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ISTRACT

———

This thesis presents a set of INTERACTION CURVES for design of
Hollow Reinforced Concrete columns based on the 1limit state

61
method as per the provisions of 1I8:456-1978 . Interaction

curves are plots of the ultimate moment carrying capacity of a
column section about its two orthogonal axes for given values of
axial 1load and percentage of steel reinforcement. A set of
interaction curves covering a wide range of axial load levels and
steel peercentages (called DESIGN CHART) can be used for quick
design of hollow reinforced concrete column sections of wvarious

shapes subjected to axial load and moments.

Modern architects of large public utility and commercial
buildings often adopt "Pylen" type columns (i.e. columns having
large girth) from aesthetics as well as utility considerations.
The pylons are kept hollow s0 that service lines could be run
through them. Besides aesthetic and functional benefits, hollow

columns affprd « distinot structural advantage as thay give much

higher moment of resistance per unit volume of concrete as
compared to solid core columns. Therefore, where the column is
reguired to resist very high bending moments resulting from

heavy 1lateral 1loads applied at higher levels, hollow columns

would be the most economical choice. Chimneys, high-rise

8tagings «f liquid retaining structures, television towers 1ift
¥

wells, columns of large span roofing systems etc. come under this

Tategory.



kectengulei, cirvculayr anc hexaqgonal shaped hollow columins have
been considered ror develoring interaction curves for their
design in this thesis. 2As inner space of hollow columns is
utilised for service lines, provision of door opening at floor
levels Dbeccemes inevitable. At such locations the hollow column
section acquiras a cee shape due to the large door opening.
Also, the I or B shaped section, which is another variation of
rectangular cee section is very efficient under bending moments
of high megnitude. A combination of I/H shaped sections can be
effectively used as shear wall in high~rise buildings.
Tuerefore, interaction curves for cee shaped rectangular and

circular c¢olumns, as well as I/H shaped columns have been

included in cthe thesis.

Strenath of rceinforced concrete c¢olumns under axial 1cad and
biaxial moments can be obtained by computer aided numerical

method baszd on cecdal provisions with regard to iimits of strain

»
-

in coundrete and steel reinforcenent. Several methods fer

analysis and design of column sections under axial load and

82 75

biaxial wcments have been proposed by Marin , Magalhaes and

137
Sturrock .  Extensive literature is available on interaction

_ . . _ 21,46,126,135
curves for rectarngular and civeular column sections

while very limited studies are available on cther shapes, For L,

T and + ghapes of column sections, some studies have been

83 @2 127,128

reported by Marin , duller and Siuna st.al, . Extremely

limited studies are available on hollow

‘ 103,104
¢olumng, Procter has reported the resnlits of load

reinforced concrete

tests

ii



on some snecimen of hellow circular and rectangular hollow
columns, but these are limited to very small dimensioned sections
either unreinforced or having very light reinforcement. So far no
published material is available on design ¢f hecllow reinforced

concrete c¢oaliimns.

Therefore, design curves for hollow rectangular, circular,

hexagonal and I/H shaped column sections have been developed. A
129

computer program developed earlier has been modified for

hollow column sections for this investigation. Based on practical

considerations, c¢ertain ranges of the geometrical wvariables of

hollow c¢olumn secections, such as breadth, depth, diametor, wall

thickness, cencrete cover to reinforcement, etc. have been

adopted for each shape.

The effect of different reinforcement detailing on various shapes
of hollow reinforced concrete columns has been investigated to
arrive at the optimum reinforcement arrangement for each shape.

This will help designers to make the most economical wuse of

reinforcement steel.

Design charts for various geometry of hollow column sections have
been obtained by plotting biaxial moments for different values of

area of steel and & particular value of axial force. For wider

@pblicability of the design charts, the ultimate axial force P ,

u

biaxial wmoments M and M and area of steel A

h
- uy ave been

S

eéXpressed in non-dimensional form. Use of the design charts has

beerr iljustrated through a number of design examples

iii



Further investigations have been carried out on simulatory finite
element mocels of lhollow rectangular and circular columns using a
standard finite element package to study the effect of opening on
hollow column zections. As a result of the investigations, the
locations, nature and magnitude of stress concentration has been
ascertained and remedial measures suggested toc counter its

effect.

The use of design charts as presented is simple and direct. The
study is comprehensive and covers a very wide range of shapes and
geometrical parameters, including sections with large openings.

It also facilitates the most economical use of reinforcement

steel resulting in optimum design.

iv
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CHAPTER 1 : INTRODUCTION

1.1 GENERAL

Colums are important structural element of reinforced concrete
framed structures. Reinforced concrete columns can be of various

shapes and cross-sections depending wupon architectural and

structural requirements, such as rectangular, circular,
hexagonal, Cee (C), Tee (T}, Cross (+) and L-shaped. Mcst
columns have solid core sections. However, modern architects of

large public and commercial buildings often adopt "Pylon" type
column {i.e. columns having large girth} from aesthetic as well

as utility considerations. The pylons are usually Kkept hollow so

that service lines could be run through them.

Large span buildings such as the Indira Gandhi Indoor Stadium at
Delhi having suspension type roofing structures alsec reqguire
pglons to sustain lateral loads of high magnitude applied at the
top. In such cases it is advisable to adopt hollow rectangular,
circular or hexagonal column sections having a large girth, which
will result in considerable moment of resistance of the section
and hence economical design. As inner space of hollow columns is
utlised for running service lines, provision of entry door at

floor levels becomes inevitable. At such locations the hollow

column section acquires a cee shape due to the large door
Oopening. Fig. 1.1 shows some typical shapes of hollow column
sections. Also, the I or H shaped section which is another

variation of rectangular cee section, is very efficient wunder

bending moments of high magnitude. A combination of I or W
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shaped column secticns can be citectively used as shear wall in

high-rise buildings as illustrated in Fig. 1.1 (h).

The study, presented 1 this Thesls  alms  at  developing the
interaction curves for design of  rectangular, circular and
hexagonal shaped hollow reintorced concrete coiumns without and
with a4 large opening, as well as I/H shaped columns subjected to
the combiued action of axiul comression and biaxial bending,
which would be vary useful for the design of large commercial and
public¢ wtility buildings and structures like chimneys, water

towers, shear walls etc.

The design of reinforced concrete columns can be carried out Dby

"Working Stress" or "Limit State" method as stipulated in IS:456-
61

1978 . The 1limit state method predicts the ultimate load

capacity more accurately, and is therefore used for design of

columns. The design of reinforced concrete column sections

subjected to combined action of axial compression and biaxial

bending is a complex and cumbersome process. For rectangular and

circular solid core sections, interaction curves are available
135

in SP:16 . These curves are for axial load and uniaxial

moment only, and for biaxial moments, the same curves are used

to ascertain the safe load bearing capacity of an assumed section

75,78,126,137

by trial-and-error method. Some researchers have

developed computer programs and interaction curves for direct

design of rectangular reinforced concrete sections subjected to

axial compression and biaxial moments. Significant work has al
e

been done for solid core reinforcegd concrete column  sectio
ns



85,92,127,128,130

having Tee {T), ¢Cross ({(+} and L shapes
However, so far no such work has come to light with respect to
hollow rectangular, <¢ircular and hexagonal and I/H shaped

reinforced concrete columns subjected to axial compression and

biaxial moments.

1.2 GEOMETRY OF SECTIONGS

Rectangular hollow columns can be of various dimensions and
ratios of breadth to depth. Firstly, pylon type columns are
not supposed to be of small dimensions due to their very nature
of application, and secondaly, there can be various
combinations of girth to wall thickness ratios. While from
architectural and aesthetic considerations a range of minimum
and maximum girth and breadth/depth ratios can be selected for
investigation, on considerations of local buckling and
practical aspects such as reinforcement placement and
shuttering, a most practical range of girth/wall thickners

ratios can be arrived at. The same applies to other hollow

column sections as well as I/H shaped sections.

Hollow rectangular column sections have three geometrical

variables viz. overall depth D, breadth B, and wall thickness T.
There can be innumerable combinations of these variables, but
from practical, aesthetic and structural considerations a range

of combinations can be identified as most appropriate for the

study. A minimum value of 1000 mm has been considered for depth

D in view of the convinience in formwork, while a maximum value

of 4000 mm has been adopted from architectural and structural
a



considerations. The breadth of section B  has been expressed
in terms of depth to breadth (D/B) ratio. Values of D/B ratio
equal to 1.0, 1.5, 2.0, 3.0 and 4.0 have been considered. A
minimum value of wall thickness T equal to 100 mm has been
adopted from the consideration of reinforcement placement and
proper concreting. The maximum value of T is limited to 500 mnm,
for beyond this value the advantage of using hollow section will
cease to accrue. A minimum clear cover of 10 mm for the main
reinforcement bars is provided where T is more than 200 mm. For T
less than or equal to 200 mm a minimum clear cover of 25 mm
for the main reinforcement bars has been asumed. The width of
cpening C for cee shaped sections is normally 1000 mm, but for
smaller values of D it has been limited to 600 mm. Detailed

geometrical parameters have been tabled in Chapters 4, S anéd 6.

1.3 COMPUTATIONAL METHOD

Development of interaction curves for a column section having a
particular geometry and reinforcement arrangement requires

computation of sets of values of biaxial moment capacities for

the chosen value of axial force. These can be obtained by

assuming the inclination and position of neutral axis and then
computing the axial force and moments. The axial force and

moments are computed by a numerical approach where the

Compression zone is split into a number of equal width strips

Parellel to the neutral axis. The force and moments due to the

force in each strip are calculated about two orthogonal axes

passing through the centroid of the section, Forces and moment
s

5



due to reintorcement in the section are also calculated and the
total axial force and moments in the section are obtained by
summing up the axial forces and moments due to concrete strips
and reinforcement bars. The calculation of forces are based on
the failure of concrete governed by the maximum strain criteria
and idealised stress-strain curves of concrete and steel in
accordance with Indian Code of Practice, IS:456~1978. A computer
129
program developed earlier has been modified for hollow column
sections for this investigation. Specially written subroutines
are able to generate the geometrical parameters of various types
of column sections with minimal manual data input. The force and
moments computed as above are compared with the chosen values of
axial force and moments for compatibility within permissible
limits. If not, then the position of neutral axis is shifted till
the internal forces compare with the external applied forces
within permissible limit. Next, the inclination of the neutral
axis 1is varied to get a mnew set of wvalues of moment
capacities. In this manner the entire range of values of
inclination of neutral axis can be considered depending on
the symmetry of the section. The sets of values when plotted

gives the interaction curves for that particular type of section.

1.4 OPTMIZATION OF REINFORCEMENT DISTRIBUTION

An  important aspect of the investigations is establishment of

the optimum reinforcement detailing for hollow column sections of

different shapes and parameters., It has been seen that with a

given amount of steel, one can achieve maximum load capacity just

6



by judicicusly manipulating Lthe placement ¢f reinforcement bars

at strategic locations inside the section. In order to find the

optimum reinforcement arrangement for a particular hollow
column section, its interaction curves are plotted for a fixed
percentage of steel and axial load, but varying

reinforcement arrangement. In general, the interaction curves
covering maximum area on the graph may be considered to
represent the optimum reinforcement detailing for that
particular column section. Detailed descriptions of the

optimization process appear in Chapters 3, 4 and 5.

Based on the above investigation, rcomprehensive guidelines have
been drafted for optimum reinforcement detailing of various types

of hollow column sections.

1.5 EFFECT OF OPENING

Further investigations have been carried out on simulatory
finite element models of hollow rectangular and circular
columns using a standard finite element package to study the
effect of opeqing on hollow column sections. Before pProceeding

with the study, finite element models of various sizes having

varying number of elements have been tried to arrive at the
converging model which gives fairly accurate results and at the

Same time is feasible and economical on computer hardware and

time, Extensive finite element analysis of the model revealed

stress concentration around the opening necessiating extra

reinforcement. Inferences have been drawn and remedial measures

suggested to counter the effects of stress concentration

around

i
e



openings.

1.6 DESIGN CHARTS

The design chart consists of a set ot 1nteraction curves
pertaining to a particular type of coluun section covering the
entire range of practically possible values of axial load and
reinforcement percentage. Design charts for various geometry of
hollow column sections have been obtained by piotting biaxial
moments for different values of area of steel and a particular
value of axial force. For wider applicability of the design

charts, the ultimate axial force P , biaxial moments M and M

u ux uy
and area of steel A have been expressed in non-dimensional form
S
as P /f A, M /f Z ., M /f Z and 100 A £ /£ A
u ck g ux ck X uy ¢k vy s y ¢K Q
respectively,
where A = Area of steel
g
A = Gross area of section
g
£ = Characteriuvtic strength of concrete
ck
f = Characteristic strength of steel
y
2 = Modulus of section about X-X axis
X
Z = Modulus of section about Y-Y axis
Y
For closed hollow column sections symmetrical about both
orthogonal axes, interaction curves for four levels of axial
load corresponding to P /f A equal to 0.25, 0.5,
un ¢k g
0.75 and 1.0 have been included in one chart. Each set of

desi , contains iInteracti “vegs -
gn charts | eraction curves for percentage of

steel varying from 0.!5 to 6.0 in increments of 0.5 percent



For cee shaped column sections i.e. hollow columns with large
opening which are symmetrical about only one axis, interaction
curves for only two levels of axial loading have been included
in one chart as the interaction curves corresponding to
positive and negative values of Muy are different on account of
asymmetry about the Y-Y axis. Desigh charts have been

presented in Appendices Al, A2 and A3.

In order to ensure accuracy and to avoid any chance of human
error, the design charts can be plotted through computer using a
standard CAD package, by making direct access to the program

output file.

1.7 CONCLUSIONS

Hollew reinforced concrete columns have wide applications in
structural engineering. Apart from aesthetic look and functional
advantage, hollow columns are economical under bending moments of
high order. The use of design charts presented is simple and
direct. The study is comprehensive.in the sense that it cover a
very wide range of shapes and geometrical parameters, including
sections with large openings. It also facilitates the most
economical use of reinforcement steel resulting in optimum

design.



CHAPTER 2 :REVIEW OF LITERATURE

2.1 GENERAL

Columns, the primary lcocad carrying member in a structural
framework have been classified into three categories viz. very
short, short and slender. Columns having slenderness (effective
length to corresponding lateral dimension, 1/d) ratio less than
or equal to 3 are called very short <Columns or pedestals.
Similarly columns of intermediate slenderness (3<1/d<12) are
called Short columns, whereas those with slenderness ratio

higher than 12 are termed slender columns as rec¢ommended by

61
I5:456-78

Pedestals are normally not critical in strength as their c¢ross-

sectional dimensions are large as mainly governed by practical

considerations, Pedestals are provided with nominal
reinfoorcement governed by codal provisions. The study of the
strength of reinforced concrete column sections is mainly

concerned with the study of short columns. The design principles

of short columns are in-turn applied to slender columns after

adding the effect of slenderness into the applied forces, as

established by researchers and recommended by various codes.

Extensive literature is available on interaction curves for

Tectangular and circular columns, while very limited studies are

available on other shapes such as L, T, C and + shapes of column

sections. Research work orn interaction curves for hcllow

reinforced concrete columns has not come to light so far

10



Rivew of literature on colassical elastic theory, experimental
investigations, 1limit state method and interaction surface
approach for the design of reinforced concrete columns has been

done in the following paragraphs.

2.2 THE CLASSICAL ELASTIC THEORY

The classical elastic theory is based on compatibility of strain
and stress in the reinforcement equal to modular ratio (m=Es/Ec)
times the stress in the surrounding concrete. This approach has
been found to be very conservative due to the creep and shrinkage
behaviour of concrete. Even in the case of a hypothetically
%
unloaded concrete column, shrinkage effects are capable of
generating self - equilibriﬁting stresses. Moreover, the inherent
compressive strength of concrete is rather difficult to measure
in the laboratory as it is a function of specimen size, height of
specimen etc. If the cylinder strength of concrete is Fc, tests
have revealed that only 0.85 Fc can be realised in the full scale
column tgsts. As a result the strength of a reinforced
concrete column came to be looked upon as consisting of the
st;ength of steel and the strength of concrete. It is thus
obvious that the strain compatibility equation has now become

redundant in case of axially loaded reinforced concrete columns.

2.3 EXPERIMENTAL INVESTIGATIONS

The behaviour of axially and eccentrically loaded reinforced

concrete columns has been understood properly on the basis of a

series of tests undertaken at several research laboratories of

the world. The most significant studjes amongst them are b
&?

