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. IS 456 '2000 .
Indian Standard -
PLAIN AND REINFORCED CONCRETE —
CODE OF PRACTICE

- ( Fourth Revisio_n_ )
FOREWORD '

This Indian Standdrd (Fourth Rev1s10n) was adopted by the Bureau-of Indlau Standards after the draft finalized -
by the Cement and Concrete Sectional Comunittee had been approyed by the Civil Engineering Division Council.

This standard was first published in 1953 under the title ‘Code of practice for plain and reinforced concrete for
general building construction’ and subsequently revised in 1957. The code was further revised in 1964 and
published under modified title ‘Code of practice for plain and reinforced concrete’, thus enlarging the scope of
-use of this code to structures other than general building construction also, The third révision was publishedin
1978, and jt included limit state approach to design, - This is the fourth revision of the standard. This revision
was taken up with a view to keeping abreast with the rapid development in the field of concrete technology and
to bring in further modxﬁcatlonshmprovemcnts in the 11ght of expenence gamed whxlc usmg the earlier version
of the standard

" This revision 1ncorporates a numbcr of 1mporl:ant changes The major thruet in the rev1snon is on the, follong
lines: :

a) In recent years, du'rabﬂxty of concrete structures have become the cause of concern to all concrete
technologists. This has led to the need to codify the durability requirements world éver. In this revision

" -of the code, in-order to introduce in-built protection from factors affecting a structure, earlier clauseon

durability has been elaborated and a detailed clause covermg deemnt aspects of demgn of durable -
structure has been incorporated, '

) Samplmg and acceptance criteria for'concrete have been rev:sed “With this revision acceptance criteria -

has been simplified in line with the provisions given in BS 5328 (Part 4):1990 ‘Concrete: Part 4 -

Speclﬂcauon for, the procedures to be used in sampling, testing and assessing comphance of concrete’.

Some of the significant changes incorporated in Section 2 are as follows:’

a) All the thtee grades of ordinary Portland cement, namely 33 grade, 43 grade and 53 grade and sulphate °
resisting Portland cement have been included in the list of types of cement used (in addition to other
types of cement). a

b) The perm1ssnble limits for solids in water have been modtﬁed keeping in view the durablllty requirements. - 5'

¢} The clause on admixtures has been modified in view of the avmlabnlity of new typcs of admixtures
including superplasticizers,

d) InTable 2 ‘Grades of Concrete’, grades higher than-M 40 have been'included. - :

e) It has been recormended: that minimum grade of concrete shall be not less than M 20 i in reinforced
concrete work (see also 6.1.3),

f) 'The formula for estimation of modulus of elasticity of concrete has been rewsed

g) In the absence.of proper correlation between compacting factor, vee-bee time and slump, workabnllty
"has now been specified only in terms of slump in line with the prowsmns inBS 5328 (Parts 1 to 4).

h) Durability clause has been enlarged to include detailed guidance concerning the factors affectmg durablhty
The table on “Enviroiimental Exposure Conditions’ has been miodified to include * very severe' and
‘extreme’ exposure conditions, This clause ‘also covers requirerients for shape and size of member,
depth of concrete cover, concrete-guality, requirement against exposure to aggressive chemical and sulphate
attack, minimum cement requirement and maximum water cement ratio, limits of chlonde conient, alkali
silica reaction, and importance of compaction, finishing and curing.

N oA clause on ‘Quality Assurance Measures” has been incorporated to give due emphas;s to good practmcs
' of concretmg

k) Proper limits have been mtroduced onthe accuracy of measurmg equlpments to ensure accurate batchmg
of concrete.
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m) The clause on ‘Construction Jomts has been ‘modified.

n) The clause on ‘Inspectlon has been modlfred to. gwe more emphasts on quahty assurance.

The significant changes mcorporated in Sectt()n 3 are as follows
'a) Requirements for ‘Fire Resistance’ have been further detaﬂed

b) The figure for estimation of modification-factor for fension reinforcement used in calculation of basic
" values of span to effective depth to control the deflection of flexural member has been modified.

¢) Recommendations regarding effective length of cantilever have been added,
d) Recomm_endations regarding deflection due to-lateral loads have been added..
) Recommendations for adjustments of support monients in restrained slabs have been included.

f) Inthe detemlnatton of effective length of compressmn members, stablhty mdex has been introduced to .
detemu ne sway or no sway condrtrons :

g) Recommendauons have. been made for lap length of hooks for bars in dtrect tension and ﬂexura] tenston :
h) Recommendations regarding strength of welds have been modified.

b Recomrnendanons ‘regarding cover to 1e1nforcement have been modlfled Cover has been specxfled" )

based on durability requirements for differént éxposure conditions. The term ‘nominal cover’ has been -

introduced. The cover has now been speclfled based on durabrllty requtrement as wel] as for fire
* requirements;

The significant change incorporated in Section 4 is the 1nod1ﬁcatron ot the clause on Walls. The modlﬁed clause' . '
mcludes desrgn of walls agamst hortzontaI shear. N : '

In Section 5 on limit state method a new clause has been added for calculatton of enhanced shear strength of
sections close to supports. Some modrﬁcattons have also been made in the clause on. Torsion, Formula for
calculation of crack width has been added (separately given in Annex F). ' : .

Working stress method has now been given in Annex B so-as to-give greater emphasis to hmtt state. des1gn In
this Annex; modifications regarding torsion and erhanced shear sirength.on the same lines as in Sectton 5 have
been made. - S T S RPN S T G e

‘Whilst the common methods of design and construction have been:covered in this code, spccial systems of . -

design and construction of any plain or reinforced concrete structure not covered by this code may. be. pernntted _
on productton of satlsf'lctory ‘evidénce regardmg therr adequacy and safety by, analys:s or . test or both .
(see 19).

In this code it.has been assumed that the degign of plain and reinforced cement concrete work is entrusted to a
qualrfled engineer and that the execution of cement concrete work is carrred out under the dlrectton ofa quahﬁed _
and expertenced supervisor. L e
In the formulation of this standard, assistance has been derived from the following pnbhcat:ons :

‘BS°3328 ; Part.1 : 1991 Concrete : Part I Guide-to specifying concrete, Bnnsh btandards Insututton '

BS 5328 ; Part 2 : 1991 Concrete Part 2 Methods tor speclfyrng concrete mrxes Blmsh Standards
Institution '

BS 5328 Part 3: 1950 Concrete ; Part 3 Spec1ﬂcat10n tor the procedures to be used in producrng and
transportlng concrete British Standards Instltutlon '

BS 5328 Part 4. 1990 Concrete Part 4 Specrﬁcatlon for the proeedures to be used in samphn g, testmg
and assessing comphance of concrete, Brmsh Standards Instltutron :

BS 8110 ; Part 1 :-1985 Structural use of concrete ; Part 1 Code of; practrce for destgn and constructlon,
‘British Standards Institution o . L .

BS 8110 : Part 2 : 1985 Structural use of conctete Part 2 Code of pl‘aCthe for speclal crrcumstances,
‘British Standards Institution ° : . ‘

ACI319: 1989 Bmldmg code requrrements for reinforced concrete, American Concrete Instrtute

AS 3600 1988 Concrete structures, Standards Association of Australra
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DIN 1045 July 1988 Structural use of concrete, design and construction, Deutsches Institut fiir Normung E.V,
CEB-FIP Model code 1990, Comite Euro - International Du Belon
The composition of the technical committee responsible for the formulation of this standard is given in
Annex H. .
For the purpose of deciding whether a particular requirement of this standard is complied with, the final value,
observed or calculated, expressing the result of a test or analysis shall be rounded off in accordance with

IS 2 - 1960 ‘Rules for rounding off numerical values (revised)’. The number of significant places retained in the
rounded off value should be the same as that of the specified vatue in this standard.
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SECTION 1 GENERAL

1 SCOPE

1.1 This standard deals with the g_éneral structural use
of plain and reinforced concrete,

1.1.1 For the purpose of this standard, plain concrete
structures are those where reinforcement, if provided
is ignored for determination of strength of the structure.

1.2 Special requirements of structures, such as shells,
folded plates, arches, bridges, chimneys, blast resistant
structures, hydraulic structures, liquid retaining
structures and earthquake resistant structures, covered
in respective standards have not been covered in this
standard; these standards shall be used in conjunction
with this standard. '

2 REFERENCES

The Indian Standards listed in Annex A contain
provisions which through reference in this text,
constitute provisions of this standard. At the time of
publication, the editions indicated were valid. All
standards are subject to revision and parties to
agreements based on this standard are encouraged to
investigate the possibility of applying the most recent
editions of the standards indicated in Annex A.

3 TERMINOLOGY

For the purpose of this standard, the definitions given
" in IS 4845 and IS 6461 (Parts 1 to 12) shall generally

apply. -
4 SYMBOLS

For the purpose of this standard, the following letter
symbols shall have the meaning indicated against each;
where other symbols are used, they are explained at

the appropriate place:
A ~— Arca
b  — Breadih of beam, or shorter dimension
of a rectangular column
b, - Effective width of slab
b, - Effective width of flange
b, - Breadth of webor tib '
"p - Overall depth of beam or slab or
diameter of column; dimension of a
rectangular column in the direction
under consideration
D, - Thickness of flange )
- DL ~ Dead load
-d -~ Effective depth of beam or slab
~d" -~ Depth of compression reinforcement
from the highly compressed face
E  ~ Modulus of elasticity of concrete

11
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Earthquake load
Modulus of elasticity of steel
Bccentricity :

Characteristic cube compressive
stremgth of concrete

Modulus of rupture of concrete
(flexural tensile strength)

Splitting tensile étrgngth of concrete
Design strength

Characteristic sttength of steel
Unsupported height of wall
Effective height of wall

Effective moment of inertia

Moment of inertia of the gross section
excluding reinforcement

Moment of intertia of cracked section
Stiffness of member

Constant or coefficient or factor
Development length "
Live load or imposed load
Horizontal distance between centres of

~ lateral restraint
: Length of a column or beam between

adequate lateral restraints or the
unsupported length of a column

Effective span of beam or siab or
effective length of column

Effective length about x-x axis
Effective length about y-y axis
Clear span, face-to-face of supports

1* for shorter of the two spans at right
angles

Length of shorter side of slab
Length of longer side of slab

Distance between points of zero
moments in 2 beam

Span in the direction in which
moments are determined, centre to
centre of supports

Span transverse to [, cenirg to centre
of sapports

I, for the shorter of the continuous
spans

Bending moment

Modular ratio

Number of samples

Axial foad on a compression member
Calculated maximum beaging pressure
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Calculated maximum bearing pressure
of soil :

Radius

Spacing of stirrups or standard
deviation

Torsional momient

Wall thickness

Shear force

Total load

Wind load

Distributed Ioad per unit area
Distributed dead load per unit area
Distributed imposed load per unit area
Depth of neutral axis

Modulus of section

Lever arm

Angle or ratio

Partial safety factor for load

12

Partial safety factor for material =
Percentage reduction in moment
Creep strain of concrete

- Permissible stress in concrete in

bending compression
Permissible stress in concrete in direct
compression

Permissible stress in metal in direct
compression

Permissible stress in steel in
compression

Permissible stress in steel in tension

Permissibie tensile stress in shear
reinforcement

Design bond stress
Shear stress in concrete
Maximum shear stress in concrete, .

- .with shear reinforcement

Nominal shear stress
Diameter of bar
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SECTION 2 MATERIALS, WORKMANSHIP,
INSPECTION AND TESTING

5 MATERIALS

5.1 Cement

The cement used shall be any of the following and the
type selected should be appropriate_ for the intended
use;

2) 33 Grade ordinary Portland cement
onformmg to IS 269
by 43 Grade ordmary Portland ‘cement
conforming to IS 8112
¢) 53 Grade ordinary ‘Portland cement
conforming to1S.12269 -
d) Rapid hardening Portland cement conforming
: to IS 8041
g} Portland sIag cement conforming to IS 455
'-f) Portland pozzolana cement (fly ash based)
conforming to IS 1489 (Paxt 1)
g) :Portland -pc')-zzolana cement (calcined clay
based) conforming to IS 1489 (Part 2)
h) . Hydrophobic cement conforming to IS 8043 -
i) Low heat Portland cement conforming to
18 12600
k) i_"S'u1pha'te ; 'resis"ting Portland cement

confm’mmg to IS 12330

Other combmkmons of Portland cement wnth mineral
admixtures (see 5.2) of quality conforming with
relevant Indian Standards laid down may also be used
in the manufacture of concrete provided that there are
satisfactory data on their suitability, such as
performance test-on concrete containing them.

5.1.1 Low heat Portland cement corforming to

1S 12600 shall be used with adequate precautlons W|th
regard to removal of formwork, etc.

5.1.2 ngh alumma cement conformmg to IS 6452 or
supersulphated cement confomung to IS 6909 may be
used only under special circuinstances with the prior

approval of the engineer-in-charge. ‘Specialist literature .

may be consulted for gu:dance regarding the use of
these types of cements,

5.1.3 The attention of the engmecrs -in-charge and
users of cement is drawn to the fact that quality of
various cements mentioned in 5.1 is to be determined
on the basis of its conformity to the performance

have no relation whatsoever with the characteristics

_ guaranteed by the Quality Marking as relevant to that

cement. Consumers are, therefore, advised to go by
the characteristics as given in the corresponding
Indian Standard Specification or seek specialist
advise to avoid any problem in concréte making and
constructlon

5.2 Mineral Admixtures

5.2.1 Pezzolanas

Pozzolanic materials conforming to relevant Indian
Standards may be used with the permission of the
engmeer—1n~charge pr0v1ded uniform blending with
cement is ensured

52.1.1 Fly ash { pulvenzcd fuel ash)

Fly ash conforming to Grade | of IS 3812 may be
used as part replacement of ordinary Portland coment
provided uniform blending with cement is ensured,

5.2.12 Silica fume
Silica fume conforming to a standard approved by the

deciding authority may be used as part replacement of
cement provided uniform blendmg with the cement is

- ensured.

charactetistics given in the respective Indian Standard

Specification for that cement. ‘Any trade-mark or any

trade name indicating any special features not covered

in the standaid or any qualification or other Special

performance characteristics sometimes claimed/

NOTE-—The silica fume (very fine non- crystalllne silicon
dioxide) is a by-product of the manufacture of silicon, fermsnlmon '
-ar the like, from quartz and carbon in electric arc furnace. It is
usuatly used in proportion of 3 to 10 perct.nt of the cement content
of a mix. :

52.13 R;ce husk ash

Rice husk ash giving requlred performance and
uniformity characteristics may be used with the
approval of the deciding authority.

.NOTE—Rice husk ash is pmduced by burning rice husk and
contain tacge proportion of silica. To achieve amorphous state,
tice husk may be burnt at controlled temperature, 1t is necessary
to evnluatc the product from a particular sovice for performance

. 4nd intformity since it can range from being as deleterious as
_ silt when incorporated in concrete. Water deinand-and drying
shrinkage should be studied before using rice husk,

5. 2 1.4 Metakaoline

Metakaoline having fineness between 700 to
900 m’ikg may be used as pozzolamc material in
concrete.
NOTE»«Metaknoline is obtained by calcination of pure or
. refined kaolintic clay at a termperature betiveén 650°C and 850°C,
followed by grinding to achieve a finencss of 700 to 900 m¥/kg.
The resulting 1aterial has high pazzolanicny

5.2.2 Ground Granulated Blast Furnace Slag

" Ground granulated blast furnace slag obtained by

indicated on the bags or containers or in advertisements
alongside the ‘Statutory Quality Marking’ or otherwise -

13

grinding granulated blast furnace slag conforming to

18 12089 imay be used as part replacement of ordinary
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Portland cements provided uniform blending -with -

cement is ensured.

5.3 Aggregates

Aggregates shall comply with the requirements of

IS 383. As far as possible preference shall be given to_

natural aggregates.

5.3.1 Other types of aggregates such as slag and
crushed overburnt brick or tile, which may be found
suitable with regard to strength, durability of concrete

and freedom from harmful effects may be used for plain

concrete members, but such aggregates should not
contain more than (.5 percent of sulphates as SO, and

should not absorb more than 10 percent of the:r own

mass of Water

8.3.2 Heavy we:ght aggregates or llght weight
aggregates such as bloated clay aggregates and sintered
fly ash aggregates may also be used provided the

engineer-in-charge is satisfied with the data on the

properties of concrete made with them.

NOTE—Some of the provisions-of the cede would: require
modification when these aggregates are used; specialist literature
may be consulted for gutdance,

5.3.3 Size of. Aggregate

The nominal maximbim suze of coarse aggregate should _
be as large as possible within the limits specified but -.

in no case greater than one-fourth of the minimum
thickness of the membet, provided that the concrete

free from i mJunous amounts of oils, acids, alkalis, sa]ts,
sugar, organic miaterials or other substances that may
be deleterious to concrete or steel.

Potable water is generally considered satisfactory
for mixing concrete. As a guide the following -
concentrations represent the maximum perrnlssnble
values:

a) To neutrahze 100 ml sample of water, using
phenolphthalein as an indicator, it should not
require more than 5 ml of 0.02 normal NaOI{.
The details of test are given in 8.1 of IS
3025 (Part 22).

To neutralize 100 ml sample of water, using
mixed indicator, it should not require more
than 25 mt of 0.02 normal HZSO The details
of test shall be as given in 8 of IS 3025
(Part 23).

Permissible limits for solids shall be as given
in Table 1.

.b)

,c)

5.4.1 In case of doubt fegarding developlﬁeﬁt of

strength, the suitability of water for making concrete
shall be ascertained by the compressive strength and
initial setting time tests specified in 5.4.1.2 and 5.4.1.3.
5.4.1.1 The sample of water taken for testing shall
represent the water proposed to be used for concreting,

~due account being paid to seasonal variation. The
sample shall not receive any treatment before testing

other than that enwsaged in'theiregular supply ¢ of water

_proposed for use in concrete, The sample shall be stored

can be placed. without difficulty so as to.surround all -

reinforcement thoroughly and fill the corners of the
form. For most work, 20 mm aggregate is suitable,

Where there is no restriction to the flow of concrele

into sections, 40 mm or larger size may be permitted.

