfireproof residence buildings.

S Exercises
1, Briefly, what is each of the following?
a. A floor plan
b. An elevation
¢. A section
d. A detail drawing
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2. What do the following abbreviations usually stand for?
a. Bldg. Line
b. T.C.
¢. Fin.Flr,
d. Kal.
e. Brk.
f. D.H.
8. Describe briefly architectural, structural, and mechanical plans, and state
what each shows.
4. What are blucprints?
5. Give three types of crosshatching used on plans, and state after each what it
may be used to represent.
8. Give three symbols used on plans, and state after cach what it may be used to
represent.
T. What is meant by 14" seale? Give an example of its use.
8. Makes sketches of a plan, two elevations, and two sections of a small private
garage, with all the main dimensions.
9. Make a sketch plan of a grocery store, using a full page, and show the things
listed below as they are generally shown on floor plans:
a. Brick exterior walls
b. Toilet room, enclosed with T.C.. partitions
¢. Show windows, counters, shelves
d. Doors, D.H. windows
e. Plumbing fixtures, electric lights
10. Write at least 300 words of notes on plans and plan reading, taken from two or
three of the books listed in the Preface.  Name the books used.



CHAPTER VI
CONTRACTS

A contract is an agreement between two or more parties. It must be
properly made and must be for a legal purpose. It should be so clearly
written that it merely forms the record of what is agreed upon between
the parties and, therefore, can be filed away as soon as it is signed. This
means that the contracting parties understand so well what is expected
of them that no further reference to the contract should become necessary
during the construction of the job. A contract should not review in
detail items of material, workmanship, etc., that are already covered by
the plans and specifications. 1t is merely the memorandum of the terms
of the agreement between the parties that sign it. Because the contract
may finally be interpreted in a court, it must be written in such form that
it will be readily understood and have strength legally. A standard,
printed short form of contract should be-used where possible, and all the
specifications and drawings should be properly identified by definite
reference in the contract. .

One form of contract provides for the contractor to furnish merely
the services of his business organization to manage the construction work.
This may be called the ‘‘management’ type of contract. Under this
form, the owner uses these services in much the same way as he would
the services of a person whom he might employ and place on his own
pay roll. The contractor is the manager employed by the owner for the
particular job mentioned in the contract. The contractor’s responsibility
is to run the job entirely for the owner’s interests—if there is no guaran-
teed limit of cost involved.

The management type of contract is used also in cases where the
owner wants a guarantee as to the cost of the job. Here the contractor

-has a vital interest in the cost. He makes an estimate beforehand, upon
the basis of information sufficient to enable him to do so0; then, if changes
are made in the information or in the amount of work to be done, a
revision in the amount of the guaranteed cost becomes necessary. The
contractor’s compensation under the management type of contract may
be a flat fee or it may be a percentage of the cost, as agreed upon when
the contract is being written. This is then stated in the contract.

Another form of contract provides that the contractor shall furnish
all materials, labor, and expense at unit prices that have been agreed

i 54
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upon. This is like buying an order of groceries; each item is priged per
unit of measure. As the work progresses, it is measured and the con-
tractor is paid at the prices stipulated in the contract. If any new
features of construction are introduced, new prices are arranged for them
as they appear.

The lump-sum form of contract is the one most commonly used. In
it the contractor agrees to construct the job complete, in accordance with
the plans and specifications, for a definite sum of money. The plans and
specifications should be as clear-cut as possible, so as to minimize the
chances of any changes becoming necessary. If changes are made, they
should immediately be estimated upon by the contractor and a supple-
mental contract should be made to cover them, before any work on the
changes is started.

In the lump-sum form, the architect and the owner are not directly
concerned with the details of quantities of materials and labor, unit costs,
etc. In the management form of contract, without guarantee of cost,
the contractor has every incentive to work in close conjunction with the
architect and the owner toward completing the job with the best mate-
rials and workmanship and in the shortest time, and it is possible for the
work to proceed before the plans and specifications are completed.

In any forin of contract in which the contractor is limited as to the
amount thatthé job is to cost, it is natural for him to use every reasonable
method to economize in both materials and workmanship. This econ-
omizing is very likely to extend through to the subcontractors and mate-
rial men, as well.

As has been stated before, what the owner primarily buys when a
construction contract is signed is the contractor’s skill and the use of his
business and technical organization. Regardless of his ability to secure
contracts, a builder without proper skill and a proper business and tech-
nical organization is operating under a very great handicap.

Financing Contracts. Some contracts provide that the contractor
shall pay all his bills every month before asking for a payment {from the
owner to cover them. Thus, if a contractor has 10 jobs under way at
one time and they average an expense for one month of $25,000 each, he
would have to pay out $250,000 before sending in his bills to the various
architects for approval. Then, before he received his payments from
the owners, another half month would go by and he would have about
$375,000 outstanding. On this basis, the contractor would have to be
a very wealthy man or else he would be in the banking business to a
greater extent than in the contracting business. 1t is, therefore, part of
the estimator’s duties to warn the contractor against accepting contracts
with such extreme wording regarding the method of making payments.
If it is necessary to accept such a contract, the means of financing the
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undertaking should be worked out before the contract is signed, and
proper interest and service charges should be included in the contract
amount to take care of the unusual financing requirements. The more
customary procedure is for the contractor to pay his bills immediately
after receiving payments from the owner and, if necessary, to submit
proof to the architect or the owner that he has actually paid these bills
before his next payment is approved by the architect.

On an average job costing $500,000 and extending six months, the
amount held back in the customary 159, that is retained is a large sum,
as will be seen from the following table for such a job.

Month | Amount done | 159 withheld

1 $ 18,000 $ 2,700
2 55,000 8,250
3 110,000 16,500
4 245,000 36,750
5 420,000 63,000
6 500,000 75,000

By the time the fifth payment is made, and only about $40,000 of
work remains to be done, the amount being withheld is about $70,000.
Thus, instead of 159, there is 1759, being withheld, based upon the
amount of work yet to be done.

The 159, is often referred to as the contractor’s profit. It really
represents the cost of his office rent, the salaries of his estimators and
general superintendent, general office salaries, and expenses. The
salaries have to be paid every week, and the many other items involved,
at least every month. Then, whatever may be left is profit! It might
be better if contractors would write out their bills to show general expense
and office overhead and profit separately; the profit item would be only
29, or 39, instead of 159%,.

The percentages and the time of payments often require thought on
the part of the estimator. In some cases it may be necessary to refuse to
figure a job or to accept a contract unless better terms of payment are
offered. Architects seem to be forever guarding against overpayments
to the contractors. Very few of them are good businessmen, and this
fact may account for their fear of granting more liberal terms. Con-
tracts should be worded definitely as to how long the contractor must
wait for each monthly payment. If 20 or more days are to elapse, he
will not receive one payment until it is nearly time to apply for another.
Meanwhile, his pay rolls have had to be met every week with cash.
Inasmuch as the partial payments are based on estimates of the work
done and not on detail measurements, it should be possible for the con-
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tractor to submit requisitions three or four days before the end of the
month and to expect these to be checked through so that he will receive
payment by the fifth day of the following month, instead of having to
wait several weeks, as is often the case.

Arbitration should be an important factor in contractual relationships.
This method of settling disputes chooses men who are familiar with the
practical work and problems of building construction to take the place of
courts and lawyers, who are likely to be all tangled up in legal technioal-
ities and very often are blind in their judgment, because they have not
such practical knowledge. FEstimators would do well to insist that
an arbitration clause be provided in every contract. By this method,
usually three men are chosen to settle any dispute arising out of the con-
tract or plans or specifications. Each party to the contract selects one
man and these two select a third. Each side presents its case to this
three-man board and, when two of the three agree on a basis for settle-
ment of the dispute, the matter is ended (thus it should be stated in the
contract) and their decision is binding on both parties to the contract.
One of the main advantages of arbitration is that either party has the
right to ask for an arbitration any time it wishes. Thus, disputes may
be quickly settled while the matters are still fresh in the minds of those
familiar with the trouble. Iaw cases have a habit of dragging out into
months and even years, and it is often impossible to find the records and
witnesses that are necessary for properly presenting the case. Besides,
law cases are notoriously expensive, while arbitrations may involve only
a few hours of work on the part of the arbitrators. The fee to be paid to
the arbitrators and the decision as to who is to pay it should be left to the
arbitrators, or else each side should pay for the arbitrator it retains, while
the payment of the third member is decided by the three members acting
together as a board.

The following is a typical lump-sum form of contract.

MEMORANDUM OF AGREEMENT made this twentieth day of February 1945,
by and between HENRY V. MALLIN, of 494 Fifth Avenue, New York City (heer-
inafter called the Owner), and ALspacH CoNnsTrUCTION Co., INC., of 30 West
42nd Street, New York City (hereinafter called the Contractor),

WirnesseETH: That for and in consideration of the agreements herein con-
tained, it is agreed by and between the parties hereto, as follows:

1. The Contractor agrees to furnish all the labor, materials, equipment, tools,
and supplies for constructing and completing the hereinafter described house
(hereinafter referred to as the work).

The Owner agrees to pay to the Contractor the sum of money hereinafter
mentioned at the times and in the manner and upon the terms and conditions
hereinafter set forth.

2. The house to be constructed under this contract is to be a one-family house
constructed on the Owner’s property at 110 Park Avenue in the Village of ¥lor-
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ence, Nassau County, New York. The exact location, dimensions, and other
, characteristics of the house are given in the specifications and plans hereinafter
mentioned.

3. The work is to be in strict accordance with the specifications dated F ebruary
5, 1945, prepared by John Edgar Smith, Architect, and the plans referred to
therein, which specifications and plans have been signed by the parties hereto and
are hereby made a part of this contract.

4. The Contractor will prosecute the work diligently at all times until com-
pletion and upon completion will leave the work complete and perfect. He will
not have materials provided or obtained, nor will he have work performed or
labor or means employed in the carrying out of this contract that would in any
way cause or result in suspension or delay of, or strike upon the work.

5. The Owner will pay the Contractor for the work, subject to additions and
deductions as hereinafter provided, the sum of FOURTEEN THOUSAND SIX HUN-
DRED DOLLARS ($14,600).

Payments to the Contractor will be made in current funds and in installments
payable on the fifth day of each month in amounts not to exceed ninety percent
(905%) of the value of the work done and materials substantially incorporated in
said work on the last day of the month preceding. The other ten percent (109)
will be retained by the Owner as part security for the faithful performance of the
work, this amount to be retained until thirty (30) days after the entire work has
been completed and the Contractor has paid all claims for labor and material
furnished on said work.

The right of the Contractor to receive any payment hereunder shall he evi-
denced by a certificate issued by the Architect. No payments made or certifi-
cates thereof will in any way be construed as an acceptance of any part of the
work, nor will the same in any way lessen the total and final responsibility of the
Contractor.

Prior to final payment and as a condition thereto, the C'ontractor will furnish
the Owner with a verified statement that all bills and claims have been satisfied,
and a releage of all claims against the Owner, arising under and by virtue of this
agreement.

6. This agreement, and the specifications and plans referred to herein, may be
modified and changed from time to time, as may be previously agreed upon in
writing between the parties hereto, in order to carry out and complete more fully
and perfectly the work herein agreed to be done and performed.

The Contractor will submit a written proposal covering each modification or
change, at the request of the Architect, within ten days after receipt of such
request, and such proposal shall be accepted or rejected by the Owner within
ten days. In the event of rejection because of the price quoted in the proposal
siuch modification or change may be paid for, at the option of the Owner, on the
basis of cost of labor and materials and insurance, plus twenty percent (209,).

7. The Contractor will procure all necessary permits and licenses, abide by
all applicable laws, regulations, ordinances, and other rules of the States or politi-
cal subdivisions thereof, or any other duly constituted public authority. He
will assume, pay, and be responsible for any and all taxes and contributions under
Federal, State, and Municipal tax laws arising as a result of this agreement.
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8. In case the parties hereto cannot agree as to the interpretation of any part
of this agreement, the same shall be determined in accordance with the arbitra-
tion laws of the State of New York. One arbitrator will be chosen by the Owner,
one by the Contractor, and the third by the two so selected, and the decision of a
majority of the said three persons will be binding upon the parties hereto.

IN WITNESS WHEREOF, the parties hereto, for themselves and their respective
heirs, executors, administrators, and assigns, executed this agreement the day
and year first above written.

Attest:
John W. Randolph Henry V. Mallin
Alspach Construction Co., Inc.
Attest: B by
George H. Cabot William T. Alspach
Secretary President

The following is a management or ‘‘cost-plus’’ form of contract:

MEMORANDUM OF AGREEMENT made this seventh day of March 1945, by
and between Williamstown Manufacturing Co., Inc., of Williamstown, New Jer-
sey (hereinafter called the Owner), and George H. Cooper, Inec., of 490 Fifth
Avenue, New York, N.Y. (hereinafter called the Construction Manager),

WirNessETH: That for and in consideration of the agreements herein con-
tained, it is agreed by and between the parties hereto, as follows:

1. The Construction Manager agrees to furnish the full use of its business
and technical organization and skill for constructing the hereinafter described
building (hereinafter referred to as the work).

The Owner agrees to pay to the Construction Manager the sum of money
hereinafter mentioned, at the times and in the manner hereinafter set forth.

2. The building to be constructed under this agreement is to be a three-story
factory building, approximately eighty feet wide and four hundred feet long,
built on the Owner’s property in Williamstown, New Jersey. The exact location,
dimensions, and other characteristics of the building will be given in the specifica-
tions and plans which the Owner will furnish to the Construction Manager.

3. The Owner will pay the Construction Manager a fee equal to eight percent
(8%) of the cost of the work as defined in Section 5. Payments will be made in
current funds and in installments payable weekly and equaling eight percent (8¢¢)
of the amount of the expenditures made during the preceding week as hereinafter
mentioned. '

4. The Construction Manager will work in cooperation with the Owner's
architects and engineers and will assume such responsibility as the Owner may
delegate to it. The Owner will have full control of the work in all its phases.

The Construction Manager will prosecute the work diligently at all times,
acting as the agent of the Owner.

The Construction Manager will make all payments for the work from funds
advanced by the Owner for the purpose, and render weekly detailed statements of
receipts and expenditures, supported by proper vouchers. All discounts and
rebates are to De credited to the cost of the work.
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5. The cost of the work above mentioned is the total of the “Job Cost” and
includes the cost of all materials, labor, equipment, subcontracts, permits, taxes,
insurance, contributions, and all other costs and expenses incurred directly in
connection with the work. *

6. The fee above mentioned includes the services of the entire headquarters
office of the Construction Manager, as presently constituted, in the organization
and administration of the work, as may be necessary.

7. This agreement may be terminated by either party hereto by serving a
four days’ written notice to that effect upon the other party.

IN WITNESS WHEREOF, the parties hereto, for themselves and their respective
heirs, executors, administrators, and assigns, executed this agreement the day
and year first written above.

WiLiamstowN ManuracturiNGg Co., Inc.

Attest: By:
Secretary - President o
Georce H. Coorkr, Inc.
.‘\tt(‘St }}y
o Secretary " President
Exercises
1. What are the essential requirements of a building contract? (60 to 100 words.)
2. What is a lump-sum building contract? (50 to 75 words.)
8. What is the management type of building contract? (50 to 75 words.)
4. What is meant by arbitration? (50 to 75 words.)

6. Write at least 200 words of notes on contracts, taken from one or two of the
hooks listed in the Preface. Name the books used.



CHAPTER VII
THE TECHNIQUE OF ESTIMATING

When one speaks of an estimate in connection with building work, he
generally refers to the regular estimate that is used for computing the
amount of the contract price.

Preliminary, or budget, estimates are sometimes made up to find the
approximate cost of a proposed building. These are usually made before
the plans and specifications are complete. Such an estimate enables the
architect to gauge the extent to which he may go in developing the details
of the work on the final plans and in the specifications. Financial
arrangements also may require a preliminary approximation of the cost.

A preliminary estimate may be quite comprehensive in scope. If it is
to be used as a guide for the owner in determining his total expense, a
preliminary estimate may include such items as the cost of the property
upon which the proposed building is to be built. The legal costs of
transferring the ownership of the property from other parties may also
be shown. The owner’s cost of investigating into the proposition, his
expense for architects’ and engineers’ fees, the interest on his money for
temporary and permanent financing of the undertaking, and other items
not commonly considered by builders’ estimators may have to be included.
Often, a contractor is given a set of preliminary sketches that show the
proposed building but do not include walks, roads, floor coverings, lighting
fixtures, decorations, and other items that are obviously necessary to
make the building complete and ready for use. If it is intended to serve
for the owner’s full guidance, an honest preliminary estimate should list
all these items and any others that the person making the estimate can
think of as possible items of expense. They should be listed by name
without figures after them, if no figures are available. Among the items
that might be included are taxes and insurance to be borne by the owner,
besides an allowance for additional work that may be ordered and for
furnishings, the operation of the building, maintenance costs, etc.

The regular estimates are made up by the general contractor’s esti-
mator, while preliminary estimates are sometimes made up by the archi-
tect or by an agent of the owner, instead of in a contractor’s office. As
preliminary estimates seem to have an annoying tendency not to agree
with the final estimates, those to whom they are submitted should always
be warned that the former are only rough approximations and that it is
not safe to regard them as anything else.

61
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’

Some contractors make a habit of using what may be called “ working
estimates.” These are prepared by the estimator—or by the super-
intendent when another man’s check is desired—after word has come
that the contract is to be secured. They are made up in much the same
style as the regular bidding estimates, but much more detail is placed on
them, so that they form valuable aids in the management of the job.
The plans and specifications are carefully checked over and all adjust-
ments are made up to this point. These working estimates form the
basis for awarding the subcontracts and for preparing the material lists,
construction schedules, and other working data.

Regular printed forms for estimates and material lists are obtainable,
as well as standard forms for contracts of all kinds. Although some
contractors use these, most either do their estimating on stock-type
journal-ruled pads, or else have estimating sheets made up to suit their
own ideas.

In the main heading of the estimate is put the name or type of build-
ing, its location, the owner’s name, and the architect’s name. Some
estimators give a brief description of the building, its size, the number of
stories in height, the type of construction, the cubical contents, and other
information.

The cost of doing different kinds of construction work under different
conditions cannot be exactly determined, but, if the plans and specifica-
tions are well prepared, there is no question that the costs can be approxi-
mated very closely. The greater part of estimating, however, is done
by very loose and unscientific methods; figures are based on limited
rather than broad experience, and many factors of great importance are
left out of consideration.

The best method of estimating any kind of building work is to deter-
mine in the simplest way possible, yet with a reasonable degree of
accuracy, the number of units of work to be done. In some cases this
may mean the amount of material required, but usually it is not so simple
ag that. In their effort to oversimplify the work, careless estimators
are led into omissions.

The estimate should be a complete story of the construction work—
in builder’s language. It should be so arranged and so worded that the
man who made it or any other man familiar with building estimates may
be able to obtain from it a clear mental picture of the proposed work in
all its parts.

Estimates, schedules, and material lists are generally arranged in the
same order as specifications; that is, in the sequence in which the trades
commence work on the job. The mechanical lines, however, such as
plumbing, heating, and electrical work, are more often put at the end.
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The estimate is divided, in general, according to the branches of work
that are required on the particular job under consideration. There is no
definite arrangement to be followed. The divisions are made for con-
venience in pricing the work that is to be done. They do not conform to
the divisions used in the architect’s specifications; these may not suit
the method of handling the various parts of the job from a construction
standpoint.

The heading for the first part, or division, of the estimate is Exca-
vating, as excavation is usually the first work to be done on the job.
However, if there are on the property any old buildings or other struc-
tures that have to be removed, a preliminary heading Demolition, or
Clearing Site, would be required.

A division of the estimate is not necessarily confined to the trade that
the heading might indicate. The heading Concrete Work, for example,
will very likely include some carpenter work (for installing the temporary
forms) and some metal lathers’ work (for instailing the reinforcing steel
rods or mesh), as well as that of the concrete workers themselves. The
hecading Plastering nearly always includes lathing too, as only established
custom has made the name “ plastering”’ the one to be commonly adopted.
This heading is, in fact, sometimes extended to Lathing and Plastering.
These are examples of divisions that embrace more than their names
indicate. '

Other headings may include less than the name indicates. Carpentry
is one of these. Although under this heading are mentioned all the items
that are customarily grouped there, not all work to be done by carpenters
will usually be listed among these items. As has been mentioned before,
the carpentry of installing the temporary forms used to support concrete
is more often placed under the heading of Concrete Work. Another part
of the job done by carpenters is the installation of kalamein work (metal-
covered doors, ete.). This special branch of carpentry is usually set up
under a separate heading in specifications and estimates. Some-
times, however, particularly in specifications, it may be included under
Carpentry.

In spite-of this apparent lack of definite rules, the experienced esti-
mator finds little difficulty in arranging his estimate.

Neatness and order in the form of the estimate will help to eliminate
errors. Besides, the student should try to be systematic and to develop
a uniform method of working, arranging the entries so that the result will
be both artistic and easy to read.

Some estimators use colored pencils to check off the items on the plans
as they are listed on the estimating sheets. This is an aid in some lines
of work and on some kinds of jobs. One danger of this practice lies in
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assuming that the check marks cover all the items required—in other
words, in marking the items that were seen and listed and failing to look
further for other items that may have been missed. Experienced esti-
mators seldom mark plans.

Some estimators use separate sheets for pricing the quantities, which
are first grouped on the take-off sheets and then carried forward to these
pricing sheets. This is desirable on large jobs, where many sheets are
necessary for the take-off for each line of work. In this case, an accurate
check should be made to see that all the items are actually carried over to
the pricing sheets. On smaller jobs it is perhaps better to price directly
on the same sheets with the quantities, thus eliminating any possibility
of failing to carry over all the items. This method also keeps all the
work of an item in one place. Thus, if any corrections or adjustments are
required, there is only one place, instead of two, in which to make the
changes. For the same reasons, on the smaller jobs it is best to dispense
with summaries and grand summaries.

Calculations should be made by the estimator and then checked by
another person. In busy offices where adding machines and calculating
machines are used, the process is reduced to a simple matter of mathe-
matical checking, which can be done by any office assistant after a little
practice. Every reasonable effort should be made to have the estimate
entirely correct.

Check lists are helpful toward catching items that may be omitted,
but, because of the vast number of possible items, it is impracticable to
have complete lists. A standard job expense sheet is generally used,
however. On this all the items that are expected to be encountered in
this category are already enumerated and, therefore, serve as a check.
Here the items of scaffolding, hoisting, temporary protection, temporary
heat, and others that are likely to be omitted entirely are picked up.
Even if an item is included on another sheet there is no harm in having
it appear here also, as it can easily be crossed out if not needed. Many
contractors, in order to make sure that their insurance costs are not over-
looked, carry these costs on the job expense sheet, instead of attempting
to include such large items on all the various sheets having to-do with the
divisions of the work.

It is impossible to use anything in the nature of standard costs for
reference in the pricing of estimates. Iven cost records kept by the con-
tractor’s own office are not reliable to the extent that they may he safely
used for all estimates. So many factors enter into the actual cost of
building work that each job is a problem in itself. Ilowever, accurate
cost records should be kept of all work done, in order that the estimator
may keep generally abreast of actual costs as far as possible, and also
that they may serve the purpose of finding changes made in the work
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that have, perhaps, not been properly charged to the owner. To help
toward better estimating thereafter, cost records should also be used to
bring out errors and omissions made in the original estimate. Figures 7,
8, and 9 show typical cost record sheets.

The plans and specifications are examined first, by the estimator, in
order that he may become familiar with the job that is to be estimated.
No definite procedure that will be applicable to all jobs can be given, but
certain rules do apply. Generally speaking, in the arrangement of the
estimate the same order is followed as in the construction of the building,
beginning with the excavation and proceeding with the various divisions
in the order that the work of the different lines starts at the job. A good
specification follows this order, too, and, when this is the case, it may be
possible for the estimator to follow the exact order of the specification.
However, as has been stated before, nearly all specifications show an
overlapping of items and it is the responsibility of the estimator to see
that every item is provided for and that none is duplicated. He must be
experienced enough to feel that the prices he applies to his estimates will
be correct for every important item and suitable for the conditions that
will probably be required by the particular job under consideration.

An estimator likes a specification that states definitely just what is to
take place on the job, exactly what materials are desired and what their
quality should be, and exactly what will be done about inspecting the
work in its various parts—in short, one that thoroughly covers the whole
work. If the architect expects to see a thoroughly manned job, with
ample job office and supervision facilities, instead of one that has only a
superintendent (acting also as timekeeper, material clerk, layout engineer,
ete.), he should so state in his specification, calling for what he wants.
Otherwise, many contractors will be tempted to under-man the job, in
order to save expense, and then the quality of the work will of course
suffer. It would not be a bad idea for architects to enumerate the non-
working positions and, perhaps, to state the minimum salary that each is
to carry and the period during which each position must be filled, with
credit to be made to the owner for any saving effected.

Plans and specifications must be checked carefully by the estimator.
When a contract is signed, it is usually for all the work called for in the
specifications or shown on the plans. This means that an architect does
not have to include all the work in the specifications alone, but may show
some of it on the plans without mentioning it in the specifications. For
this reason, estimators double-check against the plans, and from their
knowledge of construction work are always able to add a number of items
in their estimates for work that is not in any way mentioned in the
specifications. Architects are not closely enough in touch with builders’
problems to enable them to arrange their specifications so that these may



66 BUILDING CONSTRUCTION ESTIMATING

-be relied on entirely, either in first figuring the job or in using them as
a basis of direct reference in awarding subcontracts. There are many
overlappings and omissions.

The examination of the site should be made before the estimate is very
far advanced. An experienced estimator will investigate the conditions
relative to the handling of materials, the storage of these materials, the
distance to the railroad (especially if carload shipments are expected), the
means of unloading and transporting from the cars, etc. Some materials
require temporary protection and substantial covers, sheds, or platforms.
These temporary conveniences should be listed and measured and priced
on a unit basis, just the same as other carpenter work. The maintenance
and dismantling of temporary work often is not given the right amount of
consideration in estimating. Temporary water lines and temporary
heating often entail extra expense to a large amount, because of the daily
(and sometimes nightly) attention required for proper maintenance.
Even the work of unloading and stacking materials may require the
inclusion of a large sum of money in the estimate, especially if it involves
the handling of heavy or fragile materials and especially also if the items
must be carried or wheeled a considerable distance from the point of
unloading to the places where they may be stored. Matters such as these
reveal an estimator’s practical knowledge of job problems; he has to
visualize the working conditions in order to know what to expect and
what to provide for.

Comparison has often to be made between the cost of materials
delivered to the job by truck and the cost of the same kind of materials
shipped by freight and then unloaded and hauled to the job. When they
are shipped by freight, the uncertainty of delivery on time must be
judged, as well as the availability of sufficient storage space for large lots
of material. If carload shipments require that temporary storage sheds
be built for protecting materials until they are needed, it may very well
prove foolish to set down a low price and later have to face the cost of the
sheds. If there is not an abundance of room around a job and if mate-
rials must be stacked close together and close to the work, it will probably
be necessary to move some of them more than once—and every handling
adds to the expense. Speaking of crowded conditions, it sometimes
happens that a job is so cramped that men cannot work to advantage.
In cases like this, the lower output of work must be carefully taken into
account. In addition, overtime work-may become necessary, entailing
premium pay for those men who work overtime, either to move materials
or to do construction work that must be accomplished in order that the
job may run smoothly the following day. This overtime work, more-
over, may all be made necessary by poor judgment in ordering the
materials.
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Labor conditions at the site must be looked into if they are not
already known. The availability of sufficient men of the proper kinds
is important to the smooth running and proper sequence of the work.

What is to be done with excavated material that is needed at the site
for backfilling or for filling inside the building should be given thought
in the pricing of an estimate. In some extreme cases, it is better to haul
away part of this material and then haul it back or buy other material for
filling, rather than to have piles of dirt in the way of the men for a con-
siderable time, which may prove more expensive, if this dirt has to be
moved out of the way several times. It may even be more economical
to concentrate on the foundations of one part of the job, letting the other
parts wait, and then to backfill the first part with the material taken from
the other parts. All these things, of course, are considered under the
heading of Excavating. They are discussed here because of their impor-
tance in relation to the inspection of the site.

The expected date of delivery of the structural steel is often the
deciding factor in the consideration of the general handling of jobs
involving steel. Kven the handling of the excavating may be affected by
it. If the steel is expected quickly, the plan would be to concentrate on
those footings that are to receive the first steel deliveries and in this way
enable the work to proceed continuously thereafter, with the structural
frame of that part of the building, even before the other portions of the
building have been started. Thus the steelwork affects excavating, con-
crete work, backfilling, and perhaps other work, besides.

A general study of the method of laying out the job and running it is
made at the time the estimate is being prepared. An approximate
progress schedule will be found helpful in this connection. It may prove
better economy to spend more money speeding up some parts of the work
in order to be better prepared to do other parts. It may also be found
necessary to speed up portions in this way, just to meet promised dates of
completion that may be contained in the contract. :

Waste is an element of cost. Forms for concrete involve waste if
they can be used only once or twice on a job, rather than a great number
of times. Concrete may be wasted if the forms are made larger than
called for or if some of it has to be thrown away because too much has
been ordered for a particular pouring or because the forms are not ready
to receive it. Mortar for brickwork drops to the ground and is wasted,
or too much is made and the surplus is thrown away. Improper mixing
of concrete or mortar at the job may involve the use of more cement,
the expensive ingredient in these items, and thus both money and time
are wasted. Estimators often wonder where all the cement goes on a
job. Perhaps if they saw the work being done they would note this waste.
One careless, wasteful man can throw away hundreds of doHars’ worth
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on a good-sized job if he has a position in which he controls the supply
of an item like cement. The fault, of course, lies with the foreman or
superintendent in his not checking figures every few days and so dis-
covering these ‘‘leaks.”

It will be seen that the estimator must take into account the type of
men his company employs for supervisors. The saving effected by pay-
ing low salaries may be ten times ofiset by the inefliciency or lack of
interest shown by men of poor quality or by men who are being under-paid.

Face brick and glazed-tile blocks break in transit and while they are
being moved about the job, lumber and scaffold planks break, doors and
windows become marred so that they have to be rejected. All these and
other items of waste must be considered by the estimator and provided
for. On some jobs there will be very little such waste, but on others,
especially where speed is essential or where carelessness and lack of sys-
tem prevail, it will amount to a considerable loss.

A regular and recognized form of waste is always allowed for in
figuring lumber, because of the manufacturing processes used and estab-
lished customs in the lumber business. A board foot is said to be equiva-
lent of a board one inch thick and one square foot in area, vet if a floor is
to be covered with ordinary wood flooring it is found that instead of 100
board feet being required for a room 10’ X 10’, nearer to 135 board feet
is required. In this case, 100 square feet does not equal 100 board feet,
even with boards 1’ thick. This is because the stock from which the
flooring is made, and not the lumber actually received, is charged for.
This is a trade custom and is inescapable.

Flooring that, when laid, covers a width of 214", is made from 3"
width stock. Thus a loss of 34" is entailed in every piece, owing to the
forming of the tongue and groove alone. In addition to this, when the
flooring is being laid, it is necessary to throw away bad pieces so that a
further loss is sustained. Ends of pieces are cut off in order to fit the
flooring boards into the size of a room and many small ends are thrown
away. This is all called ‘“waste,” although it is not all caused by the
men on the job. Another source of loss in the matter of flooring is that
one does not even get the thickness that is charged for. Flooring may
come only 34'' thick, or even less, yet it is counted 1’ thick. This is
because another trade custom says that lumber less than 1”7 thick must
be figured the same as if it were 1" thick.

Flooring and other lumber over 1" thick is figured at the stock thick-
ness from which it is made. Even timbers, such as floor beams, are
scant of the dimensions shown in estimates and in purchase orders. A
so-called 2" X 10" timber means one that is made from 2”7 X 10" stock;
actually it will measure only about 137" X 913’ when received at the
job. -
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Contingencies make it difficult for the estimator to provide for their
effects and yet have his estimate low enough to win the contract. Winter
weather must be taken into account if the work is to extend into that
season so that temporary enclosures and temporary heating will have to
be provided, and so that the loss of efficiency caused throughout the job
during bad weather will have to be met. Incidentally, if a job is expected
under normal conditions to be closed in before bad weather comes, and if
additional work is given by the owner or changes are made that hold
up the work, the estimator, immediately upon finding this to be the case,
should have compensation demanded from the owner for any protection
or other extra winter costs thus made necessary.

If a job is to last several months, it may very well be that the wage
rate of one or more of the trades will be increased before the work is com-
pleted. Rarely is it possible for the contractor to get any additional
money from the owner for this increased cost. Some subcontractors
always put into their estimates a clause stating that they will not be
responsible for any increase that their men may demand during the life
of the job. The general contractor is thus forced to carry not only his
own risk in this regard but that of his subcontractors as well.

The time required for constructing a building is of great importance
to a contractor, because his funds and also his working staff are tied up in
the work. To become too involved in jobs may cause his financial ruin,
especially if his funds are limited. For this reason, it is better for him
to stop figuring new jobs for a while and to use the estimating talent in
connection with jobs already on hand—toward securing better efficiency
on them and toward completing them sooner than would otherwise be the
case. 'T'oo little work on hand is bad, but too much work on hand may
be worse. ,

1t is always necessary to make an analysis of the specifications and
plans before starting an estimate. Inough detail should be incorporated
in this analysis so that it will form a complete check list. First the
specification is analyzed and then items from the plans are added to the
list, as well as other items, gathered from the estimator’s own knowledge
of construction work and of the special requirements that will be involved
in the particular job being estimated. It is the estimator’s duty to see
that every item of expense is included in the estimate, either among his
own items or among those of the subcontractors whose figures he incor-
porates in the estimate.