T1



132 112-115% 58 86,87
Slater . Richart . Honestad and Mattock . The

outcome of the laboratory tests feorms the basis of the theory for
establishing the strength of reinforced concrete sections. These

are:
{a) The strain compatibility at working load does not hold good.

(b) Enormous ductility could be built into reinforced concrete

coluimns by the wuse of spiral type lateral reinforcement.

(c) The efficiency of spirals in carrying axial loads was

rated as twice that of the corresponding Jlongitudinal

steel.

(d) Tied columns fail suddenly and catastrophically, while
spirally reinforced columns fail gradually in a ductile
manner. Therefore the concept of limit state design is

heavily biased in favour of spiral reinforcement.

(e) The plane section hypothesis has been found to be valid
in case of eccentrically loaded columns, even in the

ultimate stage of behaviour. Based on moment and force

equilibrium requirements and the plane section hypothesis

problems of eccentrically loaded columns can be solved to

86

-

Yield results that agree with the laboratory testsg
(f) The criteria for failure of concrete

columns is limiting

strain, and axially loaded columns are deemed to have

failed if the axial strain reaches a limit of 0.002

12



(g)

(h}

(3)

when moments predominate, as in the c¢ase of top storey

columns of a multistoreyed building, the maximum

compressive strain in concrete reaches a value of 0.0035 or

so which 1s the same as that observed in the czse of
beams. The failure c¢riteria in terms ot strain thus
becomes a variable, changing from 0.002 for axially 1loadad

columns to 0.0035 in case of large eccentricities.

As 1n the case of flexure, the exact ﬁature of the

concrete stress block in compression zone of a column

does not seem to be important. 8o long as the total

compression and the location of its resultant can be

identified reasonably accurately, any stress block seems

to yield results that compare favourably with test results.

Load carrying capacity of columns with eccentric loads

does not decrease as rapidly with increasing eccentricity

as® would be predicted by the elastic theory. Thus on a

conservative basis, an interaction formula of the

following form can be used:

f f
a b
—_—— F mm- < 1
F F
a b
Where f = Axial unit stress
a
F = Allowable axial unit stregsg
a
fb = Bending unit stressg
Fb = Allowable bending unit stress

13



2.4 LIMIT STATE METHOD OF DESIGN

Strength of reinforced concrete columns under axial load biaxial

moments can be computed numerically based on codal provisions

with regard to limits of gstrain 1n  cvencrete and steel
reinforcement. However, the methods of design enumerated earlier
61
and available to the designer today in the form of 1I8:456-78
135 .
and GP-16 can at best be termed as approximate. With the

advent of computers, particularly the desk top machines, a strong
urge was felt for a rigorous or exact approach within the

accepted dzsign assumptions.

61
The Dbasic assumptions as put forth in 18:4%6-78 and other
. ‘ 3,111 23
international codes such BS:8110-1985 . CEB-FIP Model Code
4-7
and the ACI Code are the same and are listed below :
(a) Sections remain plane after deformation.

(b} The reinforcement is subjected to the same variations

in strain as the adjacent concrete.

{c) The tensile strength of concrete is neglected.

(d) The maximum compressive strain of concrete ig taken
to be 0.0035 in bending (simple or compound, straight

or skew) and 0,002 in axial compression.

(e} The maximum tensile strain in reinforcement st failure

is taken to be £ /1.15 E
Y s

characteristic strength of steel.

]

where f
Y

E
S

modulus of elasticity of steel.

14



(f} The concrete stress-strain relationship in assumed Lo

be a parabola - rectangle.

78
Marin was undoubtedly Lhe first researchecr to have come out

with a computer program <c¢alled REVCOL as back as in 1970. This
program was initially supposed to be capable of analysing and
checking any imaginable reinforced concrete cross-section in its

ultimate strength state. However, when applied to L and C

sections, the program exhibited extraordinary complications.
85
Subsequently Marin developed another program specially for L
75

-shaped sections in 1979, Magalhaes has als¢ presented a
computational method (generally applicable to column sections of
any shape. He has considered two types of steel reinforcement
viz., hot rolled steel having a "Sharp Kneel" stress-strain
diagram and cold worked steel without a well defined yield point.
Though the concrete section and reinforcement may have any form
and definition, the theory is developed particularly for sections
defined by coordinates of the vertices of the outline polygon

while the reinforcement consists of bars with the area

concentrated at points., The formula for the calculation of
mechanical characteristics of polygonal sections (static moments
of the first, second and third order) are laid down and can be

used in the calculation of sections of any material. The

determination of the defining parameters of the neutral axis on

the basis of the equilibrium equations, ig carried out by

application of Newton-Raphson method. Magalhae575 has also

indicated in his paper the application of this method to hollow

concrete sections.

&N



137
Sturrock has presented & method for cowmputer analysis of

reinforced concrete sectlions under axial load and biaxial
bending. The Dbasic approach calculates the ultimate moment of
resistance with respect (o the reference axes for a defined
axial load. The method is calable of dealing with any shape of

cross~- section and is suitable for programming on a desk top

computer. For the assumed position of neutral axis the
equilibrium of forces on the cross - section 1s checked andg
the neutral axis position 1s adjusted as necessary until

equilibrium 1is established. The axial force and moments are
calculated by numerical approach where the compression 2zone 1is
split 1into a number of equal width strips parallel to the
neutral axis. The length of each strip and the strain at its
centroid are determined, and thus the force in each strip as
well as the resulting moment about the neutral axis are
calculated and summed. Similarly, the force and moments due to
each reinforcement bar are also calculated and summed.

Sturrock's method has worldwide acceptance and subsequent

wWOrks by researchers are based on it.

As discussed earlier, due to the large number of

variables
involved, it is practically impossible to produce a universal
program or set of interaction curves applicable to all possible
shapes, 5izes, characteristic strengths and reinforcement

distributions. As such, researchers, after carrying out extensive

computations based on the assumptions and methods established by

75,78,83,137

the earlier researchers have come out with casy to

use interection curves meant exclusivelv for different cp
2 : AsS§ -~

.
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sections such as rectangulay, circular, L, T, € and + shaped.
126-130
Very significant work has been done by Sinha and his
associates for the development of interaction curves for special
127 128
shapes of columns Like + and T . subjected to Dbiaxially
eccentric loads. Recently Sinha has proposed user friendly charts
for the "Direct Method of Design of Rectangular Column Section™
which 1is simple and of immennse use to the designers. He has
first recommended the most ecovnomical reinforcement distribution
for various B/D ratios and then goes on to produce interaction
curves for direct reading of reinforcement percentage against the
applied axial load and biaxial moments for the various B/D ratios
and reinforcement arrangements. Fig. 2.10 showns a typical
interaction curve. Here the applied forces P , M and M are
u ux uy
first converted into non-dimensional integers by applying the
appropriate strength characteristics of concrete and steel
reinforcement and then the designer follows the procedure

indicated by dotted 1lines a-b-c-d to read the reinforcement

percentage directly.

2.5 INTERACTION CURVES FOR DESIGN OF COLUMN SECTIONS

It is «c¢learly seen that the direct approach for finding the

strength of eccentrically loaded reinforced concrete c¢olumn is

Cumbersome, and its best the results are bound to be approximate.

inasmuchas most columns are biaxiaaly eccentrically loaded, the

designers are bound to take considerable time in analysing and

designing such columns. The obvious question at this stage of

development is whether design aids, such ag tables, charts ang

nomograms can be made available to hasten the design procesg
S.
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2.5.1 UNIAXIAL BENDING

Based on a set of ascsumptions coroborated by laboratory test
results, and a set of specified partial safety factors, the
ultimate strength of uniaxially eccentrically loaded columns
can be derived. To overcome the drudgery of cumbersome
calculations, interaction curves have been developed by plotting
axial load against uniasxial bending moment expressed in non-
dimensional form for various shapes of column section and
reinforcement arrangements. Figures 2.1 and 2.2 show 1typical
interaction curves (P-M diagrams) for a yectangular section under
uniaxial hending. It stands to reason that such interaction
curves «c¢an be drawn for various planes of bending assuming

various positions of neutral axis.

2.5.2 BIAXIAL BENDING

In the case of biaxial eccentricity we get interaction or failure
surfaces. Each point on this surface represents one particular

set of axial load P , moment M about the major axis and M
u ux uy

about the minor axis, which will combine to produce failure. If a
horizontal section is drawn through the interaction surface, the
interaction curve so obtained represents possible combinations of

M and M that would cause failure at a given axial 1lcad P
ux uy

u
This curve is obviously a constant load contour.

If tha reinforced concrete cross-section is Square, in shape and
L

symmetrically reinforced, one would expect this contour to ke a

circle, and 1in case of a rectangular section, an allipse But

18



36
Pannel ltas shown by detailed analysis that this 1s unot the

case. The problem becomes more intricate if the cross-section is

unsymmetrical about one or both axes.

2.6 CODAL APPROACH FOR DESIGN OF COLUMN SECTIONS

2.6.1 AMERICAN CODE METHOD OF DESIGN

For a given cross-section of width b, depth h and reinforcement

percentage p = (A + A )}/bh, typical interaction curves obtained
s s’
2

by plotting P /f*' bh versus P e/f' bh are shown in Fig. 2.1 (a).
n c n c

For a given value of mh, which represents the distance between
compression and tension reinforcement (of approximately equal
quantities) a set of design curves are given in the same chart.
Several charts are available for mh varving from 0.6 to 0.95. The

minimum eccentricity line e/h = 0.05 and the balanced
. - - 150

eccentricity line eb/h are also shown. Winter and Nilson have

illustrated the use of these curves. Since it is simpler te deal

with dimensional variables to have a proper understanding of the

influence of various design parameters, let P be the pure axial
no

load capacity and let M be the pure flexural capacity of

noe “

given cross-section as shown in Fig. 2.1(b). Let Oa represent the

M /P line and let Ob represent the M /P line. The 1line ab
n n nb  nb

represents compression failure, line bc represents tension
failure and point b identifies the balanced failure condition
These 1lines are constructed by assuming various strain profiles

23

as indicated by the CEB-FIP model codes . Since ® = 0.70 or 0.75

is a capacity reduction factor, a different line EABF i
; : 18

-~

constructed by taking OA = & (oa) and by siwilar proportioning df

19
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P Pro
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b
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(b)

FIG.2.1 ACI CODE APPROACH FOR RM INTERACTION DIAGRAMS:
{a) NON -DIMENSIONAL P-M INTERACTION CURVE (AC1);
{ b) DESIGN VALUES FROM (INTERACTION DIAGRAM, DEAFC
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OB = ® (cb), OC = & {cc), ect. Hence cdesign should be based on

the modified interaction curve EABFC. A typical point A

represents Pd XR.Pn oand Md o= &M, Modificatlons are
required for small ccrentricities and very large eccentricities.
In the case of very lalrge eccentricitics, flexure predominates
and the capacity reduction factor of 0.90 (& = 0.90) should be

used. It is obvious that some Kind of transition between ® = 0.70

or 90.79% and &

0.90 should be worked out. The ACI Code

.10 £' .A and Pd = &, the value of ® may be
¢y

stipulates for Pd
increased linearly from 0.70 o1 0.7% to & = 0.90 as shown by line
FC. In the case of small eccentricities, wherein compression
predominates across the entiiLe cross-section, the code lays down
that Pd = 0.800 P for tied columns and »d = 0.85 P for
no no
spirally reinforced columns be adopted. Hence line DE represents
such a horizontal cut-off. In these computations P = 0.85 £' bh

no C
+ A f + A f = 0.85 £f'" A + A f . The paramneter pm is of

+

s' Y s y c cC st ¥y
interest since it represents

Semmmm-- X  —=m==- and the same set of curves are valid

for wvarious quantities of steel and concrete and the ratios of

their strengths.

2.6.2 INDIAN CODE METHOD OF DESIGN

- . . 135
A typical P-M interaction curve as given in SP-16 . Design Aids

61

for Reinforced Concrete to I8:456-78 is shown in Fig. 2.2 It

is seen that these curves have the same geleral form gs the ac

curves but the various curves are generatrd for the parapete
v
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P/£ rather than pf /f , and hence different sets of curves are
ck v Cck

required for different values of f . Furthermore,the lines fa =
y

0.0, 0.2, 0.4, 0.6, 0.8, and 1.00f d represent the state of
y

stresses in steel 1in the least compressed edge. The tension
failure line is obvicusly easy to identify. The e/h
concept has been de-emphasised and the stat: of stress in steel

has been given importance.

2.6.3 BRITISH CODE METHOD OF DESIGN

30
British «c¢ode BS:8110 lays down the paranmeters of design of

RC columns. The axial load of a short column without
significant moments is given by

N = 0.40f A + 0.67f A
cu ¢ ¥ sc¢

For a nominal eccentricity of h/20 in the case of unbraced

columns, the following expression gives the ultimate load N.
N K (d/h - K} + £ d .p (d/h - 1/2)
1
bh (d/h - 9/20)

where K ,K ,and K are as indicated in Fig. 2.5
1 2 3

fd and f d are design stresses 1in compression and
y 1 y 2

tension reinforcements respectivelly

p = A /A is the proportion of reinforcement.
1 s¢ ¢

In the case of columns subjected to axial 1load and bending

moment, the use of the parabolic-rectangular stress block

results in the following equations for rectangular columns:

N = K X.b + A fd -A .fa
1 S'lyl Sl &rz

23



Moo= B oLiob(hs2-8 w4+ A £ d (h/72-d'y + A .f q {d-h/2)

1 2 s'l vy 1 s2 y 2
3/2
where K = 0,3415f - 0.00838(f )
! cu cu
1/2
1876-70.73(f + £
Cu cu
}\' 2 e emaacmcmm e cm e, e, r —c e . —-
- 1/2
3752 - 70.73(f )
cu
1/2
K = 0.0566(f )}
3 cu

f d and f d are the appropriate values of £ for compression

y 1 y 2 ¥

reinforcement A and tension reinforcement A to be used for

51 52

design purposy, and depend on the corresponding value of x/h.

(For example, f = 0.87f when x/d < 805x{1265+f }. When x > 4,

yd2 1y Y

the reinforcement A is in compression. The value of f qQ

s2 y 2

should be taken as negative in the foregoing expressions for M

and N. The design chart shown in Fig. 2.3 is based on the

above formulae.

On the other hand, BS-81l1l0 permits a simplified approach, which

is ¢f interest to the designers using 15:456-78. The curves

shown in fig.2.4 are based on this simplified approach. The

following procedure has been adopted in the simplified approach.

2/5)f .4 .b + 0.724 £ - A f
( cu ¢ sl y s3 82

N

=
]

(1/5)f .d b(h-d ) + 0.72f .A (h/2-d")+A .f (d-n/2)
cu c ¢ y s'l s2 g2

where g < 2d' is the depth of concrete assumed to be in
C
compression and f  is the stress in the tensjiop reinforcement

s2
The code recommends that when 2d' < 4 ¢ h/2, £ = +0.87f -
c 52 y'
wh , T varies linearly fr
en h/2 <« dc < d .2 Y from 0.87fy to zero;

24
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when d < o < h, f = 0;and when d = h, f increases from zero
¢ $2 ¢ 2
to -0.72¢ .
y
It is also indicated that nominal reinforcement will suffice when

N o= (2/5)f .b(h - 2M/N} provided that M < (h/2 - 4°)N
cu
The foregoing expressions which are obtained by considering a

block having a uniform stress of 2/5% and

rectangular stress cu

equating moments about the centreline of the section and direct

forces, can be rearranged to give

N\ 2 c1C fY fs2

----- = - -- +0.72 --- . pc - —-- .pt

bhfcu 5 h fCu fcu

N 1 dc dc fY 1 d f52 d 1
______ = - = (1 --) + 0.72 --- pcl{- - - }+ ---pt (- - -}
bhfcu S h h fCu 2 h fCu h 2

and nominal reinforcement will suffice when

The above approaches for generating P-M interaction curves have

been presented for the use of designers who will be required to

genefate such curves for T - shaped and I - shaped columns.

2.6.4 INTERACTION SURFACE FOR BIAXIAL BENDING

The design of columns subjected to axial load and wuniaxial

bending has been simplified by the availability of P-M diagrams

or es as explained earlier. But in practica]

interaction curv

26



design sitaaticis, columns ais ivvariably acted upon by biaxia)l

bending moments, which wakes the problem extrewely complex.

