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FOREWORD 

Users of various civil engineering codes have been feeling the need for 
explanatory handbooks and other compilations based on Indian Standards. The 
need has been further emphasized in view of the publication of the National 
Building Code of India 1970 and its implementation. In 1972, the Department of 
Science and Technology set up an Expert Group on Housing and Construction 
Technology under the Chairmanship of Maj-Gen Harkirat Singh. The Group 
carried out in-depth studies in various areas of civil engineering and construction 
practices. During the preparation of the Fifth Five Year Plan in 1975;.the Group was 
assigned the task of producing a Science and Technology plan for research, 
‘development and extension work in the sector of housing and construction 
technology. One of the items of this plan was the production of design handbooks, 
explanatory handbooks and design aids based on the National Building Code and 
various Indian Standards and other activities in the promotion of National Building 
Code. The Expert Group gave high priority to this item and on the recommendation 
of the Department of Science and Technology, the Planning Commission approved 
the following two projects which were assigned to the Indian Standards Institution: 

a) Development programme on Code implementation for building and civil 
engineering construction, and 

b) Typification for industrial buildings. 

A Special Committee for Implementation of Science and Technology Projects 
(SCIP) consisting,of experts connected with different aspects was set up in 1974 to 
advise the IS1 Directorate General in identification and for guiding the development 
of the work under the chairmanship of Maj-Gen Harkirat Singh, Retired 
Engineer-in-Chief, Army Headquarters and formerly Adviser (Construction) 
Planning Commission, Government of India. The Committee has so far identified 
subjects for several explanatory handbooks/compilations covering appropriate 
Indian Standards/Codes/Specifications which include the following: 

Functional Requirements of Buildings 
Functional Requirements of Industrial Buildings 
Summaries of Indian Standards for Building Materials* 
Building Constr.uction Practices 
Foundation of Buildings 
Explanatory Handbook on Codes for Earthquake Engineering 

(IS : 1893-1975, IS : 4326-1976)t 
Design Aids for Reinforced Concrete to IS : 456-I978t 
Explanatory Handbook on Masonry Cadet 
Explanatory Handbook on Indian Standard Code of Practice for Plain and 

Reinforced Concrete (IS : 456-1978)t 
Handbook on Concrete Mixest 

*Under print. 

tPrinted. 



Concrete Reinforcement Detailing Handbook 
Cracks in Buildings* 
Formwork 
Timber Engineering 
Steel Code (IS : 800) 
Loading Code 
Fire Safety 
Prefabrication 
Tall Buildings 
Inspection of Different Items of Building Work 
Bulk Storage Structures in Steel 
Construction Safety Practices 

One of the explanatory handbooks identified is on IS :.456-1978 Code of 
Practice for Plain and Reinforced Concrete (rhird revision). This explanatory 
handbook provides information on the basis/source, interpretation/explanations to 
certain Clauses, worked-out examples and sketches to illustrate the application of 
Coda1 provisions wherever required. 

The 1964 version of IS : 456 was in use for over i5 years. When the revision of 
this Code was taken up, new features, such as limit state design principles and 
substantial modifications of important sections were introduced, making it more 
comprehensive and up-to-date. It was suggested by the committee responsible for the 
revision of the Code IS : 456-1978 that design aids and explanatory information 
which could not be covered in the Code should be made available to the users of the 
,Code. 

Some of the important points to be kept in view in the use of this handbook are: 

4 In this handbook wherever the expression ‘the Code’ has been used it refers 
to IS : 456-1978 Code of Practice for Plain and Reinforced Concrete (third 
revision). 

b) 
cl 

4 

e> 

This handbook is to be read along with IS : 456-1978. 
The Clause numbers in this handbook refer to the relevant Clause numbers 
in IS : 456-1978. The Clauses are explained in the same sequence as they 
occur in IS : 456-1978. Wherever there is no explanation to a particular 
Clause, only Clause number is mentioned. 
For convenience, Figures and Tables appearing in the explanatory handbook 
are identified with a prefix ‘E’ to distinguish them from those used in the 
Code. For example, Fig. E-3 refers to the figure in the explanatory 
handbook whereas Fig. 3 refers to that given in the Code. 
Wherever there is any dispute about the interpretation or opinion expressed 
in this handbook, the provisions of the Code only shall apply; the 
provisions of this handbook should be considered as only supplementary 
and informative; 

Notations as per IS : 456-1978 are maintained with additional notations 
wherever necessary. 
Reports of committees, papers published in technical periodicals and 
textbooks referred in the preparation of this handbook have been cited 
appropriately. These have been listed at the end of this publication. 
However, reference to a particular work does not necessarily imply that it is 
the only source or the original source. 

*The explanatory handbook is based on the first draft prepared by Cement 
Research Institute of India, New Delhi. The draft handbook was circulated for 
review to Central Public Works Department, New Delhi; Engineer-in-Chief’s 

*Under print 
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Branch, Army Headquarters, New Delhi; Concrete Association of India, Bombay; 
Andhra Pradesh Engineering Research Laboratories, Hyderabad; Cement 
Corporation of India, New Delhi; Tata Consulting Engineers, Bombay; M/s C. R. 
Narayana Rao, Madras; Research, Designs and Standards Organization, Lucknow; 
Gammon India Limited, Bombay; Ministry of Shipping and Transport (Roads 
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0. FOREWORD 

0.4 This clause gives the significant 
changes that have been made in the 1978 ver- 
sion of theCode. The notable ones are: 

4 

b) 

cl 

Introduction of limit state design; 
this replaces the ultimate load 
method covered in Appendix B of 
IS : 456-1964; 
The Working Stress Method is now 
aligned with Limit State Method of 
Design; and 
SI units have been used in the present 
Code. 

This Code is expected to..be used as one 
package for the design of concrete structures 
in general building construction. It does not 
advocate the use of different provisions 
from different Codes in the design of con- 
crete structures. However, for the design of 
special structures, such as shell structures, 
folded plates, arches, bridges, chimneys, 
blast resistant structures, hydraulic struc- 
tures and liquid retaining structures, specific 
requirements as specified in the respective 
Codes shall be adopted in conjunction with 
the provisions of the Code as far as they are 
applicable. Some of the Indian Standards 
available for the design of reinforced con- 
crete special structures are*: 

IS : 3370 (Part I)-1965 Code of practice 
for concrete structures for the storage of 
liquids: Part I General requirements 
IS : 3370 (Part II)-1965 Code of ‘practice 
for concrete structures for the storage of 
liquids: Part II Reinforced concrete struc- 
tures 
IS : 2210-1962 Criteria for the design of 
reinforced concrete shell structures and 
folded plates 
IS : 4090-1967 Criteria for the design of 
reinforced concrete arches 
IS : 4995 (Part I)-1974 Criteria for design 

of reinforced concrete bins for storage of 
granular and powdery materials: Part I 
General requirements and assessment of 
bin loads Cfirst revision) 
IS : 4995 (Part II)-1974 Criteria for 
design of reinforced concrete bins for 
storage of granular and powdery 
materials: Part II Design criteria 
IS : 4998 (Part I)-1975 Criteria for design 
of reinforced concrete chimneys: Part I 
Design criteria Cfirst revision) 

IS : 4880 (Part IV)-1971 Code of practice 
for design of tunnels conveying water: 
Part IV Structural design of concrete 
lining in rock 

IS : 4880 (Part V)-1972 Code of practice 
for design of tunnels conveying water: 
Part V Structural design of concrete lining 
in soft strata and soils 

IS : 7563-1975 Code of practice for struc- 
tural design of cut and cover concrete 
conduits 

IS : 4247 (Part II)-1978 Code of practice 
for structural design of surface hydel 
power stations: Part II Superstructure 
(first revisidn) 

IS i 4247 (Part III)-1978 Code of practice 
for structural design of surface hydel 
power stations: Part III Substructure 
($rst revision) 

IS : 2911 (Part I/Set l)-1979 Code of 
practice for design and construction of 
pile foundations: Part I Concrete piles, 
Section 1 Driven cast in-situ piles Cfirst 
revision) 

IS : 2911 (Part I/Set 2)-1979 Code of 
practice for design and construction of 
pile foundations: Part I Concrete piles, 
Section 2 Bored cast in- situ concrete piles 
Cfirst revision) 

*Most of the above codes have been taken up for 
revision and the limit state design concept will be 
followed in their next revisions. 

3 
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GENERAL 
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SECTION 1 GENERAL 

1. SCOPE Pedestal (25.5.3.1) have been defined in the 
Code at appropriate places. 

It is also to be noted that the Code is not 
directly applicable to precast concrete struc- 3. SYMBOLS 
tures and may be applied with such 
modifications as found necessary to suit 
special conditions of each individual case. 

2. TERMINOLOGY 

Some of the additional definitions such as 
Gross section (22.3.2), Transformed section 
(12.3.1), Cracked section (Z2.3.1), Column 
or strut (24.1. Z), Short and slender compres- 
sion member (24.1.2), Characteristic load 
(35.2), Characteristic strength (35. I), 

It is to be noted from Oi3.4 of the Code 
that most of the notations have been 
adopted from International Standards 
Organization (IS0 3858-1576*) with 
familiar symbols of the old Code retained to 
a large extent. The adoption of IS0 symbols 
would facilitate easy comparison between 
the various National Standards and Codes 
and also in easy understanding technical 
literature on the subject from technical 
journals. 

*Bases for design of structures-Notations-General 
rymbols. 

7 
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SECTION 2 MATERIALS, WORKMANSHIP, 
INSPECTION AND TESTING 

4. MATERIALS 
4.1 Cement - The type of cement selected 
should be appropriate to the intended use. 
The different types of cements are generally 
made by the adjustment in relative propor- 
tions of chemical compounds and the 
fineness to suit the particular requirement. 
The choice of a particular type of cement 
may also necessitate modifications in other 
clauses of the Code. For instance, the clauses 
on workmanship may need modification in 
the following cases: 

a) Stripping time of formwork indicated 
in Clause 10.3 applies to ordinary 
Portland cement. Other cements, 
especially rapid hardening cement and 
low heat Portland cement may require 
suitable modification. 

b) The minimum cement content for dif- 
ferent sulphate attack depends upon 
the type of cement (see Table 20). 

RAPID HARDENING PORTLAND CEMENT - 
Rapid hardening Portland cement has 
similar properties as that of ordinary 
Portland cement, except that the former is 
more finely ground and slightly altered in 
chemical composition. The so-called ‘super 
fine Portland cement’ is also covered under 
rapid hardening Portland cement by 
IS : 8041-1978*. Rapid hardening cement 
gains strength more rapidly at earlier ages, 
but has a strength comparable to that of 
ordinary Portland cement at 28 days. Its 
fineness leads to increase in shrinkage which 
should be accounted for in design. 

PORTLAND SLAG CEMENT-Portland slag 
cement is manufactured either by intimately 
intergrinding a mixture of Portland cement 
clinker and granulated slag with addition of 
gypsum, or by an intimate and uniform blen- 
ding of Portland cement and finely ground 
granulated slag. The resultant product has 
physical properties similar to those of 
ordinary Portland cement. In addition, it has 
low heat of hydration and with favourable 
slag contents has relatively better resistance to 
soils and water containing excessive amounts 

- 
*Specification for rapid hardening Portland cement 

(first revision). 
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of sulphate, as well as to acid waters and 
can, therefore, be used for marine works 
with advantage (see 13.3). However, Indian 
slags are characterized by comparatively 
higher alumina contents and the slag content 
may vary between 25 to 65 percent. It is sug- 
gested that manufacturer’s recommenda- 
tions or specialists advice should be sought if 
the Portland slag cement is to be chosen for 
its resistance to sulphates attack and marine 
environments. 

PORTLAND POZZOLANA CEMENT- Poz- 
zolana used in the manufacture of Portland 
pozzolana cement may be either a natural 
material such as diatomaceous earth or 
materials processed by calcination of soil 
(for example, burnt clay pozzolana) or 
artificial material such as fly ash. Portland 
pozzolana cement can be produced either by 
grinding together Portland cement clinker 
and pozzolana in proportions of 10 to 25 
percent with the addition of gypsum, or by 
intimately and uniformly blending ordinary 
Portland cement and fine pozzolana. 

This cement produces less heat of hydra- 
tion and offers greater resistance to the 
attack of aggressive waters than ordinary 
Portland cement. It is particularly useful in 
marine construction (see 23.3) and other 
mass concrete structures. It can generally be 
used whenever ordinary Portland cement is 
usable under normal conditions. However, 
the addition of pozzolana does not con- 
tribute to strength at early ages; strengths 
similar to those of ordinary Portland cement 
can be expected only at later ages. The 
specified 7 days’ compressive strength re- 
quirement of ordinary Portland cement and 
Portland pozzolana cement is the same. The 
compressive strength of Portland pozzolana 
cement at 28 days also has been specified. 
The use of Portland pozzolana cement in 
general building construction under normal 
conditions would reduce the pressure on the 
demand for ordinary Portland cement. 

HIGH STRENGTH ORDINARY PORTLAND 
CEMENT-For certain specialized works, 
such as prestressed concrete and some items 
of precast concrete requiring consistently 
high strength concrete, high strength 
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ordinary Portland ‘cement may be used. It 
has compressive strength much higher than 
the minimum compressive strength limits 
specified for ordinary Portland cement. This 
type of cement is distinctly different from 
rapid hardening Portland cement. 

It is similar to ordinary Portland cement 
in many respects, except that the chemical 
composition is slightly altered (to increase 
tricalcium silicate) and is ground to an in- 
creased fineness, both of which give rise to 
higher strengths. It can be used wherever 
ordinary Portland cement may be used, but 
maximum advantage is likely to be gained 
when there is a specific requirement for high 
strength (for example, in the manufacture of 
prestressed concrete sleepers). 

HYDROPHOBIC CEMENT-HHydrOphObiC 

cement deteriorates very little during pro- 
longed storage under unfavourable condi- 
tions. This cement is obtained by intergrinding 
ordinary Portland cement clinker with cer- 
tain hydrophobic agents (such as oleic acid, 
stearic acid, naphthenic acid, pentachlor- 
phenol, etc) which will impart a water repell- 
ing property to the cement. (Hydrophobic 
cement should not be confused with water 
proofing cements.) 

With the use of hydrophobic cements, a 
longer period for mixing may be necessary 
(see Note 1, Clause 9.3). 

4.1. I High alumina cement is usually used 
when durability against extreme sulphate or 
acid attack is desirable, and when very early 
development of strength is .required. 
However, this type of cement undergoes 
conversion or a sudden change of volume 
under humid and hot environments 
(> 27”C), thereby leading to loss of strength 
and disintegration. Therefore, in tropical 
countries, such as India high alumina cement 
should be used with extreme care and cau- 
tion, both in workmanship as well as in 
structural design. High alumina cement 
should always be used in accordance with the 
manufacturer’s recommendations. It should 
not be mixed with either other hydraulic 
cements, lime, calcium chloride or with sea 
water. Further information on high alumina 
cement can be obtained from Ref 1. 

Supersulphated cement is used where con- 
crete is likely to be attacked by sulphate. It is 
a product of granulated blast furnace slag, 

calcium sulphate and d small quantity of 
Portland cement or Portland cement clinker 
or any other suitable source of lime. This 
cement has chemical resistance to most of 
the aggressive conditions generally en- 
countered in construction and to the attack 
of sulphates in particular. It is used generally 
for marine works, mass concrete jobs to 
resist the attack by aggressive waters, rein- 
forced concrete pipes in ground waters, con- 
crete construction in sulphate-bearing soils, 
in chemical works involving exposure to high 
concentration of sulphates of weak solutions 
of mineral acids, underside of bridges, over 
railways (steam driven locos) and for con- 
crete sewers carrying industrial effluents. Its 
use under tropical conditions is recommend- 
ed by IS : 6909- 1973*, provided the prevail- 
ing temperature is below 40°C. It should not 
be used for steam cured concrete products 
(see also comments on 4.2). 

Guidance regarding the use of high 
alumina cement and supersulphated cement 
may be obtained from Rcf 1 and 2. 

4.2 Aggregates-The Code gives informa- 
tion and requirements with respect to con- 
cretes made with coarse and fine aggre- 
gates obtained from natural sources and 
hence the aggregates should conform to 
IS : 383-1970t. 

IS : 2386 (Parts I to VIII)-19631 gives 
the methods bf tests for aggregates for con- 
crete. 

The aggregates should be free from 
deleterious materials such as iron pyrites, 
coal, mica, shale, clay, alkali, soft 
fragments, sea shells and organic impurities. 
IS : 383- 19707 gives the limits of deleterious 
materials, such as coal, clay lumps, soft 
fragments, shale and material passing 
75micron IS sieve. It draws attention also to 
the necessity of avoiding use of aggregates 
containing reactive silica, such as chert and 
chalcedony. Also soft limestone, soft sand- 
stone or other porous or weak aggregates 
should not be used for concrete in sea water 
(see 13.3.1). 

Fine aggregates should be free from dust, 
slit and organic ‘impurities. Inadequate 

*Specification for supersulphated cement. 
TSpecification for coarse and fine aggregates from 

natural sources for concrete (second revision). 
SMethods of test for aggregates for concrete, Parts I 

to VIII. 
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washing in some cases leaves clay films over 
the surface of the aggregates. This should be 
guarded against, as it prevents adhesion of 
cement to the aggregate and results in a weak 
concrete. Clay and silt will increase water 
content because they are fine materials pass- 
ing through 75-micron IS sieve. Similarly, 
the dust produced during the crushing of the 
aggregates, if left adhering to them in suffi- 
cient quantities, may be detrimental to con- 
crete. 

GaADINc-Fine aggregate iS defined as 
aggregate mainly passing 4.75 mm IS sieve 
and coarse aggregate as that mainly retained 
on this sieve. The allowance implied by the 
word ‘mainly’ is specified for each size and 
class of aggregate in IS : 383- 1970* 

IS : 383- 1970* divides the grading of fine 
aggregates into four zones. (Most of the 
natural sands found in this country have 
gradings corresponding to one or the other 
of these zones.) Typical good sands fall in 
Zone II grading. However, finer or coarser 
sand may be used with suitable adjustments 
in the ratio of quantities of coarse to fine 
aggregates. Very fine sands as included in 
Zone IV grading should not be used except 
when the concrete is closely controllea by the 
use of designed mixes. With nominal mix 
concrete, it is advisable not to use a Zone IV 
sand under any circumstance and to avoid 
the use of Zone I sand, if a lean concrete mix 
is desired. 

For fine aggregates, tolerance amounting 
to a total of 5 percent are allowed, except on 
the extreme limits of Zones I and IV and on 
materials passing a 600-micron IS sieve. 
Coarse aggregates are specified in terms of 
‘nominal’ maximum size because a fraction 
of the quantity, say up to 15 percent is allow- 
ed to be retained on the sieve designation 
corresponding to the nominal maximum 
size. In other words, some materials coarser 
than 20 mm, but passing through 40 mm 
sieve are likely to be retained on a 20 mm 
sieve, when an aggregate of 20‘mm maxi- 
mum nominal size is procured and tested. 

4.2.2 In considering light weight aggregate 
concrete, the properties of any particular 
type of aggregate can be established far more 
accurately than for most naturally occurring 
materials and the engineer may, therefore, 

*Specification for coarse and fine aggregates from 
natural sources fcr concrete (second revision). 

obtain specific data directly from the ag- 
gregate pr&!lucer . 

Formula for tensile strength (5.2.2) and 
modulus of elasticity of concrete (5.2.3) and 
the data on creep (5.2.5), shrinkage (5.2.4) 
and thermal expansion (5.2.6) are likely to 
be different when lightweight aggregates are 
used. Among the provisions of the Code, the 
following may require further consideration 
where lightweight aggregates are used: 

a) 
b) 

4 

d) 

e) 

Development length (25.2.1), 
Durability, especially cover re- 
quirements given in 25.4; 
Shear and torsion resistance of 
beams, especially Table 13, Table 14, 
Table 17 and Table 18; 
Deflection of beams: for example, the 
span/depth ratios given in 22.2. I; and 
Additional moments in slender 
columns, given in 38.7.1. 

It is also to be noted that concrete grades 
above M 40 are not likely to be achieved in 
practice with any lightweight aggregates. 

Further information on these aspects can 
be obtained from Ref 3. 

4.2.3 IS : 3812-1981* Covers the extraction 
and physical and chemical requirements of 
fly ash for use as a pozzolana for part 
replacement of cement, for use with lime, 
for use as an admixture and for the 
manufacture of Portland pozzolana cement. 
Part replacement of fine aggregate in mortar 
and concrete is with a view to improving 
grading. The recommended magnitude of 
replacement (of fine aggregate) is up to 20 
percent. Fly ash may also be used in making 
up the deficiency of ‘fines’ (particularly 
materials passing the 75-micron IS Sieve) in 
concrete mixes. 

4.2.4 SIZE OF AGGREGATE-The Size limita- 
tions on aggregates are given in this clause 
for plain concrete as well as for lightly rein- 
forced sections, and in 4.2.4.1 for heavily 
reinforced sections. These limitations are 
mainly intended to ensure that the bars are 
en&secl properly and honeycomb pockets 
are avoided. The largest possible size, pro- 
perly graded, should be used in order to 
reduce the water demand. For high 

*Specification for fly, ash for use as pozzolana and 
admixture (firs revisiori) 
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compressive strengths, it is usually for the limits on total chlorides (Cl’) and 
economical to adopt a lower maximum size. total soluble sulphates (SO,) in concrete. 

While using plums in plain concrete, it is 
to be ensured that such plums have no adher- 
ing films or coatings, and the crushing value 
of plums is at least that specified for coarse 
aggregate. 

4.2.4.1 This clause should be read in con- 
junction with 25.3 where the spacing be- 
tween bars is dealt. It will be convenient to 
decide upon the nominal maximum size of 
aggregate first and then to decide on the 
clear spacing between bars or groups of bars. 

The minimum cover requirements are 
given in 35 4 ana in g_anv rirrllmctnnrfw this o-. --- --- -- . , _- - _ _ - --I __- - _ _ I 
requirement may be governed by durability 
or fire resistance requirements. 

Water containing sugar may not have an 
adverse effect on concrete strength if the 
sugar content (in mixing water) is less than 
500 ppm. Organic materials, such as algae 
present in mixing water cause excessive 
reduction in strength, Sea water is not 
generally recommended for mixing (see 
4.3.3). Concretes made with sea water may 
show efflorescence and in reinforced con- 
crete the sea water used for mixing may cor- 
rode the reinforcement. Most sea waters will 
not meet the limit on chlorides prescribed in 
Table 1. Municipal waters will generally 
meet all the requirements of mixing water. 
Alan waterc rnntainino 1c-x than 9 Mn nnm 1 S.V..) IV UCI.” -V.-.“....*..~ IV”., C.Is..II m ““” yy’x’ 
of total dissolved solids can generally be 
used satisfactorily for making concrete. 

4.2.5 Batching of coarse and fine ag- 4.3.1 Should the suitability of water be in 
gregates separately is essential for design mix doubt, particularly in remote areas or where 
concrete (see 8.2). Except where it can be water is derived from sources not normally 
ensured that supply of properly graded ag- utilized for domestic purposes, such water 
gregate of uniform quality can be maintain- must be tested before use. 
ed over’the period of work, the grading of 
aggregate should be controlled by obtaining 

The compressive strength alone is not an 

the coarse aggregates in different sizes and 
indicator of the suitability of mixing water. 

blending them in the right proportions when 
Water passing the strength requirements 

required, the different sizes being stacked in 
of 4.3.1.2 may yet contain chlorides and 

separate stockpiles. 
sulphates in excess of the limits given in 
Table 1. 

4.3 Water- A detailed account of require- 
ment of mixing water for cement is given in 
Ref 4. 

Marsh waters, mine and colliery waste 
waters, several industrial waste waters and 
sea water are not likely to meet the 
requirements of the Code and, therefore, 
should be used only after careful considera- 
tion. Mineral oil (not mixed with animal or 
vegetable oils) in concentrations greater than 
2 percent by weight of cement may reduce 
the concrete strength by more than 20 per- 
cent. The limits of acids and alkalis given in 
sub-clauses (a) and (b) of 4.3 are probably 
on the conservative side, .Amone the salts 
which cause durability problems, sulphates 
and chlorides are more commonly en- 
countered and the limits for the same are 
given in Table 1. 

4.3.1.2 This requirement is probably in- 
tended to preclude the use of waters contain- 
ing substances which may cause a signifitant 
reduction in strength, but not listed as com- 
monly occurring. Examples are salts of zinc, 
copper and lead, and in particular sodium 
sulphide. 

4.3.1.3 Setting time is likely to be affected 
by the presence of sugar, carbonates and 
bicarbonates of sodium and potassium, salts 
of sodium, zinc, copper and lead. Waters 
containing sodium hydroxide may induce 
quick set. 

4.3.2 This clause puts a limit on the acidity 
of concrete mixing water. 

4.3.3 SEA WATER (see also Ref 4)-Sea 
The strength test requirement of 4.3.1.2 is water containing up to 35 000 ppm .of salt 

not sufficient to establish the suitability of (including sodium chloride and other salts) is 
water with respect to the limits on sulphates generally suitable as mixing water for 
and chlorides. See also A-2 (Appendix A) unreinforced concrete work. 
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The risk of corrosion due to the use of sea 
water is not imminent in reinforced concrete 
permanently coming under sea water, 
because access to air and alternate wetting 
and drying are precluded. 

4.3.4 Sea water used for curing is likely to 
cause efflorescence. Tannic acid is discharg- 
ed from leather processing industries; iron 
compounds are likely to be found in excess 
quantities in acidic mine waters. 

4.4 A -‘---. riamrxiui~.Y-- Admixtures are added to 
the concrete mix before or during mixing, in 
order to modify one or more of the proper- 
ties of fresh or hardened concrete. The 
example of admixtures given here are with 
reference to ordinary Portland cement. It is 
preferable to evaluate the performance of an 
admixture with respect to the particular 
cement, aggregate and conditions expected 
on the job. The use of admixtures is 
encouraged where a sound technical reason 
justifies it, but with the approval of the 
engineer-in-charge. (For further information 
see Ref 5 and 6.) 

IS : 9103-1979* gives only performance 
___..:_____&_ I__ A:II__-._r ._____ ..I __I-l-. Lcqll11~1IK11L~ ,“I UllltZl~lll 1ypeLi Uf ~UIIIIX- 
tures. 

Four. main types of admixtures can be 
distinguished as: 

a) 

b) 

ACCELERATING ADMIXTURES- These 
are added to increase the rate of early 
strength development, which in turn 
facilitates earlier removal of form- 
work, or reduce the required period of 
curing or concreting in cold weather 
or emergency repairs” Common 
accelerates are calcium chloride, 
fluosilicates and triethanolamine. If 
the admixture contains calcium 
chloride, Clause A-2 (Appendix A) . . . 
will require consideration, especiaiiy 
when the concrete contains embedded 
metal, including reinforcements. 

RETARDING ADMIXTURES - Retarders 
slow down the rate of setting of ce- 
ment. They are useful in hot weather 
concreting, for avoiding cold joints in 
mass concrete works, and for special 
treatment of concrete surfaces. Com- 
mon types of retarders are starches 
and cellulose products, sugars and 
hydroxyl-carboxylic acids and their 

*Specification for admixtures for concrete. 
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salts (for example, sodium tartrate). 
Many of the retarders excepting 
sugars and carbohydrates have water 
reducing properties a‘s well. 

WATER-REDUCING OR PLASTICIZING 
ADMIXTURES-The addition of a 
plasticiser allows greater workability 
to be achieved for a given water- 
cement ratio or alternatively retains 
the workability or consistency while 
reducing the water content. Water 
Y&J..,-<“” orlm;“t..r~r Fm,3”..P”tl.. F.,“,. ,LUUU‘l~ aull.‘*Lu1&3 I,Gq”b‘,L’J Iuub- 

tion as set-retarders when used in suf- 
ficient quantity. If a .normal setting 
time ‘or an accelerated set is required 
in addition to water reduction, the 
composition of the admixture is 
modified by introducing suitable 
accelerators. 

The basic ingredients of water- 
reducing admixture are either 
lignosulphonate salts or polyhydroxy 
compounds. In the former case, if 
sugars are present, retardation may 
occur; alternatively a refined, sugar- 
reduced product may be used which 
avoids excessive retardation. 
Polyhydroxy compounds may be sen- 
sitive to over-dosing, in which case 
excessive retardation may result. 
Dosages of water-reducing admixtures 
are usually recommended by manu- 
facturers, but in the case of large jobs 
it is desirable to conduct laboratory 
tests for optimum dosages, which may 
vary with the characteristics of 
cements and the conditions under 
which concrete is placed. Another 
variety, known as ‘super plasticizer’ 
may be suitable where an extremely 
high workability is desired along with 
no increase in water content, say 
. ..ha..n ,.,-.onrn+L. :c +,-. La -..m..arl P........ vY11G1 G L”IICI GLG 13 L” “S yulllyGL&. 3uytZ1 
plasticizers are based on synthesized 
condensates, such as melamine- 
formaldehyde and napthalene 
sulphonate-formaldehyde. In order 
to be totally effective, it ‘should be 

-ensured that super plasticizers capable 
of imparting high fluidity to concrete 
should not cause undesirable side ef- 
c ̂ ^.^ _.._L ^^ L1__-1:-- _-A _^-_^-_ ICCLS, SU~II as vlreulrlg a11l.J seg1ega- 
tion. 

AIR-ENTRAINING ADMIXTURES - These 
are used to intentionally entrain a 
controlled quantity of air into the 
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concrete, in the form of discrete, 
minute bubbles, without significantly 
altering the setting or hardening of 
concrete. Their use improves the 
freeze-thaw durability (that is, 
resistance to frost damage), 
workability, and water tightness. Air- 
entraining agents can be classified as 
‘surfactants’. In concrete technology, 
surfactants are used as water-reducing 
admixtures also. A rough distinction 
between these two types of surfactants 
is that air-entraining agents produce 
stable forms of bubbles whereas 
water-reducing admixtures need not 
necessarily produce stable form of 
bubbles. Commonly used air-entrain- 
ing agents are: (a) animal and 
vegetable oils and fats; (b) natural 
rrrnnrl ,.~.&nr ~nrl th&r rnrl;>.m cq.ltr “““VU LLD.1.3 u..LI LI1L11 D”Ulcll‘l .XX.l.J) 
for example, vinsol resin; and 
(c) alkali salts of sulphated and 
sulphonated organic compounds. The 
amount of air entrainment depends on 
the dosage as well as other factors. 
More admixture will be required for 
richer concretes, fine cements and 
lower temperatures. A forced action 
pan mixer should preferably be used 
for mixing. Air entraining agents may 
be used in conjunction with other 
admixture, but their dompatibility 
should be ascertained before hand. 
Excessive entrainment of air may 
result in reduced strength of concrete. 

4.5 Pozzolanas-The Code permits the 
use of pozzolana in four ways: 

4 Pozzolana as an ingredient of 
Portland pozzolana cement [see 4.1 
(d)]. Here the reactivity of pozzolana 
is made use of to obtain cementing 
properties. 

b! 

4 

4 
Here 

Pozzolana as a nart replacement of r--m~ ~- 
ordinary Portland cement (see 4.5.1). 
Pozzolana as a fine aggregate (see 
4.2.3). 
Pozzolana as an admixture (see 4.5.2). 

attention is confined to (b) and (d) 
,.I_,...- 
avuvc. 

When pozzolana is u$ed as a part replace- 
ment of cement, the reactivity of pozzolana 
is the deciding criterion. When it is used as 
an admixture, the physical property, such 
as its fineness rather than the chemical 
reactivity is important. 

4.5.1 Use of pozzolana as a part replace- 
ment of ordinary Portland ‘cement differs 
from its use as an ingredient of Portland 
pozzolana cement. In the former case, the 
pozzolana of the specified quality is mixed 
along with the other ingredients of the con- 
crete mix whereas in the latter case it is 
blended intimately with ordinary Portland 
cement during manufacture. As the Portland 
pozzolana cement already contains poz- 
zolana, further addition is restricted to 
only ordinary Portland cement in this 
Clause. 

The Code assumes that the facilities for 
assessing the quality of pozzolana will be 
available to the user. Neither this Code nor 
IS : 3812-1981* specifies the percentage of 
replacement of cement that wiil be permissi- 
I_,_ ,--.____1,-. use. ueuerduy, replacements up to 20 or 30 
percent will be possible. The major advan- 
tage of part replacement by pozzolana lies in 
the slower rate of heat liberation, and 
therefore it is most advantageous in massive 
foundations and dams. The replacement by 
pozzolana may lower the strength of con- 
crete at early ages and this fact should be 
taken into account. 

Fly ash which is a finely divided material 
can be used also as a ‘mineral admixture’ in 
mixtures deficient in ‘fines’ to improve the 
workability, reduce the rate and amount of 
bleeding and to increase strength (only of a 
mix deficient in fines). Mineral admixtures 
like fly ash should not be added to mixtures 
which are not deficient in ‘fines’ as this may 
increase the water demand and thereby lead 
to a reduction in strength. 

The high rate and amount of bleeding of 
mixes deficient in fines can be brought down 
by increasing the amount of cement (lower- 
ing the water-cement ratio of the paste) or by 
adding a mineral admixture, such as fly ash. 
Here the function of the mineral admixture 
is to increase the paste content of the 
concrete mix and not necessarily to fill the 
voids. 

R1rrnt YUI .lL C!2y nn7TAllII3 &I”LL”AU”U (c9vered by 

IS : 1344-19827) should be manufactured 

*Specification for fly ash for use as pozzolana and 
admixture cfirsf revision). 

iSpecification for calcined clay pozzolana (second 
revision). 
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under controlled conditions by calcination 
of clay at suitable temperature and grinding 
the resulting product to the required 
fineness. The chemical requirements for the 
raw material (clay) are also given in 
IS : 1344-1981*. The optimum temperature 
for burning (or calcining the clay) cor- 
responds to that at which the crystal struc- 
ture of the clay mineral is destroyed and the 
clay is converted into a fine, active form. 
Depending on the type of clay, this 
temperature may vary from 600°C to 
1 000°C. The burnt clay should be pulveriz- 
ed to a fineness (specific surface) of not less 
cL-- 3 200 _-7 I- Lllall c111-, g. (A lo.wei value of 

2 250 cm*/g is also acceptable provided 
the requirements of strength and other 
properties are met satisfactorily.) 

4.5.2 - 

4.6 Reinforcement - Plain mild steel bars 
[IS : 432 (Part I)-198271 and high strength 
__,J_ _~l corn--worked deformed bars (IS : i786- 
1979$) are widely used. The latter should 
have lugs, ribs or deformations on the sur- 
face, so that the bond strength is at least 
40 percent more than that of plain bar of 
the same size. 

strength (that is, 0.2 percent proof stress) 
of 500 N/mm* is now included in 
IS : 1786- 19791. Therefore, ready-to-use 
information is given in several clauses, for 

*Specification for calcined clay pozzolana (second 
revision). 

t.Specification for mild steel and medium tensile steel 
bars and hard-drawn steel wire for concrete reinforce- 
ment: Part I Mild steel and medium tensile steel bars 
(fhird revision). 

SSpecification for cold-worked steel high strength 
deformed bars for concrete reinforcement (second 

revision). 

steels with characteristic strength of 
250 N/mm2 (mild steel), 415 N/mm2 and 
500 N/mm2 (cold-worked high strength 
deformed steel) in the Code (see Note 
in 37.1). 

For certain special structures like bins the 
relevant Indian Standards indicate a 
preference for deformed bars, either the hot 
rolled variety conforming to IS : 1139-1966* 
or the cold-worked bars conforming to 
IS : 1786-19797. IS : 4995 (Part II)-19743 
requires the use of deformed bars in bins and 
silos for avoiding large cracks and ensuring 
,,,AVP ..nifnrm A;ctrih..tlr\n r\f n.ron.Gr .‘&“,b Ullll”LI‘I UlJL‘l”UL‘“ll “1 L,QLIlJ. 1: a!so 

suggests a preference for deformed bars, as 
these are more convenient for fixing of 
horizontal bars and operation ,of sliding 
formwork in the construction of bins. 

Hard-drawn steel wire fabrics are occa- 
sionally used for floor slabs (hollow block, 
ribbed), for secondary reinforcement in 
deve!oping fire resistance and in PnmP “.,...., 
precast concrete products like pipes. The 
mesh size, weight and size of wires for 
square and oblong welded wire fabric should 
be agreed to between the purchaser and the 
manufacturer. Some details on these are 
given in IS : 1566-1982s. 

The requirements of important 
mechanical properties for the types of 
reinforcements covered herein are given in 
Table E-l. 

*Specification for hot rolled mild steel, medium 
tensile steel and high yield strength steel deformed bars 
for concrete reinforcements frevised). 

tspecification for cold-worked steel high strength 
deformed bars for concrete reinforcement (second 
revision). 

SCriteria for the design of reinforcement concrete 
bins for the storaee of eranular and nowderv materials: ~_~ ~~ _._.._._. ..- r- .-__ , -.--____-__. 
Part II Design criteria. 

OSpecification for hard-drawn steel wire fabric foe 
concrete reinforcement (second revkion). 

17 



TABLE E-l REQUIREMENTS FOR REINFORCING BARS 

IS No. TYPE OF REIN- 
FORCEMENT 

NOMINAL SIZE CHARACTERISTIC ULTIMATE 
OF BAR? (mm) STRENGTH (N/mm? TENSILE 

(YIELD STRESS 0~ STRESS 
2 PERCENT PROOF (N/mm? 

, 
COMPOSITION b-fin ELON~A- 

OF STEEL TIONON 
CONFORMING GAUGE 
TO 1s No. LENGTHOF - 

5.65@EA 
(Percent) 

(1) (2) 

432 (Part I)- Mild steel 
1982’ (Grade I) 

Mild steel 
(Grade II) 

Medium tensile 
steel 

1139- 19661 Hot-rolled 
deformed bars 

1786-19796 Cold 
twisted 
bars 

1564 1982* * Harddrawn steel 
wire fabric 

STRESS) 

(3) (4) 

5,6,8,10,12,16,20 255 

22,25,28,32, 
36740, 
45,50 

5,6,8,10,12,16,20 

22,25,28,32, 
36.40, 
45.50 

5,6,8,10,12,16,20 

22,25,28,32,36,4O 
45.50 - 

- 412 

6,8,10,12,16, 
18,20,22,25, 
28,32,36/K), 
45,50 

(See Note) 

236 

I 
231 

353 

348 
323 i 

415 
(for Fe 415) 

(for Zr500) 

As per IS : 432 
(Part II)- 1982tt 

(5) (6) (7) 

412 IS : 226-1975t 20-23 

373 Fe 410.0 
(St 42.0) of 
IS : 1977- 
1975r 

20-23 

538 St 55-HTW of 17-20 
IS : 961-19750 

15 percent 
higher than 
measured 
yield stress 
15 percent 
more than 
the actual 
0.2percent 
proof stress 

- 14.5 

C-O.25 percent (Max) 14.5 
S-O.055 percent 
P-O.055 percent 

10 percent 
more than 
the actual 
0.2 percent 
proof stress 

C-O.30 percent 
S-O.05 percent 
P-O.05 percent 

12 

- - - 

NOTE - The mesh sizes and sizes of wire for square as well as oblong, welded wire fabric commonly manufactured 
in the country are given in Appendix A of IS : 1566-1982**. 

*Specification for mild steel and medium tensile steel bars and hard-drawn steel wire for concrete reinforcement: 
Part I Mild steel and medium tensile steel bars (fhird revision). 

tSpecification for structural steel (standard quality) (@!I revision). 

SSpecification for structural steel (ordinary quality) (second revision). 

#Specification for structural steel (high tensile) (second revision). 

ISpecification for hot-rolled mild steel, medium tensile steel and high yield strength steel deformed bars for 
concrete reinforcements (revised). 

ISpecification for cold-worked steel high strength deformed bars for concrete reinforcement (second revision). 

**Specification for hard-drawn steel wire fabric for concrete reinforcement Cfirst revision). 

ttSpecification for mild steel and medium tensile steel bars and hard-drawn steel wire for concrete reinforcement: 
Part II Hard-drawn steel wire (third revision). , 
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Rolled steel sections made from steel 
conforming to IS : 226-1975* are mainly 
intended to cover composite construction 
(VDLI dC dj \Y&C ‘-‘.T,. 

Welding of cold worked bars is permitted 
by the Code (see ZZ.4). Extra care and 
precautions will be necessary because uncon- 
trolled application of heat to cold worked 
bars converts them to ordinary mild steel. In 
those C’IWC where ?rienllate nrmmhms are -----_ _‘-.,__ ..--_-_ c-_ 7LI‘- r____- _--__- -__ 
not possible, only the strength of mild 
,steel should be taken for the purpose of 
calculation, in the vicinity of the welded 
connection. 

4.6.1 The surface of the reinforcement 
should be free from any material which is 
likely to impair the bond or durability of 
steel. Loose mill scale and loose rust are 
removed in the normal course of handling 
before fixing the reinforcements. Rust firmly 
adhering to the steel is not harmful. A coat 
of cement wash may be applied over the rein- 
forcements, if they are to remain in the 
formwork for more than a few days, say a 
week, in order to prevent rusting. Also, 
mould oils or other formwork releasing 
^ -_-A^ _L-..,_I L- _-_l:_~ A^ rL_ --..I>_ :- ageIlL> SIIUUIU UT ayyr1eu I.0 UK llLUUlUS III 
such a way that they are not smeared over 
the steel bars. 

Research has shown that a normal amount 
of rust on deformed bars and wire fabric in- 
creases bond with concrete. The dividing line 
between a ~“,.-,,l, ‘I”‘ 11‘cu and an ‘excessi.ye’ s 

amount of rust could be clearly defined in 
relation to the minimum tolerances on the 
size of deformed bar or wire fabric as set out 
in applicable reinforcement specifications. It 
has been concluded that it is not necessary to 
clean or wipe the (rusted) bar surface before 
using it in concrete constrtiction. In the same 
way, the rust on wire fabric improves the 
bond quite markedly because of its roughen- 
ing effect on the very smooth surface of 
hard-drawn wire. Provided the area of the 
wire was within the minimum tolerance, 
research of fabric showed that the more pit- 
ted the wire, the greater was the bond 
development. Qualitative research on plain 
bars is not available but similar results to 
wire in fabric could be assumed. It has been 
found that normal rough handling during 
fabrication, transportation, and fixing 

*Specification for structural steel (standard quality) 
(fifth revision). 
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removes the’ mill-scale and rust which’ is 
loose enough to injure bond. 

4.6.2 T’he vaiue of moduius of eiasticity 
of steel, (&) speeified is the minimum 
encountered but slightly higher values (say 
up to 205 kNim>) are also possible. This 
variation has negligible effects on design 
&ulation. Note that the specifications for 
i&forcing steels do not specify the values 
for modulus of elasticity. Therefore, this 
clause gives only the design information. 
The value of Es is for all practical purposes 
independent of the types of the steels en- 
visaged in the Code. 

4.7 Storage of Materials - IS : 4082- 
1977* provides general guidance for stacking 
and storage of materials at site and covers 
cement, aggregate, steel and other construc- 
tion materials. 

Cement should be stored in dry and water- 
proof sheds and on a platform raised about 
20 cm above ground level, and about 30 cm 
clear off the walls. Cement bags should be 
stacked in such a manner as to facilitate their 
removal and use in the order in which they 
are received. Storage of cement in silos is not 
mentioned in IS : 4082-,1977*. but if silos are 
used, they should be of waterproof and 
crackproof construction. 

Uvrlrnnhnhir rt=m~=nt c~nforg$fig TV “,...Vy..V”.- -v..-“.1. 

IS : 8043-1978t is permitted by the Code 
(see 4.1) and this may be considered to be 
used where cement is to be stored for pro- 
longed periods. 

Fine aggiegates and coarse aggregates 
should be stacked separately on hard surface 
or platforms, the stockpiles sufficiently 
removed from each other, to prevent the 
material at the edges of the piles from getting 
intermixed. 

Reinforcement bars should be stacked, so 
that the stack is raised at least 15 cm above 
ground level. Bars of different classification, 
size and lengths should be stored separately. 
In coastal areas or in case of long storage, 
coat of cement wash is recommended. 

--___ 
*Recommendations on stacking and storing of 

construction materials at site ffifst fevisiofi). _ 
TSpecification for hydrophobic Portland cement 

(first revision). 
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5. CONCRETE 

5.1 Grades-The grade of concrete is an 
identifying number, which is numerically 
equal to the characteristic strength at 28 days 
expressed in N/mm?. The engineer must 
decide the grade of concrete required for 
each part of the work and determine the 
suitable limitations on the constituent 
materials and mix proportions in accordance 
with the recommendations of the Code. 
Generally, grades M 15 and M 20 are used 
for flexural members. 

The use of cube strength at 28 days for 
specifying the grade designation has arisen 
out of convenience as major part of the long- 
term strength of concrete made with normal- 
ly used cements which is attained at this age. 
However, if high alumina cement is used, the 
strength development at earlier ages may 
also have to be specified. 

Nominal mix concrete is permitted for 
grades M 5, M 7.5, M 10, M 15, and M 20 
(see 8.3). Design mix concrete (see 8.2) is 
nrefwm-4 hv the CQ& for 111 orad~c nf mn- l--------- -, ---- b.“..WU v1 “V.. 

Crete, except for M 5 and M 7.5 as mention- 
ed in Note 2 to Table 2. 

Concrete coming in direct contact with sea 
water or exposed directly along the sea coast 
should be at least of grade M 15 in the case of 
plain concrete and M 20 in the case of rein- 
forced concrete (see 13.3). 

5.1.1 - 

5.2 Properties of Concrete 

5.2.1 INCREASE IN STRENGTH WITH 

AGE-Sometimes, when the test results for 
strength of concrete at 28 days are lower 
than the specified strength, the construction 
is approved on the basis that the concrete 
will attain sufficient strength due to continu- 
ing hydration of cement by the time the full 
loads are applied. This approval will not be 
possible if the increase in strength with age is 
already allowed for at the design stage. 

The age factor will vary with the type of 
cement. The values specified in Table 5 cor- 
respond to concrete made with ordinary 
Portland cement. The age factors apply to 
design mix concrete only. Increase in per- 
missible stresses is also applicable to ben- 
ding, shear, direct compression, etc, as per 
Note 3 of this clause. 

No increase in strength with age is permit- 
ted for high alumina cement concrete; the 
reason being high alumina cement concrete 
tend to reach their potential strength much 
more quickly than other cements. 

An approximate formula for expressing 
the strength of concrete at any age t (in days) 

’ is,“f,=---- 
a+bt 

fis, wherefis is the strength at 

28 days; a and b are empirical constants. 
The age. factor given in the Code cor- 
responds to approximately a= 4.7 and 
b=O.833 in the above formula. 

For example, the strength at 7 days for M 15 
-I 

grade concrete is, f,= 
I 

4.7 + 0.833 x 7 
x 15 

= 0.664 x 15 = 9.96 N/mm2 
= 10.0 N/mm2 (say). 

This corresponds to the value specified in 
Table 5. 

5.2.2 TENSILE STRENGTH OF. CON- 

CRETE-TWO types of tensile strength are to 
be distinguished. The flexural tensile 
strength of concrete corresponds to the 
modulus of rupture. The split tensile 
strength is obtained by splitting concrete 
cylinders by the application of compressive 
line load along two lines diametrically 
opposite to each other. 

The value corresponding to the former is 
used in estimating the moment at first crack, 
which in turn will be required for computa- 
tion of deflection in flexural members. In 
Appendix B, this value has to be used 
straightway without applying any reduction 
factor. (The Code formula is not applicable 
to light weight concretes.) The reason for not 
using a strength reduction factor may lie in 
the fact that deflection is a cumulative 
effect rather than a local one. 

Split tensile strength is used for estimating 
the shear strength of beams with unreinforc- 
ed webs, and a few other similar problems. 
The Code does not give the value for this, 
but introduces it indirectly in the appropriate 
clauses. 

5.2.3 ELASTIC DEFORMATION- Modulus of 
elasticity of ‘concrete is required for detailed 
computation of deflection of reinforced con- 
crete flexural members (see Appendix B). 
The elastic property of the aggregate has a 
greater influence on the modulus of elasticity 
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because the coarse aggregate occupies about 
70 percent of the volume of concrete. Thus, 
the modulus of elasticity is related to the 
density of concrete as well, but this factor 
has been ignored by the Code as it deals with 
nnl.7 "nrmel..,n:"ht rr\mrrro*,.n 
v.uy ll"Lllla, WL‘g‘lL C"IIL‘GLC>. 

5.2.3.1 The formula gives the short-term 
modulus of elasticity of structural concrete 
for normal weight concretes,. It is applicable 
for computation of deflection (see Appendix 
B). However, this is not applicable for arriv- 
ing at the modular ratio for other purposes 
and instead, 43.3(d) of the Code should be 
used directly. 

Strength reduction factors or safety fac- 
tors should not be applied to modulus of 
elasticity. 

5.2.4 SHRINKAGE 

5.2.4. I The value of shrinkage given here is 
for concrete made with ordinary Portland 
cement. In the Code, shrinkage is considered 
in two places: 

a) Clause 25.5.2.1 where minimum 
reinforcement in slabs is specified to 
take care of shrinkage and tem- 
perature stresses. However, specific 
values of shrinkage are not required 
here, as the requirement is indirectly 
in terms of minimum steel area. 

b) Clause B-3 which deals with the 
deflection of flexural members due 
to shrinkage. For detailed computa- 
r:__ _I 1L. L_1_, >-“-~r?_.- .a-- don 01 me total uerrection, me 
magnitude of shrinkage likely to 
occur over a long period should be 
known in advance. 

A typical shrinkage curve for concrete 1s 
shown in Fig. E-l for information. 

4 ‘0 
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Fig. E-l TypIcal Shrinkage Curve for 
Concrete 

For the calculation of deformation of con- 
crete at some stage before the full shrinkage 
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is reached, it may be assumed that half of the 
shrinkage takes place during the first month 
and about three-quarters of shrinkage takes 
place in the first six months after commence- 
ment of drying. 

Sufficient time-lag is to be provided for 
plastering concrete members to avoid sur- 
face cracks due to shrinkage of concrete. 

5.2.5 CREEP OF CONCRETE-Creep is the 
increase in deformation of concrete 
under continuous action loading (see 
Note under 5.2.5.1). 

While applying Clause B-4 (Appendix B) 
which deals with deflection due to creep, the 
creep coefficient data given in 5.2.5.1 of the 
Code will be found necessary. In other 
places, the effect of creep is allowed for 
through appropriate modifications without 
direct reference to creep. 

5.2.5. I Detailed recommendations for 
determination of creep coefficients are given 
in Ref 7 and these may be used whenever 
appropriate. However, many factors that in- 
fluence creep, such as environmental condi- 
tion, actual mix proportions of concrete and 
the proportion of permanent loads that may 
come on the structure, are not known with 
sufficient accuracy at the design stage. 
Therefore, only the age at loading which is a 
dominant factor that will be known in 
advance, is treated as a variable in the Code 
and the values of creep coefficients have 
been derived by assuming average condition. 
The variation of these coefficients with 
rsnwt tn ROP at ]na&fig i in ancorcl_ag_ce --‘r--- -_ --- 
with that recommended in Ref 7, for ordi- 
nary Portland cement. The coefficients 
given in the Code are not applicable to light 
weight concretes. 

Approximate values of creep coefficients 
for an age at loading different from that 
given in the Code can be obtained by an in- 
terpolation, assuming that the creep coeffi- 
cient decreases linearly with the logarithm of 
time in days. 

Example: Determine the creep ,coefficient, 
when the age at loading is 14 days. 