Subcontractors’ estimates require careful study before the figures pre-
sented in them may be used. First of all, the work included by the sub-
contractor in each case must be ascertained. Even those estimates that
read ‘““according to the plans and specifications’” may not, when studied,
really cover all the work that at first glance may seem to be included.
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Because a plumbing contractor, for example, says that he has included
all the work in his line does not necessarily mean that he has accounted for
all the items that the architect chose to specify under the heading of
Plumbing. The architect may have mentioned in the plumbing section
many items of equipment that are ordinarily hooked up by the plumbers,
but the plumbing contractor can take the stand that these items, or some
of them, are to be furnished by other parties and not by him, that he is
merely to hook them up to the plumbing system. Thus the cost of fur-
nishing all such items may be omitted from the estimate if care is not
exercised. Similarly, if an electrical contractor says that he has included
all the work called for in his portion of the specifications, he may not be
counsing in the lighting fixtures, if they have not been specified therein,
even though they may be shown and perhaps listed in detail on the plans,

The lowest subcontract estimate in a given line is not always the best
to choose. One that is far below the other estimates received should be
checked very carefully before being incorporated in the contractor’s own
estimate. For one reason or another the subcontractor may not take
the job if it is offered to him. He may have found out in the meantime
that he made a mistake in figuring or that he omitted some of the work.
Even if he signs a contract at the low figure he submitted, trouble may
start while he is working on the job; he may find that he is losing money
and ask for more than he contracted for, or he may be financially unable
to proceed. At any rate, he probably will not be very enthusiastic about
the work or give it proper attention, such as he would give if he had the
prospect of a good profit. All these things must be in the estimator’s
mind as he weighs the pricing of his estimate for the whole job, and every
reasonable precaution must be taken.

Subcontractors often wish to use a different material or one of a
different grade from that specified. Sometimes they state this in their
estimates, perhaps noting the substitute; and sometimes they take a
chance and later state that they had anticipated using different material.
If the substitution is perfectly fair, usually no trouble results; but in other
cases a dispute may ensue. At the time of estimating there is no oppor-
tunity to take any action on what the subcontractor may have in mind
to do afterward. If, however, a subcontractor in his estimate gives any
intimation that he plans to make a substitution or if he verbally states
any such intention, the wise estimator, before using that subcontractor’s
estimate in preparing his own bid for the job, will make a thorough check
as to the possibility of a misunderstanding.

Occasionally, a subcontractor, at the time he is figuring the job, will
tell the estimator of a substitution that he plans to make, but will neglect
to state this in’his estimate. Later he may claim that he told the esti-
mator and then try to force an adjustment. While there may be no
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legal claim on his part, an embarrassing situation is created that should
have been avoided by the estimator’s taking proper steps when he first
learned of the substitution plan. He should at least have given warning
that it would be the architect’s responsibility to accept or reject any
substitutions.

Estimating, like accounting, is an established business routine and
is an integral part of the business of constructing buildings. In a broad
sense, it must be thought of as equal in importance to the preparation of
the plans and the writing of the specifications. Estimating that is done
by men not trained for it is usually based on hasty judgment or on
guesses. Such estimators lack the thorough schooling in the analysis
work that is necessary for the preparation of complete and reliable esti-
mates. The methods used by some contractors in going over work
preparatory to making bids are superficial almost beyond belief. In the
main, these are responsible to a great degree for the losses later sustained
by the contractors.

Unfair Dealings. Architects and owners are often not fair in their
dealings with contractors. For one thing, many estimates are made for
building that is never done. Yet the cost to the contractors bidding on
it is never considered by those who unhesitatingly ask for bids. If a
code of estimating practice is ever written, one rule should be that no
bids shall be submitted unless plans for the proposed building have at
least been filed with the local building department. This will tend to
eliminate some of the useless bidding, because it is not likely that an
architect would file plans unless the job had a fair certainty of going
ahead. /

Architects sometimes specify that only approved subcontractors may
be used. This gives rise to confusion in the selection of subcontractors
by the contractor. It could be eliminated if architects would furnish
full sets of plans and specifications to the subcontractors who meet with
their approval at the time bids are first asked for—at least, in the main
lines of work. These subcontractors could then send a copy of each
bid to each of the contractors bidding on the job and there would then
be no need for doubt as to their being approved later.

Another thing that annoys estimators is to find out, after a job is well
under way, that an architect had in his possession surveys and other
information regarding ground levels and conditions existing at the site
and in its surroundings that he did not issue with the plans when bids
were asked for. It should be a rule that every bit of pertinent informa-
tion that an architect has shall be passed on to the contractors bidding
and thus perhaps save them from gambling on uncertain conditions.

All work should be deemed to be Union Work, with no overtime work
considered. The standard form of lump-sum contract of the American
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Institute of Architects, without alteration, should be understood to he
used for all work. If any variation from these two requirements is
desired by the architect or the owner, it should be clearly so stated in
the original bidding specifications, in order that contractors and their
subcontractors may take such variations into account at the time of
making their original calculations.

Rock excavating, pumping, underpinning that is not shown on the
architect’s plans, foundation work that is not shown on the architect’s
plans, and other work or expense upon which it is impossible for the
contractor to make a satisfactory estimate, should be paid for separately,
in addition to the work proper set forth in the contract.

A fair price should be chargeable for all drafting or engineering services
that contractors or subcontractors are called upon to render, whether
these are called for at the time of bidding or at any other time.

Neither the contractor nor any subcontractor should be held respon-
sible for loss due to any delay in the execution of a contract, when such
delay is in no way the fault of the contractor or of one of his subcon-
tractors; nor should any payment be held up on this account.

The contractor and each subcontractor should be paid in current
funds at least 909, of the value of the work completed, every two weeks;
or at least 959, everv month for the work done and the materials
delivered.

Every contract should provide for prompt payments and also should
require final inspection and payment in full within 30 days after the
completion of the work of each division of the specifications, regardless
of the final settlem®t of the job as a whole.

Differences arising between the contractor and other parties to
the contract or concerned with it should be subject to and settled by
arbitration.

No changes should be made and no work should be held up pending
any changes, until an agreement is entered into for the adjustment of
the contract price on account of the changes. This should apply to
subcontracts also.

Unless specific provision is mentioned in the contract, an extra charge
should be made for any variation from standard stock materials and
methods of construction.

When liquidated damages are specified, a corresponding bonus also
should be included.

All the foregoing are merely suggestions of practices that would make
contracting more of a business or profession and less of a gamble. They
will serve.also to point out some of the business troubles encountered
by the estimator in his daily work.
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Exercises

1. What are preliminary estimates? (60 to 100 words.)

2. What should a complete builder’s estimate contain, and what is the general
arrangement of such an estimate? (100 to 150 words.)

8. Why cannot the unit costs given in this and other books on estimating be used
for all jobs? (75 to 100 words.)

4. What is the general procedure in makmg an estimate? (100 to 200 words.)

6. State some contingencies that an estimator must consider providing for? (60
to 100 words.)

6. How are subcontractors’ estimates handled? (75 to 100 words.)

7. Write at least 300 words of notes regarding cstimating procedure, from several
of the books listed in the Preface. Name the books used.

8. Prepare the first sheet of an cstimate for the house shown in Chap. V, with
proper heading, ete.

9. Make an analysis, similar to a specification analysis, of the requirements for the
house.



CHAPTER VIII
QUANTITY SURVEYING

The quantity-survey portion of an estimate lists every essential detail
that will affect the cost of the proposed building, except that subcontract
items are listed by name only. A quantity survey is not a material list,
however, nor is it as complete as a working estimate. The essential
details for computing the cost consist of the name and location of every
item of work and the number of units of work involved.

Quantity surveying is the measuring of the work that is shown on
the plans and specified and the listing of these items on the estimate
make-up or quantity sheets. These give the ‘amount of work under
each classification, ready for pricing at so much money per unit of work.
This unit price is the contractor’s cost price. It includes the cost of
materials, labor, equipment, scaffolding, labor insurance, and all the
incidental expense entering into the items; it excludes only the portion
of the general job expense that could be considered also as part of the
items. The main office expense and the profit are entered in the estimate
separately from these work items.

Some builders, especially the larger firms, employ men as quantity
surveyors alone, leaving the pricing and summarizing of the estimate to
the builder himself or to the head estimator. One criticism of this
method is that it is not conducive to the proper study of the unit prices
and the application of them to the items. It is better for one man to
carry the whole estimate through to completion and then have the whole
thing looked over or checked in detail by another person.

Quantity surveying involves reading the blueprints and scaling the
quantities of work from them. Some knowledge of architectural drafting
is necessary for doing this well and readily. Architectural drafting gives
a keener hold on the details of the making of plans and a feeling for the
work of the architect and the draftsman, which will help toward easier
reading of the plans.

A good quantity survey is one that can be used to advantage after the
contract is signed; one from which the lists of materials can be readily
made up. However, it is rarely practical to enter on the original quan-
tity survey every detail, as is required for the material lists. Most con-
tractors are satisfied to have in mind only the winning of the contract
when their office is estimating a job. Thev use the quantity survey and
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the other sheets of the estimate to guide them and check them in m';zking
up subsequent lists and schedules. Many follow the plan of making a
new, or “working,” estimate as soon as they receive word that the contract
is to be awarded to them. The original estimate is used as a general guide
in preparing this working estimate, but all the figures are taken from
the plans anew. In this way, not only is a careful check made of the
original estimate as such, but more details are entered and the entire job
is thoroughly studied. This makes the office more familiar with the work
to be done; in fact, some contractors, with just that in mind, have the -
general superintendent or the engineer make the new estimate. The
estimator is already familiar with the plans. The working estimate for a
large job should show the items broken down, floor by floor or portion
by portion of the job, in order that it may serve as a guide for deliveries
of material and for other uses.

Quantity surveying should show all the items used in the estimate.
These items are shown in the customary way, by means of the customary
units of measure. Thus, plastering, for example, is listed as so many
square yards of the different types of plastering work and not (as in a
material list) as so many bags of lime, cubic yards of sand, so much lath,
s0 much hair or fiber, etc. A list for concrete work gives the number of
square feet of forms required and the number of cubic yards of concrete,
all item by item of work; not the number of board feet of different kinds
of lumber for the forms nor the sand, gravel, cement, etc., of which the
concrete is composed.

The quantity survey shows how many thousands of bricks of ea,ch
different kind are required and indicates their location in the building.
A material list, on the other hand, shows all this and also the amount of
sand, cement, lime, mortar color, brick ties, and other incidental items
of material that are needed for producing the amount of brickwork
required. All this additional information is necessary for the writing
of purchase orders and is therefore entered on the material lists, after
the job is secured. It is not needed in the original estimate, because the
unit prices there include the cost of all these incidental materials.

Chapter IV treats of plans in general. Here the present chapter,
making a deeper study of them, discusses the way to separate the work
shown on them into the customary parts for estimating purposes. These
divisions generally follow the same work as the trade name used in them
may signify, but sometimes it is necessary to include work of more than
one trade in a division of the estimate. Only by considerable practice
is easy and familiar handling of such matters gained; but a knowledge of
the general rules of scaling the plans is of first importance.

Symbols and conventional indications are quickly read by anyone
experienced in building construction and the use of plans for this work.
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N
In fact, some of them, like the symbols for bathtubs and lavatories, are
almost pictures of the things they represent and anybody will recognize
them after a little practice.

The scale rules in common use have two scales on each edge, and it is
therefore necessary to be careful to read the scale that is intended to be
used. The 14" and 1"/ scales, the two most used, are usually both on
one edge of the scale rule, one reading from each end of the rule. Figure
26 shows a typical scale rule.

As most of the dimensions of a building are given in figures on the
plans, it is not necessary to use the scale rule to find them. In fact, it is
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Fia. 26.--A 12" scale rule.
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better always to read the figured dimensions than to scale the plans; the
figures are more accurate. In any event, care must be exercised in read-
ing the dimensions. If the scale is used, care must be taken to read the
right scale, as has been said. If the plan is made to 14’ scale and the
1¢'" scale is used by mistake in taking a-reading, the reading will obviously
be twice as long as is actually required. If two dimensions, as for a floor
area, are taken by the 14"’ scale instead of the 1.{"" scale, the error will be
much greater; a 10’ X lO’ room would read 20’ X 20’, making a total of
400 square feet instead of 100 square feet!

The more familiar a student is with mathematics, the easier will he
find calculation work. Higher mathematics, however, are not ordinarily
used by contractors or estimators. Only in certain specialties is it
necessary to have a good knowledge of solid geometry and trigonometry.
Plain arithmetic, the use of fractions and decimals, and mensuration or

. plane geometry cover the mathematical operations used in building
construction.

By cutting down the number of figures, whether in the quantities
or in the pricing, the chance of making errors is automatically reduced and
considerable time is saved. Therefore, an endeavor should be made to
get the final results in the most direct way. FEstimators, because of the
limited time usually available for the preparation of estimates, find it
absolutely necessary to reduce their work to the simplest number of
operations consistent with accuracy. No one should attempt the study
of estimating, however, until he can work readily the simple mathematical
problems involved; this is a test of general ability, as well, and the general
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ability thus proved is also necessary. A good knowledge of the handling
of fractions and decimals is an indispensable beginning,.

Some estimators, immediately after reading the dimensions on the
plans, turn the dimensions of feet and inches taken from the plans into
feet and decimal parts of a foot, or feet and fractional parts of a foot.
They then enter these figures on the quantity sheets, instead of entering
feet and inches. The theory is that this makes it easier for an office
assistant to extend the figures, as he would otherwise have to use his own
judgment in handling the fraction of a foot. There are three objections
to this procedure on the part of the estimator: (1) It forms another
mental operation for his already busy mind, as the figures are either given
in feet and inches on the plans for him to read there, or else are scaled in
feet and inches for him to read from the scale. Not only is he assuming
the extra mental burden all through the process of reading and entering
the figures, but he is adding one more opportunity for error in the handling
of every entry. (2) Simplifying the work for the office assistant may
seem all right, but if the assistant is of such poor quality that he (or she)
cannot handle the simple calculations in feet and inches, it is to be seri-
ously doubted that he has the ability to be trusted with the estimating
sheets at all.  (3) As the sheets will undoubtedly be used for later refer-
ence, the figures should be written on them in a way consistent with the
method commonly used on plans and in verbal expressions among con-
struction men—that is, in feet and inches.

The student who goes through this textbook and makes a complete
estimate will probably be surprised to note the few formulas that are used
in estimating. The mathematics of estimating is actually quite simple.

One rule that should be kept in mind, from a practical standpoint
in estimating, is that when many items are to be extended from one set
of figures, instead of using the figures for only one item, it is important
that the figures thus used over and over should be right, as otherwise the
error will be multiplied by the number of times that they are used. For
example, if the size of a room is entered in length and width on the sheet
for rough flooring and is later used, without being checked, for the finish
flooring, and then perhaps for the floor seraping and finishing, and possibly
for the ceiling plaster, it will readily be seen that, if the original dimen-
sions of the room are wrong, many errors result in addition to the one
regarding the rough flooring for which the dimensions were first intended.
Some careful estimators make a habit of taking the measurements off
separately every time they are required, and then later looking over the
sheets and using the similar entries to check one another. At any rate,
it is necessary always to watch out carefully for this type of error.

Excavating work involves measurements of length, width, and thick-
ness (or depth), in feet and inches; and then—computed from these three
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dimensions—the cubic feet of volume, and from that the cubic yards of
volume. Feet multiplied by feet give square feet, and this result multi-
plied by feet again gives cubic feet. Thus, 10’ X 10’ = 100 square feet,
and this 100’ X 10’ deep gives 1,000 cubic feet. As there are 27 cubic
feet_in one cubic yard, dividing the number of cubic feet by 27 will
give the cubic yards or, in this case, approximately 37 cubic yards.

Excavating is measured in cubic yards. This is the customary unit
of measure employed for that work. If the excavation for a cellar, for
example, measures 25’ wide X 60’ long X 7’6"’ deep, these three dimen-
sions in feet (or feet and parts of a foot) are multiplied together, and the
resulting number of cubic feet is divided by 27, in order to arrive at
the number of cubic yards. The 7’6" in this case is treated as 714 or
7.5 feet. The answer is 417 cu. yd. Figure out these cubic contents
and find the same result. Then calculate the following cubic contents,
also:

20’ wide X 50’ long X 8 deep = —— cu. yd.
40’ X 32" X 6’3" = — cu. yd.

N 176" X 30" X 74" = —— cu. yd.
39'8" X 83'9” X 11'5" = — cu. yd.

Concrete is, in most cases, measured in cubic yards also. Thus, to
find the amount of concrete in a wall 23’ long X 10’ high X 1’ thick,
follow the same procedure as in the above cases: 23 X 10 X 1 = 230 cu.
ft.; and this divided by 27 = 81447 cu. yd., or practically 84 cu. yd. It
is not necessary to have the final answer in an odd fraction, the nearest
14 or 14 is usually accurate enough for concrete work. The nearest
whole yard is close enough for excavating work.

Cement floors are generally measured by the square foot, so the
calculation is merely a matter of measuring the length of a floor and
multiplying it by the width. Thus, a floor measuring 16’ wide and 34
long would equal 544 square feet. This is the required answer, as far
as the quantity is concerned. This s then carried out to the pricing
column and, if it is priced at, say, 16¢ per sq. ft., the cost extended would
be $87. It is not customary to show cents in the final amount. This
actually is figured out to $87.04, but is extended to the nearest whole
dollar. In a long column of figures, there will be only an insignificant
error if one gives and takes the cents in this way all down the line.

Plastering is figured by the square yard. As there are nine square
feet in one square yard, find the two dimensions in feet of any area to be
plastered, and multiply these two dimensions together to get the area in
square feet. The result divided by 9 gives the number of square yards.
Take a wall to be plastered, measuring 17’ long X 8 high. This equals
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136 sq. ft.; 136 divided by 9 equals 1514 sq. yd. Enter this as 15 sq.
yvd. If it were nearer to 1514, it would be called 1514 sq. yd.

Framing lumber used in building work is practically all figured in
board feet, and waste has to be taken into account. It is easy to figure
board feet. All that is necessary is to find the number of square feet, 1"
thick, or the equivalent. Thus, a board 10’ long X 1’ wide X 1 thick
has 10 board feet. If the same board were 2 thick it would have twice
as many board feet as the one that is 1’’ thick, or 20 board feet. If the
same board as first mentioned were only 6" wide instead of 12 wide, it
would have half as many board feet, or 5 board feet. For any piece of
lumber, multiply the three dimensions of it together and divide the result
by 12; the answer will be the number of board feet in the piece of lumber.
1f more than one piece is concerned, multiply the amount in one piece by
the number of pieces. The dimensions are always given in inches of cross
section and length in feet ; thus there may be a piece of 2’ X 8 X 18’ (or,
as spoken, 2 by 8 by 18). This piece measures 2’ X 8" in cross section,
and it is 18’ long. Multiplying the 2 X 8 X 18 gives 288, and dividing
this by 12 gives 24 board feet. The rule is: multiply the standard dimen-
sions together and divide by 12.

Wood flooring is sometimes listed simply by expressing the number
of square feet to be covered by the flooring. In this case, it would be
measured in the same way as the cement flooring mentioned above. For
the ordinary types of wood flooring, the number of board feet is found
by adding the waste allowance to the number of square feet of floor area.
Ordinary flooring is 1’ or less in thickness and is therefore taken as 1"’
for figuring purposes. All lumber less than 1’ thick is considered 1"
thick for figuring purposes.

Flooring boards have a tongue-and-groove formation cut on them,
which takes away about 34"’ from the width of the boards when they are
laid as flooring. Flooring boards with a face measurement of 214" are
made from 3"’ wide stock, for example, and therefore 259, of the width
is lost or taken up by the tongue and groove. To provide for this loss,
add the 25% to the number of square feet of floor area, thus getting the
answer in board feet. A floor 10’ X 20', equaling 200 square feet of floor,
would equal 250 board feet. This would be the amount of flooring to
order, if every piece were good and of the right length so that no further
waste would be encountered; but there is further waste, because some
of the material is rejected, broken, etc., and because small ends have to
be cut from many of the pieces. For this additional waste, add between
89 and 159, more, depending upon the grade of flooring specified and
the kind of lumber, etc. Therefore, 200 sq. ft. of floor area requires
about 275 board feet of flooring._
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All the plans must be used in listing the items and the specifica-
tions must also be kept in mind at all times. Inexperienced estimators
have a bad habit of taking measurements from one drawing alone for an
item when, by reference to the other drawings, the item may appear
differently and may require different treatment from that which the one
drawing indicates. Reference should be made to cross sections and detail
drawings, especially, more often than is usually done. The preceding
paragraph gives one reason for keeping the specification requirements in
mind when measuring the plans—that the grade and kind of flooring
affect the percentage of waste allowance. Other examples of the impor-
tance of reading the specifications carefully and keeping them in mind
while measuring the plans could also be given,

Numerous specimen quantity-survey sheets are given in the succeed-
ing chapters. The student should look these all over now and become
generally familiar with the arrangement and grouping of the items, the
wording used, the layout of the measurements, and the extensions of the
figures. They will be discussed further as the various divisions are
taken up.

Exercises
1. What is a quantity survey? (75 to 100 words.)

2. Name several items that are customarily measured by cach of the following
units: lin. ft., sq. ft., cu. ft., sq. yd., cu. yd., Ib., ton, M.



CHAPTER IX
EXPENSE AND SUMMARY SHEETS

The items of cost that most directly and obviously enter into the total
cost of any building are labor and materials. Besides these, there is a
cost called ‘““expense” that cannot be regarded as either labor or material.
Cost items of this sort that can be applied against a particular job are
entered under Job Expense. Items of expense that cannot be applied
agaihst a particular job are entered under Overhead Expense.

The heading Job Expense provides for the cost of supervision,
temporary construction and protection, permits, and other items that
are for the use of the entire job. In some instances it is difficult to deter-
mine whether an item should be put under this heading or under some
work heading. For this reason, no arbitrary rules can be laid down.
One rule for the estimator to follow, however, is to see that all the expense
items are properly covered in some part of the estimate.

The superintendent’s salary is one of the main items, usually, of the
job expense. For example, if a job is to require four months to build
and the superintendent is paid $100 per week, an expense of about $1,700
is involved in this one item. This must be included as part of the job
cost, and the proper place for it is under the heading for the general
expense of running the job. In like manner, a watchman is generally
needed on building jobs and, if the regular night watchman is paid $25
per week, there will be an item here involving about $100 more. A day
watchman may be required for Saturdays, Sundays, and holidays, and
this, in the example given, would add $100 more. Of course, some jobs
will not require so much watchman service and some may not require
any watchmen at all. On the other hand, there are jobs where a day
watchman is needed every day, and some where two or more night men
must be on duty every night.

Other members of the job office personnel may include a timekeeper
and a material clerk, to keep records of the men’s time and pay and of the
supply of materials. On large jobs there are assistant superintendents,
layout engineers, checkers, $ool clerks, and others. These men are not
actually engaged in the construction of the building but they are needed
in connection with the work on the job, and the cost involved in having
them there must be taken into account. On out-of-town jobs it is the
custom to send the supervising personnel from the main office. In this

81



82 BUILDING CONSTRUCTION ESTIMATING

case the expense will be increased, owing to the traveling expenses and,
in some instances, to the living expenses of these men. Occasionally,
workmen also are sent out in this way.

The following are lists of the personnel, by departments, on a large
job such as that shown in Fig, 11 in Chap. IV. They show the activities
attendant upon such work and serve to illustrate the elements of costs
thus involved in construcfion work.. The positions given in parentheses

are held by men assigned from other departments.

Prosect MANAGER'S OFFICE

Project Manager
Assistant Project Manager
Control Clerk
Attorney

Secretary

Report Clerk

Field Inspector
Plan Clerk

Mail Clerk
Stenographer
Typist
Subcontractors (20)

PurcHASING DEPARTMENT
Purchasing Agent
Secretary
Building Material Buyer
Equipment and Tool Buyer
Track, Road, and Sewer Buyer
Mechanical and Electrical Buyer
Field and Office Service Buyer
Buyers’ Clerks (5)
(Voucher Clerk)
Local Expeditor
Shipment Expeditor
Traveling Expeditor
Stenographer
Typist
Comptometer Operator

ESTIMATING DEPARTMENT

Chief Estimator
Secretary

Estimator

Assistant Estimators (2)
Draftsman

Contract Clerk

ENGINEERING DEPARTMENT
Chief Engineer
Secretary
Office Engineer
(Voucher Clerk 14)
Draftsman
Layout Engineer
Field Engineers (10)
Rodmen (10)

CONSTRUCTION DEPARTMENT

General Superintendent
Secretary

Assistant General Superintendent
(Voucher Clerk 13)

Night General Superintendent
Area Superintendents (5)
Superintendents (15)

Foremen (120)

Workmen (3,000)

TRACK DEPARTMENT

Chief Track Engineer
Secretary

Assistant Track Iingineer
(Buyer %)
(Storekeeper)

(Cost and Time Clerk)
(Tool Clerks 3)

(Field Engineer 13)
Night Clerk

Track Superintendent
Foremen (10)
Mechanics (20)
Laborers (150)
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Roap AND SEWER DEPARTMENT

Superintendent of Roads and Sewers
Secretary

Engineer

(Buyer }3)

(Timekeeper 14)
(Storekeeper)

(Tool Clerk)

(Field Ingineer 15)

(Cost and Time Clerk %)
Night Clerk

Foremen (2)
Maintenance Men (20)
Subcontractors (3)

MECHANICAL ENGINEERING
DEPARTMENT

Mechanical Engineer
Secretary

Plumbing Superintendent
Plumbing Foreman
Plumbers and Helpers (6)
Heating Superintendent
Heating Foreman
Steamfitters and Helpers (6)
(Buyer 14)

(Storekeeper)

(Tool Clerk 13)

(Cost and Time Clerk !4)
Night Clerk
Subcontractors (3)

FLECTRICAL KENGINEERING
DEPARTMENT

Electrical Engineer
Secretary

Assistant Electrical Engineer
(Buyer 13)

(Cost and Time Clerk 15)
(Storekeeper)

(Tool Clerk 14)

Night Clerk

Foremen (2)
Maintenance Men (20)
Subcontractors (2)

MATERIAL DEPARTMENT

Department Manager
Secretary

Night Manager

Head Checker
Checkers (20)

Truck Router

Chief Storekeeper
Storekeepers (8)
Lumberyard Manager
Lumberyard Foreman
Lumber Handlers (10)
Lumberyard Clerks (3)
Mill Manager

Mill Foreman

Mill Carpenters (40)
Mill Clerks (3)
(Buyer)

(Cost and Time Clerk)
Stenographer

Typists (3)

FEQuipMENT AND TooL DEPARTMENT

Department Manager
Secretary

Assistant Manager

Stock Clerk

Salvage Clerk
Stenographer

Typists (2)

(Voucher Clerk)

(Cost and Time Clerks 2)
(Buyer)

Tquipment Superintendent
Equipment Clerks (2)
Fquipment Operators (100)
Tool Superintendent

Tool Clerks (10)

Truck Superintendent
Truck Clerks (2)
Chauffeurs (100)

Field Checkers (6)

Repair Manager

Master Mechanic
Assistant Master Mechanic
Repair Men (4)
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Oil and Grease Man
Gas-station Attendant

Fi1eLp SERVICE DEPARTMENT

Department Manager
Secretary

Safety Iingineer
Canteen Supervisor
Rubbish Foreman
Rubbish Men (20)
Scrap Clerk

Medical Doctor
First-aid Men (6)
(Auxiliary First-aid Men 6)
Nurses (6)

Orderlies (2)
Ambulance Drivers (3)
Accident Clerk

Police Chief

Assistant Police Chief
(Auxiliary Chiefs 5)
Guards (75)

Fire Chief

Assistant Fire Chief
(Auxiliary Chiefs 5)
Firemen (10)
(Auxiliary Firemen 30)
Fire-truck Drivers (2)
Bus and Car Manager
Bus and Car Clerk
Bus and Car Drivers (80)
Field Messenger
(Storekeeper)

(Buyer 13)

(Cost and Time Clerks 2)
Chief Waterboy
Waterboys (75)
Stenographer

Typist

OFFICE SERVICE DEPARTMENT

Department Manager
Secretary

Night Service Manager
Assistant Department Manager
Stenographers (4)

Typists (4)

Comptometer Operators (4)
Mimeograph and B/P Operator
Personnel Manager
Personnel Clerks (4)

Labor Relations Manager
Receptionist

Messengers (R)
(Storekeeper)

(Cost and Time Clerk)
(Buyer 14)

Head Janitor

Janitors (4)

Matrons (2)

Head Switchboard Operator
Switchboard Operators (4)

TiME AND Cost DEPARTMENT

Department Manager
Secretary

Chief Timekeeper
Timekeepers (4)

Pay-roll Clerks (7)
Pay-roll Typists (4)
Pay-roll Comptometer Operators (5)
Chief Cost Clerk

Cost Clerks (3)

Time and Cost Clerks (6)
Field Checkers (10)

Cost Typists (3)

Cost Comptometer Operators (2)
Paymaster

Assistant Paymasters (4)
Termination Clerk

Night Clerks (2)
Bookkeepers (3)
Stenographer

Typist

Comptometer Operator

ACCOUNTING DEPARTMENT

Chief Auditor

Secretary

Assistant Chief Auditor

Auditor of Disbursements
Assistant Auditor of Disbursements
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Voucher Clerks (8) Bookkeepers (3)

Cashier Stenographers (2)
Reimbursement Clerks (2) Typists (3)

Social Security Clerk Comptometer Operators (2)

Temporary job offices, tool houses, storage sheds, and other such
conveniences are part of the expense of carrying on a job. Temporary
fences, barricades, runways, bridges, stairways, and platforms are also
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Fie. 27, Layout of a construction job.

L[]

to be considered as items of cost. The law demands that proper safe-
guards be constructed and maintained in good order to prevent accidents
at open shafts, wellholes, and other places that are likely to be the loca-
tions of accidents if not so guarded. The law also demands temporary
toilets, drinking water, and other conveniences for the health and com-
fort of the men. 'TI'rade unions demand these and other things, besides.
Figure 27 shows the layout of the temporary construction and conven-
iences for a typical job. Fortunately, at this project an open plot across
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the street was available, where parking space was provided for the many
cars in which the men came to work. Figure 28 shows the plan of the
temporary job office building used -on a large project. This “shanty,”
which cost as much to build as a good-sized house, has more plumbing in
it than a house would require.

Openings in the walls for doors and windows often have to be closed
before the doors and the window glass have arrived at the job. The
custom is to tack muslin in the openings that are not needed for access
to the work. Some openings, however, must be provided with tem-
porary doors. Enclosures are often required, especially during the
winter months, to protect the men from the weather before the walls are
advanced far enough so that merely covering the door and window open-
ings is adequate.

If a structure over 40 feet high is to be erected or if one over 25 feet
high is to be demolished, a sidewalk shed is usually required, unless the
distance from the structure to the sidewalk is considerable. In large
cities, catch platforms must be erected on the front of a building that is
over a certain height, while it is being demolished. Furthermore, the law
demands that fences be built along the front of jobs in certain locations,
and civic associations do their best to have main thoroughfares kept in
tidy condition, with neatly built front enclosures for construction work.

Water and light are common requirements for building work; yet
many estimators neglect to make provision enough in their estimates
for these items. Water involves not only the water charges, but also
the installation, maintenance, and removal of the temporary lines, and
the changing about of these lines when that is necessary. Similarly, for
temporary light and power there is the charge for current, the cost of
installing and maintaining the lines, the electrical union’s demand that
union electricians be kept in attendance merely to turn switches on and
off, and the cost of bulbs and fixtures.

To heat a construction job in winter is a costly undertaking. Some
of the elements of this cost are the installation and first cost of the system
or devices used for heating, the fuel cost, the additional temporary
enclosure work required, the labor of attending to the heating, the
repairing and rearranging of the equipment, the loss of time resulting
from the men’s working under these conditions, and the extra cost of
supervising, etc.

There is often need for temporary stairways or temporary treads for
the permanent steel stairs in large buildings. The law requires these to
be safe and secure, and this means that substantial guardrails must be
provided. Temporary toilet and locker rooms must be considered, too.

There are many small items in the job office that add up to a con-
siderable sum on i%;.tge operations. One of these, and one that should



88 BUILDING CONSTRUCTION ESTIMATING

not be called very small, is the job telephone cost. A monthly bill of
from $50 to $200 is common on & busy job of fair size. Office furnishings,
stationery, and supplies often amount to $200 on a job.

Repairs to streets, walks, lawns, and other parts of the property and
of adjacent property, as well as permits and deposits in connection with
them, sometimes account for a large group of cost items and must be
considered on all jobs. In fine building work, all the finished surfaces,
corners and mouldings of stone, marble, tile, cabinetwork, bathroom
fixtures, and equipment of all kinds have to be protected from damage
that might result from exposure before the building is completed and
from damage that might be caused by men or materials for other parts
of the work. Repair costs for all these items and for other parts of the
building, as well as for broken glass, broken lighting fixtures, ete., always
make up a considerable sum on a building of even average size, especially
if a series of accidents occurs on the job.