In concrete elements with thin sections, closely spaced -

reinforcement or small cover, consideration should be
given to the use of 10 mm nominal maximum size.

Plums above 160 mm and up 1o any reasonable size ;-

may be used in plam conetete work up to a maximum
limit of 20, _percent by volume. of concrete. when
spemﬁcally permitted by the engineer-in-charge. The

plums shall be distributed evenly and shall be not cIoserr

than 150 mm from the surface.

5.3,3.1 For heavily reinforced concrete members as -
in the case of ribs of main beams, the nominal .. -

maximum size of the aggregate shonld usvally be
restricted to 5 mm less than the minimum clear distance
between the main bars or 5 mm less than the minimum
cover to the reinforcement whichever is smaller.

in a clean container prevmusly rmsed out with similar -
water, .

5412 Average 28 days compressive strength of at
Jeast three 150 mm concrete cubes prepared with water -
proposed to be used shall not be less than 90 percent -

of the average of strength . of three similar concrete - -
cubes prepared with distilled water. The cubes shall
‘be prepared, cured and tested in accordance w1th the. . .
‘requirements of 1S 516,

'5.4.1.3 The initial setting time of test block made with

the appropriate cement and the water prOposed to be.
used shali not be less than 30 min and shall not d,tffer )
by + 30 min from the initial setting time of control

“test block preparéd with the same cement and distilled

5.3.4 Coarse and fine aggregate shall be batched

separately. All-in-aggtegate may be used only where
specifically permitted by the engincer-in-charge. -

5.4 Water

Water used for mixing and curing shall be clean and

“water. The test blocks shall be prépared and tested in

accordance with the requ1rements of IS 4031 (Part 5) '
5.4.2 The pH value of water shall be not less than 6.
543 Sea Water ‘

Mixing or curing of concrete with sea water is not
recommended because of presence of harmful salts in -
sea water. Under unavoidable circumstances sea water

‘may be used for mjxing or curing in plain concrete with

no embedded steel after having given due consideration .

- topossible disadvantages and precautions including use :

14

of appropriate cement system.
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Table 1 Permissible Limit for Sollds

(Clause 5.4)
s VTesied- as per Permissible Limit,
No. - Max
i) © Organic IS 3025 (Part {8) 200 mg/l
i) Inorganic I8 3025 (Part 18) 3 000 mgA
i) Sulphates (as SO, 153025 (Part 24) 400 mgfl_ ,-
iv) Chlarides {as CI} 183025 (Part 32) 2000mgl
. . for concrete not containing
embedded steel and 500 mg/
. ‘ S for reinforced concrete work
v)  Suspended matter 1S 3025 (Part 17) 2 000 mg/l

5.4.4 Water found satisfactory for mixing is also

suitable for curing concrete. However, water used for

5.6.1 All reinforcement shall be free from loose mill

_scales, loose rust and coats of paints, oil, mud or any

curing should not produce any objectionable stain or '

unsightly deposit on the concrete surface. The presence
of tannic acid ot iron compounds is objcctlonable

5.5 Admixtures

55,1 Admixture, if .usedishal'l comply with IS 9103
Previous experience with and data on such materials

should be considered i relation to the likely standards of

other substances which may destroy or reduce bond.
Sand blasting or other treatment is recommcnded to

‘clean reinforcement.

5.6.2 Special precautions like coating of reinforcement |

" may be required for reinforced concrete elements in
" exceptional cases and for rehabilitation of structures,

supervision and workmanship to the work being specified. -

5.5.2 Admixtures should not impait durability of
concrete nor-combine with the constituent to form
harmful compounds nor incréase the risk of corrosion
of reinforcement. o
§.5.3 The workability, compréssivé strength and the
stump loss of concrete with and without the use of
admixtures shali be ‘established durmg the trial mlxes
before use of admixtures. :

5.5.4 Therelative density of liquid admixtures shalt
be checked for each drum containing admixtures and
compared with the specified value before acceptance.
5,85 The chloride content of admixtures shall
be :ndependently tested for each b'\tch before
acceptance. Co

5.5.6 If two or more ddmixtures are used

simultaneously in the same concrete mix, data should
be obtained to assess their interaction and to ensure

their compatibility.
5.6 Reinforcement

The remt‘orccment shall be any of the followmg

a) -Mild steel and medium tensile steel bars
conforming to IS 432 (Part 1)."

b) High strength ‘déformed steel bars c(mformmg
to 1S 1786, -

¢) Hard-drawn steel wire fabric conforming to
IS 1566.

d) Structural steel conforming to Grade A of
18 2062.

Specialist literature may be refetred to in such cases.

5.6.3 The modulus of elasticity of steel shall be taken_
as 200 kN/mm?. The characteristic yield strength of
different steel shail be assumed s the minimum yield
stress/0.2 percent proof stress specified i in the rélevant

* Indian Standard.

57 Stonage of Materlals

"Storage of materials shall be as descrlbed in IS 4082

6 CONCRFTE
6.1 Grades

The cencrete shall be in grades demgnated as per
Table 2.

6.1.1 The charactenstxc strength is defmed as the .

‘strength of material below which not more than.

15

5 percent of the test results are expected to fail..

6.1.2° The minimum grade of concrete for p]am and '

- reinforced concrete shall be as per Table 5.
6.1.3 Concrete of grades. lower than those given in

Table 5 may be used for plain concrete constructions,
lean concréte, snmple foundations, foundauon for
masonry walls and other snmple or temporary
reinforced concrete construction, -

6.2 Properties of Concrete o
6.2.1 Increase of S:rength wzth Age

There is nurmally a gain of strength beyond 28 days
The quantum of increase depends upon the grade and
type of cement, curing and environmental conditions,
etc. The design should' be based on 28 days chiarac-
teristic strength of concrete unless there is a evidence to
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Table 2 Grades of Concrete
(Clause 6.1,9.2.2, 15.1.1 and 36.1 )

Group Graile Desigination - Specified Characteristic -
: Compressive Strength of
150 mm Cube at 28 Days in
N/mim?
(H 2) 6]
Ordinary M 10 10
Concrete M L5 15
M20 20
Standard M 25 25
Concrete M30- : 30
M 35 35
M 40 40
M45 435
M 50 50
M 55 55
High M 60 60
Strength M 65 ) 65
Concrete M 70 70
M75 ’ 75
M 80 80
NOTES

1 In the designation of concrete mix M refers to the mix and the

number to the specified compressive strength of 150 mm size -

cube af 28 days, expressed in N/mm?.

2 For concrete of compresswe strength grente'r than M 53, design
parameters given in the standard may not be applicable and the
values may be obtained from specmhzed literatires and
experimental resnlts. :

justify a hi gher strength for a particular structure-due t_d _

age.

6.2.1.1 -For concrete of grade M 30 and above, the

rate of increase of compressive strength with age shall
be based on actual investigations. :

6.2.1.2 Where members are subjected to lower direct
load during construction, they should be checked foi

stresses resuiting from combination of direct load and

bending duriag construction.

6.2.2 Tensile Stréngth of Concrete
The flexural and splitting tensile strengths shall be

obtained as described in IS 516 and 18 5816

respectively. When the designer wishes to use an
estimate of the tensile strength from the compressive
strength, the following formula may be used:

Flexural strength, f_ = 0.7/ f, N/mm?

where £, is the characteristic cube compressive strength

of concrete in N/mm?.

6.2.3 Ela.s;tic Deformation

The modulus of elasticity is primarily influenced by
the elastic properties of the aggregate and to a lesser
extent by the conditions of curing and age of the
concrete, the mix proportions and the type of cement,
The modulus of elasticity is normally related to the
compressive strength of concrete,

6.2.3.1 The modulus of elasticity of concrete can be
assumed as follows: .

E =5000fy
where

~ E, is the short term static modulus of elastlcxty in
N/,

Actual measured values may differ by + 20 percent

from the values obtained from the above expression.

6.2.4 Shrinkage

The total shrinkage of concrete depends npon the
constituents of concrete, size of the member and
environmental conditions. For a given humidity and
temperature, the total shrinkage of concrete is most
influenced by the total amount of water present in the
concrete at the time of mixing and, to a lesser extent,
by the cement content.

62.4.1 In the absence of test data, the approximaie
value of the total shrinkage strain for désign may be
taken as 0,000 3 (for more information, see IS 1343},

6.2.5 Creep of Concrete

Creep of concrete depends, in addition to the factors
fisted in 6.2.4; on the stress in the concrete, age at

- loading and the duration of loading. As long as the
_ stress in concrete does not exceed one-third of its

characteristic compressive strength, creep may be

.assumed to be proportional to the stress,

6.2.5.11n the absence of experimental data and detmled-
information on the effect of the varlables the vltimate

“creep strain may be estimated from the following -

values of creep coefficient (that is, ultimate crgep strain/
elastic strain at the age of 10ad1ng), for long span
structure, it is advisable to determine actual creep
strain, likely to take place:

Creep Coefficient -

Age at Loading
7 days 22
28 days - ' 1.6
1 year - 1 1

NOTE—The u]txmate creep strmn estnmuted as descnbed above :
does not include the elastic strain. .

6.2.6 Thermal Expansion.

The coefficient of thermal expansion depends on nature
of cement, the aggregate, the cement content, the
relative humidity and the size of sections, The value

of coefficient of thermal expansion for concrete with E

different aggregates may be takén as below:

Type of Aggregate . Coefficient of Thermal
Expansion for Concrete/*C
Quartzite 1.2t0 1.3 % 104
Sandstone 09t0 1.2 10°
Granite 0.7 to 0.95 x 107
" Basalt 0.8 to 0.95% 107
Limestone 0.6t0 0.9 x 10°




7 WORKABILITY OF CONCRETE

7.1 The concrete mix proportions chosen should be
such that the concrete is of adequate workability for
the placing conditions of the concrete and can properly
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be compacted with the means available. Suggested
ranges of workability of concrete measured in
accordance with IS 1199 are given below:

Placing Conditions

Degree of

Slump
Workability (mm)
(1) @ 3)
Blinding concrete; Very low See .11
Shallow sections; _
Pavements using pavers
Mass concrete; Low 9575
Lightly reinforced
sections in slabs,
beams, walls, columns;
Floors;
-Hand placed pavements;
Canal lining;
Steip footings
Heavily reinforced Medium 50-100 |
:+ sections in slabs, o L
" ‘beams, walls, columns; 75.100
Slipform work;
Pumped concrete
Trench fill; High_ 100-150
In-situ piling: o .
Tremie concrete . ~ Very high See 7.1.2

NOTE—-For most of the placing conditions, intermal vibrators (needle vibrators) are suitable, The diameter of the needle shall be
determined based on the density and spacing of reinfoxcement bars and thickness of sections, For tremje concrete, v1bratnrs are not

required to be used (see also 13, .

v

7.1.1 In the ‘very low’ category of workability where
strict control is necessary, for example pavement
quality concrete, measurement of workability by
determination of compacting factor will be more
appropriate than slump (see IS 1199) and a value of
compuacting factor of 0.75 to 0.80 is suggested.

7.1.2 In the ‘very high’ category of workability,
measurement of workability by determination of flow
will be appropriate (see IS 9103).

8 DURABILITY OF CONCRETE

8.1 General

A durable concrete is one that performs satisfactorily
in the working environment during its anticipated
exposure conditions during service. The materials and

mix proportions specified and used should be such as

to maintain its integrity and, if applicable, to protect
embedded metal from corrosion,

8.1.1 One of the main characteristics influencing the
durability of concrete is its permeability to the ingress
of water, oxygen, catbon dioxide, chloride, sulphate and
other potentially deleterious substances, Impermeability
is governed by the constituents and workmanship used
in making the concrete. With normal-weight aggregates

17

a suitably low permeability is achieved by having an
adequate cement content, sufficiently low free water/
cement ratio, by ensuring complete compaction of the
concrete, and by adequate curing, '

The factors influencing durability include:
a)
b)
9
4

the environment; . ‘
the cover to embedded steel;
the type and quality of constituent materials;

the cement content and water/cement ratio of
the concrete;

e)

workmanship, to obtain full compaction and
efficient curing; and

f)

the shape and size of the member.

The degree of exposure anticipated for the concrete

during its service life together with other relevant
factors relating to mix composition, workmanship,
design and detailing should be considered, The
concrete mix to provide adequate durability under these
conditions should be chosen taking account of the
accuracy of current testing regimes for control and
compliance as described in this standard.
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8.2 Requirements for Durability
8.2.1 Shape and Size of Member

The shape or design details of exposed structures
should be such as to promote good drainage of water
and to avoid standing pools and rundown of water.
Care should also be taken to minimize any cracks that
may collect or fransmit water, Adequate curing is
essential to avoid the harmful effects of early loss of
moisture (see 13.5).Member profiles and their
intersections with other members shall be designed and
detailed in a way to ensure easy flow of concrete and
proper compaction during concreting.

Concrete is more vulnerable to deterioration due to
chernical or climatic attack when it is in thin sections,
in sections under hydrostatic pressure from one side
only, in partially imimersed sections and at corners and
edges of elements. The life of the structure can be
lengthened by providing extra cover to steel, by
chamfering the corners or by using circular cross-
sections or by using surface coatings which prevent or
reduce the ingress of water, carbon dioxide or
aggressive chemicals.

8.2.2 Exposure Conditions
8.2.2.1 General environment

The general environment to which the concrete will
be exposed during its working life is classified into
five levels of severity, that is, mild, moderate, severe,
very severe and extreme as described in Table 3.

Table 3 Environimental Exposure Conditions
(Clauses 8.2.2.1 and 35.3.2)

SiNo. Enviranment
(1) @
iy Mild

Exposure Conditions
3
Concrete surfaces protected against
weather or aggressive conditions, except
those sitnated in coastal area.
Concrete surfaces sheltered from severe
rain or freezing whilst wet ’
Concrete exposed to condensation and rain
Congcrete continuously under water
Concrete in contact or buried under non-
- aggressive soil/ground watet
Concrete surfaces sheltered from
salyrated salt air in coastal area
Concrete surfaces exposed to severe
rain, alternate wetting and drying or
occasional freezing whilst wet or severe
condensation. :
Concrete completely immersed in sea water
Concrete exposed to coastal environment
Concrete surfaces exposed to sea water
spray, corrosive fumes aor severe freezing
conditions whilst wet
Concrete in contact with or buried
nnder aggressive sub-soil/ground water
Surface of membess in tidal zone
Members in direct contact with liguid/
solid aggressive chemicals

ii} Moderate

jii) Severe

iv) Very severe

Extreme

v)

8.2.2.2 Abrasive.

Specialist literatures may be referred to for durability
requirements of concrete surfaces exposed to abrasive .
action, for example, in case of machinery and metal tyres.

8.2.2.3 Freezing and thawing

Where freezing and thawing actions under wet
conditions exist, enhanced durability can be obtained
by the use of suitable air entraining admixtures, When
concrete lower than grade M 50 is used under these
conditions, the mean total air content by volume of
the fresh concrete at the time of delivery into the
construction should be:

Nominal Maximum Size Entrained Air
Aggregate Percentage
(mm)
20 3+1
40 441

Since air entrainment reduces the strength, suitable
adjustments may be wmade in the mix design for
achieving required strength,

B.2.2.4 Exposure to sulphate atiack

Table 4 gives recommendations for the type of cement,

.maximum free water/cement ratio and minimum

cement content, which are required at differént sulphate
concentrations in near-neutral ground water having
pHol6to9,

For the very high sulphate concentrations in Class 5
conditions, some form of lining such as polyethylene
or polychloroprene sheet; or surface coating based on
asphalt, chlorinated rubber, epoxy; or polyurethane

- materials should also be used to prevent access by the
. sulphate solution.
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8.2.3 Requirement of Concrete C. over'

8.2.3.1 The protection of the steel in concrete against
corrosion depends upon an adequate thickness of good
quality concrete. ' : :

8.2.3.2 The nominal cover to the reinforcement shall
be provided as per 26.4.

8.24 Concrete Mix Pmponion.f -
8.2.4.1 General

The free water-cement ratio is an important factor in
governing the durability of concrete and should always
be the lowest value, Appropriate values for minimum
cement content and the maximum free water-cement
ratio are given in Table 5 for different exposure
conditions. The minimum cement content and
maximum water-cement ratio apply to 20 mm nominal
maximum size aggregate. For other sizes of aggregate
they should be changed as given in Table 6.
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8.2.4.2 Maximum cement confent been given in design to the increased risk of cracking
Cement content not including fly ash and ground  due to drying shrinkage in thin sections, or to early
granulated blast furnace slag in excess of 450 kg/m* thermal cracking and to the increased risk of damage
should not be used unless special consideration has  due to alkali silica reactions,

Table 4 Requirements for Concrete Exposed to Sulphate Attack
(Clauses 8.2.2.4 and 9.1.2)

Class Concentration of Sulphates, Type of Cement Dense, Fully Compacted Concrete.