Age of log10 t Creep 
Loading Coefficient 

t 0 

7 0.845 1 2.2 (from the Code) 
2E 1.447 2 1.6 (from the Code) 
!4 1.146 1 ? 

When t= 14, 
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Creep coefficient 

= 1.6+0.6x(lol! 28-log 14) 
(log 28-log 7) 

= 1.90 

The data given in the form of creep coeffi- 
cients facilitate a simple analysis for 
estimating deflections due to creep through 
the use of an effective modulus of elasticity. 

EC, = - 1:0 (see B-4) 

5.2.6 THERMAL EXPANSION-Data on ther- 
mal expansion of concrete may be required 
particularly in estimating the potential rise 
and distribution of temperature owing to 
hydration of cement in mass concrete ?truc- 
tures. Occasionally, consideration of service 
load behaviour under a change in’ 
temperature may be warranted In special 
cases of reinforced concrete construction. In 
26.3 which deals with expansion joints, 
attention is drawn to temperature effects but 
an explicit consideration is required only in 
buildings which exceed 45 m in length. 

The value of coefficient of thermal expan- 
sion (per “C), is valid for 0°C to 150°C and 
for concretes containing aggregates from 
natural sources. As indicated in the Code, 
the value may vary between 0.6 x 10es to 
1.2 x 10s5, the lowest being for calcareous 
aggregates and the highest for siliceous 
aggregates. 

For the design of liquid storage structures 
IS : 3370 (Part I)-1965* recommends a 
value of 11 x 10e6/“C for coefficient of ther- 
mal expansion. The same value is recom- 
mended for the design of bins [IS : 4995 
(Part II)-1974t] and chimneys [IS : 4998 
(Part I)-1975$]. 

6. WORKABILITY OF CONCRETE 

6.1 Workability is used to cover a variety 
of characteristics such as cohesiveness, 
mobility, compacta_bility and finishability of 
concrete. Concrete design mix should be 

*Code of practice for concrete structures for the 
storage of liquids: Part I General requirements. 

Triteria for design of reinforced concrete bins for 
storage of granular and powdery materials: Part II 
Design criteria (first revision). 

ICriteria for design of reinforced concrete chimneys: 
Part 1 Design criteria Cfirst revision). 

proportioned such that the required 
workabi,lity is achieved (see 8.2.1). 
Clause 9.3.1 requires that the workability 
should be controlled by direct measurement 
of water and it should be checked at frequent 
intervals. 

There are different methods of measuring 
the workability of fresh concrete. Each of 
them measures only a particular aspect of it 
and there is really no unique test which 
measures workability of concrete in its 
totality. Although new methods are being 
developed frequently, IS : I 199-1959* 

rL_ l?_*,__-~:__ Al_-- __-rL-1-. envisages one rouowing Lnree meLnous: 

4 

b) 

SLUMP TEST-out of the three 
methods envisaged for measuring 
workability, the slump test is perhaps 
the most widely used, primarily 
because of the simplicity of apparatus 
and the test #procedure. Apart from 
some conclusion being drawn regard- 
ing the harshness or otherwise of the 
mix, slump test is essentially a 
measure of ‘consistency’ or the 
‘wetness’ of the mix. The test is 
suitable only for concretes of medium 
to high workabilities (that is, slump 25 
to 100 mm). For very stiff mixes hav- 
ine zero shmn. t_he s!~~m_p t_& d_ges ___5) -__ - ______r, 
not indicate any difference in concrete 
of different workabilities. It has been 
pointed out that different concretes 
having same slump may have indeed 
.different workability under the site 
conditions. However, when the 
uniformity between different batches 
of supposedly similar concretes under 
field conditions is to be measured, 
slump test has been found to be 
suitable. 
COMPACTING FACTOR TEST - The com- 
pactability, that is, the amount of 
work needed to compact a given mass 
of concrete, is an important aspect of 
workability. Strictly speaking, com- 
pacting factor test measures 
workability in an indirect manner, 
that is, the amount of compaction 
achieved for a given amount of work. 
This test has been held to be more 
accurate than slump test, specially for 
concrete mixes of ‘medium’ and ‘low’ 
workabilities (that is, compacting fac- 
tor of 0.9 to 0.8). Its use has been 

*Methods of sampling and analysis of concrete 
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more popular in laboratory condi- 
tions. For concrete of very low 
workabilities (that is, compacting fac- 
tor of 0.7 and below which cannot be 
fully compacted for comparison, in 
the manner described in the test 
method) this test is not suitable. 

This test is sufficiently sensitive to 
enable differences in workability aris- 
ing from the initial process of hydra- 
tion of the cement. to be measured. 
Therefore, each time test should 
preferably be carried out at a constant 
time interval after mixing is com- 
pleted. A convenient time for releas- 
ing the concrete from the upper 
hopper of the compacting factor 
apparatus would be two minutes after 
completion of mixing. 

c) Vee-bee test is preferable for stiff con- 
crete mixes having ‘low’ or ‘very low’ 
workability. Compared to the other 
t\,rn nwthnrit Vp~_Rpp tort hoc the w- C..” ‘&aCL..“wO, . _Q u-v C_.SL S.U.J L1.G UU_ 

vantage that the concrete in the test, 
receives a similar treatment as it 
would be in actual practice. In this 
method, the index vee-bee time is 
determined as the time taken for the 
concrete surface to uniformly adhere 
to the glass disc or rider of the 
apparatus. This is judged visually and 
the A;+-t-;“.*lt.. at- e4.t.-.h1:rh.:“~ ,I.,., ,-A 
C~~lc. L&11 llcurry “I L;JU”IIJIII‘I~ l.llC G11U 

point of the test may be a source of an 
error, especially if the time involved is 
very short, say 2 to 5 seconds. 

7. DURABILITY 

Durability of concrete, or lack of it, can 
be defined and interpreted to mean its 
resistance (or absence of resistance) to 
deteriorating influences which may through 
inadvertence or ignorance reside inside the 
concrete itself, or which are inherent in the 
environment to which the concrete is expos- 
ed. Under normal circumstances, concrete is 
generally durable. Problems arise when con- 
crete contains ingredients which were not 
known beforehand tQ be deleterious or when 
it is exposed to harmful environments not 
anticipated earlier. 

The absence of durability may-be cause& 
by external agencies like $eathering, attack 
by natural or industrial liquids and gases, 
bacterial growth, etc, or by internal agencies 
like harmful alkali aggregate reactions, 
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volume change due to non-compatability 
of thermal and mechanical properties of 
aggregate and cement paste, presence of 
sulphates and chlorides from ingredients of 
concrete, etc. In case of reinforced concrete, 
the ingress of moisture o,r air will facilitate 
the corrosion of steel, leading to an increase 
in the .,nlx.mn A&- ,tnml ,,,,1,:,, ,..,I 

““‘UIIIG “I JLGCI and LLaL.nll‘g a,,u 

spalling of concrete cover. 

7.1, 7.1.1 and 7.2-The Code gives the re- 
quirements for durable structures in several 
places and they can be broadly classified 
under the following topics namely, choice of 
materials, dense and impermeable concrete, 
cover t.o reinforcements, and design and 
J_&_lll_.~ -___r:-- utJlalllll& p1 ac11cc. 

Clause 20.1 of the Code indicates that 
compliance with the requirements regarding 
(a) cover to reinforcements, (b) detailing, 
(c) cement content (Appendix A), and (d) 
water cement ratios (Appendix A) will nor- 
rn~ll,, mint tha A..m-ah;l;t,, mn,.;r~mnnto nf lllUllJ X‘lbbL CA&b UU,cz”U.LJ IbqlA”bL.‘L.‘.LJ “1 

most structures. Additional requirements for 
durability of ‘concrete exposed to sea water 
and alkali environment are given in 13.3 and 
Z3.4 of the Code. 

a) CHOICF OF CONSTITUENT MATERIALS- 

Clause 4.1.1 of the Code permits the 
use of high alumina cement and super- 
sulphated cement, only in special cir- 
.cumstances, one of which may be the 
durability under aggressive condition. 
Chlorides and sulphates in mixing 
water (see Table 1) and possibly the 
chlorides in admixtures may be 
deleterious to concrete. Aggregates 
containing reactive silica are 
deleterious to concrete (see comment 
on 4.2). Use of Portland slag cement 
or Portland pozzolana cement is 
advantageous when the concrete is in 
sea water or is directly exposed along 
the sea coast. 

b) DENSE AND IMPERMEABLE CON- 

CRETE -The minimum cement content 
qnrl tha mov;m..m e.~rm;ttsvl .nrn+a.. al‘u LL.L ll1M‘lllUl.l pL.l,‘uru,u VVQCGI- 

cement ratios are given in Appendix 
A. Compaction and curing are 
covered in 12.3 and 12.5 respectively. 
Starting with water-cement ratio, it is 
known that the permeability of 
cement paste increases exponentially 
with increase in water-cement ratio 
above 0.45 or so; from the considera- 
tion of permeability water-cement 
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ratio is restricted to 0.45 to 0.55 ex- 
cept in mild environment. For a given 
water-cement ratio, a given cement 
content in the concrete mix will cor- 
respond to a given workability (high, 
medium or low) and an appropriate 
value has to be chosen keeping in view 
the placing condition, cover thickness 
and reinforcement concentration. In 
addition cement content is chosen by 
two other considerations. First, it 
should ensure sufficient alkalipity to 
provide a passive environment against 
corrosion of steel, for example, in 
concrete in marine environments or in 
sea water, a minimum cement content 
of 300 kg/m3 is to be used. Secondly, 
the cement content and water-cement 
ratio so chosen should result in suffi- 
cient volume of cement paste to over- 
fill the voids in the compacted 
aggregates. Clearly, this will depend 
upon the type and nominal maximum 
size of aggregate employed. For exam- 
ple, crushed rock or rounded river 
gravel 20 mm maximum size of 
aggregate will in general, have 27 and 
22 percent of voids respectively. The 
Table 19 in Appendix A is based on 
this limitation. Therefore, the cement 
content has to be reduced or increased 
as the nominal maximum size of 
aggregate increases or decreases, res- 
pectively. Concrete in sea water or 
exposed directly along the sea coast 
should be of at least M 15 grade in 
case of plain concrete and M 20 in 
case of reinforced concrete. 

c) COVER- Increase in cover thickness is 
specified when the surface of concrete 
members are exposed to the action of 

. harmful chemical effects (see 25.4.2). 

d) DESIGN AND DETAILING PRACTICE- For ’ 
normai condition of exposure, a 
limiting crack width of 0.3 mm is 
recommended in 34.3.2. The detailing 
requirement regarding the spacing of 
bars (see 25.3.2) is derived on this 
assumption. If the permissible stresses 
for steel given in 44.2 for the working 
stress method of design are adopted, 
the crack widths are not likely to 
exceed 0.3 mm. However for severe 
conditions of exposure, a crack width 
of 0.3 mm may not be acceptable (see 
34.3.2) and, therefore, an explicit 

check on crack width at service loads 
will be necessary to ensure durability. 

8. CONCRETE MIX PROPORTIONING 

8.1 Mix Proportion-The condition of 
handling and placing, the amount of rein- 
forcement and the method of compaction 
together determine the requirements of 
workability. In one instance, for underwater 
concreting, the Code specifies the workabili- 
ty of concrete as between 100 mm and 
180 mm of slump (see 23.2.2). Otherwise 
apart from the guidance given in 6.1, 
workability requirements are left to the 
judgement of the engineer-in-charge. Also, 
8.2.1 of the Code requires that the concrete 
shall be designed to give required workabi- 
lity and characteristic strength. 

It is difficult to determine, within a 
reasonable time of say one month, whether 
the hardened concrete will have the required 
durability. Probably, the intention of the 
Code is to draw attention to the minimum 
cement content and the water-cement ratios 
(see Appendix A) before determining the mix 
proportion. 

Requirements of surface finish are not 
given in the Code. However, if the type of 
surface finish is specified (Ref 3), this should 
be taken into account. 

8.1. I Usually design of concrete mix and 
adoption of nominal mix are with respect to 
strength requirements. Therefore, the mix 
proportion arrived at should be re-appraised 
with respect to durability and surface finish 
(see 8.1 and its comments). 

The proportions of nominal mix suggested 
in 8.3 are on the basis of weights of cement 
and aggregates. 

For the determination of mix proportion 
for design mix concrete, the target strength 
should be higher than the specified 
characteristic strength and is aimed at ensur- 
ing that the characteristic strength is attain- 
ed. The concrete mix is to be proportioned to 
give an average strength which will be higher 
than the specified strength by an amount 
which will ensure that not more than the 
acceptable percentage of results will fall 
below the specified strength. The acceptance 
criteria specified in the Code (see 15) is based 
on a one-in-20 chance that the cube strength 
of a sample may fall below the specified 
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characteristic strength. Further, assuming a 
Gaussian or normal distribution of the test 
results, the following relation holds good: 

Target strength = Characteristic strength 
+ 1.65 x standard deviation. 

The standard deviation can be assessed 
from past experience in similar works, or 
alternatively it may be taken from Table 6, 
in case sufficient number of test results are 
not already available for a particular grade 
of concrete. For example, for Grade M 20 
(20 N/mm*, characteristic strength), con- 
crete may be expected to have a standard 
deviation of 4.6 N/mm2 (see Table 6). Thus, 
the target strength=20+1.65x4.6 
= 27.6 N/mm*. 

Therefore, the mix should be designed for 
a strength of say 28 N/mm* and verified by 
trial mixes. When this designed mix is 
adopted in the field, the average strength will 
be around 28 N/mm2 but a few test result 
(say 1 out of 20 results) are likely to fall 
below 20 N/mm2. 

By the same reasoning, it will be seen that 
the nominal mix proportions, suggested in 
8.3 of the Code, are likely to give average 
strengths somewhat higher than the 
characteristic strengths given by the grade 
designation. Therefore, if the nominal mix 
corresponding to M I5 gives an average, 
strength of say 2.5 N/mm2, the grade of con- 
crete should not be assumed as M 25 or 
M 20 (see 8.3.2). Rather, if the test results 
are consistently high, advantage may be 
taken of this fact only by changing over to 
the design mix concrete. 

8.1.2 INFORMATION REQUIRED 

8.1.2.1 - 

8.2 Design Mix Concrete-(For detailed 
information reference may be made to 
SP : 23 Handbook on Concrete Mixes pub- 
lished by ISI). 

8.2.1 Workability must be decided by the 
engineer and some guidance is given in 6.1 
(see also comment on 8. I). To produce con- 
sistently a characteristic strength correspon- 
ding to the grade designation, the concrete 
should be designed for target strength which 
will be higher than the specified 
characteristic strength. 

SP : 24-1983 

8.2.2 In particular, attention may have to 
be paid to the type of cement (see 4.1) and 
the grading of the aggregate (see 4.2). 

8.3 Nominal Mix Concrete - In Table 3, 
the quantities of cement and aggregates are 
given in terms of weight. In the 1964 version 
of the Code, the quantity of aggregates was 
given in terms of volume. This shift implies 
that batching by weight is to be preferred to 
batching by volume. However, 9.2.2 of the 
Code permits volume batching of fine and 
coarse aggregates (but not cement) provided 
that allowance for bulking of sand is made 
while batching the wet aggregates and 
periodic checks are made on mass/volume 
relationships. 

A rough guide for the nominal mix pro- 
portions by volume will be 1:3:6, 1:2:4 and 
1:11/2:3 for M 10, M I5 and M 20 concretes 
respectively, provided that the nominal maxi- 
mum size of aggregate is 20 mm. For other 
sizes of aggregates, adjustments in the ratios 
of the weight of coarse and fine aggregates 
will be necessary as indicated in the Note to 
Table 3. In all cases, fine aggregates 
should conform to the’grading of Zone II or 
Zone III of IS : 383-1970*. Otherwise, fur- 
ther adjustments may become necessary. In 
view of these limitations and a number of 
other reasons the Code prefers a design mix 
concrete over a nominal mix concrete. 

(See also 13.2.2). For underwater con- 
creting, the quantity of coarse aggregate 
should not be less than 1% times nor more 
than twice that of the fine aggregate. 

The nominal mix concrete should be 
restricted to works of minor nature in which 
the strength of concrete is not critical. It is 
important that the designer and concrete 
manufacturer should understand clearly 
their respective areas of responsibility as 
these are different in the two methods. In 
design mix concrete, the concrete manufac- 
turer is responsible for ensuring that the mix 
as supplied meets the performance criteria 
and any mix limitations specified by the 
designer. The designer’s responsibility is to 
ensure that the specified criteria are ade- 
quate for the expected service conditions. In 
the nominal mix method, the designer 
assumes the responsibility for the perfor- 
mance of the specified mix ingredients and 

*Specification for coarse and fine aggregates from 
natural sources for concrete (second revision). 
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proportions. The manufacturer is responsi- 
ble for ensuring that the materials actually 
used are as specified and in nominated 
proportions. 

8.3.1 For durability, cement content 
should be checked against the requirements 
of Appendix A also. 

8.3.2 (See comment on 8.1.1). 

9. PRODUCTION AND CONTROL OF 
CONCRETE 

9. I General 

9.1.1 (See comments on 12.6). 

9.1.2 - 

9.2 Batching-Volume batching is permit- 
ted both for design mix concrete as well as 
nominal mix concrete, in 9.2.2 of the Code 
subject to certain conditions. 

IS : 49251968* gives the specification of 
batching and mixing plant for concrete. 
These plants are usually specially designed to 
suit the local conditions and output re- 
quired. Small plants may have an output as 
low as 30 m3 of mixed concrete per hour, 
medium plants in the range of 100 to 300 m3 
per hour and large plants over 300 m3 per 
hour. Is : 49251968* covers the re- 
quirements of manual, semi-automatic or 
fully automatic central batching and mixing 
plants capable of producing not less than 
1QO m3/h of mixed concrete. 

9.2.1 - 

9.2.2 Allowance for bulking of sand is 
necessary only in case of volume batching. 
However, allowance for surface water 
carried by the aggregate should be made in 
all cases. 

IS : 2386 (Part III)-1963t gives a field 
method for determination of necessary ad- 
justment of bulking of fine aggregate, as the 
sand may contain an amount of moisture 
which will cause it (sand) to occupy a larger 
volume than it would occupy if dry. If the 
sand is measured by loose volume, it will be 

*Specification for concrete batching and mixing 
plant. 

TMethods of test for aggregates for concrete: Part I11 
Specific gravity, density, voids, absorption and bulking. 

necessary to increase the quantity, in order 
that the amount of sand put into the con- 
crete may be the amount intended for the 
nominal mix used (based on dry sand). It will 
be necessary to increase the volume of sand 
by the percentage of bulking. The correction 
will be approximate only, because the 
measurement of volume of loose sand is a 
rough method at best, but a correction of the_ 
right order can easily be determined. 

Two methods, both using the fact that the 
volume of the inundated sand is the same as 
for dry sand. are suggested in IS : 2386 
(Part III)-1963*. 

9.2.3 A field method for determination of 
surface moisture in fine aggregate is also 
given in IS : 2386 (Part III)-1963*. The 
accuracy of the method depends on the 
accuracy of information on the specific 
gravity of the material in a saturated surface- 
dry condition. The Standard suggests that 
the same procedure, with appropriate 
change in the volume of the sample and the 
dimension of the container used for the test, 
might be applied to coarse aggregates as 
well. 

9.2.4 - 

9.3 Mixing-IS : 1791-1968t lays down 
requirements regarding the drum, water 
tanks and fittings, loaders, hoppers, power 
units, discharge height and road’worthiness 
for the free fall (drum) batch type concrete 
mixers. The continuous mixer, forced action 
(pan) type mixer and truck mounted mixer 
are not covered by this standard. Strictly 
speaking there should be no bar in using the 
latter type of mixers, but the Code draws 
attention only to the more common typi of 
mixer (that is, drum type mixer) used at site, 
for which an Indian Standard is available. 
Pan type mixers are used more often in 
precast concrete factories, and truck- 
mounted mixers for ready mixed concrete. 

IS : 4634-1%8$ gives the method of test- 
ing the performance of batch type concrete 
mixers in terms of uniformity of constituents 
in the concrete mix. The mixing efficiency, 

*Methods of test for aggregates for concrete: Part Ill 
Specific gravity, density, voids’, absorption and bulking. 

tspecification for bitch type concrete mixers cfirrt 
revision). 

$Method for testing performance of batch type con- 
crete mixers. 
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that is, an index of the uniformity of the 
mixed concrete, can be evaluated by finding 
the percentage. variation in quantity of ce- 
ment, fine aggregate and coarse aggregate in 
a freshly mixed batch of concrete. According 
to IS : 1’791-1968*, the percentage variation 
between the quantities of cement, fine ag- 
gregate and coarse aggregate (as found by 
weighing in water) in the two halves of the 
batch and the ayerage of the .two halves of 
the batch should not exceed the following 
limits : 

Cement 8 percent 
Fine aggrega.te 6 percent 
Coarse aggregate 5 percent 

9.3.1 (See ufso comments on 6.1). 

IO. FORMWORK 

20. I General- Tolerances on the dimen- 
sions of the structures are a practical neces- 
sity. Design provision accommodates some of 
these tolerances. For example, the material 
strength reduction factor y, is taken as 1.5 
for concrete for ultimate limit state and also 
minimum eccentricity of load is specified for 
columns. Tolerances for construction of 
formwork are given in this clause. These are 
not to be taken as tolerances on constructed 
structures for which the Code,does not give 
any information. The tolerances for placing 
reinforcements are given separately in 11.3 
(see Fig. E-2). The vibration effect should 
invariably be taken into account in the 
design of formwork. 

ONE tiALF TOLERANCE r REQ$&; M’N’MUM 
FOR REINFORCEMENT 

ONE HALF TOLERANCE 
CONCRETE FACE 

POSITION OF BAR 
AND CONCRETE 
FACE (AS PER DRG.1 

POSSIBLE POSITION 
OF BAR AND 
CONCRETE FACE 

Fig. E-2 Bending Dimensions for Stirrups 

10.2 Cleaning and Treatment of 
Forms- It is to be ensured that formwork is 

*Specification for batch type concrete mixers Cfirst 
revision). 

erected with joints tight enough to prevent 
leakage of cement mortar. Surfaces that are 
to come in contact with fresh (wet) concrete 
must be treated by being coated with a non- 
staining mineral oil or other approved 
material. In case of formwork absorbing 
water from concrete, they shall be 
thoroughly wetted to prevent absorption of 
water from wet concrete and to ensure easy 
release and non-adhesion to formwork 
during stripping. 

10.3 Stripping Time-In sotie cases, such 
as while using cements other than ordinary 
Portland cement or when the curing condi- 
tions are not normal, it may be necessary to 
estimate the strength of concrete at the time 
of removal of formwork. Cubes, if they are 
cast to determine the strength of concrete at 
the time of removal of formwork, should be 
cured along with the structure and not under 
standard conditions as envisaged in 14.1. 
Accordingly, these cubes should not be used 
for the acceptance of concrete. 

For rapid hardening cement, 3/7 of the 
periods given for ordinary Portland cement 
will be normally sufficient, except that a 
minimum period of 24 hours is required. 

It is to be ensured that formwork is 
removed carefully so that shock and damage 
to the concrete are avoided. Due regard must 
also be given to curing methods to be 
employed before the formwork is removed. 

10.3.1 - 

II. ASSEMBLY OF REINFORCEMENT 

11.1 Straightening, Cutting and Bend- 
ing-procedures for bending and fixing 
of reinforcements are given in 
IS : 2502-1963*. 

Reinforcements, especially cold-twisted 
deformed bars, should be bent cold. ,_Bars 
larger than 25 mm in size, except “cold- 
twisted ones, may be bent hot at cherry-red 
heat (not exceeding SSO’C). 

Bars of 12 mm diameter and under may be 
bent by using simple tools such as a claw. 
For bars up to 16 mm a simple hand machine 
(without gears) is recommended. For larger 
diameters, a geared bar-bending machine 

*Code of practice for bending and fixing of bars for 
concrete reinforcement. 
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(hand operated) will be suitable. For bars 
36 mm and above, or where lar8e quantities 
of bars are to be bent, power-operated 
benders may be used advantageously. The 
tolerance for bending and cutting are also 
specified in IS : 2502-1%3* 

11.2 Bars crossing each other should be 
secured by annealed binding wires (0.9. mm 
diameter or over) at intervals, in such a 
manner that they will not slip over each 
other during concreting. 

11.2.1 The bars should be free to act along 
with concrete in the direction in. which 
they are provided without any lateral 
restraint. 

11.3 (See also comments on 11.1). 
Permissible deviations from specified 
dimensions of cross-sections of beams and 
columns are given in 10.1. Ahuwances for 
tolerances for bending and fixing of rein- 
forcements should be based on both Z0.Z 
and 11.3. 

Cover to reinforcement is liable to varia- 
tion on account of errors in dimensions of 

between two concrete faces (for example, a 
rectangular stirrup or link), the dimensions 
on the bar bending schedule may be deter- 
mined as the nominal cover on each face and 
due allowance should be given for other er- 
rors (member size, bending, etc) as given in 
Table. E-2 (see also Fig. E-2). 

11.4 Welding- IS : 2751-1979* gives the 
requirements for welding of mild steel round 
and deformed bars conforming to Grade I of 
IS : 432 (Part I)-1982t and IS : 1139- 
1966$. IS : 9417-1979s gives requirements 
for welding of cold-worked steel bars con- 
forming to IS : 1786-1979#. 

Welding close to a bend portion of a large 
size bar has the effect of accelerating the 
strain-ageing which follows the bending, and 
this in turn reduces the ductility of the sec- 
tion. One major area where care is needed is 
when welding bent bars to base plates and 
similar devices for use in precast concrete. 
Welding of any kind may have a deleterious 
effect on the reinforcement when it is located 
in a section of the work subject to excessive 
fatigue or impact forces. The latter forces 
may occur during erection of precast units. 

TABLE E-2 DEDUCTION FOR TOLERANCES IN POSITION OF BENT STEEL 

OVERALL CONCRETE DIMENSION TYPE OF BAR DEDWTIONS TO DETERMINE 
(MEASURED IN DIRECIION OF BENDING DIMENSION 

TOLERANCE) 

(1) - (2) (3) 
mm mm 

up to 1000 Stirrups and other bent bars 10 

1000-2000 do 15 

Over 2 000 do 20 

Any length Straight bar 40 

formwork and the cutting, bending and 
fixing of the reinforcement. The dimension 
corresponding to the cover, shown in the 
drawing is the nominal cover. All reinforce- 
ment should be fixed to this nominal cover, 
using spacers of the same size as the nominal 
cover. The term -nominal cover implies 
usually a permissible negative tolerance of 
5 mm that is, the actual cover could be 
5 mm less than the nominal cover. 

When a reinforcing bar is to be bent 

*Code of practice for bending and fixing of bars for 
concrete reinforcemfmt. 
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In any type of welding, the ability of the 

*Code of practice for welding of mild steel plain and 
deformed bars for reinforced concrete construction 
(first revision). 

tspecification for mild steel and medium tensile steel 
bars and hard-drawn steel wire for concrete reinforce- 
ment: Part 1 Mild steel and medium tensile steel bars 
(third revision). 

SSpecification for hot rolled mild steel, medium ten- 
sile steel and high yield strength steel deformed bars for 
concrete reinforcement (revised). 

$Recommendations for welding cold-worked steel 
bars for reinforced concrete construction. 

ISpecification for cold-worked steel high strength 
deformed bars for concrete reinforcement (second 
revision). 



workman is of the utmost importance in en- 
suring good quality welds. Therefore, as far 
as possible welding should be avoided in 
reinforced concrete structures subjected to 
large numbers of repetitions of substantial 
lads. The fatigue strength of beams in 
which the links have been welded to the 
main bars can be reduced by as much as 
50 percent. 

In general, bars up to and including 
20 mm in diameter should be lap welded and 
those larger than 20 mm diameter should be 
butt welded. 

For the requirements concerning welded 
splices, see 25.2.5.2. 

11.5 - 

22. TRANSPORTING, PLACING, 
COMPACTING AND CURING 

12.1 Transporting- Segregation of con- 
crete occurs because concrete is a mixture of 
materials differing in particle size and 
specific gravity. Any lateral movement that 
occurs when concrete is being deposited at 
one point and allowed to flow within the 
forms, or when the concrete is projected for- 
ward by the conveying equipment, causes the 
coarse aggregate and mortar to separate. 

Segregation may easily occur unless 
special-attention is given to its prevention. 
When stiff concrete is transferred from one 
conveyance to another, long unconfined 
drops should be avoided, rather the use of 
hoppers; baffles and short vertical drops 
through a pipe, to the centre of the receiving 
container is recommended (see Ref ‘10). 

12.1.1 

22.2 Placing- For special guidance on 
placing of concrete under water, see 13.2. 

Concrete should be~depositedat or near its 
final position in the placement, eliminating 
the tendency to segregate when it has to flow 
laterally into its place. On sloping surfaces, 
concrete should be placed at the lower end of 
the slope first, progressing upward, and 
thereby increasing natural compaction of the 
concrete. High velocity discharge of con- 
crete, which may cause segregation of the 
concrete, should be avoided. Recommended 
methods of placing concrete in segregation- 
prone location are: 

a) IN NARROW FORMS-COnCrete should 

b) 

4 

4 

12.3 
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be discharged first into a light hopper 
fitted with a light, flexible drop chute, 
so that concrete is placed at the sur- 
face without striking at the formwork 
or reinforcements. This avoids 
segregation and leaves the formwork 
and reinforcements clean until con- 
crete covers them. 

If very wet concrete is to be placed 
in narrow, deep formwork, water con- 
tent in the upper layers should be 
gradually reduced to compensate for 
water gain. 

PLACING THROUGH SIDE PORTS IN COL- 
UMN FORMWORK - Concrete should be 
dropped vertically into the outside 
pockets under each formwork open- 
ing (port) so that concrete stops and 
then flows easily into the column 
formwork. 

PLACING ON SLOPING SURFACES - Con- 
crete should not be discharged from 
free end of a chute on to a sloping sur- 
face, as the heavier coarse aggregates 
are separated and carried down the 
slope. The chute should be fitted with 
a baffle and a drop at its end, so that 
concrete remains on slooe. 

USE OF WHEEL BARROWS- Concrete 
from wheel barrows should not be 
dumped away from the.face of con- 
crete already in place. It should be 
dumped into the face of concrete 
already in place (see also Ref 10). 

Compaction 

12.3. I Compaction should preferably be 
achieved by mechanical vibration but it can 
also be achieved (if approved) by manual 
methods, namely, rodding, spading and 
tamping. The Code, while not prohibiting 
the manual methods for isolated instances, 
recommends mechanical methods of vibra- 
tion, the latter being the better practice. 
Also, the Code refers only to vibration and 
leaves out other methods of compaction like 
spinning, mechanical tamping, and use of 
shock, because the latter methods are 
restricted to special situations. 

Immersion vibrators (IS : 2505- 1980*) are 

*General requirements for concrete vibrators, immer- 
sion type (second revision). 
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commonly used for consolidation of plain as 
well as reinforced concrete. They can be 
either (a) flexible shaft type, powered by dif- 
ferent types of motors; or (b) motor-in-head 
type, electrically or pneumatically driven. 
The operational frequency of the vibrator 
should preferably be between 8 000 to 
12 000 vibrations per minute. While com- 
pacting with internal vibrators, concrete 
should be deposited in layers of 30 to 45 cm 
thick and the vibrator inserted vertically at 
uniform spacing over the entire area of 
..,,.,s-.M.+ I-L., ..:Lc,.r-.. “Lrr..l,a -r^-r^+..^+^ rJ’acFlllel,r. 111c “‘“1 clL”l SIIVUIU ycIIcLI ilLC 
rapidly to the bottom of the layer and at 
least 15 cm into the preceding layer, if there 
is any. It should be held (generally 5 to 15 
seconds) until the compaction is considered 
adequate and then withdrawn slowly at the 
rate of about 8 cm per second. 

Concrete vibrators of screed board type 
(IS : 2X)6-1964*) are suitable for compaction 
of concrete roads, runways, floors, 
pavements and thin slabs, where the area to 
be compacted is large or the thickness is too 
‘small (less than 200 mm) to allow the use of 
immersion vibrators. They exert their effects 
at the top surface and compact the concrete 
from the top down. The screed vibrator con- 
sists of a screed board or plank long enough 
(generally 3 m or 5 m) to span the width of 
the slab. One or more eccentrics, depending 
on the length of the screed, are attached to 
the top. The eccentrics are driven by suitable 
power units. Usually the vibrator is provided 
with two handles, fitted with antivibration 
packings or springs. An anchor, capable of 
being embedded into ordinary ground tem- 
porarily, is mounted on to one of the 
handles. The recommended minimum fre- 
quency under no-load state is 3 500 vibra- 
tions per minute, the amplitude being not 
less than 1.5 mm. 

Formwork vibrators (IS : 4656-19687) are 
generally used for compaction of concrete in 
precast concrete moulds, such as pipes, 
gullies and deep post-tensioned beams. They 
are also used for compaction of in-situ con- 
crete in small and narrow sections or very 
heavily reinforced sections where immersion 
vibrators cannot be used. They are generally 
powered by electric or air motor and are of 
two types, namely, (a) the fixed or clamp 
type, and (b) the manual type. The clamp 

*Specification for weed board concrete vibrators. 
tspecification for form vibrators for concrete. 

type is more widely used, and the manual 
type is used in situations where there are no 
means of fitting the clamps or where con- 
tinuous movement along the formwork is 
desirable. The frequency of vibration under 
no-load (oneration in air) should not be less \~r__~~~~_~~ ___ _.~~ , L--_ _~~_. ___ _ _ _ ____ 
than 2 800 vibrations per minute for both 
types of formwork vibrators and the ac- 
celeration of vibration under loaded state 
should not be less than 3 g. 

Vibrating Table (IS : 2514-1963*) are 
used for compaction of concrete in moulds 
for the manufacture of precast products and 
structural ,elements. They compact concrete 
through rapidly alternating horizontal, ver- 
tical or circular vibrations which are 
transmitted to moulds filled with concrete 
and placed or clamped on the table top. 
They are to be distinguished from shock 
tables which pulsate at low frequency and 
operate on the principle of gravity fall with 
the help of rotating cans. Usually they have a 
breadth of 1 m and length varying from 1 to 
3 m. The frequency of vibration for the table 
operating at its maximum load capacity 
should be between 3 000 to 6 000 cycles per 
minute, and vibration acceleration should 
not be less than 4 g. 

Under-vibration being harmful should be 
avoided. Over-vibration can occur if, due to 
careless operation or use of grossly oversized 
equipment, vibration is many times the 
desirable amount. This over-vibration may 

.result in one or any combination of the 
following damages: 

aj 

bj 

c) 

12.4 
joints are stopping places in the process or 

*Specification for concrete vibrating tables. 

c1 _&I ~_ __I 3ercremenr of rL- me coarse 
aggregate - This condition is more 
Jkely to occur with wet mixes and 
where there is a large difference in 
specific gravity between the coarse ag- 
gregate and mortar. 
Sand streaks - These are caused hv _~~___ --- _-___- _, 

heavy bleeding of the concrete along 
the formwork. They are most likely to 
occur with the use of harsh, lean 
mixes. 
Excessive formwork deflection or 
formwork damage - These are most 
likely with external vibration 
(Ref 11). 

Construction Jornts - Construction 
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placing of concrete and are required because 
it may be impractical to place concrete in a 
continuous operation. These should be 
distinguished from movement joints, in- 
cluding expansion joints dealt with in 26. 
The location of joints is controlled by design 
parameters and by construction limitations, 
but the joints must nevertheless be kept as 
few as possible consistent with reasonable 
precautions against shrinkage. 

The spacing of construction joints is deter- 
mined by the type of work, site conditions 
and the production capacity. Also, the con- 
struction joints should occur only where they 
may be properly constructed as these joints 
require careful attention to workmanship. 
From the point of view of strength of struc- 
ture, it is desirable to position construction 
joints at points of minimum shear. Joints in 
load bearing walls and columns should be 
located on the underside of floor slabs or 
beams. In walls, the horizontal length of 
placement should not exceed 8 to 12 m. If 
there should be any doubt regarding the ade- 
quacy of the bond between the old and new 
concrete, the reinforcement crossing the con- 
struction joint should be supplemented by 
dowels. 

The surface of hardened concrete can be 
made rough by sand-blasting, chipping it 
lightly, but the chipping should not be so 
vigorous that the coarse aggregates are 
dislodged. Laitance formed on the surface of 
a construction joint should preferably be 
removed before the concrete has hardened, 
but care being exercised not to disturb the 
young concrete too much as this is likely to 
leave the concrete in a porous and weak con- 
dition. 

Although good joints have been produced 
by using mortar or grout, the technique ap- 
pears to present more problem than it solves; 
it is, therefore, best avoided in most situa- 
tions and emphasis placed instead on a high 
compactive effort (see Ref 12). 

The surface of the hardened concrete 
should be neither too dry nor too wet with 
puddles of water lying on it. In the former 
case, excessive quantities of water might be 
extracted from the fresh concrete and in the 
latter case a poor bond might result. 
Through a similar reasoning, it can be infer- 
red that the neat cement slurry should also 
be of a proper consistency, 

SP : 24-1983 

In horizontal joints, weakness may occur 
either at the top of concrete at the underside 
of the joint, or at the bottom of the concrete 
of the top layer. In the former case, trouble 
arises from the formation of laitance, 
especially when wet concretes incorporating 
finely ground cements are used. As a result, 
the top layer is weak, porous and less 
durable. At the upper side of the joints, 
troubles arise from an excess of aggregates 
and a deficiency of cement, both due to 
segregation. 

Vertical joints are more prone to 
shrinkage, particularly if the joint is weaker 
than the concrete elsewhere. Vertical stop- 
boards should always be provided at the 
ends of each section of work, in order to 
provide a surface against which the concrete 
can be compacted properly. Concrete should 
not be allowed to flow at an angle forming a 
feather-edge. 

Recommendations for construction joints 
in liquid retaining structures are given in 
IS : 3370 (Part I)-1965*. In the case of bins 

-3 ~.I__ L-,-l -_.--r_~__rl_- f-:-r- ___ __I ana sues, verucdl cwwruuiwi JV~I~LS are SOL 
preferred [see IS : 4995 (Part II)-1974t]. No 
construction joints should be allowed within 
600 mm below low water level or within 600 
mm of the upper and lower planes of wave 
action when a concrete member is to be 
constructed in sea water (see 13.3.3). 

12.5 Curing 

12.5. I MOIST CURING- The curing period 
of seven days is applicable to concretes made 
with ordinary Portland cement and Portland 
slag cement. It may be reduced to three or 
four days when rapid hardening Portland ce- 
ment is used, but greater care should be exer- 
cised, particularly at early ages, when the 
rate of hydration will be high. In the case of 
low heat Portland cement and super- 
sulphated cement, longer curing period of 
say 2 weeks may be necessary. For high 
alumina cement concrete, great care is re- 
quired in curing and specialist literature 
should be consulted (Ref 1 and 2). Con- 
tinuous curing is also important, to avoid 
formation of surface cracking due to 
alternate wetting and drying. 

*Code of practice for concrete structures for the 
storage of liquids: Part I General requirements. 

Writeria for design of reinforced concrete bins for 
storage of granular and powdery materials: Part II 
TkG2n criteria I firer WY~P~OW\ ----a-- ,,. _. _.____ __,. 
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12.5.2 MEMBRANE CtiRtNG-Membranes, 
such as polythene sheets or thin films formed 
by certain liquids (curing compounds) are 
,-_,I.> -- ._ &L. ._.... r--- -r ^-__.._I^ &_ ._.._ 
dppIl‘Xl UIl LU lllt: b,urlkILX U? CUIICFZLC LU pK- 

vent the loss of water from concrete by 
evaporation. Curing compounds consist 
essentially of waxes, resins, chlorinated 
rubber and solvents of high volatility. The 
formulation should be capable of providing 
a seal shortly after being applied and must 
not be used on surfaces that are to receive 
additional concrete, paint or tile that require 
a bond, unless the membrane can be satisfac- 
torily removed, or can serve as a base that 
can provide a bond. Hence the Code require- 
ment regarding the prior approval by the 
engineer-in-charge. 

with respect to the following: 

4 Temperature control of concrete in- 
gredients. 

1) AGGREGATES-Stored under shade 
or cooled by water. 

2) WA.T~K - Used in the form of ice 
or in near freezing temperatures. 

3) CEMENT - Temperature restricted 
to 77°C. 

b) MIX DEstoN - Use low cement content 
and cements with low heats of hydra- 
tion. Use approved admixtures for 
reducing the -water demand or for 
retarding the set. 

c) 

Curing compounds must be applied after 
the free water on the surface has disappeared 
and no water sheet is seen, but not so late 
that the compound will be absorbed into the 
surface pores of the concrete. 

PRO~XJCTION AND DELIVERY: 
1) Temperature of concrete at the 

time of placement should be below 
40°C. 

2) The mixing time should be held at 
minimum, subject to uniform 
mixing. 

On formwork concrete surfaces, the curing 
compound should be applied immediately 
after stripping the formwork. In such 
applications, if the surface is dry, water 
rhr\,rlA he rnrovw4 s~nc-l it rhrrlrld he all~>urwi <,fi\IU&U “1 .JY”U,bU UllU 1L .JLI”UL” “_ U_I”II&U 
to reach a uniformly damp appearance with 
no free water standing when the compound 
is applied. 

3) Period between mixing and 
delivery should be kept to a 
minimum. 

4 PLACEMENT AND CURING: 

ij 

12.6 Supervision-The manufacture and 
placing of concrete and reinforcement 
sh0uid be supervised by a person whose 
qualification and experience shall be as given 
in the National Building Code of India. 

2) 

3) 

12.6.1 - 

Prior to piacing concrete form- 
work, reinforcements and subgrade 
should be kept cool by spraying 
with cold water first. If possible, 
concreting may be restricted to 
evenings or nights. 
Placement and finishing should be 
speedy. 
Immediately after compacting and 
finishing, concrete should be pro- 
tected from evaporation of 
moisture. 

13. CONCRETING UNDER SPECIAL 13.2 Under- water Concreting 
CONDITIONS 

13.1 Work in Extreme Weather Condi- 
tions- Concreting operations done at 
atmospheric temperatures above 40°C need 
special attention. IS : 7861 (Part I)-1975* 
gives the recommended practices that would 
result in concrete possessing improved 
characteristics in the fresh as well as harden- 
ed state. Good practices of concreting under 
hot weather conditions require special care 

13.2. I Inspection of concrete during place- 
ment under water is difficult. Therefore, it is 
essential to evaluate the proposed mix pro- 
portions, inspect the equipment and review 
preparation prior to the start of underwater 
concreting. 

13.2.2 The indicated slump of 100 to 
180 mm applies to placing by tremie [see 
13.2.4 (a)]. 

*Code of practice for extreme weather concreting: 
Part I Recommended practice for hot weather con- 
creting. 

13.2.3 Dewatering while the concrete has 
not hardened sufficiently may disturb the 
concrete and may lead to undesirable results 
(see also 13.2.5). 



13.2.4 

a) TREMIE -- The buoyancy of the empty 
pipe (of the tremie) is frequently a 
problem when concrete is to be placed 
through 20 m or more of water. When 
this problem occurs, it may be 
desirable to start concreting with 
water in the pipe. In this case also, the 
upper end of the pipe should be plugg- 
ed with a snugly fitting ball made up 
of gunny sacking before delivering the 
concrete to the hopper. 

b) DROP BOTTOM BIJCKE7 

C) BAGS 

d) GROUTIN<; 

The void content of the coarse aggregate 
should be kept as low as possible. The Code 
assumes a maximum void content of 
55 percent. 

13.2.5 - 

13.3 Concrete in Sea- Water- In addition 
to the grade of concrete specified, it will be 
necessary to control the. minimum cement 
content and the maximum water-cement 
ratio (see 7 and also Table 9). 

Portland slag cement may be used but it 
will be necessary to seek specialists advice 
(see comments on 4. I). 

13.3.1 - 

13.3.2 Precast members are to be preferred 
because then it will be possible to achieve 
dense concrete and eliminate those with 
porous or defective concrete by inspection 
before installation. Unreinforced elements 
should be used if practicable, as reinforcing 
steels are susceptible to corrosion caused by 
chlorides present in sea water. 

13.3.3 Construction joints are potentially 
weak and the problems of durability are 
accentuated in the zone subject to alternate 
drying and wetting that is, between upper 
and lower planes of wave action. 

13.3.4 (See also comments on 4.7). 
IS : 4082-1977* recommends a coat of 
cement water over the reinforcing steels 
stored in coastal areas. 

‘Recommendations on stacking and storage of 

construction materials at site Cfirst revisions. 
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13.4 Concrete in Aggressive Soils and 
Water 

13.4.1 Clause 13.4 refers primarily to con- 
cretes placed in soils and waters, containing 
sulphates, nitrates and other salts which may 
cause deterioration of concrete. Naturally 
occuring aggressive chemicals such as 
sulphates of sodium and magnesium, are 
sometimes found in soils and waters; Sea 
water is mildly aggressive to concrete 
because of the soluble sulphates it contains 
(see 13.3 for precautions). The decomposi- 
tion of sulphide minerals contained in col- 
liery waters may result in the formation of 
F,SOI which can cause severe sulphate 
attack. Durability problems may arise also 
when concrete is exposed to acids. Appendix 
A of the Code deals with concrete exposed to 
sulphate attack. 

Two types of precautions are given in the 
Code: 

a) Those in which proper attention to the 
concrete itself will provide sufficient 
immunity. 

b) Those in which additional precautions 
are to be taken to prevent contact bet- 
ween the aggressive chemicals and the 
concrete. 

Note 4 in Table 20 requires a reduction in 
water-cement ratio and an increase of 
cement content for partially immersed struc- 
tures and for those in contact with aggressive 
agents on one side only. 

13.4.2 DRAINAGE-High COIWXtEitiOIIS 

are those in which the total SO3 in soil is over 
1 percent and the sulphate in ground water, 
expressed as SO, is over 250 ppm (that is, 
beyond the upper limits of Table 20). 
Whenever acids and high concentrations of 
sulphates are anticipated, Portland cement 
concrete should be protected from exposure 
to these aggressive agents. 

I4. SAMPLING AND STRENGTH TEST 
OF CONCRETE 

14.0 The sampling scheme given in 14 and 
the acceptance criteria given in 15 are 
applicable to both design mix concrete 
and nominal mix concrete. In the case of the 
latter, the preliminary tests for establishing 
the mix proportion are not necessary. 
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14.1 Generut-IS : 1199-1959* requires 
that the sample should be of at least 0.02 m3 
in volume and that it should be made up by 
collecting the concrete from three to five in- 
tervals or locations. The composite sample 
of 0.02 m3 volume should be mixed to ensure 
uniformity. This volume of the sample will 
be about twice that required for moulding 
three specimens of 150 mm cubes. 

IS : 516-1959t covers tests for determina- 
tion of compressive strength (required for 14 
and 15) and flexural strength (given as an op- 
tion in 14. f.Z). A difference regarding the 
preparation of specimens can be noticed 
when IS : 516-i9591 is compared with 14.3 
of the Code. The former requires that three 
specimens should be made from three dif- 
ferent batches whereas the Code stipulates 
that three specimens should be made from 
one sample taken from a particular batch. 
For the purpose of the Code, it will be more 
logical to follow the requirements of 14.3 
without any modification that is, three 
specimens should be made from one sample 
drawn from one batch. 

IS : 516-19597 stipulates that the in- 
dividual variation in the compressive 
strength of cubes in a sample should not be 
more than + 15 percent of the average (see 
also 14.4). In other words, the range of the 
test values should not exceed 30 percent of 
the average. This within-test-range limita- 
tion ensures that the procedures for fabrica- 
tion, curing and testing of specimens are of 
an acceptable quality. Whenever this range is 
exceeded, the procedures for fabrication of 
specimens and the calibration of the testing 
machines should be checked. 

14.1.1 - 

14.2 Frequency of Sampling-Although 
desirable in theory, strict adherence to 
statistical random sampling procedure is 
generally not possible in practice. Sampling 
should be arranged in such a manner as to 
avoid conscious bias and provide a 
reasonable representation of the concrete 
concerned. Sampling records must indicate, 
in a suitable manner, which batches were 
chosen for testing. 

14.2.1 SAMPLING PRocEouRE-The random 

*Methods of sampling and analysis of concrete. 
TMethods of tests for strength of concrete. 

sampling procedure should ensure that each 
batch, in a given day or period, should have 
the same chance of being sampled, as any 
other of the remaining batches. Therefore, 
samples drawn at equal intervals of time 
need not constitute random sampling. A 
procedure for random sampling is described 
in IS : 4905-1968*. 

14.2.2 FRnoueNcY-The quantity of con- 
crete that may be considered for a single lot 
of statistical treatment of the results of tests 
on the samples taken from it must depend 
upon engineering jttdgement (see also- Note 
under 14. I). 

The rate of sampling may have to be 
increased at the start of the work to establish 
the level of quality, quickly [that is, until 30 
samples are obtained [see 14.5.1 (a)] or dur- 
ing periods of production when the quality is 
in doubt. 

For batches of volume less than 1 m3; it 
will not be necessary to obtain a sample for 
every batch or every day but it is preferable 
to ensure that at least one sample (consisting 
of 3 specimens) is available for every 5 m3 of 
concrete placed. On the other hand, for 
highly stressed but isolated members of 
volume less than 1 m3, it may be desirable to 
increase the rate of sampling to ensure that 
the concrete in such members is of adequate 
strength. 

14.3 Test Specimens-The term test 
specimens should be distinguished from 
samples. In the rest of the Clauses of the 
Code, the principle followed is that the 
strength of the sample (that is, the mean of 
the values of three specimens) represents the 
strength of concrete and that the range of the 
values within the sample (that is, the dif- 
ference between the highest and the lowest 
values of the three values for the specimen) 
indicates the uniformity of procedures 
adopted in fabricating, curing and testing 
the specimens. 

Early strength test results may be used for 
early remedial measures, such as the chang- 
ing of mix design, if necessary, but should 
not be used for assessment of strength in 
terms of 1.5 of the Code. 

The random sampling procedure (14.2. Z) 
does not apply for the additional cubes (see 

*Methods for random sampling. 
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also the comments on 14.1, regarding sampl- 
ing and testing). 

14.4 Test Strength of Sample- Even when 
the concrete is sampled and tested strictly in 
accordance with the relevant procedures, 
several factors can influence the strength of 
a test specimen and the strengths of two or 
more specimens representing a sample of 
concrete may not be the same. These factors 
include the heterogeneous nature of con- 
crete; and the human element in (a) obtain- 
ing the sample, (b) in casting, curing and 
testing of each specimen and subsequent 
rounding off of the calculated test strength. 
The difference between the strength of 
specimens from one sample tested at the 
same age is to be within the range + 15 per- 
cent. 

14.5 Standard Deviation-The standard 
deviation of the results from their mean 
value is regarded as an index of the scatter 
and consequently of the degree of site 
control. 

In the Code, it is recognized that when 
testing a large number of samples of a given 
grade of concrete manufactured even under 
stable conditions of control are tested, the 
results will show some variation. For the 
strength of concrete, it is usual to assume 
that the plot of compressive strength (on x 
axis) against the frequency (No. of samples) 
of occurrence (on-y axis) will follow the nor- 
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ma1 or Gaussian distribution, which is a bell 
shaped curve as shown in Fig. E-3. 

Throughout the Code, the characteristic 
strength, which will be less than the mean 
strength (target strength), is taken as a 
reference for designating the grade of con- 
crete, as say M 20. The acceptance criteria 
given in 15 of the Code is also based on the 
requirement that the dispersion in the test 
strength of samples should be allowed for. 