Specifications generally call for buildings to be left ‘“broom clean”
by the contractor. Sometimes, however, the specifications or some other
part of the contract will require that every part of the building be left
clean and polished and ready for occupancy, so that no further work of
this kind will be necessary. In any case, a great amount of rubbish will
have to be removed and considerable plain cleaning must be done. The
work of gathering together a large assortment of miscellaneous waste
material, crates, cans, broken glass, etc., and the removal of all this from
the various floors of a building, besides the sweeping of the floors, account
for one part of the cleaning cost. Another part covers the loading of the
stuff on dump trucks and the hauling and disposal of it. A third part
of this kind of expense may be necessary—that for washing all the window
and door and other glass in the building. Then a fourth part that may
have to be added is for cleaning the floors all over again and polishing
them. Experienced estimators, knowing that a gang of men may be
required for each of these operations for a number of days, take care to
figure the cost accordingly.

Surveys and engineering and other special services are frequently
specified to be furnished by the contractor; and he may find these desir-
able, even though they are not specifically called for in his contract. If
they are not included under some other division of the estimate, they
should be placed under the job-expense heading. Even the cost of
accurately laying out the job and building and maintaining the batter
boards must be considered. Special drafting work and the cost of blue-
prints, job signs, and progress photographs also come into this category.
Figures 29 and 30 show the batter boards and lines on a simple job. After
the corners of the building have been accurately determined, the lines
running over them are extended to the batter boards where the reference
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marks are maintained until the walls are built. Other reference lines
are provided for on the batter v —y
boards, such as the line of the foot- ) |
ings and the excavation line.
Surety bonds, guarantees, de-
posits, etc., are general items of job
cost. The cost of a surety bond ==z=
may run as high as 29, of the total *
amount of the contract. The
trouble of securing a bond and the
time and expense of office work in
connection with it all through the
job and after the job is completed
are elements of cost that some con-
tractors seem to ignore completely;
but these should be taken into
account. Similarly, the trouble Fig. 29.—Batter boards and lines.
and expense incident to guaranteeing work may run for a year or more
after the job is finally accepted. If any cash deposits are demanded,
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or if any money is to be held for a length of time, the wise estimator
will make careful note of each such item on his estimate sheets and
will charge the proper amount of interest as a part of the cost, Ie
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will also put in proper amounts for possible repairs, maintenance, etc.,
and service charges for the incidental trouble.

Insurance is a very considerable part of the cost of doing construction
work. The proper place to put insurance costs that are based on labor
is in each of the work divisions of the estimate and in the job expense
division of the estimate, as well. In this way the various rates will best
be taken into account. Some estimators, however, prefer to compute
the total insurance requirements and then enter a lump sum of money,
to cover it, in the job expense sheet or in the summary of the estimate.
All the workmen and supervisors and other employees on the job are
subject to some form of insurance that has to be paid for by the employer.
This includes state workmen’s compensation and unemployment insur-
ance, Federal social security and old-age pension insurance, public
liability insurance, and others. The total cost for these runs between
11% and 209, of the pay-roll amount for regular building work and much
more for demolition, steel erection, and other specially hazardous lines
of work. In addition to the insurance items that are based upon the
pay roll, other insurance is usually carried by contractors, such as con-
tingent insurance on the subcontractors, fire insurance, and automobile
insurance. Definite entries must be made on the estimate sheets to
cover every kind of insurance carried.

State labor laws cover the design, construction, and operation of
factories, manufacturing plants, and mercantile establishments and
include the work of constructing buildings. In New York the labor law
is administered by the State Industrial Board and is enforced through
the State Commissioner of Labor and the usual channels of law enforce-
ment. This commissioner also administers the Workmen’s Compen-
sation Law.

In the supervision of places where people work, the proper sanitation
of these places is included, and they are controlled for guarding against
and minimizing fire hazards, personal injuries, and diseases. It is the
policy and intent of the law that all places to which it applies shall be so
constructed, equipped, arranged, operated, and conducted in all respects
as to provide reasonable and adequate protection to the lives, health, and
safety of all persons employed in them. '

On building construction work, inspectors from the Labor Depart-
ment make careful note of the scaffolding, ropes, planks, ladders, hoist-
ways, temporary protection, and equipment; and it is against the law for
any contractor, superintendent, foreman, or anybody else who directs
work in any way to allow workmen to be endangered.

In steel-frame construction, the entire floor framing must be planked
over on the floor where the steel erectors are working. Floor arches of
concrete or some other material must be installed as the building pro-
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gresses and, in wood-floor construction, the underflooring must be like-
wise installed as the building progresses. If double wood floors are not
used, the floor below the one being worked on must be planked over.
Elevator shafts and hoistways must be fenced in at each floor. All per-
sons are prohibited from riding on any platform hoist or on any elevator
car that is not equipped and operated for carrying passengers; and all per-
sons are forbidden to ride on any concrete bucket, derrick, or other
hoisting apparatus or on loads being hoisted.

All factories must be registered and are inspected periodically. They
must have fire drills. All halls, stairs, elevators, etc., must be kept
lighted during working hours; proper safeguards must be maintained at
all elevators, hoistways, etc.; and toilets must be kept clean and in good
working order. Estimators should realize that these requirements, with
the exception of the fire drills, also apply to construction jobs and that
the cost involved has to be provided for in their estimates. h

Few contractors and almest no architects appreciate the amount of
indirect expense involved in changes that are ordered while a job is in
progress. Sometimes this work should have been included in the speci-
fications, and the extra work thus made necessary is due to the oversight
or lack of experience of the architect. When such items come up, the
architect may have an impulse to cover them up rather than to make a
straightforward explanation to the owner. In that case, work is done
for the owner without his paying anything for it.

Some architects will tell the owner, and really believe it to be true,
that their specifications and plans are so definite and binding that all
bids may be judged by the figures alone. This is a fallacy, in spite of the
assumption that none but first-class contractors are allowed to figure
the job.

Certain speculative operators have been known to swindle their
contractors and subcontractors by having them estimate on incomplete
specifications, certain pages being temporarily removed. Happily, how-
cver, this is not at all a common occurrence.

Contractors should be asked to estimate only when a full set of
properly prepared plans and properly written specifications are put at
their disposal for an ample length of time to serve this purpose. Further-
more, no alternate prices or unit prices should be asked for, nor should
any addenda be issued, until after the bids have been submitted and at
least half of the bidders have been eliminated.

A summary enables the estimator and the contractor to see quickly
the relation and the proportions of the various branches of the work.
This is valuable as a general check on the amounts extended, and it also
serves as a basis for determining the office overhead and the profit. One
danger in summarizing an estimate, however, is that some of the totals
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SUMMARY OF ESTIMATE

STORE AND SHOWROOM BUILDING. Submitted
Webster Ave. & 188th St. April 1, 1945.
Owner: Mayfair Co. Wells & Brown, Archts.
General Job Expense $ 3,480
Excavating 5,478
Concrete Work 7,120
Mason Work 12,654
Granite 300
Cast Stone 1,050
Structural Steel 12,200
Miscellaneous Iron 675
Concrete Floor & Roof Arches 16,105
Cement Finish Work 3,555
Roofing & Sheet Metal 2,424
Dampproofing 265
Caulking 115
Plastering 4,937
Carpentry 2,681
Kalamein Work 452
Rolling Steel Doors 400
Peelle Shaft Doors 600
Overhead Garage Door - 140
Tile Work 372
Rubber Flooring 1,347
Metal Toilet Partitions 110
Finish Hardware 300
Glass & Glazing 227
Painting 1,484
Plumbing 2,750
Heating 2,552
0il Burner 800
Electric 1,670
Elevator 3,000

Job Cost 89,243

Overhead 7% 6,247

Total Cost 95,490
Profit 4%’ 3,820

BID $99,310

Fi6, 31,—Bumimary of estimate,
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JOHN W. WILLIAMS CONSTRUCTION CO., Inc.
BUILDERS
sob Toealliy By, 3w \wcronNewe  pate Warek [0, 1745
oadappacwae Y. — Est. No._#8/
- JOB EXPENSE
Superintg%'ent-Asst. Supt.-Job Runner /5 ks /00 /500
'Engi;’gers-kodmen 15 wha| 75| 17125
Timekeepers-Checkers- Bookkeepers-Stenographer-Expeditor /5 wAa) 50.| 750
Watch'g'en-Waterboys 12wkl 51| 672
Temp. Of;%:e & Equipment &' x20' /50
* Sheds-Cement Shed-Warehouse 50
“ __Toilets 2 | 20. i
* __Roads —
“  Light & Power /3wha /2| /56
* _Water (Conn. Pugn%aProtect -Water) 75
*__Lights-Guards-Barricades-Ladders- -Stairs-Protection /00
* _Doors-Windows 25
** _Fences —_—
'+ Bridge-Lighting -
*'___Heat ——
Travel & Transportation or
Trucking 200
Telephone & Telegraph-Archts. /Sawks | 6.- 90
Small Tools -Tarpaulins S0
Plant & Equipment /00
Plank & Horses 200
Pumps & Pumping:Fuel-Attendance <4 dayas |20. 80
Surveys-Laying Out-Batter Boards ’ 40
Permits (Street-Building-Vault) 20
Drafting - Shop Drawings - Blueprints /00
Rubbish Removal - Cleaning - Final Cléaning 4800 SF | .03 /44
Tlean Glass-Glass Breakage 60
Protect Finish Floors-Stairs S0
Cut & P.ra 7 — 250
Photographs-Samples-Tests:Guarantees 180
Winter Conditions- §now Bg oval -
Hous; & Holstlng (Engmc vice-Fuel IV w‘d ol 2240
Project Signs f—
Project Office (Light-Heat-Janitor-Equipment) —
Contractors Reports _—
7217 ] |

Fia. 32.—A job-expense sheet.
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may not be carried over from the régular make-up sheets or that last-
minute changes may be made in some of the items and the corresponding
amounts may not be changed in the summary. For this reason, a check
should be made by adding up all the individual sheets of the estimate
separately from the summary, to see that this total agrees with that on
the summary.

Many of the items in building work are sublet. Some estimators
make up approximate estimates of their own for these items, as a check
upon the prices received from subcontractors. These approximations .
should always be used only as a check, however, unless the estimator
is thoroughly familiar with the work and with the pricing of the items
thus figured. The custom is for contractors to send out to their regular
group of subcontractors, postal-card requests for estimates, when the
plans are first received. It is customary also for the successful contractor
to favor those subcontractors whose figures were received before the
contractor’s bid was submitted and were used for arriving at the amounts
entered in the summary of the bid. This is only fair, and subcontractors
soon learn whether it is worth their while to continue to estimate for a
particular contractor. The ideal condition—one that ethics demands—
is that the lowest responsible bidders in all lines shall be given the work
in their line without further question and without any changes in their
prices. .

Figure 31 shows a typical summary sheet of an estimate. The sum-
mary will also serve to illustrate a typical list of divisions, with the head-
ings given in the usual order.

Figure 32 gives a typical general job expense sheet, from which the
amount for the first item on the summary is obtained.

On the specimen estimate sheets, note the method of treating the
main heading, the headings for the main divisions, and the subdivision,
or key, headings. The main heading is placed on the summary and on
the first sheet of the estimate only. Follow the neatness and general
arrangement and the consistent order of the figures shown on all the
sheets.

Exercises

1. Name 10 items of expense that should be considered under the heading Job
Expense.

2. What cleaning and rubbish-removal work are done on a building job and there-
fore require consideration as elements of cost?

8. What does an estimator need to know about insurance?

4. Name 10 items of expense that should be considered as included in the main
office, or “overhead,” expense.

5. Make a general job expense sheet for the house estimate.
6. Make a summary sheet for the house estimate.



CHAPTER, X
EXCAVATING

Excavating means digging holes. F¥or building work this generally
consists of digging a big hole, called the ““main’’ excavation, and other
parts, which are called ‘“‘pit” excavation, ‘trench’” excavation, etc.
This big, odd-shaped hole is measured for the excavating portion of the
estimate. To measure it in cubic yards, the three dimensions of each
part are taken in feet; these, multiplied together, give cubic feet; and the
result is divided by 27 to get cubic yards, because there are 27 cubic feet
in one cubic yard.

Plans practically never show the outline of the excavation, nor do they
generally indicate the ground level, or “original grade,” of the site. It is
necessary for the estimator to visit the place and determine the conditions
that will affect the size of the required excavation. The outline of the
banks of the excavation is then drawn on the cellar plan, and the profile
of the excavation is drawn on one of the cross-sections. By this means
the estimator is better enabled to visualize the actual work of doing the
excavating.

Space must be allowed all around the outside of the structure for
proper working room for installing the temporary forms for the footings
and the walls. The projectionr of the footings beyond the outer face of
the walls must be taken into account, as well as the natural sloping of the
banks of the excavation.

The depth of the excavation is measured from the present, or ““orig-
inal,” grade and not from the finished condition that may be indicated on
the plans and sections. The deeper the excavation is to be made, the
more thorough should be the study of the profile that the banks around
the excavation will take—not only at the time the excavation is being
dug but afterward, also. If a deep excavation is to be left open for several
weeks or months, it will be necessary to provide bracing for the banks or
else to make the excavation wide enough at the top so that earth washed
down by rain or because of continual disturbance by working conditions
will not hinder the proper construction of the foundations.

Pits and other handwork must be kept separate in the estimates, so
that they may be figured at different prices from those for the main
excavation. The main excavation work is usually done with a steam
shovel or some other large piece of apparatus, unless the amount to be

95
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removed is small or, for some other reason, the job does not warrant the
use of large equipment.

All items of expense directly due to the excavating work are provided
for under this heading. Temporary guardrails, ramps, and other provi-
sions for doing the work safely and economically are noted in the estimate
and considered in the unit cost per cubic vard for completely removing
the excavated material, or else they are listed and priced separately.

Text and reference books refer to the ‘“angle of repose’ in connection
with excavating. This is largely theoretical and has little practical value
for builders. The angle is that which the bank of earth or other material
makes with the horizontal without being held in place. Tables are given
for reference, but a glance at the wide range of the figures in them will
convince anybody of their worthlessness in accurate estimating. The
only safe procedure is to know the locality well enough to be fairly sure
of the probable ground conditions.

When soft banks are to be left standing, it is necessary to brace them
or to drive sheeting for their support. This is called ‘““skeleton” sheeting
if only light bracing will suffice, or “sheet piling’’ if a continuous sheeting
is required. Both need heavy wales and bracing to hold the sheeting in
place, Ordinary wooden sheet piling consists of a continuous line of
vertical planks held against the sides of the excavation by these hori-
zontal timbers, called ‘“wales” or “breast timbers,” which are in turn
supported by shores or by cross braces reaching to the opposite side of the
excavation. Two-inch-thick planks are generally used for depths up to
12 feet and three-inch planks for depths up to 18 feet.

Isolated buildings of regular type, where only plain dirt excavation is
to be considered, present no particular problem in estimating the costs
under the Excavating heading. By allowing 18 inches of clear space
all around the outside walls, the matter resolves itself into a case of care
in measuring the plans and care in determining the present ground levels.
The work is computed in cubic yards, as it is—in the ground—before
being removed. If the work were priced loose or by the truckload, the
natural expansion of the material would have to be considered.

Not enough care is given to estimating excavation work, especially
where conditions are complex. Frequently it is necessary to install
considerable temporary construction. work before the excavating work
may be completed. Rock execavation, ground water, adjoining buildings,
and streets often make the work so complicated that the excavating
becomes an engineering problem, requiring exhaustive research and
planning. In the case of lurge buildings in New York City, there are
many additional plan difficulties and operating handicaps, and only the
most highly organized specialists in this field are capable of properly
estimating the work and doing it. The excavating of rock under these
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conditions and the removal of dirt and mud incidental to caisson work
and pile driving are not ordinary estimating items.

In estimating for ordinary work, proper study should be made of the
nature of the material to be removed, the general method of removal,
special handling that may be necessary for topsoil or plants, temporary
storage of material for later backfilling, method of disposal of the excess
material, distance to the dump, cost of dumping, equipment and trucking
costs, permits, protection of sidewalks and pavements, temporary roads
and runways, ramps, safeguards, lights, watchmen, foremen, labor,
compensation insurance, public liability insurance, employment and old-
age pension insurance, general and overhead expense, risks, weather con-
ditions, breakdowns, cave-ins, rehandling, etc.

In estimating for complex excavations, engineering skill is necessary
and should be provided. Most excavations should be considered to be
complex if they have rock or water to be cared for or if they are more than
ten feet deep or if there are adjoining buildings in which the foundations
do not extend down as far as the bottom level of the new excavation.

Excavations are always made deep enough to enable the foundations
to be extended at least four feet below the finish grade, in order to escape
the action of frost. At lower levels, soils are more condensed, also, and
are less moist and will bear a greater load. Footings must be made wide
enough not to exceed the bearing capacity of the ground. Rock, of
course, in its native condition, will carry any load put upon it. In pre-
paring a rock bottom, it is necessary to trim the rock to a level surface
under all footings.

In soft ground, piles are sometimes driven on which to rest the founda-
tions. Wood piles are used only where they will always be below the
ground-water level; otherwise, they would soon rot away. Concrete
piles are driven or are cast in place after a steel shell has first been driven.

The site should be visited by the estimator so that he may ascertain
the type of ground, whether it is hard or soft, wet or dry, etc. The labor
cost varies according to these conditions. The general method of doing
the work must also be given consideration at the site—whether it shall
be done by hand with picks and shovels, or by drag scrapers, steam or
gasoline shovel, or some other means. Large equipment is used only
when large amounts of work are to be done or when time is an essential
element and high costs may be sustained in order to advance the date
when actual construction can be started.

Ordinary excavating denotes the kind that can be done with shovels
by hand, if this method is otherwise desirable. Heavy earth denotes clay
or any other dense formation for which picks would be required before
shoveling could be done. Hardpan denotes a tough formation of gravel
that is held together with a natural cementing material and that cannot
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practicably be loosened with an ordinary pick. Rock excavating is exca-
vation of either solid rock or a formation of large boulders, which gener-
ally require blasting to break them up.

The cost of maintaining a shovel operated by steam or gasoline
involves expense for fuel, repairs, depreciation, and the time required to
move it to and from the job, as well as the pay-roll and incidental costs
of the crew. A 3% cubic yard shovel can dig and load about 250 cubic
yards of ordinary earth per day into trucks if there is free room for'it to
operate properly. In cramped quarters it will do much less.

Motor trucks carry from three to seven cubic yards per load, depend-
ing upon the capacity of the individual truck. Five cubic yards is the
capacity of most of the trucks in general use. On very large operations,
other equipment is often used, such as enormous ‘“carry-alls”’ which cut
into the ground and carry away 10 to 20 cubic yards at a time. Obvi-
ously, a job has to involve thousands of cubic yards in order that such
large pieces of equipment can be operated economically.

The last material removed in an excavation is generally used for back-
filling behind the foundation walls and elsewhere in those spaces that were
excavated for working room in excess of the exact requirements for the
structure itself. Sometimes this material may be taken directly from
its original location and deposited where it is needed as backfill. This
eliminates all extra handling, as well as the trucking costs and dump
charges. Each job should be analyzed separately in order that this line
of reasoning may be developed as it applies to the particular case.

Figure 33 shows a portion of an excavating estimate. Note the
general method of separating the items for the purpose of computing the
number of cubic yards in each part. Neatness and uniformity of arrange-
ment of all the entries help toward the elimination of errors.

The kind of material to be removed will greatly affect the cost per
cubic yard. Obviously, therefore, it is necessary to determine and note
in the estimate whether the excavation is to be plain dirt, filled ground,
sand, hard soil, or whatever the material to be removed may be. Often
several kinds are found in one job and the computation of volumes and
the pricing must then be adjusted accordingly.

The ground surface may be sloping or at various levels. In cases
of this kind or cases where several materials are to be handled, it is neces-
sary to divide the plot into as many small portions as will be necessary
for computing the volumes and for grouping them so that the right unit
prices may be applied.

Costs, A simple excavation, as for a suburban home, costs the
contractor between 50¢ and 70¢ per cubic yard. This is for simply
loosening ordinary dirt and spreading it over the balance of the plot
with the aid of a drag scraper. Sometimes the rich topsoil is taken off
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and piled up, to be spread carefully after the rough grading has been
done.

STORE & SHOWROOM BLDG., WEBSTER AVE. % I188™ST.
MAYFAIR CO., OWNER + WELLS % BROWN, ARCHTS.
. I
EXCAVA‘HLG%. PLA(NIDIRT)
%&L&ﬁ?xé&&&ﬂé_
(#AUL TO DUMP)
GENERAL
90-0 x 88-0 x 9-3 713|2l6l0
Elev. shaft. etc.
/19-0 x 30-0 x 9-3 5127(3
7)|7181513[3
2191019 \udl. /.25 3l6|3]6
HAND WORK
(USE FOR BACKFILL)
Col. ftgs
3l 5-0 x 5-0x /-6 /12
8ll 8-0 x 5-0x /-6 280
71 7-6 x 7-6 x (-6 51910
/1| 8-6 x 8-6 x 9-0 61416
/|l 8-0 x 8-0 x 4-0 2|56
27)i2]ol8l4.
717 54 /116
WALL, FTGS.
N|64-0 x 2-6 x 0-6 8
S| 64-0 x 3-0 x 0-6 9|6
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F1a. 33.—An excavating estimate.
An excavation for a building in the heart of the business section of a

big city costs the contractor between $2 and $3 per cubic yard. This
is for digging, loading, hauling, and disposing of the excavated dirt,
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together with all the incidental expense of dumping charges, lost time,
temporary protection, watchman’s services, etc.

If there is rock or if the banks require bracing, the extra cost of such
items will have to be computed separately. If they are considered in the
cubic yard price, this may well amount to between $6 and $12 per cubic
yard.

Building codes require that any person causing an excavation to be
made must provide such sheet piling and bracing as may be necessary
to prevent the earth of adjoining property from caving in before perma-
nent supports have been provided for the sides of the excavation. Also,
whenever provisions are lacking for the permanent support of the sides
of an excavation, the person causing such excavation to be made must
build a retaining wall at his own expense and on his own land. This
retaining wall must be carried to such a height as to retain the adjoining
earth. Often it is required to be properly coped and provided with a
substantial guardrail or fence. Some codes also provide that whenever
an excavation is carried to a depth of more than 10 feet below the curb
level, the person causing it must preserve and protect the adjoining
property and structures and provides shoring, underpinning, ete., if
necessary, regardless of how far down the adjoining foundations may
extend.

Exercises

1. Why is the depth of an excavation measured from the original grade, instead of
from the finish grade that can be seen on the architect’s elevations?

2. About how much extra space is required around the outside of the walls below
grade for the proper construction of them? Show by a sketch.

8. Compute the amount of excavating in the following portions of an excavation:

a. 1090 X 86’0" X 12'0"”
b. 226" X 14'8" X 10'9”
c. 146’0 X 4’0" X 32"

4. Write at least 300 words of notes on excavating work, taken from one or two of
the books listed in the Preface. Name the books used.

5. State the meaning and use of the following terms, and give sketches if possible:
building line, topsoil, backfill, sheet piling.

6. Make a complete estimate of the excavating work required for the house shown
in Chap. V. Assume that the material is ordinary earth with 6’ of topsoil, and that
the present grade is level and is 4’ below the level of the finish floor. The specifica-
tions are essentially as follows:

Excavate for all footings, foundation walls, areas, steps, walks, and driveway, first
carefully removing and stacking all the topsoil in the areas to be excavated. Excavate

for a sufficient distance from foundation walls to allow for inspection and to permit
the various trades to install their work. '

Fill under platforms and garage floor and backfill against foundation walls with clean
dirt or gravel taken from the excavation, and consolidate this with water by puddling.
The spaces shall first be cleaned out and no trash shall be allowed to be used.

The topsoil and excess excavated material shall be left stacked on the premises
where directed. The finish grading and landscaping will be done under a separate
contract. -



CHAPTER XI
CONCRETE FOUNDATIONS

Concrete and cement work is usually divided into several parts for
convenience in estimating. Sometimes all the work is placed under one
heading, but for regular buildings portions are separately listed under
such headings as Concrete Arches and Cement Finish.

The gencral method is to list the different items in each division
approximately in the same order as that in which they will be constructed.
Take the footings in the present division and complete them before pro-
ceeding to the next item to be listed under Concrete Foundations.

Include all the forms, reinforcing steel, and concrete in each item-—
if the item requires all three parts.

Adopt a fairly uniform procedure when listing quantities for any
kind of work. Follow a regular system also when putting down the
dimensions: length first, width or thickness next, and then height. This
is a custom, and it makes the figures easier to identify—at least, to some
extent. Separate all the work into small items or groups for ease in
checking and pricing.

Put under -this heading, Concrete Foundations, all the wall and
column footings, cellar or basement walls, area walls, pits, boiler and tank
foundations, and all other items of bulk concrete below the first floor.
Omit the cellar or basement floors and all other pavements, however, as
these would undoubtedly be installed much later than the other work
mentioned and should, therefore, be listed with work done at the later
period. 1t is customary to list floors, walks, and other pavements that
are laid directly on earth under the heading Cement Finish.

Some estimators measure all the concrete shown on the plans, then
all the formwork and all the reinforcing, separately. This method
may seem concise and systematic because it keeps each of these three
parts by itself. A better method, however, is to complete each item
shown on the plan before going to the next. Start with the footings,
as first stated, and list all the forms, reinforcing, and concretec for one
kind of footing, such as the column footings; then take another kind
of footing, such as the main-wall footings, and list all the forms; rein-
forcing, and concrete in these. Put a minor heading before each item
of work thus handled and proceed in the same manner with the main
walls, inside walls, area walls, etc., completing each one before considering
the next.

101 )
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This method is better because it has been found that fewer errors of
omission and computation are made when it is used. It is better, too,
because it enables the estimator to keep the work in groups that are
complete in themselves. This is important in the later analysis of the
construction details, in the analysis of the unit costs, and in making
adjustments in the estimate.

All the work is estimated complete, in place, and the price thus
includes all the material, labor, use of equipment, and incidental direct
expense of every description. Each of the three parts of each item of
work is listed and priced separately: the forms, the reinforcing steel,
and the concrete. If no reinforcing steel is called for, this part is omitted
or a note is inserted to the effect that none is required.

The formwork is priced per square foot of contact of the forms against
the concrete.

The reinforcing stecl is priced per pound of stecl. The number of
linear feet of each size of bar called for is listed, and then, from this
information, the weight is computed.

The concrete is priced per cubic yard. FEach different mixture is kept
separate in the estimate, so that different prices may be applied.

Each portion of the concrete shown on the plan is, then, first given a
minor heading in the estimate. It is next subdivided under the headings,
Forms, Reinforcing (when the item calls for reinforcing to be provided),
and Concrete.

The forms are totaled in square feet for each of these minor headings
and are later priced at the contractor’s cost per square foot. Where
reinforcing bars are called for, they are totaled in linear feet of each size,
in each minor heading, and these are turned into pounds ready to be
priced at the contractor’s cost, per pound, complete in place. The
concrete is likewise totaled, first in cubic feet and then in cubic yards,
ready to be priced at the contractor’s cost per cubic yard.

Formwork. Forms must be strong and rigid, and they must be well
braced to prevent bulging. Wall forms have to resist a pressure of about
145 1b. per sq. ft. for each foot of height, to hold wet concrete. At the
same time, however, forms must be so arranged that they may be rapidly
put in place and readily taken apart for re-use.

Temporary forms are used to hold the wet concrete until it has set
sufficiently to allow removal of the forms safely. For ordinary walls
forms may be removed in about two days, but for beams and floor slabs
a week or more is required. The forms are used over again for other
parts of the construction, where possible. Great care is taken in the
construction of the forms so that the exact shape of the concrete will be
formed and so that they will safely hold the great load entailed by wet
concrete and the shocks of working conditions.
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Forms should always be used for footings, except in extreme cases
where it can be plainly seen that they may profitably be omitted. Most
specifications call for forms to be used for footings. When the excavat-
ing is very hard and the banks will stand without any caving in, even
after a rainfall, then the excavation for the footings may be cut neat to
the line of the concrete footings (if permitted by the specifications) and
the trench thus formed filled to make a footing. If it is necessary to
excavate within the building after the footings are thus formed, in order
to place the floor or the base under the floor, it will probably not be worth
while to consider omitting the footing forms. Footing forms are quite
simple. If they are omitted, considerable extra time is consumed in
trimming the trench sides very neat, and some of the concrete will
undoubtedly be wasted. Furthermore, if space is needed outside the
walls anyway, for easier installation of the wall forms or for waterproofing
the walls or installing outside drains, ete., then surely the method of
omitting the footing forms would seem uneconomical.

It is obvious that forms for walls and wall footings will not cost the
same price per square foot of contact as forms for column footings and
other isolated items. There is no direct relation between the quantity
of forms and the quantity of concrete, either. Every difference in the
size and shape of the concrete to be constructed will make a change in the
quantity or type of forms required. This is another reason for adopting
the method recommended for estimating concrete work, so that the
various kinds of formwork may be kept properly geparated and be priced
differently where the character of the work in the items calls for different
prices.

Wall forms are removed within two or three days after the pouring
of the concrete is completed in them; but thin walls in winter are allowed
at least five days. Ordinary floor and roof slab forms are stripped in six
or seven days in summer and two weeks in winter. Beams and girders
require about two weeks in summer and four weeks in winter. Columns
require two days in summer and four days in winter. Girders and slabs
“should be shored as the forms are being removed, and left supported for
several days longer.

Several factors enter into the cost of formwork, not the least of these
being the possible re-use of the lumber or of made-up panels, or, as in the
case of column footings, of the entire form box. Besides, it may be that
not all the wall forms on a job will take the same unit price, because one
series of walls may require more bracing than others or the lumber in one
may not be available for further use afterward.

The square feet of contact area of the forms against the concrete
is found by measuring, on the plans, the concrete surfaces that will
require this temporary support. The dimensions of each item are
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entered in some suitable order on the estimate sheets in feet and inches,
and the total square feet extended for each part, or for each group, when
a group can readily be made.

Joints. Because it is usually not known just where each pouring of
concrete will end, to figure the number and type of construction joints
that will be required is impossible. However, in every concrete estimate
an item should be entered for construction joints, and an approximation
should be made as to the number of them and the average price cost of
each one or the cost per lineal foot shown. Also, if dowels or special
treatment of the joints are specified or required for proper bonding of the
new concrete to the old work, these must, of course, be taken into account,
either by figuring in detail the work involved or at least by entering an
approximation of the total cost expected to be incurred.

Expansion joints are often specified or shown on the plans. These
require study as to their requirements of material and labor. They are
usually priced on the basis of the linear foot of joint for regular joints, or
by the price per joint for special or elaborate joints.

Inserts. Piping for plumbing, heating, and electric lines running
through concrete walls and floors requires some work on the part of the
concrete gang or of the carpenters installing the forms.  Anchors for strue-
tural steel and for securing several kinds of materials used by other trades
must be installed in the concrete, and inserts of various kinds that are
employed in building work are built into the concrete. These should all
be counted by the estimator and priced properly under the heading Con-
crete Work for the labor of installing and bracing them and, if required,
for the cost of the itemn or material that is so built in.  Anchors, especially,
must be given care in order that they may project at just the right loca-
tions and at the right distance from the face of the conerete.  Sometimes
two carpenters will spend an hour properly placing a single anchor in the
forms. This would mean a cost of about $4 for each such anchor, to
cover the labor and insurance, or about $5 each as the total charge that
would be made to the owner if the general expense, overhead, and profit
items are considered (as, of course, they should be if one is considering
the effect an item has on the contract amount).” Thus, if there were 50
such anchors required and they were forgotten in the estimate, the bid

“for the job would be about $250 lower than it should be, on this one item
alone.

Concrete. The number of cubic yards of concrete is obtained by
measuring the concrete indicated on the plans. The dimensions for this
are carefully entered and computed to get cubic feet for each entry and
then totaled in cubic feet for the entire item being considered. Before
this is extended into the final ¢olumn, it is divided by 27 to turn it into
cubic yards, and this amount is extended for pricing. '
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Many estimators leave their concrete items in cubic feet instead of
turning them into cubic yards as was formerly the universal custom.
Even these, however, usually turn the figures into cubic yards for figuring
such items as runways and for progress-schedule entries, etc. So little
saving in written work and mental effort is involved that it seems hardly
worth while to vary from the custom used by most contractors, that of
considering concrete in cubic yards for all purposes.

Freshly poured concrete should be worked around in the forms so
as to compact the mass before it begins to set and to remove any air
pockets that may otherwise form in the concrete. This is done by push-
ing iron or wood rods down into the concrete and churning it about, or
by using special tools or mechanical agitators that are available for this
purpose. Specifications for good work require that this shall be done
and also call for the tamping or ramming of concrete that is poured on
the ground to form pavements, etc. The unit price for concrete work
should be increased to take care of this expense, if it is called for, or a sepa-
rate entry should be made in the estimate to cover it. Concrete begins
to “set” about 30 minutes after being poured and should not be dis-
turbed in any way after that time until it is thoroughly set. In fact, it
should be protected against disturbance.

Concrete is made by mixing cement and sand with a coarser material,
called the “coarse aggregate.” Sand is called the ‘‘fine aggregate.”
The coarse aggregate is usually either coarse gravel or crushed stone,
except in lightweight floor and roof arches, where cinders are used instead.
Steel bars or wire mesh are embedded in the concrete when tensile
strength is necessary as in beams, girders, floor arches, etc. When it has
any form of reinforcing, concrete is called “reinforced concrete.” With-
out reinforeing, it is called ““plain concrete.”