In  cuse 2! blaxial cerentricity e yel Inmteraction surifaces

instead of interactlon <ubves. Fachh  poliut it this surface

particular  set vl assal  lvad P, nmoment M

represciuts one
u uN

about the major amxis and mowent X about the winor axis, which
uy
will cowbine ic produce fallure. Fig. 2.6 (a}) zhows a typical

B-M imterdacy ion gur fece Lor a reinforced cvoncerete  column. It

may be poticed that Lhe interaction surface tukes the shape ot

an  “onion", since the effect of cracking is to reduce moment

Caparity of column sections significantly. If a horizontal

section is taken through the interaction surface as shown 1in

Fig. 2.¢ (b). the interaction curve SO obtained represents

Possible combinations of Mux and Muy that would cause [fallure

at a given axial load pu. These curves have been called
85

n .

Isoloadsg" by Marin .

been wade by several researchers namely

46,18 147 99
Furlong , Ramamurthy , Parme

Though attempts have
‘J( .q‘? 20,31
Pannel . Bresler :

88 148

Meek snd Weber of attack, a generalised

to pursue this jine

ious levels of axial load on a

expression for contours at ver

reinforced concrete column wnich bends biaxially cannot be easily

derived This is because the shape of the contour depends upon

the geometry,strength of concrete and steel used, arrangement and
and also the level of axial

Quantity of steel near the periphery.

load,

27
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FIG.2 .6 (a) P-M INTERACTION SURFACE,
(b) BIAXIAL MOMENT INTERACTION CURVE AT CONSTANT LOAD.



Bresler's theory 1s oi special interest as =L has been adopted

by IS:456-78. He has suggested two methods.

Bresler's Method - |
20,21
For a given rcinforced cvencreic section, Bresler plotted the
Valueg ! the inverse of  ultimate load (17B ) against
u

eccentricitinces ex and ey alony varlous inclinations of the

neutral axis te get a bowl-shaped 1nteraction surface asg shown in
Fig, Zind (A gince the equation of such a surface 1is not

readily obtained, it is replaced by a plane in  the region of
interest . In Figy. 2.7(b) the load versus cecentricity curve in
the region of interest at- point Q 1in approximated by a plane

g and C. Now pcint Q on the

J

Passing though points A,

wiiich genevally

interaction surface is approximated by point d

Jives y  conservative estimate of the strength of the sectiaon.
Pointg A and B represent the reciprocal of ultimate iocad when
dcting at eccentricities ex and ey respectively and point C
Lepresents the reciprocal of concentric ultimate load capacity.
Based on the above approximation, the strength of Dblaxially

loaded c¢olumn section is given by

. 1 ! !
i e W e A
: P p P
uxy ux uy uz
Where p = Ultimate Load under piaxial eccentricities ex and ey.
uxy N
P Ultimale Load under biaxial evcuentriclity ex.
= inale
ux o -
P = Ultimate Load under biaxial eccentricity ey.
= H = a : C ;i X
uy
je ad.
¥ =~ Ultimate Concentrlt loa
uz

29
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The above cguatlion for delviwaninyg Lhe ultimwal. loud  capacit,
is simple aliG dcCur ale cllwuyhlh with o Ll L Creor aE

APPL UM cwmaleily sk g Ll

Bresler's Method - 11

It Ul et e tiiot Lot han ubtilised tie 0-M0 Interaclion
Surfac.  w.l looiou s o smhwown ik Filg.e .o la)l wnd 2.0
TESEr Lo ). Sach, iuulwads ol lnteraviivn llies  can Le
L1 S Y AT SRR U [} PO . Jiovinlwiiless relative Falamelel s suchh ao
{‘J"_)
M /o it o /M a.. .-Ja.-_.‘_i'-'.-.ai.l..d 5y Pal e YIS deL'U.\iH]dtin
(N YRND, Uy uy v

by the equation

S B A Ju o+ MO SNM inoo=
U dhu dy  ayw
where M, M = Bianiel mowents P o.e  and P o.e respectiveldy
ux uy u Y u N
whorv oz alld ¢ urv o codenlidlceities  of
A Y
EPAN .'ltl I lUd(.l P .
0
m, n = Exponents thal detine  Lhe shape of the

isoload. Thesz exponents depend upon the
intensity of axial lvad, dimeunsions of the

cross-section, amount of reiuforvement uand

its distribution, vconcrete and steel
strenytbhs and the CosLL to W il

ceinforcement bars.

The iusolowt as defiued by the above equation and plotted in

Fig. 2.8{a) ««au be considered symmetrical  about the vertical

line bivecting the twy crdinate pianes and can be  expressed gg
all



where an log 0.5/:09 B

1)

and B Ordinate of the intersection lines at the point at

which relative moments are edqual.

The above interaction equation has been plotted in Fig. 2.8(b)
for different values of 8. The minimum value of B equal to 0.5

represents a straight line and the maximum value equal to 1.0

represents two lines each of which is parallel to one of the

coordinate axes. The value of B depends on a large number of

design parameters such as Cross = sectional dimensions, amount of

reinforcement and its placement, strengths of concrete and steel

and the cover to main reinforcement.

IS:456-78 has considered a single important parameter P /P  that
u uz

governs the value of an and in given by,

linearly from 1.0 to 2.0 for the values of

an varies

p /P varying from 0.2 to 0.8
u uz

1}

1.0 for P /P less than 0.2
u uz

2.0 for P /P greater than 0.8
u uz

The design of a section is further simplified by plotting

interaction curves for different values of P /P in lieu of an
U uz

as shown in Fig. 2.9. The use of this curve for design of a

section subjected to axial load Pu and biaxial bending moments

M and M is simple, as described below :

(i} Assume the cross~-séctional dimensicns and areg of

reinforcement and its distribution.
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(11)

(111)

(iv)

(v}

Determine concentric load capacity © Jiveir by Lhe

uz
following eguations
For wild steel, P = 0.446 f A + 0.87 £ A, and
I PA ck ¢ Y s
fcr high strength deformed bars, P = 0,446 f A 4
uz ck ¢
0.75 £ A
Y S
where £ = Characteristic compressive strength of
N
concrete.
f = Characteristic strength of steel
X
reinforcement.
A =  Areaq vf conzrete.
C
A = Area of steel reinforcement.
S
Determine uniaxial moment capacities M and M

uxo uyo

combined with the given axial load P with the use of
u

appropriate interaction curve for the section subjected

to the combined axial load and uniaxial moment.

calculate the values of M /M and M /M and plot
ux Uuxo uy uyo

them as D and p on Fig. 2.9. Draw vertical and
X Y

norizontal lines from points p and p to intersect at
X Y

point p . If this point is within the interaction
Xy

curve for the computed value of P /P , then the
u  uz

section is safe, otherwise unsafe.
If required, correct the assumed section and the
reinforcement area successively until the strength of

the section approaches the applied forces
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2.7 REPCIITED RESEARCH ON HOLLOW COLUMNS

1O, 104
Procter igs whe ot the very few reseaichers wilo have worked

=}

He experlnented oir prain and lightly

on holliuvw concretle volunnus.
reinforced nollow ¢ylindrical cross-gsectiouns by lesting them in

compressic: under axie! and eccentric loading. Vertical cracks

develoned all around the periphery at fallure. There were two

limil states induced hy axial compression - axial splitting dae

to circumferential tension, and diagonal shearing. The study was

however, limited to very swmall diametel spun concrete pipe

columns. He fullowed it up by conducting further tests on hollow

rectangular plain and lightly reinforced concrete columns. He set

out wmodes of failure of hollow rectangular sectlons under axial

loads and bending moments. Aspecls considered were - most

suitable wcolumn sections, behaviour of  slender columns  under

axial und combined ivading. Here again, the work was limited to

very smuil sectious, 2hd no attempt was made to develope any

design aids.

T T 72

Liu ané Chen worked extensively on the strength of

reinforced concrete spun pipe (hollow circular) columns. Once

again the diameters considered were small and the study centered

around failure modes of slender pipe columns. No attempt was made

by them to develope design aids for hollow column sections.

125 . o
Shen and Wen studied the behaviour of reinforced concrete
hollow ccre columns under cyclic loading. The influence of

Percentage of holloow core, the ratio between axial forceg angd

Compresgiye strength of concrete as well as the arrangementy of

S e 1ngitudinal reinforcement - .
tirrups and longdl = Gt Nystere i,



CHAPTER 3 : COMPUTATIONAL APPROACH FOR STRENGTH OF RC COLUMN SECTION

3.1 GENERAL

The computational approach for strength of reinforced concrete
column secticon based on the Limit State method of design has been
discussed in this «citapter. The material properties such as

stress-strain relationship tor concrete and steel, and failure

criteria of column section have been adopted in accordance with

CL |
IS:15G6-78 . A numerical technique has been used to integrate the

stress ovel compression zone Of concrete. The basic approach used

in the computer program calculates the concrete and steel forces,

checks the eguilibrium of forces on the section and finally

calculates the moment of resistance of the section with respect

to the reference axes, for a given axial load.

on the computational approach discussed above, a computer

129
program developed earlier has been modified to cater to the

Based

hollow column sections with and without opening. The program can
generate the X and Y coordinates of boundary points of the
section, location of the centroid of reirnforcement bars alonrgwith
its area, as well as the section properties to be used as input
for further executiﬁn. As such minimal effort is needed on the

part of the user of the progranm.

The modified computer program cal handle hollow column sections
of any concievable shape and size, and reinforcement placement.
the X and Y coordinates of the boundary points of the

However,

section, as well as the X and Y coordinates of the reinfOrCemeqr

bars requires to be



inputted. This is facilitated by developing subroutines for

generating the above data foir 4 particulayr tvpe of hollow column

section with winimum Dasic input patameteors.

3.2

The

ASSUMPTIONS

basic assumptions wade in the analysis and design of column

sections are given below:

‘labe seutlions normal to the axls of the member remain plane

r
[}

after the bending.

Design stress-strain relationship for vconcrete has been

adopted as indicated in Fig. 3.1l.

Tensile strenygth of concrete is neglected.

The design stress in reinforcements are derived from the

strain wusing design stress-strain relationship as shown in

Fig. 3.2.

Maximum strain in concrete at the outermost compression fibre

of the section is 0.0035 when the neutral axis lies within

the section and also in the limiting case when the neutrail

axis lies along one edge of the section as shown in Fig. 3.3.

For purely axial compression case the strain is assumed to be
uniform and equal to 0.002 across the section. For section
sub jected to axial load and bending when there ig no tension

on the section the strain at highly compressed edge is 0.0035

minus ©0.75 times the strain at the least compressed edge ag

shown in Fig. 3.4.
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Fig 3.3 STRAIN DIAGRAM WHEN NEUTRAL AXIS IS

WITHIN THE SECTION

_.40.0035

0.002

0.0035.075¢ch

e

Fig 3.4 STRAIN DIAGRAM WHEN NEUTRAL AXIS IS

OUT SIDE THE SECTION
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Stress-strain relaticuship for concrete

The design stress-strain relationship as prescribed by
I8:456-1978 has been followed. The same is reproduced in
Fig.3.1l. The stress-strain relationship has been approximated
tu be parabolic upto a strain of 0.002, thervafter the strain
increase in stress. 1he  equation fou

incregses withoat any

parabolic part of the curve 1s given as under

2
£ = f [2{c/co) - (u/co) ]
T co 5
= 0.466 £ 2(c/0.002) - {(¢/70.002) ]
ck Y
= 116 ¢ (v-290 « )

ck

Stresc-strain relationship for steel

The modulus of elasticity of steel has been taken as 200000

2
for all grades cold worked steel. The design stress-

N/ mm
strain relationship for cold worked steel of grades F 115,
e
F 500 and F 550 are shown in Fig. 3.2. It is linear upto a
e e
design stress of 0.8 f'd and thereafter it is non-linear and

Y

is defined as given in Table 3.1.
TABLE 3.1 NON-LINEAR PART OF STRESS-STRAIN RELATIONSHIP FOR
COLD-WORKED STEEL

DESIGN STRESS INELASTIC STRAIN

0.8 f d Nil
y

0.85 £ d 0.0001
y

0.90 E d 0.0003
y

0.95 £ d 0.0007
},‘

0.975 £ d 0.0010
Y

1.0 fyd 0.0020
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The total value of strain and design stress, corresponding to

points defined above for F 215, F 505 aud F S50 gradeyg of
2 = e

steel are given in Table 3.2,

TABLE 3.2 SALIENT POINTIS ON DESIGN STRESS-STRAIN CURVE FOR

COLD-WORKED STEEL

STRESS LEVEL F 415 F 500 F 550
[ (14 3]
Strain  Stress Strain Stress  Strain Stress
2 2 2
(N/mm ) (N/mw ) (N/mm )

(1) (2) (3) (1) {5) (6) (7)
0.80 fyd 0.0014 288.7 0.00174 347.8 0.000191 382.8
0.85 fyd 0.00163 306.7 0.00195 369.6 0.00213 106.7
0.90 fyd 0.00192 321.8 0.00226 391.3 0.00245 4130.7
0.95 fyd 0.00241 342.8 0.00277 413.0 0.00297 454.6
0.975 fyd 0.00276 351.8 0.00312 423.9 0.00333 466.5
1.00 fyd 0.00380 360.9 0.00417 434.8 0.00439 478.5
Note : Linear interpotation may be done for intermediate

values

3.3 COMEUTATION OF STRENGTH OF COLUMN SECTION

The computation of strength of column section for an assumed
Position of the neutral axis is mede by splitting the compression
zone of concrete into a number of equal width strips as shown in
Figs. 3.5 and 3.6. The length of each strip and the strain at jits
centroid are determined. The stress at the centroid of each strip
i$ determined from the stress-strain relationship of concrete,
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Fig. 3.5 NUMERICAL APPROACH TO STRENGTH
OF COLUMN SECTION
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Fig 3.6
.6 CROSS-
oROSS: %E;;IONAL DETALLS ,RE
AND STRESS ‘DIAEE!RENCE
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Th SRR 4 . .
€n the complessive force in each strip and woments due to t]
o ‘he
CO - s ) nt e, P . <y sa o6 . g 2 .
Mpressive forcve in each strip about two orthogonal asecs are
- 2 (%
ontained as given below:

Axial force in strip 1

p =1 Db ¢
Cl i1 cCi
Moment due to axial force P it strip 1 about X-X axis
Cl
M = p »
usci ci ci
AX ' . . .
Moment due to axial force P ~in strip 1 aebout Y-Y axis
Ci
N = P Y
uyci cli ci
where,
1 = length of centreline of strip i
1
& = width of strip 1i
i
i = gtress at the center of strip i
ci
N = distance of mid point of centreline of strip i from
ci
X-X axis
y = distance of mid point of centreline of strip i from
ci

Y-Y axis

Forces and moments due to reinforcement bars in the section are

calculated by determining the strain in the reinforcement bars,

and then the stress from their stress-strain curve as given below:

Axial force in reinforcement bar i :

P = A f
si si si

Moment due to axial force P in reinforcement bar i ahout X-X
si oo

axis

uxsi si si
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Mo o Ry e : . .
nent due to uxial foruee P in reinfoicement Lat 1 about Vo

si
axis :
\] - I\ ‘J
uysi s1 si
where,
B = area of reinforcement bar i
s1
t = stress in reintorcement bar 1
S1
“ = distance of reinforcement bar i trom X-N axis
54
Yy = Jictance of reinforcement bar i from Y-Y axis
&1

The Loutal oo ol force «nd moments are obtained by summing up the

axial forcves and moments dug to the concrete strips  and  the

reinforcem:nt bars as given below:
Total axial force :

I "

p = E P + E P
u i=1 uci i=1 us 1

-

Total moment about X-X axis :
in Hi
M = E M + E M

uX i=1 uxci j=1 uxsi

Total momwent about Y-Y axis :

It i

M = E M + E |
uy i=] uyci j=1 Uysi

M

3.4 DpESIGN OF COLUMN SECTION

The design of a column section consists of choosing its cross-

section, reinforcement detailings and then checking its adequancy

by calculating ultimate axial force and moments of resistance

With regpect to the refgrence axes. The lnclination and positiony

of netural axis is assumed and the force and moments are

18



calculated. The assuwed inclination aund position of neutral axis
should satisfy the requirement of calculated axial force acting
at the eccentricities of external load. If it is not satisfied
then the assumed inclination and position of neutral axis js
altered ¢il! the calculated intcernal force coincides with the

point of application of the external load within acceptable

accuracy. The section is considered safe if the given design load

lies within its ultimate capacity otherwise, unsafe. Accordingly

the assumed section and reinforcement are successively corrected

until the strength of the section approaches the given design

load and biaxial moments. Thisg involves considerable

computational effort.