51
No. Expressed as 50, Made with 20 mm Nominal
e et e, Maximum Size Aggregates
In oil Complying with IS 383
Total 8O, S0,in In Ground : L
21 Water:  Water : - -~
Soil Extract Minimum Maximom
: Cement Face Water-
Cantent Cement
. kgtm? Ratio
Percent gl g/l :
o 3 4 5 (6) ) ®)
i} { Traces Less than Less than Ordinary Portland . 280 0,55
(<0.2) 1.0 03 cement or Portland
slag cement or
Portlaud pozzolana
. cement _
i 2 0210 1.0to 0.3t Ordinary Portland 7 330 0.50
0.5 1.9 12 cement or :
Portland slag
cement or
Portland
. pozzolana cement
Supersulphated 310 0.50
cement o ’ .
sulphate resisting
Portland cement
W) 3 05t0 19to 1210 Supersulphated 330 0.50
1.0 31 .25 cement or
sulphate resisting
Portland cement ]
Portland pozzolana 150 - 0.45
cement or Portland
slag cement
iv) 4 i.Ote 3lto 25to ‘ Supersulphated 370 - 0.45
2.0 : 50 5.0 or sulphate )
resisting
_ Portland cement
v) 5 More than More than  More than Sulphate resisting 400 0.40
2.0 3.0 50 Portland cement or K
supersulphated cement
with protective coatings
NOTES
1 Cement content given in this table is irrespective of grades of cement.
2 Use of supersulphated cement is generally restricted where the prevailing tempcmturc is above 40 °C.
3 Supersulphated cement gives an acceptable life provided that the concrete is dense and prepared with a water-cement ratio of 0.4 0r
less, in mineal acids, down to pH 3.5,
4 The cement contents given in col 6 of this table are the minimum recommended. For 8O, contents near the upper limit of any class,
cement contents above these minimum are advised. .
§  Yor severe conditions, such as thin sections under hydrostatic pressure on one side only and sections partly imumersed, considerations
should be given to a further reduction of water-cement ratio.
6 Porlludd slag cement conforming to IS 455 with slag content more than 50 percent exhibits better sulphate remstmg properties.
7 Where chloride is encountered along with sulphates in soil or ground water, ordinary Portland coment with C,A content from 5 to 8

percent shall be desirable to be used in concrete, instead of sulphate resisting cement. Alternatively, Postland stag cement conforming
to1S 455 having more than 50 percent slag o a blend of ordma[y Portland cement and slag may be used provided sufficlent information
is available on petformance of such blended cements in these conditions,
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8.2.5 Mix Constituents

8.2.5.1 General

For concrete to be durable, careful selection of the mix
and materials is necessary, so that deleterious
constituents do not exceed the linits.

8.2.5.2 Chlorides in concrete

Whenever there is chloride in concrete there is an
increased risk of corrosion of embedded metal, The
higher the chloride content, or if subsequently exposed
to warm moist conditions, the greater the risk of
corrosion. All constituents may contain chlorides and
concrete may be contaminated by chlorides from the
external environment. To minimize the chances of
deterioration of concrete from harmful chemical salts,
the leveis of such harmful salts in copcrete coming
from concrete materials, that is, cement, aggregates
water and admixtures, as well as by diffusion from the
environment should be limited. The total amount of
chloride conient (as C1) in the concrete at the time of
placing shall be as given in Table 7.

The total acid soluble chloride content should be
calculated from the mix proportions and the measured
chloride contents of each of the constituents. Wherever
possible, the total chloride content of the concrete
should be determined.

8.2.8.3 Sulphates in concrete

Sulphates are present in most cements and in some
aggregales; excessive amounts of water-soluble
sulphate from these or other mix constituents can cause

Table 5 Minimum Cement Content, Maximum Water-Cement Ratio and Minimum Grade of Concre

expanston and digruption of concrete. To prevent this,
the total water-soluble sulphate content of the concrete
mix, expressed as SO,, should not exceed 4 percent by
mass of the cement in the mix. The sulphate content
should be calculated as the total from the varicus
constituents of the mix.

The 4 percent limit does not apply to concrete made
with supersulphated cement complying with IS 6909.

8.2.5.4 Alkali-aggregate reaction

Some aggregates containing particular varieties of
silica may be susceptible 1o attack by alkalis (Na,0
and K,0) originating from cement or other sources,
producing an expansive reaction which can cause
cracking and disruption of concrete. Damage to
concrete from this reaction will normally only occur
when all the following are present together: .

a) A high moisture level, within the concrete;

b} A cement with high alkali content, or another
source of alkali;

c) Aggregate containing an alkali reactive
constituent.

Where the service records of particular cement/
aggregate combination are well establFshed, and do not
include any instances of cracking due to alkali-
aggregate reaction, no further precautions should be
necessary. When the materials are unfamiliar,
precautions should take one of more of the f(')l'_lowing
forins: '

a) Use of non-reactive aggregate from alternate
sources, : :

1

te

for Different Exposures with Normal Weight Aggregates of 20 mm Nominal Maximum Size

(Clauses 6,1.2, 8.2.4.1 and 9.1.2)

Reinfnrcgd Concrete

8t Exposure Plain Concrete
No. p— - e
Minimum Maximum Minimum ‘Minimum Maximum Minimum
Cement Free Water- Grade of Cement Free Water- Grade of
Content Ceinent Ratio Concrete Content Cement Ratio Concrete
kg/m? kg/m?
1y ) (3 (4} (5 (6) M &)
i) Mild 220 0.60 - 300 0.5%5 M 20
iii} Moderate 240 0.60 M 15 N0 0.50 M 25
it} Severe 250 0.50 M 20 320 0.45 M 30
iv} Very severe 260 0.45 M2 340 0.45 M35
v) Extreme 280 0.40 M?235 360 (.40 M40
NOTES

1 Cement content prescribed in this table is irrespective of the grades of cement and it is inclusive of additions mentioned in 5.2, The
additions such as fly ash or ground granulated blast fumace slag may be taken into account in the concrete composition with respect to
the cement content and waler-cement ratio if the suitability is established and as long as the maximum amounts taken into account do
not exceed the limit of pozzolona and slag specified in IS 1489 (Part I} and IS 455 respectively.

2 Minimumn grade for plain concrete nnder mild exposure condition is not specified.

20



Tahle ¢ Adjustments to Minimum Cement
Contents for Aggregates Other Than 20 mm
Mominal Maximum Size
(Clause 8.2.4.1)

Nominal Maximum  Adjustmenis to Minimum Cement

1§Jln. Aggregate Size Contents in Table 5
mm kghe!

(1) (2 )]

i} 10 +40

i 20 0

jii) 40 =30

Table 7 Limits of Chloride Content of Concrete

(Clause 8.2.5.2)
sl Type or Use of Concrete Maximum Total
No. Acid Soluble
Chleride Content
Expressed as kg/m’® of
Concrete
m {2} (3
i) Conerete containing metal and 0.4
steam cured at elevated tempe-
rature and pre-stressed concrete
i) "Reinforced concrete ot plain concrete 0.6
containing embedded metal
iii} Concrete not containing embedded 3.0

metal or any material requiring
protection from chioride

b) Use of low alkali ordinary Portland cement
having total atkali content not more than 0.6
percent {as Na, O equivalent).

Further advantage can be obtained by use of fly
ash (Grade 1) conforming to IS 3812 or
grapulated blastfurnace slag conforming to
IS 12089 as part replacement of ordinary
Portland cement (having total alkali content as
Na,O equivalent not more than 0.6 percent),
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evaporation may cause serious concentrations of salis
with subsequent deterioration, even where the originat
salt content of the soil or water is not high.
NOTE — Guidance regarding requirements for concrete exposed
to sulphate aitack is given in 8.2.2.4. i

8.2.6.2 Drainage

At sites where alkali concentrations are high or may
become very high, the ground water should be lowered
by drainage so that it will not come into direct contact
with the concrete.

Additional protection may be obtained by the use of
chemically resistant stone facing or a layer of plaster
of Paris covered with suitable fabric, such as jute
thoroughly impregnated with bituminous material.
8.2.7 Compaction, Finishing and Curing

Adequate compaction without segregation should be

- ensured by providing suitable workability and by

provided fly ash content is at least 20 percent -

or slag content is at least 50 percent,

Maeasures to reduce the degree of saturation of
the concrete during service such as use of
impermeable membranes.

Lirniting the cement content in the concrete mix
and thereby limiting total alkali content in the
cencrete mix, For more guidance specialist
literatures may be referred.

d)

8.2.6 Concrete in Aggressive Soils and Water
8.2.6.1 General
The destructive action of aggressive waters on conciete

is progressive. The rate of deterioration decieases as
the concrete is made stronger and more impermeable,

and increases as the salt content of the water increases,

‘Where structures are only partially immersed ot are in
contact with aggressive soils or waters on otie side only,
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employing appropriate placing and compacting
equipment and procedures, Full compaction is
patticularly important in the vicinity of construction
and movement joints and of embedded water bars and
reinforcement.

Good finishing practices are essential for durable
concrete.

Overworking the surface angd the addition of water/

cement to aid in finishing should be avolded; the

resulting laitance will have impaired stength and
durability and will be particularly vulnerable to,
freezing and thawing under wet conditions. . -

It is essential to use proper and adequate curing
techniques to reduce the permeability of the concrete.
and enhance its durability by extending the hydration
of the cement, particularly in its surface zone
{see 13.5).

8.2.8 Concrete in Sea-water

Concrete in sea-water or exposed directly along the
sea-coast shail be at least M 20 Grade in the case of
plain concrete and M 30 in case of reinforced concrete.
The use of slag or pozzolana cement is advantageous
under such conditions,

8.2.8.1 Special attention shall be given to the design
of the mix to obtain the densest possible concrete; slag,
broken brick, soft limestone, soft sandstone, or other
porous or weak aggregates shall not be used.

8.2.8.2 As far as possible, preference shall be given to
precast members unreinforced, well-cured and
hardened, without sharp corners, and having trowel-
smooth finished surfaces free from crazing, cracks or
other defects; plastering should be avoided.

8.2.8.3 No construction joints shall be allowed within
600 mm below low water-level or within 600 mm of
the upper and lower planes of wave action. Where
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unusually severe conditions or abrasion are anticipated,
such parts of the work shall be protected by bituminous
or silico-fluoride coatings or stone facing bedded with
bitumen.

8.2.8.4 Inreinforced concrete structﬁres, care shall be-

taken to protect the reinforcement from exposure to
saline atmosphere during storage, fabrication and use,
It may be achieved by treating the surface of
reinforcement with cement wash or by su:table
methods.

¢ CONCRETE MIX PROPORTIONING
9.1 Mix Proportion

The mix proportions shall be selected to ensure the
workability of the fresh concrete and when concrete is
hardened, it shall have the required strength, durability
and surface finish.

9.1.1 The determination of the proportions of cement,
aggregates and water to attain the required strengths
-ghall be made as follows:

a) By designing the concrete mix; such concrete
shall be called ‘Design mix concrete’, or

b) By adopting nominal concrete mix; such
concrete shall be called ‘Nominal mix concrete’,

Design mix concrete is preferred to nominal mix. If

design mix concrete eannot be used for any reason-on -

the work for grades of M 20 or lower, nominal mixes
may be used with the permission of engineer-in-charge,
which, however, is likely to involve a higher cement
content,

9.1.2 Information Required

In specifying a particular grade of concrete, the
following inforrnation shall be included;

a)

Type of mix, that is, design mix concrete or
nominal mix concrete;

b)
c)
d)
¢)

Grade designation;
Type of cement;
Maximum nominal size of aggregate;

Minimum cement content (for desigh mix
concrete);

Maximum water-cement ratio;
Workability;
Mix proportion (for nominal mix concrete);

1)
2
h)
h))
k)

Exposure conditions as per Tables 4 and 5;
Maximum temperature of concrete at the time
of placing;

m) Method of placing; and

n) Degree of supervision.

9,1.2.1 In appropriate circumstances, the following
additional information may be specified:
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a) Type of aggregate,
b} Maximum cement content, and

¢) Whether an admixture shall or shall not be
used and the type of admixture and the
condition of use.

9.2 Design Mix Concrete

9.2.1 As the guarantor of quality of concrete used in
the construction, the constructor shall carry out the mix
design and the mix so designed (not the method of
design) shall be approved by the employer within the
limitations of parameters and other stipulations laid
down by this standard.

9.2.2 The mix shall be designed to produce the grade
of concrete having the required workability and a
characteristic strength not less than appropriate values
given in Table 2. The target mean strength of concrete
mix should be equal to the characteristic strength plus
1.65 times the standard deviation.

9.2.3 Mix design done earlier not prior to one year
may be considered adequate for later work provided
there is no change in source and the quality of the
materials.

9,2.4 Standard Deviation

The standard deviation for each grade of concrete shall
be caiculated, separately. »

9.2.4.1 Standard deviation based on test stregzgth of

saruple

a)} Number of test results of .ramples—'Ihe total
‘number of test-strength of samples required to
constitute an acceptable record for calculation
of standard deviation shall be not less than 30.
Attempts should be made to obtain the 30
samples, as early as possible, when a mix is used
for the first time.

b In case of significant changes in concrete—
When significant changes are made in the
production of concrete batches (for example
changes in the materials used, mix design,
equipment or technical control), the standard
deviation value shall be separately calculated

- Tor such batches of concrete.

¢} Standard deviation to be brought up to date—
The calculation of the standard deviation shall
be brought up to date after every change of mix
design. B '

9.2.4.2 Assumed standard deviation

Where sufficient test results for a particular grade of
concrete are not available, the value of standard
deviation given in Table 8 may be assumed for design
of mix in the first instance, As soon as the results of
samples are available, actnal calculated standard
deviation shall be used and the mix designed properly.



However, when adequate past records for a similar grade

" exist and justify to the designer a value of standard deviation
different from that shown in Table 8, it shall be penmissible
to use that value,

'I‘able 8§ Assumed Standard Deviation
(Clanse 9.2.4.2 and Table 11)

Grade of Assumed Standard
Congcrete Deviation
N/m?
M 10 s
M 15
M 20 40
M25 ]
M0
M 35
M 40 5.0
~ M45 .
M 50

NOTE—The above values correspond to the site contrd] having
proper storage of cement; weigh batching of all materials; controlled
addition of water; togular checking of all mategials, aggrogate
gradings and moisture content; and periodical checking of

workability and strength, Where there is deviation from the above

the values given in the above teble shall be increased by 1N/uuw”.

9.3 Nominal Mix Concrete

Nominal mix concrete may be used for concrete of
M 20 or lower. The proportions of materials for
nominal mix concrete shall be in accordance with
Table 9.

9.3.1 The cement content of the mix specified in
Table 9 for -any nominal mix shall be proportionately
increased if the quantity of water in a mix has to be
increased to overcome the difficulties of placement and
compaction, so that the water-cement ratio as specified
is not exceeded.
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10 PRODUCTION OF CONCRETE '

19.1 Quality Assurance Measures

10.1.1 In order that the properties of the completed
structure be consistent with the requirements and the
assumptions made during the planning and the design,
adequate quality assurance measures shall be taken.
The construction should result in satisfactory strength,
serviceability and long term durability so as to lower -
the overall life-cycle cost. Quality assurance in
construction activity relates to proper design, use of
adequate materials and components 1o be supplied by
the producers, proper workmanship in the execution
of works by the contractor and ultimately proper care
during the use of structure including timely
maintenance and tepair by the owner, :

10.1.2 Quality assurance measures are both technical
and organizational. Some common cases should be
specified in a general Quality Assurance Plan which
shall identify the key cleménts necessary to provide
fitness of the structure and the means by which they
are to be provided and measured with the overall
purpose to provide confidence that the realized project
will work satisfactorily in service fulfilling intended
needs. The job of quality control and quality assurance
would involve guality audit of both the inputs as well
as the outputs. Inputs are in the form of materials for
concrete; workmanship in all stages of batching,
mixing, transportation, placing, compaction and
curing; and the related plant, machinery and

. equipments; resulting in the output in the form of

concrete inplace. To ensure proper performance, it is
necessary that each step in concreting which will be
covered by the next step is inspected as the work
proceeds (see also 17). '

Table 9 Proportions for Nominal Mix Concrete

(Cilauses 9.3 and 9.3.1)
Grade of Total Quiangity of Dry Aggre- Proportion of Fine Quantity of ‘Water per
Concrete gates by Mass per 50 kg of Aggregate to Coarse S0 kgof Cement, Max
Cement, to be Taken s the Sum Aggregate (by Mass) | O
of the Individual Masses of
Fine and Coarse Aggregates, kg,
Max
(0 2 : &) 1C3]
M5 800 Generally 1:2 but subject to 60
MT5 . 625 an upper limit of £:1Y, anda 45
M 10 480 tower timit of 1:27, 34
M5 330 32
M 20 250 30

NOTE~—The proportion of the fine to coarse aggregates should be adjusted from upper limit to lower limit progressively as the grading
of fine aggregates becomes finer and the maximum size of coarse aggregate becomes larger. Graded coarse aggregate shall be used,

Example

For an average grading of fine aggregate (that is, Zone II of Table 4 of IS 383), the proportions shall be 1:1Y,, 1:2 and 1:2%, for
maximum size of aggregates 10 mm, 20 mm and 40 min respectively.

23
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16.1.3 Each party involved in the realization of a
project should establish and implement a Quality
Assurance Plan, for its participation in the project.
Supplier’s and subcontractor’s activities shall be
covered inthe plan. The individual Quality Assurance
Plans shall fit into the general Quality Assurance Plan.
A Quality Assurance Plan shall define the tasks and
responsibilities of all persons involved, adequate
control and checking procedures, and the organization
and maintaining adequate documentation of the
building process and its results. Such documentation
should generally include:

a) test reports and manufacturer’s certificate for
materials, concrete mix design details;
potr catds for site organization and clearance
for concrete placement;
record of site inspection of workmanship, field
tests;
non-conforinance reports, change orders;
quality control charts; and
statistical analysis.

b)
c)

d)
e)
H

NOTE—Quality control charts ate reconiunended whetever the
concrete is in continnous production over considerable period.

10.2 Batching

To avoid confusion and error in batching, consideration
should be given to using the smallest practical nurhber
of different concrete mixes on any site or in any one
plant. In batching concrete, the quantity of both cement
and aggregate shall be determined by mass; admixture,

if solid, by mass; liquid admixtare may however be .

measured in volume or mass; water shall be weighed
or measured by volume in a calibrated tank (see also
IS 4925).

Ready-mixed concrete supplied by ready-mixed
concrete plant shali be preferred. Forlarge and medium
praject sites the concrete shail be sourced from ready-
mixed concrete plants or from on site or off site
baiching and mixing plants (see IS 4926).

10.2.1 Except where it can be shown to the satisfaction
of the engineer-in-charge that supply of properly
graded aggregate of uniform quality can be maintained
over aperiod of work, the grading of aggregate should
be controlled by obtaining the coarse aggregate in
different sizes and blending them in the right
proportions when required, the different sizes being
stocked in separate stock-piles. The material should
be stock-piled for several hours preferably a day before
use. The grading of coarse and fine aggregate should
be checked as frequently as possible, the frequency
for a given job being determined by the engineer-in-
charge to ensure that the specified grading is
maintained.