For ordinary work the concrete mix is generally proportioned by
specifying the volume of each of the ingredients to be used. For example,
a 1:2:4 concrete means one made of 1 part of cement, 2 parts of sand,
and 4 parts of coarse aggregate. The coarse aggregate is mentioned by
name. For work of any importance, it is now the practice to specify the
strength of concrete desired, instead of the proportions of the mix: for
example, 2,500-1b. concrete, 3,750-1b. contcrete. This means that the
concrete must have the strength specified, per square inch, after 28 days—
the period generally accepted as the complete curing period for concrete.
Most concrete is bought ready-mixed and the companies supplying it
have accurate measuring devices at their plants to produce the concrete
desired.

The mixtures of concrete that are generally used form concrete with
a compressive strength of between 2,500 and 3,750 lb. per sq. in. The
strength depends upon the proportion of cement, mainly, and on the
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amount of water included, the quality of the workmanship, and other
factors. Important work must be given constant supervision by the
superintendent, the concrete foreman, the carpenter foreman (as to the
formwork), the reinforcing foreman, and the job engineer. This means
that important concrete will cost much more for the general job expense
as well as for the actual higher cost of the concrete ingredients, if a richer
mix is called for, and for more lumber and labor required for forms that
are better made than the ordinary. On a job of reinforced concrete
with very rigid requirements, the complete structure may cost 50 % more
than on one of ordinary type.

In concrete, between 6 and 7 gallons of water is required for each bag
of cement used. Thus, if six bags of cement are used per cubic yard of
concrete, between 36 and 42 gal. of water is needed for the cubic yard of
concrete. This is a considerable amount of water and, if the concrete is
mixed at the job, adequate provision must be made for obtaining the
water and supplying it at the point of mixing. In some localities a meter
must be installed; and the water must be paid for. These are items of
expense that the estimator must provide for in the estimate, wherever
they are required. If long lines of temporary water piping have to be
installed and maintained, especially in winter weather, the expense will .
be considerable.

The chemical action between the cement and water used in concrete
is what causes the hardening, or setting, of concrete. This is a slow
process, which continues for months. If the concrete is allowed to dry
out too quickly, it does not gain its full strength; therefore, specifications
frequently ask that special attention be given to slowing up the drying
process, or ‘‘curing” the concrete. This is done particularly in the case
of concrete floors. Material to mix with the concrete or to apply on it
after it is poured is sometimes called for, Whatever the case, it is the
concern of the estimator to figure the cost involved and to provide for
it in his estimate.

Reinforcing Steel. The amount of reinforcing steel rods is obtained
by listing the number of rods of each size and length required. Reference
to the specifications and to the notes on the plans may be necessary in
order to find some of thig information. The total length in linear feet
of each size is computed from the entries thus made in the estimate, and
this figure is multiplied by the number of pounds that the rod (or square
bar) weighs per linear foot. This unit weight is sometimes given on the
plans or in the specifications, but more often it is not and must be looked
up in a steel handbook or in one of the standard builders’ reference books.
The total weight of steel is extended for each item or for each group of
similar items. Note that pieces of square cross section are called ‘“bars”
and those of round cross section are called “rods’’; however, these two
terms are applied loosely to mean either kind.
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Round rods come in 17", 3¢" 15" 3¢’ 34 74”, and 1"’ diameters.
Square bars come in 14", 1", 114" and 114" sizes. Although these are
the sizes most used, there are others not in common use.
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F1a. 34.—A concrete estimate.

Wire mesh, square or triangular, is made of wire of several gauges,
sometimes two gauges being used in one make of mesh. The intersec-
tions are generally welded. Mesh is measured by finding the number



108 BUILDING CONSTRUCTION ESTIMATING

of square feet of area to be covered and adding 109 for the laps. The
gauge and spacing of the wires or the weight per square foot must be
stated in the estimate.

The next chapter, dealing with reinforced-concrete construction,
contains numerous illustrations of formwork, reinforcing, and methods
of construction that are applicable also to concrete-foundation work.

A specification may call for the reinforcing steel rods to be tied at
every intersection. This is somewhat different from one requiring
merely that enough intersections shall be tied to keep the rods in proper
position. The tie wire has no value as reinfofecing. If rods are placed
a few inches apart, two ways, there will be a great many intersections,
and the time required for tying may be four or five times that for plain
tving. An experienced estimator notices this in specifications and gauges
his pricing accordingly. He may not take written notes of such devia-
tions from the usual run of work, but they all tend to set his mind for the
pricing range he is going to use—a low range for jobs that have liberal
specifications and higher ranges for those of more rigid ‘requirements.
A wise estimator will not assume too much liberalization of vaguely
written specifications, as he may be surprised later to learn that an
inspector on the job for the architect is of the type accustomed to rigid
specifications, and if may be embarrassing to keep differing from him
regarding the interpretation of the requirements.

Figure 34 gives the method of entering concrete items in the estimate. -
The job used here called for cross rods to act as ties. As these are similar
to reinforcing rods, they are listed along with the reinforeing rods.

Form Material. Form boards are generally 75" thick, and widths of
6’ to 10” are used. Bracing lumber is 27 X 4”7, 3" X 4", 4”7 X 4",
2" X 6", etc. The amount of lumber required for formwork, when the
material is used but once, varies from 114 to 314 board feet per square foot
of form contact. Nails used are 6d, 8d, and 10d mostly, and about 8 1b.
are required for 100 sq. ft. of forms. Tie wire used is No. 8, No. 10, and
No. 12 black annealed wire, and about 5 Ib. are required for 100 sq. ft.
of forms. This wire comes in bundles of 100 Ib. The three sizes equal
about 14, 20, and 33 feet, respectively, per pound. Nails come in 100-1b.
kegs. ° *

Cement. Cement comes in bags of 94 lb. each. A bag counts as 1
cubice foot of volume in mixing. Four bags make a barrel, although there
is no barrel actually concerned.

Aggregate. Sand, called ‘“fine aggregate,” weighs about 2,700 1b.
per cu. yd. Gravel also weighs about 2,700 1b. and broken stone about
2,600 Ib. per cu. yd. Gravel and broken stone are the two most com-
monly used coarse aggregates. In New York these.commodities are
sold by the cubic yard, but in some other sections the ton is the unit.
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Gravel and stone are graded as to the size of a ring that each piece will
pass through. Thus, 34" gravel is the size that will pass through a ring
34" in diameter. All coarse aggregate is more than 14" in size; sand is
17" or less in size. Clean cinders from hard coal, which are used in-
cinder concrete, are sold by the cubic yard.

Reinforcing Rods. The weight of rods and bars per linear foot is
given in the following table.

Weight, 1b.
Size, in. -
Round rod | Square bar
3 0.37 0.48
15 0.67 0.85
54 1.04 1.33
31 1.50 1.91
2.67 3.40
11§ 3.38 4.30
1L 4.17 5.31

Costs. Formwork usually costs the contractor between 10¢ and 20¢
per square foot of contact. The cost will depend upon the quantity
of work involved, the type of structure, the re-use of the form material,
ete.

Reinforcing steel cost 4¢ to 8¢ per pound in the regular types of foot-
ings and walls, the cost depending upon the amount of work, the bending
required, the number of intersections to be tied, ete.

Concrete costs between $7.50 and $14.00 per cubic yard, depending
especially upon the mix required, as well as on the quantity of work
and other factors.

Material quotations must be examined carefully before being used,
especially those that are much lower than others for the same kind of
material. Often the firms quoting do not know exactly what is called
for in the specifications and will submit prices anyway, in order to get
their names before the bidders on a particular job. In these cases the
quotations usually state exactly what the vendor proposes to furnish,
and it is a simple matter to check with the specifications to make sure
that the requirements are met. There may be a difference in the size
of the material, in the cases of the low quotation and those that are
higher. This may cause the contractor who uses the low prices more
expense in handling the materials, or the sizes proposed may not satisfy
the architect. There may be a difference in the manner of shipment,
the low quotation perhaps providing for shipments in large lots or by
freight instead of directly to the job by truck.
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Temporary runways are usually required for the concrete work.
Total the number of cubic yards of concrete that are to be poured and
place a price per cubic yard to take care of these runways, unless the unit
price for the concrete has been raised enough to include the runways.
A price of 25¢ to 30¢ per cubic yard will take care of the expense for the
material and for installing, maintaining, shifting, and removing the
runways, but will not include the incidental insurance costs.

Cement stored at the job for making concrete or mortar must be
protected against dampness. On a job of any considerable size, a
weather-tight shanty is usually built, to be used exclusively for this
purpose. On smaller jobs or where the cement is to be stored for only
a few days at a time, tight covering with tarpaulins will suffice. Even
this requires material and labor, however, and it is a question whether it
would not be better to construct a shanty in the first place rather than
to be placing and removing covers every day and perhaps ruining the
material used for this purpose. In addition, storms may reach cement
that is protected by covers not properly tied down, and thus a whole
pile of cement may be ruined.

When items of temporary protection, such as cement and some other
materials entail, are left for consideration under the general job expense
heading, they frequently are not given sufficient study. It is well there-
fore, to list all these items on the various work-division sheets for each
trade, as well as on the general expense sheet. In this way, the items will
probably be given the consideration they should have.

Foremen and other supervisory employees should be listed on all the
work sheets. Even if they are not priced, the expenses thus noted will be
brought out for consideration; and those contractors who price their work
complete (including the foremen’s time in the unit cost) may reconsider
some of the unit prices or enter an amount to take care of additional
expense in this regard, which they might otherwise overlook. Similarly,
the unloading and stacking and protection of all materials should be
listed. If large lots of material are received and must be stored for a
length of time, considerable expense is incurred over and above the cost
of materials that are brought directly into the work and used without
further handling.

Building codes contain provisions for concrete construction. Forms
must conform to the shape, lines, and dimensions of the members as
called for on the plans. They must be substantial and sufficiently tight
to prevent leakage. They must be properly braced or tied together, so
as to maintain position and shape and ensure safety to workmen and
passers-by.

The removal of forms must be carried out in such a way as to ensure
the complete safety of the structure. Where the structure as a whole is
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supported on shores, the vertical forms may be removed within 24 hours.
The other forms and the shoring must be kept in place until the concrete
has acquired sufficient strength to support its weight and the load upon it.

Metal reinforcement must be accurately placed and secured and
must be supported by concrete or metal chairs or spacers or metal
hangers. It must be protected by at least 34’ concrete in walls and slabs,
114" in beams and girders, and 2" in columns. In footings the reinforc-
ing is usually required to have a minimum covering of concrete 3’ thick.
Splices in reinforcing rods or bars must usually be eighty times the diam-
eter in length, and the ends of rods and stirrups must be well anchored.

Greater care is now demanded by architects in regard to the manufac-
ture and placing of concrete. The concrete must be properly propor-
tioned and properly poured; forms must be substantial. In general,
concrete is receiving more attention than it formerly did. All this tends
to slow up the progress of the job from the contractor’s standpoint, and
the rigidity of the inspection must, therefore, be considered by the
estimator.

Concrete work requires equipment of good quality. As it is heavy
work, the wheelbarrows, runways, chutes, bar benders, tampers, etc.,
must be extra strong in order to withstand the rough use they receive.

In the mixture of concrete, as the student should realize, the sand,
cement, and water fill in the spaces between the pieces of broken stone
or gravel or other material that forms the coarse aggregate. More than
one cubic yard of materials, therefore, is required to produce a cubic yard
of mixed concrete. For example, in a 1:2:4 mix, six bags (equaling 6
cubic feet) of cement, 12 cubic feet of sand, and 24 cubic feet of coarse
aggregate are required, as well as about 6 cubic feet of water. Sepa-
rately, these total 48 cubic feet, but when mixed togethor they ﬁll a space
of only 27 cubic feet, or one (‘llbl(‘ yard.

The expression 1:2:4 means 1 part of cement to 2 parts of sand to
4 parts of the coarse aggregate, measured separately and dry. One bag
of cement measures about a cubic foot and is always taken as one cubic
foot. Note that the coarse aggregate measures almost a cubic vard,
by itself, for each cubic yard of concrete produced. It is the spaces
between the particles that furnish room for the other ingredients. How-
ever, concrete is spoken of and ordered as so many cubic yards of con-
crete in the structure or member of the structure under consideration.

Exercises

1. Name the materials used in concrete work.

2. What parts of a building are generally estimated under the heading, Concrete
Foundations? /

8. By what units of measure are formwork, reinforcing rods, and concrete priced?
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4. Compute the amount of concrete in the following walls:
a. 132°0” X 12'6” X 1'4”
b. 47'8" X 13'9" x 22"
c. 22'9" X 62" x1'0”
d. 343" X 104" x 1’3"
6. What is meant by 1:2:4 concrete? 3,750-Ib. concrete?
8. State average cost prices for the following kinds of work, in place:
a. Forms for foundation walls
b. Concrete in foundation walls
¢. Reinforcing rods

7. Write at least 300 words of notes on concrete foundations, from two or three
of the books listed in the Preface. Name the books used.

8. State the meaning and use of the following terms, and give sketches where
possible: footings, wall forms, reinforeing rods, coarse aggregate.

9. Make a complete estimate of the concrete foundations for the house shown in
Chap. V. The specifications state as follows:

All footings shall be 1:2:4 crushed rock or gravel concrete, poured into substantial
forms. All main wall footings shall contain three continuous lines of 3¢’ diameter
rods held in alignment by 3%’ diameter rods every 18”. The column footings shall
be 16’ thick and each shall contain four 3§’ diameter rods in each direction, a total of
eight rods in each footing. All rods shall be spaced as dirceted by architect.

All other conerete shall be 1:214: 5 erushed roek or gravel conerete, and all exposed
surfaces, both interior and exterior, shall be rubbed smooth with carborundum stone.



CHAPTER XII
CONCRETE FLOORS AND ROOFS

Some estimators set up two separate headings, one for the concreto
floor and roof construction and one for the cement work. On small jobs-
this is not necessary but on larger jobs it offers a better opportunity for
analyzing the cost of the items included in these two lines.

Concrete arches is the term used to denote the type of floor and roof
construction commonly found in steel frame buildings. The construction
consists of cinder-concrete slabs, reinforced with heavy wire mesh, which
are supported by the steel beams and girders. It is this heavy woven-
steel cloth that carries the load—much as the steel cables carry the load
on a suspension bridge. The steel beams and girders are encased in the

--------

2x4" Wire hanger’/'i |

Fia. 35.—Conerete arches.

cinder concrete at the time the slabs are poured. This bonds the whole
steel frame and the concrete floors and roof together. The concrete
also protects the steel from fire, for, as one should know, steel will fail if
exposed to extreme heat. Special wire wrappings, called “soffit clips,”
are first placed around the bottom flanges of the beams and girders in
order to bond the concrete to the steel.

All the temporary formwork, or centering, and the shores or braces
that support the forms from below, or the hangers that support the forms
from the stecl beams over them, are included under this heading. "The
method of support is optional with the contractor. Generally speaking,
hanging the forms from the steel beams and girders is found to be eco-
nomical. In other types of concrete floor and roof construction, how-
ever, it is more desirable to jack up the formwork from below. Lumber
used in formwork of this kind is always used many times over.

The fill that is placed on the slabs, between the slab (arches) and the
finish flooring, is included by most estimators under the heading Concrete
Arches. Sometimes it is put under Cement Finish Work, instead. Roof

113
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fill (crickets), to give slope to the top surface for drainage of rain water,
is handled with the floor fill. This fill material usually consists of a lean
mixture of cinder concrete. In the case of sleeper fill for wood-floor
finish, however, dry cinders are used.

A quick and fairly common method of estimating floor and roof arches
is to compute the number of square feet of each and then apply a price
per square foot. The cost per square foot is built up to suit the thickness

: of the slab shown on the plans and
the kind of wire reinforcement. It
includes the temporary forms, the
wire mesh, the cinder concrete, and
all incidental expense. When this
method of estimating is used, every-
thing that affects the cost, such as
the amount of work involved, the
possible re-use of the forms, the
economy of plant layout, and hoist-
ing expense, is considered in build-
ing up the unit cost price.

The concrete portions of the
beams and girders projecting below
the slabs are listed separately.
These are totaled in linear feet of
beam and girder. The price is
built up to suit the cross-section
%. size of concrete. It is sufficient to
provide for only a few different sizes
for the encasing of steel beams and
girders, as the cost per linear foot
for the forms and the steel soffit clips will be practically the same for
several sizes that are of approximately the same cross-section dimensions.

Concrete floor and roof slabs, complete with all formwork, reinforcing
mesh, and cinder concrete, cost the contractor between 50¢ and 75¢ per
square foot, depending upon the amount of work involved and the com-
position of the thickness of the slabs. Beam and girder covering costs
between 70¢ and $1.00 per linear foot. Specially large girders require
special analysis and pricing to suit the size. ’

Each portion of the building and each kind of work should be listed
separately, in order that the proper unit prices may be applied. Floor
and roof fill is best measured in cubic yards, although some estimators
continue to use square feet, as in the listing of the floor slabs. A good
method is to show the total quantity both in cubic yards and in square
feet and then to check the pricing both ways,

Fia. 36.—8offit clips.
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G. 37, Formwork for flat-slab construction.
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Estimators should use all the plans for reference when estimating any
one division and not depend upon only those drawings that are primarily
concerned. The other drawings will often help toward a clearer under-
standing of the detail requirements. In the case of concrete floors and

Girder Form
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Fi6. 40.—Girder and beam forms.

roofs with steel beams, the steel plans are referred to for the spacing of
the beams and girders that are to support the construction. The steel
itself is generally covered with concrete at the same time that the floor
and roof construction is being installed.

Cinder-concrete slabs are usually of 1:2:5 mix, and this is used for the
covering of the steel, as well.  The reinforcing mesh is made of cold-drawn
steel wire, in rectangular- or triangular-shaped mesh. The forms are
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n

116, 42.—Rectangular-welded mesh,

I'ta. 43.—Triangular mesh with 2” side lap.
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supported by heavy wire hangers from the steel beams and girders.
Forms for this work should not be removed for a week after the concrete
is poured.
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F16. 46.— Pan- and block-floor systems.

In other slab construction of concrete, stich as the flat-slab, beam-and-
girder, metal-pan, and hollow-block systems, the aim is to find the
quantity of concrete in cubic yards, by taking the gross area and thickness

" of the floor or roof, and deducting the openings, and—in the pan and block
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systems—the volume of the blocks or of the voids formed by the pans.
The number of linear feet of pans or blocks is separately listed.

The total area of the floor or roof is taken for the supporting form-
work. The steel rods are computed by listing the number and length of
the bars of each size, and from this determining the total weight of steel.
The top finish, if it i3 of cement, is expressed in square feet and is entered
under the heading, Cement Finish Work.

Choir ond
spocer

Hy-rib

trussed bor
68710 0nd /12" high

I'16. 47.—One-way system.

frussed
bor

Fia. 48.—Two-way system.

Hoisting expense must always be considered. The method of hoisting
is studied and proper figures are entered, either under the division of .
work requiring hoisting or in the_ job expense sheet. If it is not listed on
the sheets concerned with the divisions of work, the hoisting item should
at least be noted on them in order to form a check toward making sure
that this item is properly entered on the general expense sheet.

Concrete-joist construction is becoming more popular for floors and
roofs. This consists of concrete girders and beams, with concrete joists’
between the beams, reinforced with steel rods. Note the use of the term
‘“joist” here. It is needed when three members—girders, beams, and
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joists—make up the construction. The joists are spaced quite close
together and the spaces between them formed by metal pans or block
fillers, as has been noted above.

F16. 49.—Cantilever pan system.
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Wt per Sq. Ft. 20 1bs. 25 Ibs.

Fia. 50. --Long-span roof slab.

Pans of lightweight metal are used when they are to be left per-
manently in place, and heavier pans when they are to be removed and
reused. If clay or gypsum blocks are used, these are left in place. Each
system has its own merits; and the architect, having selected the one best,
adapted to the requirements of the particular job, specifies or shows the
system desired. If no ceiling is required on the floor below, the pan
system is sometimes favored rather than the block system. 'The only
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form supports required for either of these systems are those under the
girders, beams, and joists, as the pans or tile blocks form the sides of the
girders, beams, and joists. Tor girders that are deeper than the joists,
however, side forms are required for those portions that extend below.
These side forms must be separately measured and totaled in square feet.
Blocks and .pans are both obtainable with closed ends for use against
the beams and girders and for the two-way system in.which the joists run
crisseross instead of parallel to one another.

Gypsum-tile blocks made for fillers are 19” X 18" and are 6", 8",
10", or 12" in depth. The conerete ribs or joists between the blocks
are usually made 47 or 5" wide. The top slab is 2" to 215" thick.

S 3 solid
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Precost roof frle
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L A Hollow -
- 'Weight I7lbs.per sq.ft. .

L"""-)’O"/engfﬁs on/y—’l

Precost roof trle \ Grou?

12 “width

I'tG. 51. - Short-span roof tile.

Metal pans of the removable type are No. 14 or No. 16 gauge, and
those intended to be left in place are No. 26 gauge. The metal pans
are laid end to end and lapped one corrugation.  They are 20’ wide and
from 30" to 48" long, for the one-way system.

Precast floor and roof slabs are also made, some of the types being
patented. These run from 2"’ to 6" in thickness and are reinforced with
wire mesh or rods.  One type in fairly common use is 214" thick, 24"
wide, and 30" long, and is designed for use in floors. Roof slabs are
made 12", 18", and 24 wide and in lengths of up to 7'0".

The flat-slab system of concrete construction consists of columns
with flared caps and with thick portions of slabs over the caps, calfed
“drops.”  The balance of the floor or roof is a slab of uniform thickness.
The reinforcing rods are run across the tops of the columns over the
entire slab area, running either two ways or four ways. In the two-way
system the rods run across the columns both ways and also diagonally
across the columns.

Figures 52 to 63 show additional details pertaining to concrete
construction,
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Fira. 35.-—Hanger inserts.

'F1a. 56.—Bar bolsters.
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Slot with
Anchor Inserte

Anchoring Brick to Concrete Anchoring Stone Yo Concrete
The anchor can be inserted atany Atwist of the wrist puts the anchor
height desired in the slot ot any course height

Anchoring Terra Cotta and Tile On Columns With Brick Facing
to Concrete
Two reds placed in holes in the anchor Anchors in columns with brick facing

which may be inserted ot any height hold and tile partition
the terra cotta or tile tightly to the concrete

Fra. 57.—Masonry anchors and slots.
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I'16. 63.—Wall forms.

Exercises

1. Make sketehes showing three different types of floor construction, with arches
and finish.

2. Make sketches showing three different types of floors and pavements on carth.

3. Write at least 300 words of notes on concrete floors and roofs, taken from one or
two of the books listed in the Preface. Name the books used.

4. State the meaning and use of the following terms, giving sketches where possible:
steel-beam fireproofing, floor fill, roof cricket, soffit clips, flat-slab system, beam-and-
girder system, anchor slot.

6. Make a complete estimate of the concrete floors and roof shown on the plans in
Chap. XXV,



CHAPTER XIII
MASONWORK

The masonry division of the estimate includes all the work done by
bricklayers and bricklayers’ helpers. The heading for this division is
Masonwork, Masonry, or Brickwork. .\ more clearly descriptive term,
although it is one that is never employed, would be Bricklayers’” Work.

Materials that are used in masonwork include common brick, face
brick, firebrick, terra cotta blocks, gypsum blocks, terra cotta flue lining,
and terra cotta coping. Incidental materials are sand, cement, lime,
wall ties, and muriatic acid (for cleaning). The equipment needed
includes mortar boxes, hoes, shovels, wheelbarrows, mortarboards,
scaffolding, mortar mixers, etc.

The street-front walls and the returns from these walls for a specified
distance are generally faced with one thickness, 4/, of face brick. Some-
times other portions of walls also are faced with face brick. Common
brick is used for the backing up of the walls that have face brick, for rear-
wall construction, and for brick chimneys and partitions.

Terra cotta blocks, as considered under the masonry heading, com-
monly refer to the structural blocks and not to the type that have
specially treated surfaces. The latter are referred to as architectural
terra cotta and often are put under a special heading. Structural terra
cotta blocks of the regular kinds are made in thicknesses of 2", 3", 1",
6", 8", and 10", They are all 12”7 X 12" in face size. These blocks,
especially the 3", 4”7 and 6’ sizes, are used mainly to build parti-
tions, and the 27 and 3" sizes are used for column covering and wall
furring. Terra cotta blocks are also used to form exterior walls and for
backing up in exterior walls—although specially shaped blocks are now in
more common use for backing-up purposes.

Gypsum blocks, sometimes referred to as ¢ plastér blocks,” are made.
in thicknesses of 27, 3"/, 4", 5", and 6’’. The 3"’ and 4" thicknesses arc
by far the most common. They are all 12" X 30" in size; therefore, one
block equals 2Y4 square fect, whereas a regular terra cotta block is 1
square foot. Gypsum blocks are used almost exclusively to form parti-
tions. Being made of a porous plaster composition, they are much
lighter in weight and of less strength than the terra cotta blocks.

Terra cotta flue lining is clay pipe and is usually made in lengths of
two feet. It is used to line the inside of chimneys and can be had in

128
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round, square, and rectangular shapes.  Stock sizes run from 6" to 24"
in cross section. Terra cotta coping, sometimes called “tile” coping or

MASON WORK
COMMON BRICK
BASEMENT
Borler Room
69'-0"x //'=10"x /'-0" 81717
ouTS
3-4. x 7-6 x /-0
5-0 x 7-4 x /-0 3¢ -+ |6}/
71516,
X|2|0
/\51/12|0\b6rk] 401 610\5
FIRST FLOOR
North Wal/
102 -8 x 17-3 x 04 151910
x|2|@
/17 1810|016k 43.1 5107
North parapel
20-0 x 3-6 x /-0 7lo
East wall
83-2 x 20-9 x /-0 /171216
/17196
x1210
3]519/2|016k1 4. /4713
Garage front x rear
20—-0 % 20-6 x 0-8 2{713
/9 -0 x 17-0 x /-0 31213
ours 51916
/2-0 x 12-2 x 0-8 941
6-9 x 8-6 x /-0 57 T+ /|54
2412
Ix|1210 3|71/
| Fwa. |2]9)5]6
8 Qigk £2.

I16. 64.-—Masonwork estimate.

“crock” or “saddleback’ coping, also comes in two-foot lengths. It is
used to cap 8’ 12", and 16" walls,
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The handling and setting of stone window sills and lintels in brick
walls comes under the masonry heading, as do, also, the handling and
setting of isolated pieces of stone trimmings and small iron fittings,
angle-iron lintels, etc.

Brickwork is measured per thousand bricks. This is obtained by first
computing the number of cubic feet of solid brickwork. All brickwork,
whether common brick, face brick, or firebrick, is best handled by consist-
ently finding the number of cubic feet of actual solid brickwork. All the

Yy
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2inch 4nx12txi2" 6'x12" x12* 10"x 124 x12*

Ny '

! i i1
| {0

i
i

3"x12"x12* BUx12x12" g x12'x12" 12" x12"x 12"
- F1a. 85.—Terra cotta blocks for partitions.

brickwork of each kind is measured separately in cubic feet. This
volume is multiplied by 20 in order to get the number of bricks involved.
For all practical purposes, an allowance of 20 bricks per cubic foot is
accurate enough, although the number will vary slightly according to the
size of brick used and the thickness of the mortar joints. The number -of
bricks is separatély extended for each item or group of similar items.
This is priced at the cost per thousand bricks, laid in place complete, with
all expense of material, labor, and incidentals considered in the unit
cost. With this uniform measurement, it does not matter how thick a
wall is to be or even whether the brickwork is to be in a wall or not; the
same treatment may be consistently applied. Often brickwork is filled
in around steel, as in spandrels and in piers; or is built up in odd shapes
and thicknesses, as at chimneys and tank or machine foundations.
Walks and drives and fire linings may be only 2" or 4/ thick. The thick-
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ness of solid brick walls and partitions is regularly a multiple of 4”"—the
nominal thickness of a brick as laid. Thus, walls or partitions are
usually 4”7, 8, 12”7, 16", etc., in thickness.

537 .
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12°x 54 % 12” Sill for 10" Wall

8% 54 x 12° Sill for 6" Wall
F1a. 67.—Special shapes for load bearing.

Of course, the entries for the estimate are from measurements taken
accurately from the plans, and they are grouped in orderly fashion under
appropriate minor headings. Even though many of these minor head-
ings may refer to one kind of brick, the total is extended separately for
each group, so that it may be given a separate unit price. This is neces-
sary because, in the analysis of the cost, there may very well he different
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labor amounts or other considerations besides the cost of the material
that will make the unit cost of ope group greater than that of another
group where the same material is concerned.

The method of measuring and entering the items for masonwork is
illustrated by sample entries of several portions in Fig. 64. Note that
the net amount of work is extended; that is, the gross volume of the

W 'I =:, .

I16. 68,  Back-up blocks.

brickwork or the gross arca of the terra cotta or gyvpsum partitions
is first entered. Then the openings are deducted by entries that are
technically called “outs.””  These deductions are made before the final
extensions arc arrived at.

Terra cotta and gvpsum-block work of partitions, column covering,
furring, ete. are measured and priced by the square foot, complete in
place. Flue lining and coping are handled by the linear foot. The
setting of stones and iron fittings is priced per piece.

All this estimating is subdivided into small parts and arranged neatly
50 that it may be properly priced and checked. Skip lines after each
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group, in order that adjustments can be made readily and also that the
éstimate may be read more easily. |

Masonry Costs. Common brickwork costs the contractor between
$33 and $43 per thousand complete, in place, not including insurance.
The bricklayers lay between 1,000 and 1,500 bricks in a day. Face
brickwork costs the contractor between $70 and $100 per thousand com-
plete, in place. Bricklayers can lay only about 600 of these in a day.
The amount of work produced in any given time will depend on the type
and thickness of the wall and on conditions of working and other factors.
From one-half to two-thirds of a cubic yard of mortar is required for each
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F16. 69.~-Combination wallx.

thousand brick. Terra cotta partitions cost the contractor 15¢ to 30¢
per square foot; and gypsum-block partitions, 14¢ to 25¢ per square foot,
in place complete, for regular work. Terra cotta coping runs™40¢ to 60¢,
and flue lining 50¢ to $2.50 per linear foot. A range for handling and
setting isolated pieces of stone and iron would be 50¢ to $2.00 per single
piece. All these prices are rough approximations, simply to furnish an
illustration of the relation between them and to give the student some
feeling for the cost of the work. Prices of labor and material and inci-
dental items change from time to time, and each job has its own peculiari-
ties that will affect the unit costs.

Add 1¢ to 2¢ per square foot for the mortar required for TC or gypsum
blocks of 4" or less thickness. Add 2¢ to 4¢ per square foot for thicker
blocks and for concrete blocks. The amount will vary according to the
thickness of the blocks, the face size of the blocks, the type of block used,
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and the thickness of the joints. For all ordinary jobs the allowance can
be approximated quite closely; for large jobs it should be analyzed and
priced more accurately.

The allowance of 20 bricks per cubic foot already provides about 5%
for waste; therefore, no further allowance is necessary. However, as has
been stated before, on very large jobs the size of the actual bricks that are
to be used, as well as the thickness of the joints, should be known, and then
a study should be made of the actual number to be allowed per cubic foot.
If such a study is considered necessary, a study of the mortar require-
ments also should be made. In fact, all the requirements for a large job
should be analyzed more extensively than those for a small job. A large
job is one involving more than 500,000 brick. If a large number of
face brick—say, 50,000 or more—are required, these should be analyzed
as to the number of full headers required, and an entry should be made for
the adjustment of the figures.

The number of bricks to be added for headers is, of course, for only
the number of full headers. The pattern of the brick appearing on the
face of the wall may be in any bond, but most of the headers may be only
half bricks, especially if the face brick are expensive, and therefore
both halves would be used and no additional bricks required for such
headers. If Flemish bond is formed, for example, with full headers used
only every sixth course, the additional brick for these headers would
amount to only one-eighteenth of the total number of face brick. To
make the adjustment for this additional cost it is necessary to take the
difference between the cost of the common brickwork and the cost of the
face brickwork and multiply it by one-eighteenth of the number of face
brick. Thus, if 10,000 face brick were counted for the job without
considering headers, and the cost of the common and face brickwork were
$45 and $70 per M, respectively, the adjustment would be an addition
of one-eighteenth of $250, the difference in cost for 10,000 bricks at the
prices noted. The answer would be $14, an amount so small that an,
experienced estimator could approximate it without any figuring.

If any of the usual joints are to be used for the faces of brickwork,
the labor cost of laying the brick will be about the same for one as for
another. Sometimes, however, joints out of the ordinary are called for,
such as raked-out, concave, convex, or rodded joints, for each of which
an additional 114 to 2 hours of labor for each thousand bricks are required.
For stripped joints, in which a wood strip is left in the joint for a short
time, to form a true rectangular recess, a whole day’s time of a bricklayer,
per M bricks, must be added.