Therefore, to facilitate the design, design charts have Deen

Prepared. For plotting the design charts for a given geometry and

reinforcement detailing, the section is analysed to obtain a set

of values of biaxial moments for a particular value of axial load

and area of steel. A set of values of biaxial moments for a

Particular value of axial force is obtained by Kkeeping the

inclination of neutral axis constant and iterating the position
of neutrsl axis until the calculated axial force compares with

alue of axial force within the specified accuracy.

the chosen v

Once this is achieved, the moments of resistance with respect to

the reference axes are calculated to obtain one set of values on

the interaction curve. Subsequently. the inclination of neutral

aXis is changed and the above procedure s repeated to obtain

Other gets of values of moments of resistance for the specifieq

axial load.
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3.5 COMPUTER PROGRAM

The program is coded in FORTRAX-77 language and is suited to
bersonal computers having wminimum 1.0 MB RAM. The program

consists of the MAIN SEGMENT assisted by an array of SUBROUTINES

performing sperific functions as and when called for, and then

returining to the main segment for subsequent processing.

The main segment starts with reading the input data from the

input data file. It then calls the appropriate subroutines to

generate the coordinates of boundary points of the section and

those of the reinforcement bars with respect to X and Y axes.

Then it starts with the inclination of the neutral axis equal to

2ero degree and an initial set of values of the axial force and

steel percentage. As a first trial a location of the neutral axis

20,21

is adopted based on Bresler's Method-II. Then the iteration

of the neutral axis is made to arrive at the fimal location of

the neutral axis. The next step is to divide the concrete area in

the compression zone into a large number of equal width strips,

Then the force in each strip and the moments due to the force in

the strips are computed. Similarly the force in each

reinforcement bar in tension and compression and moments due to

these forces are computed and summed. Thus the total axial force

the section is found out. This force is then

and moments of

compared with the chosen value of axial force. If the computed

value of axial force does not compare With the chosen value of

axial force within the permissible limit of accuracy, then the

Dosition of neutral axis is modified and the entire Process jg
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repeated w©ill  the strength of the section approaches the chosen

value of axial force. At this stage the program calls appropriate

»

subroutines to calculate the moments c¢f forces in the strips and

reinforcement bars about the netural axis and sums them up to

find out the moment capacities in X and Y directions. Now the

Program moves back tu the starting point and increases the

angle of inclinaton of neutral axis by a predetermined value

say, 5 decrees. All pievious steps are repeated to obtain another

Pair of values of M and M . This loop is repeated till the
ux uy

entire range of angles is covered.

The above completes one cycle of opertions. Next, the steel

Precentage is increased by a predetermined amount and another

and M . This is
ux uy

limit of percentage of

cycle is run to obtain the sets of values of M
repeated till the final pedetermined
Steel is reached.

Now the value of the axial force is increased suitably and the

computation is repeated as above. Thus the program provides s set

of data to enable the user to plot interaction curves for all

Possible combinations of loads and reinforcement percentage for g

Particular type of column section.

The definition of boundary points and reinforcement arrangements

for _some typical hollow column sections are presented in Figs,

3.7 to 3.13. The technique of defining the boundary points jg

S€lf-explainatory in the figures. For reinforcement bars, tpe

variables have been formulated in such a manner that all PoSsible

pe arrived at. For example, the

a
rrangements of bars can
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(@) CIRCULAR (b) OCTAGONAL

® N =
NBP 35}VARIABLE BP =19 }lecn
NRB = 16 NRB =16

4
(c) HEXAGONAL (d) SQUARE
NBP =11
NBP=15 }Hm
NRB=12} FIXED NRB: 8

FIG. 3.9 VARIATIONS OF CIRCULAR COLUMN SECTION

NOTE : (b) . (c) & (d) HAVE LIMITATION OF NUMBER OF BARS
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Fig. 3.11 GEOMETRY OF RECTANGULAR CEE COLUMN SECTION
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Ymmev: soolt daltyre . ' ‘
i £ L e recrrangu lar sectio: i
S . > £t 2 -Lluiz dlL'tth‘S tha ; i
| Loegual
an o f rei “Ce L i
ount ot reinforcoceier: should be pld';'!.".'d 01 Oppositc fd(.e
] dles.
H . PR ~ .~ Loy N
oweveer . provisiorn has el made for }\'Ltping dlffe.l
b 1 > el

reinforcement guantities on  the short and luny faces of the
s L=

section. 2Nlgo, there is provision toe vary the amount of corner

reinforcvem=nt from a minimum of one at each corner to any number

of Dares. This king of flexibility in reinforcoment placement ha:

been achieved by introducing twoe variables namely NXEF and NMF s

defined Lelow and shown in Fig. 3.7. In addition to this,two more

Variables wviz. NMF and NMW are introduced to represent the number

of bars in thne middle of each flange (short face) and web (long
face) respectively, where,

\NRB = Number of reinforcement bars

NEEF = Yumber of bars at the end of flange

NMF = Number of bars in the middle of flange

NEW = Number of bars at tha end of web

UMW = Number of bars at the middle of web

3.6 CONCLUSIONS

The computational approach for the strength of hellow reinforced

Concrete column, based on the limit state method as per I5:156-~78
has been adopted in this thesis. A computer program modified for

hollow columns has been used for computing the ultimate force and

moments. Suitable subroutines have been devised to calculate the

X and ¥ coordinates of boundary points as well as those of the
Yeintorecment barsd with minimal manual data input. Necessary
fle?ﬁibility has been introduced in the subroatines in order to be
able to define all possible patterns of reinforcement

1= ~
Trangenent .
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CHAPTER 4 : INTERACTION CURVES FOR_AOLLOW RC COLUMNS WITHOUT

OPENING

4.1 GENERAL

Interaction curves for hollow 1rceinforcerd concrete cclumn

sections withont opening are discussed in  this chapter. The

effect of reinforcement distribution on different geometries of

hollow rectangular, circular and hexagonal column: secticn without

opening have been investigated to arrive at  the opt imum

reinforcement distribution patterns. Some typical interaction

curves are presented, covering 4 wide range of ¢geometry and other

i ~aevt 1 5 .o TRt 1 . -,
design paramcters. Use of the interaction curves nas Deen

illustrated with the help of des ign examples.

4.2 GEOMETRY OF SECTIONS

Hollow columns are expected to be of large girth, therefore a
been adopted. A

range of values of the depth/diameter D has

Minimum value of 1000 mm in view of the convenience in formwork

of 000 mm from architectural and structural

and a maximum velue

considerations have been considered for the depth of the section.

The b dth of the section B for rectangular sections has been
readth 2 .

expressed in terms of the depth-to-breadth {D/B} ratio. Values

of D/B t. Qqual to l-Op ltst Z'Gf 3‘0 and 4-0 ha\e been
ractio =

: iew. A mindis -

Considered from aychiteCthal point of vie inimum value o¢of
) 1 to 100 mm has been adopted Fron

the thickness of wall, T equd
.~inforcement placement and pProper
the C i ations of rein

onsiderations

£ T may be limited to 500 mm, o)

. cralue O
Concreting. The maximum *@

advantage of using heliow seclions Cie

beyond this value the

S0
I ap——T



Ceéase Lo accrue. A winlaum cleal cover of 10 mu to  the main

(& SN
reinforcement bars is provided where T is more than 200 mm For
T less than or equal tu 200 ma & winimum ¢lear cover of 25 mm toy

the main reanforcemsnt bars may be adopted.

tollowing range of ygceumetrical parameters

Based on tlee above, the

have beoen fixed

4.2.1 RECTANGULAR SECTIONS

Dimension Range D/B D/T d'/D

D < 1000 nm 1.0,1.5 5,10 0.03
1000 ¢« D < 2500 mm 1.0,1.5,2.0 7.5, 10 0.02,0.03
2500 < D . 1000 mm 1.5,2.0,3.0,4.0 7.5,10,15 0.012,0,02
4,.2.2 CIRCULAR AND HEXAGONAL SECTICNS
Dimension Range 0/T d'/D

D ¢ 1000 mm 5.10 0.03
1000 < p < 2500 mm 7.5, 10 0.02,0.03

7.5,10,15 0.012,0.02

2500 < D < 4000 mm

4.3 OpPTIMUM REINFORCEMENT PATTERN

4.3.1 RECTANGULAR SECTIONS

Rectangular reinforced concrete sections have Dbeen found to be

OPtimally seinforced when @ ma jor portion of the reinforcement is

Concentreated at the Loul «orners having peak stresses under

Plaxially  eecentric  loading.  However, beyond a  gapggg,
. v a 1)
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percentage of the totel reinforcement at corners, the gsecticn

becomes iecunomical. Therefore a study fias beel nade te  arrive

x distvibutlon £0r each geometry " of

at  The optiman reinfoiccment

column  oovtion. This 16 obtained by cowparison of interacuion

Curves cortresponding to different reiunforvement arrangements for

the same column  sectlon. Sigure 4.1 shows a plot of interaction

£l n=300C wm;  D/B=1.0; D/1=19, d'/D=0.03 and

E A
L R T 2

Feintoccement arrangements {a), (b), aud (). Interaction curvsas

Have Lown obtained by piotting Liaxial woments for a particular

value ¢f avial foree. The area of stecl has been Kept same in

all three vases. It may be observed that curve {¢) corresponding

Y6 the einforcement detailing having a concentration of  66.67

percent cf the total reinforcewment at the four corners {i.e.
16.67% of ieinforcement at each corner) covers the maximui aveu

oM the interaction chart, and therefore respresents the optimum
reinfouycement pattern. gimilarly Figs. 1.2 to 1.4 show tho
optlimum reinforcement pattern for other geomelries of rectangular

hollouw column sections.

In ordeyr to study the effect of wall thickness T on the optimum
reingoruemunt pattern, interaction curves of the coluwmn sectaon
corresponding to Fig. 4.1 (D/T=12) have beer plotted in Fig. 4.9
for g4 différent value of D/T ecqual to 7.5. It is observed that

the game reinforcement pattert as obtained frowm Fig. 4.1 s

OPtimum. Therefore it can be infered that wall thickness T does

cement pattern.

B0t affect the optimuw reinfor

tL2



?0

NOLLDIS NANTOO MOTIOH UVIADNVLIOHY dOd ONIOV.LId

LNAIWHOHOANIHY 40 SHJAL INHIAALIT Y04 SHAUYND NOLLOVYHLNI 1y 914
XgA9; /X0y
ge0 €0 Q20 20 a1’ 1’0 c00 0
0

Qo0

e
*

SHVYA 3INI3Y 40 ON=84N
wwpegot 5 @

7=8UN(3)

72284N (9Q)
r

— o Ty

[mi

-
PR

}

0

ro

63



0

oe

NOLLDES NROTO0D MOTIOH HVINONVIOEY HOd ONTUVLIIA
INTRIOYOAINIZY 40 SHEJAL INFJELAIA S04 SHAYND NOLLOVYUHAINI 2°% Fiud

0

X235 /XDy

e0

St'o

1o

B
ﬁ

I

1T 1

SYvE 3NI3d JO'ON=9HN

000% 33 > 0052

09 =g4YN (P}

87=8YN(2)

ﬂ M oy

. @ "_ ﬂjz

RN ELD,

Z€= G4N (Q)

€00

19

¢1'0

20

<ce0

9 -
Lol =

i €°0

Se0

»0

K793 /40y

64



+0 88’0

NOLLDIS NWITI0D AOTIOH HVINONVLOIY ¥Od ONITIV.IIA
INAWADHOINIZY 40 SHAJRL INTHHALAIA O SHAUND NOLLOVUIINI €% Jid

£0

XzA%; /XNy
920 2’0 41 &) 10 SO0 1]

,.

Suve_ N3N\

G0'0

40 ON=8UN'"\¥
00SZ>0>000L

e

ct'o
— 20
— Gg2'0
A
o PR Y ) P e0
.. b o XMy
- x“ _.1 xu ce°'0
A s AT |

ro

‘(Z}Ial/‘(nﬂ

65



NOLLGEAS NROT00 MOTIOH MVINDNVIOIY d0d4 ONITIVEIA
LNANZOHOINIAY J0 SHHAL INAYIAAAIA J0d STAYND NOILOVHAINI %°% 94

HNMOM\wbﬂ
+'0 880 g0 9z'0 20 S1°0 10 g0°0 0
,ﬁ\ e 0
SHvYE d4NI3Y 8 AV
20 on=auN | \\ M .
AN S00
0009>0>0052 .
) //
_ Y
2t = g / \\
— RSN 10
5= aHN (P) //
m
“.”.I .
, Boee o o sesd
b
_ 79 = gYN (2)
AL
NN NN
- i
H! ._ . a . KDE L] L] ) -
v . - } L ] . [ [ ]
X X/
'® — ..L_- '3 . »
—. -~ . L ] » » *
o.o.ll." oh® ® = ® . % 9
47 AW L




NOLLOES NANTOD MOTIOH HVINDNVLOEY dOd4 ODNITIVIIA

ININIOUOINIAY J0 SHJAL INFUFJIIIC JOd SHAUND NOLLOVIAINI Sy Fig
NN.MON\N—ﬂ:
¥'0 980 §0 920 20 S1'0 10 $0°0 o
j 0
3 1
Syve mz_wmf N / 50°0
40 oz..mmz/ /
0007 >0>0052 7 Y
sL=1/a “\ \ .
o N 10
_ Z5=8HN (P) /
! m.-. - » :Maliu K
_..l . o - * - /. ﬂﬁ.a
L] L] L I ﬁ H
» - o D - / n
_l ¢ e [ // y N.O M
. 2]
AN v end .M...a
L o— g ——— 52'0
qqu»mmz (3) 9¢= YN ()
- ¢ @ @ » .ﬂ o a & o -i ﬂ.a
* ¢ X Niny . . — l-“-
Mlx.. . _ " . xv . o 1 Ce0
N DN N
v NANy T 50

67



16-674
D/B-1.0
D<= 1000mm
NQO.OF REINF

BARS (NR8)-24

]OOO"D*( 500
NRB =32

l.u'o v o & sehes] : !
3 :
. “ o o o e
7887
L ] ™ »
. » g .
™ @ ;} [ ] L ]
® e "{.\ \d *
. ° . .
” ° b *
R
E * & @ ” :
:!." * & l\\-t..:
131646 ~—"

D/B=2.0
2500<0< 400C
NRIB=76

Fig 4.6 OPTIMUM
FOR HOLL

o) . . 0
.0 4 - L]
12.59:
he o 32, X
(¥ ]
~
X1 * »
() . . fzi.'\.
oo [ s __te
125

r YY) . . . Lo
L] L4 » » L]
9.3754
¢ o o o
v
« o3 e o
v
¢ @ L] . LI \
)

,2_51;3._*,/
D/B=1-5
7500<D = 4000
NRB =64

[eeses & ¢ o @
o"'.‘.l
887 !
* o > o
!
e & ol [
R
o o™= s w
: -
n > ®
|
o o « »
. o - ®
S
i ve ¢ o ® j“
_..ﬂ.anun /
1336

Dje=3.0
26 0<D <t LU0

NRB =76

68

:.. o ] L J ..:
12.5y4
S
. .£ L N
f‘,- “N\
R PR O

; 1251”""/
D/B =1.0

2500<D £ 4000

NRB =48

b < o ool

2.
0/B2.0
1000< D 2500
NRB= 64

* € . L]
e o > o
L J * 9
*1we
<
{Fal
s o7 »
] L] id )
| ] ..l > [ ]
D ? )}

2500<D <4000
NRB =76

REINFORCEMENT ARRANGEMENT
OW RECTANGULAR COLUMNS



Based un the above, Lhe optinug reinforcement pattern for various
gecmetricys  of hollow rectanguiar redaforced colcrete column

shobWin 18 Figs 490,

The vptiaam reisforcement Jetailing us shotn 1n Tig, 1.6 is based

on the wssumption Lhat all bars are of  the same diameter.

However, in  actual practice it may not Le always possible o

cemply o this asesumiption. In such wases relulorcement sars ot

different diameters may be used as lon yas the percentage: of

stecl asva earmarked for a particular location as indicated ip

Fig. 4.0 ig malintained.

4.3.2 CIRCULAR SECTIONS

. o

Al (- circular section of column is axisymmetrical It shall  be
e LW L - 2 ) 3

designed for ubnlaexial bending only consider ing the resultant o,
s - 2 : S -
e Bilamial iiollbitg Tt may be reinforved in many ways such us
< ) X 22 G 5 I THE GO 1 2 .
Witds 1 { a 10 or mute nuber of bars 1n cach of 111l aiid
. & ¢ ’ ] .