10.2.2 The accuracy of the measuring equipment shall
be within + 2 percent of the quantity of cement being
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measured and within + 3 percent of the quantity of
aggregate, admixtures and water being measured.

10.2.3 Proportion/Type and grading of aggregates shall
be made by trial in such a way so as to obtain densest
possible concrete. All ingredients of the concrete
should be used by mass only.

10.2.4 Volume batching may be allowed only where
weigh-batching is not practical and provided accurate
bulk densities of materials to be actually used in
concrete have earlier been established. Allowance for
bulking shall be made in accordance with IS 2386
(Part 3). The mass volume relationship should be
checked as frequently as necessary, the frequency for
the given job being determined by engineer-in-charge
to ensure that the specified grading is maintained.

10.2.5 It is important to maintain the water-cement
ratio constant at its correct value, To this end, determi-

nation of moisture contents in both fine and coarse |

aggregates shall be made as frequently as possible, the
frequency for a given job being determined by the
engineer-in-charge according to weather conditions,
The amount of the added water shall be adjusted to
compensate for any observed variations in the moisture
contents. For the determination of moisture content
in the aggregates, IS 2386 (Part 3) may be referred to.
To allow for the variation in mass of aggregate due to .
variation in their moisture content, suitable adjustments -
in the masses of aggregates shall also be made. In the
absence of exact data, only in the case of nominal
mixes, the amount of surface water may be estlmated
from the values given in Table 10.

Table 10 Surface Water Carried by Aggregate
{Clause 10.2.5)

s1 Agpregate Approximate Quantity of Surface
Nao. Water
o, h
Percent by Mass I
) (2) 3) “
i) Very wetsand - 75 - 120
iiy Moderately wet sand 5.0 80
i) Moist sand ' 2.5 40
iv) "Moist gravef or crushed rock  1.25-2.5 20-40

I+ Coarser the aggregate, less the water it will carry,

10.2.6 No substitutions in materials used on the work
or alterations in the established proportions, except as
permitted in 10.2.4 and 10.2.5 shall be made without
additional tests to show that the quality and strength
of concrete are satisfactory.

10.3 Mixing

Concrete shall be mixed in a mechanical mixer. The
mixer should comply with IS 1791 and IS 12119. The
mixers shall be fitted with water measuring (metering)
devices. The mixing shall be continued until there is a
uniform distribution of the materials and the mass is



uniform in colour and consistency. If there is
segregation after unloading from the mixer, the
concrete should be remixed.

10.3.1 For guidance, the mixing time shall be at least
2 min. For other types of more efficient mixers,
manufacturers recommendations shall be followed;
for hydrophobic cement it may be decided by the
engineer-in-charge.

10.3.2 Workability should be checked at frequent
intervals (see IS 1199).

10.3.3 Dosages of retarders, plasticisers and
superplasticisers shall be restricted to 0.5, 1.0 and 2.0
petcent respectively by weight of cementitious
materials and unless a higher value is agreed upon

between the manufacturer and the constructor based

-on performance test.

11 FORMWORK

11.1 General

The formwork shall be designed and constructed so
as to remain sufficiently rigid during placing and
compaction of concrete, and shail be such as to prevent

joss of slurry from the concrete. For further details

regarding design, detailing, etc, reference may be made
to IS 14687. The tolerances on the shapes, lines and
dimensions shown in the drawing shall be within the
limits given below:

a) Deviation from specified +12
dimensions of cross-section — 6
of columns and beams

mm

b) Deviation from dimensions

of footings

1) Dimensions in plan + 350 mm

' 12

2) Eccentricity 0.02 times the
width of the foot-
ing in the direc-
tion of deviation .
but not more than

: 50 mm
3) Thickness + 0.05 times the

specified thick-
. ness
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11.3 Stripping Time

Forms shall not be released until the concrete hag
achieved a strength of at least twice the stress to which
the concrete may be subjected at the time of removal
of formwork. The strengih referred to shall be that of
concrete using the same cement and aggregates and
admixture, if any, with the same proportions and cured
under conditions of temperature and moisture similar
to those existing on the work. .

11.3.1 While the above criteria of strength shall be the
guiding factor for removal of formwork, in normal
circumstances where ambient temperature does not fall
below 15°C and where ordinary Portland cement is used
and adequate curing is done, following striking petiod
may deem to satisfy the guideline given in 11.3:

Type of Formwork Minimum Period
Before Striking
7 Formwork
- @) Vertical formwaork to columns, 16-24 h
walls, beams
b) Soffit formwork to slabs 3 days
-(Props to be refixed
immediately after removal
- of formwork) _

c} Soffit formwork to beams 7 days-
(Props to be refixed ‘ =
immediately after removal’
of formwork)

d) Props to slabs:

1) Spanaing up to 4.5 m - 7 days
2) Spanning over 4.5 m 14 days

e} Props to beams and arches:

1) Spanning up to 6 m 14 days
- 2) Spanning over 6 m 21 days

These tolerances apply to concrete dimensions only, and

not to positioning of vertical reinforcing steel or dowels.
11.2 Cleaning and Treatment of Formwork

All rubbish, particularly, chippings, shavings and
sawdust shall be removed from the interior of the forms
before the concrete is placed. The face of formwork
in contact with the concrete shall be cleaned and treated
with form release agent. Release agents should be
applied so as to provide a thin unifortn coating to the
forms without coating the reinforcement.

For other cementis and lower temperature, the

stripping time recommended above may be suitably
modified.

11.3.2 The number of props left under, their sizes and
disposition shall be such as to be able to safely carry
the full dead foad of the slab, beam or arch as the case
may be together with any live load likely to occur
during curing or further construction. '

11.3.3 Where the shape of the element is such that the
formwork has re-entrant angles, the formwork shall be

- removed as soon as possible after the concrete has set,
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to avoid shrinkage cracking occurring due to the
restraint imposed. '

12 ASSEMBLY QF REINFORCEMENT

12.1 Reinforcement shall be bent and fixed in
accordance with procedure specified in IS 2502, The
high strength deformed steel bars should not be re-bent
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or straightened without the approval of engineer-in-
charge.

Bar bending schedules shall be prepared for all
reinforcement work.

12.2 All reinforcement shall be placed and maintained
in the position shown in the drawings by providing
proper cover blocks, spacers, supporting bars, etc,

12.2.1 Crossing bars should not be tack-welded for

assembly of reinforcement unless permitted by
engineer-in-charge.

12.3 Placing of Reinforcement

Rough handling, shock loading (prior to embedment)
- and the dropping of reinforcement from a height should
be avoided. Reinforcement should be secured against
displacement outside the specified limits.

12.3.1 Tolerances on Placing of Reinforcement

Unless otherwise specified by engineer-in-charge, the
reinforcement shall be placed within the following
tolerances:

a) for effective depth 200 mm + 10 mm
or less
b) for effective depth more than + 15 mm

200 mm
12.3.2 Tolerance for Cover

Unless specified otherwise, actual concrete cover
should not deviate from the required nominal cover

by Omm. -

Nominal cover as given in 26.4.1 should be specified
to all steel reinforcement including links. Spacers
between the links (or the bars where no links exist)
and the formwork should be of the same nominal size
as the nominal cover.

Spacers, chairs and other supports detailed on
drawings, together with such other supports as
may be necessary, should be used to maintain the
specified nominai cover to the steel reinforcement,
Spacers or chairs should be placed at a maximum
spacing of 1m and closer spacing may sometimes be
necessary. :

Spacers, cover blocks should be of concrete of same
strength or PYC.

12.4 Welded Joints or Mechanical Connections

Welded joints or mechanical connections in
reinforcement may be used but in all cases of important
connections, tests shall be made to prove that the joints
are of the full strength of bars connected. Welding of
reinforcements shall be done in accordance with the
recommendations of IS 2751 and IS 9417.

steel bars are bent aside at construction joints and
afterwards bent back into their original positions, care
should be taken to ensure that at no time is the radius
of the bend less than 4 bar diameters for plain mild
steel or 6 bar diameters for deformed bars. Care shall
also be taken when bending back bars, to ensure that
the concrete around the bar is not damaged beyond
the band.

12.6 Reinforcement shouid be placed and tied in such
a way that concrete placement be possible without
segregation of the mix. Reinforcement placing should
allow compaction by immersion vibrator. Within the
concrete mass, different types of metal in contact
should be avoided to ensure that bimetal corrosion does
not take place. .

13 TRANSPORTING, PLACING,
COMPACTION AND CURING

13.1 Tramsporting and Handling

After mixing, concrete shall be transported to the

formwork as rapidly as possible by methods which will’
prevent the segregation or loss of any of the ingredients

or ingress of foreign matter or water and maintaining

the required workability.

13.1.1 During hot or cold weather, concrete shall be
transported in deep containers. Other suitable methods
to reduce the loss of water by evaporation in hot
weather and heat loss in cold weather 1may aiso be
adopted. '

13.2 Placing

The concrete shall be deposited as nearly as practicable
in its final position to avoid rehandling. The concrete .
shall be placed and compacted before initial setiing of
congcrete commences and should not be subsequently
disturbed, Methods of placing should be such as
to preclude segregation. Care should be taken to
avoid displacement of reinforcement or movement
of formwork. As a general guidance, the maxi-
mum permissible free fall of concrete may be taken

‘as 1.5 m. :

12.5 Where reinforcement bars upto 12 mm for high-

strength deformed steel bars and up to 16 mm for mild
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13.3 Compaction

Concrete should be thoroughly compacted and fully
worked around the reinforcement, around embedded
fixtures and into corners of the formwork.

13.3.1 Cloncrete shall be compacted using mechanical
vibrators complying with IS 2505, 1S 2506, IS 2514
and IS 4656. Over vibration and under vibration of
concrete are harmful and should be avoided. Vibration
of very wet mixes should also be avoided.

Whenever vibration has to be applied externally, the
design of formwork and the disposition of vibrators
should receive special consideration to ensure efficient
compaction and to avoid surface blemishes.



13.4 Construction Joints and Cold Joints

Joints are a common source of weakness and, therefore,
it is desirable to avoid them. If this is not possible,
their number shall be minimized. Concreting shall be
carried out continuously up to consiruction joints,
the pbsition and arrangement of which shall be
indicated by the designer. Construction joints should
comply with IS 11817,

Construction joints shall be placed at accessible
locations to permit cleaning out of laitance, cement
slurry and unsound concrete, in order to create rough/
uneven surface. Itis recommended to clean out laitance
and cement slurry by using wire brush on the surface
of joint immediately after initial setting of concrete
and to clean oul the same immediately thereafter. The
prepared surface should be in a clean saturated surface
dry condition when fresh concrete is pl_aced, against if,

Tn the case of construction joints at locations where
the previous pour has been cast against shuttering the
recommended method of obtaining a rough surface for
the previously poured concrete is to expose the
aggregate with a h,lgh pressure watey Jet or any other
appropriate means, « .

Fresh concrete shobld_ be thoroughly vibrated near
construction j dih_ts_ sarthat mortar from the new concrete
. flows between'large aggregates and develop proper
bond with old tpncrete.

" Where high shear resistance is required at the
construction joints, shear keys may be provided,

Sprayed curing membranes and release agents should
be thoroughly removed from joint surfaces.

13.5 Curing

Curing is the process of preventing the loss of moisture
from the concrete whilst maintaining a satlsfactory
temperature regime. The prevention of moisture loss
from the concrete is particularly important if the water-
cement ratio is low, if the cement has a high rate of
strength development, if the concrete containg
granulated blast furnace slag or pulverised fuel ash.
The curing regime should also prevent the development
of high temperature gradienis within the concrete.

The rate of strength development at eatly ages of
concrete made with supersulphated cement is
significantly reduced at lower temperatures.
Supersulphated cement concrete is seriously affected
by inadecuate curing and the surface has to be kept
moist for at least seven days. ,

13.5.1 Moist Curing

Bxposed surfaces of concrete shall be kept
continuously in a damp or wet condition by ponding
or by covering with a layer of sacking, canvas, hessian
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of ordinary Portland Cement and at least 10 days where
mineral admixtures or blended cements are used. The
period of curing shall not be less than 10 days for
concrete exposed to dry and hot weather conditions.
In the case of concrete where mineral admixiures or
blended cements are used, il is recommended that
above minimum periods may be extended to 14 days.

13.5.2 Membrane Curing

Approved curing compounds may be used in lieu of
moist curing with the permission of the engineer-in-
charge. Suchcompounds shall be applied io all exposed
surfaces of the concrete as soon as possible after the
concrete has set. Impermeable membranes such as
polyethylene sheeting covering closely the concrete
surface may also be used to provide effective barrier
against evaporation,

13.5.3 For the concrete containing Portland pozzolana
cement, Portland slag cement or mineral admixture,
period of curing may be increased.

13.6 Supervision

It is exceedingly difficult and costly to alter concrete
once placed. Hence, constant and strict supervision of
all ihe itemis of the construction is necessary during
the progress of the work, including the proportlomng
and mixing of the concrete. Supervision is also of
extreme importance {o check: the remforcement and
its placing before being covered.

13.6.1 Before any important operation, such as
concreting or sftripping of the formwork is started,
adequate notice shall be given to the construction
supervisor,

14 CONCRETING UNDER SPECIAL
CONDITIONS

141 Work in Extreme Weather Conditions

During hot or cold weather, the ccncretmg should be
done as per the procedure set out in IS 7861
(Part 1y or IS 7861 (Part 2).

14.2 Under-Water Concreting

14.2.1 When it is necessary to deposit concrete under
water, the methods, equipment, materials and
proportions of the mix to be used shall be submitted to
and approved by the engineer-in-charge before the
work is started, ' :

14.2.2 Under-water concrete should have a slump

* recommended in 7.1, The water-cement ratio shall not

ot similar materials and kept constantly wet for at least .

seven days from the date of placing concrete in case

27

exceed 0.6 and may need to be smaller, depending on
the grade of concrete or the type of chemical attack.
For aggregates of 40 mm maximum particle size, the
cement content shall be at least 350 kg/m® of concrete.

14.2.3 Coffer-dams or forms shall be sufficiently tight
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to ensure still water if practicable, and in any case to
reduce the flow of water to less than 3 m/min through
the space into which concrete is to be déposited.
Coffer-dams or forms in still water shall be sufficiently
tight to prevent loss of mortar through the walls.
De-watering by pumping shall not be done while
concrete is being placed or until 24 h thereafter.

14.2.4 Concrete cast under water should not fall freely
through the water. Otherwise it may be leached and
become segregated. Concrete shall be deposited
continuously until it is brought to the required height.
While depositing, the top surface shall be kept as nearly
level as possible and the formation of scams avoided,
"The methaods to be used for depositing concrete under
water shall be one of the following:

a) Tremie—The concrete is placed through vertical -

pipes the lower end of which is always inserted
sufficiently deep into the concrete which has
been placed previousiy bui has not get. The
concrete emerging from the pipe pushes the
material that has already been placed to the side
and npwards and thus does not come into direct
contact with water.

When concrete is to be deposited under water
by means of tremie, the top section of the tremie
shall be a hopper large encugh to hoid one entire
batch of the mix or the entire contents the
transporiing bucket, if any. The tremie pipe shall
be nol less than 200 mm ia diameter and shall
be large enough to allow a free flow of concrete
and strong encugh to withstand the external
pressure of the water in which it is suspended,
even if a partial vacuum develops inside the pipe.
Preferably, flanged steel pipe of adequate
strength for the job should be vsed. A separate

lifting device shall be provided for each tremie.

pipe with its hopper at the upper end, Unless
the lower end of the pipe is equipped with an
approved automatic check valve, the upper end
of the pipe shail be plugged with a wadding of
the gunny sacking or other approved material
before delivering the concrete to the tremie pipe
through the hopper, so that when the concrete is
forced down from the hopper to the pipe, it will
force the plug (and along with it any water in
the pipe) down the pipe and out of the bottom
end, thus establishing a continuocus stream of
concrete. It will be necessary to raise slowly the
tremie in-order to cause a uniform flow of the
concrete, but the tremie shall not be emptied so
that water enters the pipe. At all times after the
placing of concrete is started and until all the
concrete is placed, the lower end of the tremie

pipe shall be below the top surface of the plastic:

concrete. This will cause the concrete to build
up from below instead of flowing out over the
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b}

surface, and thus avoid formation of laitance
layers. If the charge in the tremie is lost while
depositing, the tremie shali be raised above the
concrete surface, and unless sealed by a check
valve, it shall be re-plugged at the top end, as at
the beginning, before refilling for depositing
congcrete, :

Direct placement with pumps—As in the case
of the tremie method, the vertical end piece of
the pipe line is always inserfed sufficiently deep
into the previously cast concrete and should not
move to the side during pumping.

c) Drop bottom bucket —The top of the bucket shall

be covered with a canvas flap. The bottom doors

. shall open freely downward and outward when

d)

iripped. The bucket shall be filled completely and
lowered slowly to avoid backwash, The bottom
doors shall not be opened until the bucket rests
on the surface npon which the conerete is to be
deposited and whea discharged, shall be
withdrawn slowly until well above the concrete.

Bags -— BRags of at least 0.028 m® capacity of
Jute or other coarse cloth shall be filled about
two-thirds full of concrete, the spare end turned
under so that bag is square ended and securely
tied. They shall be placed carefully in header
and stretcher courses so that the whole mass is
interlocked. Bags used for this purpose shall be -
free from deleterions materials, g

¢) Grouting-—A series of round cages made from

50 mm mesh of 6 mm steel and extending over
the full height to be concreted shall be prepared
and laid vertically over the area to bé concreted
so that the distance between centres of the cages
and also to the faces of the concrets shall not
exceed one metre. Stone aggregate of not less
than 50 mm nor more than 200 mm size shall be

- deposited ocutside the steel cages over the full

area and height to be concreted with chie care to
prevent displacement of the cages.