A bricklayer will clean down about 800 square feet of wall per day, if
the bricks are fairly smooth and not much repointing of the joints is
necessary. The cost of this work, including the acid, pails, and brushes,
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33 x 5% 12" Wall Stretcher 33 % 5% 12" Wall Stretcher
(smooth one side,
scored one side),
5{,8”cnd 10"lengths also ﬂ;rnished in 2

(smooth two sides)
also furnished in 2734,

3,453

|'
7%
s 2

\Y\‘—_s“-»\(

1’
I %4
0\\’5/ \/%
3%; 557)( 5"Square
Externol ond Internal

Ne—5"

Y- Xld
=

33x12' 5" Bulinose
External ond Coved
Internal Corner

,8"and 10
lengths

3% x12°x 5 Bulinose
External and Square
Haolf Corner Internal Corner

3% x12"x5" Square
External and Internal
Corner

33 %58 x5" Bullnose
External and Square
Internal Half Corner

S

o

%
L
33 x53"x5" Bullnose
External oand Coved
Internal Haolf Corner
F1a. 70.—8urfuce terra
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3% x12'x 5 Square Full 37 XS% x5 Square ' 3; xB “x5"Squore
Closure Half Closure Pilaster

33 x12'x 5" Single Bull- 33 x5 x5 Single Bull- 32 x8%5"Single Bull-
nose full Closure nose Half (losure nose Pilaster

3" o e LR Smooh
3% »12'x 5" Double Bull- 37 x5g x5 Double 34x‘5x 12"Square Sillor
nose Full Closure Bullnose Half meel Tile.Also furnished

Closure " in 5% "and 8" lengths

33%5%12" Single Bullnose Sill 33%5%12" Double Bullnose
or L\n+el Tile. Also furnished Copm9 Tile. Also furnished
in 58 "ond 8' Iengi’hs in 5§’and 8" Lengths

cotta blocks, 334" thick.
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. \
1% x12'x 5" Furring, Square
Ful] Closure

\§

Ig x12%5" Furring, Bull-
nose Full Closure

SN

li:S;\Z"Furring,Squom
Sill or Lintel Tile; Also
furnished in 5§ ond 8"
lengths (note one foce
and one edge finished)

i

. ez

1§% 5% 12" Furring Wainscot
&9 Furnished in 2,34,
5§,8"and 10" lengths

4

T \
si x5g x5 Furring,
Square Half Closure

1'
%

{

‘{é)

Ig.ng’xS"Furring
Bullnose Half Closure

. \
Ig x5%12" Furring, Bull-
nose Sill or Linte], Also
furnished in 5
and 8" lengths

\—5"

13
'S

17 . " \15
1§ x8x5" Furring,Square
, Pilaster

33

]

\g x8'x5" Furring, Bull-
nose Pilaster
1\‘

lg;G"le' Furripg,Qove,Bose
furnished in 2,34, 5§,8"
and 10" lengths

coped right (coped left op-

posite hond) Furnished in

3745} and 8" lengths

: F1a. 71,—8urfaced terra



Ii x5 % 12° Furring. Wain-
scot Cap,coped right.(coped
left-opposite hand) Furnished
in 3",4'}5% and 8"lengths

- \
Ig x5'%12" Furring, Bullnose
Sill or Lintel Starter,center
type, left hond.(right
hond opposite)

1% x Sg“xS" Furring.Chom-
fered Corner (external)

cotta blocks, 176" thick.
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RO

&‘\/ \1% -

|§ x 5")(5% Furring,
Bullnose Sill or Lintel
Starter, left hand
(righ* hand opposite)

Ig"x 5%12" Furring, Bull-
nose Sill or Lintel Starter,

end type, left hand.(right
hand opposite

lé x5"x5§" Furring, Bull-
nose Sill Starter (for
33"sill) left hand.(right
hand opposite)

léx5"x 5% furring, Bull-,
nose Sill Starter (for 13
Sill) left hond.(right
hand opposite)

. o %
lgx ZéxS Furring,Bull-
. nose Coping,Square
Internal Corner

lgﬁxfg"x 5" Furring, BLIl—
nose Coping, Square
Exterpal Corner

g 5‘;5" Furring,Bullnose
(?oping, Bullnose External
Corner
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runs about 3¢ to 5¢ per square foot. To this must be added any scaffold-
ing that may be required and, of course, the insurance cost. In figuring
cleaning areas, only very large openings are deducted.

Firc. 72 ° I1G. 73
Details of surfaced terra cotta work.

The cost of scaffolding the exterior of ordinary buildings runs between
6¢ and 10¢ per square foot of wall, measuring the entire length and height
of wall to be scaffolded. This will depend upon the amount of scaffold-
ing, the type used, the amount of changing, ctc.

A bricklayer will luy about 200 brick per day in fireplaces and about
400 per day in chimneys. He should sct about 80 linear feet of TC flue



MASONWORK ' 141

lining of the ordinary sizes. Thus, with the incidental laborer’s time, the
mortar, etc., fireplace brickwork should run between $140 and $170 per
M; chimney common brickwork, $60 to $90, plus the cost of scaffolding;
and ordinary flue lining 60¢ to $1.00 per linear foot. Larger flue lining
is 50 heavy that the cost per foot rises rapidly for both material and labor,
24" costing about $5.00 per linear foot installed.

Fireplaces, chimneys, and other odd shapes can sometimes be best

figured as though they were solid, and then the voids in them figured and

“subtracted from the gross volume, in order to arrive at the net volume
of brickwork. Hollow walls may be calculated either in this way or by
taking the actual thickness of the parts.

Some contractors do not bother to make out accurate ma.tel ial lists for
those items of material that are readily procured from local dealers’
stock.  They rely on ordering quantities as the work proceeds and then,
near the end of the job, figuring what will be needed to complete the work.

The standard-size brick is 214”7 X 337" X 8”’. However, the exact
size will vary, depending upon the manufacturer’s standards. Common
brick are the ordinary red variety scen everywhere. They are thoroughly
fireproof and strong and are suitable for every place in which brick can
be used, except where appearance is important.

Face brick, which are more uniform in size and shape than common
brick, come in many colors and shades and surface finishes. Glazed and
enamel brick, which are very true to size, are coated with one of several
kinds of glazing material in the process of manufacture. Firebrick are
made of u special type of elay, highly resistant to heat, and are used in
chimneys, fireplaces, fireboxes, ete.

Bricks appearing in the wall in common fashion are called ““stretchers';
those laid with an end exposed are termed ‘“headers.”  Stretchers
turned up on end are called “soldiers”” and headers on end are called “row-
locks.”  Common bond consists of five courses of stretchers and one of
headers, alternately. English bond consists of alternate courses of
stretchers and headers.  Flemish bond consists of alternate stretchers and
headers in every course.

Bricks used in arches are laid with tapering joints or, for exposed
arches where the appearance is important, bricks ground to shape are
used.

The standard concrete block is 87 high by 16" long in face measure-
ment. They are made in 3" to 12" thicknesses.  Stone or gravel is still
used as the coarse ingredient in the manufacture of concrete blocks, but
cinders form the aggregate in most of the concrete blocks now made.
Cinder blocks are lighter in weight and more insulating and fire-resistive,
and they may readily be nailed into.

Portland cement is composed of finely ground limestone and a clay
containing silica, alumina, and iron. This mixture is burned at a high
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Rodded

Stripped

V-tooled

Convex

Concave

Raked Out

Flush Cut

Struck

Weathered

Various Types of Raked Joints

D000
.

ne Patt

9

Bosket Weave Pattern

Bonding course

Header

Bonding
course

courses

Fia, 74.—Brick
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Stretcher MHeoder

) Alternate treatment
of corner

Alternate treatment
of corner

Heoder
courses

construotion.
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temperature and then pulverized.

Standards of the American Society

for Testing Materials are generally followed in the manufacture of this
popular material. It is made in many parts of the country and comes
in 94-pound lots, in cloth and paper bags. Special types of cement also
are made, such as masonry cement. high-early cement, waterproofed
cement, etc.

CoiC
. : ---------’____!-
Runnmg Common
Ji“i-----iiit -w-mmm---i*@
s oannm] | 0 et Lt rrr N AR

3----------E .--EZJ- -
AE] B-------- Rt E E’I-ED-----
R | FAENNA | AN | RN IO | IO R b A [ R o [ [N [ H9R 3
--.-----ﬁ;

Enghsh English Cross .
o] e

3ii-------uu
[ 12528 200 5208 [ | S0 [ [ %206 o Yoot v s |
J--------- COEE

r"imr"j Eﬁ

s

Fiu. 75.—Brick bonds.

Gorden Wall

Mortar is a mixture of cement, sand, and water, usually about 1 part
cement to 3 parts of sand. In order to make the mixture more workable,
lime is generally added, especially when the mortar is'to be used by brick-
layers and spread with a trowel. A good mortar for brickwork is also
made of 1 part cement, 1 part lime, and 6 parts sand. Mortar forms the
material used for cement finish work, as well as for binding masonry.

When the spegifications call for a certain grade of brick, hollow tile,
or other material, the estimator must watch out to see that quotations
are based on the quality called for. A quotation for just ‘‘brick,”
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“hollow tile,” ete., does not bind the dealer to deliver any but the poorest
quality. If a better grade is required, the wide-awake estimator will
check, to be certain that the prices quoted will cover the materials
actually desired. Also, as there is usually more breakage in using poor-

Stretcher
Heoder

Flat Stretcher

Stretcher on Flat

Ext. Octogon Octagon Chamfer Int. Octagon
Fiu. 76.—Types of enameled brick.

grade materials, he will consider this in his unit prices or make an entry
for breakage or other forms of waste that the particular materials, of
whatever quality, will probably entail. If face brick are specified to
cost a certain price per thousand, it should be ascertained whether the
specifications allow for taking the trade discount, if there is any, or
whether this is to be passed along to the owner in the accounts of the job.
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7’

On important jobs it is customary to send samples of all the main
materials to the architect or to testing laboratories before they may be
ordered. Often the cost of the tests is to be borne by the contractor.
These call for entries in the estimate for packing and shipping, test
fees, ete. ’ N

Standard Bullnose Flat Bullnose Header Flat Bullnose
Stretcher

Standard Starter w

Flot Bullnose
Internal Square

Return
Flat Bullnose External
Square Return
N
Flat Bullnose External Flot Bullnose Rowlock Round
Round Return Internol Round Return
Return

Internal Bullnose

Internal Bullnose
Standard

Flatter

Standard Double Rowlock Sill Mitre Flotter Double
Bullnose Bullnose

F16. 77.—Bullnose enameled brick.

Scaffolding for masonwork is an important item of cost and must
always be provided for. Some contractors raise the unit price between
$2 and $3 per M, to take care of all scaffolding for brickwork. This
method is satisfactory, if the proper amount is used, for regular work.
Construction out of the ordinary, however, should be separately studied
a8 to the scaffold and hoisting requirements; with the amount qf material,
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labor, and expense entered in detail, if necessary, in order to provide the
money value of this work.

The quality of the work will affect the unit cost of labor. A brick-
layer will lay 1,500 brick per day in ordinary work; but, if high-quality
workmanship is called for, he will not lay over 1,000 per day. This
difference, together with the resultant extra cost of insurance, etc.,
will have a great effect upon the total cost of the job. Careless estima-

Stondard Size N
Approximately 7§ standord brick with ,% Joint = Isq. ft.
S5brick and 5 joints lay up opproximately 1213'6 high

Flatter Size "

Approximately 4% flatter brick wifh,z joint=1sq.ft.
3 flatters and 3 joints lay up approximately 123"high

I'16. 78.—Sizes of enameled brick.

tors think of the cost of common brickwork in terms of a certain number
of brick per day for all jobs and, thereby, produce an estimate that is
not worth the name of estimate; it is merely a rough approximation.

Face brick laid up in regular style is one thing; the same brick laid
up in pattern or with special effects may cost two or three times as much
for the labor.

Brick walls are cleaned down with a solution of about 15 parts of water
to 1 part of muriatic acid. This is applied with stiff brushes by the
bricklayers.

Dampproofing, in the form of a tar or asphalt composition, is some-
times applied to the unexposed faces of walls. Fabric dampproofing or
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waterproofing is applied to particularly vulnerable locations, such as
spandrels, window heads, and parapets. Window frames arc generally
caulked with an elastic caulking compound.

The fact that an architect fails to state the thickness of masonry
partitions does not give the contractor the right to use the thinnest that

Clipped
Bond ,{ M

The enameled brick are clipped by
mason to receive the common brick

Header ﬂ — Plan

1‘ Plan

Bond L
Enameled brick header used to
bind enameled brick with common
Wall Tie & =3 Plan
Bond !9
Wall tie used to bind enomeled
brick with common
L
smoer (|
&

ll\tlllllllI—
|
| -

Double face flatter wall
Fra. 79.—Bonding enameled brick.

he can build. Customary practice, and usually the building code also,
would demand certain minimum thicknesses. Thus, a 3" partition will
be satisfactory if it is not over 12’ high, whereas a 4’ thickness is usually
required for one over 12’ high; and, if a great height is involved, the
question of thickness should be ascertained, in case it is not noted on

the plans. Perhaps a thin partition on top of a thicker one would be
approved.
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Under the heading of masonwork, rough bucks are sometimes esti-
mated, or at least the sctting of them and, perhaps, the side anchors.
In any event, it is the estimator’s responsibility to provide, in one or
another division of his estimate, for bucks, anchors, and the setting of

them.
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Relieving arch

Fia. 80.-— Brick arches.

The handling and setting of terra cotta with finished surfaces are, of
course, not the same as for ordinary terra cotta blocks. Particular
care must be exercised at every stage. 'The finished material is lifted
carefully from the trucks and stacked in accordance with the various
sizes and shapes that are to be used. Tt is then picked out as needed and
carefully carried or wheeled into the job to the point of setting. IHere
the bricklayers set it not nearly as quickly as they would the ordinary
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Note : Metol ties may be used insfeod
of brick heoder and heoder bock-up block

16*-

B s

16" Wall
Method of Backing Face Brick

Use flush end block os

corner block
sin Ry
HarPloster Plaster [ | ] | | i 5
AR A Stucco Using 8%8'x12" block 774 high ce
Brick Veneer Stucco lsometric of 8" Wall og
Wall Sections Showing Window = 1L
. Details 18

P,

8+
IEEEERERTL,
Using 8%8% 12" block 73 high
Isometric of 12" Wall
Details of Boriding ot Corners

[

3or4°% /2 %12/ cells
entirely through
block

’ Isometric Show-
ing Special Jamb-blocks in
Relation to Wood Joist

3or4*wide,8or 9 high,
16 or 18°Jong.Cells entirely
through tile or fop Block is buttered on out-

2nd course  closed for solid side and inside edges,
mortor bed as ordered ribs are left free of mortar
Detail i . i
:; é::nit:dlng Hollow Partition Tile Mortar Joints

Fru. 82.---Details of cinder-block construction.
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Fiu. 83.- —~Hanging scaffold.

Brick Limestone \ Brick 7
Joint coulked /,,{{,,.\ - .
with oakum § Coulk stoff bead L
and staff \ , \ oulk sta ea
bead setin N R

and sifl joint with

caulking compound coulking compound

Wooden Window Wooden Window
(coulked under staff bead) (coulked on top
of stoff bead)

Stone

M Joint coulked with
oakurn and sfaff bead
set in couking compound
Hollow Steel Window

P Brick—™] I//#
==

=

Joint caulked with
oakum and sealed
with caulking compound

Stone — [T
| Yoint coulked with A

oaokum ond sealed
with caulking compound
Solid Steel Window

F1a. 84.—Window caulking.

Steel Casement
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Jurn up ogoinst mason-
ry fill, ducts ond agoinst
inside of woll, sealed
fo dompproofing

Dampproofing from
bearn connecting
with spandre/

A
Z,,,//él .....
4.

Spondrel woter-
proo¥ing

Arch wires benf
and bed cerment
mortor placed
by maoson

Spandrel/
waterproofing
sealed fo beam
with trowe/
mastic damp-
proofing

Spondrel water-
proofing

Two Course
Spandrel
(for deep spandrel)

i Perspective of Two-course
Dompproofing from Spandrel
beamn connecting

with spandrel

Turn up ogainst
columns, ducts ond
' ogarnst inside of wall

coping

|| T Spandrel water-

proofing
Window

Continuous
Spandrel
(for shallow spandrel)

Metol soddle
Arch
brick
% Roofing Turnup
enas!”

s 0
7s vssvs o7 7 (AWM

Full-seal fobric
Roof Door Saddle

Bronze saddle

Marble sill ond
landing
Full-seol fabric
Fill

e g Concrete
Waterstop at
Entrance Steps

Pan Over Window Heaod

e A

Cut off of
floshing line

Dompproofing

A2 W
’” AgAA

proofing

Full-seal fabric

dompcourse
ot grade IR
Dampcourse
Woterproof — &N
poper

Full-seal fabric
Damp course laid
bock of poper and
sealed fo wall

Dampcourse Brick Veneer

Fia. 85, -~ Waterproofing and dampproofing courses,
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blocks. It must be treated more nearly like the ceramic tile employed in
many shapes and colors in bathrooms, swimming-pool rooms, etc., each
piece being carefully placed to suit the design and profile called for on the
plans. In fact, it takes the bricklayers about three times as long to
set this sort of terra cotta block as it does to set the ordinary kind.
Standard shapes and colors of many types are obtainable. Special blocks
are made to order and, of course, for these, the manufacturers usually
quote for each job separately. Since the blocks are special, the estimator
knows that he must take special ‘care in establishing the labor cost also,
and not use prices that will fit only standard shapes.

Models are sometimes called for in connection with terra cotta and
other materials. Even sample panels of brickwork may have to be built
for the architect’s selection. These cost the contractor money, and the
amount involved must appear in the estimate.

Exercises

. Write a list of the materials used in masonwork.
. State the general method of estimating brickwork.
. Compute the amount of brickwork in the following solid brick walls:
a. 119'0"” X 11'6"" X 10"
b. 630" X 89" X 1'4"
c. 82'9" %X 10'10"” X 0’8"
d. 121’0'[ x 11'6/’ x 1/0!)
e. 68/0’[ x 14/3/' X 1!8//

4. Make a schedule of crosshatching indications suitable for masonwork.

6. What is a reveal? .

6. Make sketches showing brick stretchers, headers, soldiers, and rowlocks.
Mark each by name.

T. Make sketches showing Common, Flemish, and English bonds.  Mark each by
name. R

8. Write at least 300 words of notes on masonwork, taken from one or two of the
books listed in the Preface. Name the books used.

9. Make a complete estimate of all the masonwork shown on the house plans.
The specifications are stated as follows:

Brick shall be thoroughly wet before laying and rubbed into a full bed of mortar
completely to fill all joints. Exposed joints shall be struck.

Mortar shall be 1 part cement, 3 parts sand, and !{o part hyvdrated ime.

Terra cotta flue lining and smoke-pipe thimbles shall have shells not less than
34" thick and shall be sound and straight. Lining shall extend the full length of the
flue and extend 3” above the top.

Install a cleanout for each flue, about 6’ X 8", located two feet above the cellar
floor, with cast-iron frames and doors.

All exposed exterior brick will be textured face brick, selected by the architect.
Contractor shall allow the sum of $37 per M for these brick, delivered to the job.
They shall be carefully laid, in Flemish bond, with 4’ joints.

All other brick shall be common, hard-burned red brick, uniform in shape and size.

All exposed brick surfaces, both exterior and interior, shall be cleaned down with a
solution of muriatic acid and water, pointed up where necessary, and left in perfect
condition,

© D



CHAPTER X1V
ROUGH CARPENTRY

Most estimators prefer to have at least two headings for carpentry
work-—one for rough carpentry and one for finish carpentry. On large
jobs, special headings are set up, besides, for millwork, wood stairs, wood
flooring, kalamecin work, and other divisions of carpentry, in order to
provide for separate total prices for these items or to make comparison
with subcontract estimates that may be received for them. Even on
small jobs, it is good practice to split up the work in this way.

Rough carpentry takes in all the framing and plain boarding. Finish
carpentry includes the trim, mouldings, baseboard, windows, doors,
cabinets, shelves, etc. Wood flooring and wood stairs are included in
finish carpentry unless special headings are set up for them. Finish
hardware also is placed under Finish Carpentry, but on larger buildings
this is generally given a separate heading. Frequently, a lump-sum
allowance of money is specified for the purchase of the hardware. Of
course, any item that is provided for elsewhere in the estimate does not
require handling under any of the carpentry headings.

Lumber is a general term.  Pieces of large cross seetion are called
“timbers.””  Small stuff is referred to as boards, studs, planks, flooring,
mouldings, ete. Lumber comes in many grades, which are established
mainly by trade associations. Spruce is used for beams, studs, rafters,
sheathing, ete. It is nearly white in color and withstands exposure to
weather. Short-leaf pine, often called ““ N.C. pine,” is used for the same
purposes as spruce. It is yellowish white with noticeable annual rings
and is strong and durable. Fir, a wood somewhat like pine, is used for
the same purposes as pine. Other kinds of wood used in building work
are long-leaf pine, white pine, maple, oak, and cypress. Oak, maple,
and pine flooring are the most commonly used of the wood floorings.

Standard stock sizes and lengfhs are well established in carpen-
try. Beams and rafters for general building construction are 27 X 8",
2”7 % 10", 3" X 8", or 3" X 10" in cross section, and regular stock
ranges from 10 to 20 feet in lengths of 10, 12, 14, 16, 18, and 20 feet.
Longer lengths are not readily obtainable in all lumberyards. Studs
measure 2"/ X 3’ or 2 X 4" and are stocked in the same lengths and
also in 9- and 13-foot lengths.

Boards are generally of stock 1" in thickness and from 2" to 10" in
width, If they are surfaced (dressed) on one side, they finish about
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75" thick; and when they are surfaced on two sides, they become about
13{¢"" thick. Boards less than 1’ thick are counted as 1”7 thick.

Tongued-and-grooved (T&G) sheathing boards are termed 1”7 X 4/,
1" X 6",-and 1" X 8", but they actually measure less than these dimen-
sions and, when laid, they cover about 3" less width of space, per board.
This is because of the milling to form the tongues and grooves and dressing
to form straight and true surfaces. The narrower the board, the higher
will be this percentage of loss. With T&G sheathing, underflooring, and
finish flooring, and with shiplap boards, shingles, ete., the milling,
overlaps, and other clements of “waste’” must be taken into account, as
they run up to a large percentage in some cases.

The Government and several of the large national lumber associations
have developed official grading rules for lumber. Thus one speaks of
Select Structural material in certain types, and No. 1 Common, 12004
Douglas Fir, B-Grade lumber, cte. If it is so ordered, the material is
officially grade marked.

The ordinary Yard Lumber obtainable at all lumbervards is graded
as No. 1 Common and No. 2 Common shortleaf pine or fir and is used for
ordinary framing purposes. Structural material, such as is graded
Structural Douglas Fir or Structural Southern Pine, is used where a
stronger material is desired, as for girders and beams. Shop Lumber,
used for doors, windows, trim, ete., is graded A, B, C, or D.

Framing lumber is 2", 3", and "’ thick for ordinary studs, beams,
ete., although, as a result of the sawing, the actual thickness is about
15" less. Likewise, 1’" boards measure nearer to 34" thick. The depth
of beams, ete., also is short of the figured dimensions, because of the
sawing in the mill, and a 10” beam usually measures only about 915",
However, for figuring the amount of board feet, the full dimensions of
the lumber stock are always taken.

Southern yellow pine and Douglas fir are the two most commonly
used kinds of lumber for general building purposes. White pine, white-
wood (poplar), and birch are in considerable demand for trim and other
exposed work, white pine being preferred for outside items. Qak, pine,
and maple, as has been noted hefore, are the most popular woods for
flooring.

The highest grade of yellow pine or Douglas fir is called “select
structural,’”’ the next is “dense heart,” and the next lower grade is “struc-
tural square edge and sound.” Unfortunately, the lumber associations
have made a poor job of names and they are very misleading and tricky.
The estimator must beware and note the full wording of specifications,
quotations, ete., referring to the grades of the material.

The lowest grades of framing lumber, even if specified, are seldom
worth using, because of the great waste in them, This waste involves
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handling in order to unload and stack the material that will later be dis-
carded, the culling out that must be done by the carpenters, the rehan-
dling, and the final disposal. Such poor material is often the cause of
friction between the contractor and the architect, as the architect desires
to see good materials used on the job. This causes extra expense for
taking out the poor work and replacing it with new material of better
quality.

Lumber that is 5 and larger in its least dimension is classed as tim-
ber; 2 and under 5, as dimension lumber. It comes to the job usually
planed either on one side and one edge or on all sides. Terms such as
DI1S2E, S48, meaning that the material is dressed, or surfaced, as noted,
are used to designate the fsces that are finished faces. Because of the
saving in shipping space, very little additional is charged for dressed
lumber over rough lumber. For this reason, and also because it is casier
for the men to handle smooth material, lumber dressed on all four sides
is preferred. N

Floor beams 2”7 X 10" X 140", wall and partition studs 2" X 4 X
80", boards 1" X ¢ X 16°0”, and other such expressions are used
regarding the size of lumber. The dimensions in inchex of cross section
by the length in feet are given.  Thus 2”7 X 10" is the cross section of the
floor beams mentioned above, and 140" is the length. Thix is the
standard way of expressing the size of lumber. - ’

By writing the standard dimensions of lumber over 12, in the form
of a fraction, the number of board feet of lumber in the piece is readily
found. Thus the board feet in a floor beam of the size noted would

equal g—x--l'loz—xﬂl—:t = 21829 = 2313 BF. In cases of more than one picce,
simply multiply the amount found in one piece by the number of pieces
concerned.

The rule is: place the standard dimensions over 12, and multiply
the answer by the number of pieces concerned.  If there are 50 beams
2" % 8" X 16'0", the expression would be as follows:

50X21><28X1G=1067.

For every linear foot of 27 X 8'' there are 115 BF, for every linear foot
of 2 X 6 there is 1 BF, for every linear foot of 2 X 4 thereis 25 BF. This
2X8 2X6 2 X4
1 ) " — 1,;1 oL e = ———— == 2.
can readily be seen, because 12 1/‘ 5 19 1, and 2 24,
The same holds true for all lumber.
Rough carpentry is the name given to framing, or structural car-

pentry. However, there is no definite line of demarkation between rough
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and finish carpentry. An estimator arbitrarily puts the carpentry items
under either heading or under other headings for special portions of the
carpentry work, to suit his own convenience, although, if a specification
is well arranged, he is likely to follow it in arranging his estimate.
Architects frequently include many miscellaneous items under the
heading of carpentry in their specifications, for want of a better place
for them or for the sake of avoiding the necessity of setting up special
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Fra. 86.—Mill construction and ordinary floor compured.

headings. Metal doors, insulation, and fixtures of various kinds are
often found in the carpentry specifications. This is one division of the
specifications that estimators practically always expect to break up into
several estimating divisions—some of the items even finding their place
in the general job expense division.

House Framing. The common method of framing a house is called
“balloon” framing. In this type, the wall studs extend all the way from
the foundation sill to the plate that supports the rafters and the attie
floor beams (country carpenters use the term * joists”” for beams and
rafters, and sometimes also for studs). In the braced-frame type, the
wall studs are only one story in height and the second-floor beams (or
joists) are carried on a regular plate, formed usually of two 2 X 4s,
instead of being carried on a ledger board cut into the studs, as is the
case in balloon framing. There are other differences between these two
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\

types of framing and, of course, a combination of methods can be used
too. There is usually no difference of opinion about the balloon type’s
being satisfactory, provided that it is well put together and that the
sheathing is applied diagonally, so as to brace the structure better than
would be the case if the sheathing were applied horizontally.

n

N\ ip roffer

L /X6 Fibbon
4x4'corner : -
post 2x4 studs

Fie. 87.;—-Balloon frame.

Another type of framing is called ‘“‘mill construction.” As the name
implies, this type is used principally for mills and similar structures.
Genuine mill construction consists entirely of heavy timbers of large
cross section, not only for the framing but for every member used in the
building. The flooring is 3"’ or 4" thick T&G, or the same thickness of
square-edged material laid on edge.
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The coustruction of the framework for all houses is practically the
same, regardless of whether the exterior is wood, stucco, or brick veneer.
Upon good lumber properly used, together with accurate workmanship,
depends the ultimate success of the completed building.
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Fii. 88.—-Braced frame.

The outside of the house, which is subjected to sun, wind, rain, and
snow, must withstand severe usage.  Exterior wood should be of a decay-
resisting species that will hold tight at the joints and will take and hold
paint. It should be thoroughly seasoned material. Siding, cut in
various patterns, is made in sizes ranging from 14" X 4" to 37" X 12"
and is available in western red cedar, Idaho white pine, northern white
pine, and ponderosa pine. In applying siding, all joints around window
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frames and corner hoards or at mitered corners should be carefully fitted.
Spliced joints should be tight, to prevent the infiltration of moisture.
No spliced joints in three consecutive boards should be directly over one
another. Proper nailing with the right-sized nail is important. The
nailheads should be set into the wood and the holes filled with putty after
the first coat of paint has heen applied. All exposed woodwork should
be given a coat of priming paint as soon as it is in place.

In localities subject to termites and at points of construction exposed
to fungus growth, chemical treatment may be necessary for the lumber,
particularly any that comes into contact with masonry foundations.

Wood girders may be built-up or solid. While either type may be
used, built-up girders are preferable, because of greater strength, size for
size; less shrinkage, owing to the complete seasoning possible with
thinner stock; and greater ease of installation. Members of built-up
girders should be spiked together securely.

Joists are normally spaced 16”7 O.C. (on centers), except where
additional strength is required for some particular area, in which case
the joists (beams) are doubled or extra joists are set between the regular
ones so as not to interfere with lathing. Spacing of 12" will also conform
to lathing requirements.  Floor and roof beams must always be doubled
or tripled around openings, such as those for stairways, shafts, hearths,
ete.  This does not always show on the plans, nor is it mentioned in all
specifications, but it is required by good construction and by building
codes.  Similarly, floor beams are doubled under partitions, or larger
beams are used there, to carry the extra load imposed by the partitions,
unless, of course, the partitions are low or of very light construction, like
wood-and-glass office partitions.

In exterior walls of one- and twozstory houses, the studs are custom-
arily 2”7 X 4. In buildings over two stories high and in cases of excep-
tionally high ceilings, studs should be 2" X 6" or larger.

Rafters are normally spaced 16" O.C., since this permits setting them
directly over the wall studs and nailing each one to the side of the ceiling
beams. Thus the frame is tied together and spreading of the walls is
prevented. This spacing also facilitates lathing the underside of the
rafters, if a plaster ceiling is required under the roof.

All partitions should be framed with 2”7 X 4" studs, spaced normally
16" 0.C., except where thicker walls are required on large work for
structural purposes, or where plumbing and heating pipes and vent duets
are to be concealed, or where architectural effect must be considered.

All anchors for sills, plates, ete., built into the masonry before the
framing is erected, should be included in the concrete or masonry divisions
of the estimate. All the plates, ties, stirrups, ete., that are attached to
the wood framing, however, should be listed under rough carpentry.
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Figures 89 and 90 show anchor bolts.  Figure 92 shows beam hangers
or boxes. Stirrups, or bridle irons, which are for the same purpose as
the beam hangers, extend over the tops of the supporting beams.

i, 91— Floor bridging.

Often there is a call for studs to be doubled or tripled at door and
window openings and at corners and intersections. If this is the case
and there are many openings, this will involve a large increase in the
number of studs required. The estimator who is careful will not merely
allow one linear foot of stud for each square foot of wall, as some quick

6x/2"
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2x12"
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Fra. 92, Framing at openings.

estimators do, but will actually mark off the studs required on the
drawings, then count them and figure separately the sills, bracing, and
plates required. Of course, for a single building of small size the method
is not very important, as the error would not amount to very much.

Corner braces cut in between the corner posts and the studs should
be used in all buildings, as they add about 509 to the strength and stiff-
ness of the wall construction,
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Diagonally applied sheathing on walls adds greatly to the strength
of the wall, over the use of horizontally applied sheathing, especially if
at cvery bearing it is well nailed with three nails instead of the more
customary two nails.

Figure 103 shows the beginning of a rough-carpentry estimate for a
house. For frame construction the number and sizes of all the pieces

/False girt

/Heoder

<— Partition studs
Outside
wall

studs |

Subfloor

rDoub/e Joists
under portitions

16, 93.—-Bearing partition.

are listed wherever possible.  Thus, the sill that is placed on top of the
foundation wall is listed as so many linear feet of the size of cross section
that is called for, as 126’ of 47 X 6. The corner posts, which occur at
every angle of the building, are listed separately from the ordinary wall
studs.  Corner posts are sometimes specified to be solid pieces, as 4+ X 6
or 6 X 6, or made up of several pieces spiked together. The studs are
wsually 2 X 4 or 2 X 6. Corner bracing, plates, short studs at windows,
ete., must all be listed.  Floor beams are counted and listed separately
as to cross section and length, care being taken to note those that are
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doubled under partitions and around stair openings, etc. Sometimes
tripled beams are called for.

Studs, both in walls and in partitions, are commonly spaced 16" O.C.;
that is, 16’" from the center of one to the center of the next one. How-
ever, owing to the spacing of the doors and windows, exact spacing is not
always possible and additional studs must therefore be counted, to give

Bearing partition
studs

Subfioor

Second floor
Ouf.;;de Joists
wao.
stud's
L Bearing
partition
studs,
framed
fo sefon

girder

First floor
Jjoists

o NN W

F1a. 94.-—Nonbearing partition.

bearing for the lath, etc. Soles, bridging, and plates for partitions should
be listed separately from the studs, and care be taken to include them as
single or double, in accordance with the particular job being estimated.

Wood framing is usually measured by the hoard foot and priced per
thousand board feet (M’'BM).

Bridging is measured by simply taking twice the length of each row,
because floor bridging is always doubled, or “crossed.” This gives the
total linear feet of material required, if it is for beams not more than 10"’
deep. For beams 12" deep, multiply by 214 instead of by 2, and for 14"
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Exterior view of plain
sill assembly showing
anchor bolts

Fia. 95.—Corner conditions,

Lintel or double header

Framing for wide opening
in bearing wall or partition

Framing for
narrow openina

F1a. 96.—Framing over openings.