Outer layers Thie interaction curves lrave been developed assuming
G ; 1 placed sch of the inner
50% of the total reinforcement steel placed on ea inner

1.7 shows the

and oute, faves of the hollow column section. Fig.
P wvu M for ditferent 1reinforcenmnent

' ¢ } ‘ulrves Loy
interacti lun u i i

detail f the same dimensional parameters and area of steel ot
~Lalliing o wdds =

i R I . e Tel i ' .
g spyved that the interaction ourve:
the column section. IE LS S

with 3 ¢ more numbar of bars overlap  each other,
o, (‘ -

theref ¢ may be inferred that the hollow «ircular section
erelore, 1L 4 ~

With 8 ¢ number cf bals a3 be designed with the sape
or more

‘ o By cousidering o minimnum of 8 humbepr of
l!l?"-'tql'{‘b:| curve dl'd‘\ll L’.& CoLs i I Uf

inferenves have also bee :
Larg gimilayr i ' so been drawn fq

{5 e¢ach layer.

) les O 2
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4.3.3 HEXAGONAL SECTIONS

The Sehar iour wf the Lecagobtas divllow rteinfveced voncrete  colunmn

dependy .0 .t overall aeplho W, wur. Lhitvmness T and the type of

Feinfo: . cmontl dutallitig.  Gegeszally 10 18 teintorced wilh bars o

Colletn and on [lat faces.  The pambo of bars on the flat faces

May vuty. Piyg. 1.8 shows Lho dnturaection curves for different

reinforcement <Detailing of Lhe cawe dimensional parameters and

arce ol cteel of the columi soction. The interaction curves have

beer: plotled  for biaxiagl woments 1o Ve bt for a particular
- T RN Lty

valut o1 usmial foree Po.oAs dun the case wl vircular heilw
4 . » P
Lnfered that the hollow heraygunal ohape of  Ccolunmui

Lsedt o, 1ty
Withh 12 o:. more numbezr of bLats may be designed with  the  sawmw
interusetion curves drawn by congidering a minimum of 12 bars .n
cacl Li Ll inpel and outed layers. gimilar inferenceg have aluc
bewn Jrawn Lor other values of /T ratic of Lhe volumn section.

4.4 INTERACTION CURVES

The jnteraution culdes (design charts) Lo various geometrical
Parameters have been obtained by plotting blaxial woments  for
different salues of areds of steel and a patrticular value of
axial forue. For wider applicability of the design charts, the

M and M and area of steel A

axial force D , biaxial woments ux uy g
u
S ‘m as P /f A M /L
. _ _ A e _dimensional form as P/ A,
have becon ufplesbud i non d u ¢k g ux ok
2 .M 4f oz ana 100 A £ /F K Ag pespectiven
A uy N Y v J ¢ ) . .
For " rical circular hollow colul section, Lhe
aslsymne

Deand optained by plotting axial force aild

Nteyrgetjon eurves have
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uniaxial moment for various valuesd oL arca of sSteel considerin:
12 number of bars in each layer. The axial force, mnoment and
steel percentage have been enpsessed 1n uon-dimensional form  fur

plotting the interaction curvaes as stated above.

One guarter symmetrical interaction curves about two orthogonal

axes of symmetry have been shown for a wide range of values of

p /£ Y {-:qu.ﬂl to 0.1, 0.2, 0.3, 0.4, 0.9, .6, 0.8 and 1.0.

u ¢k g

of ¥ /7f A have been included
u ¢k g

peen plotted for a very wide

Interaction curves for four values

in one chart. These charts have
range of values of pf /f equal to 3 and 10 to 120 in increments
y ¢k
of 10. The lower value of pt /f equal to 3 has been adopted ou
y ¢k
the consideration that a minimum reinforcement of 0.15 percent ol
gluss cenerete aréa van be provided wheve L/D ratio is less thau

3. Feir L/D ratio greetel than 3, the minimunm percentage of arca
of steel ig 0.8 which can be reduced in case the loadings do not
require 0.8 percent steel. In such cases the code provides for
Calculating Che area 0f steel at the rate of 0.8 percent of the
Area of concrete rzguired to resist the direct axial stress, and

ot upon the actual ared.

It has been observed that the jnteraction curves for hollow
Cireylar columns and those of hollow nexagonal columns having
Similap geonetrical attributes compare very well. Therefore
hexagonal ana octagonal shaped Lollow colunng, or for that matter
POlygonal sections having WOFe than six equal faces vcan be
designed using the interaction curves of ciicular columns,

cen plotted through computer using

A -
H design  charts have b
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Slandarc AU pachkage, by waking dlrect acvess to  the PLuUg? dal
output. This has eiiminated any chance of human error  in  aaca
transfer and has ensuted ulmout daccuracy. The interaction  curves
{evigen  Chartsd for Lolluw rectangular, circularl  and  liexagoual
dppeal b Appendis - Al

Felnfor ced JolicLele woluhiy

4.5 DESIGN EXAMPLES

4.5.1 RECTANGULAR SECTION

Desigy  the reinforcement for a hollow rectaugular  short  column

having verall depth of 18060 mw, breadtl, of 1200 mmw, wall

thickiions  of 186 wis and subjected to ultimaie axial load ot

‘1?0{} N dlld- U.i.t.l!ndt-e b(::lldillg I]ID}l]t‘lllt.S Uf 8500 i\‘:\.-:llo drid 2000 K:\_oli:.

about N and Y aaes tespectively. The effective cover to main
TeIntoreyem)y! i 10 hitn. The grades of cvoncrete and  steel arc

M.20 and FedlS respectively.

Q1 '
Solut jioun
The cpous-soectional details of the column are shown in Fig. 1.%.

Comput e,

0.022 - 0.02

i

d'/p = 10/1800

D/B = 1800/1200 = 1.5

10

D/T = 1800/180

A = (1200 x 1800) - (840 x 1410}
S| 2.

9304060 mm

3 - -
A 10 7{20x950400) = 0.2473

P /r A = 4700
u o}l g
o 0.25
8 3
2 = 4.1576 x 1o



4 F=
180, 840 180}
4-20 %
Ly L ‘
s v e [ v| eo> o P
° ° !L:Jl _‘; * 9
i \z.-wﬁ
P al™ ® -
r } MUY=|2000 KNM
b4l ¥
|
s o MUX awoxn: O
X X 2 2
| | Of - — ‘ = "_'7\'. o :; g
9, © 7/11.-259
L ] L] " e
e o) . =
o W @ @ /'/’>2.-25§ %

Fig.2.9DESIGN EXAM PLE OF HOLLOW RECTANGULAR COLUMN
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Mux/fckzx
RECTANGULAR HOLLOW COLUMNS
: d'/D=0.02 ; D/T=10



d 3
- =  3.1346 x 10 mm

o

3

s 6 o

1 /1 2 = 8500 x 10 /{20x4.1576x10

uN } .
= 1.0322

. G 0

I = 2000x10 /(20x3.13dux10 )

uy } 5
= 0.319

Refer Chart Al.l2 gl tesponding to D/ = L.0 d'sD = 0.02 D/T = 10

and dimension range 1000 D < 2500 wa.

p /f A = 0.25 4arve in the [irsy

The sNhteracilialn vurses Lol
u (5 S |
quardrant. Point P yives Lhe value of pf /& cotresponding
3 S
M /1 z = 1.022 and ¥ /1 7 = 0.319 as follows
UX ¢k N uy ¢k ¥
e = 100 pt /I = 70
Yy LR
20 950400
A = 70 RN === X =memEs
S 115 LOO
i

32062 mm

For optimum reinforcement arrvangement,
2

steel = 0.125 x A 7 0.125 x 32062 = 1008 mm
2

s
(Area of steel = 4196 mm ) at each

CO]_ ey
Provide 3-32 @ + 2-25 R bars

Corner 45 shown in Fld. 1.9.
2

5 A 32062 = 2004 iy

2

Flange steel = 0.062
(area of steel = 2056 mm } in each

Provide 1-20 & + 1-16 & burs

Llange.
2
Web Steel = 0.1875 X 32062 = 6012 B
2
Provide 14-25 & bars (Ared of steel * 6872 mm ) in each web.
L S 6

: BE T 10 C 5

The  reintorcement detalling 4¢ shown in Fig. 1.9 has been made

kebp:ug | the criterioln of minimum spacing of bars at
) 3 nc " -
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corners and maximuin

18:456-78.

4.5.2 CIRCULAR SECTION

Design the reinforcement

having cuter diameter of

subjected to ultimate

bending moments of 6500

respectively.

spacing

for
3000 m,

axial load of 17500

KXNin.

in the web and

a hollow vcvircular short

wall thickness
and

KX

angd 7400 KNwm. about X and

flange as

of 200 mn

pey

¢olumn

and

ultimate

v

axes

The effective cover to main reinforcement is 10 mu.

The grades of concrete and steel are M.20 and Fedl5 respectively.

Solution
The cross-sectional details of the column are shown
4.10(a)
Compute,
a'/p = 40/3000 = 0.0133 - 0.12
D/T = 3000/200 = 15
2 2
A = n/d (3000 - 2600 )
g
2
= 1759292 mm
3
P /f A = 17500 x 10 /{20x1759292) = 0.4973
u ¢k g
< 0.50
9 3
Z = 1.1553 x 10 mm

ResUltant of biaxial moments,

M)

uy

2 1/2

78

in

Fig.



L

58L0 KNm.

M /L = 9850 x 10 /(20 x 1.1553 x 10 )
u ek
= 0.420
Refer Chart Al.36 corresponding to d°/D = 0.013 and D/T = 15.
Point v gives the walue of pE /L corresponding  to
Yy UK
M /f z = ¢.126 and P /L A = 0.50 as follows
u ck u ¢h g
PC = 100 pf /f = 30
¢ ek
20 17592982 2
\ D gy mem x mmmmmes = 30023 uwm
$ 415 100

Atesa f oroel could be determined mole acuenrately Dby linear
INterpoiation of areaes of steel obtained frowm charts for

4'/b = 0.012 and 0.0Z2.

Prows - : ST face as per the optimum
Fovide 50 percent oldey] G mACH

reime . i
finforcewent criterion.
2

fave = 3052342 = 15262 mu
2

. [ - 0
Provide TG0 LS agiispaced o1 cach face (A 15386 mm } as

+ Steel area on each

8 .
hown ik Fig, 2.10(a)-

1

Min o SN R (2600 + 2 5 40) x n/d9
imuy spacing of bars ©b inper face J

171.83 w2 3d o.k.

Maw _ 4000 -~ 2 x 40} X n/49
dhllnum Sl'lélt-ill(_j of bars Ol outel {
187.21 mwm < 300 mw O K

4,
3 HEXAGCNAL SECTION

QSh“l at  for 5 hollow hexagonal reinforced
the reinforcenme
rall depth of 1000 mm, wall

L‘Qn
Cra . ;
“te  ghort columb
_ jmate axial ' : 5
th‘“L“U. “h]LV‘VJ to ultimate a ial load of 19750

of 200 mm and
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49-208 |
BARS
EQUISPACED 2
=4
(@) CIRCULAR HOLLOW COLUMN
7-25%
(TYP) l—s-azﬁ AT CORNERS
' ol '__AF

4000

200

(b) HEXAGONAL HOLLOW COLUMN

Fig_4_10 DESIGN EXAMPLES OF HOLLOW RC COLUMNS
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KN and Gltimale bending momenits ol 2500 Exm and 12000 KN aliowt
X and w S G et i\'Jl)'_ Pl l;'{j.l“.‘i't.i‘.\:’ Cover v e
Yeinforocomeil 10 J O el OF conerete apd Steel are i =
and Teil® 1o g 1Ay
S(Jll'lt-l._;j.-
Stusneeietoone] dutaibe ud e culumi alw shiowly i Fig. 10ibk,
Compute,
d'/0 = S0/4000 7 g 012s - 0.012
o/ = 40007200 = 20
e .
. n
A - fonsesss § [ W00 T 5w 200 ) )
5
s 2bj2716 Ll
Forp o = L7803 10 /(20 x 2632716
TR Y
= 0,375
%)
& = 9.06156 5 3V i
I} 1
£ = i 45T 3 Jitki
G « Lo )
9 24 .04%0
M L 2 . guuoo s 19 /(20 =
ux ¢k
= (.50 5
. (0 - 2'112 & 10 )
1/t ? = 12000 10 /L4
UESI o
= 0.262
a'/Db = 0.0l:’. alid BFT = 20 For
: : - to i
Refer Chart Al.d2 uorKGSQOUJ‘“U |
f pecl col he determined by
P : gyt d O E] =
u/I X = §.375; the are
- ptained ftor b /T & egual
ol gteel ob Tt

izlt‘_
Slpolating from

Lo

pA

BEE o
40 and O—..'-

0

Lhe ared
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The inu« e d
ladtisn curves for B O/f X = 0,35
2 A = 0.25 and 0.506 are j
s g S ar« in the
fir‘..t s " . - -
S aud secound guadranis respectively. For the above computed
2 = A NPUTeC

values SIS o
VG S and M e weeas 0l steel for FOAS A e .
u_'\_ u}. - 1e - O-._:I_)

and 0. i 2 . ;
U.D sre deletmalivd as tullows:

EOP) g 5 L‘\.ll..’(.ll Lo C‘.l_).‘_i, lzf. /L = 30
- b Y Y (2~
Faou Bodd & egual 1o 05U 8 /L = 50
w2k g ¥ @R
S ie ol Stewd fog P orL . Slirad o 0 3155
e vk oy
Per 21 & = (30 ¢ S0l42 = 10
b ( '}\ 5
20 203271146 )
. = iU e mmm = = 50751 uuw
415 100
Provide 50 percent sieel o cach Lace as per basic assumption.
9

P

dreeil on each face = £0751/2 = 25376
+ 42-25 & (7 x 6) on each fave s

Provige -32 & (al corners)

showte Tu §igs 4400005

L= 25300 a2 25376 0.K.

4.6  CONCLUSIONS

The proposed oplimu reintorecement detailing evoelved for a wide
Fange of geomelrll ol itollow Lectangular, circular and hexagonal
Shdpued Lo low colum goetiong without openiug tacilitate theis
OPtimuw design. The design charts presented are simple and

Uses ¢
Selul L the deslgllel.

Reinforueme“t pattern has no bearing on the loed and moment
Carrying capacity of fyol IGw circular and hexagonal  columns, asg
long  4g the puwber of bars 18 at least 12 -n cach layer and ave
dxisymmetrically placed. polyyonal shaped hollow column  sections
N g atiy whiber of equal faves more than six can  be desiyned
USiHU the {nteracticn cUrveEs of cireulal columms.



CHAPTER & : INITERACTION CURVES FOUR HOLLOW RC COLUMNS WITH LARGL
OPENING

3.1 GCENERAL

Due to the very fetute of thelr application, dollow columus  way

have opewritngs te facilitate avvess tu WOl hilvii Lur madilitendice

Service  linus. Roctonguler hollow colunn way be used as  1Lf

el Il e i fiult betoreyed buildings, 4 whilsh cade 1 will ‘Ha.

door openings at every Llowt voviel. It is theretore important o
conditions and behaviour ol the wall element

1 4
PLudy - Y Llizus

dround weh vpenings to be Wble tu effectively reinforce  thos

riiw behavioul ot the wall elemenus

20Nes L& AN fal luttes,

dround upenings can best be ciudied by finite evlement aalysziy.
Suitable finite element models have beel prepared  for varicuus
LECLigns vieg regtangulal, cirevular eto. and the eifects of axial
load 4 well as bending moments have beel srudlied. Concliusiont

o v atudies, to lielp Lhe
have Doy drawn, based on thie exhaustive &tudl L
. L Eu : 3 1 .

desiyner take necessaly precautions while designing hollow coluun
- Jx alto 2 -~ L

i sut fon of reinforcencnt
Sect | 2 o " C Furthet, oplimlizda

otis,  with openind.