A stable 1:2 cement-sand grout with a water-
cement ratio of not less than 0.6 and not more
than 0.8 shall be prepared in 2 mechanical mixer
and sent down under pressure (about 0.2 N/mm?)

- through 38 to 50 mm diameter pipes terminating

into steel cages, about 50-mm above the bottomn
of the concrete. As the grouting proceeds, the
pipe shall be raised gradually up to a height of
not more than 6 (000 mm above its starting level
after which it may be withdrawn and placed into
the next cage for further grouting by the same
procedure.

After grouting the whole area for a height of
about 600 mm, the same operation shall be
repeated, if necessary, for the next layer of



600 mm and so on,

The amount of grout to be sent down shall be
sufficient to fill ali the voids which may be either
ascertained or assumed as 55 percent of the
vohime to be concreted.

14.2.5 To minimize the formulation of laitance, great
care shall be exercised not to disturb the concrete as
far as possible while it is being deposited.

15 SAMPLING AND STRENGTH OF
DESIGNED CONCRETE MIX

15.1 General

Samples from fresh concrete shall be taken as per
IS 1199 and cubes shall be made, cured and tested at
28 days in accordance with ISS 516.

15.1.1 In order to get a relatively quicker idea of ihe
quality of concrete, optional tests on beams for
modulus of tupture at 72 + 2 h or at 7 days, or
compressive strength tests at 7 days may be carried
out in addition to 28 days compressive strength fest.
For this purpose the values should be arrived at based
on actual testing. In all cases, the 28 days compressive
strength specified in Table 2 shall alone be the criterion
for acceptance or rejection of the concrete,

15.2 Frequency of Sampling

15.2.1 Sampling 1 Procedure

A random samplmg procedure shall be adopted to
ensure that each concrete batch shall have a reasonable
chance of being tested that is, the sampling should be
spread over the entire period of concreting and cover
all mixing units,

15.2.2 Frequency

The minimom frequency of sampling of concrete of
each grade shall be in accordance with the following:

Quantity of Concrete in the Number of Samples

Work, m*
1-5 1
6-15 2
16 - 30 3
31-50 4
31 and above 4 plus one

additional sample
for each additional
50 m* or part thereof

NOTE—AL least one sample shail be taken from each shift.
Where concrete is produced at continuous production unit, such
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for testing at 28 days. Additional samples may be
required for various purposes such as to determine the
strength of concrete at 7 days or at the time of striking
the formwork, or to determine the duration of curing,
or to check the testing error. Additional samples may
also be required for testing samples cured by
accelerated methods as described -in IS 9103. The
spectmen shall be tested as described in IS 516.

15.4 Test Resuits of Sample

The test results of the sample shall be the average of
the strength of three specimens. The individual
variation should not be more than £15 percent of the -
average. If more, the test results of the sample are invalid,

16 ACCEPTANCE CRITERIA
16,1 Compressive Strength

The concrete shall be deemed to comply with the
strength requirements when both the followmg
condition are met:

a) The mean strength determined from any group
of four consecutive test results compiles with
the appropriate limits in col 2 of Table 11.

b) Any individual test result complies with the
appropriate limits in cot 3 of Table 11,

16.2 Flexural Stremgth

When both the following conditions are ni'et, e
concrete complies with the specified flexural strength.

a) The mean strength determined from any group
of four consecutive test resulis exceeds the
specified characteristic strength by at least 0.3
N/mm?,

b) The strength determined from any test Tesult is

notless than the specified characteristic strength
less 0.3 N/mm?.

16,3 Quantity of Concrete Represented by '
" Strength Test Resulis

as ready-mixed concrete piant, frequency of sampling may be .

agreed upon mutually by suppliers and purchasers.

15.3 Test Specimien

Three test s_;peciniens shall be made for each sample

The quantity of concrete represented by a group of
four consecutive test results shall include the batches
from which the first and last samples were taken
together with all intervening batches.

For the individual test result requirements given in
col 2 of Table 11 or in item (b) of 16,2, only the
particular batch from which the sample was taken shall
be at risk,

Where the mean rate of sampling is not specified the
maximum quantity of concrete that four consecutive
test results represent shall be limited to 60 m*,

16.4 1f the concrete is deemed not to comply persuant
to 16.3, the structural adequacy of the parts affected

- shall be investigated (see 17) and any c,onsequentlal
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action as needed shall be taken
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16.5 Concrete of each grade shall be assessed
separately.

16.6 Concrete is liable to be rejected if it is porous
or honey-combed, its placing has been interrupted
without providing a proper construction joint, the
reinforcement has been displaced beyond the
tolerances specified, or construction tolerances have
not been met. However, the hardened concrete
may be accepted after carrying out suitable
remedial measures to the satisfaction of the engineer-
in-charge.

17 INSPECTION AND TESTING OF
STRUCTURES

17.1 Inspeciion

To ensure that the construction complies with the
design an inspection procedure should be set up
covering materials, records, workmanship and
consfruction.

17.1.1 Tests should be made on reinforcement and
the constituent materials of concrete in accordance with
the relevant standards. Where applicable, use should
be made of suitable quality assurance schemes.

17.1.2 Clare should be taken to see that;

-a) design and detail are capable of being executed
to a suitable standard, with due allowance for
dimensional tolerances;

e) there is a system to verify that the quality s
satisfactory in individual parts of the structure,

especially the critical ones.

17.2 Immediately after stripping the formwork, all
concrete shall be carefully inspected and any defective
work or small defects either removed or made good
before concrete has thoroughly hardened.

17.3 Testing

In case of doubt regarding the grade of concrete used,
either due to poor workmanship or based on results of
cube strength tests, compressive strength tests of
concrete on the basis of 17.4 and/or load test (see 17.6)
may be carried out.

17.4 Core Test

17.4.1 The points from which cores are to be taken
and the number of cores required shall be at the
discretion of the engineet-in-charge and shall be

. representative of the whole of concrete concerned.

In no case, however, shall fewer than three cores be
tested.

17.4.2 Cores shall be prepared and tested as described
in IS 516.

17.4.3 Concrete in the member represented by a core
test shall be considered acceptable if the average
equivalent cube strength of the cores is equal to at least
85 percent of the cube strength of the grade of concrete
specified for the corresponding age and no individual

b) there are clear instructions on inspection  core has a strength less than 75 percent.
standards; o o 17.5 In case the core test results do not satisfy the
c) ther_'e are clear instructions ‘on permissible requirements of 17.4.3 or where such tests have not
deviations; ) . . been done, load test (17.6) may be resorted {o.
d) elements critical to workmanship, stryctural
performance, durability and appearance are 17.6 Load Tests for Flexural Member
identified; and _ 17.6.1 Load tests should be carried out as soon as
Table 11 Characteristic Compressive Strength Compliance Requirement '
(Clauses 16.1 and 16.3) '
Specified Mean of the Group of - Individual Test
Grade 4 Non-Overlapping Results in N/mm?
Consecutive :
. ‘Test Results in Nanm?*
() {2) 3 .
M IS Z f, +0.825 x established 2 £, Nfmm?
standard deviation (rounded
off to nearest-0.5 N/mi)
or -
fop + 3 N/mm?,
whichever is greater
M 20 2 f, +0.825 X established” 2 f,7 Nfimm?
or standard deviation (rounded .
above - off to nearest 0.5 N/inm?)

or

© £, +4 N/mm?, whichever

is greater

NOTE-In the nbsence of established value of standard deviation, the values given in Table 8 may be assumed, and attempt shouid be
made to obtain results of 30 samples as early as possible to establish the value of standard deviation.
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possible after expiry of 28 days from the time of placing
of concrete.
17.6.2 The siructure should be subjected to a load equal
to full dead load of the structure plus 1.25 times the
imposed foad for a period of 24 hand then the imposed
load shall be removed.

NOTE—Dead load includes self weight of the structural

members plus weight of finishes and walls or partitions, if any,
as considered in the design.

17.6.3 The deflection due to imposed load only shall
be recorded. If within 24 h of removal of the imposed
load, the structure does not recover at least 75 percent
of the deflection under superimposed load, the test may
be repeated after a lapse of 72 h, If the recovery is less
than 80 percent, the structure shall be deemed to be
unacceptable.

17.6.3.1 If the maximum deflection in mm, shown
during 24 h under load is less than 40/%/D, where ! is
the effective span in m; and D, the overall depth of the
section in mm, it is not necessary for the recovery to
be measured and the recovery provisions of 17.6.3 shalt
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not apply.

17.7 Members Other Than Flexural Members
Members other than flexural members should be.

- preferably investigated by analysis.
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17.8 Non-destructive Tests

Non-destructive tests are used to obtain estimation of
the properties of concrete in the structure. The methods
adopted include ultrasonic pulse velocity [see 18 13311
{(Part 1)] and rebound hammer [IS 13311 (Part 2)],
probe penetration, pullout and matyrity, Non-
destructive tests provide alternatives to core tests for
ostimating the strength of concrete in a structure, or
can supplement the data obiained from a limited
number of cores. These methods are based on
measuring a concrete property that bears some
relationship to strength. The accuracy of these methods,
in part, is determined by the degree of correlation
between strength and the physical quality measured
by the non-destructive tests.

Any of these methods may be adopted, in which case the -
acceptance criteria shall be agreed upon prior to testing.
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SECTION 3 GENERAL DESIGN CONSIDERATION

18 BASES FOR DESIGN
18.1 Aim of Design

The aim of design is the achievement of an acceptable
probability that structures being designed will perform
satisfactorily during their intended life. With an
appropriate degree of safety, they should sustain all
the loads and deformations of normal construction and
use and have adequate durability and adequate
resistance to the effects of misuse and fire.

18.2 Methods of Design

18.2.1 Structure and structural elements shall normally

be taken from Table 18 for the limit state of
collapse.

18.3 Durability, Workmanship and Materiﬁls

It is assumed that the quality of concrete, steel and

be designed by Limit State Method. Account should

be taken of accepied theories, experiment and
experience and the need to design for durability.
Calculations alone do not produce safe, serviceable and
durable structures. Suitable materials, quality control,
adequate detailing and good supervision are equally
important.

18.2.2 Where the Limit State Method can not be
conveniently adopted, Working Stress Method (see
Annex B) may be used.

18.2.3 Design Based on Experimental Basis

Designs based on experimental investigations on
models or full size structure or element inay be
accepted if they satisfy the primary requirements
of 18.1 and subject to experimental details and the
analysis connected therewith being approved by the
engineer-in-charge.

18.2.3.1 Where the design is based on experimental
investigation on full size structure or element, load tests
shall be carried out fo ensire the following:

a) The structure shall satisfy the requirements for
deflection (vee 23.2) and cracking (see 35.3.2)
when subjected to a load for 24 h equal to the
characteristic load multiplied by 1.33 v, where
Y, shall be taken from Table 18, for the limit state
of serviceability. If within 24 h of the removal
of the load, the structure does not show a
recovery of at least 75 percent of the maximum
deflection shown during the 24 hunder the load,
the test loading should be repeated after a lapse
of 72 h. The recovery after the second test should
be at least 75 percent of the maximum deflection
shown during the second test.

NOTE—If the maximum deflection in mm, shown during
24 h under load is less than 40 */D where ! is the effective span
in m; and D is the overall depth of the section in miy, it is not

necessary for the recovery to be measnred.
b) The structure shall have adequaie strength to

sustain for 24 h, a total load equal to the charac-
teristic load multiplied by 1.33 1, where 7, shall

other materials and of the workimanship, as verified
by inspections, is adequate for safety, serviceability.
and durability. ’

18.4 Design Process

Dresign, including design for durability, construction
and use in service should be considered as a whole,
The realization of design objectives requires
compliance with clearly defined standards for

_ materials, production, workmanship and also
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maintenance and use of structure in service.

19 LOADS AND FORCES
19.1 General

In structural design, account shall be taken of the dead,
imposed and wind loads and forces such as those
caused by earthquake, and effects due to shrinkage,
creep, temperature, etc, where applicable,

19.2 Dead Loads

Dead loads shall be calculatéd on the. basis of unit
weights which shall be established takirg into
consideration the materials specified for construction.

12.2.1 Alternatively, the dead loads may be calculated
on the basis of unit weights of materials given in

IS 875 (Part 1). Unless more accurate calculations are _
warranted, the unit weights of plain concrete and

reinforced concrete made with sand and gravel or

crushed natural stone aggregate may be taken as

24 kN/m? and 25 kN/m? respectively.

19.3 Imposed Loads, Wind Loads and Snow Loads

Imposed loads, wind loads and snow loads shall be
assumed in accordance with- IS 875 (Part 2), IS 875
(Part 3) and IS 875 (Part 4) respectively.

19.4 Earthquake Forces

The earthquake forces shall be calculated in
accordance with IS 1893,

19.5 Shrinkage, Creep and Temperature Effects

If the effects of shrinkage, creep and temperature are
liable to affect materially the safety and serviceability
of the structure, these shall be taken into account in
the calculations (see 6.2.4, 6.2.5 and 6.2.6) and
IS 875 (Part 5).

19.5.1 In ordinary buildings, such as low rise dwellings
whose lateral dimension do not exceed 45 m, the



effects due to temperature fluctuations and shrinkage
and creep can be ignored in design calculations,

19.6 Other Forces and Effects

In addition, account shall be taken of the following
forces and effects if they are liable to affect materially
the safety and serviceability of the structure:

a) Foundation movement (see IS 1904),

pb) Elastic axial shortening,

¢) Soil and fluid pressures [see IS 875 (Part S)],
d) Vibration,

&) Fatigue,

f) Impact [see IS 875 (Part 5)1,

g) Erection loads [see IS 875 (Part 2)], and

h) Stress concentration effect due to point load and

the like.

197 Combination of Loaﬂs

Thie combination of loads shall be as given in IS 875

(Part 5).

19.8 Dead Load Counteracting Other Loads and
Forces

When dead load counteracts the effects due to-other
loads and forces in structural member or joint, special
care shall be exercised by the designer to ensure
adequate safety for possible stress reversal.

19.9 Design Load

Design load is the load to be taken for use in the
appropriate metbod of design; it is the characteristic
load in case of working siress method and characteristic
load with appropriate partial safety factors for limit
state design.

20 STABILITY OF THE STRUCTURE
20.1 Overturning

The stability of a structure as a whole against
overturning shall be ensured so that the restoring
moment shall be not less than the sum of 1.2 times the
maximum overturning moment due to the characteristic
dead load and 1.4 times the maximum overturning
moment due to the characteristic imposed loads. In
cases where dead load provides the restoring moment,
only 0.9 times the characteristic dead Toad shall be
considered. Restoring moment due to imposed loads
shall be ignored, :

20.1.1 The anchorages or counterweights provided
for overhanging members (during construction and
service) should be such that static equilibrium
should remain, even when overtummg moment is
doubled -
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20.2 Skding

The structure shall have a factor against sliding of not
less than 1.4 under the most adverse combination of the
applied characteristic forces. In this case only 0.9 times
the characteristic dead load shall be taken into account,

20.3 Probable Variation in Dead Load

To ensure stability at all times, account shall be taken
of probable variations in dead load during construction,

_ repair or other temporary measures, Wind and seismic

loading shall be treated as imposed loading,

. 20.4 Moment Connection

kS

In designing the framework of a building provisions
shall be made by adequate moment connections or by
a system of bracings to effectively transmit all the
horizontal forces to the foundations.

20.5 Lateral Sway
Unider transient wind load the lateral sway at the top

* should not exceed H/500, where H is the total height

of the building. For seismic loading, reference should

be made 1o IS 1893,

21 FIRE RESISTANCE

21.1 Astructure or structural element required to have
fire resistanice should be designed to possess an
appropriate degrec of resistance to flame penetration;
heat transmission and failure. The fire resistance of a
structural efement is expressed in terms of time in ‘hours
inaccordance with IS 1641. Fire resistance of concrete
elements depends upon details of member size, cover
to steel reinforcement detailing and type of aggregate
{normal weight or light weight) used in concrete.

General requirements for fire protection are given in
IS 1642, )

21.2 Minimum requirements 'of concrete cover and
member dimensions for normal-weight aggregate
concrete members so as to have the required fire
resistance shall be in accordance with 26. 43 and
Fig.1 respectively.

21.3 The reinforcement detailing should reflect the
changing pattern of the structural section and ensure
that both individual elements and.the structure as a
whole contain adequate support, ties, bonds and

-anchorages for the required fire resistance.

21.3.1 Additional measures such as application of fire

resistant tinishes, provision of fire resistant false - :

ceilings and sacrificial steel in tensile zone, shouid be
adopted in case the nominal cover tequired exceeds
40 mm for beams and 35 mm for siabs, to glve
protection against spalling.

21.4 Specialist literature may be. referred. to for
determining fire resistance of the structures which have

-not been covered in Fig. 1 or Table 16A.
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I

FULLY EXPOSED

50% EXPOSED ONE FACE EXPOSE

COLUMNS
Column Dimension (b or D) . Minimum Wal! Thickness -

Fire  Minimum Rib Minimm — o — g —
Rerig- Beam Width Thickness  Fully 50% One p<04% 04%=p<1% [ p>i%
tunce Width of Slubs of Floors  Exposed Exposed Face .

k ‘b b, D ’ C Exposed

mm mm mm nin mm mm - mm C mm mm’

05 200 125 75 150 125 0o 150 00 100

| 200 125 95 <200 . 160. 120 150 0 1220 100

1.5 200 125 110 250 200 140 175 . 140 100 .
2 206 125 125 - 300 200 160 RS o 160 - 100
3 240 150 150 400 300 200 - 2000 150
4 280 175 170 450 350 240 - 240 180
NOTES ' o '

1 These minimuem dimensions relate specifically to the covers given in Table 16A.

2 pis the percentage of steel reitforcement.