The average or mean value can be taken as 
a measure of central tendency and the stand- 
ard deviation as a measure of dispersion. A 
small value of standard deviation will result 
in a curve with a dominant peak, whereas a 
large value will result in a flatter curve 
depending upon the level of control exercis- 
ed in the manufacture of concrete (see 
Fig. E-4). 

Reliable value for standard deviation can 
be obtained only after testing fairly large 
number of samples, say 30 to 40. Otherwise, 
it will be necessary to assume a reasonable 
value of standard deviation, either based on 
past experience, or by using the values given 
in Table 6. Also, see comments on 8.1.1 
regarding the use of standard deviation for 
arriving at target strength in the design of 
concrete mixes. 

14.5. I STANDARD DEVIATION BASED ON TEST 
RESULTS-It is suggested that standard 

Y-AXIS 

I 
TARGET STRENGTH OR 
MEAN STRENGTH X 

NORMAL OR ‘GAUSSIAN’ 
GISTRIBUTION CURVE 

fck(CHARACTERISTIC 

Fig. E-3 Normal Distribution of Concrete Strength 
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COMPRESSIVE STRENGTH, N/mm 2 

Fk. E-4 Typical Normal t;requency Curves for Different Levels of Control 

deviation calculations should be begun a 
fresh and not brought up-to-date, whenever 
there is a change in mix design. 

The sub-para (b) of the Clause with regard 
to updating the standard deviation refers to 
minor changes in the mix which might be 
made at site either to correct consistently 
higher results or vice-versa, where as the 
materials remain the same, and particularly 
the water-cement ratio. 

but note that at least 30 sample should be 
used for this ‘purpose, according to 14.5.1, 
para (a) of the Code. The test results on 
specimens are obtained from the field as the 
concreting proceeds, and this will form the 
data (columns 2, 3, 4 and 5). Grade of con- 
crete is M 15. 

n = 10, n-l = 9 

x = 201.8 = 20.18 = 20.2 (say) 
10 

14.5.2 DETEKMINATION OF STANDARD DEVIA- 
TION - The calculation of standard deviation 
is illustrated in the following example. For 

Standard deviation, s = & = E 

illustration, only ten samples&e considered, = 2.89 

Example: 

Sample 

TEST RESULTS 
28 Days Strength N/mm2 

NO. 
Cube, 

A 

Cube, Cube, ’ 

(1) 

8 
9 

10 

(2) (3) (4) (5) 
20.5 24.0 22.5 22.3 
18.5 22.5 19.0 20.0 
19.5 20.5 21.5 20.5 
22.0 23.0 21.5 22.2 
18.3 21.5 21.5 20.5 
22.5 23.5 23.0 23.0 
24.0 23.5 21.5 23.0 
22.0 18.5 19.5 20.0 
16.5 15.5 14.0 15.3 
13.0 15.0 17.0 15.0 

Average 
xi 

(7 -xj) 

(6) 
-2.1 
+ 0.2 
-0.3 
-2.0 
- 0.3 
- 2.8 
-2.8 
+ 0.2 
+4.9 
+5.2 

(Z--xi) * 

(7) 

4.41 
0.04 
0.09 
4.00 
0.09 
7.84 
7.84 
0.04 

24.01 
17.04 

Cxi = 201.8 A2 = 75.4 
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14.5.3 Where insufficient test results (less 
than 30 samples) are available, an assumed 
standard deviaiion has to be used. The 
values in Table 6 of the Code aie provided as 
initial estimates which should be slightly 
conservative. (They tend to be more conser- 
vative at higher strengths where strength 
may be more important.) 

1.5. ACCEPTANCE CRITERIA- Clause 
15 specifies two sets of criteria for 
demonstrating that the concrete ah supplied, 
either complies or does not comply with the 
Code requirements for concrete quality: 

a) requirernents of strength; and 
b) requirements of workmanship (see 

15.7). 

These criteria, as well as the sampling 
scheme given in 14 are applicable to both 
design mix concrete as well as nominal mix 
concrete. 

15.1 and 15.2-The Code specifies the 
strength requirements in terms of 
characteristic strength and standard devia- 
tion, the former being a reference value 
preferred for specifications and design. 
However, it is convenient here to introduce 
the term target strength. 

Characteristic strength is that value of the 
strength below which not more than 5 per- 
cent of the test results are expected to fall 
(see 35. I). Considering the inherent 
variability of concrete strength during pro- 
duction, it is necessary to design the concrete 
mix to have a target mean strength which is 
higher than the characteristic strength by a 
suitable margin. 

fck+Ks 

target mean strength 
characteristic strength 
standard deviation 
constant equal to 1.65 as per the 
definition of characteristic strength 
where not more than 5 percent of 
the test results are expected to fall 
below the characteristic strength. 

The main statistical features of the accep- 
tance criteria are as follows (see Fig. E-3): 

a) If every sample is to the right of C, 
accept each of the sample. 

b) A sample falls below C, but not 

c) 

4 
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beyond L or 0.8 times the characteii- 
stic strength-accept if, the mean of 
all values is above T. This condition is 
reworded as, actual average strength 
2 characteristic strength + 1.65 x 
standard deviation. 

For small groups of samples, a 
correction is inserted and the expres- 
sion is, 

Actual average strength 2 
characteristic strength 

-t ( 1.65 
1.65-- s \ 

\ Jn/ 
Strength of sample falls below 1~ or 
0.8 times the characteristic strength 
(whichever is greater)-concrete is 
deemed not to comply with strength 
requirements. 
The average strength of all samples 
falls below T. That is, the average 
strength of all the samples is less than 
the characteristic strength 

+.(1.65-+. Concrete repre- 

sented by this sample is deemed not to 
comply with the strength re- 
quirements. 

Illustrative Example 
In a concrete work, concrete of grade 

M 20 (f,, = 20.0 N/mm2) is to be used. The 
standard deviation for this grade of Eoncrete 
has been established to be 4.0 N/mm”. In the 
course of testing concrete cubes, the follow- 
ing results are obtained from a week’s pro- 
duction (average strength of 3 specimens 
tested at 28 days in each case expressed in 
N/mm*): 

24.8, 27.0, 28.5, 23.6, 18.0, 21.6, 15.0 
N/mm2. 

4 

b) 

37 

The first four results are straightway 
accepted, the sample strength being 
greater than the characteristic strength 
(20.0 N/mm2) in each case. 

The 5th result of 18.0 N/mm2 is less 
than the characteristic strength (20.0 
N/mm2) and is compared with: 

i) 0.8 times characteristic strength, 
that is, 16.0 N/mm2; and 

ii) (20.0 - 1.35 x 4.0) that is, 14.6 
N/mm2. 

Since 18.0 N/mm2 is greater than 
16.0 N/mm2, we check the average 
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strength of the samples which is, 

(24.8+27.0+28.5+23.6+ 18.0)-5 
= 24.4 N/mm2; 

and 20.0+(1.65s) x4.0 

= 23.6 N/mm2 

Since the average of 5 samples is 
greater than 23.6 N/mm2, the 5th 
sample is acceptable. 

The 6th result is also acceptable being 
greater than the characteristic 
strength. The 7th one (15.0 N/mm2) is 
lower than 16.0 N/mm2 [obtained in 
step (b)]. The average strength of all 
the 7 samples is: 

24.8+27.0+28.5+23.6+ 18.0+ 
21.6 + 15.0 + 7 = 22.6 N/mm2 which is 
greater than 

2O.O+(l.65-)x4.0 

= 22.1 N/mm2 

The seventh sample thus does not 
comply with the requirement as it is 
less than 16.0 N/mm2 (but cannot be 
deemed not to have complied with the 
requirement), the acceptance will de- 
pend upon the discretion of the 
designer. 

- 

(See aiso comments on 15. I and 15.2). 
In 15.2 concrete is deemed not to comply 
with the strength requirements, if the 
strength of sample is 3 x standard deviation 
below the target strengths which in turn ap- 
proximately corresponds to a probability of 
1 in 1 000. Such strengths are extremely 
unlikely and, therefore, call for further 
investigation. 

Ijnderstandably, the Code leaves to the 
judgement of the designer the consequential 
action that should be taken. The following 
remarks should be taken only as hints on the 
spirit of the Code and not necessarily as 
binding on the designer who may have to 
take other factors into account. 

The action in the event of non-compliance 
of the strength requirements may vary from 
qualified acceptance in marginal or less 
severe cases to rejection and removal in 
extremely severe cases. The Code deals only 
with technical recommendations and the 

phrase ‘consequential action’ refers only to 
the technical consideration, and not to ‘legal 
actions’ which are outside the purview of the 
Code. In determining the steps to be taken, 
the designer should consider the technical 
consequences (for example durability, 
strength and serviceability and the economic 
consequences, such as cost of replacement, 
cost of strengthening the weak point, etc). 

In investigating the suspected portions of 
the structure, and before the remedial steps 
are taken, the following points should be 
considered: 

a) 

b) 

cl 

An appraisal of the sampling and 
testing procedures, to ensure that they 
are valid; 

The mix proportions actually used in 
concrete. These may effect durability; 

The influence of any reduction in 
concrete quality on the strength, 
serviceability and durability of the 
affected portioff of the structure. 

Core tests and load tests (see 16) should be 
used as guides for deciding upon the 
technical measures to be taken. Favourable 
results from the above tests will be helpful 
for avoiding costly replacement or 
strengthening measures. 

15.5 - 

15.4 - 

15.7 The requirements of this clause relates 
to workmanship. Porous or honeycombed 
concrete results from incorrect mix propor- 
tion (incorrect consistency of concrete) or 
improper compaction techniques. This 
defect can be made good either by patching, 
if the pockets are located near the surface, or 
by grouting in other cases. 

The defects that are likely to be noticed at 
the improperly made construction joints are: 

a) Horizontal joints: 
1) Laitance formation, along with 

weak and porous layer at the top of 
the bottom pour. 

2) Deficiency of cement and excess of 
aggregates, both due to segregation 
at the bottom of the top pour. 

b) Vertical joints: 
1) Formation of ‘feather-edges’ 
2) Shrinkage cracks along the jointed 

surface. 
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Tolerances for reinforcements are 
specified in 11.3. Once the concrete is 
placed, it is difficult to check the tolerance 
of reinforcements. However, the position of 
steel near the surface of concrete (say within 
70 mm) can be determined by using a 
magnetic cover meter. 

16. INSPECTION AND TESTING OF 
STRUCTURES 

16. I Inspection 

16.2 (See also 15.1 and 15.2 and their 
comments). Concrete will be deemed not to 
comply with the strength requirements: 

a) if there are stray -cases of extremely 
low strength; and 

b) if the average of all the samples is 
extremely low. 

In such cases core tests may be required to 
decide further measures. 

16.3 - 

16.3.1 - 

26.3.2 Core cutting that is, drilling 
wherever possible, should be avoided in rein- 
forcements. The procedure for preparing 
and testing cores drilled from concrete are 
given in IS : 516-1959*. The cores should be 
undamaged representative of the concrete. 
The cores should be capped before testing, 
using the procedure given in IS : 516-1959*. 

Standard diameter of core is 150 mm; 
however cores of 100 mm diameter may also 
be used and the strength assessed from both 
cores will be about the same. The length of 
core should be at least 95 percent of the core 
diameter. The equivalent cube strength (on 
150 mm cubes) may be obtained in the 
following manner: 

a) Strength of core =f, (on 100 mm 
diameter core) 

b) Apply correction for diameter: if 
diameter is less than 100 mm, correc- 
tion factor = 1.08 

Strength of 
150 mm core 1 

= 1.08 xfO 

c) Apply correction ’ for height to 
_ 

d) 

e) 

Convert this result’ into equivalent 
cube strength. Compressive strength 
of 150 mm cube = 1.25 (compressive 
strength of 150 x 300 mm cylinder) 
= 1.25x (Kx l.O8xf,). 
Compare the average value of three 
specimens with the specified strength. 
Correction for age of concrete may be 
obtained from 5.2.2 (see also com- 
ments on 5.2.1, especially for the 
influence of the type of cement). 

16.4 
large 

The number of test cores should be as 
as possible with due regard to 

economic considerations. In practice, it is 
usual to secure only three cores (the 
minimum recommended by the Code) and 
average the strength results. This sample 
mean is only an approximation of the 
strength of concrete in the structure and the 
results are dependent on the number of 
cores. It is important, therefore, that struc- 
ture should not unnecessarily be declared 
unfit simply because the sample mean may 
fall below 85 percent of the required strength 
especially when only a small number of cores 
are tested. Either further core tests may be 
carried out or a load test is resorted to or the 
load-carrying capacity of the structure 
recalculated in the light of existing core 
results. 

diameter ratio, if this is less than 2.0, 
the factor being obtained from 
IS : 516-1959* _ 

Strength of 
standard core I = Kx 1.08x& 

16.5 Load Tests on Parts of Structures- 
(See Ref 13). This clause and its sub-clauses 
are intended to provide reassurance or other- 
wise as to the adequacy of doubtful struc- 
tural units. These rules are not to be used as 
a substitute for normal design procedure. 

When it is required that a static load test is 
to be carried out cognizance should be taken 
of the effect on the test of the loading pat- 
tern. The loading medium should not be 
stored temporarily on any part of’~ the 
structure where it could affect the test. 

Members other than flexural members 
should preferably be investigated by 
analytical procedures due to problems of 
load application and the difficulty of 
detecting incipient failure. 

The loads are expected to be applied and 
removed incrementally. The procedure for *Methods of test for strength of concrete. 
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load test and the interpretation of results 
should be under the supervision of an 
experienced structural engineer. 

16.5.1 Note that 1954 version of the Code 
specifies that load tests may be carried out 
after 54 days of effective hardening. Now 
the requirement is that it should be carried 
out as soon as possible, after 28 days of the 
casting. A generous hardening period of 56 
days had been suggested earlier which 
ensured adequate strength developments 
even in cold climates. It is quite unlikely that 
a period of 56 days will ever be required. 
Tests should normally be made at an age of 
four to six weeks. Testing before 28 days 
from the date of placing concrete is usually 
undesirable as it may lead to permanent 
weakening of the structure. 

16.5.2 Here imposed load means all loads 
other than the dead load of permanent 
construction. 

The imposed load in a rest should include 
the static equivalent of the appropriate 
dynamic augment (impact) of any moving 
load. Compensating loads should be added 
whenever full dead load is yet to come on the 
structure. 

The increase of 25 percent in imposed load 
is intended to provide a reasonable overload 
to assure safety but not so severe, as to 
damage a satisfactory structure. Effects of 
temperature and humidity on the deforma- 
tion of the structure is minimized by 
adopting a 24 hour cycle for measurements. 

16.5.3 During the 24 hours under the test 
load, a reinforced concrete structure will 
show a progressively increasing deflection, 
owing to the creep of concrete. Members 
constructed with low strength concretes (say 
M 15) are likely to show a progressive deflec- 
tion (in 24 hours) almost equal to the initial 
elastic deflection and may not show a 75 per- 

cent recovery immediately on removal of 
load. However, some subsequent recovery 
should take place, bringing it within the 
prescribed limits, and, therefore a recovery 
period of 24 hours is specified. If within 
24 hours this recovery does not take place, 
the second test should be made. 

Creep will be less during the second test, 
and in a sound structure no difficulty is like- 
!y to occur in conforming to the recovery 
requirements. In unsound members, 
evidence of weakness will be apparent in 
other ways, generally in the form of 
excessive cracking. Any deformation that 
progresses faster than and not proportional 
to the loading rate should be viewed with 
suspicion. For the second test, the datum is 
the deflection or the permanent set that re- 
mains at the end of first test. 

16.5.2.1 The provision that the maximum 
deflection is less than 40 P/D, the require- 
ment for recovery do not apply, allows for 
the behaviour of very stiff structures or 
those in which significant membrane action 
develops (for example shells). In such cases, 
the absolute deflection will be small and of 
the same order as might be expected from 
thermal and moisture effects. A true 
appraisal of the elastic behaviour of the 
structure then becomes difficult and, 
therefore, unnecessary. 

16.6 The use of non-destructive tests such 
as the Schmidt hammer test or ultrasonic 
tests, can be helpful in comparing the 
strength of doubtful concrete in the job that 
is considered to be satisfactory. Hammer test 
measurements should be taken on smoothed 
test patches about 150 mm in diameter with 
about 10 readings being taken uniformly 
over each test area. Due to variations, such 
as aggregate, surface smoothness and mode 
of operation of the impact hammer, a 20 per- 
cent coefficient of variation in strength 
reading is common. 
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SECTION 3 GENERAL DESIGN REQUIREMENTS 

17. LOADS AND FORCES 

17.1 General-(see 17.5.1) In ordinary 
structures such as low rise dwellings, effects 
due to temperature fluctuations, creep and 
shrinkage, can be ignored in the design 
calculations. In 26.3, the Code recommends 
that expansion joints should, in general, be 
provided in structures exceeding 45 m in 
length which will normally take care of 
temperature effects, in ordinary structures. 

17.2 Dead Loads-(see IS : 875-1964*)- 
Dead load in a building comprises the weight 
of all walls, partitions, floors, roofs and the 
weights of all other permanent constructions 
in the building. IS : 875-1964* recommends 
also the value of the equivalent dead load to 
be assumed when the final positioning of the 
partitions cannot be assessed in advance. 

17.3 Live Loads and Wind Loads- 
IS : 875-1964* lays down the minimum 
design loads which have to be assumed for 
the dead loads, live loads, wind loads and 
other external loads in different types of 
occupancies. It does not take into considera- 
tion loads incidental tb constructions and 
special cases of vibration (such as moving 
machinery), heavy acceleration from cranes 
and hoists. Such loads should be assessed 
and dealt with individually in each case (see 
also 17.6). 

17.4 Earthquake Forces - IS : 4326- 19761_ 
is a necessary adjunct to IS : 1893-1975$. 
The former gives some guidelines for earth- 
quake resistant construction of buildings. 
Broadly, the following general principles are 
indicated: 

a) For less important and relatively small 
structures, no analysis for earthquake 
forces need be made, provided certain 
construction rules/precautions are 
observed. For example, diagonal 
bracing in vertical panels add to 

*Code of practice for structural safety of buildings: 
Loading standards (revised). 

tCode of practice for earthquake resistant design and 
construction of buildings Cfirsr revision). 

SCriteria for earthquake resistant design of structures 
(third revision). 

b) 

d 

4 

seismic resistance of frames; in highly 
seismic areas construction entailing 
heavy debris may be avoided by obser- 
ving the precautions given in 
IS : 4326-1976*; 
For buildings up to 40 m in height, 
seismic coefficient method may be 
used for estimating the earthquake 
forces. 
For buildings greater than 40 m in 
height and up to 90 m, model analysis 
is recommended. However, the 
seismic coefficient method may also 
be used in earthquake Zones I to III. 
For buildings taller than 90 m in zones 
other than I and II detailed dynamic 
analysis shall have to be made based 
on expected ground motion and 
.model analysis for buildings in Zones 
I and II. 

Load factors (partial safety factors) for 
earthquake forces are given in 35.4.1 (see 
comments on 35.4.1). Also see 44.3 for 
increase in permissible stresses in working 
stress method of design. 

17.5 Shrinkage, Creep and Temperature 
Effects - (See 17.5. I for exemption). 
Shrinkage and creep do not normally affect 
the ultimate strength of a reinforced con- 
crete section. However, they affect the 
deflection of structures at working load. For 
normal applications, the use of span/depth 
ratios given in 22.2.1 will take into account 
shrinkage and creep in beams and slabs. 
A more accurate estimate of deflection can 
be made through the use of Appendix B. 

Columns are also normally proportioned 
by using the ultimate strength methods and 
creep and shrinkage are not likely to affect 
the strength of columns. However, these 
effects along with axial shortening due to 
external loads are likely to substantially alter 
the forces in the columns’ and beams of tall 
frames (more than 30 storeys high). An 
approximate procedure of analysis is given 
in Ref 14. 

The ultimate strength of a slender concrete 
column can be substantially reduced .by 

-- 
*Code of practice for earthquake resistant design and 

construction of buildings (firs revision). 
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creep due to the application of a sustained 
load leading to creep buckling. Clause 38.7 
dealing with design of slender columns 
recommends either (a) determining the 
moments by including the effects of deflec- 
tion, or (b) taking into account additional 
moments given in 38.7.2. If the latter 
simplified approach is adopted, the effect of 
creep need not be considered. In the former 
case, creep must also be taken into account 
(Ref 15 gives a treatment to creep buckling 
of slender columns). 

Composite constructions involving rein- 
forced or prestressed concrete as one of the 
components will require an analysis for 
creep and shrinkage effects (see 
IS : 3935-1966*). These topics are discussed 
in Ref 16 & 17. 

Under certain conditions, stresses due to 
drying shrinkage and temperature changes 
should be assessed explicitly and provided 
for in the design of liquid storage structures 
[see IS : 3370 (Part II)-1965T]. Bins intend- 
ed for storage of hot materials must be 
analysed for thermal stresses which should 
be catered for through the provision of addi- 
tional reinforcement [see IS : 4995 (Part II)- 
1974$]. According to IS : 4998 (Part I)- 
19758, temperature effects both in vertical 
direction as well as circumferential direction 
should be considered in the design of 
chimneys. 

17.6 

a) 

Other Forces and Effects 

FOUNDATION MOVEMENTS- Founda- 
tion movements result in three types 
of distortions: (i) maximum settle- 
ment (absolute value); (ii) average tilt 
(vertical); and (iii) angular distortion. 
The third type that is, angular change 
due to differential settlement is res- 
ponsible for major cracking of build- 
ings. The permissible values of total 
settlement, differential settlement 
and angular distortion are given in 

*Code of practice for composite construction. 
fCode of practice for concrete structures for the 

storage of liquids: Part II Reinforced concrete struc- 
tures 

$Criteria for design of reinforced concrete bins for 
storage of granular and powdery materials: Part II 
Design criteria. 

$Criteria for design of reinforced concrete chimneys: 
Part I Design criteria (first revision). 

b) 

.c) 

4 

IS : 1904-1978*. Within these limits, 
the superstructure can accommodate 
itself to the movements, without 
harmful distortions. It is a general 
practice to design the foundations so 
that the angular distortion is limited 
rather than to design the superstruc- 
ture to withstand the forces caused by 
differential settlement. For further 
information, see Ref 18. 

ELASTIC AXIAL SHORTENING- Elastic 
axial shortening of column is to be 
considered along with the creep and 
shrinkage effects, in tall buildings 
(30 storeys or more high) see Ref 14 
for further information. 

SOIL AND FLUID PRESSURE-In the 
design of structures or parts of struc- 
tures below ground level, such as 
basement floors and walls, the 
pressure exerted by the soil or water or 
both shall be duly accounted for on 
the basis of established theory. Due 
allowance shall be made for possible 
surcharge from stationary or moving 
loads. 

VIBRATION-In most of the concrete 
structures subject to predominately 
static loads, the stiffeners provided to 
comply with the limitations on deflec- 
tion will be such that no further con- 
sideration of vibration is necessary. 
Effect of vibration should be taken 
into consideration in the case of 
columns with crane girders. 

FATIGUE 
1) Low cycle fatigue- When repeated 

loading is not associated with large- 
scale stress reversal, the 
mechanisms of failure are usually 
the same as under static loading 
and the strength and ductility are 
not adversely affected. Under 
large-scale stress reversals, which 
can be expected during earth- 
quakes, the failure mechanisms 
themselves may be altered and the 
reduction in load carrying capacity 
or ductility may be significant. In 
earthquake resistant designs, the 
possibility of changes in failure 
mechanisms is taken care of by 

*Code of practice for structural safety of buildings: 
Shallow foundations (second revision). 



changes in detailing rather than by 
modifications in load factors or in 
the amount of reinforcement (see 
Ref 19 and 20 for further informa- 
tion). 

2) Fatigue proper--In case of high 
cycle fatigue, emphasis is on 
strength and not on deformations; 
the loads are applied through saq 
millions of cycles and the stresses 
causing failure may be COII- 
siderably below ?he yield point. 
This type of fatigue loading is 
extremely unlikely in most concrete 
structures. Even in those special 
case where the primary loading is 
of a fatigue type (for example, 
railway sleepers) the fatigue 
behaviour of a properly designed 
member will be usually satisfac- 
tory, since damages or adverse 
reduction in strength are not likely 
until after several millions of cycles 
of load application. The only 
significant effects are.0 the widths 

2 of cracks and on defl ctions; these 
increasing by 20 to 25 percent com- 
pared to the equivalent static 
loading. 

f) IMPACT 

1) In certain cases, impact on the 
main structural component can be 
avoided through the use of protec- 
tive barriers, for example, in 
factories where the impact of lift 
trucks against columns is possible, 
the columns can be protected by 
surrounding them with rails. 

2) Sometimes, over design through 
empirical formulae or ad-hoc 
factors are resorted to. 

3)‘Accidental impacts, as in handling 
precast products, are avoided by 
adopting good practices of handl- 
ing; specific design for accidental 
impact forces is rarely carried out. 

4) Structures, such as forge-hammer 
foundations and certain harbour 
works whose main functions are to 
resist impact must be designed for 
energy absorption, rather than 
strength. Design must proceed 
along the lines that produce a 
satisfactory earthquake resistant 
structure. 

8) 

tl) 

17.7 
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ERECTION LOADS- All loads required 
to be carried by the structure or any 
part of it due to placing or storage of 
construction materials and erection 
equipment including all loads due to 
operation of such equipment, shall be 
considered as ‘erection loads’. Proper 
provision shall be made to take care of 
all stresses due to such loads. 

Stress concentration at the application 
of point loads, re-entrant angles, at 
opening in slabs shall be taken into 
account in the design of concrete 
structures. 

Combination of Loads - See 
also 19.1, 19.2, 35.4.1 and 44.3, for recom- 
mendation relating to combination of loads. 
For frames, the arrangement of live loads is 
given in 21.4. I. 

17.8 Dead Load Counteracfing Other 
Loads and Forces 

17.9 Design Loads- The term design load 
has been defined for convenience while deal- 
ing with Clauses which are common to both 
methods of design (working stress method 
and limit state method). 

For definition of characteristic load, see 
35.2. Partial safety factors for loads are 
given in 35.4.1 (Table 12). There are separate 
sets of partial safety factors for the limit 
state of collapse and limit state of service- 
ability. 

18. BASES FOR DESIGN 

18. I General 

18.2 Methods of Design 

18.3 Design on Experimental Basis 

19. STABILITY OF THE STRUCTURE 

19. I Overturning 

19.2 Sliding-IS : 1904-1978* states as 
follows with regard to safety against sliding 
of structures. 

The factor of safety against sliding of 
structures which resist lateral forces (such as 

*Code of practice for structural safety of buildings: 
Shallow foundations (second revision). 

: 
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retaining walls) shall be not less than 1.5 
when DL, LL. and earth pressure are con- 
sidered together with wind load or seismic 
forces. When DL, LL and earth pressures 
only are considered, the factor of safety shall 
not be less than 1.75. 

19.3 Here moment connection probably 
refers to precast construction. For in-situ 
construction, monolithic action should be 
ensured at the joints. 

20. DURABILITY AND FIRE RESIST- 
ANCE OF THE STRUCTURE 

20.1 Durability- The durability re- 
quirements shall be determined by the 
designer and shall be specified in accordance 
with the Code. Durability of concrete (in 
particular, resistance to abrasion, sulphate 
attack, water penetration) shall be suitable 
for the expected service conditions. 

Requirements of cover to the rein- 
forcements with reference to durability are 
given in 25.42 to 25.4.2.4. Detailing 
requirements given in 25.5. I. I (a) (minimum 
reinforcement) and 25.3.2 (spacing of bars) 
are important for crack control. 

See also 13.3 (concrete in sea water), 13.4 
(concrete in aggressive soils and water), and 
Appendix A (concrete exposed to sulphate 
attack). 

Reference may also be made to 
IS : 9077-1979* which deals with the protec- 
tion of reinforcement from corrosion in 
reinforced concrete construction. 

20.2 Fire Resistance-(For comprehensive 
treatment of this topic see Ref 3 and 21). For 
protection against fire, three aspects are 

.usually considered: 

a) Retention of structural strength; 
b) Resistance to penetration of flames; 

and 
c) Resistance to heat transmission. 

The first criterion is applicable to all 
elements of construction, while walls and 
floors which perform a separating function 
are judged on the other two criteria also. 
IS : _1642-19607 gives the grading for the fire 

*Code of practice for corrosion protection of steel 
reinforcement in RB and RCC construction. 

tCode of practice for fire safety of buildings 
(general): Materials and details of construction. 

resistance for walls, columns and beams, 
floors, roofs and other structural 
components. The following information is 
intended to supplement the recommendation 
of IS 

a) 

b) 

: 1642-1960*. 

CONCRETE AGGREGATES - Usually the 
data with respect to fire resistance of 
concrete elements refer to concretes 
made with siliceous aggregates, which 
give the lowest fire resistance. 
Whenever possible, lime stone or blast 
furnace slag should be used as 
aggregates which will lead to increased 
fire resistance. 
THICKNESS OF MEMBER-IS : 1642- 
1960* gives the minimum thickness of 
reinforced concrete walls and floors 
for different fire resistance gradings, 
but this does not cover reinforced 
concrete columns and beams. A sum- 
mary of the dimensions of reinforced 
concrete elements (that is, cover and 
thickness) taken from IS : 1642-1960* 
and Ref 3 is given in Table E-3. 

The fire resistance (of an element of a 
structure) may be defined as the time during 
which it fulfils its function of contributing to 
the fire safety of a building when subjected 
to prescribed condition of heat and load or 
restraint. 

21. ANALYSIS 

21.1 General-For either the working 
stress design method or limit state design 
method, the internal forces and moments 
acting in an indeterminate structure may 
be evaluated by elastic analysis (on the 
assumption of linear elastic behaviour). 

DESIGN LOAD--(See 17.9 and 35.3.2 for 
definition). For limit state method of 
design, factored loads are to be used. 
Factored loads are service (work- 
ing/characteristic) loads multiplied by 
appropriate load factors (see Table 12). 
When working stress method is used, the 
design loads are service (working/ 
characteristic) loads (with load factors 
of unity. 

LINEAR ELASTIC THEORY-For all cases, the 
Code permits the usual elastic methods of 

*Code of practice for fire safety of buildings 
(general): Materials and details of construction. 
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analysis, such as moment distribution 
method, slope-deflection method, etc, 
without an explicit consideration of 
moment-curvature and moment-rotation 
relationships even while designing frames 
and continuous structures for limit state 
of collapse. In other words, while analys- 
ing continuous beams and frames it will 
be sufficient to carry out linear-elastic 
analysis, be it working stress method of 
design (Section 6) or limit state method of 
design (Section 5). 

Clause 36.1 implies that the properties of 
materials that may be required for analysis 
of the structure may be based on the 
characteristic strengths. in other words, ir- 
respective of the method of design used, no 
factors need be applied to the strengths while 
determining the properties of members (that 
is, E and Z) for analysing a structure. 

Continuous beams and rigid frames, if 
designed for adequate ductility, have some 
reserve strength with respect to ultimate 
failure which is not revealed by a linear 
elastic analysis. The Code permits this 
reserve stren th B to be taken into account 
through redistribution of moments (see 21.7 
and 36.Z.Z for limit state method, and 43.2 
for working stress method of design). 
However, the redistribution of moments 
along with a simplified analysis using mo- 
ment coefficients for continuous beams and 
slabs is not permitted (see 21.5.1). 

Simplified analysis are permitted in the 
Code for the following cases in addition to 
the recommendations of 21.4 and 21.5 
for rigid frames and continuous beams, 
respectively: 

a) 

b) 

d 

Coefficients for the design of 2-way 
slabs, including hollow, voided and 
ribbed slabs spanning in two direction 
(see 23.4 and 29.2); 
A simplified method for design of 
deep beams without recourse to 
analysis based on theory of elasticity 
(see 28.2); and 
Coefficient for bending moments in 
flat slab structures (see 30.4). 

In the case of frames containing slender 
compression members, the Code states (see 
38.7) that it will be preferable to carry out an 
analysis which includes the second order 
effects that is, effect of lateral deflections 
(sway) of columns on moments and forces. 
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However, this second order analys’is need 
not be done if slender columns are designed 
for the additional moments given in 38.7. I. 

In analysing buildings built with a 
skeleton consisting of a series of plane 
frames connected by transverse beams, it is 
usual practice to ignore the torsional 
resistance or stiffness of the transverse 
beams. In such cases, that is, when the 
stability of the system does not depend on 
the torsional strength of certain members, 
the torsional phenomenon as a whole can be 
ignored in analysis as well as in design. 
However, in structure such as beams curved 
in plan, equilibrium itself is not possible 
without torsion in the members. In such 
cases the member should be analysed and 
provided for torsion (see 40.1). 

21.2 Effective Span-The term ‘effective 
depth’ is defined in 22.0. The points to be 
noted under this clause are: 

4 

b) 

c) 

4 

d 

f) 

In general, wherever the term ‘clear 
span’ is not specifically mentioned, it 
can be reasonably assumed that the 
word ‘span’ means ‘effective span’ in 
the Code; 
Slenderness limits for beams are given 
in terms of clear distance (see 22.3); 
In some clauses, owing to special cir- 
cumstances, the definition of ‘effec- 
tive span’ is changed. These clauses 
are: 28.2 (deep beams) and 32.1 
(stairs); 
Sometimes it may be necessary to 
determine the effective span of canti- 
levers. This may be taken as the length 
of the cantilever to the face of the 
support plus half its effective depth, 
except where it forms the end of a 
continuous beam in which cases, the 
length to the centre of support should 
be used (Ref 3); 
In the analysis of a continuous frame, 
considering the frame as a whole, the 
effective span of a flexural member 
shall be the distance between the centre 
lines of supporting members; and 
Even though the moments are 
computed on the basis of effective 
spans, in monolithic construction it is 
permissible to design the section at the 
support on the basis of the moment at 
the face of the support (see 21.6.1). 
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TABLE E-3 FIRE RESISTANCE OF REINFORkED CONCRETE ELEMENTS 

SL DESCRIPTION DIMENSION OF CONCRETE TO GIVE FIRE REMARKS 
NO. RESISTANCE IN HOURS 

’ 6 
fi 

(TYPE 1) (TY~ 2) (TYPE 3) (TY~s 4) (TY: 5) 

\ 

(1) (2) (3) (4) (5) (6) (7) (8) 
mm mm mm mm mm 

1. Rectangular beam: (siliceous aggre- 
gates) 

a) Average cover to main reinforce- - 65 45 25 I5 (see Ref 3) 
ment 

b) Beam width - 280 180 110 80 (see Ref 3) 

2. Solid slabs: (siliceous and calcareous 
aggregates) 

a) Average cover to reinforcement - 25 20 15 15 (see Ref 3) 
b) Overall depth 180 150 125 100 90 (see IS : 1642- 

1960*) 

3. Reinforced concrete columns without 
’ special protection; overall width 

(siliceous aggregates) 
a) All faces exposed - 450 300 200 150 (see Ref 3) 
b) One face exposed - 180 100 75 75 (see Ref 3) 

4. Reinforced concrete wall with one face 
exposed, overall depth: 

a) I-ime stone or blast furnace slag 200 150 100 75 75 (see IS : 1642- 
aggregate 1960*) 

b) With siliceous aggregates 230 180 100 75 75 (see IS : 1642- 
1960;) 

NOTE 1 - When cover to reinforcement exceeds 40 mm, supplementary reinforcement may be necessary to hold 
the concrete cover in position, especially when using siliceous aggregates. 

NOTE 2 - Reinforced concrete walls should be reinforced vertically and horizontally at not more than 150 mm c/c, 
the reinforcement being not less than 0.2 percent, of volume (and at least 1 percent of which should be in the vertical 
direction). 

NOTE 3 - Concrete cover to the reinforcement in walls should be not less than 15 mm for fire resistance up to one 
hour and not less than 25 mm for longer periods (see Ref 3). 

*Code of practice for fire safety of buildings (general): MateribIs and details of construction. 

For effective span of slabs in composite 
construction (see IS : 39351966*). 

21.3 Stiffness 

21.3.1 RELATIVE STIFFNEss-The definition 
of gross, transformed and cracked sections 
are self explanatory. Therefore, the points to 
be considered under this clause aie: 

a) The Clause speaks of relative stiff- 
ness, the consideration of which will 
be sufficient for analysing indeter- 
minate structures. For explicit calcula- 
tion of deflection of a beam/slab it 
will be necessary to consider the effec- 
tive moment of inertia (I&, moment 
of inertia of the cracked section (I,), 
short-term elastic modulus (E,) and 
long-terms elastic modulus (E,,) which 

*Code of practice for composite construction. 
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b) 

c) 

d) 

are given in Appendix B. 
Of the three assumptions permitted 
for determining relative stiffness, the 
assumption (a) associated with gross 
section will generally be used because 
of convenience. Assumptions (b) and 
(c) may be relevant when checking 
existing structures for new loadings 
associated with change of occupa- 
tional use. 
The value of modular ratio is given in 
43.3 (d). 
The moment of inertia of rectangular 
transformed section can be shown to 
be as (see Fig. E-5): 



& -- 

-__--_ 

As 

I--- b- 

-A 4 

Fig. E-5 Sketch for Transformed Sections 

e) 

f) 

g, 

where 

(p+p’)Z+ 2m (p’d’+p) 
d 

- md (p+p’) 

m = modular ratio 
A p =s 
bd 

pt =A’s 
bd 

The moment of inertia of a cracked 
section (rectangular shape) may be ob- 
tained from the following formula. 
For derivation, see any standard text 
book (for example, Reference 18). 

Z,=mA,d2(l--)(1-k/3) 

where k = x/d, x= depth of neutral 
axis as defined above. 

For assessing the relative stiffness of 
flanged beams (T or L-beams), the 
effective flange width given in 22.2.2 
may be used for computing the 
moment of inertia. 
Sometimes it will be necessary to 
consider the torsional stiffness of 
members. As a guide, the recommen- 
dation given in Ref 3 can be used 
which is as follows: 

The torsional rigidity (GC) of a member 
may be obtained by assuming the shear 
modulus G equal to 0.4 times the modulus of 
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elasticity of concrete and the torsional cons- 
tant, C equal to half the St. Venant torsional 
constant calculated for the plain concrete 
section. Values of St. Venant torsional con- 
stants, K, for rectangular section are given 
below, where K = k bD3: 

D/b k D/b k 

1.0 0.14 2.5 0.25 

1.2 0.17 3.0 0.26 

1.5 0.20 4.0 0.28 
2.0 0.23 5.0 0.29 

Any assumptions that are made for the 
purpose of calculating the relative stiffness 
of columns, walls, floors and roof systems 
shall be consistent throughout the analysis. 

21.4 Structural Frames 

21.4.1 ARRANGEMENT OF LIVE LOAD-The 
points to be noted under this clause are: 

4 

b) 

cl 

d) 

d 

21.4.1 (b) is not applicable if re- 
distribution of moments is to be 
carried out. 
Definitions of ‘design dead load’ and 
‘design live load’ can be arrived from 
17.9 and 35.3.2. The Code has been 
written in such a way as to permit a 
single analysis for limit state of 
collapse as well as limit state of ser- 
viceability and for working stress 
method. 
An envelope for the bending moment 
covering both cases of sub-para (a) of 
the clause should be drawn and then 
the member proportioned for the 
maximum values. While proportion- 
ing the member, redistribution of 
moments (see 21.7, 36.1.1 and 43.2) 
can be carried out. 
The load combinations given in para 
(a) of the clause will give, maximum 
moment at support (when adjacent 
spans are loaded) and at mid span 
(when alternate spans are loaded). 
The arrangement of live load is nor- 
mally applicable to buildings. The 
same is not applicable to frames in 
liquid storage structures [see IS : 3370 
(Part II)-1965*]. 

*Code of practice for concrete structures for the 
storage of liquids: Part II Reinforced concrete 
structures. 
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f) It is clear from the note given in this e) The arrangement of load to produce 
Clause that the arrangement suggested the most severe effect at any point in 
in 21.4.1 (a) is also applicable to the the structure theoretically requires 
design of continuous beam supported consideration of the whole frame. 
over columns which may not be This will not be necessary as the frame 
monolithic with the beam. can be considered by breaking down 

21.4.2 SUBSTITUTE FRAME-The points to 
be noted under this clause are: 

a) This idealization does not apply for 
analysing the structure when sub- 
jetted to lateral loads and is 
applicable for the purpose of analysis 
under gravity loads (see Fig. E-6). 

into sub-frames; the sub-frames per- 
mitted by the Clause are illustrated in 
Fig. E-6. 

f) A two-cycle moment distribution 
method provides a convenient means 
for determining moments and shears 
under these provisions. 

I- -! 

r---.---.---- -.--- --.___ ___. 

I -1 
I - 
I 
L___--_._ __._--________._A 

H 
1 

nbA77;h7nrrm? 

Fig. E-6 Permissible Simplification of Frame for Analysis 

b) 

cl 

d) 

In the 1964 version of the Code, it was 
permissible to compute the bending 
moments in the beams of a frame by 
assuming that the beams are con- 
tinuous over supports and capable of 
free rotation at the supports. This 
assumption will be approximately 
correct for analysing the effects of 
vertical loads but is now not permit- 
ted. 
The analysis indicated in the Code 
constitute a ‘first order’ method since 
it does not take into account the 
effects of deflections and axial defor- 
mations that may arise which are 
generally negligible. However, in case 
of slender columns, moments in 
beams and columns must be amplified 
by additional moment for column as 
given in 38.7. I. 
If flat slabs are designed by the 
equivalent frame method, and if they 
are subjected to gravity loads only, a 
further approximation to the 
substitute frame will be possible [see 
para (b) of 30.5.11. 

21,4.3 Considerable uncertainty prevails 
regarding the magnitude as well as the 
distribution of winds and earthquakes 
forces. Therefore, it will be sufficient, in 
most cases, to use an approximate method 
which gives an accuracy which is greater 
than that of the load data and other assump- 
tions . In the analysis for lateral loads, 
simplified methods such as portal method, 
may be used to obtain moments, shears and 
reactions for structures that are symmetrical 
and satisfy the assumptions used for such 
simplified methods. For unsymmetrical or ’ 
very tall structures, more rigorous methods 
should be used. The portal method is based 
on the following assumptions: 

a) The total horizontal shear in all col- 
umns of a given storey is equal and 
opposite to the sum of all horizontal 
loads acting above that storey. 

b) The horizontal shear is the same in 
both exterior columns; the horizontal 
shear in each interior column is twice 
that of an exterior column. 

cl The inflection points of all columns 
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and beams (girders) are located mid- 
way between the joints. (However, the 
inflection points ‘of the columns in the 
bottom storey are sometime assumed 
at l/3 height from the bottom if they 
are supported on isolated footings, 
that is, on supports approaching hing- 
ed conditions). 

Through these simplifying assumptions, 
the determination of the forces is reduced to 
the problem of statics only. 

Unsymmetrical structures and frames with 
mezzanine floors are not amenable to this 
method of analysis. By ‘very tall structure’ 
probably the Code means those having more 
than twenty storeys. More rigorous method 
of , analysis, recommended for unsym- 
metrical or very tall structure, are slope 
deflection method (Kani’s method), moment 
distribution method or their equivalent, 
considering the effects of side sway. 
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Therefore, the Code does not permit further 
moment redistribution when Table 7 is used. 
It is to be noted that these tables are not ap- 
plicable to beams carrying two-way slabs as 
load distribution in them is not uniform. 

21.5.2 BEAMS AND SLABS OVER FREE END 
SuPPoRT - Only partial restraint. may 
develop when the end support of the beam is 
built into a masonry wall. Depending on the 
degree of fixity the moment may vary over a 

range, say _ wf to _YL. In normal cases it 
120 12 

should be sufficient to assume that this 

negative bending moment is _. w1 Adjustment 
24 

to the bending moments in the remaining 
portions of the beam may be made by using 
the coefficients given in Fig. E-7 and super- 
posing these over the moments obtained 
from Table 7. 

ITHERE IS NEGLIGIBLE 
-1.0 

-0.005 
CHANGE BEYOND 
FOURTH SUPPORT) 

t’ 

Fig. E-7 Moments at Interior Supports Due to Restraint at Support 

For flat slab structures, analysis by ‘Portal 
method’ is probably not applicable (see also 
comment on 30.5.1). 

21.5 Moment and Shear Coefficients for 
Continuous Beams 

21.5.1 Tables 7 and 8 give the coefficients 
close to those which would be obtained from 
accurate analysis of an infinite number of 
equal spans on point supports. The coeffi- 
cients will apply mainly to one-way slabs and 
to secondary beams at fairly close spacing, 
that is when the loading may be considered 
as uniformly distributed along their length. 
The moment coefficients given in Table 7 
correspond roughly to those applicable to 
the worst conditions for equal spans, and the 
concession for using these coefficients with 
spans which differ by 15 percent is given by 
taking advantage of moment redistribution. 

21.6 Critical ,Sections for Moment and 
Shear-Clause 21.2 (a) of the Code permits 
the representation of a frame by a simple line 
diagram, based dimensionally on the centre- 
line distance between columns (and by exten- 
sion, between floor beams). Actually, the 
sectional dimension of the beams and col- 
umns amount to sizable fraction of their 
respective lengths. The moment diagram for 
the continuous beams is usually quite steep 
in the region of the support and there will be 
a substantial difference between support 
centre-line moment and the moment at sup- 
port face. If the former were used in propor- 
tioning the member, an unnecessarily large 
section would result. Therefore, the beam 
can be designed for the moment at the sup- 
port face, thereby accounting for the finite 
width of the supports (see Fig. E-8). 

However, in the case of columns the 
moment curve is not very steep, so that the 
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CONTRAFLEXURE 

_----- - 

M AT THE FACE 
F THE SUPPORT 

FOR DESIGN 

B t-4 -BENDING MOMENT 

Fig. E-8 Bending Moment at Face of Support 

differences between the centre-line moment 
and the moment at the face (top or bottom) 
of the beam is small and can be ignored. 

For non-monolithic construction, 
obviously, such reductions are not possible 
at the support. The design will begin with the 
proportioning of the section in the mid-span 
regions. 

21.6.2 CRITICAL SECTION FOR SHEAR 

21.6.2.1 Fig, 1A shows an example where 
the support reaction does not include com- 
pression in the end regions. A diagonal 
(shear) crack is likely to start at the face and 
therefore, the latter is the critical section. 
This type of situations are expected in rec- 
tangular water tanks. For this case shear 
within the connection should also be in- 
vestigated and special corner reinforcement 
should be provided. 

In Fig. lB, the reaction introduces 
compression in the end region which has a 
beneficial effect of displacing the diagonal 
crack away from the face of the support. 
Therefore, the Code permits the support 
sections to be designed for shear computed 
at a distance ‘d’ away from the support. 

The critical section for shear in flat slabs 
should be taken at a distance d/2 from the 
face of the column (see 30.6.1). For slabs 
carrying concentrated loads and for 

footings, additional considerations given in 
33.2.4. I will be relevant (see also Fig. E-9 for 
critical sections in typical support 
conditions). 

9a MEMBER SUPPORTED BY 9b MEMBER FRAMING 

BEARING AT THE BOT- MONOLITHICALLY INTO 

TOM OF THE MEMBER ANOTHER MEMBER 

9c BEAM WITH CONCEN- 9d BRACKET 

TRArED LOAD CLOSE TO 
THE SUPPORT 

Fig. E-9 Typical Support Conditions for 
Loading Critical Sections for Shear 

21.7 Redistribution oJphfOmentS- A treat- 
ment of the theory underlying the concept of 
moment redistribution can be found in many 
text books. (For example, Ref 22) (see also 
comments on 36.1. I). 

Redistribution of moments is applicable to 
continuous beams and beams in monolithic 
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frames. Usually columns are precluded from 
the application of this principle, and 
therefore, only beams are considered. 

In continuous beams, the support 
moments are critical and this fact, along 
with the presence of bars in other members 
framing into the support, may lead to 
undesirable congestion of reinforcement in 
the support region. The concession given 
in 21.6. I to reduce the calculated support 
moment to the value at the face of the sup- 
port somewhat mitigates the problem, but 
further advantage can be gained from the 
redistribution of moments that occur before 
the complete collapse of a span in con- 
tinuous beams as a result of inelastic defor- 
mations. 

In the section on working stress method 
(see 43.2) a redistribution of 15 percent of 
the maximum moment in the beam is permit- 
ted as was done in 1964 version of the Code 
with no special or additional requirements. 
However, in the section on limit state design 
(see 36.Z.Z) moment redistribution up to 30 
percent is permitted, but restrictions are 
placed on the requirements concerning 
ductility and detailing. 

In flat slabs, redistribution of moments is 
indirectly taken into account through 
30.4.3.4 (for direct design method) and 
30.5.2.3 (for equivalent j frame method). 
Therefore, 36.1.1 or 43.2 should not be 
applied to flat slabs in view of the indirect 
provisions. 

In continuous beams with overhanging 
spans, the moment at exterior support can- 
not be altered (for redistribution of 
moments). 

22. BEAMS 

22.0 Effective Depth - In the case of deep 
beams Isee 28.3.1 (c)J, the tension rein- 
forcement is distri,but~~Qve+~eonsidel-able 
depth and the basis of design itself is dif- 
ferent. Therefore, the definition of ‘effective 
depth’ given in this Clause does not apply to 
deep beams. 

22.1 T-Beams and L-Beams 

22.1. I GENERAL -The effective bonding of 
the web and the slab, by methods other than 
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integral casting, is with reference to com- 
posite construction. IS : 3935-1966* gives 
the details on the methods for effective 
bonding of the web and the slab. In essence 
it recommends that the composite structures, 
in which the in-situ concrete is assumed to 
act integrally with the precast beam, should 
be inter-connected, in order to transfer the 
horizontal shear along the contact surfaces 
and to prevent the vertical separation of 
these units. Transfer of shear should be by 
shear connectors (bars), castellation a.nd by 
bond. Also, the units (that is, slab and web) 
should be tied together by the extension of 
web reinforcement. IS : 39351966* gives 
the effective width of flanges of composite 
beams, which are different from those given 
in 22.1.2. 

22.1.2 EFFECTIVE WIDTH OF FLANGE-A 
more accurate determination can be made by 
using the CEB/FIP Recommendation 
(Ref 7). However, for design office use, the 
‘values suggested will be adequate since the 
stresses in flanges are seldom critical in 
design. 

A single T-beam with a constant flange 
width (discontinuous at the sides) forms an 
isolated T-beam. 

22.2 Control of Deflection - Reinforced 
concrete members subject to bending shall 
be designed to have adequate stiffness to 
limit deflections at service loads. 

The allowable limits of deflection are set 
with respect to: 

4 

b) 

The final deflection (including the 
effects of temperature, creep and 
shrinkage) measured below the as-cast 
level of floors, roofs and other 
horizontal members > -_?!?%. This 

250 
limitation is based on crack limitation 
with which the Code is very much con- 
cerned and to avoid psychological 
upsetting of the occupants or affect 
the appearance of the structure. 

Part of the deflection (including the 
effects of temperature, creep and 
shrinkage) that take place after the 
construction of partitions or applica- 
tion of finishes should not normally 

*Code of practice far composite construction. 
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3 Span or 20 mm whichever is less. 
350 

This limit is intended to avoid damage 
to partitions and finishes. 

The deflection limits specified in para (a) 
and (b) of this Clause are to be regarded as 
reasonable but, higher deflections may be 
permitted provided that partitions and 
finishes can accommodate them and do not 
adversely affect the appearance or efficiency 
of the structure. However, the design must 
satisfy that deflections are not excessive 
having regard to the requirements of the 
particular structure. 