. s . Y A = ) 3118 d O &5
detaili“g Sid prepdration of design charts for cee shaped coluwn
: vase © pollow columas  without
hav . 1+ oae in the case ol

¢ Leen carried oul 49

C‘Dy“ ing,

r -
-2 FINITE ELEMENT METHOD

In .oy Of &tress and strain distribution in
ey ineering, the solutlol

d . 4 number of interconnections between
Contipyuum is achieved by

¢ lmaglnaly boundaries and the

any g el B som
W finite element isolated by

fie § e Ehe geometrically complex  domais;
HYhbouring  elements. Hels::
of d as @ collection oF dgeometricg: |,
Uie problem is pepresente i



Simple  suodowains, culled finite elements, The elements )
assuliicd te be interconnected at o discrete number of nodal pointe

SLiuwataed o Wl t odudar e . the digplacaments of these nodal

POIHLSG Ry Lpoe tbiee 540 107 URONR pub@netery «f thee probl el The

numbet and the location ot the podes b abl vleheent depend o Ui

geometlyy, ol the eoement and the degree of approsamation  desliied,

A functicie {(ur functeons) s chosel LO define unlguely the stuate

element in  terms  of its nocdal

i ddspletement aitlily  wwech

displacement the displacement interpolation functions HOM

define unsyuel; the state of ot Fuitl within an lement in terms ol

ednl  Jisslucenelilis These strains together with  any initial

. iR - A s ; o Sy [T
Stoals a (e elastic pruperties of thue malerial define  tin

L O “ha

State ! L1288 throughout the element. A system of forces

concentyrated at  the vpudes and  eduillibriating the Dboundary

gl iu  determined, resulting in

Stresses and iy distribllc

4 utiffness relationship. Finite clement stresses can Le

. £ s ' S B 1ol lyeo
Calculated at any desired focat lun by sl vstablishing the

“ e RN A S Vs 31 ol
Strain Jisplacement trans formation matris fur the point undal

Consideration.

a4 finite element solution ate due to {a)

The souree of error 11l
APProsimation of the domalin and (b) numerical computations (for
SXample, numerical integration and round-off errors). Thu
ACCUrgry  and convevywlicy of the finite element solutien depend

g . sed 1 a mesil,
U the type and size of element @sed in @ lieb

of some typical finite eleuoentg

After trial investigalloils
Wailable in 1it ture, the nlate finite wlementl was chosen fop
e in jtwra X

86



1 -1 . ¢ -I > . - », .
1ts adaptability tu model plate structures like slabg, e o
diaphrayms cte. The plate clement, the lotwmulation of whach
includes considecation of Dot 1n-plane (wembit ane) and out-gf-

Plane (plate) stiffnessvs, was f[ound tu be wust appiopriale.  The

element may be either teleugelar or quadrileteral, depending  ou

whethe! three oy four nodes are specvified. 1l four nodes are

defined, they du not have to lie on a common plane, L.e. g Wwdlped

Surface cap be described by the element, such as a segument of. &

circula bollow column. The progran automatically generates o

£ifth wnode ol the center ot the element. This fifth onode 1o

derived from the element stiffness, before it is added intu Lhe

Structure stiffness.

The force output for an element consists of three membrane stress

resultanls and three Lending moments, at the element center node.

The ypewbrane forces F o F and F, bending moments M , M and

® Y X3 ~ Y

4s well as the principal stresses and the wmaximum sheavr
AN

Btren s ot Bhe orientation of the principal plane {Angie)
have peey romputed. The forces and moments dabe given in the local
Coardingts systens The coordipdate systen 16 dependent upon tuwe
shape ot the elewent and the mannel 1n which the element nodes

s - F: ' ‘o1
Are  jumbered This 1s explained LU Fiy. Dol wherein the
Precige ientation of local coordinates vdil be determined as
se orie
follows :
of the four (or three) element edges

o) Designate the midpoints

13, 4%, KL, BT by Mo ¥» Q0 P respectively.

’ . ' Nl v

Bl The veprpr poinking from P to N 1S defined to be the locagl
r RS 2 -

— - triangulal element this is always parellel to 1y

‘ ANlSs, 11 a - .

a7

Pp——



X=ON

FIG.
5.1 FINITE ELEMENT COORDINATE SYST
EM
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C) e S BRI e = s 3 & % Ay
A Veurol Crogs product vl Vectors PN aud MO {Fér o

Lrlangaele, ON and MK} defines the local Z-axiz, i.o.

£ = PX o 50
d T ‘ ; (s ;
} L A Ul CH DS pLUJUCL wr vecturs I oaad N delines Ll

Ve, B i o T
atses al ‘;—,_;_u_‘]_;_,‘ e 1 = Z = N .

The Siyn  convention of output force and muoment resultants i

lllustreted in Fig. 5.2.

1 -
4. PINITE RLEMENT MODEL

Studies have peen made oo [inite eliewment models of hollow

Pectangular and circular columi sections. 1t lias Dbeen 5sé&en

Ca1 ey PLat Phe Lacetaction g 5{ hollow lhexagonal columns

°f lacge girth tend Lo be gimilar to those of lhollow circula:
COlumsg Navinyg similad dimensions. As such sgparate study

column sectlion has not been made.

Of £
- hexdgonal  hollow

The, weur aey ol results in a Linite element analysls depends upon
Ak ady v e 5
4 udiciou fection of LB Lize and number of Finite elemehts
HHd L lous selew ¢ R
v emaller the size of  finite
by Simulatory model vormatly, the gmaller the
uracy of wesulbs. Before arriving at
accur

ele
ltu'l'“t . 'Ji wa bl i_[_j L}lu
the final nulatory model. four trial models have been run  on
Lial gimulatolr ‘
_ o Slements (i.e. 48,108 192
the: v ) inereauilg BURDER of eleme '
HWielr W1lTIH | =

: : ; con wihe 21 e stress

g 2-40) fre i esullts wxan ined TO SEE wigeher th res

X and theipr rest: .

§ 4f hoop stress in the

£ & re A plOt of
5.3 shows

Ve e
tHes converge. Fid.
Va), g-neight of the holluw column. The hoop
* 2lements at midof
: ] is theoretica .
Tileg, ight undel purely axiul load ally
TEoat mid-heigh S
- : B T
2) . .ep that the hoop stress  valuc
“Pa ) L.« he see€l
: Tt mds

YT 2
ted ty pe zero.
89
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FIG. 5.2 ELEMENT FORCE OUTPUT
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AU Loe L00 elewent model cunverges Lo 2erc (1. 1.2 KXZsqi)

Whereas i the 48 element wmodel its value is wuch higher at 170

KX/ 8. 26 the 240 elewent aodel the hudd siress value was vers
el Ly thwt B e 292 olenerit  fodeY  (lae, 1.1 KN/ Sy
|

ndl. (5 RO 0 onselyoelice. lHohueves, Lhe computael tiie fur Lhu
dllasys i - thiters Uines more as compared Lo the 192 element
node ] |, el o tor e the 199 Cclement mudel can be adopied for Lo 1

dCeurate twvelts.

| For vach vodemn secbiun two dldenlical linite clement wodels Loy

bewy prepuied - one withoutl vpening and the other wWith an open iy

Nedr the bLabe. Al owoening near the base 1s the most likely

Broposition from  praecticai vonsideraetions. Flg. 5.4 showe  the
column having a 2 m

Eivildie element wmodel of Hollow yectangulaz

0.0 . The wall

2 iy L% s esedt Puill  Jdiid W tetal heaght ol

bhiloliens Ls DO Bl gl wach Didite elswent is 300 am X 590
I @ S G -~ - - A

Il Thoere ate total 192 cleweants in the model, 1o al each layer.

e wolemn bs assSuied to beg LiXed ul base and free at  the tep,

anc 2.0 m (H) has beell  assuwed ot

-;.’l“ 'Jl.}"“ll]l.} [_)f sy 1 26 j.O It (h}

s £ " & L~ g . -
Che lows L1 whe of the two similar models. Flg. 5.5 shouws Uit
it ) v

Dinit. Cicment wmodel ol hollow circular column having a  diamever
2.5% . and a wall thickness of 200 wmm. The height of the
Column iy 6.0 m, and it is gscumed te be fixed dl base and free
L Lop. There are total 162 elements of size 500 mw x 509 mm  in
the  yegel 16 at each layer. An opeuing of size 1.0 wm (W) apg
Lhe base in one of the two gimilyp

¢ been assumed at

2.0 y CHE Beak
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5.4  TFINIPE ELEMENT ANALYSIS RESULTS

“he hollow Colunn  wmodeis shown  in

Findte elswment analysis ef ¢
Fiys. atid 5 5 have lesen parrled oul Eigit simllal Lloading
Pattern. The analyser bse Loeon dote Lot josd displacenciitsy  daund

element {ou; undel ver dows lvading couditions.

Three Jdifterent load cases haeve buewn considered tor the analysis

models - two for rectanguliar and

0f all the four finite vlement

two fur vi:cular hollww columhs.

The Fjipsy loud case vonsists of e total axlal load of 8000 L.

applivg  af the top of thue columl acting vertically downwards.
ARES g o KN 5 5 :
Thi, Laved d applying a downward force ol 500 KN at each
R ] J LV ol <
of 11 16 toind v b tony VR joint numbers 193 to 208.
‘the 16 jolnti @ : :

e . o1el load Case Comprilses of 16 jwint forces of magultude
o2 P g e
- dod 21 S 3 to 208 i
125% gx s.op acting horicontally at joint numbers 19 0 1
s S SL N B >
: ‘he plane of opening.
- : P sarallel to Lhe P
the giohai Y-directioly e pard
(2000 Kwm at the base uf the

Th < . g 5.3 moment of
his regults in a bendlng MO

COLlumgy .

56 16 joint forces of magnitude 12%
The third | A comprises of 1€

‘€ third load vase b

s s 193 to 208 iu the
KX S Aot iRG horizonataii} 4t joint nuwbel
9lobya] ‘i o il puLpUHdiUUI“1 to the plane of opening.

4 7l L oG ELON,. L8 ©F

of 1200C Kim at the base of the

1 . ; 2
This regyules in a bending mometl
rhat stated above.
P o1 1\“(-' to R
“Clumn, in a uUrPundlunld‘ JrEA

LARI4l + 8 ) have alus

+ M ) and
X

Z
offect of combined stresses on the

' - : vy f R
o load coumbinatioss viz b
Lhe

Bewy, ex1laa for Lo HLUCY

O
¥



L'JIUJI‘:I > l - .pr‘l 2 (I 4 e - -1 = -2 L - = |
e 2 sl L :
LC.‘L:

that BT -
the erfect of applied loads aloupre could be ctudied

g 9 Y4 ? IR U & s
Fed OBSERVATIONS ON THE FINITE ELEMENT ANALYSIS RESULTS

Obser v . : B
elval tony  on the [inite vlewent analysls tesults of hollow

recte . : o
anguiat snd vlireulial columns without aend with  Openllg ore
L are

dicl' .o ¢!
D= LS VS S i | 1)&.‘lu'ﬁ N

£
2.5.1 HOLLOW RECTANGULAR COLUMN _WITHOUT OPENING

g P - i e e ] v : ;
) The vertical displacemedc under purely asxiel load 1s found to

D teto  at the buse joiht numbers 1 to L6 (Fig. 5.4) and
gradually lucreases to d value of 1.22 mm at the top wf the
Calumi S, Jouints 193 to 2008. Thic whuws thal & i
Comprossive atiadnt iy aximan hedl the loadinyg point and then
wove closer to the support joints.

1 alee WA

Yratually dimiplobe

DY At .16 times Ethe helght of celuwl (joints L7 to 18), lhe
Vertical strain 18 slightly higher at the four corners
indicatl ity Stress concentration at those lovations.

" : P s ey 1 R £ ‘ ot
! ABove (0.25 times the height of cvolumn {joints #9,50 efd), the
vertical strain 1S uniform, indicating that the stress is

uniform throughoul the yect 10l

" Displacement and stresses are uniform at a given level
(except in o winall portiol pear the base, which 18 primarily
due {0 boupdary LUulzdluLL), indivaeting that plain  sevtiony
Lemain pladin under the <lPJ)11':d L0708 Thiy 1s in agrecment

With Lie basic ausumptiol of column theory.
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e)

£)

(iji} It above b

T i ] X . ) ) , . ) .
Vertical clement stresscn are slightly anigher in  the corne:

|:la.:!lluliL‘_: (3 B0 (,'l_,|||")(”;.__-(j Ly Lite Pt ¢ Lol Es . Ih]b' .
(_'Uil:.t)lii:;L} 'l.\iL:] \!J} Ll.:)()'\ ‘2 .i!‘.l.’tj.(..‘ut.t.'b d t:ll‘;}i‘l[ Lel]d{:l)c& Of

SLEL Con St LOS Bedd Uk ol el s

craction valuuys ate higher at the foul

Verlivel suptodt
UL s ajatty rmdicalluy stiess colicentration, as displayed
e : {

A -.L‘\LJJ-

while evolving T Lhtiatm reinforcement patrteri for hollow
Peclan jala colunns i sevlion 4.3 1L wWas found tihat

Concenl rat ion of reinforcensnt steel al Lhe vorners enilances
Bl e eney o f a  given column  seuetiodl. l'ilie stress
@isily ibantion 1n Che hoilok column section as stated 1in ib}
alid (©) above sre iu total agreement with this finding.

1 ) [ < 1¢ ?- o : HCA §
Gbiia . in Lhe varlous elements under purely
slidy ol hoop stless e

Niat logd roveald the Follawlnd :

sig L uotived in ths Lirst laver @l
(%) vonsidepable hovp SEEERTS
AR if the axial stress is of the order
For exalt -

" 980.2 KN/S¢m. Thzs

the hoop stress A

of 5000 KN/Scm,
3 aeent increase) ia
' o 1323.3 Kx/sam (1-€ 35 p

increases 1o 1242~

the corner clements.

L eprpaches Zero as we move  up,
o 11% appl
g1 adua

"4l) The hoop strest
- pid-height.
Eiuwally disapheraring at mic
ol £
palat at the reduirement o}

el g ‘ltiu“b
‘g2 ) aquent b.e. bindegs
gl Jiol l"ulxlsll l‘—luf‘"“l l“\‘l_l.. Ul
A FAS
'-‘IU' l‘l' 'Ila;“«'!-—:(
- . B | -
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hocps mnear the gupporl - 6@ in & mulre geueralised tLerny
ES L)

at «ll junctious of beam and column.

(iv} The emuunt of  reinforvewent can dlso be wolkKed cut iu

tlhie ratio of hoop stress to axial stiess, which 1s

cotiing out to be 25 purcent ol Lhe wail reinforcement.

Under combined action of axial load and bendlng  wmoments, thlie
observations are Lroutlne and in conforamity with the general

theoriv. of strength ol paterlals.

OLUMN WITH OPEN ING

5.5.2 HOLLOW RECTANGULAR C

Fig. 5.6{v) shows the SErdIn distribution under  purely vertical
(joints 17 to 32) ol e

lvad 9.y5 times the height of opening
Yectangular hollow column section with opening. The followiiy

Observations ure noteworihy:

- 3 Ay - %) oat i
4) Max Lwun ctrain aoeurs at corner JUlllLu 25 and 29 locat ed
L P 5 H

¢lose to the openind.

s ieints 26 and 28.
BY  Strain reduces at edy® joints 20 &

~ . RS o B L% -Oirlts 19 S
C) Sane L 1 EO! 1ows UuUP Lo he foulk th layelr 1...€ ] to
O pat 1 r t

6d,

4 i j.e. Joluls 65 to 80, the =straln
At the top edyge of openind. -
.ping  and  is maxi "
9 {owasrds { Jjo opening and 1s maximum at
radually increases LU%
Fon 3 jocated at the middle of the opening.
Joint 75 which 15 W%
ing of the oad by the entir
Thi T gradll'dl shabing 9% the 1 ¥ entire
% ipndicates
. o -
Lt;uaj ;]isplacement at joint 75 is due to
Seotign, Masimum VerLaEEeE

99



bridgi~ty action of the elements located justabove Lo

openiug.

e) The absve pattern folluws uplo the top. Huwever the amount of

vertical displacenent at the middle jolint  dradually r=duces

dS Wi ove upualth3 Jue Lo the 110 edaus in stiffness of the

bridginy beam.

Vertical loud reaction values also show a tendency of stress

re e $ - S I 5 ‘.
Concentration at the corners close Lo the openiny. TFlg. 5.0(b)
Shows the discribution of vierticval reactlon at the base jJjoints 1

Lo 16 under purely axial load.

e gere Leduction in ocraoss-
It may be noted that whereas the percentage ceduct 5o
5 s i R eroeent, the corresponding
5el‘tio - S e b'.!.dl:‘ LS 50 L2
g nal arca of oix
o FEVE HEES 9 i Salb; 94
incre, £ ial stres t the corner jolints 9 and 13
ask  u axlal o -

Percepny .