Fia. 97.—Partition corners.
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heams multiply by 2235, Bridging is often priced by the linear foot, but
if board feet are desired the calculation can he readily made by multiply-
ing the total length thus found by the cross-section dimensions of the
material speeified and dividing by 12. Thus, 870 lin. ft. X 1" X 3"/,
divided by 12 = 218 BF.

Wall sheathing, commonly 1”7 X 6”7 T&G pine or fir, is measured by
taking the net area covered and adding for the waste in milling and

Subfloor

Heoder joist ~

False girt—

25%4 brocing = )

T 7N

Wall sheothing-R

ItG. 99, Corner bracing.

cutting.  This waste runs about 25¢¢ for 6" boards and 22¢( for 8"
hoards,

Building paper is measured by taking the net arvea to be covered and
adding 595 to allow for the laps.

If seaffolding is required for the outside work on walls, even on frame
walls, take the gross area of the walls as the quantity, measured from the
ground to the top of the walls. This is priced per square foot, usually
between 5¢ and 10¢ per square foot.

Framing lumber costs the contractor between $50 and $70 per MBM
for regular kinds, delivered to the job. The labor of handling, framing,
and installing it costs $30 to $40 per MBM. This makes a total cost
of $80 to $110 per MBM, in place, without insurance or general expense
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being considered. Heavy and intricate framing may cost much more in
both material and labor.

The sheathing of walls and roof and rough flooring costs the contractor
$40 to $50 per MBM for the material and $20 to $25 for labor, or a total
of $60 to $75 per MBM, in place. This is in board feet, as has been
noted. The range would be nearer $70 to $90 if expressed in terms of
thousands of square feet of surface to be covered. The cost will depend

\i

Ny

NS =

Door
opening

2
/A

Wall sheothing

F1a. 100.—Diagonal sheathing.

also on whether the material used is square edged or tongued and grooved,
and whether it is laid straight or diagonally.

To the cost of rough carpentry must be added about )3 keg per MBM
for the nails required, if the unit cost does not include the cost of nails.

The element of ‘“waste’” is more important in carpentry than in
most other divisions of the estimate, especially on account of the grading
and trade customs that are established among the manufacturers and
dealers in the materials involved. Even lumber that is bought as of
good quality, free from large knots, not warped, straight, etc., may
become damaged as a result of careless handling in transportation or at
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I'1c. 101.—Roof framing.

Roft; fer';

Ridge rofter

Fia. 102.—Dormer framing.
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ROUGH CARPENTRY
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Fira. 103.—Rough carpentry estimate.

the job. Beams and other structural members that are intended to be
straight get twisted if they are allowed to lie in a pile dumped from a
truck. An estimator learns from experience that these things happen
on the job, especially on a job that is not properly managed, and he adds
to his estimating units on account of them.
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The Architect’s Attitude.—Some architects set themselves up as a
sort of court of last resort in regard to the judgment of quality of mate-
rials, even going so far as to overrule the official grade markings of
lumber inspectors, who are supposed to be unbiased. An estimator is
forewarned by a specification in which an architect deliberately states
that the architect’s decision will be final. This usually means that he
will be hard to please and will probably act more as if he were paying for
the building himself than serving as architect, or third party, to the con-
tract. Despite the so-called ethies of the architectural profession, which
claim that architects are fair-minded men, contractors know that many
among them are very hard to please and technical and, in general, far from
what one regards as fair-minded. Fortunately very few have the reputa-
tion of “breaking” the contractor or of “rubbing it in” on every job.

Temporary Construction. Temporary enclosures and protection,
temporary arch centers, and other temporary construction items are
sometimes specified under Carpentry. Sometimes they are not specified
at all; but they will be found necessary nevertheless. 'The estimator
must have these in mind on every job, and for this reason some offices
use a printed general job expense estimating sheet on which these and
other usual expense items are printed, so they will not be overlooked.
In any event, the estimator should figure these items just as he would
any items of permanent carpentry, and apply unit prices per board
foot, per square foot, or in any other suitable manner.

Special framing or work out of the ordinary is to be watched carefully
and analyzed closely in estimating.  Roof trusses, tower framing, and
odd-shaped structures belong in this class.  New methods of timber
framing developed in recent years call for special fastenings that require
special tools,

Kvery piece of lumber in special or heavy framing must be listed;
and all the iron bolts, shear plates, connectors, ete., must be counted
and listed separately. Special scaffolds and hoisting and bracing are
usually involved also. Split-ring timber connectors are made of hot-
rolled carbon steel and must fit snugly in prebored holes. Toothed-ring
connectors are stamped from No. 16 gauge rolled sheet steel to form a
circular, corrugated, sharp-toothed band, welded into a solid ring.
Claw-plate connectors are malleable iron castings, each plate consisting
of a perforated, circular, flanged member, with three-sided teeth on one
side.  Shear plates are of pressed steel or malleable iron, with a flange
around the edge on one face.  Bolts and washers of many sizes also are
required in heavy framing.

Insulation is fast becoming an essential part of building work. If a
separate heading is not provided for it in the estimate, it is usually placed
under Carpentry.
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Insulating materials are of four types: flexible, rigid, fill, and reflective.
The first three are composed of a large number of small cells, amounting
to minute air spaces, which resist the passage of heat or cold. The
fourth depends upon the reflection of radiated heat.

Insulation should be protected against the penetration of moisture.
When there is a great difference in temperature between the inside and
the outside of a building, moisture condenses. If the moisture is absorbed
by the insulating material, serious damage to plaster and inside finish
may result. Some insulating materials lose their efficiency because their
porous nature is unprotected against air infiltrating and becoming moist
in the insulation, owing to condensation within the wall. Furthermore,
loose insulating materials settle and form open spaces or leaks at the top
of the walls. Therefore, insulation must be carefully installed so as to
remain permanently in place.

Rigid insulating sheets are sometimes used in place of wall or roof
sheathing. Many varieties of rigid insulating boards are made, some
of which are not suitable to serve as substitutes for sheathing.

Insulation is generally measured by finding the number of square feet
of each different kind and thickness required, and building up a price
per square foot to suit the material, labor, and conditions in each case.

Building codes cover carpentry work. The following are a few
extracts from the New York code:

Wood beams and rafters resting on masonry or on girders must have at least
4" bearing. Floor and roof beams must not be supported at their ends on stud
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Fra. 104.—Types of trusses.

partitions, except in one- and two-family dwellings. Tail beams over eight feet
long and all trimmer and header beams must be supported on approved iron
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Fra. 106.—Timber connectors.
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stirrups and spiked unless they bear on a wall or girder! Built-up members may
be spiked together.

Wood floor beams and beams in flat roofs exceeding eight feet in clear span
must be braced with mitred cross-bridging measuring at least 1’7 X 21,"" (actual),
nailed twice at each bearing. The maximum distance between bridging or
between bridging and bearing shall be eight feet.

The framework of wood frame structures shall conform to the balloon frame,
braced frame or platform types and shall consist of sills, posts, girts and plates
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Fra. 107, - Truss with bolts,

mutually braced and nailed twice at each bearing.  The corner posts shall be at
least the equivalent of three 2" X 4’ members and sill shall be at least 4”7 X 6,

Exercises

-

. Name four kinds of lnmber used in rough carpentry.
2. Compute the hoard feet of lumber in the following list:

Sills........ ... oo Tpes V7 R X160
Girders....... e 2pes 6 107 14707
Reams... ... ... ...... .. .. .. 2 pes. 37 <12 % 20007
Studs................ .. ... ..... .. 60 pes. 27 x4 X 180"

. Describe briefly the balloon and braced-frame types of house framing.
. Name 10 items of Rough Carpentry.
. Make sketches showing square edge, T&G, and shiplap boards.

- N
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6. List the floor beams shown on the accompanying skctch,‘including the headers,
and compute the number of board feet, using regular stock lengths.
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7. Write at least 500 words of notes on Rough Carpentry, taken from two or three
of the books listed in the Preface.  Name the hooks used.

8. State the meaning and use of the following terms, giving sketches where possi-
ble: studs, board feet, bridging, corner braces, girder, beam, bridle iron, timber con-
uector, sill anchor bolt, tail bram, header, trimmer, rough carpentry, finish carpentry

9. Make a complete estimate for the Rough Carpentry required for the house
shown in Chap. V. The specifications are stated as follows:

Materials shall be new and thoroughly seasoned and protected from the weather
until placed in the building,  All lymber shall be dressed on all four sides.  Girders
shall be dense heart southern yvellow pine or Douglas fir.  All other framing lumber
shall be No. 1 Common Douglas fir. Al sheathing and rough flooring shall be
tongued-and-grooved No. 2 Common shortleaf pine or fir and shall be not less than 33"
in actuul thickness.

Sills shall bhe through bolted at corners and at joints, and joints shall be halved
together,  They shall be anchored with, 3¢ bolts and washers to the conerete founda-
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tion at corners and at about 12°0” intermediate points and at cach side of exterior
doors.

Corner posts shall be in one length from sill to plate. Wall and partition studs
shall be 2”7 X 4", in one length where possible, spaced 16" on centers, spiked to sill
and beams and doubled around and trussed over openings.

Beams shall be of the size and spacing noted on the plans and shall be doubled
under partitions and around wellholes, and spiked to studs. Ledger board for support
of second-floor beams shall be 1’ X 6" and be let into the studs.

Rafter plate shall be two 2”7 X 4", breaking joints over supports, lapped at corners
and thoroughly spiked.

Partitions sills and plates shall be 2 X 4", doubled in bearing partitions.

Studs shall be bridged at least once in the height of each story with 2”7 X 4.
Floor beams shall be cross-bridged with 1’ X 3”/, not over ecight feet apart.

All outside walls shall be sheathed diagonally and all roof horizontally with 2§
X 8 T&G lumber, with joints broken over bearings and all driven up tight and nailed
with three 8d nails at every bearing.

The entire first and second floor shall have subfloors laid diagonally, with joints
broken over bearings, double nailed at every bearing, and shall extend tooutside
wall sheathing. The attic shall be floored horizontally and extending to outside wall
sheathing,.

The outside wall sheathing shall be covered with black waterproof building paper,
well lapped. Before setting window and outside doorframes, place a strip 6’' wide of
this paper under the outside casings all around, lapping at least 3’ over the outside
wall paper.



CHAPTER XV
CEMENT WORK

Cement work, sometimes called ‘‘cement finish,” is frequently
included under the Concrete heading. On small jobs it is likely that
only one heading, such as Concrete and Cement Work, will serve for all
the concrete and cement items on the job. On large jobs a number of
headings may be necessary, because entirely different types of concrete
construction are involved or because subcontractors are expected to
figure certain portions. On very small jobs all the items may be thrown
together under the head, Masonwork.

Cement finish is applied as the top-finish wearing surface on floors,
usually 1" in thickness. The specifications state the mix desired and the
method of treating the top surface. The mix is generally about 1 part
cement to between 2 and 3 parts of sand, but special mixtures and special
ingredients may also be specified.

The cement base, run along the walls at the floor, comes under this
heading. It is generally about 6" high and may be straight or have a
cove at the floor. The top may finish flush with the wall surface above
or project slightly and have a bullnose edge.

The floor areas are listed in square feet and the base in linear feet.
Care must be taken to state the thickness and the mix specified, as well as
any special treatment that may be called for. Each thickness and each
different kind of work is kept separate, so that proper unit prices may be
applied to the quantities.

When subcontract estimates are received for any part of the concrete
or cement work, the estimator is required to check them carefully and
see that nothing is figured more than once among the several subcon-
tractors whose figures may be used. For example, the subcontractors
for the floor and roof construction may include in their figures the floor
fill that is placed on top of the floor arches and the fill that is placed
on the roof construction for drainage. This fill may be found also in the
estimates of the cement-finish subcontractors or on the estimator’s own
sheets, and an adjustment would therefore have to be made in all the
figures for the purpose of making proper comparison among them.

Cement floor finish is applied on top of slabs either immediately
following the pouring of the concrete slab, before the concrete has set, or
else as a separate coating applied some time afterward. The first method,

179
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which is called “integral” or ‘“monolithic,” is the one more commonly
used. It consists of a layer of mortar, from a simple sprinkling to a
coating 2"’ thick, which is carefully spread over the base slab. This is
then floated smooth with a wood trowel and sometimes also burnished
with a steel trowel for a fine finish. The second method, sometimes
called “bonded finish,” consists of a coating of mortar 1 to 2’ thick,
applied at a later date to the concrete slab and then finished as above
noted or as may be called for in the specifications.

Sometimes no finish at all is applied and the concrete slab is itself
finished by floating or troweling. Walks, roads, and other outside pave-
ments of concrete are usually given no special top coating. Interior
floors are specitied to be treated in one or more of many ways. The
estimator must take care to provide for the mixture and the thickness
required and also for any hardener or coloring material that is to be
incorporated in the finish or applied to it.

Various types of hardeners, waterproofings, and colorings are in use.
When these are called for, suitable entries must be made to cover the
additional cost of them. The number of square feet of area to be given
special treatment is sometimes separately listed and this additional cost
is applied to the quantity thus expressed. A better method, however, is
to keep each kind of complete floor finish by itself and then price each
one with a complete price per square foot. In this way the total cost of
each floor area may be readily seen and comparisons and adjustments
easily made. This will include all the clements of materials, labor, and
incidental expense.

Walks, cellar floors, driveways, and other pavements that are laid
directly on earth are customarily included under the heading of cement-
finish work. In this kind of work the entire construction of fill; slab, and
top finish is figured complete, by the square foot.

The cement treads and platforms that are laid on iron stairs are
included in the cement-finish division of the estimate, and these are also
measured by the square foot. Light wire mesh is sometimes called for
to be embedded in this tread and platform finish, and the unit price is
then adjusted so as to include the mesh.

The unit cost of plain cement floor finish runs between 12¢ and 16¢
per square foot. If cinder concrete fill 3”7 thick is placed under the finish,
then 8¢ to 12¢ per foot, additional, must be included, which would make
a total of 20¢ to 28¢. 'This is a typical floor, such as is used in small
house cellars or on top of floor arch construction. If, as in a cellar floor,
6’ of tamped dry cinders is included as a base under the concrete, a
further cost of between 9¢ and 12¢ per square foot is incurred. Thus a
pavement composed of a dry cinder bed, a cinder concrete slab, and a top
cement finish will cost the contractor about 34¢ per square foot, without
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any insurance or general expense items being considered. If broken
stone or gravel were used in place of the cinders as the coarse aggregate
in the concrete slab, this would increase the cost still further about 5¢
per square foot.

Sills and copings and expansion joints are measured and priced per
linear foot, each size and type separately.

Cement. Practically all mason supply dealers handle cement. Tt is
packed and shipped in cloth sacks or paper bags. One cubic foot of
cement (94 1b.) is contained in each sack or bag. A refund may be
obtained for any cloth sacks that are returned in good condition. Paper
bags are not returnable. All cement must be kept in a dry place until
used.

Construction. The general discussion of concrete applies to all con-
crete and cement work. The term ‘“cement work’ is a misnomer any-
way, as much of the work included under this heading is really concrete
construction, even including, at times, reinforcing mesh or rods.

Conerete is a mixture of cement, water, and inert materials, such as
sand, gravel, broken stone, or cinders. After it is mixed and placed, it
turns from a plastic mixture into a hard artificial stone, owing to the
hydration of the cement. When concrete is properly cured, hardening
continues for a long time after it has acquired sufficient strength for the
purpose intended. The correet proportions of water, cement, and coarse
aggregate to use in the mixture are governed by the character of the work
for which the concrete is intended. In a conecrete mixture, cement and
water form a paste, which, upon hardening, acts as a binder cementing the
particles of sand and coarse aggregate together into a permanent mass.
The use of too much water thins or dilutes the paste, weakening its
cementing qualities. Consequently, to get the best results, it is impor-
tant that the proper proportions of cement and water shall be used, the
exact proportions depending upon the work.

A workable mixture of concrete is one of such plasticity and such a
degree of wetness that it can be placed readily and that, with spading and
tamping, will result in a dense concrete. In a workable mixture there
is sufficient cement-sand mortar to give good smooth surfaces free from
rough spots, called “honeycombing,” and to bind the pieces of coarse
aggregate into the mass so that they will not separate out in handling.
Mixtures with a deficiency of mortar will be harsh, hard to work with, and
difficult to finish. On the other hand, oversanding, or the use of too
much sand, increases porosity and reduces the amount of concrete that
can be produced with a sack of cement. For given materials and condi-
tions of handling, the strength of conerete is determined soley by the ratio
of the volume of mixing water to the volume of cement, as long as the
mixture is plastic and workable. The ratio of water to cement also
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governs the watertightness or impermeability of the concrete, about six
gallons of water per sack of cement usually producing watertight concrete.

Sand or rock screenings, the fine aggregate, includes all particles that
will pass through a screen having meshes 14"’ square. Coarse aggregates
range from 14’ up to 114" or 2. In thin slabs or walls the largest picces
of aggregate should not exceed one-third the thickness of the section of
concrete being placed.

Concrete should be placed as soon as it is ready, in no case more than
45 minutes after mixing. It should be deposited in layers of uniform
depth, usually not exceeding 6" in depth. It should be continually
tamped or spaded so that it will settle thoroughly and produce a dense
mass.

The surface finish of a floor or walk should be obtained by using a
wood float. A metal trowel should be used sparingly, if at all, because
its use brings to the surface a film of fine material that lacks the wearing
quality of the cement and sand combined and may cause the surface to
develop hair cracks after the concrete hardens. Although a troweled
surface is smoother, it does not wear so well as a floated surface and is
likely to be slippery.

If concrete is left exposed to sun and wind before it has properly hard-
ened, much of the water necessary to hardening will evaporate and the
concrete will simply dry out. Moisture is needed for the proper harden-
ing of concrete because, as has already been mentioned, this process is due
to changes that take place in the cement when it is mixed with the proper
amount of water. Concrete floors, walks, pavements, and similar large
surfaces can be protected by covering them with sand, moist earth, or
some other moisture-retaining material as soon as the concrete has hard-
ened sufficiently to permit doing so without marring the surface. In
warm weather this covering should be kept moist by frequent sprinkling
for a period of about 10 days. Walls and other sections that cannot be
covered in this manner can be protected by hanging moist canvas or bur-
lap over them. During colder weather, protection is equally important,
but the concrete need not be kept moist, as evaporation is not so rapid.

Basement floors in houses are generally 4" thick and are preferably
laid in one course directly on the ground or on suitable fill. The floor is
laid off in strips 4 or 5 feet wide extending the full length or width of the
basement. For forms, 2 X 4s are set on edge and so positioned that they
provide grounds or guides for the strike board used in leveling off the sur-
face. Stakes are driven along the 2 X 4s to hold them in place. After
the concrete has been placed and leveled off with the strike board, the
surface is floated to fill in low places and work down high spots. If the
floor is to be pitched toward a drain, this should be provided for in setting
the 2 XX 4s. After the surface is evened off, the concrete is allowed to
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stiffen until it is ready for the final troweling. Too much troweling is not
advisable.
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Fia. 109.—Sidewalk construction.

Sidewalks should always rest on a firm base. If the soil on which they
are to be laid is well drained, the concrete can be placed directly on it

after all refuse, grass, roots, and similar materials have been removed and
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the ground has been well compacted.  If the soil is not well drained, a
six-inch subbase of well-compacted, clean, coarse gravel or‘clean cinders
should be provided. Sidewalks are generally built by the one-course
method, as described for basement floors above, and the surface should
be sloped slightly toward one side, to make sure that rain water will drain
off. For convenience in building and provision for expansion and con-
traction joints, walks should be divided at 4- to 6-foot intervals with parti-
tion strips placed at right angles to the side forms.  Every other section
is then concreted. After these have hardened, the cross strips are
removed and the remaining slabs are placed.

2-0"

"
/ crown

Fia. 110, Conerete driveway.

Driveways and curbs are sometimes included with building work and
are listed under Cement Work. Driveways are made not less than 7"

gy ¥

Fra. 111.—Curbs.

thick, in order to carry the load of moving vehicles. The center of the
driveway is given a crown of about 1”7, to ensure rapid drainage. 'This
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crown is produced by means of a curved strike board or template, which
shapes the surface. The area on which the pavement is to be placed
should be brought to the required grade, with such excavation and filling
as may be necessary to secure the required uniform slope. All filled-in
places should be thoroughly tamped, and the ground should be shaped,

TF16. 112,—Cow stall.

with the center 1”7 higher than the outer edges, so that the finished pave-
ment will have a uniform thickness. Side forms of 2 X 6s or 2 X 8s
should be set, with their tops at the right level to serve as guides for the
templates. The finishing is done with wood floats attached to long
handles. TPavements should be protected from the drying action of the
sun and the wind by being covered and kept moist for at least two weeks
before the driveway is used.

Curbs and similar construction require special formwork, and on large
jobs of curbs steel forms are recommended.

Concrete steps are safe, nonslippery, and so durable as to last indef-
initely if they are properly constructed. Stairways and long flights of
steps are generally listed under the heading, Concrete Work, but small
sets of steps are always placed under Cement Work.

When steps are built between side walls, the walls are completed first.
When these forms have been removed, the space that will be under the
steps is filled in with earth and thoroughly tamped, to provide a firm base
on which to pour the concrete for the steps.  Steps of this kind resting on
well-compacted earth require no reinforcement.

Planks for supporting the riser forms are held firmly in place against
the walls by means of cross braces, and pieces of 1 X 4 or 2 X 4 are nailed
to the planks for holding the riser forms in place. For a comfortable
flight of steps the vertical distance from one step to the next should not
exceed 714" and the width of the tread should be at least 10,
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¥16. 114.—Chimney cap and form.
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Chimney caps are either cast in moulds, on the ground, and then
placed on top of the chimneys, or are cast in place by building forms on
the chimney tops. The inner core of the chimney form, which has
beveled sides to facilitate removal, is held in place by a strip nailed across
the top of both forms.

Exercises

1. Make a sketch of a typical basement floor, in cross section, showing a bed of
cinders, with & monolithic-finished concrete slab on top. Mark the thickness of each.

2. Write at least 200 words of notes on cement work, taken from one or two of the
books listed in the Preface.  Name the books used.

3. Make a complete estimate of the cement work required by the house plans
shown in Chap. V. The specifications are stated as follows:

Cement shall be fresh Portland cement. Sand shall be clean, coarse, and sharp.
All coarse aggregate shall be either crushed rock or gravel, ranging in size from 4"
to 114’ and shall he free from dirt.

All conerete shall be composed of 1 part cement, 3 parts sand, 5 parts coarse aggre-
gate, and 1{o part hydrated lime. The floor of the basement shall have a 1’ finish
coat, consisting of 1 part cement, 2 parts sand, 4 parts crushed rock (pea size), applied
immediately after the base slab is laid and before it has taken initial set, floated and
troweled to a hard smooth finish.

Lay a 3" concrete bed in the bathroom floor, ready to receive tile by others.

Form a cement wash, 1"’ thick at the outer edges and sloping up to 3" thick, on top
of the chimney brickwork.

Construet the walks, service platform, and driveway strips of a 9" bed of coarse
gravel or broken stone, with a 4”’ concrete top, wood-floated to a smooth, uniform
finish. Install 147 X 6’ composition expansion joints approximately 4’0"’ apart and
at the garage apron and front sidewalk.

Construct the garage floor and ramp and the strip of concrete forming the ramp at
street curb similar to the walks and driveway strips but with concrete slabs 6’ thick.
The curb is already cut and ready for the driveway ramp.

Protect all concrete surfaces by covering with burlap and keep this protection
moist for ten days.



CHAPTER XVI
PLASTERING

The heading for the plastering division is sometimes given as Lathing
and Plastering. 1t usually includes all the work done by the lathers and
the plasterers.

Plaster is apphed directly to brickwork, terra cotta blocks, gypsum
blocks, and other masonry and on wood or metal lath and plasterboards.
Stucco, which is just exterior plastering, is included under this heading.
Metal corner beads and the iron hangers installed by metal lathers in sus-
pended ceiling construction also come under this heading.

Grounds are wooden strips made to a uniform thickness, which are
applied by the carpenters and belong under the heading, Carpentry.
They are installed to act as guides for the surface of the plaster. They
serve as stops against which the plaster is finished and also provide a
means of fastening the trim to the walls.  Grounds of 7§ thickness are
required when three-coat plastering on wood lath is to be used; grounds
34" thick are required for three-coat work on metal lath; grounds 5g"’
thick are required for two-coat work on masonry.

Plasterboard work is put under this heading, especially when it is to
be coated with plaster. If the boards are simply nailed on, the work is
sometimes put under the carpentry heading. Each board contains eight
square feet. The boards are 32" X 36" and therefore suitable for 12",
16", or 18" nailing on wood studs, etc. Thicknesses obtainable are 14",
38", and 14"

Wood laths are {’" X 114" X 48", which allows for 12" and 16"
nailing. They are applied 14" to 3¢" apart. Metal lath comes in many
forms of expanded metal sheet and woven wire mesh.

There arc many kinds of plaster and stucco materials and finishes.
Prepared plasters, already mixed or partly mixed, are in use now to a
large extent.

The work included under this heading is measured by the square yard
for flat surfaces and by the linear foot for mouldings, cornices, corner
beads, etec. Some estimators make no deductions for the openings.
Some take half of these “outs.”  Still others take no “outs’ of less than
21 square feet and, therefore, would measure an average wall or partition
as though it had no windows or doors. Although the last of these
methods seems to be the one most commonly used, it is best to state at
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the very beginning of the plastering estimate which method is being used.
In this way anybody reading the estimate will note the method adopted
and disputes on this will be avoided. Similarly, in bids and letters in
which the method of measuring is concerned it is a wise precaution to
state which method is assumed.

Care must be taken in listing the work to see that all the items are
included. Not only are room walls and ceilings plastered but also walls
and ceilings in passageways, halls, storage rooms, bulkheads, ete.  Soffits
of stairs, landings, mezzanine platforms and showrooms often have work
under this heading. In addition to the lathing and plastering, there are
items of corner beads, arches, and outside plastering, or stucco, to be
considered.

The student should not become too much bound by definite rules of
procedure in estimating any trade. All the work should be written up,
however, so that a complete story is made in the estimate of the proposed

"building. The test of a good estimate is the ease with which another
estimator can understand every item. With plastering work, care should
be taken to separate the listing of the quantities into many parts, depend-
ing on the location in the building, the kind of plastering, the number of
coats involved, the kind of lathing, etc. In this way the estimate
may readily be checked or adjusted and what is more important—it
may be priced at proper cost prices to suit each individual item or group
of items.

It is recommended that the work for each floor be kept separate from
that of other floors. In this way, one large error—that of omitting an
entire floor—is less likely to be made.  Concentrating thus on one floor,
the estimator of little experience will find it easier to visualize the work
shown on the plans.

An illustration of a portion of an estimate in plastering is given in Fig.
115. Note the general form of layout and the systematic arrangement of
the names of minor headings and the figures. The totals are extended
for the quantities and suitable prices are applied.

Plastering Costs. Plain plastering costs the contractor 80¢ to $1.00
per square yard for two-coat work on masonry. Three-coat work on
lath, including the cost of the lathing, runs from $1.50 to $2.00 per square
vard. Hung ceilings, formed of iron hangers, runners, metal lath, and
three coats of plaster, cost between $2.50 and $3.50 per square yard.
Plain cornices run from 50¢ to $1.00 per linear foot. Corner beads cost
12¢ to 15¢ per linear foot.

Lathing. Wood lath must be solidly nailed at every bearing. Ceiling
lath must run in one direction only. Joints in all wood lathing are
broken at least every eighth lath. Wood lath, mostly of spruce, is }{"”’
thick and 32" or 48" long, and 114" wide.
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Metal lath is made of stamped metal or wire mesh.  The stamped or
expanded metal lath comes in sheets 24" wide and 8’0" long. Wire mesh

PLASTERING
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Fra. 115.—Plastering estimate.

for plastering work comes in rolls 3¢’" wide and 150 ft. long. Ribbed
lath of many varieties is also obtainable.
1" on abutting edges; where it finishes against masonry walls, the lath

Metal lath is lapped at least
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should be extended at least 3" on the surface of the walls and be securely
fastened.
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Expanded Metal for Stucco Self-furring
Frd. 116.—~Types of metal lath.

Suspended ceilings are formed of iron or wood hangers and runners on
which the lath and plaster are applied. Tron hangers and runners are
used in fireproof construction. The whole ceiling construction is meas-
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ured and priced per square vard of plastered surface. Hangers for sus-
pended ceilings must be placed in line in either direction and with
maximum spacing of 5’0’ on centers. With floor arch construction, the
hangers extend through the arches and are formed of two pieces of 1”7
channels or 31g"" X 1” flat bars, at least 7" long, and bolted, riveted, or
welded together to form a tee. Purlins of 114" channels or angles are
bolted to each hanger, with a maximum spacing of 5’0’”’. Cross furring
consists of at least 1’ channels, wired on, with a maximum spacing of 12",

Metal corner beads are used on vertical external corners, and some-
times strips of metal lath are applied on internal corners.

Plastering. Plaster is classified as lime plaster, gypsum plaster, or
cement plaster, depending upon which of these materials is used in it.
Cement plaster is used especially in places where more resistance to fire
is desired or in damp places, such as cellars. Gypsum plaster is always
used on gvpsum blocks and on plasterboards. Any plaster may be used
on wood or metal lath.

The first coat of plaster applied to lath is called the “seratch” coat.
It consists of lime, sand, and hair and is forced into the lath so that some
of the material comes through it to form a key. Before this coat hardens,
it is scratched with a seratching tool or with a piece of metal lath, to pro-
duce a rough surface for holding the next coat.

The second coat is called the “brown” coat. It is formed of lime and
sand only and is applied as the thickest of the three coats and brought to
a true surface with a wood trowel, called a “float.”

The third coat is called the ‘“white’ coat or “finish” coat. Tt is made
of lime and plaster of Paris and is only about 1g"" thick. Tt is usually
troweled with a steel trowel to a hard, smooth finish, ready to be painted
or covered with wallpaper. The plaster of Paris gives it the hard, smooth
finish. Keene’s cement, a very finely ground cement, also is used ocea-
sionally for the finishing coat.

Ready-mixed materials, some complete and ready for mixing with
water only, and others, which require the addition of sand, are obtainable
in 50 and 100 Ib. bags. These ready-mixed materials are commonly used
in place of plaster mixed at the job, of the original ingredients.

Stucco, or exterior plasterwork, is generally formed of three coats of
cement mortar. Various surface finishes are given by varying the method
of floating or troweling employed or by incorporating pebbles or other
materials in the finish coat. Ready-mixed stuccoes, some colored, arc
also obtainable.

Other kinds of plaster, including decorative or colored finishes, are
used at times, in addition to the common type of work deseribed above.
In any event, the work is measured in square yards of completed surface
and the price per yard is applied that will take care of the cost of the
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entire plaster-work and include the cost of the lathing or other plaster
base that may be called for.

Plasterboards are usually estimated under this heading or under the
heading, Rough Carpentry. Two coats of plaster or just one heavy
white coat is usually applied to the plaster boards. If no plaster is to be
applied to them, the painters are sometimes called upon to fill the joints
before painting. They use a putty knife for filling the joints with spaechel
or some other plaster mixture, in order to comply with the union agree-
ments, which prevent them from using trowels such as the plasterers
would use. Plaster-boards come in several thicknesses and sizes as has
been noted before, some with prefinished surfaces.

Exercises

1. Make a sketch plan of a plastered bedroom and closet, showing dimensions, and
then prepare a quantity survey of all the plastering work involved.

2. Why are such strong members and such careful methods required by building
codes in suspended ceiling construction?

3. Write at least 300 words of notes on lathing and plastering from one or two of
the books listed in the Preface. Name the books used.

4. Make a complete estimate of the plastering work for the house.  The specifica-
tions are as follows:

Apply expanded metal lath, weighing at least 3# per square yard, to all wall and
ceiling surfaces in the garage, bathroom, toilet, kitchen, and rear entry, and also on
the walls and stair soffit in the cellar stairway.

Apply good, sound spruce lath, secured with galvanized nails, on the walls and
ceilings in all the other rooms, closets, and halls. Install strips of expanded metal
lath, over the wood lath, in all vertical and horizontal internal corners and extending
at least 3"/ on each of the surfaces.

Install galvanized No. 20 gauge metal corner beads on ull external plastered cor-
ners throughout, extending the full height of the plaster.

Apply three coats of cement mortar in the garage, brought to a smooth, troweled
finish. Apply a scratch coat of cement for the tilework in the bathroom and the
toilet.

Apply three coats of lime plaster, with Keene’s cement incorporated in the finish
coat, in the bathroom, toilet, kitchen, rear entry, and cellar stariway.

Apply three coats of lime plaster on all the wood lathing, brought to a perfect,
hard, white, troweled surface. .



CHAPTER XVII
FINISH CARPENTRY

Finish carpentry includes all the items of carpentry except what is
required for concrete forms and rough-framing work. The formwork
is always included under the concrete headings. The rough framing,
rough flooring, wall and roof sheathing, and other items of carpentry
that are put in place before the lathing is started, are put under the
heading, Rough Carpentry. On very small jobs, however, all of the
carpentry may be included under a single heading. On very large jobs it
is usually advisable to set up separate headings for the special items, such
as stair work, finish flooring, kalamein work, overhead-type doors, ete.
The estimator uses his own judgment about arranging his estimate.
The main thing is to see that every item is properly estimated under some
suitable heading and that nothing is estimated more than once.