Some of the points to be noted under this 
Clause are: 

4 

b) 

c) 

4 

4 

f) 

The serviceability requirement of 
deflection as given in this Clause and 
its sub-clauses is to be met irrespective 
of whether the working stress design 
method is used or limit state design 
method is used; 
These provisions are applicable to 
rectangular beams/slabs of uniform 
cross section only; 
The deflection of column members 
are not covered; 
The provisions are concerned only 
with deflections which may occur at 
service loads; and 
In the 1964 version of IS : 456, 
span/overall depth ratios were 
specified for controlling deflection. 
No further modifications were allow- 
ed for the type and the amount of steel 
provided, which necessitated the use 
of minimum dimensions for beams/ 
slabs. The present Code is more 
rational because it allows ‘any 
reasonable dimensions for a 
beam/slab with varying amount of 
reinforcement to control deflection. 
However these provisions may not be 
complied for CHAJJAS and lintal 
projections. 

22.2.1 Explicit or direct computation of Thus for a given elastic material, if the 
deflection (see Appendix B) is lengthy, ratio (I/D) is kept constant, the ratio of 
laborious for normal building design. deflection to span will remain constant. By 
Moreover, the conditions of service loading setting a limit to the ratio of span to depth, 
and many other factors are not known with the deflection will be limited to a given frac- 
precision at design stage. Therefore, the tion of the span. This is what is specified in 
Code recommends that the limiting deflec- the Code. 

tion of Span will be satisfactory, 
250 

if members conform to limiting 
Span ratios as obtained from 

Effective depth 
various modification factors specified in 
para (a) to (d) of this Clause. These factors 
can easily be determined at the design stage. 

Therefore, the Span ratios will 
Effective depth 

be used in majority of the cases and explicit 
calculation of deflection will be carried out 
in special cases such as: 

a) When the designer wishes to exceed 
the span/effective depth ratio; 

b) Where particularly stringent deflec- 
tion control is required; and 

c) Where the structure is abnormal (due 
to nature of loading or behaviour). 

A brief discussion of the principles involv- 
ed in arriving at the basic values of span to 
effective depth ratios is given below. 

Consider a fully elastic, simply supported 
rectangular beam supporting a uniformly 
distributed load w per unit length. If the per- 
missible bending. stress is f, the section can 
withstand a moment M given by, 

&-f~~SbDZ = _!?!!?_ . . . (1) 
6 8 

The deflection of the beam is, 

&L- w14 
( > 

. . . (2) 
384 EI 

From equation (1) 

WZ4j-b P 
0 3 1 

. . . (3) 

Combining (2) and (3) 
s%?-f 1 
124E 5 0 

. . . (4) 

Equation can be generalized for other types 
of end conditions and loads as: 

6 Kl _= 
0 5 

. . . (5) 
I 
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Span to depth ratios are satisfactory for 
contrdling deflection as long as the material 
from which the beam is made is elastic. 
Unfortunately, the stiffness of reinforced 
concrete depends on several factors, such as 
steel percentage and state of cracking. Thus 
if span to depth ratios are to be used f.jr rein- 
forced concrete, some way of correcting for 
its actual behaviour has to be found. This is 
being corrected by the use of effective depth 
instead of overall depth and by the use of 
appropriate modification factors specified in 
the Code. 

It is recommended that actual deflection 
calculation should be made for beams/slabs 
when the span exceeds 10 m length; even 
though the Code gives a modification factor. 

MULTIPLICATION FACTOR FOR TENSION REIN- 

FORCEMENT- Deflection is influenced by the 
amount of tension reinforcement and the 
service stress, and the basic span to effective 
depth ratios are to be modified accordingly. 
The area of tension reinforcement is taken at 
the centre of the span for beams and slabs 
and at the support for a cantilever. The 
curves for different grades of steel specified 
in Fig. 3 are based on the assumption that: 

f, = 0.58 f, 
where 

f, = service stress in steel, and 
f, = characteristic strength of steel. 

The multiplication factor is based on the 
empirical formula (Ref 23) given below: 

Multiplication factor = 

1 
0.225 + 0.003 22 f, - 0.625 log,, 

The curves in Fig. 3 have been plotted for 

particular values off, (N/mm*) 

If one wishes to use a shallow member, the 
deflection can be kept within, the required 
limit by providing more tension reinforce- 
ment than that is required from strength 
consideration or working stress considera- 
tions, thereby reducing the service stress in 
steel. The multiplier can then be arrived at 
by using the formula given above. However, 
while increasing the amount of tension 
steel to decrease deflection, the limitation 
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of 37.1(f) should be kept in view in case of 
sections proportioned for limit state of 
collapse. 

MULTIPLICATION FACTOR FOR COMPRESSION 

REINFORCEMENT-The effect of compression 
reinforcement is to reduce shrinkage and 
creep effects thereby reducing long-term 
deflection. As the concrete dries out it tends 
to shrink, but this effect is partially restrain- 
ed in the vicinity of compression reinforce- 
ment. The multiplication factor for 
compression reinforcement is based on the 
following formula (Ref 23): 

Multiplying = 

1 
1.6~, 

factor p, + 0.275 
where 

PC = 
100 A’, bd ( = percentage of compres- 

sion reinforcement) 
Increase in percentage of compression 

reinforcement is the best method to control 
deflection in critical cases without decreasing 
the strain in tension steel beyond a certain 
limit at collapse load as required by 37.Z(n 
of the Code. 

FLANGED BEAMS- The method given for 
flanged beams may sometimes give 
anomolous results. If the flanges are ignored 
and the beam is considered as a rectangular 
section, the value of span to effective depth 
ratio thus obtained (percentage of steel being 
based on b,d) should always be on the safer 
side. 

22.3 Slenderness Limits for Beams to 
Ensure Lateral Stability - These rules 
preclude failure by sideways bending and 
buckling. The recommendations of this 
Clause are based on a simplification (Ref 24) 
of the classical solution for lateral buckling 
of beams. 

Lateral restraint, if required, should nor- 
mally be provided by construction attached 
to the compression zone of the beam. In the 
case of parapet beams lateral restraint may 
be assumed to.be provided by slabs attached 
to the tension zone of the beam, but the slab 
thickness should be at least one-tenth of the 
beam depth and the beam should not project 
above the slab more than ten times the width 
of the beam (Ref 21). 

23. SOLID SLABS 

23.1 General-Rules for the design of 
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ribbed, hollow block and voided slabs are 
given in 29. Design of flat slab structures is 
dealt in 30. 

For applying para (c) of 22.2.1 to the 
design of two-way slabs, the reinforcement 
at mid span, in the direction of the shorter 
span should be used. In the case of slabs 
spanning in one direction only the reinforce- 
ment at the mid span is to be considered. 

See also 25.3.2 for spacing of rein- 
forcements in slabs; para (d) of 25.4.1 for 
cover to steel in slabs and 25.5.2 for 
minimum reinforcement. 

23.2 Slabs Continuous Over Supports- 
From a comparison with the 1964 version, it 
appears that this Clause is intended for slabs 
spanning in one direction. Two-way slabs 
with one or more edges continuous over 
supports should be designed by using 
Appendix C of the Code. 

23.3 Slabs Monolithic with Supports 

23.3.1 The intension of this Clause is main- 
ly to assume that beams supporting 
monolithic slabs are rigid and do not deform 
in relation to slabs. 

23.3.2 SLABS CARRYING CONCENTRATED 
LOAD-The effective width of slab due to 
concentrated load is illustrated in Fig. E-10. 

If the edge of the slab is within %b,, from 
the centre of the load point, then effective 
width is to be measured from the edge of the 
slab (see Fig. E-10). 

LOAD 

YkF9 ! 

I 

-----t- 
, 

Fig. E-10 Effee’ctive Width of One Way’ 
Solid Siab Carrying a Concentrated Load 

Near an Unsupported Edge 
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Where the effective width of slab assumed 
to resist the concentrated load is less than the 
actual width of the slab, allowance shall be 
made for bending moments due to concen- 
trated loads using methods based on elastic 
theory such as Pigeaud’s or Westergaard’s 
or other acceptable method. Alternately, 
Johanson’s yield-line theory or Hillerborg’s 
strip theory based on limit state of collapse 
may also be used. 

23.3.2. I The effective width for solid slabs 
(supported on two opposite sides) is based 
on elastic theory. 

23.3.2.2 Slabs other than solid slabs in- 
clude ribbed, hollow block or voided slabs 
covered in 29 of the Code. 

23.3.2.3 - 

23.3.2.4 - 

23.4 Slabs Spanning in Two Directions at 
Right Angles-In addition to the methods 
used for beams, moments and shear forces 
resulting from both distributed and concen- 
trated loads may be determined by elastic 
analysis, such as those of Pigeaud’s and 
Westergaard’s theory. Alternately, collapse 
theory such as Johanson’s yield-line theory 
or Hillerborg’s strip method may be used 
provided that the ratio between support and 
span moments is similar to those obtained by 
elastic theory;‘values between 1 .O and 1.5 are 
recommended. 

The Code gives coefficients for bending 
moments for simply supported slabs and 
restrained slabs spanning in two directions 
and carrying uniformly distributed load in 
Appendix B. For ‘yield line method’ and 
‘stip method’ of analysis see Ref 25 and 26. 
Pigeaud’s method and Westergaard’s 
method mentioned in the Note are suitable 
for determining the bending moments due to 
concentrated loads. Details are given in 
Ref 21. 

23.5 Loads on Supporting Beams-The 
method of estimating the loads carried by 
the beams is based on an approximate yield- 
line pattern in which the slab may fail. The 
total loads on the short and long spans due 
to one loaded panel are given by: 

WP 
load on short beam = 2 

4 
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load on long beam = 
WP x W’JY 2 

4 
where 

I, = length of short span 
1, = length of long span 
w = load per unit area 

The corresponding bending moments in 
the beams may be determined with sufficient 
accuracy by assuming that the leading is 
equivalent to a uniform load per unit length 
of the beam of the following amounts: 

On the short,span, _!.% 
3 

On the long span 

Howeyer, the shearing forces should be 
determined from the load distribution 
recommended in Fig. 6. 

24. COMPRESSION MEMBERS 

24.1 Definitions-This definition is ap- 
plicable to rectangular and circular sections 
only and is not applicable to I-section and 
channel sections. When the length of the 
compression member is less than three times 
the least lateral dimension it is called a 
pedestal (Ref 28) Clause 45.1 of the Code 
says that reinforced concrete pedestals can 
be designed as short columns. 

Pedestals can be of plain concrete also (see 
33.1.3). 

24.1.2 The upper limit of 12 on the ratio of 
effective length to least lateral dimension, 
assures that the secondary effects of loads 
will be negligible in short columns. Applying 
this limit in the expression for additional 
moments due to slenderness effects (38.7.1), 
it is seen that the column may have to be 
designed for an additional eccentricity e. 

e = 5 = D (12)2 = 0.0720 
P 2ooo 

effect (see 38.7. I and 45.3 of the Code). 

24.3 Slenderness Limits for Columns- 
Slenderness limits are introduced to prevent 
the. development of significant torsional 
deformation and to rule out the possibility 
of failure by lateral torsional buckling under 
bending only. Columns outside the limits 
become, because of the excessive additional 
moments which must be considered in 
design, very inefficient. 

24.3.1 - 

24.3.2 These limits are similar to those 
given for beams in 22.3. Definition of un- 
supported length is given in 24.2. I 

24.4 Minimum Eccentricity-All concrete 
columns are subject $0 some moment due to 
eccentricity of loading which may be due to 
the following: 

a) Inaccuracies in construction; 
b) Lateral deflection of column; and 
c) Inaccuracies in loading, etc. 

Therefore, the Code requires all columns 
to be designed for a minimum eccentricity of 
load even if the computed moment is less. 

The Code treats, in most Clauses, only 
rectangular columns and minimum eccen- 
tricity for other shapes of cross section is not 
given. In the absence of any other guideline, 

a value of ,,f is suggested as a simple expe- 
300 

dient (see German Code DIN 1045). 

25. REQUIREMENTS GOVERNING 
REINFORCEMENT AND 
DETAILING 

25.0 For detailed information regarding 
reinforcement detailing reference may be 
made to handbook on reinforcement detail- 
ing (under preparation). 

which is in someway similar to that assumed 25.1 General-Different types of reinforc- 

in 38.3 of the Code. 
ing bars, such as plain bars and deformed 
bars of various grades sav Fe 415 (N/mm2) 

24.1.2 - and Fe 500 (N/mm2), should not be used side 
by side as this practice will lead to confusion 

24. I .3 UNSUPPORTED LENGTH and errors at site. However, secondary rein- 
forcement such as ties and stirrups, may be 

24.2 Effective Length of Compression of mild steel throughout even though the 
Members-The Code requires the use of main steel may be of high strength deformed 
‘effective length’ for computing slenderness bars. 
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25.1. I Detailing requirements for bundled 
bars, are covered in 25.2.1.2, 25.2.3.5, 
25.2.5.Z(g) and 25.3.Z(b) of the Code. 

Bundling of bars larger than 36 mm 
especially in flexural members may lead to 
unsatisfactory crack widths. However, such 
bundles do not adversely effect the crack 
width in columns. 

25.1.2 IS : 4326-1976* makes it obligatory 
that in all cases where the design seismic 
coefficient is 1 0.05, greater ductility provi- 
sions as specified therein shall be followed 
considering the following points: 

4 

b) 

cl 

Reversal of stresses in beams and col- 
umns should be adequately estimated 
and provided for; an example being 
the provision of closed stirrups in 
beams. Columns should be designed 
to take up the shear caused by lateral 
forces due to earthquake. 
Continuity of construction should be 
ensured by adopting monolithic 
beam-column joints and by continu- 
ing sufficient number of bars beyond 
the joints. 
Ductile behaviour of structural 
members should be ensured by pro- 
viding the minimum reinforcements, 

of development length. The development 
length may be defined as the length of the 
bar required on either side of the section to 
develop the required stress in steel at that 
section. 

25.2.1 DEVELOPMENT LENGTH OF BARS-In 
the formula for development length, the ap- 
propriate values for u s and 7M are to be used 
depending upon the method of design 
adopted. If the amount of steel provided at a 
section is more than that required from 
design considerations, the development 
length may be modified as: 

Ldm = ( 
A,, required ) Ld 

A,, provided 

The values of development length obtain- 
ed for the two methods of design may not 
coincide but will be approximately equal. 

Development length of a bend/hook bar is 
equal to the length of the reinforcement be- 
tween the point of tangency of the 
bend/hook and the critical section plus the 
anchorage value of bend/hook. The an- 
chorage values of standard hooks and bends 
(see Fig. E-l 1) are specified in 25.2.2.1. 

25.2.1.1 Extra development length is 

w-I(k+l)@’ I k-&(k+l)+ ’ 

STANDARD HOOK STANDARD 90” BEND 

NOTE MlNlMUM VALUE OF k FOR MILD STEEL IS 2 
AND FOR COLD WORKED STEEL IS 4 

Fig. E-ZZ Standard Hook and Bend 

through confinement of concrete 
especially in exterior columns (near 
the joints), and by precluding shear 
failures in beams as well as in 
columns. 

25.2 Development of Stress in Rein- 
forcement-This forms a common Clause 
to both methods of design, namely, limit 
state method and working stress method. 
The check for bond stress specified in the 
earlier Code is now replaced by the concept 

*Code of practice for earthquake resistant design and 
construction of buildings (fi’l:rf wvnion). 
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required in case of bundled bars than that 
required for an individual bar because the 
grouping makes it more difficult to mobilize 
bond resistance from the core between the 
bars. 

25.2.2 ANCHORING REINFORCING BARS 

25.2.2.1 Any deficiency in the required 
development length can be made up by 
anchoring the reinforcing bars suitably. 
Deformed bars have superior bond proper- 
ties owing to mechanical bearing and, 
therefore, provision of hooks is not 
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absolutely essential. However, plain bars 
should preferably end in hooks, as there may 
be some uncertainty regarding the full 
mobilization of bond strength through 
adhesion and friction. 

25.2.2.2 ANCHORING BARS IN COMPRES- 

SION - While considering the development 
length in compression zone, the projected 
length of hooks, bends and straight lengths 
beyond the bends should be considered and 
not as per mentioned in 25.2.2.1. 

25.2.2.3 MECHANICAL DEVICES FOR 
ANCHORAGES-The following information is 
of relevance to this Clause (see German 
Code DIN 1045): Anchorages formed with 
the aid of attachments should, if possible, be 
located only at or in the immediate vicinity 
of the end face of a structural component. 
The permissible loading on anchorage 
attachments should be verified by calcula- 
tion or by means of tests. 

For the purpose of verification, by calcula- 
tion, a factor of 0.80 must be applied to the 
ultimate strength of the anchorage. The 
bearing pressures excerted on the concrete at 
the anchorage surface must not exceed the 
values allowed under partial area loading 
(see 33.4). 

If the capacity of anchorage attachments 
for use with static loads is determined by 
means of tests, the average of three test 
results may be adopted. The value to be 
adopted for permissible load under working 
condition must not exceed half the average 
values of the failure load. 

If welded-on transverse bars are used as 
anchorage attachments (see comments on 
25.2.4, the capacity should be determined 
experimentally on test specimens. The 
amount of slip occuring at the non-loaded 
end of the bar (average value) should not 
exceed 0.01 mm under the working load en- 
visaged and should not exceed 0.1 mm under 
1.75 times the working load. In addition, the 
shearing strength of welded connections 
should be determined in comparison with 
specimen not embeded in concrete. 

25.2.2.4 ANCHORING SHEAR REINFORCEMENT 

a) 

b) 

Inclined bars-The rules given in this 
Clause are illustrated by Fig. E-12 and 
Fig. E-13. 
Thin concrete cover over the 90” hook 

Fig. E-12 Anchoring Inclined Bent- Up Bar 
in Tension Zone 

Fig. E-13 Anchoring Inclined Bent- Up Bar 
in Compression Zone 

m a stirrup may lead to spalling of 
cover concrete as the 90” hook has a 
tendency to straighten out under 
overloads (see Fig. E-14). To avoid 
this type of failure, it is suggested that 
the cover be at least twice the diameter 
of the stirrup bar. Where this is im- 
practicable, the hook should have a 
135” bend (Ref 21). 

25.2.2.5 BEARING STRESSES AT BENDS-S~~~~- 

ard hooks and bends are those which 
conform to the dimensions given in 

5 
Fig. E-14 Spallinng of Thin Cover Over 

Stwrups 

59 



SY : 24-1983 

IS : 2502-1963* (see Fig. E-12). 

While considering the first two sentences 
of the Clause, three cases may be dis- 
tinguished: 

a) A bend or hook, which is terminated 
at 4 times the bar size beyond the end 
of the bend; 

b) A bend, in which it is assumed (and 
provided in design) that the bar is not 
stressed at portions beyond a distance 
of 4 times the bar size beyond the end 
of the bend; and 

c) A bend or hook, in which the bar is 
continuous beyond the end of the 
bend and is also stressed along the 
length in the continued portions 
(see Fig. E-15). 

rBEAM 

r---- 
-------- 

L________-______j 

Fig. E-15 Plan-Bearing Stress at Bends 

If the radius of the bend or hook, con- 
forms to that of the standard one, cases 
(a) and (b) above will need no further con- 
sideration, as experience shows that the 
arrangement will be satisfactory. However, 
in (c), whether the radius of the bend (or 
hook) corresponds to that of the’standard 
one or not, a check on the bearing stress of 
concrete within the bend will be required. 

Referring to Fig. E-15, let Fbl be the tensile 
force in the steel bar at the start of the bend 
with a radius ‘r’ and let the internal com- 
pressive stress (radial) required to resist this 
force be CJ. Resolving forces along the 
direction of Fbt: 

2F,, = 2 CT r $I 

or u= Fb, -- 
r@ 

The concrete within a bend is subjected to 
a triaxial stress field and, therefore, can 
withstand high stresses locally. Accordingly, 

*Code of practice for bending and fixing of bars for 
concrete reinforcement. 

the bearing stress u is allowed to reach high 
magnitudes. Empirically arrived allowable 
values are given in the Code for both 
methods of design. 

25.2.2.6 In structural components with 
curved or angled soffits, or those formed 
with bends or corners, it should be ensured 
that the radial tensile forces due to changes 
in direction of the reinforcement are resisted 
by additional links. A specific application of 
this requirement is specified in 25.5.3.3. 
Three typical cases are illustrated in 
Fig. E-16. 

( PROVIDE LINKS TO RESIST FORCE h, TENSION 1 

15 b COMPRE$SION FJ4H IN HOG‘lNG BEIM 

M/- 

i) AT @ PROVIDE 1 

TO RESIST FORCE 

II) AT @ PROVIDE 

INTRODOS BAR 
(SHW$;N DOTTED 

CORNER 

Fig. E-16 Radial Forces in Reinforcement 

25.2.3 CURTAILMENT OF TENSION REINFORCE- 
MENT IN FLEXURAL MEMBERS- Since the 
publication of the 1964 version of the Code, 
experimental evidence has become available 
which indicates that the bar curtailment, 
especially when deformed reinforcements 
are used, may adversely affect the shear 
strength of beams. Curtailment rules given 
in the Code take into account this fact. 
(For curtailment of bars in slabs, see 
Appendix C) . 

25.2.3.1 Rules for anchoring the bars at 

.INKS 
N 
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simple supports are given in 25.2.3.3. 

The Code prohibits the cutting-off of a 
bar at the theoretically determined point for 
a number of reasons: 

a) 

b) 

d 

The bar should extend to a distance 
further from the theoretical cut-off 
point, in order to avoid stress concen- 
tration which may lead to moment 
cracks even at working loads. These 
cracks may well be of above average 
size which may locally reduce the 
shear strength. 
The recommended extension provides 
for slight deviations in inaccuracies in 
the analysis. For example, the loading 
may well not be absolutely uniformly 
distributed, in which case the shape of. 
the bending moment diagram ‘will be 
different from that assumed. 
In the presence of shear, diagonal 
cracks may form which in the absence 
of stirrups, will cause the longitudinal 
steel stress to be that corresponding 
to the moment at a section roughly an 
effective depth closer to the supports. 
Referring to Fig. E-17, it can be seen 
that the force in the steel bar at E is 
not proportional to the moment at E, 
but will be proportional to a higher 
moment that exists at F. 

Fig. E-l 7 Bars Stopped at Theoretical Cut- 
Off Point (E) 

25.2.3.2 Termination of flexural tensile 
reinforcement gives rise to a sharp discon- 
tinuity in the steel, causing early opening of 
flexural cracks which in turn may change 
into a diagonal crack prematurely. Fulfil- 
ment of any one of the conditions of the 
Clause will mean that either the shear 
stresses are kept low (para a), or extra shear 
reinforcement is provided (para b) or excess 
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flexural steel is available along with excess 
shear, capacity (para c). 

Application of para (c) is straight forward 
when the diameter of main steel bars is equal 
to or less than 36 mm. If bars larger than 
36 mm diameter are used, they cannot be 
curtailed by involving para (c); rather paras 
(a) and (b) of the Clause will apply. In the 
rare case when paras (a) or (b) cannot be 
satisfied and also the bars are greater 
than 36 mm diameter, no curtailment will be 
possible. ’ 

25.2.3.3 POSITIVE MOMENT REINFORCEMENT- 

Regarding para (a): Extension by LJ3 is not 
applicable to all cases. For exception, see 
para (b) of this Clause and also 28.3.1 (b). 
Requirements in case of slabs are also 
different (see Appendix C and also 30.7.3). 

Specified amounts of the positive moment 
reinforcement are required to be carried into 
the supports to provide for some shifting of 
the moment diagrams due to changes in 
loading, settlement of supports and other 
causes. 

Regarding para (b): When a flexural 
member (beam) is part of a primary lateral 
load resisting system (that is, when the frame 
is unbraced) loads greater than those 
anticipated in design may cause reversal of 
moment at supports. Full anchorage of the 
indicated amount of positive moment 
reinforcement assures ductility of response 
in the event of serious overstress, such as from 
earthquakes. 

The required proportion of reinforcement 
should be anchored so as to develop the 
design stress in full. This,implies that: (a) it is 
not enough if more reinforcement is provid- 
ed at lower stress levels; (b) the design stress 
is 0.87 f, for limit state metho and the 
allowable stress for the working stress 
method; and (c) the full anchorage require- 
ment will not apply to any excess reinforce- 
ment (over that required) provided at the 
face of the support. 

Regarding para (c): Requirements in- 
dicated in this para are equivalent to the flex- 
ural (local) bond check of earlier version of 
IS : 456, as shown later. The provisions have 
been recast in terms of development length: 

a) 25.2 of the Code says that: 
‘The calculated tension or compres- 
sion in any bar at any section shall be 
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b) 

developed on each side of the section 
by an appropriate development length 
or end anchorage or by a combination 
thereof.’ Now, consider the case of a 
uniformly loaded simply supported 
beam, proportioned in such a way 
that the design stress, say 0.87 f,, is 
developed at the mid section, which is 
required to carry a moment MU (see 
Fig. E-18). However, at quarter-span, 
that is, at l/4 from the support, the 
bar would develop only half the 
design stress but would have to cater 
for 0.75 M,,, because the bending mo- 
ment diagram is a parabola. Clearly, 
25.2.1 cannot be satisfied at the 
quarter-span, merely through assuring 
the development of stress at mid-span. 
Nor will it be enough to .ensure a 
development length for 0.75 A4, at 
quarter-span, because it can be shown 
that variation will still occur by con- 
sidering a section L/8 away from the 
support. 
Extending the argument given above, 
and considering an infinitesimal 
length of the beam very near the sup- 
port it is apparent that if the develop- 
ment length requirement is satisfied at 
the point (see Fig. E;18), 25.2.2 will 
always be satisfied in the region to the 
left of P. The location of P is deter- 
mined easily, by noting that 
dM -= V, or the slope of AB is V. 
dx 

Therefore, P is at a distance - 
V 

from the support A. While computing 
M,, it is necessary to calculate the 
moment of resistance of the section at 
A (and not the externally imposed 
moment), assuming that the bars are 
stressed to the design value (that is, 
0.87 f, in limit state method and 
the permissible stress in the working 
stress method). At point P, the develop 
ment of stress should be assured. 
That is, 

AP > Development length 

(1) 

However, the bar may extend beyond A 
(towards the left), to Q and the ‘anchorage’ 
L, may be counted for development, but not 

CENTRE A 
6F SUPPORT 

I 

pAuA* 
i_i+--J 

lb1 

Fig. E-18 Develo 
f! 

ment Rule for Section at 
upport 

to an indefinite extent. For point of inflex- 
ion, the Code limits LO to effective depth or 
12 times the diameter of bar, whichever is 
greater. Accordingly, 

L~-L,.E!_ 
V 

or L,P_ Ml +L0 (2) 
V 

Which is the form ~ given in the Code. 
Whenever inequal%y is obtained in (2), the 
following three options may be adopted: 

1) 

2) 

3) 

Bring in more bars to the support A, 
so that A4, is increased. This is sot 
always possible without increasing the 
reinforcement cost. 
Increase L,, but this cannot be done 
indefinitely, owing to the upper limit 
on L,. 
Obviously, the best course is to reduce 
the diameter of the bar, so that Ld will 
be reduced and the same is recom- 
mended in the Code. 

Extension of this requirement to points of 
inflexion is obvious as similar conditions 
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exist there for bending moment as that at 
simple supports. 

25.2.3.4 NEOATIVE MOMENT REIN- 

FORCEMENT-ch.lSeS 25.2.3. Z, 25.2.3.3(a) 
and 25.2.3.5 follow the same general prin- 
ciples. Here anchoring of one-third of the 
total reinforcement for a distance of effec- 
tive depth or one-sixteenth clear span, pro- 
vides for the shifting of bending moment 
diagram, owing to change in loading, settle- 
ment of foundations and other unan- 
ticipated causes. 

At the face of the support for a con- 
tinuous beam, it should be ensured that the 
required development length is available for 
the remaining two-thirds of the bars 
(see 25.2. I). 

Note that the Code does not insist on the 
condition that L, ;b M1 I L, at the interior 

V 
support of a continuous beam. The reason is 
that, the shape of the bending moment 
diagram near the interior supports is such 
that the development length at any sections 
away from the support is always satisfied, if 
the requirements at the face of the support 
are fulfilled. 

25.2.3.5 CURTAILMENT OF BUNDLED 
BARS-T~~~~ conditions need consideration: 

a) Anchoring of a bundle at a support; 
b) Bundles terminating at support; and 
c) Bundles terminating inside the span. 

Anchoring of bundle at a support- 
25.2.3.3(a), and 25.2.3.4 will govern the an- 
choring requirements. While applying 
25.2.3.3(a), the development length must be 
increased according to 25.2.1.2. In 25.2.3.4, 
the diameter of the bundle should be taken 
as that of an equivalent bar of the total area 
of the bundle. 

Termination of bundles inside the span or 
at the support-Note that two bars in con- 
tact do not constitute a bundle (see 25.1), 
and if desired, a pair of bars may be cut-off 
at the same point, but the perimeter reduc- 
tion appropriate to a pair would then apply. 

When all the bars in a bundle are carried 
to the support, the increased development 
length (based on single bar) for bundles 
(see 25.2.1.2) should be used for checking of 
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the development of stress. , 

25.2.4 SPECIAL MEMBERS-The stress in 
reinforcement does not decrease linearly in 
proportion to a decrease in moment, in the 
case of sloped or tapered‘footings, brackets 
and deep beams. The development length re- 
quirements need special consideration in 
such cases: 

4 

b) 

cl 

Footings-h the case of stepped 
footings, the development length and 
end anchorage requirement should be 
checked wherever there is an abrupt 
change of cross-section. In sloped 
footings, the additional checks must 
be carried out at a few intermediate 
points (see also 33.2.4.3). 
Brackets and corbels- Referring to 
the bracket shown in Fig. E-19, the 
stress at ultimate loads in the rein- 
forcement is almost constant (equal to 
yield stress) from the face of the sup- 
port to the load point. In such cases, 
the stress development check will be 
critical at the load end itself. A welded 
cross-bar, of diameter equal to that of 
the main steel provides an effective 
end anchorage near the loaded end. 
An end hook (standard) in the vertical 
plane near the loaded end will not be 
effective. However, if the bracket is 
wide (perpendicular to the plane of 
figure) and if the load is not applied 
very near the corner, 180” hooks in 
the horizontal plane may provide 
adequate anchorage. 
Deep beams- [See 28.3.Z(b)]. 

25.2.5 REINFORCEMENT SELrcrNo-Careful 
detailing is necessary when reinforcements 
are to be spliced, Therefore, location and 
details of splices should be determined at the 
design stage and shown in the detailing 
drawings. Preferably, splicing details should 
not be left to be decided at the site. 

Note that the recommendations given in 
this Clause will not apply to bars in compres- 
sion and also that they will not be adequate 
for main bars in concrete ties. 

When splicing of more bars at critical sec- 
tions cannot be avoided altogether, the Code 
recommends that special precautions should 
be taken, but it does not specify the extra 
lengths or details of spirals. The scheme 
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I 
Ld 

1 
Fig. E-19 A Typical Method of Anchoring Main Tension Reinforcement in Corbels 

shown in Fig. E-20 based on Ref 28, may be members, all the compression bars may be 
used in such situations. lapped at the same section (see Ref 7). 

The Code requires that the splices should See also 25.5.3.3 for splicing of bars (with 
be staggered. This requirement is applicable off-set splice) in columns. 
specially to bars which are loaded in tension, 
such as those in the tension zone of flexural 25.2.5.1 LAP SPLICES 

members and in ties. In compression a) Lap splices are not recommended for 

f,- DESIGN STRESS 

TW 

MAIN REINFORCEMEtiT 
WELl?ED TO CROSS BAR 
OF EQUAL DIAMETER 

.!- HORIZONTAL 
STIRRUPS 

CROSS 
BAR 

BAR TO TIE HORIZONTAL 
STIRRUPS 

f f,= DESIGN STRESS 

V. BARS SPLICED AT ONE POINT 

“’ Fig. E-20 Lap Splices for Fkxural Tension Bars 
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large diameter bars (over 36 mm 
diameter), because of insufficient data 
on development length as well as on 
behaviour of bars at spliced locations. 
Lap splices for large diameter bars, if 
the splices are unavoidable, may be 
detailed in accordance with recom- 
mendations given in Ref 29. 

b) Staggering of lap splices-The free 
ends of spliced bars being sources of 
discontinuity, act as crack initiators 
across a tension zone. This iransverse 
crack in turn may develop into split- 
ting cracks, along the axial direction 
of the bars, especially when deformed 
bars are used. When several highly 
stressed bars are terminated across the 
same cross-section, the splitting 
effects at their free ends are cumula- 
tive. It is beneficial to stagger lapped 
splices in such a way that the free ends 
do not iine up at the same section. 
Therefore, the Code prefers staggered 
splice layouts, located away from 
sections of maximum tension. 

c) Lap lengths-See ako Fig. E-20 and 
comments on 25.25, regarding the 
situations where increased lap lengths 
might become necessary. 

With t.he use of plain bars in ten- 
sion, provision of hooks at the ends of. 
splices will be mandatory, in all cases 
[see 25.2.2.Z(a)]. 

In concrete ties (concrete members 
carrying axial tension), the splices 
should invariably be provided with 
hooks where the bars are stopped, 
even in the case of deformed or ribbed 
bars. However, the lap lengths in bars 
in concrete ties are likely to be large 
and cumbersome to fabricate. In 
general, it is preferable to use welded 
connections or other positive 
mechanical connectors (see 25.2.5.2) 
for joining the bars in concrete ties. 

4 

d 

f) 

ii9 

While calculating the development 
lengths (Ld) for the purposes of deter- 
mining the lap lengths in splices, the 
full strength or maximum permissible 
stress in bar should be used along with 
the appropriate bond stress indicated 
in 25.2.1. No reductions in develop- 
ment length is permitted, even when 
the splices are located away from 
points of maximum stresses. 

Lap length in compression - Lapped 
splices for compression bars need not 
be staggered. The lap length in com- 
pression is specified to be less than 
that in tension, because of the 
beneficial effects of transverse ties, 
the absence of transverse cracking at 
the ends of bars in compression 
regions, and‘the ability of the bars to 
transmit the compressive stresses by 
end bearing into the concrete. 

Bars of different diameter- At the 
lap splice, the force to be transmitted 
is governed by the thinner bar and, 
therefore, it will be permissible to 
determine the lap length on the basis 
of the diameter of the smaller bar. 
Splices in welded wire fabricl(see 
Fig. E-21). 

Splices of bundled bars-(see also 
25.1.1 and 25.2.1.2.). 
While calculating the lap lengths, the 
development lengths should be in- 
creased to the values indicated in 
25.2.1.2. In the absence of additional 
information, the individual splices of 
bars within the bundle should be stag- 
gered by 1.3 times the increased lap 
lengths, as required in 25.2.5.Z(b). 

25.2.5.2 WELDED SPLICES AND MECHANICAL 

CONNECTIONS 

Welded splices-(See also 11.4 and its 

’ LAP LENGTH= 

s+10 cm 

Fig. E-21 Lap Splicing of Welded Wire Fabrics 
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comments.) Welded joints should not occur 
at bends in reinforcements. Where possible, 
joints in parallel bars of principal tensile 
reinforcement should be staggered in the 
longitudinal direction. 

The design strength of the welded connec- 
tion should be based on results of tests, 
which should prove that the strength of the 
weld is as strong as that of the parent bar. 

According to IS : 2751-1979*, mild steel 
bars up to and including 20 mm diameter 
should be lap welded and those larger than 
20 mm diameter should be butt welded. In 
the welds of a lapped joints, the shear 
strength of the filler material should be 
taken as 0.38 times its yield or proof stress as 
given in the appropriate standards. The 
length of weld should be sufficient to 
transmit the design load in the bar that is, 
the cross sectional area of (parent). bar x 
0.87 f, should be equal to the effective 
lengths of weld x throat thickness x the 
shear strength of filler material. The length 
of a run of weld should not normally exceed 
five times the size of the bar. If a longer 
length of weld is required, it should be divid- 
ed into sections and the space between runs 
made not less than five times the size of the 
bar (Ref 3). 

details of splicing requirements which 
include lengths as well as location. 

Mechanical connections-The use of 
mechanical splices, for example by means of 
screws or clamps should be agreed to in 
advance. The soundness of the method to 
be used should be verified by means of tests. 

25.2.5.3 END-BEARING sPLICEs-FOrCe 
transfer by end bearing can be used only 
when the designer is certain that under the 
most adverse load combination the bars are 
never required to carry tension. Bar ends 
should terminate in flat outer faces within 
1% degrees of a right angle to the axis of the 
bars and should be fitted within 3 degrees of 
full bearing after assembly (see Fig. E-22). 
End bearing splices should be used only in 
members containing closed ties, closed 
stirrups or spirals (Ref 28). 

The Code requirement regarding suitable 
devices, such as say a sleeve, to ensure con- 
centric bearing of the ends is important. 

25.3 Spacing of Reinforcement 

25.3.0 Clause 25.Z.Z of the Code 
distinguishes between pairs .of bars in 
contact and bundles of three or four bars 
grouped in contact. Some Codes (Ref 3) 

END BEARING) 

22 a END DEVIATION 22 b MAX. GAP 

Fig. E-22 End Bearing Splice 

Construction problems should -be con- 
sidered in the location of welded joints. It is 
the responsibility of the designer to give 

maintain this distinction while specifying the 
equivalent diameter. As the Code is silent on 
this issue, it is recommended that this rule be 
applied to pairs of bars in contact as well. 

*Code of practice for welding of mild steel plain and 
deformed bars reinforced concrete construction Cfirst 25.3.1 MINIMUM DISTANCE BETWEEN 
revision). INDIVIWAL BARS - Clause 4.2.4. I which 
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deals with maximum size of aggregates is 

partially complementary to ,?_5._?, 1. It is co:!- 

venient to fix ?he nominal maximum size ot 

the aggregate first and then to detail the 
spacing between reinforcements. 

Note That minimum spacing is measured 
clear betwcsn wo adjacent bars, or between 

a single bar ,i,ild an adjacent lap splice. ‘I-he 

clear distance limitations betwen bars are 

based on successful practical consideration 
and remain essentially unchanged from thai 
of the 1964 version. The minimum limits arc 
intended to permit concrete to !‘l~n readily 

around the bars and to obtain I;~_tr~~a;~ic 

compaction. 

Note that the entire Clause, speaks of only 

individual bars, and the mention of group in 

para (b) does not apply for bars bundled in 
contact or pair of bars in contact. A> pairs 

and bundles are subject to high bond 

stresses, special precautions should be taken 
to ensure that there is adequate spacing 

between the pairs or bundles. The vertical 

spacing between bars is subjected to the 
same spacing as that of horizontal spacihg 
subject to a minimum of 15 mm. 

In this connection it is to be mentioned 

here that bundling of bars may be particular- 

ly useful in reducing congestion (see 

Fig. E-23). 

Y 
HORIZONTAL 
SPACING I 
ia h,+s) 

i --!I--- 

s’b 8 
88 8 

8 
8 

‘23a VERTICAL PAIRS 

, ,- HORIZONTAL 

W : 24-1983 

23.3.1 MAXIMVM DISTA:KX BETWEEN BARS IN 
?i~,wroh --Clause 34.3.2 cuggests that, for 
<tructures exposed to mild or moderate 
wvironment (described in Table 19), the 
swface width of cracks should not exceed 
0.3 mm. The maximum clear dista:ws given 
in ‘l‘ablc 10 are based on this rcqrSwnerrt. 

2.5.4 Covr~ t9 Kein~~~rcEment-‘I‘hc cover 
req’uirementa specified herein are applicable 

to cast in-situ reinforced structures and are 
::ot applicable to precast construction. 

i.esser thickness than those specified herein 
n;‘li’ be permissible for precast constructjo& 

2S.4. I !o 25.4.2.3--Clear cover re- 

quirements are essentially the same as in 

1964 version of the Code, but the additional 
cover required for concrete exposed to ag- 

gressive agents is dcait.with more elaborately 
in the Clauses that follow 2.7.4.1. In hnliow 
block siabs, the 5ide cover to reinforcemerlt 

may be 10 mm Isee ZP.;7(c)l. 

Use of bundled bar-s IS permitted in 25. I.! 

and when minimum concrete cover is based 
on bar diameter, a group of bars bundled in 
contact should be treated as a single bar of 
diameter derived froIn the total equivalent 
area (see 25.3.0). 

Cover to reinforcement is provided to 

23 b HORIZONTAL PAIRS 

_A- 
IERTICAL 
iPACING 

7 

h-a= MAXIMUM SIZE OF 

23 c BUNDLES 

Fig. E-23 Minimum Bar Spacing Between Groups of Bars 
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develop the required bond strength and to 
protect the reinforcement against corrosion. 
Susceptibility of corrosion of the steel is 
governed by the cover provided and the 
permeability of the concrete (see 7.1). 
Therefore, in addition to providing the re- 
quired cover, it should also be ensured that 
the concrete is well compacted, dense and 
impermeable. Also it is necessary to specify 
concrete mix details to provide the required 
durability (see Table 19). When high 
strength deformed bars are used, the 
development length (or bond strength) may 
be governed by the cover, especially with 
large diameter bars. Consideration of cover 
in relation to bond strength of steel may 
become necessary when bars of large 
diameters, that is, greater than 36 mm are 
lapped (Ref 29). 

The values of cover suggested in the Code 
and which will be shown in the drawings are 
nominal. Clause 11.3 permits tolerances 
from these nominal values, that is, the cover 
shall in no case be reduced by more than 
one-third of specified cover or 5 mm, 
whichever is less. During construction it 
should be ensured that these tolerances are 
met with (see also comments on 11.3). 

Where a member is required to have 
resistance to fire, the nominal cover may 
have to be increased to the main bars to ire- 
vent premature spalling of concrete cover. 
(see comments on 20.2). 

In general, the risk of corrosion of steel is 
more when a reinforced concrete member is 
periodically immersed in sea water than 
when continuously submerged in sea water. 
Hence greater cover is required for reinforc- 
ed concrete members subject to alternate 
wetting and drying of sea water. 

Clauses 25.41 to 25.4.2.3 give the 
nominal cover for concretes made with dense 
natural aggregates conforming to IS : 383- 
1970*. The cover may have to be increased 
where lightweight or porous aggregates are 
used. 

‘Any other reinforcement’ specified in 
25.41 sub-para (e) of the Code includes 
shear reinforcement (stirrups) in beams and 
lateral ties in columns. 

25.5 Requirements of Reinforcement for 
- 

*Specification for coarse and fine aggregates frqm 
natural sources for concrete (second revision). 

Structural Members- For requirements 
concerning reinforced concrete walls, 
see 31.4. 

25.5.1 BEAMS 

25.5.1.1 TENSIONREINFORCEMENT- Thepro- 
visions for a minimum amount of tensile 
reinforcement applies to those beams which 
for architectural or other reasons are much 
larger in cross-section than required by 
strength considerations alone. With a very 
small amount of tensile reinforcement, the 
strength computed by assuming a cracked 
reinforced concrete section becomes less 
than that of a corresponding plain concrete 
section computed from its modulus of rup- 
ture. In such beams, failure will be sudden. 
To prevent such a possibility the Code re- 
quires a minimum amount of steel. This re- 
quirement will give tension reinforcement as 
0.34 percent for mild steel (J, = 250 N/mm? 
and 0.20 percent for cold-worked deformed 
bars (_& 7 415 N/mm*). The requirement 
gives approximately the same 0.3 percent mini- 
mum (for mild steel) as required in the 1964 
version of the Code. 

The minimum reinforcement required for 
slabs (see 25.5.2.1) is less than that required 
for beams, since an overload will be 
distributed laterally and a sudden failure will 
be. less likely, and, therefore, is based on 
shrinkage and temperature effects. 

MAXIMUM REINFORCEMENT- The restriction 
indicated here arises from convenience in 
construction and is similar to the considera- 
tions for limiting the longitudinal reinforce- 
ment in column given in 25.5.3.1 (a) of the 
Code. 

Note that a steel area of 4 percent will be 
on the high side for a singly reinforced sec- 
tion. However, it will be possible to reach 
steel areas of about 3 percent to 4 percent 
when doubly reinforced sections are 
designed. 

For earthquake resistant designs, 
IS : 43261976* recommends that the maxi- 

A mum tensile steel ratio, s should be, 
bd 

pC + 0.15 fcu, where pC is the actual steel 
fY 

*Code of practice for earthquake resistant design and 
construction of buildings (first revision). 

‘k8 
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ratio _& on the compression face. arranged that a potential shear crack 

bd assumed at 45” inclination to the axis of 
the member is crossed at least by one of 

25.5.1.2 COMPRESSION REINFORCEMENT- such stirruos. 
[see also 25.5.1.1 and 25.5.3. I(a)]. The 
restriction indicated here arises from re- 

25.5.1.6 MINIMUM SHEAR REINFORCEMENT- 

quirements of convenience in construction. 
Shear reinforcement restrains the growth of 
inclined shear cracks and hence increases 

Whenever compression reinforcement is 
introduced in the beam, in order to take up 
additional moments (and not merely as stir- 
rup hangers), it should be ensured that this 
reinforcement is effectively restrained just as 
in columns. Application of 25.5.3.2 will in 
essence mean that the diameter of the stirrup 
should be at least one-fourth of the diameter 
of the largest longitudinal bar and the spat- 
ing should not e.<ceed sixteen times the 
diameter of the smallest longitudinal bar. 

ductility and provides a warning of the im- 
pending failure. In an unreinforced web, the 
sudden fcrmation of an inclined crack might 
lead to abrupt and sudden failures without 
warning. Accordingly, a minimum amount 
of shear reinforcement is specified. Many 
times this provision will govern design 
requirement and not 39.4 and 47.4. 

‘The permissible value in shear’ refers to 
the shear strength of concrete, given in 
39.2.1 for limit Gate method and 47.2.1 for 

25.5.1.3 SIDE FACE REINFORCEMENT--l-This 
rule takes into consideration crack width 
limitation as well as lateral buckling of web 
in beams. 

25.5.1.4 TRANSVERSE REINFORCEMENT IN 
BEAMS FOR SHEAR AND TORSION-Thin cover to 
stirrup should be avoided [see comments on 
25.2.2.4(b)]. 

For flanged beams the Code favours the 
arrangement shown in Fig. E-24, especially 
if 48.4.3 is considered. 

r 
SLAB 
REINFORCEMENT 

Fig. E-24 Shear and Torsional Reinforce- 
ment in Flanged Beams 

working stress method. 

Stirrups may be omitted in slabs and 
footings also, provided that the punching 
shear stress is sufficiently low. 

25.5.1.7 DISTRIBUTION OF TORSION REIN- 
FORCEMENT- When torsion arises from the 
requirements of compatibility, and when 
equilibrium can be maintained without tor- 
sion in the member under consideration, 
specific provision need .not be made to resikt 
torsional stresses. In any beam, the 
minimum shear reinforcements should be 
provided. 

a) Stirrups- Note that single legged stir- 
rups, and U-shaped stirrups are not to 
be used for resisting torsion, as these 
will not be effective. Also inclined 
stirrups and bent up bars are not 
recognised for torsion reinforcement. 

The limits on spacing of stirrups are 
intended to ensure the development of 
the torsional strength of the beam, to 
prevent excessive loss of torsional stiff- 
ness after cracking and to control 
crack widths. 

b) Longitudinal reinforcement- Bars 
are required at each corner to form a 
closed stirrup and to provide satisfac- 
tory anchorage to the stirrup. 

25.5.1.5 MAXIMUM SPACING OF SHEAR REIN- 25.5.1.8 In major T-beams and L-beams, 

FORCEMENT- For vertical stirrups, a spacing distribution of the negative reinforcement 

of 0.75 d ensures that a potential shear crack for control of cracking must take into 

(inclined crack) is crossed by at least one account two considerations: 

stirrup. By a similar consideration, inclined a) Wide spacing of the reinforcement 
stirrups (see 39.4 and 47.4) should be so across the full .effective width of 
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flange may cause some wide cracks to 
form in the slab near the web; and 

b) Close spacing of reinforcement near 
the web leaves the outer regions of the 
flange unprotected. The l/10 of the 
span (effective span) limitation is to 
guard against too wide a spacing with 
some additional reinforcement re- 
quired to protect the outer portions of 
the flange. 

25.5.2 SLABS 

25.5.2.Z This rule applies principally to 
solid slabs and not to ribbed, hollow block 
or voided slabs. The minimum amounts 
recommended are empirical and are intended 
to take care of shrinkage and temperature 
stresses. 

25.5.2.2 - 

25.5.3 COLUMNS 

25.5.3.1 LONGITUDINAL REINFORCEMENT 

a) Minimum reinforcement-The design 
method for columns suggested in 38.3 
and 45.1 incorporate separate terms 
for the load carried by concrete and 
by longitudinal reinforcement to en- 
sure that only reinforced concrete col- 
umns are designed by these pro- 
cedures. Reinforcement is necessary 
to provide resistance to bending, 
which may exist whether or not com- 
putations show that bending exists, 
and to reduce the effect of creep and 
shrinkage of concrete under sustained 
loading. It has been observed that 
creep and shrinkage tend to transfer 
load to the reinforcement, with a con- 
sequent increase in stress in reinforce- 
ment, and that this increase is greater 
as the ratio of reinforcement 
decreases. Unless lower limit is placed 
on this ratio, the stress in reinforce- 
ment may increase to yield level under 
sustained load. 

For nominal reinforcement in 
pedestals, see 25.5.3.1(b). Re- 
quirements of minimum reinforcement 
in wall are given in 31.4. 

Maximum reinforcement-The in- 
dicated limit can be considered as a 
practical maximum in terms of 
requirements of placing of concrete. 

b) 

c) 

4 

e) 
f) 
ia 
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Further restrictions are sometimes 
necessary on longitudinal steel; to say 
2 % percent of gross area in the case of 
mild steel bars and 4 percent in the 
case of cold-worked bars, whenever 
heavy live loads are likely to come on 
the columns for a long period and are 
subsequently removed, as in the case 
of columns supporting bins and silos; 
Larger column sections may be 
adopted either for meeting local 
building regulations (say with respect 
to fire resistance) or to use standard 
formworks or moulds. In such cases 
of lightly loaded columns, the Code 
permits the calculation of minimum 
steel on the basis of the area of con- 
crete required to resist the direct 
stress. Two points may be mentioned: 

1) 

2) 

A minimum limit in such cases 
will be that corresponding to 
pedestals, that is, 0.15 percent of 

.gross area [see 25.5.3.1(h)]. 
If the column is a part of a 
framework, accidental removal of 
the column in the lower storey 
may convert the column under 
consideration into a tie carrying 
tension. Reference 3 suggests a 
minimum steel area of 0*15 p 

fY 
to take care of this contingency. 
(where P is the ultimate axial load 
imposed on the column, express- 
ed in Newtons, and f, is expressed 
in N/mm*). 
In all cases the minimum number 
of bars and the minimum dia- 
meter of longitudinal bars must 
be provided. 

For shapes other than rectangular 
or circular, at least one bar should 
be provided at each apex or corner 
with proper lateral reinforcement 
provided. 
The minimum diameter is based on 
the requirements of stiffness and, 
therefore, is independent of the 
strength or type of the steel. 
- 

- 

When columns carry large bending 
moments and small axial forces, they 
can be approximated to beams. In 
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such cases, reinforcements at the sides 
will be necessary to control crack 
width, and the considerations will be 
similar to those for side face rein- 
forcement in beams (see 25.5.Z.3). 

h) (see comment on 24. I. I). 