Phe Lhuve observation pointsd 4t  a roughl Lhumb  rule,  that
'ei“fﬁluemeut steel that would have normally been provided in the
“Ut-off portion should DE concentrated at the WO adjacent
Cornape Fiiie would be AN addition to the steel normally
Dlovided at the corners as per design. This Lhumb rule will
hOWQV@E hold good for 4an jgolated case of hollow rectangular

" lumn under purely axial loadind.

ious olements under purely axial
var =

Sty _
: ¢ oncrete  column  with
loaq nollow relnfo;ued ¢ .
Y on rectangular
Obeyy 1 q
De“lug reveals the followlhy
jre to the opening (elements 1 to 1)
s

a) . ]
In the closed wall OPF

100
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o)

d)

i

£)

Una. k
day combined actiol

COn4. '
Centration of strald

of the Dbottom-most layer, 4 pattern  similar to  that of

hollow column without opening is seen. However, the hoop

stress values are slightly smaller, i.e. 8€66.€ KN/Sgm and

1177.2 ENZoun sespectivelys

AS we move Lowards the opening, the value of hoop stress,

which is compressive, gladially increases from 1260.2 KX/Squm

in elewent and 16 to 2418.7 KN/Sgm in elements 9 and

Tl very heavy latueral reinforcement  1is required, which
varks ouk to Jlest S0 percent of the maxlium main

reinforcement at thu colnels.

In the second layer the hoop s$tress reduces drastically to

one-fifth of that in the first layer, becoming insignificant

in the third and fourth layers. This 18 because  the column

seurd becoes nypen” oL cee shaped 1D this region,
=2 il BeLSs

; stress.
ubviat ing the development of hoop stres

In rhe fifth layer which 1is located close LO the top of the

i) o I 2 8 4 :

s dR il le  stress with o

Dpt’lllll;.j i hoow 5tr6‘55 fedppedrs ap tensilt = ']
sy LlIe

0.2 KN/Sqm From the mid-height upwards, it
90. . Y

small value of ©

dpproaches 2ero.

eral reinforcement to the extent

’ - s t

The 4above indicates that la

e « prequired 1in the c¢olumn

. . raipforcement 15

of 15% of the malll reinfo

e > top edQge 31 1

Wall | apening, just above the top edge of opening.
" having an Op€

¢ agial LOPCE and bending moments, heavy
3 ek @

has been observed as expected

and sLress
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H(‘ke\.’&l’ i z
o 1O general conelusi 0 SaWlloC - ‘
vl can be drawn on the basis of this

study 5% > . , .
dy as there can be innumerable combirations of axial load und

bending moments about the tywou ol Lhioyonal axes.

The effect ul biaxial bending moments acting alongwith axial load

on g cut-off Lollow 1ectangular reinforcement concrete section

Can e best studied by developing 4 modified finite element

Program for cee shaped secelions.

5.5.3 HOLLOW CIRCULAR COLUMN

In  case of hollow wirculal column without opening, no stress
COlicentrat ion has beeu noticed anywhere 11 the wodel, unlike

ey
eClangular hollow columbis.

In gase of circular hollow column with opening, findings were

Similar to those of hollow rectangular columns.

5.6  GEOMETRY OF CEE_SHAPED SECTIONS

Hollo“« columns are expected to be of large girth, therefore a
fange uf values of the depth D has been adopted. A minimum value
°f 1000 mm in view of the convenience 1in formwork and a maximu
and structural considerations

v R _
dlue of 3000 mm from arcthLLLUldl

the depth of

the sectlion. The breadth of

hay
8Ve bewn congidered 10T
the  sect; p has beed oxpressed 1n terms of the depth-to-
.ion 1as :
breadth (D/B} tio values of D/B ratio gyual tou 1.0, 1.9, 2.0,
ra ;
3.0 e Ldered from architectural point of
and 1.0 have beel cons ide
A mini lue of the thickness of wall, T equal ta 100
A minimum value
.,),.s_tduralium. of reinforcema
has bLeen ¢ i, ELON the © ey
1 adopte
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Placement =
and proper coucretl
ebting. Thie masimum v
sSimumr value of I mas
oy De

limited 504
Lo 500 mw, for bevonrd this value the advantage of uui
Sty

flOllU {
W S < i 1 V(1 : ¢
Llunts ‘.-.ll; B BO aceiliiie s A illilliillum (‘lc-‘\qr Lavoer uf
(ot 1_

10 v 4 .
to the main reinforcement bars 1s provided where T is
s more

than 20 :
0 mwm. For I less than or cqual to 200 wa o winimum  clear

CoOver I ; . . .
ol 25 mm to the mein reinforcement bal's way be  adopted

The g : ;
width of opening € 1Is assumed tu be 600 mm  for sections
-

hav j - :
ing O < 1000 mm, For largyer sections the value of C is  taken

a6 : ; .
800 tou 1000 wmm. The opuvnlinyg 1s assumed to lie in  the lalger

di T . .
mensjion of the section, i.e. D.

Base
¢d on tlie above, the followling range uf yeometrical perameters

Rave been Eised

o
Rectanquler Sections

Di s §
lmens jioy Ranye D/B D/T d'/D (o

s

, 10 0...03 G0O0mm

L3
wn

D < 1000 mm 1.0,1.

1 :

000 ¢« p ¢ 2500 mm 1.0.1.5.2.0 7.5, 10 0.02,0.03  800uuw
250

300 ¢ p ¢ 4000 mm 1. 5,0 0 Bs 0, 40 7.5,10,15 0.012,0.02 1000mm

(85
=fcular sections

D ; ,
_Mension Range D/T d'/D ¢
D < 1000 mm 5,10 0.03 600 mm

7.5, 10 0.02,0.03 800 mu

10
00 < b ¢« 2500 mm

0.012,6.02 1000 mm

50
0 < D < 1000 mm



-
J.7 OPTIMUM REINFORCEMENT ARRANGEMENT

RECTANGULAR CEE SECTIONS

Rectal :
Wgular e Gl ‘ T U
S reinforced conclete sectionsg bave been found to  bue

0 N 1 s :
Dtimally reinforced when about 50% of the Ltotul reinforcement

st o
eel is concentreated at the Loul volliels hav Lugg  peanl it 1ess
loading as discussed in  chapter <.

un - 4
der Laaxially eccentrlc

EXtensive studies on simulatory finite element models of  hollouw
Yectangulay columis with opentinyg at the baue indicated stress
Concentration at the four coulllers das well au at the  LwWwo cdges
aCross the opening. The intensity of gtress copcentration  showed
that fur cee shaped rectangulal column sections algso, provisiou
°f 4bout 50% steel at the four corners gives the optiaum
Dlacemeut. It was also seell that the amount of reinforcewnt
“lee) f enpyved From The eut-oti web has LO be concentrated at  the
'™™o edges across the opening to satisfy the SLress concentration
YQuiremeny. This means that the total gteel in the two webs llay
w be the same. InVcstxqutiun for the effect of Jifferent
reiutulcemeul pattern on the plaxial momeut capacities of ues
“hapeq rectangular columi section having 4 particulat geometyical
attlibutea. steel pexuuntdgc and axial loadiny Luas been carried

reinforcement

5.7 to arrive

at the optimun

Out
45 shown in Fid.
Dattern 1 1ts are im conformity with the [finite element
. e results are
Lnv
b d above:

*Sligation as state

Baghd pt imum LuinfULCwmcnl pattern for holiow
*d on the above, the ¥

tb“laug 1 d ruiuluruvd conurete column is showu |u
Yulay coee shapat '

Py,
7.8
3 104
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0B = i-0 5] p/B=10 D/B=1-0
D< 1000 mm 1000 < D < 2500 2500 <D< 4000
[ >
«m/ ;
[ /] b . h
I_;I-I (1" "
12:5f —312-5%
p/B =2-0
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1000 ¢ Dg 2500 2500 < D 4000 1000 s Dg 2500
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CIRCULAR CEE SECTIONS

Circul {
ar hollos el
& S O ) ) - St
einfereed counlervie coluins NDave been f
oo ] ound o L
2

Optimally ;
1y reinforced  whe ;
ed when 12 or more number of bareg are pi
< 2 placed

EQUiSpc ‘eu
LR o i ol s i 3
— '.\.JL.I; UI_ Uiie iiiel ullld vutel deL‘b [ L_Ii 5
¢ b f.x(..'u.'bt:d J_
11

Chapts
@1 d . ERtEbsive B ' i
wLepsive sludies ol simulatbry Linite element d
- mwodely

of hOl' ] ] |
1ubhw vlrceudlarlr coluulls ] Jpelld o
o \\ltll Qp Haing at buswu j i
=2 se indicated : 3
- SLIessS

Colles
L E et B
al Hon at the Lwu vuyes acloss Lhe opuning I't ‘@ 1
* N L i 38 R R

Se¢ .
CGH‘thL thie amount of relnforceient steel removed from the open
bortion lhus to |Dbe concentrated at the two wdyges aclos Ll
rross  th
opening to satisfy the stress concentration reguirement. Study
for optimum reinforcement pattern as ghows L Fide 9:9 Wb alae
the finite element Lnvestigations

foun ; :
d to be in conformity with

ee shaped colunns.

as i
1] e
the case of rectangulal o

Bag
ed ' int
Ol Lhe above, the opt Lnuln relntoruemunt pattern fotr
Circ g
ular e shaped reinforced concrete column sections Is

Sho S —
Wnoin Fig. $.10.

5.8 i
INTERACTLON CURVES

Th
e ' ' '

various geometry and reinforcement

‘

curves for
piaxial moments Zlwot

Interaction
det .

81ling have beedn obtained DY plotting
of areds of steel and a particular value of

a4
tferent values
design curves, the

Q)'i.

q . ) - N N

1 torce., For wider apulxuablllty of the

M and and area of steel J
S

omenls
al moh uN uy
v Ao N UL

x4
a1 force p , biaxi
Raye, b ! jonal form as P
ey expressed 1in pnon-dimens ond i, == :
expressed 1 u ck g T
M yr 7 vy /f 4 and 100 i f-/f I B respectively.
uy o yl' ‘uy ckh & = vy - ¥
Ag :
the cee shaped sweb LOLS al’e Symmetl'.lf-'dl about the X=X axi.
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but asymmetrical about Lhe Y-Y axis due tu  the OhALIng

inboraet i o -

eraction ‘UL Ves symitetrical  about the X-X  daxis have Deen

Dlotted ful o wide pdiiyu il Red LEEE. OfF P L EY equal Lo o 75
u ck oy

0.5, 0.7%, and 1.0. Interaction curves for two values of

Pu/fckady  huve Dbeen included in one chart. These charts have

been plotted Ffor a very wide range of values of precentaye of

Stuel pfy/fck eyual to 3 and 10 to 120 in increments of 10. The

lower wvalue of pt /f equal tu 3 has Dbeen adopted on rhe
y CK
reinforvement of 0.15 percent of

consideration Lhat o winlmuwe

JLO5s conctels area van be provided wiere L/D ratio is less thau

3. Fui L/D ratio greater than 3, the minimum percentage of  area
Of stewsl 1 0.8 which «an be reduced in case the lovadings do  uaut

equire 0.8 percent steel. In such cases the cude provides fou

calculating the area of cteel at the rate of 0.8 percent of the
ares of concrete reqguired to resist the direct axial stress, and

Not upon the actual area.

Although the amount of reinforcement is Kept equal 1n  both tle
Webyg of rectangular Cee sections and uniforu 1R circular cee
" "

Sevtions the arcé of concrete gets reduced in the web with
£ ' - o
Ohening A a result the moment capacity of cee section about Y-
' Lol . welb with opening shall have
1 aX 1 Gk e yression in the wel W : o

Nit that causes conp
: | ¢ - o a slight lureh noticed in
Ledyc %0 3 g 1S pvident fron
ced i1alue. This 1®
~ vaht. Therefore in case of
Lhe i ' ’ towalrds the 14 S
- Interaction culveo
{ bending poment about Y-Y axis it i
(%)

‘ o

YOSsibility of reversal

' oraoe side of the interaction curves

Adv i onservabive s
sable to use the €

o - .rea Of steels

“hich gives higher value oF, HFE
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It has
as  been obgerved ti i
! .rved tihat the interactiol urves
ction ovurves for hollow

cirenldar ;
L . i .
columns and thuse ol hollow hexagonal culumns  haviog
-
silﬂilal‘ 1] be .
geometrical wltrlibutes cowmpdre very well. Therefuore
- (S

hexa
oOnc , — ] . ) .
gonal aud octuyClius Cev shaped reinforced conerete  coulum
Can 20N G ) . .

dl1$0 be designed usihd {he linteraction curves for clreculayr

shaped
bed column prescited i this thesid.

All 3
dusign  chatts hove beell plotted througls computer using d
Sta sl ;
ndard CAD paecKaye, bY making direct access to the program
of human error in Qata

Outyg .
pult, This has oliminated ally chance
trans ; .
ansfer und has ensurcd utuwost aecuracy. The interaction curves
(Des ; A .
Design Charts) for cee shaped rectangular and clrceular
Yelinfopre , — e
lorced concrete cvolumns appeal 1N Appundls AL
5.9
DESIGN EXAMPLES
5.9
-1 RECTANGULAR CLfi SECTION
D. o T . . PR
C8lgn 1. reinforcement For a ces shaped ! crangular  short
preadth of 1200 mm, cut

3600 ny,

l~‘01
S gy iy averall dep”‘n of
e Thg RELE Lo uldta Lo
: 100w, wall thickness of 240 wn and uubJuLtad o it Lima
Xmul {mate Lending mowents of 315800
| loud of 9200 kN and ultima
kN-m_ 8 o0 RN pout g and v axes respectivel). The
N.m. 9 ’
) & jg 40 mn. The grades ot
St ive . ~1uiuLCCmL“L
& cover to malid L
. > tively.
OHCrEL& and teel are M 20 and Fedl> resPts ¥
gteel are

8

Olutlu“ )

rh(’ cr g OF pe oo lumi are showi I Fid Sedl

L " s e ¢
Ss~gewctional detal®®
QmDuLe
g
/D s o 12
= 40/3600 - 0.011 - 0.0
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For opt.imur reinforcement dl'rangement

Cornesr steel = 0.1316 :0 & = 0.1316 x 44183 = 5814 mm

pl‘u‘\lu., 532 @& Vet & NG vl o TEkl = G o3 bl } wl edeh Curned

a8 B 20 Payge Tu il
Elange wbewl =2 00786 a0 44183 = 34182 s
2
Provid, 1-25 % + 4-22 \ bLars {Area of steel = 3484 mm ) in eadl
flange,
2
owb Llel = G.1%86 x 44183 = 6981 mm

4 g 1 - '.‘ ® u
Frovide 21-25 @ buars (Area of steel = 7540 mw ) 1n each web
. b oo i o ya
. N G 1
rovide 1-00 & al eauvll cudye aclust Lhiee cul, wid Lhe remadning
S b ) ~ach part.
y \ L v ey, T the webh, & 1n eac
LOoL%d < 2wd) g be providea I

: 2% e nas been  made
[l o i - e bl A 45 shown in Fig. b.ll na
o einf o cenent detallliy as
. PR 3 C11Ic of bars at
s 2 G ' . ,d  the criterion of minimun spaclng
PEERLIY Ja awlp
o s < = G =1
. : 2 and flange as pe
OrNGL L wnd  masimum  spacing  in the welb
. -t (RS ‘ s Ll

IS:4n6-74y

5.9.2 CIRCULAR CEE SECTION

Desigy (e (einforcement for a vircular cee shaped short colunn
having  ourer diameter of 2000 wm, wall thickness of 300 mm, cut
°f 1000 mw  and subjected to ultimate axial load of 11000 KX and
ultimaku Lending moments LEf 9500 KkXm. and 7100 kNw. about X anc
¥ axes respectively. The effective cover to maln reinforcement

and FellS
ls 4g mw. The grades of concrete and gteel ave M.20 an Chadd

Lespectively.