Millwork. Most contractors take estimates from millwork manu-
facturers for furnishing all the millwork required for a job. Then they
cither add a certain percentage of the material figure, to cover the labor,
or list the items and price them at prices to suit each one. Others list all
the items in detail, just as the millwork dealer would do, and then send
copies of their list to several dealers for prices.

It is dangerous to use the percentage method of pricing the labor
unless the work is of a type that can be judged accurately. The labor
cost, not including insurance or general expense, runs usually between
909, and 1209, of the material cost, for ordinary work.

It is a good idea to make small sketches of each piece of millwork
listed, especially those that cannot be described in a few words. A
sketch often gives more information than even a lengthy description.
The sizes of the various members shown in each sketch should, of course,
be given in the sketch if they are not listed clearly.

In listing windows, care must be taken to state that the dimensions
are sash sizes or mason-opening sizes. Sash sizes are usually given for
windows in frame buildings and mason-opening sizes for windows in
masonry buildings.

The thickness of doors and of window sash makes a decided difference
in the cost, both for the material and for the labor of installing. The two
most common thicknesses are 13¢" and 134’/ Sizes of doors and windows
are always given by stating the width first, then the height, and finally the

195
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thickness. Thus, a door might be 2'10"” X 6’8" X 13%”, and a window
might be 2’9" X 52" X 134"". Note that the thickness of a door refers
to the thickness of the stiles and rails and not of the panels, and the thick-
ness of & window means the thickness of the sash and not of the frame.
All other essential information should, of course, be given, besides.

Wood doors are made in many stock sizes and stock patterns.  White-
pine doors are generally used for exterior openings. White pine, fir, and
birch are commonly used for interior doors, sometimes one material being
used for the stiles and rails and another for the panels. The common
thickness for exterior doors is 13"/, and the thickness most used for inte-
rior doors is 13¢”".  These, as has been noted, are the thicknesses of the
stiles and rails.  Unless raised panels are called for, the panels are usually
very thin. Cupboard doors are only about 1" thick.

A single door consists of one leaf. Double doors, or pairs of doors,
have two leaves. Double-acting doors are those that swing into both
rooms on double-acting hinges.

Overhead doors, which swing up above the door opening, are provided
with special fittings and hardware for this purpose.

Sliding doors slide sidewise or vertically and are provided with special
tracks, rollers, guides, ete.

Fireproof doors may be of kalamein, hollow metal, or all steel. Kala-
mein doors are those made of wood and covered over with metal.

Figure 118 shows vertical sections through a typical interior door
opening. These illustrate the construction of a well-made door. A
rabbeted solid frame, rough buck, grounds, two types of trim, and a
backband are also shown.

Figure 119 shows horizontal sections through two types of doors, one
with a solid rabbeted frame and the other with jambs and stops.

Figure 120 shows the designation of doors as to the swing. These
designations are used also in describing the hardware requirements.

Figures 121 to 124 show various window details. "They will also serve
to illustrate the entire construction around window openings in both
masonry and frame buildings.  The student should go over all of these
carefully, noting every member and its relation to all the other members.

Exterior trim for water tables, eaves, etc., is carefully listed and
priced to suit the work called for on the plans or in the specifications.
Simple itéms may be merely named and the size and number of linear
feet. be given; but elaborate cornices, ete., will require sketches and
description.

Interior trim, such as baseboards, chair rails, wall mouldings, and
plain handrails, can generally be listed by stating the number of linear
feet required and the sizes. Careful measurements should be taken of
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these items, as well as those of more elaborate nature, with particular care
that all the items are included and all the rooms are taken into account.

The trim for doors and windows is often included with the pricing of
the doors and windows. If not, these items must be listed and priced
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separately, either by the linear foot or by the side of trim.
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A stde of trim

means the trim required for one side of a wall or partition in connection
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with a door or window opening. Elaborate trim must, of course, be
described and sketched with care.
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While these are more elaborate than those found on ordinary

buildings, they will serve to illustrate many features of construction with

ments, twists, ete., in addition, and pricing per piece for handrail brackets
Figure 125 shows details of exterior cornices on masonry and frame

that may be required.

buildings.
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which the estimator should be familiar.

Go over these details, item by

item. Note the work involved in putting the various parts together.
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Realize

Note the amount of blocking required for work of this character.

the substantial scaffolds that must be provided for doing the work safely.

Figure 126 shows the construction of a typical porch of the sun-room

Note here the great amount of blocking and the large number of

type.
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members required. The hardware alone for a porch with many doors and
windows, such as this one, is an item of considerable expense to be esti-
mated, especially if it is to be of solid bronze, as it should be.
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Fra. 126.-- A sun porch.

Figure 127 shows various items of interior trim and some of the block-
ing that must be considered in connection with it, if the blocking is not
provided for under the heading, Rough Carpentry.
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Flooring. Wood flooring is generally 2945" thick and is tongued and
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cerment in

Wal/l plugs ot intervals,

2 0 ﬁl T . E
< 20y %1 N g x2 grounds for
W d baose course

-

out fo keep ponel belo
in olignment with heovy
ploster panel obove

Toggle bolts or fx]’ba//r.hg.sfrip, ot infer
collopsible screws vals, built in wall

Fastening of Grounds, Blocking ond Nailing Strips in Masonry Construction

\ HHEE 5 K

Butt  Tongue Tongueond Covered Plain

+Cyma Recta  Ovolo Thumb and  Groove with Joint Mitre

%% Z % Groove Bead
RIS Y
C yma Pev/ersa Torus Be@f/d $\§

2

Covered Housed Dove-tail  Mitre Ship-

2 (%V Various Joints Used in Woodwork lap
g Dot nes indi
Scotia Coveor Quirk N\ G Ootfed ines halcofe
% % Covetto N m quired for moulding
4

Fillet Mouldings

Drow /ine A through the two highest

\
projecting points on sill or moulding. 3
line B is then drown 1 fo line A.

On this line B loy off thicknessof <~ c

lumber required os point m., \ Method used to

m

determine the correct
pitch of underside of sill and
back of moulding

Fia. 127.—Grounds, joinery, and moldings.

Through point m.draw line Clifo
line A Length of /ine A and C depend
on design of sill or moulding fo be used \~~

314". These widths are made from 3’ and 4’ wide stock, respectively,
and are figured on the basis of 3" and 4" widths. As several grades of
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flooring are made in each kind, the estimator must be careful to price the
work to suit the grade specified.

Oak flooring is classified first as White or Red Oak. It is further
classified as Plain-sawed or Quarter-sawed. Still further it is graded as
Clear, Select, No. 1 or No. 2, if it is plain sawed material, or as Clear, Sap
Clear or Select, if it is quartersawed. Maple flooring is classified as
White Clear, Red Clear, First Grade, Second Grade, or Third Grade.
Pine flooring is first classified as Flat Grain or Comb Grain (sometimes
called Edge Grain),and is further graded as Grade A, Grade B, or
Grade C.

As will be seen from the stock required to make the flooring, there is
considerable loss of surface, owing to the manufacturing. There is also
waste in cutting at the job, owing to pieces being rejected. These losses
make it necessary to add between one-third and one-half to the floor area,
in order to obtain the number of board feet required. If the work is
priced on the basis of the square foot of floor surface, this fact must be
carefully borne in mind and the unit price must be increased to suit the
case, -
Wood flooring is generally laid on top of wood underflooring. The
underflooring is of ordinary 1’ boards, usually T&G and usually laid
diagonally across the floor beams; 1’ X ¢’ boards are most commonly
used for this purpose. These are actually only about 34"’ thick and have
a face width, when laid, of only 514"’. This rough flooring is listed under
Rough Carpentry.

Wood flooring is generally scraped and then finished in one of several
ways. When these items are called for, they are priced in addition to the
flooring itself, on the basis of the number of square feet of floor area.
Scraping and finishing are sometimes placed under the heading, Painting,
instead of Carpentry. The additional cost runs between 2¢ and 4¢ per
square foot for scraping, and between 3¢ and 6¢ for the finishing.

Flooring costs between $80 and $100 per M’'BM for the material and
about the same range for the labor, in the case of regular kinds. This
total range of $160 to $200 equals about $225 to $300 per thousand square
feet, or 2214¢ to 30¢ per square foot. As has been stated before, the
narrower the board, the greater will be the percentage of waste as a result
of forming the tongues and grooves, etc.

Catalogues and some reference books state that allowances of 3344 9,
37149, and 509, should be added for waste in 214", 2", and 114" face
flooring, respectively. However, because of the additional waste due to
cutting to fit around odd-shaped rooms and for pieces that become
damaged or are rejected for poor quality, at least 5% more should be
added. The estimator must always bear in mind actual job conditions,
when judging such matters, and not be influenced by theoretical figures.
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Oak Flooring. Oak is heavy, hard, and strong. Commercial white
oak averages 47 lb. per cu. ft. at 129, moisture content. Commercial red
oak averages 44 lb. per cu. ft. at 129, moisture content. Pieces or boards
are considered as quartersawed when 809, of the surface shows the radial
grain at an angle of 45° or less. Figure 128 shows a quartersawed board
(the one taken from the center of the log) and its position in the log. The
radiating lines of the medullary rays (shown at the end of the log) lie
nearly parallel to the plane of the board, while the growth rings cut across
through the board at nearly right angles. As the sawing continues and
the quartered boards are cut at distances away from the plane through
the center of the log, the angle made by the rays with the plane of the

Fia. 128.— Quartersawed and plain-sawed board.

boards increases and, after a 45° angle is obtained, the boards are classed
as plain-sawed and partake of the appearance of the board shown coming
from the outer portion of the log.

In addition to having desirable beauty, quartersawed material shrinks
and swells less than plain-sawed lumber, and it does not surface check or
split as much as the plain-sawed kind. It takes about 10 operations with
specialized machinery to produce good flooring. After the oak lumber
comes from the dry kilns, it is fed through the ripping machines, which
cut it into widths suitable for flooring. It then travels on endless chains
along the platform and through a planer and a flooring machine. The
flooring machine tongues and grooves, hollows the back, and stamps the
maker’s name and trade-mark on the strips. The strips are next con-
veyed through an end-matcher machine and are then bundled.

Maple Flooring. Maple, beech, and birch are heavy, strong, and
hard woods. They are very much alike and sometimes one is substituted
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for another. All three are close-grained, hard-fibered, and free from
slivering and splintering.

Grades 1, 2, and 3 are the standard commercial grades. The Clear
grades are special grades selected for color. First grade is the highest
standard grade and is the most durable and desirable for fine homes,
churches, dance floors, gymnasiums, public buildings, and other places
where appearance as well as durability must be considered. Second
grade is practically as serviceable as first grade and has only slight imper-
fections. Third grade is of poorer quality and shorter lengths, but is
suitable for factories, warehouses, workshops, and other places requiring
a strong, hard floor.

Exercises

1. Nume 10 items of finish carpentry.

2. Write at least 300 words of notes on finish carpentry from two or three of the
books listed in the Preface. Name the books used.

3. Make a list of the names of all the members shown in Figs. 120 to 123, including
the masonry and iron items, and give a hrief deseription of the meauning and use of
each of these terms.

4. Make a complete estimate of the finish carpentry for the house.  The specifi-
cations are as follows:

Materials. All materials shall be thoroughly seasoned and protected from the
weather until placed in the building. Al interior trim, including doors, shall be sand-
papered before being set in place. The exterior woodwork shall be primed as soon
after placing as possible.  All tool and erection marks shall be carefully removed from
finished surfaces. All workmanship must be perfect.  All joints, where possible,
shall be tongued and rabbeted together to conceal shrinkage. Exterior wood finish
shall be of selected stock white pine. Interior finish shall be southern poplar.  Other
materials shall be as described below.

Doors.  Exterior doors shall be of white pine, of the design shown on the drawings,
and 134" thick. Interior doors shall be of white pine, six-panel (‘olonial design,
134" thick, with raised panels.  Exterior door frames shall be solid, rabbeted 134" thick
white pine. Interior doorjambs shall be 74’ thick, of poplar or white pine.

Windows. Window frames shall be of y(-llow pine, with pulley stiles 114" thick
and with brass 214" pulleys for sash cords or grooved for spiral window adjusters of
approved type. Sash shall be check-rail type, 134"’ thick, of white pine or cypress.
The underside of all sash shall be grooved. Provide 115" thick storm sash and 114"
thick screens, full length, both of white pine or of cypress, for all windows, including
those in the cellar. Provide 13¢" screen doors for all exterior door openings. All
window sereens and sereen doors shall have copper mesh.

Interior Trim. Provide 34" X 334" moulded trim around all doors and windows.
Provide 114" stools rabbeted over 34" X 334’ moulded aprons in all window openings.
Provide 34" X 334’ moulded chair rail in dining room. Provide 37” X 514" base-
board, with two mouldings, and 34" X 434"’ cornice mould thmughout, except in the
kitchen, bathroomq, garage, and closets. Provide onc 12 shelf, a chrome-plated
hanger pipe, and 33" X 314’ baseboard in all closets, with six shelves in the linen
closet. The only tnm required in the cellar is a 34" X 34’ moulded frame around
each window.
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Porches.  All the poreh work shall be of white pine throughout, put together in
substantial style, all joints being housed where possible, and all joints being set in
white lead.

Stairs. Stairs, from cellar to second floor shall have 2" X 12’ carriages, set not
more than 16" centers; 114" oak treads; 74" poplar or white-pine risers; 114’ square
balusters, set three to a tread; and 314" X 34’ moulded oak newel posts. Treads
and risers shall be mortised together, wedged, and glued. Provide moulded oak
214" X 214" handrails.

Flooring. lay Florian deadening felt, well lapped, on the subflooring throughout,
except in the kitchen and rear entry. Lay flat grain B-grade pine flooring, 35"
X 214" face T&G, in the kitchen and the rear entry.  Lay No. 1 Quartered White Oak
flooring in the living room and first-floor hall. Lay No. 2 plain-sawed white oak in all
the other spaces throughout the first and second floors, except in the bathrooms. All
the oak flooring shall be 253,” X 214", side and end matched, and shall be laid and
nailed in perfect manner. Scrape and sand all flooring.  Finish all the oak flooring
by applying a water stain, sanding, filling, shellacking, waxing, rubbing, waxing again,
and polishing. Finish the stair treads in the same manner as the oak flooring.

Mantel. Provide a mantel for the living room. This shall be constructed in true
“cabinet” style, of poplar, with two fluted pilasters at each side, a fascia about 10"
wide, three lines of mouldings on the fascia and one along the edge of the shelf, and a
shelf 1147 X 714", ’

Kitchen Cabinets. Provide a complete set of kitchen cabinets, as shown on the
details.  These shall he made up in true “cabinet” style and finished in the factory
with a priming coat and with two coats of white enamel on the inside and three coats
on the outside. Include chrome-plated brass hardware, pan racks, breadbox lining,
decorative frieze, ventilated sink-front enclosure, and approved counter and sink tops
and splash back of linoleum with heavy chrome-plated brass edgings.

Other Items. Provide all other items of finish carpentry as required to complete
the work, including exterior and interior trim, gable louvers, overhead door-frame,
garage rack, ete. The overhead door is specified under a separate heading.  The
kitchen floor will be linoleum and is specified under a separate heading.



CHAPTER XVIII
STEEL AND IRON

The subcontractors for steelwork include all the steel columns, girders,
and beams, and the steel plates and connections that go with these items.
They also include the heavier types of steel lintels and any special steel
framing that may be required for tank and machinery supports and other
purposes, in addition to that for the general support of the building. If
there are steel trusses, these also would be figured by the steel contractors’
estimators.

The subcontractors for ornamental and miscellaneous ironwork
include all the steel and iron items called for on the plans and in the
specifications, except those that are put under thé structural-steel head-
ing. Sometimes there is a question as to the heading under which certain
items should be entered. Small items of steel, especially those that are
plain members or that do not frame into other steel, are examples. It is
part of the general contractor’s work of coordinating the trades to see
that questionable items are taken care of by one or the other of steél and
iron contractors.

Occasionally, one subcontractor will include all the structural steel
and the miscellancous and ornamental iron. This happens especially
when there is a considerable amount of ironwork and only a few items of
structural steel.

Structural Steel. To compute the cost of the structural steel, the
steel estimators first list all the pieces of steel shown on the plans. The
cross-section type and size, the length, and the weight per linear foot are
generally taken. The extensions are made in tons, and the work is priced
on that basis.  Some of the factors considered in making up the estimated
cost are shop drawings, erection drawings, time for delivery, mill or stock
material, fabrication, shop painting, freight, trucking, steel members,
rivets, welding, bolts, connections, bearing plates, unloading, erection,
equipment, scaffolding, planking, field painting, foremen, insurance,
general job expense, overhead expense, and profit.

If inspection of the structural steel is called for, either at the steel
plant or the fabricating shop or at the job, the expense in connection with
this must be considered, also. Perhaps the specification makes a lump-
sum allowance for this purpose or specifies the name of an inspection con-
cern to do the inspecting. In addition to this element of cost, which may

210
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have to be included by the general contractor’s estimator instead of by
the steel contractor, other items require careful consideration. The shop
or erection drawings are sometimes so specified that the general contractor
has to judge the cost and make a suitable entry in the general estimate,
instead of having the steel contractors include such cost in their estimates
to him.

Steel specifications often call for the grouting or bedding of the steel
members that bear on concrete or masonry. This work is practically
never included by the steel contractors, and the general contractor’s

Fi6. 129.—A steel-frame building.

estimator must therefore make sure that the cost is covered in his esti-
mates for the concrete or masonry work.

The student should become aware of the fact that architects assume no
responsibility for the correctness of shop drawings and schedules sent to
them for approval, in any line of work, even if they sign the drawings or
schedules as meeting with their approval. The approval is always under-
stood to cover the general design of the work only and not the correctness
of the detail members or measurements, or the fitting together of the work
in the job. Too many contractors rely on the architect’s approval of the
drawings submitted by themselves or by their subcontractors. This
approval does not constitute a thorough check of the drawings. Neither
does an architect guarantee that various drawings sent in by subcon-
tractors in different trades coordinate with one another. This all means
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that the estimator has to consider carefully any cost items of this sort
that come to his mind in estimating. Ile may have to make the drawings
himself for some of the subcontractors, or he may have a lot of trouble
checking and correcting drawings. It may even be necessary for him to’
reconsider the type of subcontractors that his firm plans to use on a
particular job.

The contractor assumes practically all the responsibility for the job,
once he has signed the contract. He may pass along considerable of
this responsibility to his subcontractors and, of course, this is what he
should do, because they are the experts and specialists in their own fields
of work and may, therefore, be expected to undertake the responsibilities
that their work entails. The estimator must see that subcontracts are
s0 worded that the subcontractors take the whole of their fair share of
responsibility. The estimator should also endeavor to have his firm’s
interests properly covered in the general contract with the owner. Con-
tractors are too prone to sign the contract form that is given them by the
architect (and usually double-checked beforehand by the owner or the
owner’s lawyer) without considering whether changes or additional
clauses might not reasonably be requested by himself, the better to pro-
tect his own interests.

The steel framework of buildings is made up mainly of H-columns,
I-beams, channels, and angles. This is all highly standardized. Refer-
ence lists like the following tables are used by architects and engineers
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STANDARD I-BEAMS
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UNEQUAL-LEG ANGLES
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when they design the structure and by steel contractors when they pre-
pare the material lists and schedules. The tables give only the more
commonly used sizes and the weights per linear foot. The wide-flange
[-beams are used also for columns.

Steel Costs. Structural steelwork usually costs the general contractor
between $130 and $150 per ton in place. About 49, for rivets and bolts
is added to the total weight of the members listed from the plans.
Between 159, and 209, is added for connections and other details. For
every ton of steel about $2 is added for the cost of the many drawings
required. The shop painting of the steel costs between $10 and $12
per ton of steel. Thus, by the time the steel arrives at the job, the cost
is around $70 per ton. Before any of it can be erected, the steel con-
tractor sends a considerable amount of equipment to the job. This may
include derricks, cranes, hoisting engines, tackle, scaffold planks, a
shanty, and an assortment of small tools. Getting all this to the job,
installing it in readiness to start operations, maintaining it in good order
while the job is under way, dismantling it, and finally removing it from
the job are all necessary elements of cost. Setting up a large derrick
alone may cost $200. The labor of unloading and erecting the steel will
depend upon the type of building, the accessibility of the work, and the
amount of steel involved. Riveting or welding, field painting, and other
items of direct job cost require consideration also, and the insurance,
general expense, and overhead expense must be considered before adding
the profit. The cost of workmen’s compensation insurance for erecting
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structural steel amounts to about 429, of the job pay roll. Thus, if a
small building requires a steel gang for about two weeks and the pay
roll amounts to $1,200, an amount of $504 must be added to cover this
one form of insurance alone.

Miscellaneous Iron. To compute the cost of the miscellaneous and
ornamental ironwork, the iron subcontractors’ estimators list their work
much as the general contractor’s estimator lists millwork. Some of the
items, like stairs, fire escapes, door bucks, lintels, and other commonly
used items, have become standardized and require only simple listing of

PO VAN

King Post Truss Howe Truss Pratt Truss
Fink Truss Fan Truss Howe Truss-Parallel Chords
Warren Girder Truss Curved Truss Scissors Truss

7 )

Hammer Beom Truss Petit or Baltimore Truss Cantilever Truss
F1G. 130.—Types of steel trusses.

Z

the amounts and sizes. Special ornamental railings, grilles, curved
features, and other decorative work, however, require careful study of the
plans and specifications and careful analysis of the costs involved. Stairs
cost between $90 and $125 per story for plain work. Ordinary fire
escapes cost between $75 and $100 per story. Door bucks, plain grilles,
plain window guards, and other simple items of ironwork cost between
$10 and $25 each.

The specification division dealing with miscellaneous ironwork is one
that demands careful scrutiny by estimators. Architects use this as a
division into which they may throw many items of a special nature that
should have special headings, and also, some that are already covered

under Masonry, Carpentry, or other headings, besides the ironwork
heading.
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Subcontract bids may read ‘‘For all the Mise. Ironwork” or “For
all the Ornamental Ironwork” or other wording that does not mean to
include everything that is in the architect’s specification division referred
to. It is the estimator’s task to make a list of possible items that he
thinks will need checking. Wirework, bronze and other nonferrous
items, safety treads, masonry anchors, flagpoles, metal chimneys, coal
doors, ash hoists, awning boxes, steel sash, metal toilet partitions, and
fittings of various kinds are some of the things that are often thrown into
the iron specifications by the architect or the specification writer. The
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Fri. 131.—Truss details.

estimator usually has to pull these items out and make special headings in
his estimate for them or include them in other divisions of his estimate.

Generally speaking, the miscellaneous ironwork includes area gratings,
covers and frames, coal chutes, door bucks, ladders, sidewalk doors, steel
stairs, wheel and corner guards, curb angles, etc.

Ornamental iron includes grilles, balconies, lamp standards, orna-
mental brackets, ornamental railings, iron canopies, and special iron
construction for decorative purposes.

The iron subcontractors usually suit themselves as to which items on
a job they will include in their bids. Some submit, along with their bids,
a list of the items included. It frequently happens that a few items are
left hanging, being covered by neither sub-bids nor material quotations.
The general contractor’s estimator then has to scout around and get
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prices on them or price them himself. Loose lintels, intended to be set
by the masons, are often omitted both by the steel contractors and by
the iron contractors.

Many items of steel and iron are handled and set by the concrete
workers or by the masons, and the cost of this handling and setting must
be provided for under the appropriate heading in the estimate. Anchors,
inserts, sockets, safety treads, gratings, doorframes, guards, curb angles,
bearing plates, and small steel lintels are some of these items.

Exercises

1. Make sketches of four typical steel sections; name them and put dimensions on
them. -

2. What is an average price for structural steel-work, in place?

3. List the items shown on the house plans that would be included under the head-
ing of steel and ironwork.

4. List the items shown on the plans in Chap. XXV that would be included under
Structural Steel.

6. List the items shown on the plans in Chap. XXV that would be included under
Miscellaneous and Ornamental Iron.
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CHAPTER XIX
ROOFING AND SHEET METALWORK

These two lines, roofing and sheet metalwork, are practically always
handled as one subcontract. The work involves the roof coverings and

Over last ply pour;’ “heavy hot cooting o/pilc/ro v“

While this cooting of pifch s still
hot spreod slag or gravel fo

é? x 55 "fongue
ond groove
sheothing

N 7 Roof sheothing fo be of
All nails in wood ——=l Y ’ e solid ond tight consfructron
used in securing }
poper fobe covered g, r
by of least 2-ply
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ond over-lopping ot least /" paper
should be securely fastened

2-ply course of fell, each coarse lopping the
preceecing one /7" .

Cover entire felt surface with coot of hot coal for
L/ '!.“"‘ '!: '.' V?‘V""'
LA

Entire surfoce then covered
with as many ply of for ond
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~
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Section Through Tar
and Felt Roofing on
Concrete Slab
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F1:. 132.—Built-up roofing.

/st ply felt
Concrete roof s/ob

flashings, metal leaders and gutters, skylights, wire guard screens,
ventilating ducts, registers, etc.
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Roofing. Built-up, or ‘“composition,” roofing consists of several
layers of felt and asphalt (or tar). The asphalt or tar is applied hot,
with mops. Asphalt is refined from a natural substance found in large
deposits in Trinidad and Venezuela. On top of the several layers, a
surface coating of fine gravel or slag or a layer of smooth or mineral
surfaced roofing is applied. The number of layers and the surface finish
are, of course, given in the specifications. Slate roofing is made in
shingle form, usually measuring 12”7 X 16" or 14" X 20", and the thick-
ness of commercial grades runs between 3{g’" and 14”’. Other forms of
roofing also are used, such as copper, zine, and asbestos. Asbestos
shingles, imitating the appearance of wood shingles, are available. All

A
A7
207
AVTACZAY,

Section Z-Z

Flashing for Parapet
Fig. 133.—Wall flashing.

roofing is measured by the square foot or by the square containing 100
8q. ft.

Composition roofing costs the general contractor between 10¢ and 15¢
per square foot. Asbestos, clay tile, slate, and other heavy types of
roofing run between 25¢ and 75¢ per square foot, depending upon the
quality, shapes, colors, and amounts involved.

Flashings. The joints between the roof covering and the adjoining
higher walls, chimneys, etc., are sealed with flashings. Strips of copper,
galvanized-iron or composition sheets, or plastic materials are used for
this purpose. The valleys in roofs are similarly flashed. These are
measured in linear feet of each kind, and the material and width are
noted.

Reglets formed or cut in the walls for cap flashings are sometimes
specified under Roofing, and may not be specified or shown elsewhere.
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Inasmuch as the roofers will probably not include these in their bids, the
estimator must provide for the expense involved under Masonry or some

other appropriate heading.

P
>N

ocgfaid o

P d

3 i
N f
A ? il o
2 / '-’-/ O & { \ i
of ok // huwilt in //'/ |bIN-'“‘“ i
eachxpxse of sINnglegfas 1he ) e
Rd Furg¥d / “q!!!h I “/
a /"/ Q il 2
e /Bl ) gbt foY R
lnne w-/ A /
~ g OT\GIA 999
copr, ledg //

If, however, a patented type of reglet is

il

’l!li 3

Z %g// /
i
r\

0

Fia. 134.--Chimney flashing.

called for, it will probably be included by the roofers.

No definite

general rules can be laid down covering items that may or may not be
included in subcontractors’ hids; therefore, the student must realize the
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importance of taking care in analyzmg these bids. Experience along this
line is necessary.
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I'16. 137.—Shower rooms and swimming pool.

Ordinary plastic flashing costs about 12¢ per linear foot. Galvanized-
iron flashings cost about 20¢ and copper flashings about 60¢ per linear
foot. .
Gutters. Gutters are hung on the bottom edges of sloping roofs or are
formed in the roofs themselves. Copper is the material most generally
used for gutters and gutter linings. For estimating purposes, a sketch



224 BUILDING CONSTRUCTION ESTIMATING

of the gutter giving the shape and size is required, together with the
number of linear feet and a notation as to the kind of material called for.

Metal cornices, which are included under this heading, often require
special analysis. Plain cornices of metal are measured in linear feet and
the full width of the metal is noted, together with a sketch showing the
profile.

Copper gutters and leaders cost the general contractor about 50¢ to
60¢ per linear foot. Plain cornices of galvanized iron cost about $1.50
per linear foot for small sizes and those of copper about $2.00 per linear
foot. Large and decorated cornices easily cost twice as much or more.

Skylights. Skylights, which are of many types, require careful
listing as to size, shape, kind of metal, glass, ventilating openings, ete.
Galvanized-iron skylights cost about $18 apiece for small ones two or
three feet square, $50 apiece for those of about five feet. Copper sky-
lights are much more expensive. .\ large one, say 80" X 15'0", with
ventilators, might cost $500 to $600. The glass used in skylights is
always included with the skylights and is not listed under the regular
glass heading.

Ducts. Plain ventilating duct work is listed in lincar feet. The
cross-section size is given. All bends and special shapes are carefully
counted and described separately. Items of registers, louvers, and other
fittings and supplies are also listed and described separately. Straight
duet work in galvanized iron, 12”7 X 12" in cross section, will cost about
$1.25 per linear foot, and each intersection or bend in it will cost $4 to
$6 extra.

Waterproofing. Membrane waterproofing is similar to composition
roofing work and is done by the roofers. It consists of several layers of
felt or burlap, each embedded in hot asphalt or tar, and is applied on
foundation walls and in bathrooms, showers, and other locations requiring
such protection. This work is measured in square feet, and the cost is
generally between 10¢ and 20¢ per square foot.

Exercises

1. List the items of work generally included under Roofing and Sheet Metal, and
give opposite each one the unit of measure used and an average price per unit.

2. Make an approximate estimate of all the Roofing and Sheet Metalwork for the
plans shown in Chap. XXV.

8. Make a good estimate of all the Roofing and Sheet Metal for the house plans.
The specifications are as follows:

Flash the walls with 16 oz. copper, extending at least 10’ on the roofs and 8 on
the walls and provided with copper cap flashing set into the walls.  Flash the chimney
with copper step flashing and cap flashing.  Flash the heads of all the outside windows
and doors with 16 oz. copper. Flash the valleys with 16 oz. copper at least 18" wide.

Install heavy moulded copper gutters and leaders and leader boxes, ns shown on
the plans and details.
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Install copper hoxes, No. 16 ga., in the wooden flower boxaes.

Apply tin roofing, laid flat, locked together, and soaked with solder, on the bay-
window roofs.  This shall be fastened to the sheathing by cleats 8’ apart, cleats locked
into seams of the tin and secured with two 17 barbed nails.  Run the tin up 4’ under
the wall shingles and counter flash with sheet lead.  Form a 1" drip along outer edges
of roofs. All inaccessible surfaces of the tin shall be given one good coat of red lead.

Lay slaters’ felt, well lapped, on all other roof surfaces. Lay Black Pennsylvania
slate shingles, 12”7 X 16" X 14" thick, over all the felt. The slate shall be laid
“American” method, with shingled ridges and “Boston’ hips, and it shall be laid in
regular courses, lapped 8", and be secured with copper slaters’ nails.



CHAPTER XX
STONEWORK

Stonework is a general term for several divisions that may be required
in the estimate. Some subcontractors handle several kinds of stone,
others only one.

Plain cellar walls or other walls of rubble stone are measured in cubic
feet. However, rubble stonework is more often included with the
regular Masonwork instead of being treated as a subcontract item.
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Granite and limestone are the two kinds of stone most commonly used
for facing purposes; but bluestone also is used, especially for sills, copings,
lintels, and curbing.

Cast stone is an artificial stone which, by the right combination of
the proper ingredients, can be made to imitate any of the natural stones.

All the different kinds of stone are measured in approximately the
same manner for estimating. The plain work of ashlar facing is measured
in square feet. Curbs and copings are measured in linear feet. Sills,

226
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lintels, keystones, and other small units are counted per piece. Special
shapes are analyzed and, in the case of cut stone, the size of the block
from which each piece will be cut is taken into account.

Costs. Plain rubble walls cost between 45¢ and 65¢ per cubic foot,
plus about 25¢ if they are laid up and pointed for better appearance.

Limestone and the better grade of cast stones run between $2 and $4
per square foot for ashlar wall facing. Plain sills, lintels, keystones, etc.,
of these materials or of bluestone cost between $5 and $10 each. Note
that these small isolated pieces are merely furnished by the stone sub-
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F16. 140.—Stone cornices and parapets.
contractor if they go in brick walls. In this case the bricklayers set
them, and this setting cost is figured under Masonwork.

Stone trim around an ordinary-sized door or window opening may
cost about $50, and an elaborate entrance doorway of stone may run to
$1,000.

A granite step may cost $100 and the granite base course of a building
will run between $5 and $15 per linear foot.

.

Exercises

1. Name four kinds of stone and state what each is suitable for.

2. List the items shown on the house plans that would be included under the head-
ing of Stonework.

8. List the items on the plans in Chap. XXV that would be included under Stone-
work.



CHAPTER XXI
FIREPROOF DOORS AND WINDOWS

This chapter deals with kalamein doors and windows, windows and
doors of steel or hollow metal, show-window construction, and special
tvpes of fireproof doors. On a large job each would probably have a
separate division in the estimate, while on a small job some or all of them
might be included under Carpentry.

Fireproof doors and windows are required by law in certain locations,
as in fireproof buildings and in the boiler rooms, public halls, and elevator
shafts of nonfireproof buildings of some types. Insurance requirements
also call for fireproof protection of this nature if the buildings are to be
insured. The tinclad or other types of ‘“fire doors’” are especially
required by insurance regulations.