Fi6. 1 MiNnMuM DIMENSIONS OF REINFORCED CONCRETE MEMBERS FOR FIRE RESISTANCE

22 ANALYSIS
22.1 General

All structures may be analyzed by the linear
elastic theory to calculate internal actions
produced by design loads. In lieu of rigorous elastic
analysis, a simplified analysis as given in 22.4 for
frames and as given in 22.5 for continuous beams may
be adopted.
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22,2 Effective Span

Unless otherwise specified, the effective span of a
member shall be as follows:

a)

Simply.Supported Beam or Slab—The effective
span of amember that is not built integrally with
its supports shall be taken as clear span plus the -
effective depth of slab or beam or centre to centre

- of supports, whichever is less.



b) Continuous Beam or Slab — In the case of
continuous beam or slab, if the width of the
support is less than 1/12 of the clear span, the
effective span shall be as in 22.2 (a). If the
suppotts are wider than 1/12 of the clear span
or 600 mm whichever is less, the effective span
shall be taken as under:

1) For end span with one end fixed and the
other continuous or for intermediate spans,
the effective span shall be the clear span
between supports;

2).
continuous, the effective span shall be equal
to the clear span plus half the effective depth

For end span with one enid free and the other |

of the beam or slab or the clear span plus -

half the width of the discontinuous support,
whichever is less;

In the case of spans with roller or rocket
bearings, the effective span shall always be.
the distance between the centres of bearings,

3)

Cantilever —The effective length of a cantilever
shall be taken as its length to the face of the
support plus half the effective depth except

c)

where it forms the end of a continucus beam

where the length to the centre of support shall
be taken.

Frames — In the analysis of a continuous frame,
centre to centre distance shall be used.

d)

22.3 Stiffness -
22.3.1 Relative Stiffness o
The relative stiffness of the members may be based on

the moment of inertia of the section determined on
the basis of any one of the following definitions: -

a) Gross section — The cross-section of the
member ignoring reinforcement; 7
Transformed section — The concrete cross-

section plus the area of ‘reinforcement
transformeéd on the basis of modular ratio (see

b)
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224.1 Armngement of Imposed Load

a) Consideration may be limited to combinations
of: :
1) Design dead load on all spans with full
design imposed load on two adjacent spans;
and

2) Design dead load on all spans with full

design imposed load on alternate spans,
When design imposed load does not exceed
three-fourths of the design dead load, the load
arrangement may be design dead load and design
imposed load on all the spans.

b)

NOTE — For beams and slabs continuous over support
22.4.1{4) may be assumed,

22.4.2 Substitute Frame

For determining the moments and shears at any floor
or roof level due to gravity loads, the beams at that
level together with columns above and below with their
far ends fixed may be considered to constitute the
frame, _
22.4.2.1 Where side sway consideration becomes
critical due to unsymmetry in geometry or loading,
rigorous analysis may be required, ,

22.4.3 For lateral loads, simplified methods may be
used to obtain the moments and shears for structures

‘that are symmetrical. - For unsymmetrical or very tall

structures, more rigorous methods should be used,

22.5 Moment and Shear Coefficlents for
Continuous Beams

22.5.1 Unless more eXact estimates are.macle, for . -

beams of uniform cross-section which support -
substantially uniformly distributed loads over three or
maore spans which do not differ by more than 15 percent
of the longest, the bending moments and shear forces
used in design may be obtained using the coefficients
given in Table 12 and Table 13 respectively.

. -For moments at suppoits where two unequal spans

meet or in case where the spans are not equally loaded,
the average of the two values for-the negative moment -

B-1.3); or

comptession plus the area of reinforcement
transformed on the basw of modular ratio.

Cracked sectzon - The area of concrete in

The assumptions made shall be con31stent for all the..

members of the structure throughout any ana]ysns

22.3.2 For deflection calculations, appropriate values
of moment of inertia as specified in Annex C should

be used.

23.4 Structural Frames

atthe support may be-taken for design. -

Where coefficiénts given in Table 12 are used for
calculation of bending moments, redistribution réferred

* to in 22.7 shall not.be permitted. -

225.2 Béam; and Slabs Over Free End S‘upports

Where a member is built into a masonry wall which
develops only partial restraint, the member shall be
designed to resist a negative moment at the face of the

~ support of Wif24 where W 'is the total design load

The simplifying assuraptions as given in 22.4.1

to 22.4.3 may be vsed in the analysis of frames.
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and [ is the effective span, or such other restraining
moment as may be shown to be applicable, Forsucha
condition shear coefficient given in Table 13 at the
end support may be increased by 0.05.
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Table 12 Bending Moment Coefficients

_ {Clause 22.5.1)
Type of Load Span Moments Support Moments
Near Middle At Middle At Support At Other
of End Spary of Interior Nextto the Interior
Span End Svpport Supports
0 @) (3} @) 3}
Dead load and imposed + 1 +_l__ s 1
load {fixed) .12 16 10 12
Imposed load (not N 1 .\ _l_ I |
fixed) 10 I g -3

. NOTE — For obtaining the bending moment, the coefficient shall be multiplicd bjf the total design load and effective span.

. Table 13 Shear for Coefficients
{(Clauses 22.5.1 and 22.5.2)

At All Qther

Type of Load At End At Suppert Next to the
Support End Support Inierior Supports
. Outer Side  Inner Side '
B2 . @ S ® 4 G

Dead lond and tmposed 0.4 0.6 0.55 0.5

load (fixed)
Imposed load (not 045 0.6 0.6 06 ’

fixed)

NOTE — For obtaining the éhear fotce, the coefficient shall be multiplied by the total design load.

22.6 Critical Sections for Moment and Shear

“32.6.1 For'monolithic construction, the moments
compited € the face of the supports shall be used in
the design.of the members at-those sections. For non-

monolithic construction the design of the member shall

be done keeping in view 22.2,
22.6.2 Critical Section for Shear

The shears éomputed at the face of the support shall
be used in the design of the member at that section
except as in 22.6.2.1.

22.6.2.1 When the reaction in the direction. of the
‘applied shear introduces compression into the end
region of the member, sections located at a distance
less than d from the face of the support may be
designed for the same shear as that computed at
distance d (see Fig, 2},

NOTE—The above clanses are applicable for beams generally - .

carrying wniformly distributed load or where the principal load
is located farther than 24 from the face of the support,

22.7 Redistﬁbutiqn of Moments

Redistribution of moments may be done in accordance
with 37.1.1 for limit state method and in accordance
with B-1.2 for working stress method. However, where
simplified analysis using coefficients is adopted,
redistribution of moments shall not be.done.

.23 BEAMS
23.0 Effective Depth

Effective depth of a beam is the distance between the.
“centroid of the area of tension reinforcement and the
maximum compression fibre, excluding the thickness
of finishing material not placed monolithically with
the member and the thickness of any concrete provided .
to allow for wear. This will not apply to deep beams.

- 23.1 T-Beams and L-Beams -
23.1.1 General

‘A slab which is dssumed to act as a compression
flange of a T-beam or L-beam shall satisty the
following: ‘

a) The slab shall be cast integrally with the web,
or the web and the slab shall be effectively
bonded together in any other manner; and
If the main reinforcement of the slab is'parallel
to the beam, transverse reinforcement shall be -
provided as in Fig. 3, such reinforcement shall”
not be Iess than 60 percent of the main
reinforcement at mid span of the slab. '

23.1.2 Effective Width of Flange

b)

In the absence of more accurate determination, the-
. effective width of flange may be taken as the following
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Fig. 2 Tyreicat Surport CoNprTions FOr Locating FacTorep SHEAR FoRCE

but in no case greater than the breadth of the web plus
half the sum of the clear distances to the adjacent beams
on either side.

!
a) For T-beams, b, =—§— +b, + 6D,

b) For L-beams, b, = —f—;— +b_ + 3D,

¢) For isolated beams, tﬁe effective flange width
shall be obtained as below butin no case greater
than the actual width:

1
T._beam,br:: 1 0 +b'
G

i]n )

051 |
L—-beam,bﬁ[ -+b,

Shea
b

i}

effective width of flange, _
distance between points of zero morments
in the beam,

b, = breadth of the web

D, = thickness of flange, and

b = actual width of the flange.

i

NOTE — For continuous beams and frames, ‘I, may be
assumed as 0.7 timcs the effective span.

23,2 Conirol of Deflection

The deflection of a structure or part thereof shall not

adversely affect the appearance or efficiency of the

37

structure or finishes ot partitions, The deflection shall
generally be limited to the following:

a) The final deflection due to all loads including
the effects of temperature, creep and shrinkage
and measured from the as-cast level of the

- supports of floors, roofs and all other hotizontal
members, should not normally exceed span/250.

The deflection including the effects of
temperature, creep and shrinkage occurring after
erection of partitions and the application of
finishes should not normally exceed span/350
or 20 mm whichever is less: '

b)

23.2.1 The vertical deflection Limits may generally be
assumed to be satisfied provided that the span to depth
ratios are not greater than the values obtained as below:

a) Basic values of span to effective depth ratios
for spans up to 10 m:

Cantilever
- Simply supported
Continuous

7 .
20
© 26
For spans above 10 m, the values in (a) may be -
multiplied by 10/span in metres, except for

cantilever in which case deflection calculations
should be made.

Depending on the area and the stress of
steel for tension reinforcement, the values in (a)
or (b} shall be modified by multiplying with the
modification factor obtained as per Fig. 4.

.b)

€)

d) Depending on the area of compression
reinforcement, the value of span to depth ratio
be further modified by multiplying with the

modification factor obtained as per Fig. 5.
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SECTION XX

F16. 3 TRANSVERSE REINFORCEMENT IN FLANGE oF T-BeamM WHEN MAIN REINFORCEMENT OF
SLaB 15 PARALLEL TO THE BEAM

e) For flanged beams, the. values of fa) or (b} be - on area of section equal'-to b d.
modified as per Fig. 6 and the reinforcement ;

: Lo NOTE—When deflecti quired to be caleulated;
percentage for use in Fig. 4 and 5 should be based o on deflections are requited to be calelated; the

method given in Annex C may be used.

RS RINAN
Y
RN
N
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/

. fs 2 120 ,
fga 148
S g et e |

S fa= 240

= fs«zap
T

0l _Note: fg 1S STEEL STRESS OF SERVICE
LOADS IN Njmm?2

' N
1.2 \

\\
.
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MODIFICATION FACTOR

0 04 08 12 16 20 2.4 28 20
PERCENTAGE TENSION REINFORCEMENT

Areaof cross - section of steel required

={.58
4 5 Areaofcross-section of steel provided

Fi6. 4 Mobircation FACTor FOR TENSION REINFORCEMENT
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* MODIFICATION FACTOR

0 0450 1«00

1

+50 2400 2+50 3-00

PERCENTAGE COMPRESSION REINFORCEMENT

- Frc. 5 MobiFicarioN FACTOR FOR COMPRESSION REINFORCEMENT

100

085

0-90

/

0+85

0.80

/ ‘

REDUCTION FACTOR

0+78

0470
0

0:2 04

06 08 10

"~ RATIO OF WEB WIDTH
. TC FLANGE WIDTH

FiG. 6 ReEbucTion FACTORS FOR RATIOS OF SPAN To ErpacTive DEPTH FOR FLANGED BEAMS

23.3 Sleﬁderness Limits for Beams to Ensure
Lateral Stability

A simply supported or continuous beam shall be so
proportioned that the clear distance between the lateral

250 6*

restraints does not exceed 60 b or. whichever

is less, where d is the effective depth of the beam and
b the breadth of the compression face mldway between
the lateral restrmnts ) )

For a cantl]ever, the clear dlstance from the free end

of the cantilever to the lateral restraint shall not
2

exceed 25 b or ' wiﬁc_:heifer is less.

24 SOLID SLABS.
24.1 General '

also.

NOTES

1 For slabs spanning in two dli'ections, the shorter of the two
spans should be used for calculatmg the span to effectlve
depth ratios.

2 For two-way slabs of shm‘ter spans (up to 3.5 m} with mild
steel reinforcement, the span to overall depih ratios given
below may generally be asswmed to satisfy vertical
deflection limits for loading class up o 3 kiN/m?.

Simply supported slabs - '35

40

For htgh strength deformed bars of grade Fe 4 15 the values

given ahove should be multiplied by 0.8.

Continuous slabs

24.2 Slabs Continuous Over Supports

Slabs spanning in one direction and continuous over
supports shall be designed according to the provisions

-applicable to continuous beams.

The prov:smns ot 23.2 for beams apply to slabs |

39

24.3 Slabs Monolithie with Supports

Bending moments in slabs (except flat slabs) constructed
monolithically with the supports shall be calculated by
taking such slabs either as continuous over supports and
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capable of free rotation, or as members of a continuous
framework with the supports, taking into account the
stiffness of such supports, IT such supports are formed
due to beams which justify ﬁxlty at the support of slabs,
then the effects on the supporting beam, such as, the
bending of the web in the transverse direction of the
beam and the torsion in the longitudinail direction of the
beam, wherever applicable, shall also be considered in
the design of the beam.

24.3.1 For the purpose of calculation of moments in
slabs in a monolithic structure, it will generally be

sufficiently accurate to assume that members connected -

to the ends of such slabs are fixed in position and
direction at the ends remote from their connections
with the slabs.

24.3.2 Slabs Carrying Concentrated Load

24.3.2.1 If a solid slab supported on two oppoSite edges,
carries concentrated loads the maximum bending
moment caused by the concentrated loads shall be
assumed to be resisted by an effective width of slab
(measured parallel to the supporting edges) as follows:

a) For a single concentrated load, the effective
width shall be calculated in accordance with the
following equation provided that it shall not
exceed the actnal width of the slab:

b = ko (1-—“31J+a
let‘

¢} For two or more loads not in a line in the

direction of the span, if the effective width of

slab for one load does hot overlap the effective

~ width of slab for another load, both calculated

" asin (a) above, then the slab for each load can

‘be designed separately. If the effective width

of slab for one load overlaps the effective width

. of stab for an adjacent load, the overlapping

portion of the slab shall be designed for the
combined effect of the two loads.

Table 14 Values of & for Simply Supported and
Continnous Slabs
(Clause 24.3.2.1)

K for Continuous

i, & for Simply

Supporied Slabs Slabs
0.1 04 . 04
0.2 0.8 0.8
0.3, 1.16 116
0.4 1.48 1.44
0.5 1.72 1.68
0.6 196 . 1.84
0.7 212 1.96
08 | 224 2.08
0.9 2.36 218
1.0 and above 248 224

d) For cantilever solid slabs, the effective width
shall be calculated m accordance wu;h the
"~ following equation: ‘

b= I.Zalil-a

- wherg
b, = efiective width, _
a, = distance of the concentrated load from the
face of the cantilever support, and
a = width of contact area of the concentrated

where _

b, = effective width of slab,

k= constant having the valies given in Table -
14 depending upon the ratio of the width

' of the slab () to the effective span £,

x = distance of the centroid of- the

concentrateéd load from nearer support,
. = effective span, and
a = width of the contact area of the

concentrated load from nearer support
measured parallel to the supported edge,

And provided further that in case of a load near
the unsupported edge of a slab, the effective
width shall not exceed the above value nor half
the above value plus the distance of the load from
the unsupported edge.

b) For two or more concentrated loads placed in a
line in the direction of the span, the bending
moment per metre widih of slab shall be
calculated separately for each load according to
its appropriate effective width of slab calculated
as in (a) above and added together for design
calculations.

Ioad measured parallel to the supportmg
edge.
Provided that the effective width of thé'cantiléver
slab shall not exceed one-third the length of the
cantilever slab measured parallel o the fixed edge.

And provided further that when the concentrated

. load is placed near the éxtreme ends of the length

. of cantilever slab in the direction parallel to the
fixed edge, the effective width shall not exceed
the above value, nor shall it exceed half the
above value plus the distance of the concentrated
load from the extreme end ‘meastred in the
direction parallel to the fixed edge. '

24.3.2.2 For slabs other than solid slabs, the effective
width shall depend on the ratio of the transverse and
longitudinal flexural rigidities of the slab. Where this
ratio is one, that is, where the transverse and
longitudinal flexural rigidities are approximately
equal, the value of effective width as found for solid
slabs may be used. But as the ratio decreases,

~ proportionately smaller value shall be taken.
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24.3.2.3 Any other recognized method of analysis for
cases of slabs covered by 24.3.2.1 and 24.3.2.2 and
for all other cases of slabs may be used with the
approval of the engineei-in-charge.

24.3.2.4 The critical section for checking shear shall
be ag given in 34.2.4.1. T

244 Slabs Spanning in Two Directions at Right
Angles

The slabs spanning in two directions at right angles

and carrying uniformly distributed load may be
designed by any acceptable theory or by using

coetficients given in Annex D. For determining

bending moments in slabs span'nin_g'in two, dif_éc;igqs
at right angles and carrying concentrated Joad, any
accepted method approved by the engineer-in-charge
may be adopted.

NOTE—The most commonly' used'clastic' methods are based
on Pigeaud's or Westet-guard’s theory and the most commonly

used limit state of collapse method is based on Johansen's yield- |

line theory.

24.4.1 Restrained Slab wfth Ungquql Cbnditipﬁs at
Adjacent Panels ' :

In some cases the support moments calculatéd from-

Table 26 for adjacent panels may differ significantly.
The following procedure may be adopted to adjusi
them: S o ' L
a) Calculate the sum of moments at midspan and
supports (neglecting signs). -
b) Treat the values from Table 26 as fixed end
moiments,
¢) According to the relative stiffness of adjacent
spans, distribute the fixed end moments across
the supports, giving néw support moments.

d) Adjust midspan momentsuch that, when added

to the support moments from (c), (neglecting

IS 456 : 2000 -

signs), the total should be equal to that from (a).
If the resulting support moments are signifi-
cantly greater than the value from Table 26, the.
tension steel over the supports will need to be
extended further, The procedure should be as
follows: R
1) Take the span moment as parabolic between
" supports: its maximum value is' as found
from (d). : .
2) Determine the points of contraflexure of the
. new support motnents [from (c)] with the .
_span morent [from (1)]. 7
3) Extend half the support tension steel ateach
.end to at least an effective depth-or 12 bar
diameters beyond the nearest. point of
contraflexure,

4) Extend the full area of the support tension
steel at each end to half the distance from

3. .