Solution 3 | | |
: Pilli v shown in FTlg. 48
The j 1 detadlls of the colun ate S

* Cruss=sectionas deld



Fig. 5.12

29-200
EQUISPACED

29-20{ EQUISPACED

—
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<

DESIGN E

YEMPLE OF CIRCULAR

CEE COLUMN SECTION

3000mm




Compute,

d'/D = /3006 = 12
/T = 29001 30Y = 1Y
Angle of Lpeniag, A = (1000727 / (300072 - 3601 = 0.417 Radiens
G l 1200 § % (3.1316 = 0.417)
Y
e U (i,
P /1 = 11060 x 10 /(20x2207163)= 0.2492
)
Z il & M
. = :.0731 x 16 mw
|
i 8
& L3590 s 10 1
Y1 ) 2
" = 39500 10 (20 » 1.7261 & LO )
1
= 0.2752 (p )
1
9
( o ,
Mo/t . 7300 g (a0 A Le0¥3L & A0
Hoek g
= {.3448 (b4
) !
1 71 - 7300 x Lo /{20 x 8.8590 x 10
L - 5 = :
U ok 3y
= 76 )
= Q.4170 (L3
¢/ = 0.01%, /1 = 1% and
Retu Chdry AZ.21 .._“J._.;‘;.uudl“u v 4'/0
B :
- g A= 025 .
FRg ; y  glives the valu
(.(J] ) _ o . ’ -.Uld 1_)_. L)OJ.Nt P_l
Levpounduy Lo points P 4
ok #% relevaut to M /f Z'l s
¥ ¢k uy Uk oY
; 3 ives the
. point B gaves
simil'xl onding to polnts Pl and p; . 5
ar - . LS ' R = 5 =
Yooconrest » we have to pivk up the
Vo 4 - /f ""_."
Ml bf /T " relevant Lo uy ek ¥l
\ ck -
hj ! e C o= 19
Hlier ot the two values. be¥ e
P .
) ol S )
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HIAPIBK 6 : INTERACTION CURVES FOR_I/H SHAPED RC COLUMNS

6.1 GENERAL

) . Ve s A -, %y 578 a0h X 1 Lo
I (wid flanged) or H o+ shaped culumi sections have been tound
ol : . lexur el
be highly COLt clficient under predofitinantly f
. P T : ication in
oading, For this 1reason they find  freqguent applica

R s shaped
fantilever Lype structures, such as a cluster of umbrella  shuapw

h““”boliu ~ paraboloid shell roofs cach supported v a  ventral

) . o & - &l
Post, Alvhitects prefer  I/H -  shaped  colusas to &

. : v laye  service
R T vites bevause it is convinient Lo capmoullage oo .

1 ; T -~ gshaped
lheg 4hd cables 1nside the notches. Moreover, the H slrape

CQlu ) ; ; .
IS provide g pPleasing favia.

r'h

. _ ) GOREE e spmetries
¥l lewt QL reinforcement distribution on different geor
of 1 i
. g e . ‘rive at
/H Shaped colunn section hus been investigated to arri
the

Sl gy, reinforcement distribution Patterns. some typida
. ¢ L . ‘OJ:

FUrves  obtained by plotting biaxial moments f
Values of areas of steel and a particular value ot

die presented out of the large uaumber of curves
ML
“Parey . _ " her design
¢ Dy covering a wide range of geomelry and othe:

q
‘“m@telc
S,

CEOMETRY OF SECTIONS

%:

if gbumet[ical Paranmneters affecting the strength of I/H shaped

C

" Uol“m05 are its overall depth D , flange width B and

Moy

. Lkhhbh T. The thickness has been assumed to be uniform for its

"y

0 | {anuvL aid web. A minimum value of the depth D equal to
0

e o * View of t)ie convinience in formwork and a maximumn value
JZQ hy

Lrop architectural and structural considerations have



been adopt .
pted. The width of both flanges has been considered y
= 20 elial

and has heen expre .
heen expressed in terms of the depth to  breadtl (D/3
1 /<J

ratio. - :
The values of D/B ratio eyual to 0.5, 0.6067, 1.0 5
5 3 , wls 1S wndd

2.0 }
-0 have b:ze N . e B
bien considered. X minimum value of thichuess T eygual to

100
e 1o g 7 % ]
¢ lide been adopted frum the conslderation vf reinforcemaeat

A mindimuam ¢lear cover of 10w

Placey; ;
elient and proper cuncretling.

to tj
e 5T TN ) _ . 3 . 2
main reinforcement bars 1is provided where I 1s more than

200
li} w2 g q
Wi Lot I less titatt or egual LO 200 i a  minimum

elaay
ar  CHver ; . iz
cover of 25 wmm to the waln peinforcement bars  may be

ddopted,

Bas
ed ¢ Voo o ;
d on the above, the foilowlhy guumetrltdl patameters Have

beey adopted -

0/B D/T a'/D
0.5 3, 4 Bi:06: 0.7
0.667 %y o 0.06, 0.07
1.0 3. 4 0.00, 0.0606
L .5 i, 5 0.03, 0.00
2.0 5, 6 0.03, 0.05

6.3
OPTTMUM REINFORCEMENT PATTERN

ve beel found to Dbe

rete sectlions lia

Vi shaped reinforced conc
Optim°11¥ reinforced whel a ma jor portion of the reinforcement
. Concentrated at the four extreume corners having pealk
gtresﬁcb under biaxially eccentric loaging. However, peyond u
certain percentage of the total reiufuruament at corners. the
seCtiOH T —— unecunumical- Therefore & arudy has beel made
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o ogeay N gy N i % . R
arrive at the optimum reintorcecement diswvribution for each
iyl

o e : - . ‘
geometry; of column section. This is obtuilned by compariscr. of
Interaction curves corresponding to Jdifferent teinforcement

al'langeinently for Lhe  same  columu seclivi  and dlea ol

=

einforcen: nt. Figure 6.1 shows a plot ol interaction curves for
D=60( M, D/B=0.%, D/T=2, d'/D=0.06 and reiuforcemzut

d4rrangements  (a), (b), (¢} and (d). Interaction curves have

been obtained by plotting biaxlal woments for u particular value

of axial foree. It say be observed thabt curve {d) vcorrespending

L0 the reinforcement detaliling naving a conveutration of  75.0

Percent  of the total dwinlforcemebl it the four corners (i.e.

18.75% of ‘E:ilifOl‘Ct:m!:_‘Hl. at each Cornel‘) COVLL1 O the maximun dled

1 e tnteraction charvt, and therefore represuiivs the optimun
ﬂ . ¢ 9 po 6.5 show the -

lelnforcemcnr pattetris. gimilarly Figs.6.2 LO 6.5 show the optimuu
other geowetiles of I/H - shaped

r »
“Inforcement pattern for
C
Cluny secticns.
In , " 411 thickness 1 on the optinum
ll]"l~‘ L\‘ “!uds '.llt-' ':t(".l Ut hd -

5 s : ‘tivular column
lel“'”’“umnu! pattern ipteraction curves of a pat
DAT keepina all

- Oth : eas observed that the same
3 variables fixed. 1t
all the cases. Therefore

¢ i in
Lo cement pattern wdas opt imul

T\
) 16y not affect the
B C3an  pe jnfered that wall (pickness T do
Je 1nferec
Oy :
h ‘MUl e inforeenent patteri.
"y attern for various
N the above, the ©
™ i 3 ‘,'l ili Fig' 6 . 6 .
Yeom,y ,q RC columtt 4tE Ertinan
“Lriey of 1/H - shab® .
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. l aen Il L 4 @ se
| I :
| !
#r_..._‘r._ T - D
N s @ 14 ,_ .,:"l wae ese
.ea - - 4 #ﬂ d L A - [ ® o0
(a)D/B = 0-5 (b) D/B=0-667
ls'i" r l5"’0f
e o 76 . o7
—‘] l‘J L': LR - - ls.l"
e e d
(d) D/B =15

- .
14-286]
142667
-e -

(e) D/B=20

Fig. 6.6 OPTIMUM REINFORCEMENT ARRANGEMENT

FOR IJH-SHAPED COLUMNS
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.- - l‘uv..l.l.ld Lo o IOHER B2 T S 1) O R ) S G ddt,[_;;.,_‘.d sl Y u!}i-")lti.&}ni:]g 0

Leinforcement Lars ot [/}

I sweeliong i

al Cotnerl reinforcement shall be contentracted at Lhe corge s

as tat as practicaeble subject to the codal reguirement of

winlmum gpacing of ba

Li Mid flange reinforcement should be uniformly spaced ove:

thhe remaining space between the reinfuicement at the Luo

coLuers, subject to codal reguirement ol maximum spacing

oL bars.

) Web reinforcement it provided sheuld also be uaiformis

distributed as above.
dgscg the clea

(:t (I.J) 1 1 lll‘.':bL }.al goliva I

0

in Figs. &€.6(a)l
e doghit vl web would be Jess than  the maximuin  spaciay
i L | -

riterlion However, 1L the oledr he aglit is wore tLiaan
B v P L s provided Lo
300 mm, addilional nominal Laro should be [ 1

satiefy the codal requirenent.

B Opl bt roinfordeiipnt detazlinug o8 chown in Fig. 6.6 is bLased
& the  egsumption thag all By are of the sane ciameter.
Huw&Vel, Ly wetual prdutiue it may not be aliwvays passible to
FOmnly g rhis assumption. b such cases reinforcement bars ol
diffefﬁn{ diameters wmay be used as long ds the Dpercentage ol
Hleg areg Pkl [OT 4 particular lgeation as indicated 1ia

v
<4, s , 2 )
=+ 6.6 iy maintained.
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6.4 DESIGN CHARTS

€ quarter symmetric : '
Cal interaction CUrves :
about two orthoc
Yol ]
€5 0ol symmwetry have been shown for o wide range of values of
-
I A egusl bo 0.29, 0.%; 075 sind L. 0, Interaction CUr Ve

Lour values of P /f A have Leen included in one chartr
u ch y N

¥
L ; o Sy ; s : / i

®se  chaits have Dbeen plotted for a very wide range of values
pf /& varying frowm 10 to 120 in increments of 10. . The lower

Value ol Gt JLF equal tu 10 has Dbeen adopted o1 the
¥ uk
FOnsideration  that o minimum reinforcement of 0.90  percent )

9Y0ss  concrete area can be provided where the loadings do Aok

S Sduire  the minimum prescribed area of stecl (0.8 percent of

910ss  concrete area) . In such cases the code provides £y,

Calculating the area of steel at the rate of 0.8 percent of (je

§3Tea  of conpcrete required to resist the direct aXial stress, and

ot upon the actual area. The interaction curves (Design Charts)

Lor 1,y shaped reinforced convrete column s appeal in Appendix

DESIGN EXAMPLE

Sign  the ypeluforcement for a H- shaped short column  hayiag

°Vex.,“ depth of 700 mm, breadth of 700 mu, wall thickness of

M and subjected to ultimate axial load ol 1500 K8  ang

Utimate bending woments of 395 KNm. and 220 KNw. about X and v

:
- Qx . - . R v 1 ! &
ey Fespectively. The effective cover to maln reinforcement iy

20 and Fedls

3 - - ~
5 grades of concrete and steel are M

. The

r
QSDECtivkly.
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oluticn

hL‘ M LRI R Tl - .
Ll‘--‘u dL‘-LlUl‘dl 'Jhtdilb ul Llle L’Ulul“z. alvu Lllknl] l!! Flg o
. Ve d o

ompute,
d'/D = 35/700 = 0.0%
D/E = 7006/700 = 1.0
D/ = 796/17% = 4

A = (22 7005%)7F5h) @ (17% x 3L0)
9

2
306250

)
/120x306250)= 0.2449

o A = 1500 » L0
u ] G
0.25
F 3
Z = %.1807 » 10 mm
7 2
2 = 72.9030 x 10
3
. 6 7
N /1 2 = 39% x 10 / (20x5.1807x10 )
uN ek %
6 7
Mo/ 2 = 220x10 /{20x2.9030x10 )
uy ck %
= 0.379

p/B = 1.0, d'/p = 0.05 and

: = 0.25 are in the
o wypves for PI/T A
tionu Cur 4 ek u

Refer Chet't AJ.6 corresponding Lo

D
(P =y The iunterav
| & 3 . {he value of pf JE
tegy quardrant. paint P3 gives the y Uk
= 0.379 as

Cory 4 and M /£ Z
Tresponding to M /L T 0381 @Y oy ek ¥
u‘\ L‘k o
follOWS
PC = 100 pf /f = 30
S

Y
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20 306250

>

1428 aun

|

Fo: optimus teinforcemcnl alrandgement,
Corner stweel = 0.154 = & = 0.1%1 x 4428 = 082

-

801 ww )} at each corner a:

Provide 1-16 & Dbars (Area of steel

Shown in Fig. 6.7.

to

Flange steel = 0.151 x 4428 = 2004 mu
9
604 mmm » in  each flanye,

Provide 4-16 ® bars {Area of steel

2

Web steel = 0.076 x 4428 = 237 mn
2

102 mmm ! in each web.

[H}

Provide 2-16 & bars (area of steel

The reinfopcement detailing as shown in Fig. ©. has been made
keepjng iif wview the criterion of minimum spacing of bars at

the welb and  flange ads per

Corners ond maximum spacing 41

18:456-75.

5.6 concrusions

- detailing ‘olved for a wide

The propused optiiun veinforcement detailing evoly
¢ s g B g —_—
- ghaped column gection facilitate 1ts

fange of geometry of I/H
esente qre  simple  aud
oDt imuy lesign The design charts presented are p

| aeslgrl. =
mapt ioal deslidnel .
®Xtremely useful to the practicd d
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‘Fromn

HAPTER 7 : CONCLUSIONS

ggd&11i alchitectsy ovfteo adopt 'Pylon' type columns (i.e. Columtie
HEving large givth) for commercial and iudustrial buildings from
B sthetic wnd wtility considerations. The pylons  are ustal iy
Kept hollow so that service lines could be  run through thew.
Structural enuvnowy coasideration «lsuv, hollow RCC pylone
Slfer very high moment of resistence as compated to solid  cole
Columng

cvontaiinlng the same volume of concvrete. Hollow  colu,

Sections find usful application in multistoreyed bulldings, large

Sban  suspension roof systews like 1ndour stadia, clilimeys, sheas
Nalls  ang staging for liguid retaining structures.
Thys

thesis has presented useful Interaction Curves for direct

“Si9n Of nollow reinforced concrete coluwn sections subjected to

o

combined action of axial compression and Dbiaxial bending

I"a- N r . SR . AT ANRT Y o & 3
MOlet o Dased on the limit state metlhiod as per the provisions of

13:450 1974, Rectangular, circular and hexagonal hollow sections
gy bean covered in the investigations. Fowever, a striking
t“hembldnce was  noticed bebween the ihleraction curves wi
erculdl and  hexagorial Sections having similar attraibutes anpd
lo&di“Ub- This implies that hexagonal, octagonal or for tliat
MQLL*' aly prismatic axisymmetrical section lhaving six or  wmose
equal faces can be ducurately designed using  the interaction
“Urvey for circular sections. A wide variety of geometrical
DL\""D(‘L' ti

€4 of sections as well as loading parawmeters have, boer

the investigation, covering all practical aspects.
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““tlgations have been carried out using a general purpose
Lo
u‘ln. A

Ley Program developud earlier and modified to  suit hollow



20 lumns, incorporating the Lasiv criterion £01 limit  state

Ollapse 15 laid dowy Ly the Indian Coude of Practice, IS:15¢

1978- e progranm decurately walculates the ullimate nome:; ¢
ltarryiug dpacity ol u ygiven short colum sectivn about itg  ty
Orthogonal INCL, undey & ygiven aAial cuilpressive foree .
SDECiulL; wLlitlen subroulines sulomatically caleulate Lhe sectioun
Propert .. L 4 yiven column section, Liotadd obviating the
Fhance of  human  ervors  and keeping the data  input to pare
0inigy,. The interaction curves have bern plotted using o
the couputer

Standard car lpackage by making direct access Lo

PUtPut, chius elininating all possibilities of luman error.
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An Lpocrtant  and useful aspect of the Llwvestigatlon 1s  the

delelmlndtiOM of ovptimuin reitbtorcement arranygement for  varicus

i i i: : 1ol es 1
Mapes of hollow column sections. The informalion presented
b J . . it 3 S N o ‘-}
T9SY avcess skeleh format will effectively guide the designer ¢
Make (he most economical use of reinforcement steel.
‘ have

o] : 9y ; are bound to
= In Most practicual applications, hollow pylons are boun
ie EEvEd ing used

door opening at base. In case of rectangular sections beliny use

3 . Y o 11¢ is

% sheur wall of a multistoreyed buildiny, 11ft opeainy is

X s “‘._',. -3 ave D

rQQuilcd © h floor level Extensive investlyations have becu
“¢d at each =

¢ of ho. v ¢olumnns with and
carried cut on finite element models of hollow c¢o

s SlRREr i to help thlie
Without & ing and the results have been summarised D
. Peiiin d

i ; to strengthen the strecs
deSig“e" take necegsary precautlons to streng
geometrival attributes of the cut

CQI]C’;’mi’-‘dti_c>11 areas. Since the
hOlJUh eoiuin seetion, ©OF Lo be more specific, vcee shaped
Squtlu“b are somewhat different to those of «¢losed sections,
: cepara’ t of

specidl subroutines have been written and a geparate se
.r  and circular cee

lnterdctiun curves plotted for rectangular and clreulay
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CHART A1-9 DESIGN CHART FOR RECTANGULAR HOLLOW COLUMNS
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