25.5.3.2 TRANSVERSE REINFORCEMENT 

4 

b) 

cl 

General- The design recommenda- 
tions in the Code are based on the 
assumption that the members will be 
so detailed that the participation of 
steel in the reinforced concrete will be 
such that: 

1) 

2) 

reinforcing bars will carry their 
intended portion of the load until 
ultimate conditions are reached; 
and 
members will have adequate 
ductility so that abrupt failures 
under overload conditions will be 
avoided. 

With reference to columns, these 
requirements may be restated as: 

1) 

2) 

the longitudinal bars should be 
restrained adequately by means of 
ties properly spaced and enclosed 
to avoid premature buckling of 
longitudinal bars; and 
the concrete in the core should be 
adequately confined, so that 
reasonable ductility is ensured. 

The rest of the rules in sub-clauses of 
25.5.3.2 follow from these re- 
quirements. 
In earthquake resistant design of 
reinforced concrete columns, special 
confining reinforcements and shear 
reinforcements will be required. 
Arrangement of transverse rein- 
forcement-This rule ensures that the 
concrete in the core is adequately con- 
fined, resulting in ductile behaviour 
under overloads. The effectiveness of 
transverse reinforcement comes from 
the location at which the longitudinal 
steel is held rigidly in position and not 
from the straight portion of ties exten- 
ding between corner bars (see Fig. 
E-25). Therefore, the Code indicates 
the requirement of supplementary 
cross ties for effective confining of 
concrete. 

Pitch and diameter of lateral ties 

MAIN EAR r STIRRUP DEFLECTS 
0 UTWARD 

UNCONFINED 

LARGE SPACfN6 -I 

Fig. E-25 Improper Confinement of Core 
in a Column 

1) Pitch - Column bars carrying 
compression loads are liable to 
buckle when ultimate failure con- 
ditions are approached. 
Therefore, transverse ties must 
provide adequate lateral support 
to each longitudinal bar to pre- 
vent instability that is, outward 
movement of the bar. From 
theoretical considerations, .it has 
been shown that the critical un- 
supported length for buckling of 
compression bars will be in excess 
of sixteen times the bar diameter 
(Ref 31). 

2) Diameter-Ties must be stiff 
enough to prevent lateral dis- 
placement of the longitudinal 
bars when ultimate failure condi- 
tions are reached. Here it is not 
the strength but rather the stiff- 
ness of the ties that govern. 
Therefore, the size of the ties is 
independent of the type or grade 
of steel used. 

d) Helical reinforcement 
Pitch -An increase in load capacity 
(5 percent) is allowed for columns 
with helical transverse rein- 
forcements, according to 38.4 and 
45.2, provided that the volume of 
helical reinforcement satisfies 38.4.1. 
In such cases, the load capacity of the 
column depends on the area of con- 
crete available within the core and in 
order that the full capacity of the core 
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is mobilised it should be confined 
effectively, thereby ensuring a triaxial 
state of stress inside the core. Hence 
the requirement of small pitch for the 
helical reinforcement. 

25.5.3.3 This rule is a specific application 
of 25.2.2.6. Wherever the steel force changes 
its direction, such as at the offset bends, 
transverse forces are required to maintain 
equilibrium. Additional ties should be plac- 
ed at such bends and they should have ade- 
quate strength to take up the outward 
transverse component of the vertical force at 
the bend when the longitudinal bar is stress- 
ed to its design value (see Fig. E-26). Note 
that in the column face illustrated in 
Fig. E-26, additional stirrup will be required 
only near the bottom crank. 

26. EXPANSION JOINTS 

26.1 The width of expanison joints bet- 
ween adjacent structures or parts of the same 
structure which are dissimilar in mass or stiff- 
ness should provide for the maximum 
amplitudes of the motion of each structure 
or part in earthquake resistant design of 
buildings. 

26.2 - 
-. 

1 

26.3 Joints are classified as: 
a) Construction joints (see 12.4) 
b) Movement joints 

1) Contraction joints 
2) Expansion joints 

Guidance for location, design and con- 
struction of different types of movement 
joints in buildings is given in 

INCLINED PORTION TO BE 

COLUMN 
6 FACE 

--d 

Fig. E-26 Splice with Offset Cranked Bar 
in a Column 

IS : 34141968*, which is meant focgeneral 
building construction including concrete 
buildings. When earthquake forces are to be 
considered in design, parts of the structures 
may have to be separated from adjacent ones 
and in such cases the location and gaps of 
the separations may have to be different 
from that for ordinary building (see 
IS : 43261976t). Joints in concrete struc- 
tures for’ storage of liquids are dealt 
separately in IS : 3370 (Part I)-1965$. 

*Code of practice for design and installation of joints 
in buildings. 

tCode of practice for earthquake resistant design and 
construction of building Cfirsf revision). 

$Code of practice for concrete structure-s for the 
storage of liquids: Part I General requirements. 
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SECTION 4 SPECIAL DESIGN REQUIREMENTS 
FOR STRUCTURAL MEMBERS AND SYSTEMS 

27. GENERAL 

27.1 - 

28. DEEP BEAMS 

28. I General 

a) The provisions given in 28 are based 
on the work reported in Reference 32. 
It has been observed that, for deep 
beams, having small values of effec- 
tive span to overall depth ratio (that is 
1 

6 
c 24, the assutiption of plane 

sections before bending remain plane 
after bending is not valid and shall be 
designed taking account of non-linear 
distribution of stress and lateral 
buckling. In such a situation, special 
requirements regarding disposition 
and detailing of reinforcement are 
necessary. The provisions of 28 and its 
Subclauses of the Code are applicable 
mainly when the deep beam is 
uniformly loaded from the top. In 
addition, special detailing provisions 
for deep beams loaded from bottom 
face are given in 28.3.3. For other 
types of loadings, specialist literature 
may be referred to (Ref 7 and 20). 

b) - 

28.2 Lever Arm-In deep beams, the 
requirement for flexural reinforcement is not 
large, and a high degree of accuracy for its 
determination is not necessary. Therefore, 
reinforcement is determined using the ap- 
proximate values of lever arms given here 
which have been derived from experiments. 
These expressions for lever arm take into 
account the distribution of the reinforce- 
ments as defined in 28.3.1(c) and 28.3.2(b), 
respectively, for simply supported beams 
and continuous beams. 

It may be noted that the definition of 
effective span 1, given in 28 is different from 
that of the usual definition of effective span 
for normal beams given in 21.2. 

28.3 Reinforcement-The detailing rules 
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given in 28.3 and its sub-clauses are such that 
a separate check for shear is not required 
[see 28. I(b)]. The area of flexural reinforce- 
ment provided in a deep beam should be at 
least equal to that required for a normal 
beam subjected to the given imposed mo- 
ment, the width of beam being same as that 
for the deep beam and lever arms as given in 
28.2. 

28.3. I POSITIVE REINFORCEMENT- Positive 
reinforcement is the reinforcement provided 
in the mid-span of a deep beti on its tension 
side. The negative reinforcement (see 29.3.2) 
refers to the reinforcement provided on the 
tension face of a deep beam at the supports. 

4 

b) 

cl 

The loading applied at top of beam is 
carried to the supports, primarily by 
arch action. This requires very good 
anchorages and the extensions of the 
entire flexural reinforcement to the 
supports. Accordingly, curtailment of 
flexural reinforcements recommended 
for normal beams (see 25.2.3.3) is not 
permitted. 
Smaller diameter bars with sufficient 
development length or mechanical 
anchorages should be provided to pre- 
vent anchorage failure before the at- 
tainment of required strengths of the 
flexural reinforcement (see Fig. E-27). 
It has been observed (Ref 32) that the 
tension zone in the bottom of fhe 
beam is relatively small and accor- 
dingly the Code stipulates that the 
principal flexural reinforcement 
should be placed in the zone equal to 
0.250-0.051 adjacent to the tension 
face of the beam. The arrangement is 
illustrated in Fig. E-27. 

28.3.2 NEGATIVE REINFORCEMENT - 
Negative reinforcement in deep beams refers 
to the tensile reinforcement to resist the hog- 
ging moment over supports in case of con- 
tinuous spans. Figure E-28 shows the 
disposition of this reinforcement in case of 
deep, beams, having ND varying from less 
than unity (c 1) up to 2.5.~~Note that here 
the symbol I refers to the clear SmW deep 
beams and not the effective span, as in case 
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r NOMINI\L HORIZONTAL 
REINFORCEMENT PROVIDED 
IN COMPRESSION ZONE 

NOMINAL VERTICAL 
STIRRUPS 

ADDITIONAL 
REINFORCEMENT 
NEAR SUPPORT 

-f- 
0.25 D 
-0.05 1 

1 

I- POSITIVE FLEXURAL 
REINFORCEMENT I END BARS ARE TO BE 

ANCHORED FOR A 
DISTANCE oi Da&, 
AT BOTH SUPPORTS 

Fig. E-27 Reinforcement Detailing in Simply Supported Deep Beams 

of other clauses of the Code (namely 28.2, 
28.2 and 28.3.1). In Fig. E-28 the following 
points may be noted: 

a) 

b) 

c) 

d) 

Obviously, negative reinforcement 
can be terminated [see 28.3.2 (a)] only 
in such deep beams which have ND > 
1.0. This curtailment is to be done 
probably throughout for all the 
negative reinforcement. 
If l/D 12.5, no negative reinforce- 
ment need to be placed in the lower 
(web) zone (depth=0.60), [see E-28 
(a)] the beam acts as a shallow beam. 
For deep beams, having f/D 5 1 .O, the 
negative reinforcement is placed 
uniformly over the whole compression 
zone of depth 0.8D [(see Fig. E-28(c)]. 
Other cases, which are likely to be met 
with, can be detailed as shown in 
Fig. E-28 (b). 

28.3.3 VERTICAL REINFORCEMENT- When a 
deep beam is loaded at its bottom edge, the 
load is carried by vertical or inclined tension 
towards the supports. To enable the com- 
pression arch to develop, the whole of the 

suspended load is to be transferred by means 
of vertical reinforcement into the compres- 
sion zone of the beam. Care must be exercis- 
ed not to exceed the design strength of steel 
in the stirrups (or suspension rein- 
forcement). This will ensure that the d 

“p beam would not fail by splitting 
longitudinally along the flexural tensile rein- 
forcement and also will ensure a satisfactory 
crack control in the web region under service 
loads. Suspender stirrups should completely 
surround the bottom flexural reinforcement 
and extend into the compression zone of the 
wall beam as shown in Fig. E-29. The spac- 
ing of vertical reinforcement should not 
exceed 150 mm. Another case where suspen- 
sion reinforcement is provided is when loads 
or reactions are introduced along the full 
depth of a beam, for example, when ‘deep 
wall beams support each other. (For details 
see Ref 20). 

Separate consideration of shear rein- 
forcements, as .in the case of shallow beams, 
will not be necessary for deep beams. 

28.3.4 SIDE FACE REINFORCEMENT-The 
minimum requirements are intended to 
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CONTINUING 
BARS 

A,, = As 

As2(NlL IN THIS CASE) 

I 
I I 

CURTAILED BARS\ J 

c----+~c-------~ 
28a CLEAR SPAN/OVERALL DEPTH Ii)=2-5 

CONT;N;;s” G 

p=-!e 

ASI = 0*5A, 

CURTAILED 
BARS -j 

I I I 
I d 

28 b CLEAFi SPAN/OVERALL DEPTH t$r;+5 

r ALL BARS CONT,NUING f-AS 

\ I I I 

28 c CLEAR SPAN/ OVERALL DEPTH $j) c “O 

A,= AREA OF NEGATIVE REINFORCEMENT 

Fig. E-28 Disposition of Negative Reinforcement in Continuous Deep Beams (Clause 28.3.2) 

control cracking due to shrinkage and 29. RIBBED, HOLLOW BLOCK OR 
temperature and also to resist lateral buckl- VOIDED SLAB 
ing. Then the deep beam is loaded at the 
bottom edge, 28.3.3 should be applied for 29.1 General-(See Ref 3 and also 29.8). 
determination of vertical reinforcement Clauses 29. I to 29.7 are intended for in-situ 
(suspender bars). construction, constructed in one of the ways 

77 



SP : 24-1983 

/- SUSPENDED 
-i bw I- ST JRRUPS 

D 
I-- 

O-8 D 
OR 

08 1 

l-l 

SUSPENDED 

REDUCED LENGTH 
OF STIRRUPS 
NEAR SUPPORT 

POSITIVE FLEXURAL 
REINFORCEMENT WITH 
END ANCHORAGE 

Fig. E-29 Suspender Bars for Deep Beams 

described in para (a), (b) and (c) and Clause 
29.8 for construction with precast joists. The 
sub-paras (a), (b) and (c) correspond to ribb- 
ed slabs, hollow block slabs and voided 
slabs, respectively. 

Ribbed slabs and hollow block slabs (see 
Fig. E-30) are provided with a concrete top- 

HOLLOW TILE 

I- 
FLOOR FINISH BLOCKS 

ping. The Code is silent on the issue whether 
this topping can be used for computing the 
structural strengths. As the topping transfers 
the load by arching action, its depth should 
be at least one-tenth of the clear distance 
between the ribs in slabs with or without 
permanent fillh blocks whenever the topp- 
ing is reckoned in structural strengths 

r MESH 
l- TOPPING 

EFFECTIVE WIDTH 
SLIP TILE J OF RIB FOR 

CALCULATING 
SHEAR STRESS 

Fig. E-30 Ho110 w Clay-Block Floor 

78 

, 



calculations. IS : 6061 (Part II)-1971* sug- 
gests a minimum topping thickness of 50 mm 
for cement concrete and this value may be 
taken as a guide. Further information on the 
thickness of topIjing may be obtained from 
Ref 3. 

29.2 Analysis of Structure-It is assumed 
in the Code that the size and position of ribs 
will be according to 29.5. 

Ribbed, hollow block and voided slabs are 
essentially designed as slabs spanning one- 
way and for these cases 23.2 will be relevant. 
23.4 speaks of ribbed slabs spanning in two 
directions and probably refers to waffle 
slabs. 

The designer is permitted to idealize con- 
tinuous spans as a series of simple spans 
because it may not be feasible to arrange the 
reinforcements over the supports within the 
restricted space available in the ribs. In such 
cases, however, crack control rein- 
forcements required in para (b) of 29.7 
should be provided over the support regions. 

29.3 Shear--See Fig. E-30). 

29.4 Deflection-If a slab, through con- 
tinuous over supports, is designed as simply 
supported [see 29.2 and para (b) of 29.7j 
then it should be treated as simply supported 
for the purpose of checking the ratio of span 
to effective depth given in 22.2.1. 

29.5 Size and Position of Ribs- The con- 
ditions laid down are intended to ensure that 
the methods of analysis permitted in 29.2 are 
justified. Where the slab is arranged to span 
in one direction, it is suggested that, in addi- 
tion to the condition specified in the clause, 
a minimum of five ribS be provided. 

29.6 Hollow Blocks and Formers 

29.7 Arrangement of Reinforcement: 

a) As a general rule, 50 percent of the 
mid span reinforcements in slabs 
should extend into the supports. 
Anchorage requirements will be in ac- 
cordance with para (a) of 25.2.3.3. 

*Code of practice for construction of floor and roof 
with joists and hollow filler blocks: Part II With hollow 
clay filler blocks. 
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b) The system of treating continuous 
slabs as simply supported has arisen in 
practice because of the difficulty of 
providing enough top steel in the ribs 
over supports to resist the moments 
which would arise from treating the 
slabs as continuous. From the point of 
view of safety, this is likely to be 
satisfactory. However, from the point 
of view of serviceability, its sufficien- 
cy is more doubtful. Effectively 
designing this way is asking for a very 
large redistribution in the support 
section. This means that, even under 
dead load, the support steel will yield 
if the concrete cracks, and it cannot, 
therefore, act effectively as anti-crack 
reinforcement. It may well be that 
cracks in the top surface of slabs over 
the supports are often not serious, the 
cracks being covered by floor finishes 
or partitions. The designer should 
nevertheless be aware that this method 
of design does have risks of serious 
cracking associated with it. 

c) It is suggested to provide a single layer 
of mesh having cross-sectional area,of 
not less than 0.12 percent of the topp- 
ing in each direction. 

30. FLAT SLABS 

30.1 

a) 

b) 

c) 

General 

(See also 23.4)- Ribbed slabs spdnn- 
ing in two directions at right angles 
may also be treated as solid slabs pro- 
vided that the spacing of the ribs is not 
more than 12 times the flange 
thickness. 
The two design methods, namely the 
empirical method and the continuous 
frame method given in the 1964 ver- 
sion of IS : 456 have been 
redesignated now as ‘direct design 
method’ and ‘equivalent frame 
method’ respectively, but have been 
brought into closer agreement, 
especially through 30.5.4. 
The Code now incorporates substan- 
tial revisions. The methods of analysis 
and design follow closely those of 
which were based on the extensive 
research at the University of Illinois, 
USA referred to in the commentry to 
AC1 318-1977. 



SP : 24-1983 

COLUMN MIDCLE( COLUMN tdW;E C;#MpN 
STRIP STRIP ST RIP I 

Fig. E-31 Panels, Column Strips and Middle Strips 

30.1.1 The definitions of column strip, 
middle strip and panel are illustrated in 
Fig. E-31. 

Panel-An unambiguous definition of 
‘Panel’ is as follows: 

Panel means that part of a slab bounded 
/ on each of its four sides by the centre lines of 

the columns. 

30.2 Proportioning 

30.2.1 THICKNESS OF 

referring to 22.2.1 and 
FLAT SLAB - While 

Fig. 3 of the Code, _ . 
the average percentage of steel across the 
whole width of the panel at mid span should 
be used for computing the modification 
factor for tension reinforcement. 

For the span/depth ratios of flat slabs, the 
Code stipulates that the longer,span should 
be considered and this is in contrast to the 
Note given in 23.1 which recommends the 
consideration of short span for slabs span- 
ning in two directions. 

30.2.2 DROPS- Drops are usually provided 
for the purpose of reducing the shear stresses 
around the column supports and also for 
reducing the amount of negative rein- 
forcements in the support regions. 

The Code does not specify the minimum 
thickness (projection below the slab) for the 
drop. According to Ref 28, this should be 
at least l/4 the thickness of slab wherever 
provided. 
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See also 30.7.2 (b), for the limit on drop 
thickness for the purpose of computing 
negative reinforcement over supports. 

30.2.3 COLUMN HEADs - Column heads 
and similar arrangements at the top of a 
column are intended primarily to increase 
the capacity of the slab to resist punching 
shear. On this basis, a theoretical 45 degree 
failure plane can be defined, outside of 
which enlargements of the support would be 
ineffective in transferring shear into the 
column. 

The proportions of Column head affect 
the following points in design: 

b) 

cl 

4 

In calculating the absolute sum, MO 
of the bending moments, the clear 
span 1, is to be taken as the distance 
from face to face of columns or 
capitals (see 30.4.2.2). From this it 
could also be inferred that the maxi- 
mum height of the column head 
is limited to 0.175 I, for design 
purposes. 

The stiffening effect of flared column 
heads may be ignored [see comments 
on 30.5.1 (d)]. 

The critical section for shear should 
be taken at a #stance d/2 from the 
column/capital (see 30.6. I). 

Openings should not encroach on 
column heads (see 30.6.1.2). 



30.3 Determination of Bending Moment - 
The Code permits two specific methods of 
design, the equivalent frame method and the 
direct design method, both of which repre- 
sent progressive simplifications of the 
general statement and can be adopted pro- 
vided the limitations on these methods 
specified in 30.5.1 and 30.4.1 respectively 
are met. Both methods depend on the 
representation of a three dimensional struc- 
ture as a two dimensional system. 

30.3.1 METHODS OF ANALYSIS AND DESIGN - 

The two methods of design specified here, 
namely, direct design method, and 
equivalent frame method, correspond to the 
empirical method and continuous frame 
method of the 1964 version of the Code. 
Apart from the change in terminology; an 
important change in approach is that design 
requirements are now given for rectangular 
columns and if the columns are of other 
shapes, equivalent rectangular or square sec- 
tions should be considered. The reasons for 
changing over to rectangular columns are: 

a) rectangular shapes are more widely 
used; and 

b) more experimental data are available 
for flat slabs on rectangular columns 
and information is meagre for other 
cases. 

Any deviations from the limitations of 
proportions indicated should be justified by 
more rigorous methods of analysis and 
design in accordance with basic principles of 
structural mechanism and all serviceability 
conditions, including the specified limit on 
deflection are met. 

P 
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It is to be noted that the detailing rules 
given in Fig. 15 are applicable only when 
the analysis is done by direct design 
method. 

30.3.2 BENDING MOMENTS IN PANELS WITH 
MARGINAL BEAMS OR WALLS-The bending 
moments in the slab adjacent to the marginal 
beam, refers to those of 30.5.5. See also para 
(c) of 30.5.5.4 for moments in the middle 
strip adjacent and paralle! to an edge 
supported by wall. 

30.3.3 TRANSFER OF BENDING MOMENTS TO 
COLUMNS-This provision is to be complied 
by both the methods of design. 

Frequently slabs have to transfer moments 
in addition to shear in the case of (a) exterior 
columns of flat slabs, (b) interior columns in 
flat slabs when the adjacent spans are 
different in length or in loading, and (c) flat 
slab systems which resist lateral loads. Note 
that this clause will be relevant only to flat 
slabs (which contains no beams) which are 
required to transfer unbalanced moments to 
columns directly. 

Research on slab system without beams 
and in which the columns were square in- 
dicates that 60 percent of the unbalanced 
moment can be assumed to be transferred to 
the column by flexure of the slab and 40 per- 
cent by eccentricity of the shear forces about 
the centroid of the critical section (see 
Fig. E-32). While transfer through flexural 
action is covered here, the complementary 
portion for transfer by eccentricity of shear 
is given in 30.6.2.2 

,x 

+d 

‘2 MOMENT= MFLEXURE 

+ 

/-Cz +cJ 
%HEAR 

- SHEAR STRESS ON 
CRITICAL SECTION 

AND C2 ARE WIDTHS 

OF THE NOTIONAL SUPPORl 

Fig. E-32 Transfer of Moments to Columns 
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This clause is based on a study described 
in Ref 33 wherein columns with square sec- 
tion only were considered and little informa- 
tion is available on other shapes of cross- 
section .of columns. The -expression for (Y 
given in the Code has been obtained as an 
extension for rectangular shaped columns 
and accounts for the fact that the amount of 
moment transferred by flexure increases 
with an increase in the width of the face that 
resists the flexural action. 

Critical section for shear is defined 
in 30.6.1. If Cr and Cz are the dimensions of 
the column support, the corresponding 
dimension for critical section for shear will 
be C1 + d and C, + d respectively (see 
Fig. E-32). Note that d, the effective depth 
should be taken with respect to the total 
depth of drop or slab for flat slabs with and 
without drops respectively. The additional 
steel required for the transfer .of moment 
through flexure may be distributed over a 
width of C+ 30, and not the dimension 
C + D alone. 

The total unbalanced moment is to be 
distributed to the columns above and below 
the joint in proportion to their stiffness. The 
appropriate moment capacity must be 
provided in the columns. 

When the equivalent frame method is 
‘adopted, the unbalanced moments should be 
computed with respect to the critical sections 
for negative moments, specified in 30.5.3.1 
and 30.5.3.2. 

30.4 Direct Design Method-The direct 
design method gives a set of simplified rules 
including those of Fig. 15 of the Code that 
finally leads to the proportioning of slab 
sections to resist flexural and shear stresses. 

The limitations imposed on the 
applicability of the direct design method 
arise from the analytical and experimental 
studies from which it was developed, 
together with the precedents provided by 
structural systems designed and built in con- 
formity with the earlier Code. 

The following steps are involved in this 
method: 

a) Determination of the total design 
moment for the span (that is, the 
iso-static moment MO of a simply 
supported beam), with respect to each 
direction (30.4.2.2). 

b) Determination of negative and 
positive design moments along a span, 
as fractions of MO (30.4.3). 

cl Apportioning of these negative and 
positive design moments to column 
strips and. middle strips (30.4.4 and 
30.4.5). 

In addition, the columns must have a 
minimum stiffness and these should be pro- 
portioned to resist the moment arising from 
the effects of patterned loadings. The cor- 
responding requirements are given in 30.4.5 
and 30.4.6 respectively. 

30.4.1 LtMrrArtoNs-AnYmportant limita- 
tion, not mentioned in the Code, is that the 
direct design method can be applied only for 
gravity loads which are uniformly 
distributed over the panels. When lateral 
loads are considered, shear walls or other 
bracing elements designed to resist the entire 
lateral loads must be provided, if the direct 
design method is to be applied (see Ref 3 
and 28). 

a) 

b) 

d 

d) 

e) 

At least three spans are required 
because the negative bending moment 
at an interior support in a two-bay 
structure can easily exceed the values 
specified in the method. 
If the ratio of panel length to panel 
width exceeds two, the panel becomes 
virtually a one-way slab and the direct 
design method cannot be extended to 
such cases. 
Provision of 10 percent offset of 
columns is considered a reasonable 
practical limit. If the column offsets 
result in variation of spans in the 
transverse direction, the adjacent 
transverse spans should be averaged 
while carrying out the analysis (see 
30.4.2.4). 
Maximum ratio between the suc- 
cessive spans than specified may 
develop negative bending moment in 
regions for which design is made only 
for positive moment. When the suc- 
cessive spans differ in the transverse 
direction, the average value should be 
considered for determination of MO 
(see 30.4.2.4). 

The limitation on the ratio of live load 
to dead load is imposed in considera- 
tion of the effects of pattern loading. 
If the ratio of live load to dead load 
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exceeds three, moments produced by 
pattern loading would be more severe 
than those calculated according to the 
direct design method. 

30.4.2 TOTAL DESIGN MOMENT FOR A SPAN 

30.4.2.1 - 

30.4.2.2 The formula for total moment is 
based on the assumption that the panel is 
supported at the edges of the support. This is 
justified by the success of the method used in 
the earlier Code in producing safe structures. 
The values of clear span shall not be taken 
less than 0.65 I, to prevent undue reductions 
in design moment when the columns are long 
and narrow in cross-section or have large 
brackets or capitals. 

30.4.2.3 As the expression for MO ‘in’ 
30.4.2.2 is meant for rectangular column 
support, supports that are not rectangular/ 
square are replaced by equivalent rec- 
tangular/square supports having the same 
area. This device simplifies the use of design 
methods and is generally conservative. 
Equivalent square sections for a few typical 
shapes of cross-sections are given in 
Fig. E-33. 
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the design practice that has been in vogue. 
Figure E-34 provides a summary of the pro- 
visions in 30.4.3.1 to 30.4.3.3. The design 
moments obtained are for the entire width of 
the panel and these should be distributed to 
column strips and middle strips as specified 
in 30.5.5. 

30.4.3.1 - 

30.4.3.2 - 

30.4.3.3 It will be adequate to assume the 
gross concrete cross-section for computing 

the flexural stiffnesses (K = L), since in the 
I 

equivalent frame method also this value is 
permitted [see 30.5. I (c)l. 

Since the use of the direct design method is 
limited by the requirements of 30.4.1, it is 
permissible to use uniform cross sections 
between column ‘centre-lines for computing 
KS (see Ref 34). 

The detailing of the reinforcement for 
transferring the moment from the slab to the 
exterior column is important and should be 
done according to 30.3.3 and 30.6.2.2. 

0.89 h 

l-i 
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% 
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d 

Fig. E-33 Equivalent Square Sections for Typical Cross Sections 

30.4.2.4 - 

30.4.2.5 - 

30.4.3 NEGATIVE AND POSITIVE DESIGN 
MOMENTS-The coefficients recommended 
for obtaining the negative and positive 
design moments from the iso-static bending 
moment MO, are based on analytical studies 
on the distribution of elastic moments in 
different slab configurations, tempered by 
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30.4.3.4 The reduction in moments is bas- 
ed on the redistribution of moments (see 
21.7, 36.1. I and 43.2). Though redistribu- 
tion up to 30 percent is permitted in 36.1.1, 
here it is restricted to 10 percent because of 
the approximations and limitations inherent 
in the idealization and the simplified method 
of analysis recommended. Clauses 21.7, 
36.1.1 and 43.2 on redistribution of 
moments should not be applied for flat 
slabs. 
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Fig. E-34 Rules for Dividing the Total Static Moment into 
Negative and Positive Design Moments 

30.4.3.5 If no further analysis is made to 
distribute the unbalanced moment, the entire 
unbalanced moment should be transferred to 
the columns in accordance with 30.3.3 
and 30.6.2.2. If an analysis is made to distri- 
bute unbalanced moments, flexural stiffnesses 
may be obtained on the basis of gross con- 
crete sections of the members involved. 

30.4.4 The critical cross-sections for bend- 
ing moments are the midspan section and 
support faces for each span, since 30.4.3.1 
states that the negative design moments 
should be located at the face of rectangular 
supports. 

30.4.5 MOMENTS IN COLUMNS 

30.4.5.1 and 30.4.5.2 This rule provides 
for the design of interior columns for a 
specific level of unbalanced moment based 
on the application of half the live load to the 
longer of the adjacent spans. (For exterior 
columns the design moment is derived direct- 
ly from the negative moment in the column 
strip). Application of the formula requires 
the determination of (Y, for interior columns. 

The expression for M has been derived for 
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the case of two adjacent unequal spans, by 
placing full dead load plus half live load on 
the longer span, and dead load only on the 
shorter span, thereby accounting partially 
for the effects of pattern loading. 

30.4.6 EFFECTS OF PATTERN LOADING- The 
direct design method makes no direct provi- 
sion for unbalanced live loads, except 
in 30.4.5.2 which gives the moments in 
columns arising from the effects of pattern 
loading. In the absence of further limita- 
tions, it is likely that the slab bending 
moments could exceed the prescribed values 
for full loading (on all spans) by as much as 
100 percent. This clause limits the possible 
increases in moment that results from pat- 
tern loading at service load level. If the flex- 
ural stiffness of the columns above and 
below the slab are such that the value of OL, 
falls below the permissible minimum, 
moments due to pattern loading are likely to 
exceed the calculated values by more than 
one-third and the positive design moments 
must be increased according to the formula. 
A similar relief for unbalanced live load con- 
dition is given in the equivalent frame 
method, in 30.5.2.3 (Ref 35). 



30.5 Equivalent Frame Method- The 
equivalent frame method (which cor- 
responds to the continuous frame method of 
the 1964 version of the Code) is intended for 
the cases that fall outside the limitations 
of 30.4 given for the direct design method 
and will be compulsory when the frame is re- 
quired to resist lateral loads. It differs from 
the direct design method up to the stage of 
determining the negative and positive design 
moments (30.4.3) and thereafter, the appor- 
tioning of the moments to column strips and 
middle strips across a panel width (30.5.5) is 
common to both the methods. Herein, the 
three-dimensional slab-and-column system is 
represented by a series of two dimensional 
frames taken longitudinally and transversely 
through the structure and which are analysed 
for loads acting in the plane of the frames 
[see para (b) of 30.5.11. Each frame com- 
prises a slab-beam section of width equal to 
the distance between panel centrelines and 
the columns above and below the beam. 
Figure E-35 shows the idealization for this 
method of analysis for one direction. 

The equivalent frame method gives the 
design moments and shear forces in the two 
directions at right angles, which must be pro- 
vided for, in order to satisfy the equilibrium 
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requirements for slabs. However, the loads 
on columns can be estimated from the 
analysis of longitudinal and transverse series 
of frames and designed accordingly. 

The simplified d&ailing rules of 30.7.3 
and Fig. 15 of the Code are not applicable 
when equivalent frame method of design is 
used. 

30.5. I ASSUMPTIONS- Figure E-35 shows 
the idealization of the frame with respect to 
one direction. A similar consideration will 
apply for the other direction. 

In the real slab-and-column system; slab 
moment can flow around the columns by 
torsional rotation. Actual columns are, 
therefore, replaced in line diagrams by 
equivalent columns with flexural stiffnesses 
that reflect the torsional rotations possible in 
three-dimensional’systems. 

In para (b) 30.5.1, the Code requires .that 
the frame should be analysed in its entirety 
when lateral loads are to be resisted by the 
frame. Though simplified methods, such as 
portal method, are permitted for lateral 
loads on the normal types of structural 
frames (see 21.4.3), it appears that these 
simplified methods should not be applied to 

IDDL E STRIP 

Fig. E-35 Idealization for Equivalent Frame 
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the equivalent frames constituting the flat 
slabs. Thus the equivalent frame should be 
analysed in its entirety by Hardy cross 
method or other suitable elastic methods. 
When lateral loads are not required to be 
resisted by the frame (that is, when lateral 
bracings and shear walls are provided to take 
up the lateral loads), only vertical loads 
(gravity loads) will require consideration and 
the Code permits the use of a substitute 
frame (see 21.4.2), with the further 
simplification that the slab is fixed at a sup- 
port two panels away. The spans used for 
analysis should be the distance between the 
centre-lines of supports as in 21.2(c) and not 
the clear span I, as in 30.4.2.2. However 
after the moments are determined, the slab 
may be proportioned for negative moment at 
a critical section which will be the face of the 
support (see 30.5.3.1). Redistribution of 
moments is indirectly provided for in 
30.5.2.2 and 30.5.2.3 and, therefore, 21.7 
should not be applied again to the flat slab. 

While applying para (d), it appears 
desirable to follow a consistent approach by 
either (a) ignoring the variation of moment 
of inertia along the axis of the slab and 
also the stiffening effects of flared column 
heads as in Ref 3 or (b) considering the varia- 
tions in slabs as well as columns, as recom- 
mended in Ref 28. However, since the ma- 
jority of the Code recommendations follow 
those given in Ref 28, it will be desirable to 
include the stiffening effects of flared col- 
umn heads whenever possible. The following 
supplementary information on the effect of 
flared column head and allowance for the 
rigidity of slab-column joints have been 

included. 

STIFFNESS OF s~~~~-FFigure E-36 (a) to 
E-36 (e) show the idealization for common 
types of slab elements. Coefficients for fixed 
end moments (FEM), Stiffness (K), and 
carry-over factors (COF) are given in Tables 
E-4 to E-7. In these Tables,’ the moment of 
inertia for the slab between two faces of sup- 
ports is based on gross concrete section and 
the variation in the moment of inertia along 
the axis of the slab-beam between supports is 
taken into account. The moment of inertia 
of the slab-beam from the face of support to 
the centre line of support is assumed equal to 
the moment of inertia of the slab-beam at 
the face of support divided by (1-f=2/f&2. 
Where C, is the width of rectangular support 
and f, is the span, both referring to the direc- 
tion perpendicular to that in which the 
analysis is made. Note that the conventional 
factors for FEM, K and COF derived for 
prismatic members will not be appropriate 

Fig, E-36 Idealization for Column Types of Slat, Elements for 
Continuous Slab-Beam Stiffness 
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when the moment of inertia varies along the 
axis of the member. 

STIFFNESS OF COLUMNS-FF~~~~~ E-37 shows 
the idealizations for different types of col- 
umn elements. Note that in Fig. E-37 (b) the 
moment of inertia in the flared column head 
is assumed to vary linearly along the axis 
which is an approximation. If the stiffening 
effect due to flares is neglected, as permitted 
in the Code, Fig. E-37(a) and (c) will be rele- 
vant and the factois for FEM, K and COF 
will correspond to that of a prismatic 

member. 
30.5.2 LOADING PATTERN 
30.5.2.1 In the case of 
supported on flat slabs, it 

water reservoirs 
may be expected 

that the load will be applied on all the 
panels, and therefore, the loading pattern is 
known. In such cases, no advantage can be 
taken from 30.5.2.3. When the live load is 
variable but does not exceed three-quarters 
of the dead load, only one load case need be 
considered, namely, full live load plus dead 
load on all spans. 

37a SLAB WITHOUT 
DROP PANELS 

COLUMN 37 b SLAB WITH COLUMN 
STIFFNESS COLUMN STIFFNESS 
DtAGRAM CAPITALS DIAGRAM 

SLAB WITH DROP COLUMN 
PANELS STIFFNESS 

DIAGRAM 

Fig. E-37 Sections for Calculating Column Stiffness (Kc) 
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TABLE E-4 MOMENT DISTRIBUTION CONSTANTS FOR SLABS WITHOUT DROP PANELS* 

W ._I Cl8 p- 

t t t t t t t tpt t 
‘I,::; 1 ,-:o .;‘. _‘i ‘. ::2.: ....‘. 

, .P P : - : ib ..: -_.: ,‘,, :‘. .i.::. 

LD 
Y Y 

COLUMN 
DIMENSION 

GA C 1B 

4 1; MAB MBA KAE Key COFA, COFBA 

0.00 0.083 0.083 4.00 4.00 0.500 0.500 
0.05 0.083 0.084 4.01 4.04 0.504 0.500 

0.00 
0.10 0.082 0.086 4.03 4.15 0.513 0.499 
0.15 0.081 0.089 4.07 4.32 0.528 0.498 
0.20 0.079 0.093 4.12 4.56 0.548 0.495 
0.25 0.077 0.097 4.18 4.88 0.573 0.491 
0.30 0.075 0.102 4.25 5.28 0.603 0.485 
0.35 0.073 0.107 4.33 5.78 0.638 0.478 

0.05 0.084 0.084 4.05 4.05 0.503 0.503 
0.10 0.083 0.086 4.01 4.15 0.513 0.503 
0.15 0.081 0.089 4.11 4.33 0.528 0.501 

0.05 0.20 0.080 0.092 4.16 4.58 0.548 0.499 
0.25 0.078 0.096 4.22 4.89 0.573 0.494 
Q.30 0.076 0.101 4.29 5.30 0.603 0.489 
0.35 0.074 0.107 4.31 5.80 0.638 0.481 

0.10 0.085 0.085 4.18 4.18 0.513 0.513 
0.15 0.083 0.088 4.22 4.36 0.528 0.511 

0.10 0.20 0.082 0.091 4.21 4.61 0.548 0.508 
0.25 0.080 0.095 4.34 4.93 0.573 0.504 
0.30 0.078 0.100 4.41 5.34 0.602 0.498 
0.35 0.075 0.105 4.50 5.85 0.637 0.491 

0.15 0.086 0.086 4.40 4.40 0.526 0.526. 
0.20 0.084 0.090 4.46 4.65 0.546 0.523 

0.15 0.25 0.083 0.094 4.53 4.98 0.571 0.519 
0.30 0.080 0.099 4.61 5.40 0.601 0.513 
0.35 0.078 0.104 4.70 5.92 0.635 0.505 

0.20 0.088 0.088 4.72 4.72 0.543 0.543 
0.20 0.25 0.086 0.092 4.79 5.05 0.568 0.539 

0.30 0.083 0.097 4.88 5.48 0.597 0.532 
0.35 0.081 0.102 4.99 6.01 0.632 0.524 

0.25 0.090 0.090 5.14 5.14 0.563 0.563 
0.25 0.30 0.088 0.095 5.24 5.58 0.592 0.556 

0.35 0.085 0.100 5.36 6.12 0.626 0.548 

0.30 9.30 0.092 0.092 5.69 5.69 0.585 0.585 
0.35 0.090 0.097 5.83 6.26 0.619 0.576 

0.35 0.35 0.095 0.095 6.42 6.42 0.609 0.609 

l Applicable when cl /II = cz / h. For other relationships between these ratios, the constants will be 
slightly in error. 

I@’ tstiffness is, KAB=kABE_ w3 and KBA = k, E _. 
12 I, I.2 I, 

UNIFORM LOAD STIFFNESS CARRYOVER 
FEM = Cwf. ( wl,lz,) FACTOR? FACTOR 
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TABLE E-S MOMENT DISTRIBUTION CONSTANTS FOR SLABS WITH DROP PANELS* 

COLUMN UNIFORM LOAD STIFFNESS CARRYOVER 
DIMENSION FEM = Coef. (WI,/*,) FACTOR7 FACTOR 

----I C1A i--- I--- 

Key KBA COFAB COF,A 

0.00 4.78 4.78 0.541 0.541 
0.05 4.80 4.82 0.545 0.541 
0.10 4.83 4.94 0.553 0.541 

0.00 0.15 4.87 5.12 0.567 0.540 
0.20 4.93 5.36 0.585 0.537 
0.25 5.00 5.68 0.606 0.534 
0.30 5.09 6.07 0.631 0.529 

0.05 4.84 4.84 0.545 0.545 
0.10 4.87 4.95 0.553 0.544 

0.05 0.15 4.91 5.13 0.567 0.543 
0.20 4.97 5.38 0.584 0.541 
0.25 5.05 5.70 0.6% 0.537 
0.30 5.13 6.09 0.632 0.532 

0.10 4.98 4.98 0.553 0.553 
0.15 5.03 5.16 0.566 0.551 

0.10 0.20 5.09 5.42 0.584 0.549 
0.25 5.17 5.74 0.606 0.546 
0.30 5.26 6.13 0.631 0.541 

0.15 5.22 5.22 0.565 0.565 

0.15 0.20 5.28 5.47 0.583 0.563 
0.25 5.37 5.80 0.604 0.559 
0.30 5.46 6.21 0.630 0.554 

0.20 5.55 5.55 0.580 0.580 
0.20 0.25 5.64 5.88 0.602 0.577 

0.30 5.74 6.30 0.627 0.571 

0.25 
0.25 5.98 5.98 0.598 0.598 
0.30 6.10 6.41 0.622 0593 

0.30 0.30 6.54 6.54 0.617 0.617 

MAB MBA 

0.088 0.088. 
0.087 0.089 
0.087 0.090 
0.085 0.093 
0.084 0.096 
0.082 0.100 
0.080 0.105 

0.088 0.088 
0.087 (I.090 
0.085 0.093 
0.084 0.096 
0.082 0.100 
0.080 0.104 

0.089 0.089 
0.088 0.092 
0.086 0.094 
0.084 0.099 
0.082 0.103 

0.090 0.090 
0.089 0.094 
0.087 0.097 
0.085 0.102 

0.092 0.092 
0.090 0.0% 
0.088 0.100 

0.094 0.094 
0.091 0.098 

0.095 0.095 

*Applicable when cl//~ = cz//z. For other relationships between these ratios, the constants will be 
slightly in error. 

tstiffness is, K,,B=kA, E /.!.I?_, W’ and K, = k, E ~. 
121, 121, 
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TABLEE- MOMENTDlSTRIBUTIONCONSTANTSFORSLAB-BEAMMEMBERS 
WITHCOLUMNCAPITALS 

FEM (uniform load w) = Mw/,(/J2 
K(stiffness) = kEI@%’ 121, 
Carryover factor =C 

W 

-2 e 7- 
Cl 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.00 0.083 
0.05 0.083 
0.10 0.083 
0.15 0.083 
0.20 0.083 
0.25 0.083 
0.30 0.083 
0.35 0.083 
0.40 0.083 
0.45 0.083 
0.50 0.083 

0.00 0.083 
0.05 0.084 
0.10 0.084 
0.15 0.084 
0.20 0.085 
0.25 0.085 
0.30 0.085 
0.35 0.086 
0.40 0.086 
0.45 0.086 
0.50 0.086 

4.000 

:.z!J 
4:000 
4.000 

::= 
4.000 
4.000 
4.000 
4.000 

4.000 
4.047 
4.093 
4.138 
4.181 
4.222 
4.261 
4.299 
4.334 
4.368 
4.398 

0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.503 
0.507 
0.510 
0.513 
0.516 
0.518 
0.521 
0.523 
0.526 
0.528 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 

8.: 
0:so 

0.083 4.000 0.500 
0.084 4.091 0.506 
0.085 4.182 0.513 
0.085 4.272 0.519 
0.086 4.362 0.524 
0.087 4.449 0.530 
0.087 4.535 0.535 
0.088 4.618 0.540 
0.088 4.698 0.545 
0.089 4.774 0.550 
0.089 4.846 0.554 

8% 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

0.083 4.000 0.500 
0.084 4.132 0.509 
0.085 4.267 0.517 
0.086 4.403 0.526 
0.087 4.541 0.534 
0.088 4.680 0.543 
0.089 4.818 0.550 
0.090 4.955 0.558 
0.090 5.090 0.565 
0.091 5.222 0.572 
0.092 5.349 0.579 

0.083 4.000 0.500 
0.085 4.170 0.511 
0.086 4.346 0.522 
0.087 4.529 0.532 
0.088 4.717 0.543 
0.089 4.910 0.554 
0.090 5.108 0.564 
0.091 5.308 0.574 
0.092 5.509 0.584 
0.093 5.710 0.593 
0.094 5.908 0.602 

0.00 0.083 4.000 0.500 
0.05 0.085 4.204 0.512 
0.10 0.086 4.420 0.525 
0.15 0.087 4.648 0.538 
0.20 0.089 4.887 0.550 
0.25 0.090 5.138 0.563 

w4 Cd4 M k c 

0.576 

0.25 

0.30 

0.35 

0.40 

0.45 

0.50 

0.30 
0.35 
0.40 
0.45 
0.50 

Z:Z 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

0.00 
0.05 
0.10 
0.15 
0120 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 ^ ._ 

0.091 
0.093 
0.094 
0.095 
0.096 

0.083 
0.085 
0.086 
0.088 
0.089 
0.091 
0.092 
0.094 
0.095 
0.096 
0.098 

5.401 
5.672 
5.952 
6.238 
6.527 

4.000 
4.235 
4.488 
4.760 
5.050 
5.361 
5.692 
6.044 
6.414 
6.802 
7.205 

0.588 

8% 
0.623 

0.500 
0.514 
0.527 
0.542 
0.556 
0.571 
0.585 
0.600 
0.614 
0.628 
0.642 

0.083 4.000 0.500 
0.085 4.264 0.514 
0.087 4.551 0.529 
0.088 4.864 0.545 
KO90 5.204 0.560 
0.091 5.575 0.576 
0.093 5.979 0.593 
0.09s 6.416 0.609 
0.096 6.888 0.626 
0.098 7.39s 0.642 
0.099 7.93s 0.648 

0.083 4.000 0.500 
0.085 4.289 0.515 
0.087 4.607 0.530 
0.088 4.959 0.546 
0.090 5.348 0.563 
0.092 5.778 0.580 
0.094 6.255 0.598 
0.095 6.782 0.617 
0.097 7.365 0.635 
0.099 8.007 0.654 
0.100 8.710 0.672 

0.083 4.000 0.500 
0.085 4.311 0.515 
0.087 4.658 0.530 
0.088 5.046 0.547 
0.090 5.480 0.564 
0.092 5.967 0.583 
0.094. 6.517 0.602 
0.096 7.136 0.621 
0.098 7.836 0.642 
0.100 8.625 0.662 
0.101 9.514 0.683 

0.083 
0.085 
0.087 
0.088 
0.090 
0.092 
0.094 
0.096 
0.098 

4.000 
4.331 
4.703 
5.123 
5.599 
6.141 
6.600 
7.470 
8.289 

0.45 0.100 9.234 
0.50 0.102 10.329 

0.500 
0.515 
0.530 
0.547 
0.564 
0.583 
0.603 
0.624 
0.645 
0.667 
0.690 
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TABLE E-7 MOMENT DISTRIBUTION CONSTANTS FOR SLAB-BEAM MEMBERS WITH COLUMN 
CAPITALS AND DROP PANELS 

. 

FEM (uniform load w) = Mwl,l,* 
K(stiffness) 
Carryover factor 

Cl/b 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

- 
0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 

0.00 
0.05 
0,lO 
0.15 
0.20 
0.25 
0.30 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 

T CONSTANTS FOR D, = 1.25D1 CONSTANTS FOR Dz = 1.5D, 

M k C M k c 

0.088 
0.088 
0.088 
0.088 
0.088 
0.088 
0.088 

4.795 0.542 0.093 5.837 0.589 
4.795 0.542 0.093 5.837 0.589 
4.795 0.542 0.093 5.837 0.589 
4.795 0.542 0.093 5.837 0.589 
4.795 0.542 0.093 5.837 0.589 
4.795 0.542 0.093 5.837 0.589 
4.795 0.542 0.093 5.837 0.589 

0.088 4.795 0.542 0.093 5.837 
0.088 4.546 0.545 0.093 5.890 
0.089 !..896 0.548 0.093 5.942 
0.089 4.944 0.551 0.093 5.993 
0.089 4.990 0.553 0.094 6.041 
0.089 5.035 0.556 0.094 6.087 
0.090 5.077 0.558 0.094 6.131 

0.088 4.795 0.542 0.093 5.837 
0.088 4.894 0.548 0.093 5.940 
0.089 4.992 0.553 0.094 6.042 
0.090 5.039 0.559 0.094 6.142 
0.090 5.184 0.564 0.094 6.240 
0.091 5.278 0.569 0.095 6.335 
0.091 5.368 0.573 0.095 6.427 

0.589 
0.591 
0.594 
0.596 
0.598 
0.600 
0.602 

0.589 
0.593 
0.598 
0.602 
0.607 
0.611 
0.615 

0.088 4.795 0.542 0.093 5.837 0.$89 
0.089 4.938 0.550 0.093 5.986 0.595 
0.090 5.082 0.558 0.094 6.135 0.602 
0.090 5.228 0.565 0.095 6.284 0.608 
0.091 5.374 0.573 0.095 6.432 0.614 
0.092 5.520 0.580 0.096 6.579 0.620 
0.092 5.665 0.587 0.096 6.723 0.626 

0.088 4.795 0.542 0.093 5.837 0.589 
0.089 4.978 0.552 0.093 6.027 0.597 
0.090 5.167 0.562 0.094 6.221 0.605 
0.091 5.361 0.571 0.095 6.418 0.613 
0.092 5.558 0.581 0.096 6.616 0.621 
0.093 5.760 0.590 0.096 6.816 0.628 
0.094 5.962 0.590 0.097 7.015 0.635 

0.088 
0.089 
0.090 
0.091 
0.092 
0.094 
0.095 

0.088 
0.089 
0.090 
0.092 
0.093 
0.094 
0.095 

4.795 0.542 0.093 5.837 0.589 
5.015 0.553 0.094 6.065 0.598 
5.245 0.565 0.094 6.300 0.608 
5.485 0.576 0.095 6.543 0.617 
5.735 0.587 0.096 6.790 0.626 
5.994 0.598 0.097 7.043 0.635 
6.261 0.600 0.098 7.298 0.644 

4.795 0.542 0.093 5.837 0.589 
5.048 0.554 0.094 6.099 0.599 
5.317 0.567 0.095 6.372 0.610 
5.601 0.580 0.096 6.657 0.620 
5.902 0.593 0.097 6.953 0.631 
6.219 0.605 0.098 7.258 0.641 
6.550 0.618 0.099 7.571 0.65 1 
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30.5.2.2 [See also 21.4.2 (b)]. The use of 
uniform live load on all panels is based on 
the relief provided by redistribution of 
moments in continuous structures. When the 
building or structure has to carry live loads 
which may or may not come on a panel, the 
maximum values of negative and positive 
moments are not likely to occur 
simultaneously in a span and advantage may 
be taken of redistribution of moments. 
Therefore, the Code does not permit any 
further redistribution of moments in the case 
of equivalent frame method. 

30.5.2.3 and 30..5.2.4-For larger live-load 
ratios, it is acceptable to design only for 
three-quarters of full live load on alternate 
spans (for maximum positive moment) and 
on adjacent spans (for maximum negative 
moment). The use of only three-quarters of 
the full design live-load for maximum- 
moment loading patterns is based on the fact 
that maximum negative and maximum 
positive live load moments cannot occur 
simultaneously and that redistribution of 
maximum moments is thus possible before 
failure occurs. This procedure in effect per- 
mits some local overstress under the full 
design live load if it is distributed in the 
prescribed manner, but still ensures that the 
ultimate capacity of the slab system after 

redistribution of moment is not less than 
that required to carry the full design dead 
and live loads on all panels. 

30.5.3 NEGATIVE DESIGN MOMENT 

30.5.3.1 Note 21.6. I, where a similar 
reduction in the value of negative moment is 
to be assumed for beams for proportioning 
the section at support. 