'_ 24.5 Loads on Slipporting Beams

The loads on beams supporting solid slabs spanning
in two directions at right angles and supporting

" uniformly distributed loads, may nb‘é assumed to be in

accordance with_Figl. 7.
25 COMPRESSION MEMBERS
25.1 Definitions o

25.1.1 Columa or strut is a compression member, the

effective length of which exceeds three times thie least

lateral dimension,

25.1.2 Short and Slender C'amprression M'em!;e_rs '

A compression member may be considered as short

. i L. | .
when both the slenderness ratios -2 and = are less

than 12:

7

7

D
7

¥

DM

O

f’

4

LOAD IN THIS SHADED'
AREA TO BE CARRIED
&Y BEAM ‘B’ ' ,
LOAD IN THIS SHADED AREA -

TO BE CARRIED BY BEAM ‘A’

Fic. 7 Loap CARRIED BY SUPPORTING BEAMS
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where : . ‘ :
{, = effective length in respect of the major
. axis, '
D = depthin respect of the major axis,
L, = effective length in respect of the minor
axis, and
b = width of the member.

Tt shall otherwise, be conswlered as a s]ender
compression member.

25.1.3 Unsupported Length

The unsupported length, I, of a compression member
shall be taken as the clear distance between end
restraints except that:

a) inflat slab construction, it shall be clear distance
between the floor and the lower exiremity of
the capital, the drop panel or slab whichever is
the least. :

‘b) in beam and slab construction, it shall be the
clear distance between the floor and the

underside of the shallower beam framing. into. -

the columns in each dii'eetion at the next higher
floor fevel.

in columns restrained laterally by struts, it. shall
be the clear distance betwsen consecutive
strots in each vertical plane, provided that to be
an adequate support, two such struts: shall
meet the columns at approximaiely the. same

c)

where
b = " width of that cross-section, and
D = depth of the cross-section measured in the

plane under cons1derat10n
254 Mlmmum Eccentriclty

All co]umns shall be designed for minimum
eccentricity, equal to the unsupported length of column/ .
500 plus lateral dimensions/30, subject to a minimum
of 20 mim. Where bi-axial bending is considered, it is
sufficient to ensure that eccentricity- exceeds the
minimum about one axis at a time,

26 REQUIREMENTS GOVERNING
REINFORCEMENT AND DETAILING

26.1 General

Reinforcing steel of same type and grade shall be used
as main reinforcement in a structural member.
However, simultaneous use of two different types or. -

grades of steel for main and secondary reinforcement

respectively is permissible. ‘

26.1.1 Bars may be arranged singly, or in pairs in
contact, or in groups of three or four bars bundled in
contact, Bundled bars shall be enclosed within stirrups
or ties. Bundled bars shall be tied together to ensure

 the bars remaining together. Bars larger than 32 mm
“diameter shall not be bundled; except in columns.

»level and the angle between vertical planes

* through the struts shall riot vary miore than 30°
from a right angle. Such struts shall be of
adequate dirmensions and shall have sufficient
anchorage to restrain the member against lateral
deflection.

d) in columns restrained laterally by struts or
beams, with brackets used at the junction, it shail
be the clear distance between the floor and the
lower edge of the bracket, provided that the
bracket width equals that of the beam strut and
is at least half that of the column.

25.2 Effective Length of Compression Members

In the absence of more exact analysis, the effective
length [, of columns may be obtained as descnbed in
Annex E

25.3 Slenderness Limits for Columns .

26.1.2" The recommendations for detailing for
earthguake-resistant construction given: in IS 13920
should be.taken into consideration; where apphcable
(see also IS 4326). .

‘262 Development of Stress in Reinforcement

“The calculated tension or compression in any bar at

any section shall be developed on each side of the
section by an appropriate development Ieng&h or end
anchorage or by a combinhation thereof,

26.2.1 Development Length of Bars

“The development Iength Lis given by

qb 0
_ 4de
"where o _
B = nominal diametef of the bar,
0"s = ‘stress in bar at the section considered at design

~ 25.3,1 The unsupported length between end restraints

shall not exceed 60 times the least lateral dimension
of a column.

25.3.2 If, in any given plane, one end of a coluﬁm is

unrestrained, its unsupported length, /, shali not exceed ..

10062

——

D

42

load, and
T, = design bond stress given in 26.2.1.1,
NOTES
1 The development length includes anchorage values of hooks
** 'in tension reinforcement.
-*2 ‘For bars of ections other than circular, the development
length should be sufficient to develop the stress in the bar
by bond.
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26 2.1.1 Desxgn bond stress in limit state method for plain bars in tensmn shall be as below

Grade of concrete M 20 M 25 M30- . M35 - ‘M 40 and above -
Design bond stress, 1.2 14 15 .7 19
7,,, N/mm?
For deformed bars conforming to IS 1786 these values 2) In the comprossion zone, from the mid depth.
shall be increased by 60 percent. : of the beam.
For bars in compression, the values of bond stress for b) Snrrups--Notwnhstandmg any of the
bars in tension shall be increased by 25 _pércent. provisions of this standard, in case of secondary
The values of bond stress in working stress design, reinforcement, such as stirrups and transverse

- are given in B-2.1. o o ties, complete development lengths and

' o anchorage shall be deemed to have been
26.2:1.2 Bars bundled in contact provided when the bar is bent through an angle
The development length of each bar of bundled bars of at least 90" round a bar of at least its own
shall be that for the individual bar, increased by 10 diameter and is continued beyond theend of the -
percent for two bars in contact, 20 percent for three curve for a len_gth_ of at least eight diameters, or . .
bars in contact and 33 percent for four bars in contact. when the bar is bent through an angle of 135° .

and is continued beyond the end of the curve

26.2.2 Anchoring Reinf orcing Bars for a length of at least six bar diameters or when

26.2.2:1 Anchoring bars in tension. the bar is bent through an angle of 180° and is
a) Deformed bars may be used without end . continued beyond the end ‘of the curve for a
anchorages provided development length length of at least four bar diametess.

" requirement is satisfied, Hooks should normally
be provided for plam bars in tension.

b) Bends and hooks ~— Bends and hooks shall - The bearing stress in conerete for beﬂds and hooks

conform to IS 2502 described in IS 2502 need not be checked. The bearing

1) Bends—The anch orage value of ben d shall stress inside a bend in any other bend shall be caleulated

be taken as 4 times the diameter of the bar _as given below:

for each 45° bend subject to a maximom of - o By

16 times the diarheter of the bar. Bearing stress = . -
2) Hooks—The anchorage value of a standard

U-type hook shall be equal to 16 times the

diameter of the bar.

26.2. 2.5 Bearing stresses at bends

- where . R S
F,, = tensile force due to design loads in a bar

_ . : or group of bars,
26.2.2.2 Anchoring bars in compression r = infernal radius of the bend, and
The anchorage length of straight bar in compression ¢ . = size of the bar o, in bundle, the size of bar
shall be equal to the development length of bars in of equivalent area.

compression as specified in 26.2.1. The projected
length of hooks, bends and straight lengths beyond L5
bends if provided for a bar in compression, shall only " exceed L5 fa where f, is the characteristic cube
be considered for development length. S 142¢/a - 7% I

T : strength of concrete and g, for a particular bar or group
_ of bars in contactshall be taken as the centre to centre
Any mechanical or other device capable of developing  distance between bars or groups of bars perpendicular
the strength of the bar without damage to concrete may  to the plane of the bend; for a bar or group of
be used as anchorage with the approval of the engineer- - ‘bars adjacent to the face of the member a shall be

26.2.2.3 Mec'hanical'dey'ices fa_r qnchorage‘ :

in-charge. ' : * . taken as the cover plus size of bar ($). For working
26.2.2.4 Anchoring shear reinforcement -+ stress method of design, the bearmg stress shall
a) Inclined bars — The development length shall not exceed .....f_ct.... B K
‘be as for bars in tension; this length shall be - 1+2¢/a’ .
‘measured as under: 26.2.2.6 If a change in dlrectlon of tens:on or

1) Intension zone, from the end of the sloping. ' - compression reinforcement induces a resultant force
or inclined portion of the bar, and - acting outward tending to split the concrete, suah_force,

43

“For limit state method of design, this stress shall not. - .
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should be taken up by additional links or stirrups, Bent
tension-bar at a re-entrant angle should be avoided,

26.2.3 Curtailment of Tension Reinforcement in
Flexural Members

26.2.3.1 For curtailment, reinforcement shall extend

beyond the point at which it is no longer required to

resist flexure tor adistance equal to the effective depth

of the:member or 12 tithes the bar diameter, whichever

is greater except at simple support or end of cantilever.

In addition 26.2.3.2 to 26.2.3.5 shall also be satisfied,
NOTE~A point at which feinforcement is no longer required
to resist flexure is where the resistance moment of the section,
considering only the continuing bars, is equal to the design
moment.. .

26.2.3.2 Flexural reinforcement shiall not be terminated
in a tension zone unless any one of the following
conditi’ons is satisfied:

a) The shear at the cut-cff pomt does not exceed
two-thirds that permitted, including the shear
. strength of web reinforcement provided.

b} Stirrup area inexcess of that required for shear
and torsion is provided along each terminated
. bar over a distance from the cut-off point egual
to-three-fourths the effective depth of the

member. The excess stirrup area shall be not

less than 0.4 bs/f; , wheére b is the breadth of -

beam, s is the spacing and £, is the characteristic
strength of reinforcement in N/mm?® The
resulting spacing shall not exceed 4/8 p, where
{3, is the ratio of the area of bars cut-off to the
total area of bars at the section, and d is the
éffective depth. '

For 36 mm and smaller bars, the continuing bars
provide double the area required for flexure at
the cut-off point and the shear does not exceed
three-fourths that permitted.

5

26.2.3.3 Positive moment reinforcement

a) At least one-third the positive moment
reinforcement in simple members and one-
“fourth the positive moment reinforcement in
continuous members shali extend along the same
- face of the member into the support to alength

~ equal to L, /3,

MI
—L4
v Ly
where

moment of fesistanc_e of the section
agsuming all reinforcement at the section
to be stressed to f;

0.87f, in the case of limit state demgn
and the permissible stress o, in the case
of working stress design;

shear force at the section due to design
loads;

sum of the anchorage beyond the centre
of the support and the equivalent .
anchorage value of any hook. or
mechanical anchorage at sitmple support;
and at a point of inflection, L, is limited
to the effective depih of the members or

124, whichever is greater; and ' '

diameter of bar,

¢

The value of M, 7V in the aboye expressmn may be .
increased by 30 percent when the ends of the
reinforcement are confined by a compressive reaction.

26.2.3.4 Negative moment reinforcement =

At least one-third of the total reinforcement 'p'rdvided
for negative moment at the support shall extend beyond
the point-of inflection for a distance not less than the
effective depth of the member of 12¢ or one- sixteenth
of the clear span whichever is greater. '

26.2.3.5 Curtailment of bundled bars

Bars in a bundie shall terminéte at different. points .
spaced apart by not less than 40 times the bar diameter
except for bundles stopping at a support. = - i

26.2.4 Specml Members

7 Adequate end anchorage shall be prov1ded for tension

b) When a flexural member is part of the primary

‘latéral load resisting system, the positive
" reinforcemerit required to be extended into the
suppart as described in (a) shall be anchored to

develop its design stress in tension at the face’

of the support. ‘
At simple supports and at points of inflection,
positive moment tension reinforcement shall be
limited to a diameter such that L, computed for
£, by 26.2.1 does not exceed

reinforcement in flexural members where reinforce- . .
ment stress is not directly proportional to moment,
such as sloped, stepped, or tapered footings; brackets;
deep beams; and members in which the tension
reinforcement is not parailel to the compression face.

26.2.5 Remfoh“ement Sphcmg

Where splices ate provided in the remforclng bars, they:
shall as far as possible be away from the sections of

. maximum stress and be staggered. It is recommended
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that splices in flexural members should not be at
sections where the bending moment is more than 50
percent of the moment of resistance; and not more than
half the bars shall be spliced at a section.

Where more than one-half of the bars are spliced at a
section or where splices are made at points of
maximum stress, special precautions shall be taken,



such as increasing the Tength of lai) and/or using spirals
or closely-spaced stirrups around the length of the
splice.

26.2.5.1 Lap splices

a) Lap splices shall not be used for bars larger than

36 mm; for larger diameters, bars may be

‘welded (see 12.4); in cases where welding is’

not practicable, lapping of bars Jarger than
36 mm may be permitted, in which case
additional spirals s should be provided around the
lapped bars.

Lap splices shall be considered as staggered if
the centre to centre distance of the splices is
not less than 1. 3 times the lap 1ength calculated
as descrlbcd in (c}.

Lap length mcludmg anchorage value of hooks
for bars in flexural tension shall be L, {see
26.2. 1) or 30¢ whichever is greater
and for direct tension shall be 2L, or 30¢
whichever is greater. The straight lcngth of the
lap shall not be less than 15¢ or 200 mm. The
following provisions shall also apply:

b)

Where lap occurs for a tension bar focated at:

top of a section as cast and the minimum cover
is less than twice the diameter of the lapped
bar, the lap length shall be mcreasad by a factor
of 1.4,

corner of a section and the minimum cover to
either face is less than twice the diameter of
“the lapped bar or where the clear distance
between adjacent laps is less than 75 mm or-6
times the diameter of lapped bar, whichever is
greater, the 1ap length should be mcreased bya
factor of 1.4.

Where both conditioh (1) and (2) apply, the lap
length should be increased by a factor of 2.0.

1

2)
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at a time; such individual splices within a bundle
shall be siaggered.

26.2.5.2 Strength of welds

The following values may be used where the strength

"of the weld has been proved by tests to be at least as

great as that of the parent bar, .
a) Splices in compression — For welded splices
and mechanical connection, 100 percent of the
design strength of joined bars, ‘

b) Splices in tension
1) 80 percent of the design strength of Welded
bars (100 percent if welding is strictly .
~ supervised and if at any cross-section of the

member not more than 20 percent of the
tensile reinforcement is welded),

100 percent of desi'gn strength of mecha-
nical connection.

26.2.5.3 End-bearing splices

End-bearing splices shall be used only for bars in
compression, The ends of the bars shall be square cut

9

- and concentrlc bearing ensured by smtable devices;

2.6 3 Spacing of Reinforcement

26.3.1 For the purpose of this clause, the diameter of
a round bar shall be its nominal diameter, and in the

“case of bars which are not round or in the case of

deformed bars or crimped bars, the diameter shall be

_ taken as the diameter of a circle giving an equivalent
. effective drea. Where spacing limitations and

minimum concrete cover (see 26.4) are based on bar
diameter, a group of bars bundled in contact shall be
treated as a single bar of diameter derwed fmm the

 total equivalent area.

NOTE—Splices in tension members shall be enclosed in -

spirals made of bats not less than 6 mm diameter with pitch
not more than 100 mm.

d) The laplengthin compressmn shall be equal to
the development length in compression,
calculated as described in 26.2.1, but not less
than 24 ¢. ‘

. e)
spliced, the lap length shall be calculated on
the basis of diameter of the smaller bar.

carried out, lap splices of wires shall be made
so that overlap measured between the extreme
cross wires shall be not less than the spacing of

* cross wires plus 100 mm,
"B
bundled bars shall be made by splicing one bar

When bats of two different diameters are to be

When splicing of welded wire fabric is td be

In case of bundled bars, lapped sphces of
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26.3. 2 Minimum Distance Between Indw:dual Bars

The following shall apply fqr spacing of bars:

"2y The horizontal distance between two parallel
main reinforcing bars shall usually be not less
than the greatest of the following:

1) The diameter of the bar if the diameters are
equal, ‘
2) The diameter of the latger bar if the
" diameters are unequal, and o
3) 5 mm more than the nominal maximum size
of coarse aggregate,
NOTE—This does notpreclude the use of larger size of
aggregates beyond the congested relnforcement in the
same member; the slze of aggregates may be reduced

around congested teinforcement to comply with this
_ provision, _
b) Greater horizontal distance than the minimum.
specified in (2) should be provided wherever

possible, However when needle vibeators are
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used the horizontal distance between bars of a
group may be reduced to two-thirds the
nominal maximum size of the coarse aggregate,
provided that sufficient space is left between
groups of bars to enable the vibrator to be
pmmersed. ‘

bars shall be vertically in line and the minimum
vertical distance between.the_ bars shall be
15 mm, two-thirds the nominal maximum size

. of aggregate or the maximum sme of bars,
whlchever Is greater.

26.3.3 Maximum Distance Between Bars in Tension

Unless the caleulation of crack widths shows that a
greater spacing is acceptable, the following rules shall
be applied to flexural metnbers in normal internal or
external conditions of exposure.

a) Beams — The horizontal distance between

Where there are two or more rows of bars, the

parallel reinforcement bats, or groups, near the -

tension face of a beam shall not be greater

than the value given in Table 15 depending on .

the amount of redistribution carried out in

analysis and the characteristic strength of the
remforcement

b) Siabs

_ l) ‘The horizontal distance between parallel main

264 Nominal Cover to Reinforcement

264.1 Neminal Cover-

Nominal cover is the design depth of concrete cover
to all steel reinforcements, including links. It is the
dimension used in design and indicated in the drawings.

* Tt shall be not less than the diameter of the bar,

26.4.2 Nominal Cover to Meet Durability Requirement

Minimum values for the nominal cover of normal-
weight aggregate concrete which should be provided
to all reinforcement, iricluding links depending on the
condition of exposure described in 8.2.3 shall be as
given in Table 16, :

26.4.2.1 quever‘for a longitudinal reinforcing

bar in a column nominal cover shall in any case not
be less than 40 mm, or less than the diameter of
such bar. In the case of columns of minimum

dimension of 200 mm or under, whose reinforcing bars

do not exceed 12 mm, a nomjnal cover of 25 min may

be used. :

26.4,2.2 For footings minimum cover shall be 50 mm.

2643 Nominal Cover to Meet Specqf ed Penod af

- Fire Resistance

reinforcement bars shall not-be more than three -

.- times the effective depth of solid slab or

Minimumi values of nominal cover of normal-weight
aggregate concrete to be provided to all reinforcement

including-links to meet specified period of fire

resistance shall be given in Table 16A.