Combination frames and trim for doors are obtainable and are
popular in use with wood doors, as well as with fireproof doors. These are
made of sheet steel bent to the shape of frame and trim. They come all
made up as a unit, ready to be installed in place, and have suitable
notches in them for the hinges and for the lock strikes.

Kalamein. Kalamein work refers to that type of construction in
which sheet metal is built on a wood core. This is done in the shop.
The ordinary type of fireproof door, such as entrance doors to individual
apartments in a modern apartment house, is a kalamein door.

Ordinary kalamein doors cost about $15 each for the door, delivered,
and the combination pressed-steel frames that are generally used with
them cost about $7, delivered. A complete assembly of frame, door, and
hardware with spring hinges with a cylinder lock set, will cost between
$33 and $40, installed in place.

Tinclad fire doors are made of a wood core covered with one or more
layers of tin, and are especially resistant to high temperatures. Thisis a
type of kalamein work, but it is of such special nature that the doors are
always called “fire doors” or “tinclad doors” or “tinclad Fire Under-
writers’ doors,” to distinguish them from the ordinary kalamein door.

A regulation fire door, set, costs between $150 and $250 for an opening
of ordinary size. The cost depends mainly upon whether a single door
is suitable or whether a door on each side of the opening is required.

Fireproof windows are made of kalamein, hollow-metal, and steel

construction. Steel factory sash and residence steel casements are of the
228
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solid-steel types. Kalamein and hollow-metal double-hung windows cost
around $35 each, and the rough wire glass that is generally used in them
costs about $10 additional. If clear wire glass is used, the glass cost
would be $20 to $30, instead of $10. The glass is generally estimated
under the heading of Glazing.

Kalamein contractors commonly furnish all the kalemein doors and
windows and the pressed-steel frames for the doors, and the tinclad fire
doors. They always install the tinclad doors, but more often the regular
carpenters on the job install the other items.

N 1

Head Transom

Solid
Steel
Casements

Jamb Muntin Meeting Stiles

I'ta. 143.—Stecl casements.

Kalamein store-front construction is a specialty that is handled by
separate subcontractors and is, therefore, placed in a division of the
estimate by itself.

Steel Sash. Steel windows are popular for all types of buildings.
They may be of the casement type, which swing on side hinges inward or
outward; the pivoted or projected types, which are common in factories
and public buldings; or the double-hung type. Many grades of these
are made, and the estimator must take care to price the exact type and
grade called for in the plans and specifications.

Steel sash is often given a separate division in the estimate, if many
such items are required. Sometimes, however, they are specified under
Masonry or Carpentry in the specifications and are then likely to be
carried under one of those headings also in the estimate. If they are
specified in the Iron division of the specifications, they are invariably
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omitted by the iron contractors, because this is a special iron item with
which they do not deal. Steel sash are stock items sold by the manu-
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facturers directly to contractors. Some of these manufacturers quote

on the installation of their windows, also.
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Rolling Steel Doors. These doors coil up into head frames and are
sold and installed by the manufacturers. Some of the features are
patented. Both manually operated and motor-operated doors are
obtainable.

Store Fronts. Store-front construction, consisting of the frames of
show windows and the surrounding trim, etc., is usually made either of
kalamein (metal on wood cores) or of solid-metal members. Many
grades are made and many combinations of mouldings, etc. are possible.
The work requires care in pricing. Generally, the mouldings are priced
by the linear foot and an additional price per piece is applied for the
corners, decorations, and special items. The flat surfaces of base under
the show windows and the sign spaces over the windows arc priced per
square foot. Marble and other materials are often employed in store-
front work, and these are estimated under the appropriate heading for
the material involved.

Store-front show-window frames cost about $50 for a small single
store and about $100 for a regulation double-window job in aluminum or
copper kalamein. Bronze kalamein runs a little higher. Stainless-steel
fronts and fronts of elaborate design, as well as hollow-metal or extruded
or cast-metal fronts, cost thousands of dollars.

Exercises

1. What is kalamein work?

2. List the items on the house plans that would be included under fireproof doors
and windows, giving the size of each item.

3. List the items on the plans in Chap. XXV that would be included under this
heading. :



CHAPTER XXII
TILE, TERRAZZO, AND MARBLE

Tile, terrazzo, and marble involve three separate lines of work.
Some subcontractors handle two or all three of them; others, only one.

Plain floors and walls are measured by the square foot. Stair treads,
door saddles, sills, and other such unit members are counted and priced
per piece. Special features require careful analysis of the shopwork and
field labor involved.

Bathroom wall fittings are generally included under the Tile heading.
For estimating the cost of them the tvpe, size, and number of each are
listed.

Plain bathroom-type tile flooring costs the general contractor about
70¢ per square foot, and tile wainscoting about 90¢. Wall accessories
cost $1.00 to $1.50, each. Medicine cabinets and other large fittings cost
between $6 and $25 each for the usual sizes and types, but these are more
often included under separate headings or under the heading, Carpentry.

Marble floor and wall covering runs about $1.75 to $3.00 per square
foot. Matched or moulded marble may run to $6.00 per square foot.

Exercises

1. What is terrazzo work?

2. Make an approximate estimate of the tilework shown on the house plans,

8. List the items shown on the plange in Chap. XXV that would be included under
these headings.
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CHAPTER XXIII
PAINTING, GLAZING, AND HARDWARE

Painting, glazing, and hardware constitute three lines, separate from
one another. Painting and glazing are subcontracts. Hardware refers
to the finishing hardware, such as lock sets, hinges, door checks, ete.,
and is a material item. The labor in connection with installing the hard-
ware is listed under Finish Carpentry and other headings covering the
doors and windows to which the hardware is applied. Some special
items, like tinclad doors, steel sash, and overhead doors, are figured
complete under their respective headings, including the hardware.
Occasionally, a lump sum of money is specified to be allowed for the
purchase of the finishing hardware and, in this case, the owner and the
architect select the hardware after the construction work has started.
The bill is sent to the contractor. If it costs more than the allowance,
the contractor is paid the additional amount; if it costs less, he eredits
the owner with the saving.

Painting. Of the many kinds of paint that are made, the most com-
mon for exterior work is linseed-oil paint. This is used on interiors,
also, especially for high-grade work, but water paints are more frequently
used inside. Varnishes, enamels, and stains are needed, as well.  All are
generally measured in square feet of surface to be covered, and a price is
applied to suit the material, number of coats, ete.  Wall-papering also
comes under the heading of Painting.

The painting subeontract generally takes in painting and papering
done at the building only. However, owing to Union regulations
especially, it is sometimes necessary to have the painting subeontractor
include other items, besides. These include shop coats in some cases,
priming in the shops or at the job, painting of structural steel, damp-
proof painting, etc. It is part of the general contractor’s estimator’s
duty to sec that all painting is properly provided for under one or more
divigions of the estimate.

Some painting estimators go over the plans and gauge the amount of
labor involved in each room or floor and then add items in their estimate
for the amount of white lead, oil, color, and other materials. Other
painting estimators measure all the wall and ceiling areas in square feet
and count the doors, windows, radiators, and other features with great
care. Strange as it may seem, the first method seems to give as good

236



PAINTING, GLAZING, AND HARDWARE 237

results as the second. However, only a man with thorough experience
can use the shorter method. It would probably be good practice to
adopt both methods on every job and check the resulting figures of one
against the other.

Painting estimates vary greatly, probably because many painting
estimators have careless methods or because they expect to attempt
cheating on the job. It is well for the general contractor’s estimator to
check the lowest price carefully before using it in his summary.

Finished floors usually require protection. This may sometimes be
accomplished by merely locking the doors of the finished rooms. In
other cases, it is necessary to cover the floors with building paper or some-
thing better, and this represents expense that the estimator must provide
for under General Job Expense, if it is not included under the headings
of floor work or painting.

In checking the painting estimates, it may be found that some items
have been omitted in them. Floor finishing, for example, may be
included by some of the painting estimates and not by others. Papering
or other treatments that do not involve paint may likewise be omitted in
some of the estimates, or the bids may state that the special materials
thus involved are to be furnished by others or are to cost not more than
a certain amount.

Painting of new work generally involves three or more coats, and old
surfaces, two coats. Fach coat costs between 1¢ and 214¢ per square
foot, depending upon the quality of the material used and the workman-
ship called for, and also upon the amount of work involved, the kind of
surface, the amount of scaffolding required, ete.  If the work is out of the
ordinary, these prices may be doubled. An average room costs about $30
for painting the walls and calcimining the ceiling. A new store of average
size may cost $200 for the interior alone. A new building of good grade
may cost about $1,000 per story for the painting.

Glazing. Glazing covers an ever-widening field. Glass is now used
not only in windows and doors, but in many other places, as well.  Strue-
tural glass, which is rapidly coming into common use, offers all sorts of
complications for the glazing estimator and for the general contractor’s
estimator. In this, as in all ““modernistic’’ construction, the young
estimator will do well to analyze all the possible incidental work and
expense, as well as the actual glasswork. Any work out of the ordinary
run of established materials and methods should be thought of in this
way.

There are many types, thicknesses, and grades of glass. Large
plate glass is measured very carefully, because of the rapid increase in
square foot prices due to the special handling necessary for large pieces
of such fragile material. Ordinary glass for windows and doors is counted
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in number of pieces, or ‘lights,” of the different sizes required. Mirrors
are part of the glazing division. Leaded glass also is handled here, unless
it is of a highly elaborate nature, in which case a separate special heading
is usually set up in the estimate.

Union regulations generally require that all glazing shall be done
at the job and that no windows or doors shall be sent to the job with the
glass in them.

Large plate glass is usually not installed until the very last thing and,
even then, it is immediately protected against being scratched or broken.
This protection is to be provided for under the heading, General Job
Expense.

Ordinary glass is subject to considerable breakage, which the con-
tractor generally accepts rather than to stand the expense of protecting
the glass. The judgment of the estimator must make allowance for this
in the estimate. The amount to allow will depend upon the type of
building, the type of neighborhood it is in, the time of year, and the
amount of glass involved. Ordinary glass is installed before the end of
the job if it is necessary to have this protection against the weather.

Small sizes of double-thick glass cost the general contractor about
30¢ per square foot, and plate glass, in small sizes, about 80¢ per square
foot. The glass in a show window 80" X 10°0” may cost between $80
and $90. Pyramid glass, prism glass, and other types not in general
use must be checked closely as the names are tricky and often misleading,
and there are usually several thicknesses to choose from. Bent glass,
leaded glass, and other special forms require careful analysis also. There
are already several types of structural glass on the market and new ones
may be expected. Some of these that do not cost much in themselves
may involve a great amount of labor on the job, in order to satisfy the
architect or the owner as to the effect they are looking for.

Exercises

1. Make 4 list of the finishing hardware that would probably be required for the
house.
2. Make a list of the glazing required for the plans shown in Chap. XXV,



CHAPTER XXIV
THE MECHANICAL TRADES

The term ‘‘mechanical trades’” is generally applied to the piping.

wiring, and machinery lines of work. On regular building work these
include Plumbing, Heating, Electrical Work, and Elevator Work, which
are described briefly in this chapter. On most jobs, these are all separate
subcontracts. Some subcontractors, however, handle both plumbing
and heating.

The mechanical trades, especially plumbing and heating, are often
given out by the owner or the architect separately from the general con-
tract for the construction work. In such cases, the general contractor
may theoretically have nothing to do with these lines of work but,
because the work is done in the building at the same time that the con-
struction work is being done, conflict of interests may occur. Sometimes
the general contractor is given jurisdiction over these separate contracts,
even when they are thus separately awarded. Regardless of the specifica-
tions covering these lines, the general contractor is governed only by his
own contract and the specifications that accompany his contract.

Excavating for the mechanical trades is an item that must always be
checked by the general contractor’s estimator. Sometimes these trades
do all their own excavating and backfilling, but it is more customary for
them to do only such excavating, backfilling, and street cutting and
patching as is done outside the building,.

Trenches for piping and other uses are frequently called for on plans
or are specified. It is quite expensive to build these and to provide
covers for them and sometimes for the waterproofing in connection with
them. The trenches may be specified under Heating; the covers may be
specified under Heating, Iron Work, or Conerete Work; the waterproofing
may be under Heating, Concrete Work, Masonwork, or Roofing. The
excavating for trenches may not be mentioned at all in the specifications.
This will give the student an idea of the care that must be taken with
the mechanical divisions of the specifications and with the estimates
received from subcontractors in these lines. It is the responsibility of
the general contractor’s estimator to see that all these details are properly
covered under appropriate headings and that none is estimated more than
once.

The hot-water requirements of a building are supplied by a water
heater and sometimes involve the use of a hot-water tank, besides.
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Either or both of these may be specified under Heating or under Plumb-
ing. They may even be specified under both headings. Some of the
subcontractors in these lines will omit one or both of these items, thinking
that the subcontractors in the other line will include them. Thus,
apparently low bids will be received and it is the estimator’s duty to
straighten out the whole matter and to get sufficient bids in these lines
in proper form to enable him to compare prices and arrive at an amount
to be entered in his summary.

Plumbing. The plumbing subcontractor takes in the bathtubs,
lavatories, and toilets in the bathrooms and toilet rooms, and the sinks
and washtubs in the kitchens and cellars. Showers and shower curtains
are part of the plumbing work, also, and sometimes the glass shower doors
are included. Sheet lead, put under the tile floors of standing showers
and in special watertight floor construction, is installed by plumbers and
listed under Plumbing. Hot-water storage tanks and heaters come
under Plumbing, except when they are an integral part of the main
heating plant installed by the steamfitters. In any event, all the water
supply and water connections are handled by the plumbers. All the
water-supply and drainage lines, both inside the building and out to the
mains in the street, are in this division. A plumbing contractor is
required to have a city license.

Temporary water and toilet facilities for the job may involve the
plumbing contractor. If, for example, a large amount of water is
required for the construction work, it may prove advantageous to have
the plumbers install iron pipes, instead of the workers’ depending upon
the more customary hose lines. This is especially true if the run to the
supply source is long or if other conditions make the use of iron pipe
worth while. If it is possible to make uxe of a sewer connection or other
sewage-disposal connection, it is worth while on a large job to install
regular toilets for the workmen, from the beginning of the job. After
the toilet roughing is in, the building contractors generally do install
such toilets, even having the plumbing contractor furnish second-hand
toilets for the purpose. The plumbing contractor is generally called
upon to provide a temporary water connection for the job use. The cost
of all these items must be considered by the estimator and provided for
in the Plumbing division or in the General Job Expense division of the
estimate.

Sewers, catch basins, and manholes, if they are required, are generally
specified under Plumbing. The plumbing contractors figuring the job,
however, may or may not include all of these. Sometimes they include
all but the manholes or all but the manholes and the covers for the catch
basins. These are additional items for the general contractor’s estimator
to check carefully. Several manholes on a job may alone cost $1,000.



THE MECHANICAL TRADEN 241

Toilet and bathroom accessories, such as holders for soap and paper,
mirrors, cabinets, etc., are sometimes specified under Plumbing. Regard-
less of this, many plumbing contractors choose to omit them, especially
the cabinets, and may so state in their bids. Even if they should not
state this in their bids, there would be a question as to whether they
included these items. This would be especially so if, by chance, their
bids read “For all the Plumbing work,” instead of “For all the work
noted in the Plumbing Section of the specifications.”

The following list of definitions ‘will assist the student in becoming
familiar with some common plumbing terms and their meanings. They
are from the New York building code and will therefore also introduce the
student to the plumbing section of the law.

branch. That part of a plumbing system extending from the main to fixtures
on not more than two consecutive floors.

waste pipe. Any pipe which receives the discharge of any fixture, except
water closets, and conveys it to the house drain, soil, or waste stacks.

soil pipe. Any pipe which conveys to the house drain the discharge of water
closets or other fixtures receiving fecal matter.

vent pipe. Any pipe provided to ventilate a house drainage system and to
prevent trap siphonage and back pressure.

stack. A general term for any vertical line of soil, waste, or vent piping.

house drain. That part of the lowest piping of a house drainage system which
receives the discharge from soil, waste, and other drainage pipes and conveys it
by gravity to the house sewer. It ends at the outside of the front wall.

private sewer. A sewer not constructed by the City but complying with the
("ode of Ordinances.

public sewer. A sewer constructed or operated by the City.

sanitary sewer. A sewer designed or used to carry liquid or water-borne
wastes from plumbing fixtures.

storm sewer. A sewer carrying rain or subsurface water,

leader. A general term for any vertical line of storm water piping.

plumbing fixture. A receptacle intended to receive and discharge water,
liquid, or water-carried waste into a drainage system.

Costs. Regular plumbing fixtures cost the general contractor between
$40 and $75 each, installed, with the branch piping and trimmings
included. A building with many bathrooms may run between $325 and
$375 per bathroom, complete. Small jobs of only a few fixtures cost
much more per unit than the same fixtures would cost in a large job.
Street sewer and water connections cost several hundred dollars each,
with the incidental excavating and replacing of pavements,

Heating. The heating boiler, mains, returns, risers, radiators, and
the incidental connections and valves, completely installed, make up
the work of the heating subcontractor. Usually the pipe covering is
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included, and sometimes the oil burner, if one is required. On rare
occasions, metal radiator enclosures are put in with the heating-work
estimates, especially if they are for the recessed types of radiators.
Sheet-metal ducts for air conditioning are sometimes included in the
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heating contract and, at other times, with the sheet-metal contract. All
these conditions must be watched carefully by the general contractor’s
estimator. Another question that comes up concerns water heaters
attached to heating boilers. The estimator has to see that the plumbing
and heating contractors provide for all the details required in this
connection.

Heating systems are usually tested before they are accepted by the
architect. As the testing involves the use of fuel, the estimator must see
that the heating contractors figuring the job provide for this, or else he
must make an entry here or under General Job Expense to cover the
fuel. Likewise, the heating system may be placed in operation before
the building is complete, in order to provide temporary heat. If possible,
the estimator should have the heating contractor whose bid he plans to
use quote also on furnishing the temporary fuel and the radiators and
other material that may be required, and on maintaining this temporary
heat for the job. If not, he will have to estimate it himself and make an
entry here or in the General Job Expense division of the estimate, to
cover the cost. In some scetions, the steamfitters’ union requires that
a steamfitter’s helper be kept on the job while temporary heat is being
used.

Boiler pits and foundations and other masonwork in connection with
heating plants are sometimes specified under Heating. Despite this,
the heating contractors very seldom include this work. They may state
in their bids that they include all the heating work, but, unless they have
stated plainly that they included all the work that is noted in the heating
division of the specifications, it would be questionable whether they had
these items in their bids.

Ventilating and air-conditioning systems are often included with the
heating work. In such cases, the estimator has to check with the sheet-
metal estimates and the electrical estimates to see that all the required
work in all three lines is included in the bids that he expects to use in his
own summary. Much overlapping is possible. Occasionally, it is found
that a few of the items involved are included by two different trades, such
as fans in roof ventilators and the motors and controls for various fans,
for example.

Costs. A steam-heating system costs between $1.25 and $1.50 per
square foot of radiation. An ordinary house may have 500 feet of
radiation. A six-story apartment house may involve $10,000 for the
heating work.

Electrical Work. All electric wiring done at the job for lighting,
power-supply, and signal purposes comes under the heading of Electrical
Work. Special machinery, such as elevator machines, pumps, fans, ete.,
are installed under other headings, but the elecetrical connections are
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made by electricians and the cost for these connections is included under
Flectrical Work. Plain and special lighting outlets and reflectors, also,
are always put under this heading, but the lighting fixtures are sometimes
given a special heading. Electrical contractors are licensed by the city,
and their work also comes under the inspection of the Board of Fire
Underwriters organized by the fire insurance companies.

The electrical work in a building gives trouble to the general con-
tractor’s estimator mainly in regard to the machinery, fans, and other
such equipment. Ceoncerning the main wiring and the lighting system
it is usually quite well established as to who furnishes what. Motors
attached to fans and unit heaters, elevators, oil burners, and other
motor-driven equipment are the things that must be watched. Unless
these are very clearly specified, it is likely that neither the subcontractor
furnishing the motor nor the electrical contractor will have included the
control switches and connections at the motors. In preparing the
estimate, it is necessary to see that one or the other does include the cost
of this work. Heavy controls are expensive. Sometimes even the
motors are left out, no one having included them. The sheet-metal
contractor, for example, may take in a lot of exhaust fans and omit the
motors for them. The clectrieal contractors may assume that these will
come with the fans and so merely include wiring to the motors, even
omitting the switches or other forms of controls.

Another item of electrical work that gives trouble is the temporary
lighting or power that the job may require.  Several of the subcontrac-
tors, requiring electric power to operate their equipment on the job, may
specify in their bids that they assume the general contractor will furnish
them with suitable current connections at proper locations in the building
and at their shanties. The general contractor also may require power
for equipment and nearly always has to provide temporary lighting in
and about the job. Owing partly to regulations of the electrical unions
(something of a “racket”), this temporary clectric service has become an
expensive item, sometimes to the extent that a job must employ one or
more electricians on full time and with considerable overtime, merely
to turn switches off and on morning and evening. This matter must be
investigated for every job and properly provided for in the estimate.
The clectrical contractors fight shy of it, and usually the estimator has to
use his own judgment in estimating the cost of installation, maintenance,
overtime, and current consumption for the entire job requirements.

If the electrical contractor whose bid is to be used states that he
includes only the work inside the building, or that extending to a point
a few fect outside the building, the requirements of the job must be
checked thoroughly, as there may be much outside work, such as poles,
transformers, outside lighting, signal work, ete. Even if the electrical



THE MECHANICAL TRADES 215

utility company is to do some of the outside work--running the serviee
to the building, furnishing transformers, ete.—it may be left to the
general contractor to pay for this service.

Electrical work sometimes involves the construction of a transformer
vault, machine foundations, supports for motors and fixtures, ete.  Items
like these require that the estimator look into the question as to who
furnishes them, as they are not electrical work and, although they are
specified in the electrical portion of the specifications, the subcontractor
who states in his bid that he includes ““all the electrical work” may take
the stand that because these arc not electrical work he does not include
them, even though they may have been so designated in the specifications.

Lighting fixtures and other items of elecetrical equipment made in
nonunion shops will almost surely cause trouble with the electricians
working on the job. TIf items of this nature are to be supplied by the
owner, it is the general contractor’s place to notify him, through a state-
ment in the bid for the job, that it is assumed any items to be thus fur-
nished will be satisfactory in every way to the union requirements on the
job.  Some electrical unions insist upon removing all the wiring from
lighting fixtures at the job because they were wired by nonunion shopmen
or by members of another union, and then rewiring them at the job, all
at the expense of somebody, who may he the general contractor,

Some types of lighting fixtures require considerable carpentry work to
he done at the job to accommodate them—boxes for recessed hights, ete.
This is usually done by the carpenters on the job and, unless such work
is actually included in the electrical bids, it should be provided for under
the heading, Carpentry.

If & sum of money is specified for the purchase of lighting fixtures or
any other items on the job, it is the task of the estimator to axeertain
just how the money is intended to apply, whether as the list price for
such items or as the actual price to he paid out by the subcontractors.
Otherwise, there may be a dispute when the items are being purchased.

Costs. Wiring and outlets cost between $6 and 38 per outlet for
lighting work, if flexible cable is used, and between $9 and $12 per
outlet if rigid pipe conduit is used.  Ordinary lighting fixtures cost
between $1.50 and $5.00 cach, delivered, and about $1.25 to $1.50 cach
for installing.  These are the prices that the general contractor is charged
by the electrical subcontractor. Switches count as outlets.  Letter
boxes also come under the heading of electrical work, as they are com-
monly installed in connection with the bell system.

Elevators. The clevator always includes the entire mechanism of
operating machinery, guide rails,: cables, sheaves, cab, and signals. In
the new-style automatic elevators, the shaft doors and the door-opening
devices are included, as well.  The electrical contractor runs his power
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line to the main switch in the elevator machine room and his lighting
conduit to a point midway in the shaft.

A small elevator for passenger or freight use costs between $2,500
and $4,000. If the run is more than a few stories, the cost will increase,
and if a high building is involved, the Building Code regulations and
additional equipment will require special analysis. A six-story apart-
ment-house elevator of the push-button type, including the shaft doors,
ete., costs between $4,500 and $6,000, depending upon the make,

Exercises

What is a plumbing soil line?
What is a waste line?
Draw six electrical symbols and state what cach represents.
Make a list of the plumbing fixtures for the house, giving sizes where possible.
What other work in the house comes under the heading, Plumhing Work?
. Make a list of the items in the house that would come under the heading, Heat-
ing Work.
7. Make a list of the plumbing requirements for the plans shown in Chap. XXV,
8. Make an approximate eleetrical estimate for the house.

Ladl ol ol ol oo



CHAPTER XXV
ARE YOU AN ESTIMATOR?

This book was planned as a complete course in the work of the build-
ing contractor’s estimator. If you have conscientiously studied every-
thing in it, vou are at least well on the way toward becoming an estimator.
Practical experience is needed, however, just as in any other line of work.
When a young man completes a course in chemistry or in bookkeeping, he
may call himself a chemist or a bookkeeper; vet he is hardly qualified to
take charge of a chemical luboratory or a bookkeeping department. In
the same way, if you have completed the course outlined in this book,
vou may call yourself an estimator; but you should not expect to have full
charge of preparing complete estimates until you have had considerable
practical experience in building work.

This chapter contains a comprehensive examination, which will test
vour ability in estimating. If you have done the work called for in the
book and receive a mark of 709 or better in this examination, you may
feel sure of embarking on actual estimating work. If your mark is
between 806 and 90¢;, you are better than the ordinary assistant in
estimating. It you have really studied and worked satisfactorily during
the whole course and earn between 9090 and 10094 in the examination,
especially if you have reached a mark in this range in cach of the two
sections of the examination, you need have no hesitaney in calling your-
self an estimator. Put it this way: You may classify yoursell as a
junior assistant in estimating if your final grade is between 709, and
806, as a junior estimator if it is between 809, and 909, and as an
estimator if it is between 909, and 1009,

Before taking the second part of the examination, get as much prac-
tice as possible by borrowing several sets of plans and specifications from
architects and builders and going through the entire procedure of making
complete and accurate detailed estimates for all of them.

If your mark is over 909, in cach of the two sections of the examina-
tion, take this book with you when you are seeking o position, and tell
your prospective employer that you know everything in it.  Carry along
all your work sheets and your notebook for the entire course. If your
interviewer is at all fair, he will have to admit that you have a good knowl-
edge of the subject.

Before taking the exarmnination, review all the chapters from the
beginning. Chapter I calls your attention to the importance of the work
of the estimator. Tt is work that requires patience and a methodical
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way of doing things. It is not an undertaking for a careless person to
attempt. Never vary your way of working in an attempt to please some-
body who is looking for speed; you will not be thanked for it if there is a
mistake in your work. If it is not prepared with your usual methodical
care, there will be mistakes—always remember that. The estimator i
usually the center of activity in a well-organized office, and this means
that his work is the important work of the office, the work that means
the difference between a profit or a loss on the job! Such work is not
always properly valued by emplovers or by other members of a con-
tracting organization; but the estimator finally learns that his reputa-
tion as a careful man is one of his main assets. .

Chapters IT, ITL[; and I'V deal with the pecople you will meet in building
work. They are all interesting, and vou will enjoy working with them.
One striking characteristic of vour work is the constant change that takes
place, both in the kind and location of jobs and in the steady flow of
different people—architects, engineers, inspectors, superintendents,
draftsmen, foremen, subcontractors; material men, and workmen. Here
is as great a variety as yvou could wish for; surely your work will never
become monotonous.  Learn your work well and really enjoy the com-
pany of other trained men, who, in turn, will enjoy working with vou.
Learn also to judge men, for you will find that not all are as sincere as
vou are. Keep vour own character and reputation clean throughout all
the trials and tribulations vou encounter, however, for vou will find truth
in the statement made in Chap. 1V—that character and reputation of
the right sort contribute to your happiness.

Chapters V to VIIT discuss plans and specifications and the legal side
of building work. Plans and specifications have an important legal
standing themselves, as they form the portion of the contract that
explains just what is to be done.  EFvervthing shown on the plans or
specified in the specifications is to be turnished or done by the contractor
—the general conditions or the contract itself usually states the matter
that way. Advise against signing any contract that you feel is not
entirely clear and fair. Make your own subcontracts and purchase
orders fair, and thus uphold your reputation. Bear in mind that the
recommendations given in Chap. VI for a sort of estimating code are not
actually in vogue.  Perhaps the time will come when the building indus-
try will develop and use certain standards of bidding that will eliminate
some of the abuses of today.  In the meantime, we <hall have to make the
best of the existing methods.  Abide by the law in all things; remember
that building codes are only schedules of minimum requirements and try
to do better than is called for in these minimum requirements.

Chapters IX, X, and X1 give a broad view of the preparation of esti-
mates and of the general expense involved in the carrying on of building
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operations. Some contractors make up estimates hastily, sometimes
without the aid of an estimator trained as you have been. Such esti-
mates can only be termed approximations, and, as is stated in Chap. IX,
approximate estimates have a bad habit of not being correct and of
bringing disappointment to those who use them. There is nothing more
satisfying to a regular estimator than to see his carefully prepared esti-
mate being used all through the.life of a job and serving all purposes
faithfully. Remember to picture in your mind, as you estimate, the
actual working conditions, especially when you are gauging the unit
prices to be applied. Remember to check all the large items and the
unit prices you apply to them; they are the ones that will have the great-
est effect on the total cost of the job. Do not let others influence your
judgment too much. Look into every item thoroughly, yourself, so
that you can be confident of your own judgment. Keep your estimates
and quantity sheets in good order at all times; arrange them so that you
or anybody else will be able to find any item quickly and to understand
just what every item is for. Remember that work that is out of the
ordinary in character is always more expensive to build than that with
which every workman is familiar. Remember that work to be performed
at a great distance from the center of business arcas involves particular
attention and care in arranging for workmen, deliveries of material, etc.,
and may require expensive transportation of both men and materials.
Winter work usually means a whole list of items of extra expense.
Chapters XII to XIX give detail instruction for estimating the work
that is usually done by the general contractor’s own men. Only regular
work has been considered, and you are therefore warned to watch out for
unusual work or conditions and to study and analyze them to the best
of your ability if you are to estimate on them. Excavating that you do
not feel entirely confident in handling should be figured for you by sub-
contractors. Experienced estimators never hesitate to say that an
excavating problem is too much for their firm to handle—if they really
‘think such is the case. Building contractors should not be expected to
be experts in difficult excavation or foundation work. Concrete work,
likewise, may stump you, especially very complicated formwork. If you
attempt to handle any complicated work in any line, measure and list
the items with extra care and do not hesitate to put a much higher unit
price on such work than you ordinarily would for the same work when
it is not complicated. Your high price may prove to be low enough when
the job is done, and you will not get any thanks for anything else.
Chapters XX to XXIV treat of the work usually done by subcon-
tractors. Unless your firm has had experience in actually doing a num-
ber of jobs in these lines, it is always better to rely on dependable
subcontractors than to attempt to do or even to estimate this work. The
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mechanical trades, especially, are tricky, and estimators who have thrown
in prices on them have often been sorry for having done so. ILearn the
ways of subcontractors. Learn to judge them. Beware of very young
estimators who are sometimes used by subcontractors; they may not have
had the training that you have and may lead both you and themselves
into trouble. Do not measure plans or give figures for any subcon-
tractors; let them get and be responsible for their own figures. Even if
they forgive you for unwittingly misleading them, they will always feel
that they have a moral hold on you and expect you somehow to fix things
80 they can regain what they lost or what they say that they lost. Be
businesslike and perfectly honest with the subcontractors, but do not
allow them to develop a personal friendship and then take advantage of
such friendship. Be as impersonal as possible, and keep your reputation
clean. Be loyal to the firm you work for. Work only for good people.

When you take this examination, do so with the knowledge that you
will fool nobody more than yourself if you get a high mark without
deserving it, by not making it a test that really proves to vou yourself
that you are an estimator. Fail in the test willingly, rather than start
your career with a stain on your reputation!

ExAMINATION

The examination is divided into two parts, the first covering Chaps.
I to IX and the second, Chaps. X to XXIV. If it is desired, Part 1
may be given immediately after the classwork on Chaps. I to IX has been
completed. This is recommended especially when these chapters form
the work of the first vear in a two-year course.

The students are to do one of the exercises from each of the groups
given in the chapters. These arc to be selected by the instructor or the
school administration and announced or issued when the examination
begins.

In addition to the exercises taken from the chapter groups, the
following questions and problems are also to be included. To conserve
time, note that in all problems involving the measuring of plans, only
the names of the items and the dimensions of them are required, no time
being taken for making any extensions of figures. The numbers noted in
parentheses after some of the questions indicate the number of words used
by the average student properly to answer the questions in the time
allowed.

PART 1

20 Questions and Problems at 5% Each

1-9. These are exercises taken from the lists at the end of Chaps. 1 to IX, and
will be announced by the instructor.
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10. Building estimating requires a working knowledge of all phases of building
work. Why? (50 to 75 words.)

11. The estimator, in a well-organized office, is usually the center of activity in
the office. Why? (50 to 75 words.)

12. Before the work at the job can begin, the estimator makes up the various -
schedules, etc. What are these, and how are they used? (30 to 50 words.)

18. When the job gets under way, the estimator gradually relinquishes hold.
How should he turn the work over to the superintendent? (40 to 60 words.)

14. The construction of a building involves many kinds of administrative and
technical skills. Name 10 positions of administrative and technical skill that are
found in the actual construction of a building.

16. How does a contractor go about getting plans for new jobs that are to be
cstimated? (40 to 60 words.)

16. What information should a good estimate contain? (50 to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>