Though the negative moments are deter- 
mined at the centre line of supports when the 
equivalent frame method is used, the section 
at support may be proportioned for the 
reduced moment at the face of support. This 
will give rise to the some advantage as that 
given in 30.4.2.2 for the direct design 
method. The limitation on the distance 
between critical section for negative moment 
and the centre line of support (0.175 fl) also 
corresponds to that in 30.4.2.2, the latter be- 
ing stated as a limit on I,. As elsewhere in the 
Code, the recommendations are given with 
respect to rectangular supports of flat slabs, 
and other shapes of sections should be con- 
verted to equivalent rectangles as stated in 
30.5.3.3. Figure E-38 explains the applica- 
tion of this Clause and -MI and - Mz 
shown in this figure should be distributed 
over the column strips and middle strips of 
the panel. 

_--_I--_-- - - -- _-_-- 
-Ml 

MO -M2 

C, = WIDTH OF COLUMN IN CASE OF COLUMN WITHOUT 
COLUMN HE ADS 

OR 

WIDlH OF COLUMN HEAD IN CASE OF COLUMN WITH 
COLUMN HE AD 

MO = [(M, +M,)/2] +M3 need not be greater than (w1,1*J/8. Permissible reduction for 
moments M,, M2 and M3 = [~/~/*~/8] [(M, + M,)/2 + M3] for cases qualifying under the clause 
30.5.4 only. 

Fig. E-38 Reduction of Negative Moments at Interior Supports 
(For Equivalent Frame Moment) 
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30.5.3.2 This Clause is intended to exclude 
the possibility of undue reduction of the 
design moments at exterior support. 

30.5.3.3 See also 30.4.2.3, and Fig. E-33. 

30.5.4 MODIFKATION OF MAXIMUM 
MOMENT- Since the Code gives two separate 
methods of design, it is likely that the more 
rigorous equivalent frame method may lead 
to more robust section and larger amounts 
of steel in a few cases although the direct 
design method was equally applicable and 
would have led to lesser requirements. As the 
direct design method has led to satisfactory 
results in the past, the Code invokes the prin- 
ciple that if two different methods are 
prescribed to obtain a particular answer, it 
should not require a value greater than the 
least acceptable and removes any possible 
anomoly that may arise. 

For those cases which satisfy the limita- 
tions of 30.4.1, but analysed by the 
equivalent frame method, the permissible 
reduction is shown in Fig. E-38. 

30.5.5 DISTRIBUTION OF BENDING MOMENT 
ACROSSTHE PANEL WIDTH-(Seealso 30.4.4). 
The procedures for distribution of the 
moments across the panel width is common 
to the direct design method and the 
equivalent frame method. In the 1964 ver- 
sion of the Code separate criteria for appor- 
tionmg the moments across the panel width 
were given for the two methods of design; 
now these criteria are replaced with a single 
set which is applicable equally to either of 
the methods of design. 

The factors given in 30.5.5 are based on a 
linear elastic analysis of moments in slabs 
(Ref 36). The actual distribution of the 
moments across a panel is not constant, but 
resembles that shown by full lines in 
Fig. E-39, and the exact variation is controll- 
ed by presence or absence of drops and col- 
umn heads, as well as the intensity of loads. 
However, for design purposes it is a conve- 
nient simplification to treat a panel as com- 
posed of column strips and middle strips 
across which’ the moments are assumed to 
have constant values. 

30.5.5-I - 

30.5.5.2 - 

30.5.5.3 - 

30.5.5.4 With reference to para-( see 
also 30.3.2(b) for panels with marginal 
beams or walls. 

30.6 Shear in Flat Slab 

30.6.1 Shear strength of flat slabs. pile 
caps, and two way slabs carrying concen- 
trated loads or reactions is governed by pun- 
ching shear failure. Two-way action footings 
[(see 33.2.4.1 (b)] should also be designed 
for shear by using 30.6. 

The critical section for punching shear 
should be taken at a distance d/2 from the 
periphery of the column/capital/drop panel 

“ARIA1 
FOR 

Fig. E-39 Momeilt Variation in Flat Slabs 
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and not a distance d from support as in the 
case ‘of flexurai shear in beams. -When flat 
slabs are provided with drops, two critical 
sections for shear, one within the drop and 
the other at a distance d/2 from the face of 
the drop will have to be considered (see 
Fig. 11 B of the Code). 

30.6.1.1 - 

30.6.1.2 The definition of critical section 
near openings is based on the recommenda- 
tions of the ACI-AXE Committee 426 
report (Ref 37) and the adequacy of this 
provision has been confirmed in Ref 38. 

30.6.2 CALCULATION OF SHEAR STRESS 

30.6.2. I The expression for nominal shear 
stress in flat slabs is similar to that given 
in 39.1 except that here b, is the perimeter of 
the critical section. 

30.6.2.2 (See also 30.3.3 and its comment). 
\lllr^_ -1-.X., “.._ ,,-..:..-J l ,. +..,,-c,.- -^-^-I^ “V He;11 Slcl”b cl1 t; 1 qull cu L” L‘dllS1C1 111”l,,CL1Lb 
to columns, a fraction of the moment may 
be assumed to be transferred by flexural ac- 
tion. The remaining portion (1 - CX) of the 
moment is transferred by eccentricity of 
shear about the centroid of the critical sec- 
tion for shear (see Fig. E-32). According to 
the Code, the shear stresses may be taken as 
linearly varying about the centroid of the 
section. The shear stress at any point in the 
periphery arises from two effects, namely, 
that due to the shear force V (see 30.6.2.1) 
and that arising from transfer of unbalanced 
moment to column. Combining these two, 
the maximum shear stress r is given by, 

T= 

where 
v= 

M (shear) = 

d = 

b, = 

Jx, = 

__ 
Y + lyshear) cl + d 
W 25x, 

shear force on the 
section, 

critical 

portion of moment transfer- 
red between slab and column 
by eccentricity of shear, 
effective depth of siab, 
periphery of the critical 
section, 
similar to polar moment of 
inertia of the critical section 
about xx (Axis about which 
the moment acts), 
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Expressions for b,d and J,, for typical sup- 
port configurations are given in Table E-8. 

For the purpose of this Clause, the shear 
force, V should be obtained by considering 
the loads acting on the panel on each face of 
the critical section. The forces acting in the 
area within the critical section need not be 
considered for computing V. If the loads are 
distributed uniformly in all the panels, the 
lnorl cnminn frnm thm ttih,,t,,r.r .~...a., h..t in_ l”UU c”,.lr..g I.“.11 CIIC. UI”ULcLIJ 41Lcz) “UC ‘6- 

noring that acting within the critical section, 
gives V directly. 

30.6.3 PERMISSIBLE SHEAR STRESS 

30.6.3. I The limiting value of shear stress 
in the case of flat slabs is determined from 
consideration of punching shear and will be 
considerably higher than the value of shear 
stress recommended in the case of flexural 
action, as in say Table 13 of the Code. 

The ‘punching’ shear strength of concrete 
T, depends on the following (Ref 37, 38) 
factors: 

a) The ultimate shear strength_fcr; 
b) The ratio of the dimension of the col- 

umn support to be effective depth d 
of the slab; and 

c) The ratio, fl, (the ratio of shorter side 
to the longer side of the column 
support). 

Tests for punching shear (Ref 38) and 
also observations of distress in flat slab 
buildings indicate that an unmodified or 
simple limit of 7c = 0.25&(N/mmZ) may be 
unconservative if the column support is nar- 
row. For columns with 0, less than 0.5, the 
shear stress at failure may vary from a max- 
imum of 0.25K(N/mmZ) near the shorter 
~. > slaes to 0. i 5~~@Iiiiirii’j Oi; iess &Xig the 
longer sides of the section. The factor k,, 
given in the Code, has been introduced to 
reflect this reduction in the shear strength. 
For non-rectangular shapes, such as the 
L-shaped column (see Fig. 12) & may be 
taken as the ratio of the shortest overall 
dimension to the longest overall dimension 
of the effective loaded area, formed by 
enciosing aii the re-entrant corners. 

30.6.3.2 The principles for the design of 
reinforcement for pynching shear are broad- 
ly similar to those for shear associated with 
flexural action. The following supplemen- 
tary information from Ref 13 and 21 and 



SL No. CASE 

(1) 

1) 

E 

2) 

3) 

(2) 

Interior column with no in- 

terference from openings 

Exterior column at an edge 

or interior column with an 

opening of width more than 

C,+d (Fig. 13A or 14D in 

the Code) 

Exterior column at an edge 

or interior column with an 

opening of width more than 

C,+d (Fig. 13A or 14D in 

the Code) but free edge 

parallel in the other 
direction. 
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. . 





modifications appropriate to the Code have 
been indicated below: 

4 

b) 

Starting with the critical section for 
punching shear, the shear stress r is 
computed by using 30.6.2.1 and 
30.6.2.2. 

c) 

If r exceeds (0.5 + 0,) x 0.25 
state method), shear /- 

fck (limit 
rein orcement 

will be necessary. Referring to 39.4, a 
suitably arranged expression for area 
of shear reinforcement is, 

d) 

4 = (V-O.5 k, rc b,d) S” 
0.87 fY e) 
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where A,, in the total cross-sectional 
area of all stirrup legs in the peri- 
meter. 
This shear reinforcement must be 
provided along the perimeter of the 
column. 
Stirrups may be detailed in one of the 
ways shown in Fig. E-40. Stirrups may 
be closed or castellated and should 
pass around one row of tension steel 
running perpendicular to them, at 
each face of the relevant section. 
The Code requires that the shear 

LINE OF STIRRUPS 
OF TYPE I 

LINE OF 
CASTELLATED 
STIRRUPS 
TYPE II 

TYPE 1 

TYPE 11 

Fig. E-40 Reinforcement for Punching Shear 
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f) 

g) 

stresses should be investigated at 
successive sections away from the 
support, but does not indicate suitable 
intervals. It is suggested that these 
successive sections may be taken at in- 
tervals of 3/4 d. 

Practical difficulties preclude the use 
of stirrups in slabs less than 200 mm 
thick and, therefore, they have to be 
designed without shear reinforcement. 
The spacing of stirrups should not ex- 
ceed 3A d and must be continued to a 
distance ‘d’ beyond the section at 
which the shear stress is within 
allowable limits. 

30.7 Slab Reinforcement-The four-way 
reinforcement of flat slabs now has been 
discontinued in the present version of the 
Code, probably due to a preference for 
simplified procedures of detailing and con- 
,struction. The rules for detailing have now 
been changed slightly and the locations for 
bends and curtailment lengths (30.7.3 and 
Fig. 15) are defined more clearly. 

30.7.1 SPAclNG-The upper limit on bar 
spacing is more stringent in the case of flat 
slab constructions (with solid slabs) than 
that of ordinary slabs specified in 25.3.2. In 
the 1964 version of the Code, the bar spacing 
in solid slabs was restricted to 3 times the 
effective depth or 600 mm and now it is more 
stringent. The limitation is necessary to 
ensure slab action and to provide against the 
effects of concentration of loads on small 
areas. It also provides control on cracking. 

30.7.2 AREA OF REINFORCEMENT-( &‘e 
30.4.3.1). The negative design moment 
should be located at the face of rectangular 
supports. Accordingly, it will be possible to 
proportion the reinforcement over the sup- 
ports by including the depth of the drops, if 
provided. In some cases, the thickness of the 
drop may be large, mainly from considera- 
tion of punching shear. There is also a 
remote possibility that very thick drops 
might be provided in order to economize on 
the support reinforcements. However, it is 
not desirable to allow undue advantage to 
arise from the provision of very thick drops 
and, therefore, the Code limits the con- 
sideration of drop panel thickness for the 
purpose of computing the support 
reinforcements. 

30.7.3 MINIMUM LENGTH OF REIN- 
FORCEMENT- It is tacitly assumed that the 
flat-slab structure is subjected to gravity 
loads only and the minimum lengths are in- 
dicated in Fig. 15 of the Code on this basis. 
When the frame is intended to resist the 
lateral loads as well, the equivalent frame 
method should be used and the more 
rigorous requirements of 25 (requirements 
governing reinforcement and detailing) 
should be applied. 

30.7.4 ANCHORING REINFORCEMENT- These 
anchorage requirements are intended to 
cater for the probability that, at a discon- 
tinuous edge, conditions will be different 
from those assumed to occur at a spandrel 
beam or a wall. 

30.8 Open& in Flat Slabs- In general a 
rational analysis is required of the effects of 
openings in slabs. Provided, however, the 
effect of the moment capacity of the slab 
system is not likely to be serious, it is per- 
missible to maintain the overall moment 
capacity in the vicinity of the opening by 
placing extra reinforcement on each side of 
the opening in accordance with the specific 
requirements of this Clause. Additional rein- 
forcements might be required to control 
possible cracking at the re-entrant corners. It 
is to be noted that the use of reinforcement 
according to this Clause is to provide special- 
ly for the maintenance of moment capacity. 
Design for shear is covered specifically under 
30.6.3.2. 

31. WALLS 

31.1 General-If the design of reinforced 
concrete walls is based on the principles 
recommended for columns, para (a) of 
25.5.3.1 should also be taken into account. 
It follows that the cross-sectional area of the. 
longitudinal (vertical) reinforcement in a 
reinforced concrete wall should not be less 
than 0.8 percent of the cross section; other- 
wise the wall should be treated as a plain 
concrete wall. However, the Code is silent on 
this issue, leaving it to the designer to decide 
the minimum amount of structural rein- 
forcement in a reinforced concrete wall. It is 
suggested that this structural reinforcement, 
which should not be confused with the 
nominal reinforcements given in 32.4 (a), 
should be at least 0.4 percent (Ref 3). 
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Detailing rules given in 25.5.3.2 with 
regard to transverse reinforcement in com- 
pression members are essentially meant for 
columns. For walls, the following rules 
(Ref 3) are suggested as a guide: 

When in a wall the percentage of vertical 
reinforcement resisting compression exceeds 
2 percent, links at least 6 mm or one quarter 
the size of the largest compression bar 
should be provided through the thickness of 
the wall. The spacing of these links should 
not exceed twice the wall thickness in either 
the horizontal or vertical directions and in 
the vertical direction should be not greater 
than 16 times the bar size. Any vertical com- 
pression bar not enclosed by a link should be 
within 200 mm of a restrained bar. However, 
the Handbook on the Unified Code (Ref 21) 
suggests as follows: 

‘Thenecessity for links in walls with more 
than 2 percent of steel will make for con- 
siderable practical difficulties. It is recom- 
mended that the cross-sectional area of 
the wall be increased to avoid this if at all 
possible. Links are unnecessary if rein- 
forcement is arranged in one layer’. 

Therefore, a maximum vertical steel of 
2 percent of the cross-section seems to be 
appropriate. 

It is to be noted that in a load bearing 
wall, the ratio of greater lateral dimension to 
least lateral dimension must be greater than 
four. 

31.2 Load Carrying Capacity- Because of 
the increase in stability against vertical loads, 
the load carrying capacity of walls increases 
with decrease in height to length ratio. 

31.3 Slenderness Effects- Where cross 
walls are provided as stiffners sometimes ad- 
vantage may arise. (see IS : 19051980*) 
which permits that the slenderness ratio may 
be taken as the effective length divided by 
the thickness. In other words, if the cross 
walls are spaced sufficiently close, the 
horizontal distance between the cross walls 
may lead to an effective length smaller than 
the usual effective height of wall. 

31.4 Reinforcement-The minimum rein- 
forcements required are nominal and intend- 

*Code of practice for structural safety of buildings: 
Masonry walls (second revision). 
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ed for walls in ordinary buildings. When 
walls form a part of special structures, such 
as chimneys, silos and water tanks, the 
minimum steel requirements will be different 
and the appropriate Codes will govern the 
design. The minimum reinforcement in the 
horizontal direction is greater, probably to 
provide for stability against lateral buckling 
of walls. 

32. STAIRS 
, 

32.0 The, recommendations as for beams 
and slabs may be used for staircases when 
strength, deflection and crack control is be- 
ing considered. 

32.1 Effective Span of Stairs-See 
Fig. E-41. 

Fig. E-41 Effective Span of Stairs 
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32.2 Distribution of Loading on Stairs- 
The value of live load to be considered on 
stairs and landings are specified in 
IS : 875-1964*. The load is taken as 
uniformly distributed over the plan area of a 
staircase. 

32.3 Depth of Section 

33. FOOTINGS 

33. I General- The Code recommenda- 
tions are confined to the design of footings 
that support isolated columns or walls and 
rest directly on soil or on a group of piles. 
Combined footings, multiple column bases 
and raft foundation, and pile foundations 
are not covered here and they will require 
careful consideration of soil conditions. 
Relevant Indian Standards and specialist 
literature should be consulted for design of 
machine foundations and other foundations 
subjected to vibratory or impact loads. The 
following Indian Standards are useful in the 
design of different types of foundations: 

IS : 1080-1980 Code of practice for design 
and construction of simple spread founda- 
tions (first revision) 

IS : 2911 (Part I/Set 1)-1979 Code of 
practice for design and construction of 
pile foundations: Part I Concrete piles, 
Section 1 Driven cast in-situ concrete piles 
(jirst revision) 

IS : 2911 (Part VSec 2)-1979 Code of 
practice for design and construction of 
pile ‘foundations: Part I Concrete piles, 
Section 2 Bored cast in-situ piles (first 
revision) 
IS : 2911 (Part I/Set 3)-1979 Code of 
practice for design and construction of 
pile foundations: Part I Concrete piles, 
Section 3 Driven precast concrete piles 
Cfirst revision) 

IS : 2971 (Part.III)-1980 Code of practice 
for design and construction of pile foun- 
dations: Part 111 Under-reamed piles Cfirst 
revision) 

IS : 2950 .(Part I)-1982 Code of practice 
for design and construction of raft foun: 
dations: Part I Design (first revision) 

In the case of columns or walls subjected 

*Code of practice for structural safety of buildings: 
Loading standards (revised). 

to eccentric loading conditions, it may be 
necessary to locate the ‘geometric centre of 
the footing deliberately away from the axis 
of the supported elements, so that the soil 
pressure and the expected settlement will be 
nearly uniform. The safe bearing capacity of 
soils is usually given with respect to service 
load conditions. 

Foundations are not easily accessible for 
periodic inspection and maintenance and, 
therefore, careful considerations must be 
given to the durability aspects. The recom- 
mendations on durability (7.1 and 7.2) and 
especially minimum cement content (Appen- 
dix A) are relevant. While deflection control, 
(see 22.2) may be neglected in the case of 
footings, the control of crack widths may 
have to be considered. Clause 34.3.2 recom- 
mends that for particularly aggressive en- 
vironments, such as the severe category in 
Table 19, the assessed surface crackwidth 
should not exceed 0.004 times the nominal 
cover to main steel. As Table 19 places 
“buried concrete in soil” in the moderate 
category of exposure, it will be sufficient to 
restrict the crackwidth to 0.3 mm (see34.3.2) 
in a majority of footings, and accordingly 
the simplified detailing rules given in 25.3.2 
will serve the purpose of crackwidth control, 
provided the footing is not exposed to ag- 
gressive chemicals in the soil. Increased 
cover thickness may also be necessary if the 
soil is contaminated with harmful chemicals 
(see 25.4.2). 

33.1.1 Though the Code states here that 
the design requirements (that is, flexural 
strength, shear strength and development 
lengths) should be satisfied at every section, 
specific locations for considering the bend- 
ing strength, shear’strength and development 
lengths are indicated in the clauses follow- 
ing this clause. 

The footings on slopes and at different 
levels shall satisfy the requirements specified 
in IS : 1905-1980*. 

33.1.2 THICKNESS AT THE EDGE OF FOOTING 

33.1.3 This requirement is based on the 
dispersion of internal pressure in the con- 
crete pedestal. 

- 
*Code of practice for structural safety of buildings: 

Masonry walls (second revision). 
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33.2 Moments and Forces-For footings 
supported on soil, it is reasonable to assume, 
constant or uniformly varying soil reaction 
for axial and eccentric loading conditions, 
respectively. 

Safe bearing capacity of soil corresponds 
to service loads. Appropriate factors should 
be applied to the moments and shears arising 
from loads and soil reactions when the 
footing is proportioned by using the limit 
state methods. 

33.2.1 For computation of shear in 
footings supported on piles (see also 
33.2.4.2). 

33.2.2 Recommendations for the inscribed 
square section in the place of circular or 
octagonal section is conservative (see 
Fig. E-42). 

Fig. E-42 Face of the Column for 
Computing Strqsses in Round and 

Octagonal Columns 

33.2.3 BENDING MOMENT 

33.2.3.1 The moments acting at a given 
section may be determined by assuming con- 
stant or uniformly varying pressure distribu- 
tion from the soil, in the case of footings 
resting directly on soils. For footings sup- 
ported on piles, the moments may be com- 
puted by assuming that the reaction from 
any pile is concentrated at the centre of the 
pile (see 33.2.1). 

33.2.3.2 For the purpose of design, the 
largest value of bending moments may be 
computed ~for the critical sections indicated 
in the Code. The critical sections specified 
for bending moments reflect the likely,flex- 
ural behaviour of the footing under the par- 
ticular type of structure being supported (see 
Fig. E-43). However, 33.1.1 and 33.2.4.3 
read along with this clause, imply that addi- 
tional checks will be required whenever there 
is an abrupt change in the section. 
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33.2.4 SHEAR AND BIND 

33.2.4.1 Design for shear in footings is 
covered by this Clause. It is envisaged that 
shear failure can occur either in an inclined 
cracking mode across the full width of the 
footing or by a punching shear failure of 
truncated cone or pyramid around the col- 
umn, stanchion or pier. 

The effect of punching shear around the 
periphery of the loaded area must be in- 
vestigated in a similar manner to that 
described in 30.6 for flat slabs (excepting 
30.6.2.2) and, if the shear resistance of the 
concrete alone is insufficient, suitable rein- 
forcements must again be provided to resist 
the balance of the shearing force. The 
critical plane for punching shear is located at 
a distance d/2 from the loaded area on the 
basis that the critical section for bending 
moment defined in 33.2.3.2 encloses the 
reaction area (see Fig. E-43). 

33.2.4.2 The critical section for shear (as in 
a flexurally loaded element) may be taken at 
a distance d/2 from the face of the column, 
when the footing rests on piles. The follow- 
ing cases must be reckoned in investigating 
shear stresses in pile cap: 

a) 

b) 

d 

Centre of pile is D P away from the 
2 

section- the entire reaction from pile 
is reckoned; 

D 
Centre of pile is -$- inwards to the 

section- the entire reaction is 
ignored; and 
For intermediate positions of pile 
centres - straight line interpolation 
of pile reaction between full value at 

_ outside the section and zero DP 
2 

value at ?L inside the section is to 
2 

be considered. 

33.2.4.3 Development length must be 
checked at the face of column and elsewhere 
where bars are terminated or the effective 
depth changes. (Normally a further single 
check midway down the slope of a splayed 
base will suffice). 

6 The anchorage requirements for curtailed 
bars are as follows: 

For curtailment, reinforcement shall 
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v/ FOR MOMENT 

FOR 

C3 a 

MOMENT 

li 

FOR SHE Ad 

ONE AND TWO-WAY ACTION AT FOOTING 

43 b TWO-WAY ACTtON AT CONCRETE COLUMN 

C3.c TWO-WAY ACTION AT MASCNRY PIER 

43 d TWO-WAY ACTION UNDER 
GUSSETED BASE 

Fig. E-43 Critical Section for Bending 
Moment and Shear in Footing 

extend beyond the point at which it is no 
longer required to resist flexure, for a 
distance equal to the effective depth of the 
member or 12 times the bar diameter (see 
2X2.3.1). 

(See also 25.2.4). Adequate end achnorage 
should be provided for tension reinforce- 
ment in flexural members where reinforce- 
ment stress is not directly proportional to 
moment, such as sloped, stepped or tapered 
footings. Where end anchorage is not ade- 

iMlD AROUND 
COLUMN 

quate, cross-bars may be welded to the main 
steel near the edge or vertical face of the 
footing. 

33.3 Tensile Reinforcement 

33.3.2 REGARDING SUB-PARA (c)-In the 
case of rectangular footings designed for 
two-way action, the curvature in the direc- 
tion of short span at a section is sharper in 
the region near the column. To account 
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for this effect, the reinforcement in the 
central band is to be increased by an 

2 amount --.----. 
P+1 

33.4 Transfer of Load at the Base of 
Column-In general, forces may be trans- 
mitted from column to footing in the 
following manner: 

4 

b) 

cl 

Compressive forces-by bearing on 
concrete surface and also by rein- 
forcements; 
Tensile forces uplift-by rein- 
forcements properly anchored into 
column as well as footing; and 
Lateral forces- by shear friction, 
shear keys etc. 

Though all the above types of forces 
should be transferred from column to 
footing, the Code recommendations are con- 
fined to compressive forces only. 

The compressive stresses in the concrete at 
the base of the column must be transferred 
by bearing. If the design values of bearing 
stresses are exceeded, the reinforcements or 
dowels should be detailed so as to take up 
the remaining forces and should be extended 
across the interface into the column as well 
as footing so that sufficient development 
lengths are provided on each side (see 
33.4.2). 

The basic design bearing stress on the 

footing may be increased by 
J- 

_!!_!_, taking 
AZ 

advantage of confinement of the bearing 
area (triaxial state of compressive stresses) in 
the immediate vicinity of the loaded area of 
the footing. The concrete around the loaded 
area in the footing provides considerable 
support through confinement. The Code 
criteria for the determination of A, is shown 
in Fig. E-44. 

Usually the depth of the footing will be 
governed by punching shear (see 30.6) or 
other consideration but not by the bearing 

t 
A 

- -------mm-- 

‘\ j 7 
\ /’ ; 

I 
I 
I 
I 

, 
I \ I / / “,; 

------v--m-- 

.I 

PLAN 

A, MEASURED ON 
THIS PLANE 

t 
A 

I A I I 

SECTION A-A 

Fig. E-44 Determination of A, in Footing 

stresses. However, the cannot be 

increased indefinitely by providing very thick 

footings and the upper limit of 

will impose a corresponding limit on the 
bearing strength. 

33.4.1 - 

33.4.2 For anchoring of bars in compres- 
sion, see 25.2.2.2. Anchoring of tension bars 
will be governed by 25.2.2.1. 

33.4.3 - 

33.4.4 - 

LO3 
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SECTION 5 STRUCTURAL DESIGN 
(LIMIT STATE METHOD) 

34. SAFETY AND SERVICEABILITY 
REQUIREMENTS 

34.1 General-The object of limit state 
design is stated in the Code and can be 
paraphrased as ‘the achievement of an ac- 
ceptable probability that a part or whole of 
the structure will not become unfit for its 
intended use during its life time owing to 
collapse, excessive deflection, cracking, etc, 
under the action of all loads and load 
effects’. 

A state is any set of conditions pertaining 
to a structure. A limit state is a state at which 
one condition pertaining to a structure has 
reached a limiting or critical value. 

A limit state is attained when the loads or 
actions of a structure are such that their 
effects’(in terms of stresses in the members 
of the structure, or of deflection or deforma- 
tion of the structure or member) exceed a 
specified limiting value. 

The limit states can be placed in the 
following categories: 

a) The ultimate limit states, which are 
those corresponding to the maximum 
load carrying capacity or where ex- 
ceedance results in complete unser- 
viceability; examples are: 
1) loss of equilibrium of a part or the 

whole of. the structure when con- 
sidered as a rigid body; 

2) 

3) 

4) 
5) 

rupture of critical sections of the 
structure due to exceedance of 
material strength (in some cases 
reduced by repeated loading) or by 
deformations; 
transformation of the structure into 
a mechanism collapse; 
loss of stability (buckling etc); 
elastic, plastic or creep deforma- 
tion, or cracking leading to a 
change of geometry which neces- 
sitates replacement of the structure. 
The ultimate limit state may equally 
be caused by the sensitivity of the 
structure to the effects of a repeti- 
tion of loads, fire, explosive 

pressure, etc, it is then necessary to 
consider such effects in the struc- 
tural concept. 
(see also comments on 34.2) 

b) Serviceability limit states; examples: 
1) excessive deformation with res- 

pect to normal use of structure; 
2) premature or excessive cracking; 
3) excessive displacement without loss 

of equilibrium; and 
4) excessive vibrations. 

In a structure, a limit state may be reached 
as a result of a number of random factors af- 
fecting the safety factors which combine or 
originate. Examples are: 

a) 

b) 

d 

4 

In the uncertainty of values taken into 
account for the strength of the 
materials used; 
In the uncertainty of the realization of 
the assumed geometry of the structure 
and sections; 
In the uncertainty of action-perma- 
nent loads or variable imposed loads, 
or imposed deformations impossible to 
foresee accurately for the entire intend- 
ed life of the structure; and 
In the departure of the actual loading 
effects from the calculated values. 

The Code gives the design requirements 
into two groups, namely: 

a) those concerning safety (ultimate limit 
state) (34.2), and 

b) those concerning serviceability limit 
state (34.3). 

Deflection and cracking limitations, being 
generally applicable for serviceability re- 
quirements are covered in full, but other 
limit states depending upon the speciality of 
the structure must be foreseen and provided 
for in design. 

In the Code, care has been taken at pre- 
sent to ensure that the structures designed in 
accordance with the provisions of limit state 
design have sensibly the same degree of safe- 
ty as those designed by using the working 
stress method. 
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X2.1 It is normally adequate to consider 
three limit states, namely, collapse, deflec- 
tion and cracking for the design of normal 
reinforced concrete structures in general 
building construction. The most critical limit 
state for design of reinforced concrete struc- 
tures is found from experience to be the limit 
state of collapse. Therefore, normally such 
structures may be designed initially on the 
basis of ultimate strength (that is, safety 
against collapse) and then checked for 
deflection and cracking limit (that is, ser- 
viceability criteria). In the Code, indirect 
checks for ensuring control of deflection and 
crack widths are given and these simple rules 
will be adequate for most cases. In addition 
to the three limit states mentioned above, it 
may be necessary to consider a few more in 
the case of structures with unusual or special 
functional requirements (see 34.4). 

34.1.2 The terms ‘characteristic values’ 
and ‘design values’ have a bearing on the 
uncertainties in establishing the intended 
strength of the structure and the anticipated 
loads. These uncertainties arise out -of the 
following: 

4 

b) 

Inherent variability of loading and in 
the properties of the material, the 
latter arising in the manufacture. The 
characteristic values for material 
strengths and loads are introduced to 
take care of this type of uncertainty or 
variability. 
Deviations may arise from construc- 
tion faults, errors in mix proportions 
and inaccuracies in design assump- 
tions and analysis procedures. This 
type of uncertainty is taken care of 
through the use of separate partial 
safety factors for loads and materials 
(see 35.3 and 35.4). The ‘design 
values’ are obtained by applying par- 
tial safety factors to the characteristic 
value for loads and material strength. 

Characteristic strengths and characteristic 
loads are used as reference values in the limit 
state design. The definitions given in 
statistical terms in 35.1 and 35.2 are 
somewhat rigorous and are intended to 
account for the known, inherent variability. 
However, in the absence of adequate 
statistical data, the values of characteristic 
loads are taken as the nominal loads given in 
the relevant Indian Standard Specifications 
for loads. For the same reason, the 

characteristic strength of steel is taken as the 
minimum yield stress or 0.2 percent proof 
stress whichever is less specified in the rele- 
vant specifications. However, for concrete, 
the characteristic strength as defined in 35.1, 
has been used in the Code (with required 
quality control and acceptance criteria). 

Design strengths and design loads are 
obtained from characteristic strengths and 
characteristic loads, respectively, through 
the use of a set of partial safety factors (see 
35.3 and 35.4), which are intended to 
account for the uncertainties due to devia- 
tions from intended construction practices, the 
approximations introduced in analysis and 
design, etc. Note that instead of a single load 
factor used in the ultimate strength method 
in the 1964 version of the Code, now the 
Code uses separate partial safety factors on 
loads and on material strengths. 

34.2 

a) 

b) 

c) 

Limit State of Collapse 

RUPTURE DUE TO OVERLOADS- Inade- 
quate margin for the strength of 
members may result in the rupture of 
one or more critical sections or in the 
collapse of the whole structure. The 
appropriate partial safety factors for 
material strengths and loads (see 
35.4. I and 35.4.2) should be applied 
to the respective characteristic values, 
in order that the structure might have 
the desired margin of safety. In 
36.2.1, the Code permits the re- 
distribution of moments in indeter- 
minate structures, as they possess 
some reserve strength which can be 
taken into account. 
ELASTIC INSTABILITY AND PLASTIC IN- 
STABILITY-F~~~~~~ resulting from 
elastic instability in beams and 
columns can be avoided by using the 
rules given in 22.3 and 24.3 respec- 
tively. (Plastic instability may occur 
in slender columns (see 24.1.1 for 
definition of slender column). 
Designs incorporating ‘additional 
moments’ in slender columns, in 
accordance with 38.7, will be suffi- 
cient to avert plastic instability in a 
majority of low-rise building frames. 
OVERTURNING-The stability with 
respect to the overturning of the 
structure as a whole is ensured 
through the application of 19.1. 
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The combinations of loads to be con- 
sidered in design and the recommended 
values of partial safety factors for those 
combinations are given in Table 12. 

The Code states elsewhere (see 34.1) that 
the structure should be designed to with- 
stand safely all loads liable to act on it 
throughout its life, and in Table 12 lists the 
combinations of dead load, live load, wind 
load and earthquake load to be taken into 
account, and these will be adequate in most 
cases. However, in a few isolated instances 
the possibility of collapse due to causes other 
than those listed in Table 12 can be foreseen, 
for example, unusual or excessive loadings, 
localized damage, dynamic response or con- 
ditions during construction. In these cases, 
the probability of collapse may be minimized 
by the following methods: 

a) By adopting a structural scheme 
which can accept a decrease, or even 
complete loss of the structural effec- 
tiveness of cer m members although 
with a reducf-c degree of safety (see 
Ref 3). 

b) By the provision ‘of appropriate 
devices to limit the effects of these 
accidental occurrences to acceptable 
levels, for example, controlled vent- 
ing where explosions may occur, and 
crash barriers where impact of 
vehicles can be anticipated. 

It is to be noted even if the structures were 
to collapse due to unforeseen overloading, it 
should have a ductile failure [this point is 
taken care of in 37.Icf)J so as to avoid 
excessive loss to life and property. 

34.3 Limit States of Serviceability 

34.3. I DEFLECTION - Excessive deflection 
at service load may cause damage to non- 
load bearing elements, such as partition 
walls, discomfort to the users and may 
adversely affect the appearance of the struc- 
ture or functioning of sensitive equipment 
(see also comments on 22.2). The Code 
recommendations are confined to flexural 
members (see 41. I) as deflection is not likely 
to be critical in other cases. Even in the c+e 
of flexural members, deflection control 
through the use of span to depth ratios, 
given in 22.2, will be adequate in normal 
cases. In critical cases, deflections may be 
computed in accordance with Appendix E 
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and compared with the limiting values given 
in 22.2. 

34.3.2 CRACKING-Design for the ser- 
viceability limit state of cracking involves an 
analysis of the section, in which concrete is 
considered to have no tensile strength, and 
the design requirement for exposure. The 
evidence on the effect of crack width on the 
corrosion bf reinforcing steel is conflicting. 
The limiting surface crack width of 0.3 tim 
is generally accepted from aesthetic con- 
siderations and this limit is also accepted as 
adequate for the purpose of durability when 
the member is completely protected against 
weather or aggressive conditions. 

The recommended limit of 0.3 mm (sur- 
face crack width) for general use in building 
construction is related to a reference value 
for the cover, and this reference value can be 
taken as 25 mm. For severely aggressive en- 
vironment, the crack width is preferably 
limited to 0.1 mm, but in general more cover 
is also provided. Therefore, the Code recom- 
mends a limiting crack width of 0.004 times 
the nominal cover nearest to the main rein- 
forcement, which leads to 0.1 mm when 
nominal cover is 25 mm. 

The acceptable limits of cracking in- 
dicated in the Code are intended for general 
use. Crack width limitation depends upon 
functional requirements of different struc- 
tures: 

4 

b) 

Bins and Silos-The crackwidths in 
walls of bins shall not exceed the 
following: 
Where watertightness is 

required = 0.1 mm 
Otherwise = 0.2mm 
Tanks for Storage of Water and Other 
Liquids-According to IS : 3370 
(Part II)-1965*, resistance to cracking 
should be ensured by limiting the ten- 
sile stresses in concrete assuming the 
section to be untracked. In addition, 
the widths of possible cracks are 
restricted indirectly through a normal 
strength check, but with reduced 
values of permissible stresses in rein- 
forcements. Limiting values of crack 
widths have not yet been given ex- 
plicitly. 

‘&x Of practice for concrete structures for the 
storage -01 liquids: Part II Reinforced concrete 
structures. 
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Although several suggested approaches 
are available for computation of crack wid- 
ths, a wholly satisfactory or generally accep- 
table procedure is not available. A reinforce- 
ment detailing guidance was therefore con- 
sidered more practical for this purpose and 
no procedure is given for calculating crack 
width. 

The control on crack width is exercised 
through the reinforcing detailing re- 
quirements (spacing of bars) specified in 
25 and its sub-clauses. This indirect control 
is applicable when the limiting crack width is 
0.3 mm (mild conditions of exposure). For 
particularly aggressive environments (severe 
category in Table 19);&e the Note in Table 
10 of the Code. 

Absolute. limits to the widths of cracks 
cannot be predicated easily, because crack- 
ing is influenced by many factors and is a 
variable phenomenon. The limits given in 
the Code merely require an acceptable pro- 
bability of the crack widths not being ex- 
ceeded. Keepingthis in view, the possibility 
of some cracks (say 20 percent of the total 
number) being wider than the limiting value 
must be accepted, unless special precautions 
like prestressing is undertaken. 

Calculation of Crack- Width (Reference 3)-- 
The widths of flexural cracks at a particular 
point on the surface of a member depend 
primarily on three factors: 

4 

b) 

The proximity to the point being con- 
sidered of reinforcing bars perpen- 
dicular to the cracks; 
The proximity of the neutral axis to 
the point being considered; and 

Cmin. 

es- -7- 

c) The average surface strain at the point 
being considered. 

The following formula gives the relation- 
ship between crack width and the three prin- 
ciple variables which give acceptably ac- 
curate results in most normal design cir- 
cumstances. However, the formula needs to 
be used with caution for members subjected 
to dominately to an axial tension. 

Design surface crack width (see Fig. E-45) 

K, = 
3acr Em 

1+2 

where 
a CT = distance from the point con- 

sidered to the surface of the 
nearest longitudinal bar, 

Cmin = minimum ’ cover t0 the 
longitudinal bar, 

em = average strain at the level con- 
sidered, 

D = overall depth of the member, 
X = depth of the neutral axis. 
The average strain at the level at which 

cracking is being considered is given by: 

em=E1 - 
0.7b,D(a’ -x) X 1o-~ 

ND - +)f, 

where 

e1 (strain at the level being considered) 

= (D-x)/(d-x) 

b, = The width of the section at the cen- 
troid of the tension steel; 

SECTION STRAIN 

Fig. E-45 Crack Width in Beams 
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a’ = 

A, = 

_fs = 
E, = 
d= 

The distance from the compression 
face to the point at which the crack 
width is being calculated; 
The area of tension reinforcement; 
Service stress in tension reinforce- 
ment (N/mm*) 
Modulus of elasticity of steel; and 
Effective depth. 

34.4 Other Limit States-On a few occa- 
sions, vibration or fatigue may have to be 
considered explicitly (see also comments on 
17.6). 

Lateral drift limitations for tall build- 
ings subjected to earthquake forces and 
wind loads are given in IS : 4326-1976*, 
IS : 1893-1975t and Reference 40, respective- 
ly. Limits on lateral drift may be necessary 
to minimize: 

a) 

b) 

35. 

35. I 

damage to non-structural parts, such 
as partitions, finishes and window 
panes; and 
discomfort or alarming effects to the 
occupants of the buildings. 

CHARACTERISTIC AND DESIGN 
VALUES AND PARTIAL SAFETY 
FACTORS 

Characteristic Strength of n/fate- 
rials - Characteristic strength has been 
introduced in order to provide for the in- 
herent variability of the material property, 
arising during its manufacture (see also com- 
ments on 34.1). 

Throughout the Code, it is recognized that 
when a large number of samples say, a given 
grade of concrete manufactured even under 
stable conditions of control are tested, the 
results will show some variation. For the 
strength of concrete, it is usual to assume 
that the plot of compressive strength (on 
X-axis) against the frequency of occurrence 
(on Y-axis) will follow the ‘normal’ or 
‘Gaussian’ distribution, shown in Fig. E-4. 

Characteristic strength of concrete, 
fc, =A-k.s 
where 

f, = yeittlrtic mean of the different test 

*Code of practice for earthquake resistant design and 
construction of buildings (first revision). 

tCriteri& for earthquake resistant design of structures 
(third revision). 
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k = (coefficient depending on the 
probability) = 1.65 

s = standard deviation (see Table 6). 

It is to be noted that the concrete mix has 
to be designed for the target mean strength 
greater than the specified characteristic 
strength. 

The characteristic strength is used as a 
reference value for specifications as well as 
design purpose throughout the Code, and as 
far as possible, all requirements are given in 
terms of characteristic strength. Some ex- 
amples follow: 

4 

b) 

c) 

4 

In Table 2, the grade designation of 
concrete is related directly to the 
characteristic strength of concrete. 

The entire section on acceptance 
criteria for concrete (see 15.1 to 15.7) 
has been written, taking. the chara- 
cteristic strength of concrete as a 
reference value. 

Derived quantities, such as flexural 
strength of concrete (see 5.2.2) and 
modulus of elasticity of concrete (see 
5.2.3.1) are expressed in terms-of the 
characteristic strength f,,. 

Design formulae and other related in- 
formation for important topics, such 
as flexure (see 37.1) and short col- 
umns (see 38.3) are also given in terms 
of the characteristic strengths. 

According to 34. I, ‘design values’ should 
be obtained from the characteristic values 
through the use of partial safety factors. 
However, when the design formula is given 
directly in terms of characteristic strength, 
the recommended partial safety factors 
would have been incorporated already. For 
example, partial safety factors have already 
been incorporated in the short-column for- 
mula given in 38.3. 

35.2 Characteristic Loads-As in the case 
of characteristic strength, the term 
characteristic load has been introduced in 
order to provide for the inherent variability 
associated with the assessment of maximum 
loads. It represents reasonably upper or 
lower limits to the expected range of pattern 
of loads. 

The values of characteristic loads should 
be multiplied by relevant partial safety 
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factors (35.3.2, 3.5.4.1, and Table 12) to obtain 
the design loads. 

When statistical data are not available, 
the loadmg values specified in appropriate 
Code (IS : 1911-1967*, IS : 875-19647 and 
IS : 1893-1975$) may be taken as characteri- 
stic loads. 

35 3 Design Values 

35.3.1 MATERIALS-The characteristic 
strength of a material has been defined in 
such a way that the uncertainties due to the 
inherent variability of the property of a 
material arising in the manufacture is ac- 
counted in a systematic manner. However, 
the strength of a material (say concrete or 
reinforcing steel) in the actual structure may 
be somewhat less than the characteristic 
strength, this being mostly due to errors or 
deviations arising in construction. 

The strength of concrete, for example, 
might be reduced by eriors in the mix pro- 
portions, by the presence of impurities or by 
inadequate compaction or curing. The par- 
tial safety factor Y,,, relates the possible 
reduction in the material strength in the ac- 
tual s,ructure to the values of the chara- 
cteristic strengths. The values of yrn are fixed 
separately for each material and each limit 
state : ee 35.4.2). The recommended values 
of T,,, are based on the assumption that ade- 
quate standaIds of construction’ (say, 
tolerance etc) specified in Section 3 of the 
Code would be ensured. 

When a design formula is *given in the 
Code directly in terms of characteristic 
strength, the partial safety factors would 
have been built into the formula, and it will 
be unnecessary to apply partial safety factors 
again, unless specifically demanded by the 
Code. 

Some relaxation of these load factors may 
be allowed when considering the effects of 
unusual or excessive loadings, localized 
damage, dynamic response or conditions 
during erectior:. 

35.3.2 LOADS-The term ‘Characteristic 
load’ (see 35.2) has been introduced in the 

*Schedule of unit weights of building materials Cfirsr 
revision). 

tCode of practice for structural safety of buildings: 
Loading standards (revised). 

SCriteria for earthquake resistant design of structures 
(third revision). 

Code in order to provide for the inherent 
variability associated with the assessment of 
maximum loads. However, during the ex- 
pected life span of the structure the actual 
maximum may be larger than the characteri- 
stic load due to the following reasons: 

4 

b) 

c) 

4 

The lack of dimensional accuracy in 
actual construction may lead to larger 
or smaller loads which in turn may in- 
crease the load effect on critical sec- 
tions; 

Approximations and simplifying 
assumptions are made in the analysis 
and the proportioning of structure 
which may in turn affect the com- 
puted values of the forces, moments 
or stresses in the structures; 

There may be an unforeseen increase 
in the Joads though there may not be 
any change in the use of the building; 
and 

The load on a member may be increas 
ed due to the effect of creep, 
shrinkage and temperature, but the 
Code permits the designer to ignore 
such effects in normal building types 
(see 17.5.1). 

Therefore, the characteristic load must be 
multiplied by the partial safety factor yf, to 
obtain the design load, which may be greater 
or lesser than unity. The values of yt are 
specified separately for each load combina- 
tion and limit state (see Table 12). 

35.3.3 CONSEQUENCES OF ATTAINING LIMIT 
STATE-Usually, the limit state of collapse 
(34.2) will be the one that might possibly 
lead to disastrous consequences, such as loss 
of life and property. The amount of increase 
in the partial safety factor should be deter- 
mined by the designer, based on judgement 
and past experience. The partial safety fac- 
tors may be increased either singly or 
together, but the usual practice is to 
adopt an increased value of yf (see 
IS : 1893-1975* which suggests increased 
values of the load factors for various 
magnitudes of expected damages with 
respect to earthquake resistant designs). 

35.4 Partial Safety Factors-By the in- 
troduction of two partial safety factors, one 

*Criteria for earthquake resistant design of structures 
(third revision). 
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applied to the material strength, the other to 
loads, it has been possible to develop a 
design method. which ensures that the pro- 
bability is acceptable that the limit states will 
not be reached. The main reason for adopt- 
ing two partial safety factors instead of one 
overall factor is to enable that the uncertain- 
ties in assessing the loads and their influence 
on the structure to be considered separately 
in design from the uncertainties associated 
with performance of construction materials. 
Subsequently it will simplify the incorpora- 
tion of improvements to the Code as and 
when new knowledge becomes available with 
regard to loads and materials. 

35.4.1 PARTIAL SAFETY FACTORS yI FOR 
LOADS-The partial safety factor for loads, 
yr, is required for obtaining the design load 
from the characteristic load (see 35.3.2). .The 
values listed in Table 12 have been arranged 
in such a way that the structure designed in 
accordance with the provisions for limit state 
design (Section 5), will have sensibly the 
same degree of safety and serviceability as 
structures designed by using the working 
stress method (Section 6). The values of yf 
have been arranged in such a way that only a 
minimum number of analysis will be re- 
quired for carrying out the design. 

L’OAD COMBINATIONS - CiaUSe 17.7 
which states that the combination of loads 
shall be .as given in IS : 87%1964* (see also 
19.1 and 19.2 and their comments). 

For frames, the arrangement of live loads 
is given in 21.4.1. Although all the relevant 
load combinations must be considered in 
design, the first one in Table 12, that is, 
(DL + LL) is most likely to govern the 
design in ordinary buildings; the second 
combination (DL + WL) in structure, such 
as chimneys and cooling towers where the 
lateral loading (wind or earthquake) is the 
primary imposed load. 

VALUES OF SAFETY FACTORS Yr-A uniform 
load factor of I.5 is recommended by the 
Code for the load combination (DL + LL) 
when collapse is to be corisidered. The Code 
Panel went into this question and decided to 
adopt this value on the following basis: 

a) The factor 1.5 may be interpreted as a 
device for ensuring the desired margin 

*Code of practice for structural safety of buildings: 

Loading standards (revised). 
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of safety against collapse, with respect 
to the combined effects of dead load 
and live load taken together, instead 
of providing distinct factors for dead 
load taken separately. This will also 
go in conformity with the recommen- 
dation of the European Concrete 
Committee (Reference 7). 
As the designs are based on “elastic 
analysis” of the structure (see 4.1), 
one analysis will be sufficient for the 
limit state of collapse as well as the 
limit state of serviceability when 
(LX. + LL) is considered; the design 
moments are obtained simply through 
a multiplications by a suitable cons- 
tant; and 
Sometimes, a lower factor, say 1.4, is 
suggested for the dead load and a 
higher one, say 1.6, for the live load, 
the ostensible justification being that 
more is known about the magnitude 
of dead load and therefore, a lower 
factor of safety will be appropriate for 
that. However, there is some evidence 
(see Ref 41) that a uniform factor for 
(DL + LL) ensures a better degree of 
safety. The Code recommends a 
uniform factor for the combination 
(DL + LL), also to simplify the design 
procedures. 

In those structures where stability against 
overturning may become critical (see also 
19,l and its comments), the unfavourable 
case corresponding to the application of 
minimum value of dead load should be con- 
sidered. Here, the Code recommends 
yr = 0.9 fo1 dead load, for the following 
reasons: 

a) 

b) 

The size of the member may be 
smaller than the nominal values 
shown in drawings; and 
The densities of materials may be less 
than those assumed in design calcula- 
tions. 

In the third load combination, that 
(DL + LL + WL), there is only a smaller 
probability that all the imposed loads will 
reach their characteristic values simul- 
taneously, and this is reflected in the reduced 
value of -yr. As it is also unlikely that both 
wind loads and earthquake forces will occur 
simultaneously, it will be sufficient to con- 
sider each of them in turn, in combination 
with dead load and live load (see Note 2 to 
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Table 12). However, it is to be remembered 
that the reduced live load (LL) in accordance 
with IS : 1893-1975* needs to be used when 
(DL + LL + EL) are combined. 

For earthquake effects, IS : 1893-1975* 
must also be considered (see Z7.4), and it 
recommends a similar approach, though the 
value of the load factor there is higher. This 
is because the safety factor given in 
IS : 1893-1975* is applied only on loads, 
whereas the Code has separate safety factors 
for loads (73 and materials (y,,,). While ap- 
plying either of these Codes, this difference 
should be kept in mind and the safety factors 
should be applied in a consistent manner. 

For computing the deflections due to 
creep, it will be appropriate to consider only 
that portion of the live load that is likely to 
be of a permanent nature (see Appendix E). 
The Code does not give a specific recommen- 
dation in this regard, but it is suggested that 
the following proportion of the specified 
characteristic imposed loads may be taken as 
a guide as being of long duration depending 
upon the type of the occupancy: 

Residential floors 0.7 
Office floors 0.6 
Hospital floors (wards 0.5 

and corridors) 
Theatres and library 0.8 
School floors 0.5 
Assembly floors 0.5 
Storage and industrial 1.0 

floors 

However, the possibility of later changes 
of occupancy or use should be kept in mind. 
The intention of Note 2 to Table 12 is to 
draw specific attention to this aspect ;Ind it 
will not be necessary to change yr applicable 
to serviceability limit states. 

Cases not listed in Table 12 

a) SHRINKAGE,CREEP AND TEMPERATURE w- 

FECTS-The Code requires that the ef- 
fects of shrinkage, creep and 
temperature should be taken into ac- 
count if t.hese are likely to affect the 
safety and serviceability of the struc- 
ture (see 17.5), but permits the 
designer to ignore these effects in or- 
dinary structures (see 17.5.1). In those 

Trittria for earthquake resistant design of structures 
(third revision). 

few instances where such effects are 
considered explicitly it is suggested 
that the following recommendations, 
(Ref 28) be adopted in the absence of 
any other Code provisions: 

Where structural effects (r) of dif- 
ferential settlement, creep, shrinkage 
or temperature change may be signifi- 
cant in design, required strength, U 
shall at least be equal to: 
CJ= 0.75 (1.4 DL + 1.4 T+ 1.7 LL), 

but U shall not be less than 
1.4(DL+T). 

For serviceability limit states, yr can 
be taken as unity while considering 
creep, shrinkage and temperature 
effects. 

b) LOADSCAUSEDBYMISUSEORACCIDENT- 

In a few isolated cases the possibility 
of collapse due tq causes other than 
those listed in Table 12 can be fore- 
seen for example, explosive pressures 
and vehicle impact. Though the Code 
states in 34. Z that the structure should 
be designed to withstand safely all 
loads liable to act on it throughout its 
life, it does not give recommendations 
regarding the design concepts for 
loads caused by misuse or accident. 
The following information (Ref 3) 
may be used as a guide: 

The structure should be designed to 
support loads caused by normal func- 
tion., but there should be a reasonable 
probability that it will not collapse 
catastrophically under the effect of 
misuse or accident. No structure can 
be expected to. be resistant to the ex- 
cessive loads or forces that could arise 
due to an extreme cause, but it should 
not be damaged to an extent dispro- 
portionate to the original cause. In 
addition, due to the nature of a par- 
ticular occupancy or use of a structure 
(for example, flour mill, chemical 
plant) it may be necessary in the 
design concept or a design re- 
appraisal to consider the effect of a 
particular hazard and to ensure that, 
in the event of an accident, there is an 
acceptable probability of the structure 
surviving after the event, even if in a 
damaged condition. If in the design it 
is necessary to consider the probable 
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effects of excessive loads caused by 
misuse or accident, the -yr factor (for 
the ultimate limit state) should be 
taken as 1.05 on the defined loads, 
and only those loads likely to be 
acting simultaneously need be con- 
sidered. Again, when considering the 
continued stability of a structure after 
it has sustained localised damage, the 
yr factor (for the ultimate limit state) 
should be taken as 1.05. The loads 
considered should be likely to occur 
before temporary or permanent 
measures are taken to repair or offset 
the effect of the damage. When con- 
sidering the effect of excessive loads 
or localized damage, the values of Y,,, 
for ultimate limit state may be taken 
as 1.3 for concrete and 1 .O for steel. 

35.4.2 PARTIAL SAFETY FACTOR Y,,, FOR 
MATERIAL STRENGTH 

35.4.2.1 For definitions relating to the 
characteristic strength, design strength and 
partial safety factor yrn, see 35.3.1. 

The reasons for introducing Y,,, for the 
strength of concrete are mentioned in the 
comments on 35.3.1. In the case of reinforc- 
ing steel, yrn = 1.15 accounts for: 

a) reduction in the strength of the cross- 
section of the member as a result of 
inaccurate positioning of steel; and 

b\ reduction in the strength of the steel 
bar due to manufacturing defects, 
such as deviations from the nominal 
diameter. 

A higher value of Y,,, is recommended for 
concre:e as it can be expected that the ac ual 
strength of concrete in the structure 

:: 
ay 

deviate from that determined from tes s by 
an amount more than that can be expected 
for reinforcing steel, owing t:, several con- 
struction operations, such as transporting, 
placing, compacting and curing of concrete. 
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35.4.2.2 For the analysis of structures, it 
may be necessary to determine the elastic 
constants such as EC, the modulus of 
elasticity. Irrespective of the limit state being 
considered during the analysis, the charac- 
teristic strength of concrete should be used in 
the expression for EC, and the factor -ym 
should not be introduced (see 36.Z). 
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When properties other than compressive 
strength are derived from cube test results, 
the factor Y,,, should be applied to the deriv- 
ed values. For example, if the tensile 
strength of concrete is taken as f,,, the design 

tensile strength should be f,. 
-Ynl 

36. ANALYSIS 

36.1 Analysis of Structure- See commen- 
try on 21 and its sub-clauses. 

Redistribution of moments may be carried 
out for rigid frames, statically indeterminate 
frames and continuous beams if the linear- 
elastic analysis or the substitute frame and 
portal methods are used for determining the 
internal forces and actions in these struc- 
tures. If the moment and shear coefficients 
of Tables 7 and 8.are used for the design of 
continuous beam, redistribution of moments 
is not permitted (see 21.7) as the same has 
already been considered. 

For the determination of elastic properties 
of concrete, see also Comments on 35.4.2.2. 

The relative stiffnesses of members, re- 
quired for the analysis of indeterminate 
structure, may be determined on the basis of 
any one of three assumptions given in 
21.3.1. The moduli of elasticity of steel and 
concrete are given in 4.6.3 and 5.2.3.1 
respectively. 

36.1. Z REDISTRIBUTION OF MOMENTS IN CON- 
TINUOUS BEAMS AND FRAMES-From the title 
of the Clause, it can be inferred that 
redistribution of moments is applicable to 
continuous beams and frames, that is, 
statically indeterminate structures and not to 
simply supported beams. 

In statically indeterminate structures, 
redistribution of bending moment occurs 
before failure as a result of inelastic defor- 
mation of the reinforced concrete sections. 
This redistribution permits a reduction in the 
support moments of a continuous beam 
which in turn would reduce the congestion of 
reinforcements at the supports. Such 
redistribution of moments occurs whenever 
incipient failure is reached whether at a 
support or in the span as explained further 
below. 

In the limit state design method, nioment 
redistribution is permitted up to a reduction 



SP : 24-1983 

of 30 percent of the numerically largest mo- 
ment in a member [see para (c) of 36.1. I] 
whereas in the working stress method 
redistribution up to + -15 percent is allowed 
(see 43.2). This liberalized provision for limit 
state method is not based on any new con- 
cept in the method of design but should be 
interpreted as an increase justified on 
theoretical grounds and on the basis of cor- 
responding restrictions on relevant details. 

According to 21.5.1 redistribution of 
moments is not permissible when the coeffi- 
cients given in Table 7 are used for calcula- 
tion of bending moments as the same has 
already been included. 

BASIS AND JUSTIFICATION-An under- 
reinforced section subjected to a gradually 
increasing bending moment behaves 
elastically at the initial stages but displays a 
pronounced non-linear and somewhat 
plastic behaviour at high values of bending 
moments. The magnitudes of deformations 
at yield and at failure would be determined 
by the relative quantities of steel and con- 
crete in the section and their stress-strain 
characteristics. However, for an under- 
reinforced section the moment versus rota- 
tion plotted will resemble the dotted line 
shown in Fig. E-46 which is usually idealized 
by a bi-linear diagram shown by the full 
lines. In other words, the behaviour of an 
under-reinforced section can be idealized 
with a linear plotted of moment versus rota- 
tion up to a stage when the plastic moment 
capacity M, is reached and thereafter by a 

line of limited length up to failure parallel to 
the X-axis. 

Consider an Indeterminate beam, say a 
fixed beam, restrained at both ends and with 
a point load at the centre. As the load in- 
creases, the beam behaves elastically until 
the plastic moment on one or more critical 
sections is reached, that is where the steel has 
yielded (at support). Assume that the 
ultimate moment capacity of the beam at 
supports, MI, is half of that at mid span. As 
the load is increased gradually, the beam will 
behave elastically until the steel at the critical 
section (that is, support) yields, or in other 
words, the plastic moment MI, is reached 
at the support. Referring to Fig. E-47, it 
can be seen that this condition is reached 
when the load P attains a value 

PAMP 
1 -. At this stage, even though the 

I 
support moment has attained the value MD 
the beam can sustain a further increase in 
load as the support sections. will support a 
moment M, with increased rotations, that is, 
the plastic moment M, can be sustained at 
supports at a constant moment, but the rota- 
tion will increase along the horizontal 
(idealized) line shown in Fig. E-46. As the 
load is increased further and if sufficient 
rotation capacity was available at support, 
the fixed beam will act as a beam with hinged 
ends. Eventually, as the moment at mid span 
reaches the full capacity 2 MD, the beam will 
not be able to sustain any fuither increase in 
load since its full moment resistance capacity 
is now reached, Referring to Fig. E-e7, 
statical calculations indicate that total col- 
lapse will take place when the load reaches a 

p . Note that, in a strictly elastic 

design based on an elastic analysis, the load 

P would have been restricted to PI = 

corresponding to the stage when one of the 
critical sections would have reached its 
elastic limit. But a consideration of the total 

&A 
collapse of an indeterminate structure 

S? 

reveals the existence of some reserve strength 
in most cases.. 

.3 

ROTATlON) 8 -* 

Fig. E-46 Moment Rotation Plot for 
Under-Reinforced Sections 

From design point of view, the reserve 
strength in statically indeterminate beams 
and frames can be taken advantage of, simp- 
ly by calculating the bending moments for a 

load of, say P,= I2 Mp for the fixed beam 
1 
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471 FIXED BEAM 

L7 b STAGE-1 ELASTIC B.M. DIAGRAM 

‘7~ STAGE-2 W”EN THE SUPPORT MOMENTS 

MI Mm REACH MP 

‘7 d STAGE 3 -COLLAPSE MECHANISM WHEN MID SPAN 

MOMENT, M,: ?Mp 

Fig. E-47 Collapse Load for Fixed Beam 
with Fixed Plastic Moments 

example, assuming the entire beam to be 
elastic and then reducing the support 
moments. The mid span moment is increased 
by the corresponding amount required to 
maintain equilibrium. This procedure, 
explained in Fig. E-48, is called ‘redistribu- 
tion of moments’. Comparison of Fig. E-48 
with Fig. E-47 shows that redistribution of 
moments is equivalent to utilizing the reserve 
strength in indeterminate beams. However, 
the advantage of the concept of redistribu- 
tion of. moments is that it is a design pro- 
cedure and the designer may choose any set 
of statically equilibrating values for the 

‘moment capacities at A, B and C; in other 
words, one is free to choose the amount of 
redistribution of moments, say reduction in 

M, and MB provided that statical equilibrium 
is maintained through the structure. 

Paras (a) to (e) of 36. I. I lay down the pro- 
cedure and limitations for redistribution of 
moments. The condition at para (a) is a basic 
one. The condition at para (b) is intended to 
ensure that the sections, especially those near 
the points of contraflexure, do not crack at 
working loads. Referring to Fig. E-47, for 
the example considered therein, the point of 
contraflexure marked D, is at a distance 
l/4 from support A, when the beam behaves 
elastically [see Fig. E-47 (b)]. However, at 
the collapse stage, [see Fig. E-47 (c)l the 
point of contraflexure moves to D’ which 
is only l/6 away from the support A. 
Therefore, when the service loads are placed 
on the structure, it will be necessary to 
provide for the negative moments up to a 
distance AD, whith is greater than 
AD’, the latter being sufficiently away from 

P”Z ( ye) 

1 

C 

A- I-t- 
STEP 1 PLACE Pu ON GIVEN STRUCTURE 

STEP 2 DRAW ELASTIC BM DIAGRAM 

STEP 3 REDUCE M,, MB TO Mp. REDRAW 

DfAGRAM TO SATISFY STATIC EOUILIBRIUH 

Fig. E-48 Redistribution of Bending 
Moments 
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the redistributed moment diagram. Thus, if 
the ‘negative reinforcement is provided on 
the basis of redistributed moment, cracks are 
likely to appear over the length DD’ when 
service loads are placed, even though col- 
lapse has not taken place. The value of 70 
percent, mentioned in para (b) is the ratio of 
working loads to ultimate loads, with respect 
to the first combination (DL + LL) given in 
Table 12. The partial safety factor yf in this 
case is 1.5 and, therefore, the elastic moment 

at working load will be -!- = 0.67, say 0.70 
1.5 

percent of the moment at collapse condi- 
tion. Accordingly, the envelope of elastic 
maximum moments must be drawn first, this 
envelope reduced by 70 percent throughout 
and then the redistributed moment diagram 
drawn. The proportioning and detailing 
should cover the more critical of the two 
cases at any section namely, (i) elastic 
moment envelope (with no redistribution) 
reduced by 70 percent, and (ii) envelope of 
the redistributed moment diagram. 

The reduction of 30 percent of the elastic 
moment [see para (c)] is ‘valid for sagging 
moments as well as hogging moments, but 
the equilibrium with external forces must be 
maintained as required in para (a). The limit 
of 30 percent has been set from practical 
consideration, mainly to restrict the demand 
for rotation capacities of concrete structures 
at critical sections, although theoretically a 
reduction of 100 percent would be possible 
provided equilibrium requirements are 
satisfied (for example, a span in continuous 
beam could be reduced to a simply sup- 
ported span by reducing the support moment 
by 100 percent and then designed as a simply 
supported beam). Even on economic con- 
siderations, it would rarely be desirable to 
reduce the bending moments by more than 
30 percent. Note that no limit is placed on 
the amount by which moments can be in- 
creased (either at midspan or at supports). 
The moments can be reduced anywhere 
along the beam regardless of whether the 
section is at support or near midspan. Final- 
ly, the reduction coefficient of 70 percent 
referred in para (c) are not complementary. 
There are independent reasons for choosing 
them. 

Redistribution of the moment at a section 
can be achieved only if the section has suffi- 
cient ductility, that is, rotation capacity. As 

the rotation capacity of reinforced concrete 
sections is rather limited, a check has been 
introduced in para (d). The depth of neutral 
axis at failure provides a reasonable albeit 
approximate estimate of the rotation capa- 
city of the section. Also, the demand on the 
rotation capacity required at a section would 
increase with the percentage redistribution. 
These two considerations form the basis of 
the inequality condition in para (d). 

In para (d), - xu is the neutral axis depth 
d 

factor of the section resisting the reduced 
moment (that is, after redistribution). The 
inequality should be applied only when the 
moment at a section is reduced and only the 

magnitude of 6M without any sign attach- 
100 

ed, should be inserted. Referring to the for- 

mulae for _?%._ given in Appendix E of 
d 

Code, it can be seen that this factor increases 

with the steel ratio Afor singly reinforced 
bd 

sections and with (L!L _ _ A : ) for doubly 
bd’ bd 

reinforced sections. Therefore, appreciable 
redistribution of moments will be possible 
only with under-reinforced sections. 

For various types of. steel, the limiting 

values of X __L are given in the Note to para 
d 

(t) of 37.1. If the sections are designed in 
such a way that these limiting values are 
closely approached, the moment reduction 

ratio 6M cannot exceed 7 percent for mild 
100 

steel and 12 percent for cold-worked 
deformed bars uY = 415 N/mm*), as against 
30 percent maximum, permitted in the Code. 
However, in a-general case, generous overall 
dimensions with lesser amount of tension 

steel can be chosen, xu values determined 

through compatibility conditions for 
limiting strain values indicated in 37.1 and 
then the inequality requirement of para 
(d) of 36.1.1 may be checked. 

Finally, the condition in para (d), involv 
ing the depth of neutral axis (XJ wi!l rule 
out the possibility of redistribution (thL4.t is, 
reduction) in moments in a column unless 
the axial load is very small. 
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36.1.2 ANALYSIS OF SLABS SPANNING IN Two 
DIRECTIONS AT RIGHT ANGLES-((see com- 
ments on 23.4 .and Appendix B). 

37. LIMIT STATE OF COLLAPSE: 
FLEXURE 

37. I Assumptions-The assumptions 
given in this Clause are valid only for 
shallow beams (span to depth ratio greater 
than 2.5). A separate set of assumptions is 
given for deep beams (see 28). Additional 
assumptions are given for members sub- 
jected to axial thrust with or without ben- 
ding (see 38.1). In other words the assump- 
tions given in 38.1 provide a general theory 
for design of reinforced concrete members 
covering the entire range between simple 
bending and direct compression. 

A.WJMPTION (a) - It implies linear variation 
of strain’across the depth of the section 
(see Fig. E-49) and has been verified by 
numerous tests on reinforced concrete 
beams. 
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bending and also for compression mem- 
bers subjected to axial loadi with large ec- 
centricities that is, which cause tension on 
one iace. For compressive members sub- 
jected to axial thrust only or with small 
eccentricity keeping the whole section 
under compression, appropriate values of 
maximum strains are suggested in 38.1. 

ASSUMPTION (c)-The concrete stress 
distribution in the compression zone may 
be obtained by using the stress-strain 
curve of cdncrete given in the Code (see 
Fig. 21). The shape of the compressive 
stress distribution in concrete (see Fig. 
E-49) follows the shape of assumed stress- 
strain curve of concrete (see Fig. 21) which 
is a combination of a parabola and a rect- 
angle. The assumed compressive stress 
distribution is referred to as stress block. 
In other words the concrete stress block is 
parabolic-rectangular in shape which is 
used for deriving design formulae given in 

T--l 
0 d 

-b- t 

RECTANGULAR 
SECTION 

STRAIN STRESS DIAGRAM 
DIAGRAM 

Fig. E-49 Assumed Stress Strain Conditions at Limit State of Collapse in Flexural Bending 

ASSUMPTION (b)-The maximum strain in 
concrete as defined in assumption (b) is 
the strain at which the section reaches its 
maximum moment capacity (see Fig. 20). 
The value of such a strain is liable to large 
variations depending upon rate of defor- 
mation, loading time, grade of concrete, 
shape of cross-section, percentage of rein- 
forcement etc (Ref 42 and 43). The Code 
adopts a value of 0.003 5 which will give 
conservative results in most cases of pure 

Appendix E. The maximum stress (see 
Fig. 21) is related to characteristic strength 
f,. by a factor 0.67. This factor has been 
introduced to account for the observed 
fact that the apparent strength of concrete 
in the compression zone of beam or col- 
umn at failure is approximately 0.85 times 
the cylinder strength of the same concrete 
or 0.67 times the cube strength taking 
cylinder strength as approximately equal 
to 0.8 times the cube strength. The design 
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strength equals 0.67 fck/ym = 0.45fc, since mum depth of neutral axis in flexural 
y, = 1.5. The design stress block is shown members. The strain distribution across the 
in Fig. E-48. member corresponding to those limiting con- 

A rigorous analysis of a section from 
first principles may be made by utilising 
the set of assumptions given in this 
Clause. The Code, however, provides 

ditions is shown in Fig. E-48. The maximum 
depth of neutral axis XU max is obtained 
directly from the strain diagram by consider- 
ing similar triangles. 

design formulae.for rectangular and flang- 
ed sections (Appendix E), obtained by us- 
ing the assumption stated in this clause. 

X .,,,= o.QO3 5 
d -(O.OOS 5 +0.87&/E,) 

ASSUMPTION (d) - Calculation can be made The values of xugma for three grades 
I 

taking the tensile strength of concrete into a 

account, but such refinements are rarely 
of reinforcing steel based on the formula are 

justified. 
given in the Note under sub-clause (f). 

ASSUMPTION (e) - Cold twisted steel does 
not have a definite yield point, as can be 
seen in the representative stress-strain 
diagram (see Fig. 22 A). It is also valid for 
hard drawn steel wire fabric reinforcement 
conforming to IS : 1566-1982*. The 
stress-strain curve for mild steel which has 
definite yield point is approximated by 
two straight lines (see Fig. 22 B). This dia- 
gram can also be used for hot rolled deform- 
ed bars conforming to IS : 1139-19661_ 
and rolled steel made from structural steel 
conforming to IS : 226-1975$. 

ASSUMPTION (f) -This assumption is 
intended to ensure ductile failure, that is, 
the tensile reinforcement at the critical sec- 
tion has to undergo a certain degree of in- 
elastic deformation before the concrete 
fails in compression. In the Code limit on 

maximum strain, the first term, f Y 
l.lSE, 

corresponds to the strain at the .yield 
stress f,, for the case of mild steel and 
other types which have a well defined yield 
point. However, the cold twisted steel per- 
mitted in the Code does not have a well 
defined yield point and the yield stressf, is 
taken as the conventional value of 0.2 per- 
cent proof stress. 0.002 (strain) is added so 
that there is sufficient yielding of steel 
before failure at a constant stress. 

Assumptions (b) and (f) govern the maxi- 

*Specification for hard-drawn steel wire fabric for 
concrete reinforcement (second revision). 

tSpecification for hot rolled mild steel, medium 
tensile steel and high yield strength steel deformed bars 
for concrete reinforcements (revised). 

SSpecification for structural steel (standard quality) 
Cfifrh revision). 

38. LIMIT STATE OF COLLAPSE: 
COMPRESSION 

38.2 Assumptions- Assumptions (a), (c), 
(d) and (e) of 38.2 for flexural members are 
also applicable to members subjected to 
combined axial load and bending. The 
assumption (b) that, the maximum strain in 
concrete at the outermost compression fibre 
is 0.003 5 is also applicable when the neutral 
axis lies within the section and in limiting 
case when the neutral axis lies along the edge 
of the section; in the later case the strain 
varies from 0.003 5 at the highly compressed 
edge to zero at the opposite edge. For purely 
axial compression, the strain is assumed to 
be uniformly equal to 0.002 across the sec- 
tion. The strain distribution lines for these 
two cases intersect each other at a depth 

of ??_ from the highly compressed edge. 
7 

This point is assumed to act as a fulcrum for 
the strain distribution line when the neutral 
axis lies outside the section (see Fig. E-50). 
This leads to the assumption that the strain 
at the highly compressed edge is 0.003 5 
minus 0.75 times the strain at the least com- 
pressed edge. 

38.2 Minimum Eccentricity-In case of 
structural frames, the calculated eccentricity 
refers to the eccentricity obtained from 

analysis using 21 that is, !! (For additional 
P 

information see comments on 24.2 also). 

38.3 -Short Axially Loaded Members in 
Compression -The strain distribution will 
be as shown in Fig. E-50 according to 
assumption (a) of 38.1. At failure, the strain 
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L El 
50 a COLUMN SECTION 

50 b STRAIN DIAGRAM-NEUTRAL AXIS 
WITHIN THE SECTION 

50 c STRAIN DIAGRAM -NEUTRAL AXIS 

OUTSIDE THE SECTION 

Fig. E-50 Combined Axial Load and 
Unitiial Bending 

across the section is uniform at 0.002. The 
stress in concrete will be 0.67& /y,,, . 

The steel may develop full design stress in 
the case of mild steel reinforcement when 
concrete attains the limiting strain of 0.002. 
However, with cold twisted reinforcement 
A=415 N/mm* the full design stress will 
not develop at a strain of 0.002. The stress cor- 
responding to this strain will amount only 

to O-g5 f, as can be read from Fig. 22A. 
1.15 

Therefore, the capacity of the member 
subjected to only axial load will be given by 
the equation 

P= 0.67.L A + o-85f, A 
1.5 c 1.15 Sc 

or P = 0.45 f,, A, + 0.74 f, A,, which has 
been, designated as P,,z in 38.6. 

SP : 24-1983 

The formula given in 38.3 is obtained by 
reducing this capacity by approximately 10 
percent thereby allowing for the minimum 
eccentricity of 0.05 D, where D is the lateral 
dimension of the section. If minimum eccen- 
tricity is greater than 0.05 0, the design may 
be done in accordance with 38.5. 

The classification of short column avoids 
superfluous calculations of ,moment due to 
additional eccentricity. It will be found that, 
if the additional eccentricities in short col- 
umns are calculated (24.4), they are nearly 
always less than the minimum of 0.05 D. 

38.4 Compression Members with Helical 
Reinforcement-The Code permits larger 
loads in compression members with helical 
reinforcement because columns with helical 
reinforcement have greater ductility or 
toughness (Ref 34) when they are loaded 
concentrically or with small eccentricities. 
The ductility is ensured by the provisions in 
38.4.1 and 25.5.3.2 (d). 

38.4. I It has been observed experimentally 
that up to a certain stage (P, in Fig. E-51), 
the columns with or without sufficient 
lateral reinforcement behave almost iden- 
tically. After reaching this stage, the column 
without adequate helical reinforcement or 
without closely spaced rectangular ties 
fails immediately, accompanied by the 
breakdown of concrete and buckling of bars 
between the ties. On the other hand, the col- 
umn with adequate helical reinforcement 
continues to deform, almost at the same 
load. The ultimate load P u can ‘be 
significantly larger than P, if sizable helical 
steel is provided although there is a small 
drop in load capacity just when the concrete 
shell outside the helical spiral spalls off at 
load P,. The increased ductility and load car- 
rying capacity in case of helically reinforced 
columns are due to the following reasons: 

a) 

b) 

The spacing of helical spiral is usually 
small enough to prevent buckling of 
longitudinal steel; and 
Owing to large deformation, the con- 
crete core inside the helical spiral 
bears against the helical reinforcement 
causing it to exert confining reaction 
on the core. This confining reaction 
increases the load capacity and strain 
bearing capacity of the core concrete. 

The Code does not intend to make use of 
increase in capacity beyond the spalling load 
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CONCRETE SHELL SPALLS 

II 
COLUMN WITH HELIC 

- REINFORCEMENT 

2 
COLUMN WITH TIES 

El 
OR INADEQUATE HELICAL 
REINFORCEMENT 

AL 

AXIAL STRAIN, E - 

Fig. E-51 Behaviout of Columns with and Without Helical Reinforcement 

in case of helically reinforced columns and 
the permitted increase in design capacity of 
such columns (see 38.4) is because the failure 
will be gradual and ductile. The criterion of 
minimum volume of helical reinforcement is 
to ensure that the load P’,, carried by the col- 
,umn when the helical reinforcement yields 
after the spalling of the shell concrete, just 
exceeds the yield load of the column before 
spalling. In determining the amount of 
minimum helical reinforcement the partial 
safety factors Y,,, have not been introduced 
because a more severe condition would arise 
when the actual strengths of concrete and 
steel are equal to the respective characteristic 
strength (see also comments on 35.3.2). 

It has been established from experimental 
results (Ref 20) that the volume of steel in 
helical reinforcement is approximately twice 
as effective as the same volume longitudinal 
steel in contributing to the strength of col- 
umn. The limit on the ratio of the volume of 
helical reinforcement to the volume of the 
core is based on this concept. 

The characteristic strength of helical rein- 
forcement is limited to 415 N/mm*. This is 
to limit the crack width and also it becomes 
difficult to bend higher grades helically or 
they may get damaged during fabrication. 

38.5 Members Subject to Combined Axial 
Load and Uniaxial Bending- The design of 
member subject to combined axial load and 
uniaxial bending will involve lengthy calcula- 
tions by trial and error. In order to overcome 
these difficulties, interaction diagrams are 
used for the purpose of design. A set of in- 
teraction diagrams for columns have been 

prepared and published by IS1 in ‘SP : 16 
(S&T) Design aids for reinforced concrete to 
IS : 456-1978’. This serves as a companion 
handbook to the Code for design engineers. 

38.6 Compression Member Subject to 
Combined Axial Load and Biaxial Bend- 
ing- Design and analysis of columns sub- 
ject to biaxial bending are difficult because a 
trial and adjustment procedure is necessary. 
Also, interaction diagrams, similar to those 
for uniaxial bending, to cover all possible 
design cases cannot be, provided without a 
large number of charts as they involve a 
large number of variables. 

The formula given in the Code is derived 
by approximating the interaction surface for 
a given axial load (Ref 44). The value of ar, 
as given in the Code gives results close to 
those which would be obtained from a 
rigorous analysis in accordance with 38.1 
(Ref 21). It may be noted P,, is the design 
load capacity for a column when the load is 
applied concentrically and not the load 
capacity which takes into account an eccen- 
tricity of 0.05 D (see comments on 38.3). 

In designing for biaxial bending, a section 
and reinforcement pattern could be assumed 
and the reinforcement area successively cor- 
rected till the condition given in 38.6 is 
satisfied. 

38.7 Slender Compression Members-The 
Code recommends the use of a second order 
frame analysis, also called P-A analysis, 
which includes the effect of sway.deflections 
on the axial loads and moments in a frame. 
For an adequate and rational angysis, 
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38.7.1 The cross-section is designed for a 
moment equal to the sum of moments ob- 
tained by (a) first order analysis (2I), and (b) 
additional moment due to the simultaneous 
action of lateral deflection (buckling) and 
axial load. The equations given in 38.7.1 for 
computing additional moment are derived 
for the case of a no-sway pin-ended column 
subjected to axial load and symmetric ben- 
ding as shown in Fig: E-52. Because of the 
symmetric bending, the maximum moment 
and maximum deflection will occur at the 
mid length of the column. 

The total moment, M1 at mid length is 
equal to the sum of moments MI and addi- 
tional moment i&f,. The column will be 
capable of resisting axial load P until M, is 

realistic moment curvature or moment rota- 
tion relationships should be used to provide 
accurate values of deflections and forces. 
The analysis will also usually include the ef- 
fect of foundation rotation and sustained 
loads. 

Because of the complexity in. the general 
second order analysis of frames, the Code 
provides an approximate design method 
which takes into account the ‘additional 
moments’ due to lateral deflections in col- 
umns. The accuracy of the ‘additional mo- 
ment’ method has been established through 
a series of comparisons of analytical and 
experimental results (Ref 45) over the 
total range of slender columns as defined 
in 24.1.1. 

P” 

TRUE CURVATURE 
DIAGRAM / 

Pu 

/- 
UNCONSERVATIVE 

DIAGRAM 

CONSERVATIVE 
DIAGRAM 

52 a DEFLECTED SHAPE 52 b CURVATURE DIAGRAM 
AT ULTIMATE LOAD UNDER ULTIMATE LOAD 

52 c LINEAR MOMENT CURVATURE RELATION 

Fig. E-52 Moment Curvature Relation for Pin-End Co&mn 
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equal to the ultimate moment capacity MU. 
The additional moment M, is given by the 
product of the axial load P and central 
deflection, that is, h4, = PA. The central 
deflection depends upon the ultimate cur- 
vature and the curvature distribution along 
the length of the column. If the moment- 
curvature relationship is known the cur- 
vature distribution along the length of the 
column can be determined using mathe- 
matics. For an idealized case of linear mo- 
ment curvature relationship (the curvature 
diagram may have the shape shown in full 
line in Fig. E-52(b). 

As an approximation, the curvature 
diagram for design purposes may be assum- 
ed to be somewhere between the triangular 
distribution (unconservative) and rect- 
angular distribution (conservative), maxi- 
mum curvature being equal to l/r,. 

By integrating Pthe curvature diagram, 

deflection, A = - 12r (for triangular distri- 

,bution) and for (rictangular distribution) 
P = -. It is, therefore, reasonable to take 

for design purposes 

(Ref 45). The additional moment Mg is then 
given by 

M-P.&PIZ .l a- ” “10 < 0 

The ultimate curvature l can be determined 
&I 

if the strain in concrete (e,_) and in tension 
steel (3 are known at collapse, 

_ - EC + ES 1 

r” D 
assuming that the effective depth is approx- 
imately equal to the distance between com- 
pression and tension faces. 

For the balanced condition defined in 
38.7. I. I, the values of e, and E, are 0.003 5 
and 0.002, respectively. The’ ultimate cur- 
vature for balanced condition may then be 
taken as 

1 0.003 5 + 0.002 1 -= =- 
r” D 182 D 

:. M, =.g (L/O2 = _f?_ (k)’ 
1820 D 

The expression given in the Code is a 
modified version of the above equation. In 
the equations given in 38.7.1, the column 
length 1 is replaced by effective length 1, to 
allow for the effects of various end condi- 
tions occurring in practical columns (see 24.2 
and Appendix D). Here, 1, and D will assume 
suitable values depending upon the direction 
of bending. The Code expressions for IU, 
will yield conservative results in most cases 
even if the failure is not a balanced one. 

In case of symmetric bending the total mo- 
ment M, is maximum at mid length of col- 
umn. When loading conditions give rise to 
unsymmetric bending, M1 may not be max- 
imum at or near mid length (see Fig. E-53 
and Fig. E-54). It is required, in such cases,. 
to find an appropriate value of moment M, 
which when added to M, (38.7. I) gives max- 
imum moment it&. The value of initial mo- 
ment given in Note 1 of 38.7.Z is based on 
Ref 45. 

PlJ 

+ M2 

530 S iLE 

I 
53 b DOUBLE CURVATURE 

Fig. E-53 Moment in Braced Slender 
Column 
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INFL E CT ION 

DEFLECTED SHAPE 

Fig. E-54 

LOADING BENDING MOMENT 

Additional Moments in Column with Side Sway 

For the design of column sections on the 
above basis four cases may be distinguished: 

a) Braced columns which are bent in 
single-curvature over a major portion 
of their lengths, shown ,in Fig. E-53 
are subjected to the additional mo- 
ment near the mid height. In such 
cases, the initial moment M is taken as 
the value’ near the mid height and 
computed as 0.4 Ikfl + 0.6 M, as sug- 
gested in the Code. Further M1 is 
usually taken to be atleast 0.4 h4* 
(Ref 3 and 45). 

b) In the case of columns (either braced 
or unbraced) which are bent in double 
curvature [see Fig. E-53 (b)], it is 
possible that the total moment M,= 
M, + n/r,, computed for a point near 
mid height of column, is less than the 
initial moment Mz applied at the end. 
In such a case, the column section 
should be designed to resist the 
moment Ms. 

c) An unbraced column may be sub- 
jected to end moments which are near- 
ly equal in magnitude, but opposite in 
sign (see Fig.’ E-54). Here, the total 
moment M, should be taken as the 
sum of the initial moment Mi( = M?) 
and the additional moment M,, since 
the critical section for design will be 
that over which M, acts. 

d) In unbraced frames, if the loading is 
confined to an individual column, it 
can be treated separately as a column 
braced against sidesway, for com- 
puting the effective length 1, and the 
additional moment h4, (Ref 34). 

38.7.1.2 The factor k is intended as a cor- 
rection for the ultimate curvature for various 
intensities of axial load and its use is op- 
tional. It varies from 1 .O at an axial load cor- 
responding to the balanced condition, to 
zero as the applied axial load increases to the 
pure axial load capacity, P,, defined in 38.6. 
This is in accordance with the fact that as the 
axial load increases on a section, beyond the 
balanced point, the curvature gets on reduc- 
ing till it is zero at P = P,, when the strain 
distribution is constant. If the design axial 
load P is less than Pbs, the value of k is to be 
taken as unity only. In general, P, and Pbd 
required for computing k will be functions 
of amount and arrangement of reinforce- 
ment, cover to reinforcement in addition to 
grades of concrete and steel. Since k is not 
known before hand, a trial and error pro- 
cedure is required to reach a solution 
wherever the design ultimate load P is 
greater than Pba,. As a first trial k may be 
taken as unity which can be modified once 
the area of steel reinforcement is fixed. 
Though this modification is optional accor- 
ding to the Code, it should always be taken 
advantage of, since the value of k could be 
substantially less than unity. 

The foregoing procedure for obtaining 
design moment in slender columns does not 
enable the designer to establish the bending 
moments throughout the column length. 
This is not necessary in general, since it is 
usual to provid,e a uniform cross-section 
with symmetrically arranged steel. If 
desired, however, reference can be made to 
the bending, moment diagram given in Ref 3, 
and the cross-section or amount of steel 
varied along the length. 
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39. LIMIT STATE OF COLLAPSE: 
SHEAR 

The recommendation given in the 
Code are framed in such a way that suffi- 
cient shear resistance is provided in all 
regions of a member so that upon over- 
loading, the load carrying capacity of the 
member is governed mostly by its flexural 
strength. This is done to ensure ductile 
failure of the member as the shear failures 
are brittle and catastrophic in nature. The 
rules for curtailment of tension reinforce- 
ment (25.2.3.2) and those for bond and an- 
chorage (25.2.1 and 25.2.2) also help in 
keeping the chances of shear failure to a 
minimum. 

Thl shear provision in this Code limit the 
nominal shear stress 7” (39.1) at design load 
VU, for beams which do not contain shear 
(web) reinforcement. If 7” exceeds design 
shear strength of concrete 7c (Table 13) shear, 
reinforcement should be provided as given 
in 39.4. The section should be redesigned 
if 7, exceeds 7, max given in Table 14. 

The design shear force VU is obtained by 
an elastic analysis of structure, (36.1) using 
appropriate partial safety factors on loads 
for collapse. The design shear force VU does 
not include the shear force due to torsion, 
for which separate provisions are given in 
40. The critical section for shear is determin- 
ed from 21.6.2. It may be necessary to pro- 
vide for a possible increase in shear forces 
resulting from moment redistribution in in- 
determinate structure (36.2.1). However, the 
Code does not make any specific mention of 
it, as the resulting changes in shear forces are 
not likely to be substantial. 

39. Z Nominal Shear Stress-The nominal 
shear stress is a measure of the shear 
resistance offered by the concrete. Note that 
the expression for nominal shear stress is 
similar to the one used in the working stress 
method of the 1964 version of the Code, ex- 
cept that the lever arm factor has been drop- 
ped. This simplification is reasonable as the 
nominal shear stress is only an indication of 
the shear resistance offered by concrete and 
does not necessarily represent the actual 
stress conditions. 

Where hollow blocks are used, the rib 
width may be increased to take into account 
the wall thickness of the block on one side of 
the rib (see Fig. E-30). 

39. I. Z BEAMS OF VARYING DEPTH 

39.2 Design Shear Strength of Concrete 

39.2. Z WITHOUT SHEAR REINFORCEMENT- 
The values given in Table 13 are the limiting 
values on the nominal shear stress 7”. For 
computing the values of 7c it is assumed that 
the diagonal cracking strength in shear is 
reached whenever the principal tensile stress 
in the. neutral axis of a flexurally cracked 
beam reaches the tensile strengths of con- 
crete. A semi-emperical formula for, 7,, bas- 
ed on this criterion is given in Reference 47 
and has been used here: 

where 0 = 0.8 f,_/6.89 p,, but not less than 
1, and 

The value of 7c corresponding topt varying 
from 0.2 to 3.0 at intervals of 0.25 are given 
in Table 13 of the Code for different grades 
of concrete. The factor 0.8 in the formula is 
for converting cylinder strength to cube 
strength and 0.85 is a reduction factor 
similar to partial safety factor 7m for 
materials as relevant to the formula. 

The design shear strength, 7c serves a dual 
purpose. In addition to imposing a limit on 
the shear carried by beams without shear 
reinforcement, it serves as a measure of the 
shear carried by concrete in a member with 
shear reinforcement (see 39.4 and its com- 
ments) . 

It is explained elsewhere (see comment on 
25.2.3.2) that the Shear capacity of a beam 
may be reduced substantially at a section 
where the tension reinforcement is curtailed. 
The Code requirement, given in the Note to 
Table 13 arises from this consideration. 
Sometimes, it may be desirable to put addi- 
tional stirrups locally near the curtailment 
pqints [see 25.2.3.2(b)]. 

39.2.Z.Z For flat slabs and two way action 
footings, the recommendations for shear 
design (see 30.6) are based on punching 
shear and therefore 39.2.1.1 should not be 
applied. 

The increased shear streaths are based on 
test results (Ref 48) which show that shallow 
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beams and slabs would fail at loads cor- 
responding to a higher nominal shear stress. 
The values of k in the Code have been ob- 
tained by linearly interpolating between the 
values at the ends of the range. 
39.2.2 SHEAR STRENGTH OF MEMBERS UNDER 
AXIAL FORCE-The effect of an axial com- 
pressive force is to delay the formation of 
both flexural and inclined cracks and to 
decrease the angle of inclination of the in- 
clined cracks to the longitudinal axis when 
they do form. The same has been recognised 
in the Code and the multiplication factor as 
specified in the Code is to be applied. It is 
also to be noted that a tensile force acting on 
the section decreases the cracking load and 
increases the inclination of the inclined 
cracks to the longitudinal axis. 
39.2.3 WITH SHEAR REINFORCEMENT - 
The Code recommendation’ for the design of 
shear reinforcements. (see 39.4) allow the 
yielding of shear reinforcements at the 
ultimate load conditions and thus the 
member will have ductile failure 
characteristics. However, the shear strengths 
of a beam cannot be increased indefinitely 
by the addition of unlimited amounts of web 
steel. This is because where large shears are 
carried it is possible for the diagonal com- 
pressive stresses to cause crushing of web 
concrete. Such failures are brittle. It has 
been shown that such failures can be avoided 
by imposing an upper limit on rE (Ref 38 and 
49). 

The values of rc ,,,= given in Table 14 of the 
Code have been obtained from the following 
expression: 

7 cmax = 0;83 &N/mm2 

where f’ = cylinder strengths of concrete. 
The numerical values in the Code have been 
obtained after converting the cylinder 
strength to cube strength of concrete and 
thereafter applying a factor of 0.85, the lat- 
ter being the partial safety .factor for 

material strength 1 r 
Trn 

39.2.3.1 - 
39.3 Minimum Shear Reinforcement- 
Although 39.4 requires that shear reinforce- 
ment be provided to carry the excess shear 
force Vu- 7,bd, this clause requires that a 
minimum amount must be provided in 
accordance with 25.5.1.6. This minimum 
requirement is designed to allow for any 
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sudden transfer of tensile stress from the 
web concrete to the shear reinforcement. 
This clause does not apply to solid slabs. 

39.4 Design of Shear Reinforcement- 
(see also comments on 30.6.3.2 regarding 
shear reinforcement for resisting punching 
shear). 

In the Code, the shear resistance V, of a 
reinforced concrete beam is taken as the .sum 
of the shear force V, carried by concrete and 
the shear force V, carried by the shear rein- 
forcement. 

V” = v, + v, 

The shear force resisted by concrete, V, is 
obtained by using the design shear strength 
rc given in Table 13. 

V, = r,bd 
As the quantities V,, and V, are known, the 

normal design procedure will involve the 
determination of the shear reinforcement for 
resisting the shear force V, contributed by 
the web reinforcement. Although various 
theories have been proposed to explain the 
action of shear reinforcement, the truss 
analogy theory is fairly generally accepted. 
The truss analogy assumes that the tension in 
the imaginary pin jointed truss are carried by 
longitudinal bars and stirrup reinforcement, 
and the concrete carries the thrust in the 
compression zone and the diagonal thrust 
across the web. The same is illustrated in 
Fig. E-55. 

The tensions in the truss are carried by 
longitudinal and stirrup reinforcement and 
the concrete carried the thrust in the com- 
pression zone and the diagonal thrust across 
the web. Fig, E-55 shows the general case of 
stirrups at a longitudinal spacing s, and in- 
clined at an angle a! to the beam axis. The 
stirrups which intercept a diagonal crack, 
say AB will be able to resist the shear force 
VS. Test results indicate (Ref 38,49), that the 
potential diagonal crack AB may be 
represented for design purposes by a 45” line 
occurring anywhere in the region where the 
shear exists. Considering the equilibrium 
across the section AB, 

V, = A,f, Sin ar (number of stirrups cross- 
ed by the crack) 

= A,& Sin (r (Cot 45” + Cot o) $ 
” 

or V, = A,f, (Sin (Y + Cos or) d 
S” 
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Fig. E-55 Imaginary Truss System for Shear with Stirrups 

Introducingf, = 0.87 jy, 

V, = (0.87fJ A,, (Sin cx + ‘OS (y) d 

Three cases of stirrups are distinguished in 
the Code: 

a) 

b) 

4 

For the more common case of vertical 
stirrups, 
a=90 and (Sin cr+Cos Q) = 1, 
and the Code formula follows. 

V, = (0.871,) %! 

When the shear reinforcement con- 
sists of a series of bent-up bars as 
shown in Fig. E-55, or similar inclined 
stirrups, the original derivation holds 
good 

V, = (0.87fJ $Y.!_ (Sin CY + Cos 0~) 

The above equat:on is valid if the 
number of b.ars crossed by the diago- 
nal crack AB is correctly given by the 
expression (Cot 45” + Cot 01) d/S,. If 
a single stirrup or single group of 
parallel bars, all bent-up at the same 
cross-section are used, 

V, = (0.87f,)A,, Sin CY 

The contribution from stirrups V, cannot 
be mcreased indefinitely by adding A,. The 
limit on V, and consequently A,, also is im- 
posed by 39.2.3.1. 

There are two considerations which limit 
the shear contribution of bent-up bars: 

1) The question regarding the exact 
behaviour of bent-up bars in resisting 
shear in reinforced concrete beams is 
still somewhat controversial. 

2) Bent-up bars do not contribute to 
reversal of shear force. 

The reasons for limiting fY value to 
415 N/mm* for shear reinforcement 
are as follows: 

9 

ii) 

The Code is concerned with crack 
width limitation and crack width 
and grade of steel are inter- 
related. 
It becomes difficult to bend 
higher strength steel bars and the 
sharp edges may get damaged 
during bending. 

The maximum spacing of stirrups should 
not exceed 0.75 d or 45 cm whichever is less 
(see 25.5.1.5). For anchorage requirements 
of stirrups [see 25.2.2.4(b)]. The 
stirrups should be taken round the outer- 
most tension and compression bars for tor- 
sion (25.5.1.4). Extra stirrups may be re- 
quired in the case of (a) termination of flex- 
ural reinforcement in some cases [see 
25.2.3.2 (b);. (h) change u-r direction 3f ten- 
sion or compression reinforcement (see 
25.2.2.6), and (c) in splicing of reinforce- 
ment in certain cases (see 252.5). 

It is to be noted that many times minimum 
reinforcement in accordance with 25.5.1.6 
will govern design. 

The clear cover to stirrups should 
not be less than 15 mm [see (d) and 
(e) of 25.4.11. 

40. LIMIT STATE OF COLLAPSE: 
TORSION 

40.2 General- The Code implicitly 
distinguishes between two types of torsion 
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encountered in structures: 

a) 

W 

EQUILIBRIUM ToasioN-which is 
required to maintain equilibrium in 
the structure; and 
COMPATIBILITY ToRsioN - which is 
required to maintain compatibility 
between the members of the structure. 
In statically determinate structures 
only equilibrium torsion exists, while 
in indeterminate structure both types 
are possible. A given load produces 
compatibility torsion in an indeter- 
minate structure if the torsion can be 
eliminated by releasing redundant 
restraints, and equilibrium maintain- 
J despite this release. 

.The Code implies that for a member sub- 
jected to equilibrium torsion it is necessary 
to provide enough reinforcement to ensure 
that. the member is capable of resisting the 
full torsion required by statics. The com- 
patibility torsion may, at the discretion of 
the designer, be neglected in the design 
calculations by ignoring the torsional 
resistance of the members. If it is desired to 
consider the compatibility torsion, the tor- 
sional rigidity (G C) may be calculated by 
assuming t.he modulus of rigidity G equal to 
0.4 E, and torsional stiffness C equal to half 
of the St. Venant value calculated for the 
plain concrete section (Ref 3). St. Venant 
torsional constants for rectangular sections 
are given in the explanatory comments 
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on 21.3.1. The design provisions for torsion 
given in the Code (40.3 and 40.4) are derived 
from the ‘Skew bending theory’ for rec- 
tangular beams. Three modes of failure (Fig. 
E-56) established experimentally for beams 
subjected to combined bending and torsion 
are considered. Each mode has a compres- 
sion face and a tension face as in the case of 
pure bending, but the compression face 
becomes skewed to the normal cross-section 
due to the presence of torsion. Whether 
beam will fail in mode 1, mode 2 or mode 3, 
depends upon the imposed loading, amount 
of longitudinal and transverse reinforcement 
and cross-sectional dimensions. Mode 1 
failure where compression zone becomes 
skewed but remains in the top surface of 
beam occurs in the region where bending is 
predominant. It may also occur in regions 
primarily subjected to torsion provided the 
section is not narrow. It is by far the most 
common type of failure since usually ben- 
ding predominates over torsion and forces a 
slightly modified bending failure. If the 
cross-section is narrow (D @, predominant 
torsion compared with bending force initiate 
mode 2 failure where the compression face is 
skewed on to the sides of the section [see Fig. 
E-56 (b)]. 

If the longitudinal top steel is much less 
than the bottom steel the beam may fail in 
mode 3 with the compression face at the bot- 
tom [see Fig. E-56 (c)l. 

56 a MODE 1 56 b MODE 2 56 c MODE 3 

Fig. E-56 Failure Modes for Combined Bending and Torsion 
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In mode 2 failure, the beam is failing by 
lateral bending, and in mode 3 failure by 
negative bending that is, a bending failure 
opposite in sign to the actual (small) bending 
moment present. In a square beam with 
equal longitudinal steel in all faces, under 
pure tension, there would be equal possibili- 
ty of failure in mode 1, 2 and 3. 

The presence of shear may cause a beam 
to fail at a strength below that predicted by 
one of the three skew bending modes. The 
possibility of shear type failure is checked by 
the introduction of ‘equivalent shear’ (40.3). 

40.1.1 Studies have shown that treating 
flanged section as cases of rectangular sec- 
tion will yield conservative results [(Ref 50), 
see also 25.5.1 and its comments]. For 
hollow box beams, tests (Ref 51) have in- 
dicated that their strengths in the skew ben- 
ding failure modes may be calculated as for 
solid beams of the same outside dimensions, 
provided the wall thickness is not less than 
D/4 or W4 whichever is greater. For more 
slender walls it may be necessary to consider 
the warping effects also. 

40.2 Critical Section -This clause is also 
analogous to 21.6.2 for shear (see com- 
ments on 21.6.2). 

40.3 Shear and Torsion- When both shear 
and torsion act together the resulting stresses 
are additive on same faces of the member. 
Consequently the shear and torsion which 
the member can resist simultaneously is less 
than that when either shear or torsion acts 
alone. In combined shear and torsion two 
types of failure modes are possible. In the 
presence of torsion combined with moderate 
shear forces a mode 2 failure (see Fig. E-56) 
will occur. The second type of failure occurs 
in the presence of high shear forces and is 
similar to shear failure in bending alone. 
Clause 40.4.3 is intended to avert both types 
of failures. The value of rVe computed on the 
basis given here should be used for deter- 
mination of the lower limit on A,, in 40.4.3. 
The lower limit on A,, is intended to preclude 
the possibility of a failure caused by 
predominant shear. 

40.3.1 Whether a beam requires transverse 
reinforcement against shear failure or not 
depends upon the magnitude of both T and 
V. The formula given in this Clause enables 
the check to be made in single step. The for- 

mula developed empirically gives results well 
on the conservative side (Ref 52). The upper 
limit on rVe is to avoid web crushing of con- 
crete before the yielding of transverse rein- 
forcement takes place. If T,, exceeds rc, _ 
the section should be redesigned. 

40.3.2 Minimum reinforcement is required 
to improve the ductility of the member and 
to preclude failure due to shear. 

40.3.3 If r,, lies between rF and rc, mpx the 
amount of transverse reinforcement required 
to avoid shear failure is to be calculated in 
accordance with 39.4. The amount of 
transverse reinforcement required to check 
mode 2 failure can be calculated from the 
formula given in 40.4.3. The larger of the 
above values will govern the amount of 
transverse reinforcement to be provided. 

40.4 Reinforcement in Members Subjected 
to Torsion 

40.4.1 (See also comments on 40.1) For 
each of the failure modes (see Fig. E-56), it is 
assumed in the Code that the intersections of 
the failure planes with the three sides of the 
beam will be three straight lines spiralling at 
a constant angle around the beam. The 
fourth side of the failure surface has com- 
pression zone of uniform depth making an 
angle with the normal cross-section. Mo- 
ment equilibrium condition is employed for 
developing the formulae given in 40.42 and 
40.4.3. It has been assumed that both the 
longitudinal and transverse steel reach 
design strength before failure occurs. 

40.4.2 LONGITUDINALREINFORCEMENT-It is 
implied that if a beam is designed to have 
flexural strength M,, then a probable failure 
is by mode I [see Fig. E-56 (a)]. 

Equating the internal and external 
moments and by using a few approximation 
(see Fig. E-57) the following equation may 
be obtained (Ref 53): 

A,, (0.87 f,) O’d), =A4 + T 

where 

A,, = Area of longitudinal steel on face 1 
that is, flexure tension face; and 

(jd), = Lever arm when longitudinal steel 
AsI yields. 
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1 

Fig. E-57 Forces Acting on Plane of Failure, Mode I 

The lever arm (jar, is taken as that cor- 
responding to flexure without torsion. Thus 
A,, (0.87fJ (&&, is taken as the equivalent 
bending moment A4,, to be resisted. The 
angle cy varies from 45” to 90”. Since test 
data on crack angle ((Y) is quite inadequate, a 
conservative value of 45” is taken for 01. 
These substitutions result in the formula 
given,in this clause. 

40.4.2.2 (See also comments on 40.1) This 
Clause precludes the occurauce of mode 3 
failure (Fig. E-56 with longitudinal steel at 
flexure compression face reaching the design 
strengt.h before failure). Such a failure 
occurs when beam is predominantly sub- 
jected to torsion that is, M,>M,. The for- 
muia given for equivalent moment in this 
clause can be derived by using mode 1 equa- 
tion and recognizing that the longitudinal 
steel at flexure compression face has reached 
design strength before failure. Once again 
from moment equilibrium conditions the 
following equation results: _ 

where 

AS3 = Longitudinal steel on face 3 (see 
Fig. E-56), 

UC& = Lever arm when A,3 starts 
yielding, and 

.‘. Me, = Asa (0.87 f,) (jd), = M, -M. 

In other words the section should resist an 
equivalent bending moment Me2 to avoid 
mode 3 failure. Once again it has been 
assumed that crack angle is at 45”. Mode 3 
occurs, in general, under predominantly tor- 
sion loading and it has been observed in such 

cases that the crack angle is about 45” 
(Ref 52). 

40.4.3 TRANSVERSE REINFORCEMENT (see 
also comments on 40.1 and 40.3)-Note that 
only the outer two legs of the closed stirrups 
should be considered for computing the tor- 
sional resistance contribution by web steel. 
If the stirrup consists of more than two legs, 
the interior legs should be ignored. 

Tlnis clause consists of two requirements. 
The first one corresponds to the expression 
given for computing A,, and is intended to 
take care of a mode 2 failure [see Fig. E-56 
(b)] which is likely with the application of a 
large amount of torsion and small shear 
forces. The second requirement imposes a 
minimum limit so that the shear stress 
(T,;T,) will be carried by the stirrup.The latter 
is intended for avoiding the normal type of 
shear failure ‘associated with large shears 
together with a small amount of torsion. 

Clause 40.4.3, together with 25.5.1.7(a) 
and 25.5.1.4 ensures that at least one stirrup 
would intersect the shear surface of failure. 

41. LIMI? STATE OF SERVICE- 
ABILITY : DE.FLECTlON 

41. I Flexural Member (see 22.2 and its 
comments)--The Code does not provide 
any specific check for deflection in case of 
compression members, since deflection con- 
trol will be achieved if the compression 
member satisfies the slenderness limits 
(24.3). The British Code of Practice (Ref 3) 
however, puts an additional check on sway 
for unbraced columns. It states that the’ 
deflection for an’ unb&&l column may be 
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considered to be acceptable if in that direc- 
’ 1 tion the average value of _Z for all columns 

D 
at that level is less than or equal to 30. 

42. LIMIT STATE OF SERVICE- 
ABILITY : CRACKING 

42.1 Flexural Members (see 34.3.2 and its 
comments) - Side face reinforcement also 
may be needed for controlling cracks in ac- 
cordance with 25.5.1.3 in addition to the 

provision in 25.3.2. 
Separate provision for crack control are 

given elsewhere for flat slabs (30.7.1) and 
hollow, ribbed and voided slabs t29.7 (b)]. 
42.2 Compression Members-This clause 
requires a check for cracking in members 
subjected to combined bending moment and 
axial load if the ultimate axial load is less 
than 0.2&A,. This value of axial load is ap- 
proximately equal to the value at the baianc- 
ed condition (see also 38.7. I. I and its com- 
ments). 
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SECTION 6 STRUCTURAL DESIGN 
(WORKING STRESS METHOD) 

43. GENERAL 

43.0 Clause 0.4.5 of the Code gives the 
major changes effected with respect to the 
working stress method provisions of the 
1964 version of the Code. 

43. I General Design Requirements- 
Those design rules which are generally ap- 
plicable to the structures irrespective of the 
design method adopted (that is, limit state 
method or working stress method) have been 
grouped together in Section 3. Therefore, 
reference to Section 3 will become essential 
in the case of methods of analysis and detail- 
ing requirements which are common to both 
the methods of design. 

43.2 Redistribution of Moments. (see also 
36.1.2 and its comments)-This Clause is 
applicable to continuous beams and indeter- 
minate frames. 

In statically indeterminate structures, 
redistribution of bending moment occurs 
before failure as a result of inelastic defor- 
mation of the reinforced concrete at critical 
sections. This redistribution permits a reduc- 
tion in the support moments of a continuous 
beam which in turn would reduce the conges- 
tion of reinforcements at the supports. Such 
redistribution of bending moments occurs 
whenever incipient failure (plastic hinge) is 
reached whether at a support or in the span, 

The arrangements of loadings to be 
assumed are given in 2Z.4.I(a). Note that 
the simplified arrangement of 21.4. I(b) 
should not be used along with redistribution 
of moments. 

The procedure for carrying out moment 
redistribution is illustrated by the following 
example of a symmetrical three span con- 
tinuous beam (see Fig. E-58): 

STEP 1 -Plot the elastic bending moment 
diagram for the continuous beam shown 
for the following three cases: 
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a) Spans AB and BC load- 
ed with dead load plus Adjacent 
live load (DL + LL) and span loaded 
span CD with dead load fully 
only I 

b) Span BC loaded with] 

4 

DL + LL and the re- 
maining with DL only Alternate 
Spans AB and CD load spans loaded 
ed with DL + LL and 

/ 

fully 
span BC with DL only. 

These plots are shown by full lines in 
Fig. E-58 for each of the three cases. 
Other combinations of loads can be 
eliminated from considerations of sym- 
metry. 

STEP 2-From inspection, determine the 
maximum value of the moment consider- 
ing all the three cases. Suppose that this is 
at support B, for the loading case (a) and 
let this be MB1. For the working stress 
method of design, the Code permits that 
this value can be reduced by 15 percent to, 
say M’,,. At support C, in the example 
shown, the elastic moment MC, is less than 
the redistributed support moment at B, 
that is, M’,l. It is permissible to increase 
the value of MC, by 15 percent. As it is 
desirable to have the same moment of 
resistance at all supports, M,-l, can be in- 
creased to Mfcl, so that MIBi = M’,,. 

STEP 3-With the adjusted support 
moments Mlsl and M’,1 redraw the bend- 
ing moment diagram for the given 
loading, in such a way that equilibrium is 
maintained with respect to external loads. 
This diagram is shown by the chain-dotted 
line in Fig. E-58. Note that the mid-span 
moments are increased by ‘a’ and ‘b’ for 
the spans AB and BC respectively, as a 
consequence of redistribution. 

STEP 4-Consider the bending moment 
diagram for case (b). Increase or decrease 
the bending moment at the supports, so 
that the adjusted values of case (b) are 
approximately equal to the critical value 
of M’,l of case (a). In the example the 
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CASE I 

rDlt LL 

CASE III 

Fig. E-58 Redistribution of Moments 

elastic moments at each support is shown Fig. E-59). The continuous beam can now 
less than M’BI and, therefore, are increas- be proportioned for the redistributed 
ed to MIBZ so that MB2 = M’,,. Of course values of the bending moments obtained 
this increase should be limited to 15 per- from the envelope. 
cent. Note that the mid span moment in 
the span BC is reduced by an amount ‘c’, 
when the redistributed bending moment 
diagram is drawn in such a way that 
equilibrium is maintained with respect to 
external loads. Repeat the procedure for 
case (c) also. Again, the redistributed 
bending moment diagram are shown by 
chain-dotted lines. 

Note that the amount of redistribution 
permitted is only 15 percent in the working 
stress method whereas redistribution up to 
30 percent is allowed in ;the limit state 
method with additional checks on depth of 
neutral axis as well as ductility of the section 
in the latter method (see 36.1.1). In the 
working stress method, the checks on detail- 
ing and ductility are not included besause of 
the reduced magnitude of redistribution 
permitted. 

STEP S-Draw the envelope of the 
redistributed bending moments (shown in 
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AFTER REDISTRIBUTION 

BM ENVELOPE BEFORE REDISTRIBUTION 

-*-.- B M ENVELOPE AFTER DISTRIBUTION 

(FOR THE BEAM IN FIG. E-58) 

Fig. E-59 Envelope of Bending Moments After and Before Distribution 

G.3 Assumptions for Design of 
Members-The phrase elastic theory here 
means the method of proportioning the sec- 
tion through the use of permissible stress in 
concrete and steel. 

Assumption (a) regarding plane sections is 
traditional . and confirmed by numerous 
observations and experiments. 

Assumption (b) is meant primarily for 
beams and other elements subject to 
predominant bending. There are instances 
where the Code stipulates that the tensile 
stress in concrete are calculated, but the 
stipulation is aimed more often towards en- 
suring that the concrete is not unduly crack- 
ed rather than towards conferring any ad- 
vantage in design by permitting the tensile 
strength of concrete to be taken into 
account. Some of the instances where tensile 
stresses in concrete are to be considered are: 

a) Clause 44.1.1, members in direct 
tension. 

b) Clause 46.1, para (b), members with 
combined bending and axial thrust 
(this is optional). 

Assumption (c) regarding the linear rela- 
tionship between stress and strain in concrete 
is justified for the low levels of stress (up 
to l/3 of the cube crushing strength) permit- 
ted in the working stress method. 

Assumption (d) is based on long-term 
experiments. 

The modular ratio indicated in the Code is 
for concretes made with aggregates from 
natural sources and should not be applied 
for light-weight concretes. 

44. PERMISSIBLE STRESSES 

44.1 Permissible Stress in Con- 
crete- Following are the salient changes 
with 
Crete 

a) 

b) 

c) 

d) 

e) 

respect to permissible stresses in con- 
given in 1964 version of the Code: 

The bearing stress inside a bend (other 
than standard bends and hooks) of 
reinforcing bar should not exceed the 
permissible value specified in 
25.2.2.5. 
The permissible bearing pressure for 
concrete in pedestal footing is govern- 
ed by 33.4. 
The permissible values of tensile stress 
in concrete, in members subject to 
direct tension, are given separately in 
44.1.1. 
Permissible stress for ‘average bond’ 
are given in Table 15, which are the 
same as given in the 1964 version of 
the Code. However, in using the pre- 
sent version of the Code, it must be 
borne in mind that the detailing rules 
have been made more comprehensive. 
Permissible stresses for local bond 
have been deleted in the present ver- 
sion, since an equivalent check given 
in para (c) of 25.2.3.3 takes this point 
into consideration. 

The values indicated in Tables 15, 16 and 
17 may be increased by 33% percent while 
considering the combined effects of wind, 
temperature and shrinkage along with dead, 
live and impact loads (see 44.3). 

44. I. 1 DIRECT TENSION-In direct tension, 
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strength requirement is governed by steel 
alone. The limit on the tensile stress is to 
limit crack width and to maintain proper 
bond between steel and concrete. 

44.1.2 BOND STRESS FOR DEFORMED 
BARS (see also comments on 25.2.Z). 

44.2 Permksible Stresses in Steel Rein- 
forcement-The following information is 
with respect to mild steel bars and high yield 
strength deformed bars which are in Wider 
use, medium tensile steel bars are not 
discussed here. Further restriction may be 
necessary in the case of special structures, 
such as water tanks: 

a) Permissible stress for tension (u,t or 
(JSV): In relation to the partial safety 
factors given in the limit state method 
of design, it can be shown that the 
permissible stresses given in Table 16 
are consistent with the requirements 
of limit state method as well. Consider 
a beam subjected to a working load 
moment of M,, caused by dead load 
and live load. Let the stress in tension 
steel at the working load moment be ust, 
the permissible stress. Correspond- 
ing to this case, the design moment 
M, for the limit state method is ob- 
tained by multiplying M, by partial 
safety factor yr = 1.5. Under the 
design load M,, the steel may be c 

JY stressed to 1.15. Ignoring the slight 

variation in the lever arms calculated 
by using the two methods, a condition 
for obtaining approximately the same 
area of steel can be written down as: 

FOR WORKING STRESS METHOD: 

FOR LIMIT STATE METHOD: 

- xjd 
1.15 

= 1.15 x (1.5 M,) 

fy Qd 

Equating the areas of steel, 

f? 
Us, = 1.5x 1.15 

=_&_ 
1.73 

Referring to Table 16, it can be found 
that the permissible stresses are ob- 
tained by applying a factor of about 
1.8. 

b) COMPRESSION IN COLUMN BARS-For 
mild steel, the specified value of per- 
missible stress can be ,,explained on the 
basis of the partial safety factors 
similar to the basis given for permis- 
sible stress in steel in tension. 
The reason for adopting a lower value 
of permissible stress in compression 
for high yield strength deformed bars 
is as follows: 

As a basis for design, the Code 
stipulates elsewhere [see paIra (a), 
38.11 that the maximum com- 
pressive strain in concrete, in axial 
compression under ultimate load is 
0.002. Consider the case of cold 
twisted bar of high yield strength 
(415 N/mm?, which has no definite 
yield point. Referring to the ap- 
propriate stress-strain diagram (see 
Fig. 22. A), the strain in steel when 
full yield is permitted will be 

0.87 f, 
about 0.002+ 2oox lo3 =0.0038 

(when fy = 415 N/mm2). Clearly 
this is in excess of the design 
assumption of 0.002 as maximum 
compressive strain in concrete. A 
-simple expedient to avoid this 
anamoly will be to limit the stress in 
steel to 0.80 f,, the limit of propor- 
tionality under ultimate load condi- 
tion. Applying a factor of 1.73 (that 
is, 1.15 x 1.5), the corresponding 
permissible stress is obtained as: 

0.80 x 415 
a, = 1 73 

,. = 190 N/mm* 
Obviously, this consideration 
not be necessary for mild steel. 

will 

c) COMPRESSION IN BARS IN DOUBLY REIN- 

FORCED BEAM-If both steel and con- 
crete are completely elastic, it will be 
reasonable to assume that the stress in 
the compression steel is equal to the 
compressive stress in the surrounding 
concrete multiplied by the modular 
ratio (that is, m x a,), and this prac- 
tice, being conservative, was followed 
earlier. However, the stresses and 
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strains in the concrete are propor- 
tional only at relatively low strains; at 
higher. strains the stresses in concrete 
no longer increase proportionately 
with respect to strain. Since the strains 
in the compression steel and the adja- 
cent concrete must be equal the stress 
in steel, which remains in elastic state, 
will be larger than that estimated by 
assuming a linear elastic behaviour of 
concrete. To approximate the effects 
of non-linear stress-strain of concrete 
and of creep, the Code specified, 
albeit empirically, that the stress in 
compression reinforcement in beams 
and eccentrically loaded columns [see 
para (b), 46.11 be taken as 1.5 times 
the modular ratio multiplied by the 
stress in the surrounding concrete. 

44.2.1 In a simplified treatment of design 
or analysis of beams, it is found expedient to 
assume that the reinforcing steel is concen- 
trated at its centre of gravity and then 
estimate the steel stress, especially when 
more’ than one layer of steel is present. 
However, reasonable as this assumption is 
for most cases, the stresses in the outer layer 
of steel will be found slightly in excess of the 
permissible values if an accurate analysis 
were to be carried out. This Clause provides 
for such nominal discrepancies in stresses 
computed by the approximate method and a 
rigorous analysis. 

Obviously, the practice of lumping of 
several layers of steel into a single mass at its 
centroid should not be carried too far. 

44.3 Increase in Permissible Stresses- 
While dealing with the combinations of the 
effects of dead and live loads with those due 
to wind or earthquake loads, the Code 
assumes that the coincidence of full horizon- 
tal force (that is, wind or earthquake loads) 
with the most unfavourably distributed live 
load is rather unlikely. Also, the infrequent 
occurrence and temporary nature of the 
maximum horizontal loads are not likely to 
cause severe damage and these can be treated 
as some what secondary effects, in com- 
parison with the main effects of dead load 
and live load. In working stress method, an 
increase in allowable stress is permitted; in 
the limit state method (or ultimate strength 
method) reduced load factors are recom- 
mended when combination of loads are con- 
sidered (.sPe 35.4. I). 
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45. PERMISSIBLE LOADS IN 
COMPRESSION MEMBERS 

45.1 Pedestals and Short Columns with 
Lateral Ties-Pedestal is defined as a com- 
pression member the effective length of 
which does not exceed three times the lateral 
dimensions. According to 24.1. I, a compres- 
sion member may be considered as short 

1 when both the slenderness ratios _ ex and 
D 

1 
2__ are less than 12. Reinforced columns 

b 
should have a minimum longitudinal steel 
area of 0.8 percent of the gross sectional area 
of the column [see para (a) of 25.5.3.11. 
Requirements for lateral ties are given in 
25.5.3.2. 

The formula for permissible load P is 
similar to the formula given in 38.3 for limit 
state collapse of compression members. This 
formula is applicable when the minimum ec- 
centricity in accordance with 24.4 does not 
exceed 0.05 times the lateral dimension. 

45.2 Short Columns with Helical Rein- 
forcement (see also 38.4 and its com- 
ments) - A column that is reinforced with the 
amount of helical reinforcement indicated in 
this clause is more ductile when compared 
to one that is reinforced with lateral ties. 
That is to say, a helically reinforced column 
gives ample warning of the approaching 
failure. Therefore, the Cade allows a higher 
load on helically reinforced columns. 

45.3 Long Columns-Slenderness effects 
in long columns can be taken into account by 
either of the two following methods: 

a) Reduce the axial load on the columns 
to such a value that it corresponds to 
the safe load on slender columns; and 

b) Design the critical section for an addi- 
tional moment P x eadd, where e,,, is 
the additional eccentricity due to the 
lateral deflection of the long column. 

The latter approach has been introduced 
in the limit state design method (38.7.1). The 
former method, adopted in the 1964 version 
has been retained now for the working stress 
method. Though the Code speaks only of 
reduction ‘in permissible stresses, it will be 
more convenient in design practice to deter- 
mine the permissible load as for a short 
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column and then to apply the reduction fac- 
tor to this load to account for the slenderness 
effect. 

Sample derivation for the reduction factor 
for long columns can be found in Reference 
54. The formula given in the 1964 version 
was an approximation which has been 
changed now so that a reduction factor of 

1 .O is obtained when _!&_ is 12, correspond- 
b 

ing to the present definition of short column. 
The values of C, given in 45.3 are slightly on 
the liberal side (resulting in higher load 
capacities). 

45.4 Composite Columns- The formula 
in para (a) is for “squash load’ that is, axial 
load on stocky or short columns. When 
moments and slenderness effects are to be 
considered, reference should be mhdk to 
specialist iiterature (Ref 55). 

46. MEMBERS SUBJECT TO COMBIN- 
ED AXIAL LOAD AND BENDING 

46.1 Design Based on Untracked Sec- 
tion - When a short column is subjected to 
loads with small eccentricities, it will be suf- 
ficient to limit the stresses in the transformed 
section. As the Code permits a small amount 
of tension in the section, the c’heck based on 
untracked section will be applicable when 
the eccentricity is less than 0.3 times the 
width of the column section. 

To derive the design equation given in 
para (a), consider the extreme fibre stress in 
any section subject to eccentric loading. 

P P.e 
o>-+- 

A z 

where 
u = permissible stress in concrete 
P = the axial load 
e = eccentricity 
A = transformed area of the untracked 

section 
Z = Section modulus for transformed 

untracked section 

The equality can be rewritten as 
%c, cal + %bc,cal < u 

%, cd ucbc, cal 
or -1 <l 

U U 

The value of u for the two terms on the 
left-hand side of the last equation is set from 
the requirement that this should be equal to 
a,, under purely axial load and a,, cbc under 
pure bending. Therefore, 

UC, Cal ) + %bc, Cal 11 
UC, %bc 

For computing the values of a,,, cal -and 
u,bc, cal, the entire COnCrete section and the 
area of steel multiplied by 1.5 times the 
modular ratio may be taken as the 
transformed, section (see Note 1 in the 
clause). The value of modular ratio sug- 
gested in para (d) of 43.3 partially takes into 
account the long term effects. However, as 
columns are likely to carry sustained loads, 
the modular ratio is increased further by 50 
percent for this rule, as this is likely to agree 
more with long-term loading conditions. 

In Note 2, of the clause, the basis for 
computing the section modulus Z is not ex- 
plicitly stated. However, it can be inferred 
from Note 1 of the clause that the entire 
concrete section along with the area of steel 
transformed on the basis of 1.5 times 
modular ratio will be appropriate for 
calculating Z. 

46.2 Design Based on Cracked Section - If 
the eccentricity or moment is large, the 
section is likely to crack and then it will be 
appropriate (though not mentioned in the 
Code) to transform the area of compression 
steel on the basis of 1.5 times the modular 
ratio, in line with Note 1 in 46. I. The area of 
tension steel should be transformed on the 
basis of modular ratio. 

For columns bent about one axis (that is, 
axial load with uniaxial bending), condition 
(a) and (b) of the Note under the clause wili 
be sufficient to determine the stresses in steel 
and concr&e. However, a third condition 
will be necessary to fix the position and 
orientation of the no-stress line when the col- 
umn is subjected to biaxial bending. In the 
latter case, it may be expedient to solve for 
the position and orientation of the no-stress 
line by equating the direct forces in the rele- 
vant direction and the moments on two 
mutually perpendicular axes. 

The term ‘no-stress line’ is used in the 
Code, in lieu of ‘neutral axis’, to avoid the 
confusion resulting from the possible deter- 
mination of neutral axis from the 
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geometrical properties of a section. 

46.3 Members Subjected to Combined 
Direct Load and Flexure- According to this 
clause, members subject to combined axial 
load and bending designed by methods based 
on elastic theory should be further checked 
for their strength at ultimate load condi- 
tions. Therefore, it would be advisable to 
design such members directly by limit state 
method to avoid lengthy calculations. 

47. SHEAR - (See explanatory comments 
on 39). 

47.1 Nominal Shear Stress-(See expla- 
natory comments on 39. I). 

47.2 Design Shear Strength of Concrete- 
(See explanatory comments on 39.2). 

47.3 Minimum Shear Reinforcement- 
(See explanatory comments on 39.3). 

47.4 Design of Shear Reinforcement-(See 
explanatory comments on 39.4). 

48. TORSION -(See explanatory com- 
ments on 40). 

48.1 General- (See explanatory comments 
on 40. I). 

48.2 Critical Section -( See explanatory 
comments on 40.2). 

48.3 Shear and Torsion -(See explanatory 
comments on 40.3). 

48.4 Reinforcement in Members Subjected 
to Torsion - (See explanatory comments on 
40.4). 
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APPENDIX A 

REQUlREMENTS FOR DURABILITY 

A-Z. The minimurp cement content given 
in Table 19 should be complied with, 
irrespective of the quantity of cement needed 
for the strength of the concrete. Where con- 
crete is liable to sulphate attack, Table 20, 
should also be considered and the more str- 
ingent of the requirements given in Table 19 
or Table 20 should be ensured. Independent 
of these two requirements, it should also be 
ensured that the materials used for concrete 
do not contain chlorides and soluble 
sulphates in excess of the quantities mention- 
ed in A-2. 

Regarding Table 19 (Durability, but not 
involving sulphates): The main intention 
here is to ensure reasonable durability either 
by limiting the water content or by specify- 
ing minimum cement content, since one of 
the stipulations will take care of the other, 
provided the concrete is workable. However, 
the Code gives the -requirements for both 
cement content as well as water content 
perhaps in order to ensure tighter control on 
production. The cement contents indicated 
are with respect to a maximum aggregate size 
of about 20 mm which is in common use. If 
smaller size aggregates are used the cement 
contents may have to be increased so that 
the maximum water-cement ratio is not 
exceeded. 

Referring to the Note 1 to Table 19, a 
‘strict control’ of water-cement ratio implies 
that the free water in the mix should be con- 
trolled by making due allowance for the sur- 
face water carried by the aggregate. For this 
strict control, use of Table 4 in the Code may 
not be sufficient. 

A-2. Regarding Table 20 (Durability under 
Sulphate Attack): The concentrations of 
sulphates, indicated in columns 2, ‘3 and 4 of 
Table 20, should be used as a guide for site 
classification, serialized in column 1. It is 
desirable to determine the sulphate concen- 
trations both in soil as well as ground water 

and take the worse of the results for specify- 
ing the requirements for concrete (see Note 3 
of Table 20). As these concentrations are 
likely to vary abruptly even over small 
distance (say 20 m), site classification should 
be based on as large a number of samples as 
possible, especially in areas known to con- 
tain alkali soils and sulphates. 

Even though Note 1 says that super 
sulphated cement can be used when mineral 
acids are encountered and Note 6 permits the 
use of ordinary Portland cement (with addi- 
tional limits on C,A and 2 C,A + C,AF) in 
place of super sulphated cement, the latter 
should not be used when concrete is likely to 
be exposed to acids. Rather, the statement in 
Note 1 that ordinary Portland cement would 
not be recommended in acidic conditions 
should be extended to Note 6 also. 

Table 20 should be applied to concretes of 
grades M 20 and above, M 20 being the 
minimum for structures exposed to sulphate 
attack. Reference 21 suggests that the 
following minimum cement contents for the 
lower grades of concrete: 

120 kg/m3 for grade M 7 
150 kg/m3 for grade M 10 
180 kg/m3 for grade M 15 

The cement contents given in column (6) 
are for coarse aggregates of maximum size 
of about 20 mm. If smaller aggregates are 
used, the cement ::ontenr may have to be 
increased. 

The Code limits the total amount of 
chloride in terms of Cl- (and not in terms of 
CIZ, Ca CIZ, etc), since the chloride ions are 
responsible for corrosion of embedded metal 
in concrete. However, soluble sulphates are 
expressed as SO3 (and not SOJ following the 
conventions used in cement chemistry. 

Compliance with the limits on chloride 
would require considerations of chlorides 
entering from mixing water, aggregates 
(especially from marine sources) and 
admixture. 
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APPENDIX’ B 

CALCULATION OF DEFLECTIONS 

B-Z. TOTAL DEFLECTION 

B-I.1 - 

B-2. SHORT TERM DEFLECTION 

B-2.Z The value for short term modulus of 
elasticity, EC is given in 5.2.3.1. 

Three definitions for moment of inertia 
are given in 21.3.Z and any of these may be 
used only for computing the relative stiffness 

,of members for the analysis of rigid frames. 
However, while estimating the absolute 
values of deflections, it should be noted that, 
depending on the load level, the beam will be 
cracked at a few sections and will remain un- 
cracked in the portions between these cracks. 
In’ other words, the effective moment of 
inertia I,,, for the entire beam will be 
somewhere between the value Z,, for the 
gross section [22.3.Z(a)j and that of I, for the 
ful!y cracked section [21.3.Z(c)], the exact 
value being dependent on the applied mo- 
ment M corresponding to the service loads. 

The expression for Z,rr given in the Code is 
an empirical fit to the results of several 
deflection tests on reinforced concrete 
beams. In the case of slabs, normally it will 
be sufficient to restrict the span/depth ratio. 
As the columns in a building are usually 
braced (restrained against side sway) and 
likely to be stocky, specific check on deflec- 
tion of columns will be unnecessary in most 
cases and, therefore, the Code does not give 
recommendations in this regard. 

CONTINUOUS BEAMS- The eXpreSSiOn for 
Zen, the effective moment of inertia, is valid 
for simply supported beams. When the end 
moment in a beam element arises due to 
restraints (for example, interior supports in 
continuous beams, encastre ends in fixed 
beams), the deflections will be less and this 
should be accounted for by modifying the 
value of Z,,, as indicated in the Code. The 
basis of the method is given in Reference 60. 

B-3. DEFLECTION DUE TO 
SHRINKAGE 

B-3.2 Completely unrestrained sections, 

that is, unrestrained plain sections 
and unrestrained symmetrical sections 
(‘symmetry’ applies to reinforcements as 
well) will be free from shrinkage curvature. 
The approach given in the Code is ap- 
plicable for beams with unequal amounts of 
compression and tension reinforcements. 
From the Code recommendations, it will be 
clear that the introduction of compression 
reinforcement will reduce the deflection due 
to shrinkage, and due allowance has been 
made, in the span/depth requirements also 
[see 22.2.Z(d) and Fig. 41. 

The empirical method given in the Code 
avoids the complications of computing E 
and Z for shrinkage curvature, but is 
accurate enough for practical purposes. 
Considering a simply reinforced beam, 
Fig. E-60 assume that the compression fibre 
shrinks to E,,, the unrestrained shrinkage 
(that is, the ultimate shrinkage strain of con- 
crete). From geometry (Fig. E-60), the 
shrinkage curvature $,, is, 

$c,+(lE. 
EC, 

Where es is strain at the steel level. As the 
presence of compression steel will reduce the 
shrinkage curvature, it will be logical to 
relate 1c/,, to (p-p’), p and p’ being defined 
as the percentages of tension and compres- 
sion reinforcements, in the Code. 

ti,, = E,, [function (p-p’)] 
D 

Here the overall depth D, instead of the 
effective depth d has been introduced for 
convenience. This function is designated as 
K, in the Code and the recommended expres- 
sions are empirical fits to test data. 

B-4. DEFLECTION DUE TO CREEP 

B-4.1 An approximate method for com- 
puting the total deflection (that is, the initial 
plus creep deflection) under permanent load 
is to use the effectivemodulus of elasticity 
EC,. For computing Z, and subsequently I&r 
(see B-2.Z), the effective modular ratio, 

146 



SP : 2471983 

11 cs I-+ 

-5’ ;I, -f 
d ___-_----- 

\ -4 Es - 
I I 

lycs= Eci-Es T P cs 

Fig. E-60 Shrinkage Curvature 

IT&= Es = Es (1 + (3) should be used, 
Ece E, 

though this point is only implied (and not 
explicit) in the Code. 

For convenience of computations, it is 
desirable to consider the total deflection 
occurring after a long time in three parts: 

4 

b) 

the instantaneous or short-term 
deflection under permanent loads, 
ai (pet4 

the creep deflection due to permanent 
loads; and 
the short-term deflection under the 
total load. 

The short-term deflection under total load 
and under the permanent loads can be com- 
puted, using the short-term modulus of 
elasticity E,. A separate analysis will be re- 
quired to calculate 6, cc(perm), using the effec- 
tive modulus E,,. Referring to Fig. E-61, 
total deflection under total load 

= Instantaneous deflection under total 
load 

+ (Total deflection under permanent 
load 

L 

Fig. E-61 Assumptions of Creep 
Deflection 

- short-term deflection under total 
load) 

= 4, + [ai, cc (perm) - ai(perm) I 

The expression within the square brackets 
is the creep deflection due to permanent 
loads acccperm), given in the Code. Now, the 
procedure for calculation can be summarised 
as: 

a) 

b) 

c) 

d) 

e) 

f) 

Place the characteristic load on the 
beam, calculate the short term deflec- 
tion using short term modulus E,. 
This will correspond to Ait; 
Place only the permanent load on the 
beam, calculate the corresponding 
short term deflection ai tper,,,)i 
Place the permanent load on the beam 
and compute the initial plus creep 
deflection ai,cc (permJ, using the effec- 
tive modulus E,,; 

Calculate creep deflection under per- 
manent load as 

act. (rem0 = ai.cc (Penn) - ai, (perm); 

Compute the deflection due to 
shrinkage a,,; and 
The total deflection, which includes 
the effects of creep and shrinkage, is 
computed as the sum of the values ob- 
tained in steps (a), (d) and (e) above. 
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APPENDIX, C 

SLABS SPANNING IN TWO DIRECTIONS 

C-Z. RESTRAINED SLABS 

C-Z.0 Simply supported two-way slabs 
whose corners are not restrained from lifting 
or not reinforced to resist torsion at the cor- 
ners are to be designed according to C-2.1 
and C-2.1.1. 

In slabs where the corners are prevented 
from lifting and contain reinforcement to 
resist torsion, they may be designed as 
specified in C-I.1 to C-1.11. 

C-Z.Z The Code gives bending moment 
coefficients in Table 22 for uniformly loaded 
rectangular panels that are supported on all 
sides and are continuous over one, two, 
three or four edges. The coefficients have 
been derived from yield line analysis and ad- 
justed to take into account the fact that, as 
the slab is divided into middle strips and 
edge strips, the steel is not spaced uniformly 
across the slab. Arbitrary parameters, such 
as the ratio of support to span moment, have 
been selected to give moments that corres- 
pond to those which would be obtained from 
an elastic analysis. The support conditions 
for various cases given in Table 21 are 
described in Fig. E-62. 

Q 

a 
Dz 

t 

- 

STRIP S 

t’ 

Fig. E-62 Simply Supported S!ab - 
Rankine Grashof Formula 

c-1.2 - 

C-Z.3 The negative and positive bending 
moments as calculated by the Code coeffi- 
cients are those that occur in the middle 

strips which should then be reinforced accor- 
dingly. Redistribution of moments is not 
allowed because the coefficients in Table 22 
already include redistribution. 

c-1.4 - 

c-1.5 - 

C-l. 6 A negative bending moment may oc- 
cur at the end of a slab where it is not 
continuous over the support but is cast 
monolithically with the support. The Code 
recommends that in ordinary cases this mo- 
ment should be assumed to be one-half of 
the positive bending moment at mid-span of 
the middle strip at right angles to the 
support. 

C-Z. 7 The minimum reinforcement for 
slabs is given in 25.5.2.1. The minimum 
quantity should be calculated separately with 
respect to the cross sectional area of the edge 
strip and provided within the edge strip. 

C-1.8 This clause is illustrated in 
Fig. E-63. The value of A, is calculated as 
that required for maximum mid-span 
moment per unit. width. 

c-1.9 - 

C-I.10 - 

C-l.11 For design of one way slabs, see 
23.1, 23.2, 23.3, and 23.3.1. 

C-2. SIMPLY SUPPORTED SLABS 

C-2.1 The coefficients given in Table 23 
are derived from Rankine-Grashof formulae 
which are based on the equality of deflection 
of two strips of the slabs, one each along the 
directions parallel to the supports at their in- 
tersection. If the slabs shown in Fig. E-62 
were supported only on the longer sides, the 
centre strip of unit width would have a 

WI2 bending moment of M, = 2, and 
8 

if it were supported only at the shorter 
sides, the bending moment woul,cl be 

My = WY2 . For the actual case of the slab 
8 
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DISCONTINUOUS 1 1 

EDGE 
NUMBERS CORRESPOND TO THE 
DESlGljATlON OF THE PANEL TYPE 
GIVEN IN COL. 1 TABLE 21 

Fig. E-63 Support Conditions for Slabs of Table 21 

(PANEL 4) I 

FREE’ 
COGE 

/ Ix ___~ 

SHORTER SPAN1 
--- 

FREE EDGE 

Fig. E-64 Corner Reinforcement for 
Torsional Resistance (Showing Top Two 

Layers Only) 

supported on all four sides, assume that the 
load is divided between the two strips in such 
a way that the deflection of the two strips are 
equal at their point of intersection. Then, 

W= Wx+ W,and 

5 wx1x4 5 W&4 
384 EI = - 384 EI 

Therefore W, = 
w 1,4 

1,’ + ly’ 

and WY = 
w 1,’ 

1,’ + ly4 

Accordingly, along the x and y direction the 
bending moments are, 

Mx = -Y 

where CU, = L ($/h)’ 
8 1 + (1,iQ’ 

Similarly, MY = cfy W lx2 

Special corner reinforcements (see C-1.8) 
need not be provided for slabs which are free 
to lift at the corners, and are designed by the 
above rule. 

C-2.1.2 This clause is intended to facilitate 
a simple detailing procedure, without having 
to adopt the bar curtailment rules given 
in 25.2.3. 
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APPENDIX D 

EFFECTIVE LENGTH OF COLUMNS 

D-Z. The Code recommends three methods 
for calculating effective length of columns. 

a) Exact Analysis- This will require a 
second order analysis of an entire 
frame of which the column may form 
a part, including therein the effects of 
deflections and inelastic behaviour. 
The complexity of an exact analysis of 
an entire frame renders it almost un- 
suitable for routine design applica- 
tion. 

b) Use of Fig. 24 and 25-In rigid 
frames, the effective lengths of col- 
umns should be determined by using 
Fig. 24 and 25 of the Code, which in 
turn are based on the concept of 
vanishing stiffness method (Ref 58). 

c) Use of Table 24- In normal usage, 
the columns may be idealized as fall- 
ing into any one of the conditions 
specified in Table 24. Table 24 
should then be used to assess the ef- 
fective lengths of such compression 
members. 

The Code distinguishes two cases of 
columns, namely, braced and unbraced 

columns. 

4 

b) 

Columns, whose ends are prevented 
from lateral displacements (also 
known as braced columns or no-sway 
case). Fig. 24 of the Code should be 
used for such columns. 
Columns whose ends are not pre- 
vented from lateral displacements 
(also known as unbraced column or 
no-shear case). Figure 25 of the 
Code should be used for this type of 
columns. 

Figure E-65 shows the buckling modes 
associated with the two cases. Because of the 
difference in behaviour between a braced 
and an unbraced frame, it is necessary to 
have two separate graphs (Fig. 24 a$ 
25) for the determinations of effective 
lengths. However, in an actual frame, the 
columns are seldom completely braced or 
completely unbraced. Thus it is necessary 
first to determine whether the colu&.~. in a 
given storey are braced or. unlaced. 
Roughly, a compression member mav be 
assumed to be braced if the bracing elerirents 
(shear walls, shear trusses or other types of 
lateral bracing) in that storey have a total 

65a FRAME 65b FRAME WITH NO-SWAY 65~ FRAME WITHOUT RESTRAINT 
AGAINST SWAY 

Fig. E-45 Buckling Modes for Rectangular Frames 
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stiffness, for resisting lateral movements, at 
least six times the sum of the stiffness of all 
columns within that storey. 

Alternatively, a more accurate way of 
determining the effective length is to use the 
stability index Q. When the stability index Q 
is less than 0.04, thcstorey can be considered 
as braced (Ref 34 and 59). 

Q ~0.04 

where 

Q ==;f” 

” 5 

CPU = Sum of axial loads on all columns 
in the storey. 

.b = Elastically computed first-order 
lateral deflection. 

Nu = Total lateral force acting within 
the storey. 

and-h, = Height of the storey. 

K = f where L is the length of the column. 
L 

At end A, the applied moment and the rota- 
tion are related as: 

M,=EKs 8, (1) 

where s is a ‘stiffness function’ expressed 

Basis of the Method-Complete deriva- 
tions are given in Ref 58. A brief account of 
the basis of the vanishing stiffness method is 
given below. First consider the simple braced 
cok’8m shown in Fig. E-66, with an applied 
momt 2 MA at end A, the corresponding 
rotation being eA; Following the conven- 
tional practice, let the rotational stiffness be‘ 

P 

dA 

A J 1 MA 

I 

:‘i MEl 

B 

t 
P 

Fig. E-66 Column with No Sway 

’ depends on _ as in the case of the stiff- 
PE 

ness function s. 

clamped initially, the column will have a 
carry-over moment (CM) as before. Now 
clamp, the end A at the original rotation of 

Referring to Fig. E-67, the column in a 
frame generally frames into beams, with stiff- 
ness, say CK,, and CK,, at top and bottom 

8 and release the far end B. After release, 

respectively. Moment M is applied at the top 
end A as before. At the far end B which is 

P 
I 

P in terms of _ 
PE 

P * Axial load on column; and 

P, = Euler load = 
?r2EI 

L2 
for a 

pin-ended column. 
MA 

Stiffness of column = -4jj-o- 
A 

KS =- 
4 

At the base B, a moment MB ‘would have 
been carried over, with e B = 0 

&=C.MA 
=C.EKs 8, (2) 

where C is the carry-over factor, which Fig. E-67 Braced Column in a Frame 
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the end B will have a moment equal to: 

M,, = C Mx Stiffness of column 
Total stiffness of members at B 

M’, = CM K s/4 (3) 
K s/4 + CK,,, 

Consequently, a moment of -CM’, is 
carried back to joint A, which is still 
clamped at rotation 8. Therefore, the next 
applied moment at A is, 

M’,=M(l-CZ KS/~ ) 

K s/4 + CK,,b 

Hence the modified stiffness of the 

column at A is (noting K= f = &._) 
L 4E8 

Cz K s/4 
K s/4 + CK,, 

or, modified stiffness of column end A is, 

(5) 

The colurin end A frames into beams of 
total stiffness CK,,. Therefore, when axial 
load P is carried by the column, the stiffness 
of the joint A is, 

K”, = K’, + CK,,, (6) 

When the axial load P is increased 
gradually, it reaches a critical value Per when 
a very small lateral load causes an indefinite- 
ly large lateral displacement. In other words, 
the total stiffness KnA at end A vanishes at 
the critical load Per. Inserting this condition 
in Equation (6) 

C2Ks/4 K s/4 + CK,,, 
+ CK,,, = 0 (7) 

By a few simple manipulation of Equation 
(?), it can be shown that the total stiffness 
K “B also vanishes at joint B simultaneously, 
that is 
KS -4 1 __ Cz KS/~ 

4 K s/4 + CK,, 
t I=Kb, = 0 (8) 

Therefore, for any given column, it will be 
sufficient to consider one of the ends only. 

In equation (7), the coefficient s and C de- 

pend on the ratio P. For given values of 
PE 

stiffness CKbb, CKb, and K, Equation (7) is 

P used first to determine the ratio cr, if the 
PE 

column is braced. As the Euler critical load 
pE= r*EI _ refers to the pin-ended column, 

L* 
the effective length of braced column with 
other fixing condition can be determined as: 

lef = L J!* 

A similar derivation will be appropriate 
for an unbraced column. The effective 

length ratios 
1 

ef are plotted in Fig. 23 and 
I 

24 of the Code for braced and unbraced 
columns respectively. 

While using the charts in Fig. 23 and 
24 of the Code, the following points should 
be kept in view: 

a) For braced frames, the beam stiffness 
& should modified as, 

Kb&f 
L L 

b) In unbraced frames, the beams are 
bent in double curvature. Therefore 
the beam stiffness in such frames 
should be modified as 

Kb= I.%& 
L 

c) For determining & and & the ‘limited 
substitute frame’ (see Fig. E-68) 
should be used. 

Fig. E-68 Limited Substitute Frame 
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At top joint, 

Pi = 
K +.K, 

K+Ku+ CK~, 

At bottom joint, 
K+K, 

Pz = K+K,+ XKb, 

Where KU and K1 are the stiffness of col- 
umns framing above the top joint A and 
below the bottom joint B (see Fig. E-67). 

Illustrative Example 

Frame braced against sidesway, column 
AB in Fig. E-69 is under consideration. The 

stiffnesses (K = ?_) are shown adjacent to 
L 

each element. Determine the effective length 
of AB. 

K=l 

Fig. E-69 Stiffness values 

Top joint A: 

K= 1 
KU= 1 

KtA = f (1 + 1) (Factor % is introduced 

because the column is braced) 

81 = 
K+K, 

K+K,+q,, 
2 = - = 0.67 

2+1 
Bottom joint B: 

K= 1 
K,= 1 

Kbb = 3(2,+2)=2 

a= 
K+K, 

K+ Ki + CK,, 
2 

= - = 0.5 
2+2 

From Fig. 24 of the Code, 
1 ef = 0.73 
1 

Effective length = 0.73 x unsupported 
length - 

If the frame is 
sway in Fig. E-68: 

Top joint A: 

‘K.= 1 
KU= 1 

not braced against side- 

Kbt = 1.5 (1 + 1) = 3.0 (Factor 1.5 
accounts for the frame being unbraced) 

K+K, 
I%= K+K,+CK,, 

2 =-=04 
2+3 - 

Bottom joint B: 

K= 1 
KU= 1 
&t = 1.5 (2 + 2) = 6.0 

K+K, 
Pz = K+K,+ CKbb 

2 = - = 0.25 
2+6 

From Fig. 25 of the Code (for unbraced 
frames) 

1 d 
-= 1.2s 

1 

Therefore, effective length I,, = 1.25 x un- 
supported length. 
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APPENDIX E 

MOMENTS OF RESISTANCE FOR RECTANGULAR AND T-SECTIONS 

E-Z. RECTANGULAR SECTIONS 

E-l.1 Sections without Compression Rein- 
forcement 

4 

b) 

c) 

In underreinforced sections, the 
depth of neutral axis X, will be 
smaller than Xu max. The strain in steel 
at the limit state of collapse will be 

more than ~ o’87f, + 0.002 and, the 
ES 

design stress in steel will be 0.87 fy. 

The depth of neutral axis is obtain- 
ed by equating the forces of tension 
and compression (see Fig. E-49). 

0.36 fck.X,,.b = 0.87 f,.A,, 

X 
or .u _ 0.87fy4 -- 

d 0.36 fck b.d 

The moment of resistance of the 
section is equal to the product of the 
tensile force and level arm. 

M,, = TZ 
TZ = AJO. fy) (d- 0.416 x,) 

=A,,(0.87fy) d (,-0.416+ 

.‘.kf, = 0.87fyA,, d(l -$) 

The limiting moment on a section is 
obtained by considering the maximum 
allowed depth of neutral axis (X,, ,,) 
given in 37.2. 

Taking the moment of compressive 
force C about the level of tension 
steel, 
M,. tim = C X. Lever arm 

= 0.36 f&X”, max. b (d - 0.42 X,, max) 

d) As shown above, the limits on 
.J 

A “, max 
-- 

d 
restrict the moment capacity of a sing- 
ly reinforced section to M,, time If the 
applied moment exceeds this value, 
the section is to be redesigned either 

(1) by changing the cross-sectional 
dimensions of the member, or (2) by 
designing the section as a doubly rein- 
forced section according to E-l-2. 

E-l.2 Section with Compression Rein- 
forcement- Doubly reinforced sections are 
generally adopted when the dimensions of 
the beam have been predetermined from 
other considerations and the design moment 
exceeds the moment of resistance of a single 
reinforced section. The additional moment 
of resistance needed is obtained by providing 
compression reinforcement and additional 
tensile reinforcement. The moment of 
resistance of a doubly reinforced section is 
thus the sum of the limiting moment of 
resistance M,, tim of a singly reinforced sec- 
tion and the additional moment of resistance 
Al,,. Given the value of M, which is greater 
than Mu. ,im, the value of Mu, can be 
calculated. 

Mu2 = M, -Mu, lirn 

The lever arm for the additional moment 
of resistance is equal to the distance between 
centroids of tension reinforcement, that is 
(d-d’) where d’ is the distance from the 
extreme compression fibre to the centroid of 
compression steel. 

:. Mu2 = Astz (0.87 fy) (d-d’) 

Aso Muz =A,, cf,-f,3 (d-d’) 

:. A, (k-f,,) = 42 (0.87 fy) 

where 
A st2 = Area of additional tensile rein- 

forcement 
AX = Area of compression reinforce- 

ment 
f, = Stress in compression reinforce- 

ment 
fee = Compressive stress in concrete at 

the level of the centroid of com- 
pressidn reinforcement 

Any two of the above three equations may 
be used for finding A,,, and A,. 

Total reinforcement Ast = A,,* + Astz 
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where with small values of Df/d: 
A,!1 = PLIirnbd 

100 

Values off,, and f,, are to be calculated 
before calculating A,,. This can be ap- 
proached by taking the depth of neutral axis 
as equal to X,, max and the strain at the level 
of compression reinforcement will be equal 

too.0035 k--&J 

E-2. FLANGED SECTION 

E-2.1, E-2.2 and E-2.3 The moment of 
resistance of a T-beam can be considered as 
the sum of moment of resistance of the con- 
^_^&^ cI~:LT in the _web of -width 6, --A rL,. ^^^ a,Kl L‘lt: cur,- 
tribution due to the flanges. The maximum 
moment of resistance is obtained when depth 
of neutral axis is X,,,,. When the thickness 
of the flange is small, that is 0.2 d, the stress 
in the flange will be uniform or nearly 
uniform and the centroid of the compressive 
force in the flange can be taken at Df/2 from 
the extreme compression fibre. Therefore, 
the following expression is obtained for 
limiting moment of resistance of T-beams 

SP : 24-1983 

x (b,- b,) Df (d - -$) 

where MU, lim. web = 0.36 fckbwXu, mix 

(d-0.416X,, ,,,). 

This equation is same as given in E-2.2. 
When the flange thickness is greater than 
about 0.2d, the above equation is not correct 
because the stress distribution in the flange 
would not be uniform. The expression given 
in E-2.2.1 is an approximation which makes 
allowance for the variation of stress in the 
flange. 

If the actual design moment (MU) is less 
than the iimiiing moment, caicuiaie the mo- 
ment of resistance (M,) for the condition 
when the neutral axis is at the bottom of the 
flange. 

M, = 0.36 fck bfDf (d - 0.416 Of) 

If the actual design moment is less than 
M,, design the T-beam as a rectangular beam 
of width bf and effective depth d. The rein- 
forcement can then be calculated as per a 
rectangular beam. 

Method of Calculating Tension Reinforcement in T-Beams (by Exact Method) 

t 

t 

I 
I- 

v / ___L 

AS 

e-b,- 

Fig. E-70 

a) STRESS DISTRIBUTION b) STRESS DISTRIBUTION 

IN WEB PORTION WHEN IN FLANGE PORTION 

NA LIES BELOW THE WHEN NA LIES BELOW 

FLANGE THE FLANGE 

Distribution of Stress in a T-Beam 
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Case(i) when the neutral axis lies between Dortion iust reaches the bottom of the 
the botiom of the flange and the position in 
the web, when the stress block rectangular 

flange: - 
, 

Case(ii) when the neutral axis lies below 
the limit specified in case(i): 

fY = 250 N/mm2, fY = 415 N/mm2 and 
fy = 500 N/mm2 which will be convenient in 
the design of T-beams. 

Notes for Tables E9, E-10 and E-11 

NOTE l-The first value of PtFoo) in each column 
ck 

correspond to the case when neutral axis is at the bot- 

%l tom of the flange. The corresponding value of - 
fd’# 

P*ww 
are also given above the first value of ___ 

f . For ck 

(4) 
Iw, lower vahies of fekb~pl’ ~ the section is to be considered 

as a rectangular section of width bf and depth d. 

.&here, 
M, = Design moment for limit state 

design, 
fck = Characteristic compressive 

of concrete (N/mm2), 
fy = Characteristic yield strength 

(N/mm2) 

strength 

of steel, 

pt =, A,(lW -_I_ 
bwd 

bf, b,, LI, d are as indicated in Fig. E-70. 
Using Equations (l), (2), (3) and (4), 

Tables E-9, E-10 and E-11 have been 
prepared for three grades of steel, namely 

NOTE 2-The value of pty” in each column corres- 

pond to the value of the &king moment of resistance 
P,wQ) 

of the beam or to the case when ~ 
f 

approaches a 
ck 

value of 26.6. This would be close to the maximum per- 
missible reinforcement when fck = I5 N/mm*. For 
higher grades of concrete the maximum permissible 
reinforcement would be reached at lower values than 

26.6. The value of fCkb42 corresponding to the last 
__ 

P,UW 
value of ~ 

f 
in each column are given under the 

ck 

P,wa 
last value of --- 

f ck 
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