- 26.5 Requirements of Reinf_';jrcemen'it- for

300 mm whichever is smaller. Structural Members
2) The horizontal distance between parallel ~ 26.5.1 Beams
" reinforcement bdrs provided against
shrinkage and temperature shall not be more 26.5.1.1 Tension reinforcement |
than five times the effective depth of asolid = a) Minimum remforcemem_The minimum area of
slab or 450 mm whichever is smaller. tension reinforcement shall be not less than that
Table 15 Clear Distance Béetween Bars
{Ciguse 26,3.3)
5 Percentage Redistribution to or from Section Considered )
-30 as- | 0 415 | +30
C_leap Distance Between Bars
N/mme - . mm. mim mm . min . min
250 215 260 300 300. .. 300
415 . 125 155 180 210 235
500 105 130 150 175 195

NOTE — The spacings given in the table are not applicable to members subjected to particularly aggressive environments unless in the
calculation of the moment of tesistance, [, has been ]Imlted to 300 N/mm? in limit state designand o, limited to 165 N/mim?® in working

stress design. -
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Table 16 Nominal Cover to Meet Durhliility Requirements

{Clause 26.4.2)

Exposuie - Nominal Cencrete Cover in riim not Less Than © -
Mild 20

Moderate 30

Severe 45
: Very severe 50

Extreme 75

NOTES

=1 For main reinforcement up to 12 mm diameter bar for mild exposure the nominal cover may be reduced by 5 mm.
2 Unless specified otherwise, actval concrete cover should not deviate from the required nominal cover by +10 mm
. 5 o

3 For exposure condition ‘sévere’ and “very severe’, reduction 6f 5 mm muy be made, whete conerete grade is M35 and above,

' Tabie 16A
_ Nominal Cover to Meet Specified Period of Fire Res:stance
(Clauses 21.4 and 26.4.3 and Fig. 1)

Tire Nominal Cover
Resis- I ——— ' i —
tance . .. Beams .+ . .. -  Shbs Ribs . “‘Colutmng
Simply- - Continuous : "SimMnuous - Simply - Continuous
suppotted : supported _supported : )
h mm min . mm mm _. mm - . mm mm.
o5 0. 0 20 20 20 0 - 40
T o200 20 20 20 20 40
15 0 o0 25 20 35 20 40.
2 40 3 28 25 45 LA 40
3 &0 4 45 38 .55 A R
4 70 S s f‘_ss ' 45 65 85 a0
NOTES . . :
1 The nominal covers glven relate speclﬂcally to the minimum member dlmensmns given m Fig. 1. ) -
2 Casesthatlie bclow the bold line require attention to the additional measures necessary to reduce the risks of spallmg (see 2.1.3 1).
given by the following: 26.5.1.3 Side face reinforcement
A o 0.85 ‘ ~ Where the depth of the web ih a beam exceeds 750 mm,
= ~ side face reinforcement shall be provided along the two
bd Fy faces. The total area of such reinforcement shall be not
where ' less thaii 0.1 percent of the web area and shall be

- - minimum area Of tension IG!DfOI’CCmBDt

b
li

b o= brcadth of beam or the breadth of the web
of T-beam,

=  effective depth, and-

= characteristic strength of reinforcement in

7 N/mm?.

b) Maximum reinforcement—The maximum area of
tension rejnforcement shall not exceed 0.04 bD. -

26.5.1.2 Compression reinforcement

The maximum area of compression reinforcement
shall not exceed 0.04 bD. Compression reinforcement
in beams shall be enclosed by stitrups for effective
lateral restraint. The arfangement of surrups ghall be
as specxfled in 26.5.3.2.

d1str1buted ‘equally on two faces at a spacmg
not exceedmg 300 mm or.web thlckness whlchever is
less. ' : )

26.5.1. 4 Transverse remforcement in beams far shear
and torszon

The transverse remforcement in beams shall be taken
around the outer-most tension and compression bars.
In T-beams and I-beams, such reinforcement shall pass

around longitudinat bars located ciose to the outer face A

of the ﬂange

. 26.5.1.5 Maxzmum spacing of Shear remforcement

47

The maximum spacing of shiear reinforcement
measuréd along the axis of the member shall not exceed -
0.75 d for veftical stirrups and d for ificlined stircips =
at 45°, where d is the effective depth of the section °
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under consideration. In no case shall the spacing
exceed 300 mm.
26.5.1.6 Minimum shear reinfofcemem

Minimum shear reinforcement in the form of stirrups
shall be provided such that:

. 26.5.2 Slabs

The rules given in 26.5.2,1 and 26.5.2.2 shall apply
to slabs in addition to those given in the appropriate
clauses.

26.5.2.1 Minimum reinforcement

The mild steel reinforcement in either direction in slabs
shall not be less than 0.15 percent of the total cross-
sectional area. However, this value can be reduced to
0.12 percent when high strength deformed bars or
welded wire fabric are used. .

26.5.2.2 Maximum digmeter

The diameter of reinforcing bars shall not exceed one-
eight of the total thickness of the slab.

26. 5 3 Columns

Ay 04
bs, 0.87 £,
where
A, = total cross-sectional area of stirrup legs
effective in shear,
s,. = stirrup spacing along the length of the
member,
b = breadth of the beam or breadth of the
web of flanged beam, and
fy = characteristic-strength of the stn-rup

reinforcement in N/mm? which shall not
be taken greater than 415 N/mm®,

‘Where the maximum shear stress calculated is less than- :

half the permissible value and in members of minor
structural importance such as lintels, this provision
need not be complied with.

26.5.1.7 Distribution of tersion reinforcement

When a member is designed for torsion (see 41 or
B-6) torsion reinforcement shall be provided as below:

a) The transverse reinforcement for torsion shall
be rectangular closed stirrups placed perpen-
dicular to the axis of the member; The spacing

of the stirrups shall not exceed the least of

X+
1* 4

and 300 mm, where x, and y, are .

respectively the shott and long dlmensmns of -

the stirrup,

b) Longitudinal reinfqi‘cement shall be placed as
close as is practicable to thé corners of the cross-
section and in all cases, there shall be at least

one longitudinal bar in each corner of the ties.

When the cross-sectional dimension of the
member exceeds 450 mm, additional
longitudinal bars shall be provided to satisfy the
requirements of minimurn reinforcement and
spacing given in 26.5.1.3. '
26.5.1.8 Remforcement in ﬂanges of T—and L-beams
shall satisfy the requirements in 23.1, 1(b). ‘Where

flanges are in tension, a part of the main tension
reinforcement shall be distributed over the effective

flange width ot a width equal to one-tenth of the span,

whichever is smaller. If the effective flange width
exceeds one-tenth of the span, nominal longitudinal
reinforcement shall be provided in the outer portions
of the flange. ' '
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26.53.1 Longzmdinal reinforcement

a) - The cross-sectional area of longitudinal

reinforcement, shall be not less than 0.8 percent
not more than 6 percent of the gross cross-
sectional area of the column,
NOTE -— The use of 6 percent reinforcement may involve
practical difficulties in placing and compacting of concrete;
hence lower percentage is recommended. Where bars from
the columns below have to be lapped with those in the
column under consideration, the percentage of steel shall
usually not exceed 4 percent. :

In any column that has # a larger Lross-sactlonal
area than that requited to support the load,
the minimum percentage of steel shall be
" based upon the area of concrete required to
resist the direct stress and. not upon the actual
area.
The minimum number of long1tudma1 bars
provided in a column shall be four in rectangular
columns and six in circular columns.
The bars shall not be less than 12 mm in
diameter.

A reinforced concrete colurnn having helical
reinforcement shall have at least six bars of
longitudinal reinforcement w1thm the helical
reinforcement.

In a helically reinforced column, the Iongitudinal '
bars shall be in contact with the helical
reinforcement and equidistant around its inner
circumference.

Spacing of longitudinal bars measured along
the periphery of the column shall not exceed
300 mm.

In case of pedestals in which the longltudmal
reinforcement is not taken in account in strength
calculations, nominal longitudinal reinforcement
not less than 0.15 percent of the cross-sectional
area shall be provided,

b)
o

)

€)

g)

h)



NOTE — i_’edest_al isa c'ompression member, the effective
length of which does not excecd three times the least lateral
dimension. : ’

26.5.3.2 Transverse remforcement

a) General—A reinforced concrete compressmn
member shall have transverse or helical
-réinforcement so dlsposed that every longitu-

dinal bar nearest to the compression face

has effective lateral support ‘against buckling
subject to provmmns in(b). Theeffective lateral

" 'support is ‘given by tiansverse réinforceinent

eithier: inithe. form of circular rings capahle of

taking up “citeuniferential tension or by
 polygonal links (lateral ties) with internal angles
. mot cxoeedmg 135°. The ends of the transverse

reinforcoment shall be properly anchored_ ,

[see 26. 2. 2 4 (h)]

RN )] ' Arrangement of transverse remfarcement
1) Ifthe longltudmal bars are not spaced mote
" than 75 mm on,geither side, transverse

reinforcement need only to go round corner

and alternate bars for the purpose’ of -

providing effectwa lateral supports SR

{see Fig. 8).

- 2) Ifthe longltudmal bars spaced at a dlstance

- of not exceeding 48 tinics the diameter of .
- the tie are effectively tied in two directions,. -
" additional fongitadihal bars inbetweon these” - - -

bars need to be tied in one ditection by open
ties (see Flg 9. ‘

Where the longltudmal remforcmg bars in

3)
- a'compression member are placed in more

- than'onerow, effectlva lateral. supportm the -
- longntudmal bars in the inher rows may be

" gssumed to have been prUVlded if;. ‘
R tranSVerse remforcement is provnded for

- the. outer-most row 1n accordance w1th

“26. 5.3 2, and

n) no-bar of the inner row is: closer to the: :

-nearest c(:mpressmn face than three
times the dlameter of the largest bar in
the inner row (see Fig. 10).

- 4) Whero the longitudinal bars in a com-

' pression member ate grouped- (not in..
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reinforegment need not, hoﬁvevef,.exceed
- 20 mm (see Fig. 11).

©¢) Pitch and diameter of lateral ties o
1) Pitch—The pitch of transverse reinforce-
ment shall be not more than. the least of the
. following distances:
i) The least lateral dlmensmn of the
. compression members; -

- i)  Sixteen times the smallest dxameter of
~+thelongitudinal remiorcement bar to be
tied; and

300 mim.

Dzameter—-The diameter of the polygonal
~ links orlateral ties shall be not less than one-
- fourth of the diameter of the largest
- longitudinal bar, and in no case less than

- 16 mm,,

i
,2)

d) Helwat remforcement :
1) Pitch-—Helical remforcement shall be of -

regular formation with the turns of the helix -

-spaced evenly and its ends shall be anchored -
properly by providing ene¢ and a half extra:
_turns of the spiral' bar. ‘Where an increased
lead on the column. on the strength ‘of the
- helical reinforcément is allowed for; the pitch- .
o of hehcal turns shall be not: more than.75 mm, -
" nior more than one-sixth of the core:- dlame.ter
of the column, nor less than 25 min, nor less
than three times the diameter of the steel bar
forming the helix. In-other cases, the
~ Tequiremeiits of 26.5.3.2 shall be complied
with,

2) The dxameter of the helical remforcement
' shalt’be in accordance: wu:h_ 26. 532 @@

.26,5.3.3 In cotumns whete 'lc.):rig_itﬁainal,bars are offset

ata splice, the slope of the inclined portion of the bar . -

- - with the axis of thf_:»_’d()hﬁ!.‘lll shall-nOtbxcééd 1 in 6,
—and the portions of the bar abeve and below: the offset

. shall be parallel to the axis of the colurnt. - Adequate
- hotizontal support at the offset bends shall be treated
_as a matter of desiga, and shall be prowded by metal .-

- contact) and each graup adequately tied with: -

: transvarse remfor cement in aocordance Wlﬂ‘l

+'26,5.3.2; the transverse reinforcoment for the -
. comipeession member as a whole may be 1
-~ Offset bars shall be bent before they are placed in the’

provided on the assumption that each group

is a single-longitudinal bar for purpose of

* determining the pitch and diameter of the -

" ransverse re_mforcement in accordance with

'26.5.3.2.- The diameter of such transverse

ties, spirals, or- parts of the ﬂoor construction: Metal

ties ‘or spirals so-designed. shall be placed near (not

more than eight-bar diameters from) the point of bend,
"The hotizontal thrust to be resisted shall be assumed

as ong and half times the horizontal components of
the nominal stress in the mchned portion of the bar,

forms. Where column faces are offset 75 mmor more,
splices of vertical bars adjacent to the offset face shall
be made by separate dowels overlapped as specified
in 26.2.5.1. ' :
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27 EXPANSION JOINTS

27.1 Structures in which marked changes in plan
dimensions take place abiuptly shall be provided with
expansion on joints at the section where such changes
occur. Expansion joints shall be so provided that the
necessary movement occurs with a minimum
resistance at the joint. The structures adjacent to the
joint should preferably be supported on separate
columns or walls but not necessarily on separate
foundations. Reinforcement shall not extend across
an expansion joint and the break between the sections
shall be complete.

o

All dimensions in millimetres,

FiG. 8

- [DIAMETEM'
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O\

All dimensions in millimetres.

_ FiG. 10
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27.2 The details'as to the length of a structure where
expansion joints have to be provided can be determined
after taking into consideration various factors, such as

temperature, exposure to weather, the time and season -

of the laying of the concrete, etc. Normally structures
exceeding 45 m in length are designed with one ar
more expansion joints. However in view of the large
number of factors involved in deciding the location,
spacing and nature of expansion joints, the provision
of expansion joint in reinforced cement concrete
structures should be left to the discretion of the
designet. IS. 3414 gives the design considerations,
which need to be examined and provided for.

wa i N

< 48P

All dimensions in millimetres.

FiG. 9:
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SECTION 4 SPECIAL DESIGN REQUIREMENTS FOR STRUCTURAL
MEMBERS AND SYSTEMS

28 CONCRETE CORBELS
28.1 General

A corbel is a short cantilever projection which supports
a load bearing member and where:

a) the distance @, between the line of the reaction
to the supported load and the root of the corbel
is less than 4 (the effeciive depth of the root of
the corbel); and

the depth at the outer edge of the contact area
of the supported load is not less than one-half
of the depth at the root of the corbel,

b)

The depth of the corbel at the face of the support is
determined in accordance with 40.5.1.

28.2 Design

28.2.1 Simplifying Assumptions

The concrete and reinforcement may be assumed to
act as elements of a simple strut-and-tie system, with
the following guidelines:

a) The magnitude of the resistance provided to
horizontal force should be not less than one-half

of the design vertical load on the corhel '

(see also 28.2.4).

b) Compatibility of strains between the strut-and-
tie at the corbel root should be ensured.

1t should be noted that the horizontal link requirement
described in 282.3 will ensure satisfactory service-
ability perfonnance

28.2.2 Reinforcement Anchorage

At the front face of the corbel, thf_: reinforcement should
be anchored either by:

a) welding to atransverse bar of equal strength —
in this case the bearing area of the load should
stop shott of the face of the support by adistance
equal to the cover of the tie reinforcement, or

b) bending back the bars fo form a loop — in this

28.2.4 Resistance to Applied Horizontal Force

Additional reinforcement connected to the supported
member should be provided to transmit this force in
its entirety.

29 DEEP BEAMS
29.1 General

a) A beam shall be deemed to be a deep beam when

the ratio of effective 'span to overall depth.,

D
is less than: '
1y 20fora s1mp1y supported beam, and
2) 2.5 for a continuous beam,

A deep beam complying with the requirements
of 29.2 and 29.3 shall be deemed to satisfy the
provisions for shear,

b)

29.2 YLever Arm

The lever arm z fora deep bearn shall be determned as
below:

a) For simply supported bt_aarhs:

= 0.2 ( +2D) whenls-ji- <2
or . -
=061 h -i<1
z=0. w en |
b) For continuous beams:

z=02(+13D) = whenls—lﬁszs
or

=051 .h -l—<1
z=0, when - ,

where [ is the effective span taken as centre to centre |
distance between supports or 1.15 times the clear span,
whichever is smaller, and D is the overall depth,

' 29.3 Reinforcement

case the bearing area of the load should-

not project beyond the straight portion of
the bars forming the main tension reinforcement,

28.2.3 Shear Reinforcement

Shear reinforcement shounld be provided in the form
of horizontal links distributed in the upper two-third
of the effective depth of root of the corbel; this
reinforcement should be not less than one-half of the
area of the main tension reinforcement and should be
adequately anchored.
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29.3.1 Positive Reinforcement

The tensile reinforcement required to resist positive
bending moment in any span of a deep beam shall:

a) extend without curtailment between supports;

b) be embedded beyond the face of each support,
so that at the face of the support it shall have a
development length not less than 0.8 L ; where
L 'is the development length (see 26.2.1), for
the design stress in the reinforcement; and -
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©) be placed within a zone of depth equal to

0.25 D - 0.05 { adjacent to the tension face of

the beam where D is the overall depth and / is
the effective span.

29.3.2 Negattve Reinforcement

a) Termination of reinforcement — For tensile.

reinforcement required to resist negative

bending moment over a support of a deep beatn:

1) Itshall be permissible to terminate not more
than half of the reinforcement at a distance
of 0.5 D from the face of the support where
D is as defined in 29.2; and
2) The remainder shall extend over the full
span,
b) Distribution—When ratio of clear span to
overall depth is in the range 1.0 to 2.5, tensile
reinforcement over a support of a deep beam
shall be placed i two zones comprising;

structure; the top of the ribs may be connected
by a topping of concrete of the same strengih as
that used in the ribs; and

With a continuous top and bottom face but
containing voids of rectangular, oval or
other shape

c)

30.2 Analysis of Structure

The moments and forces due to demgn loads on
continuous slabs may be obtained by the methods given
in Section 3 for solid slabs. Alternatively, the slabs
may be designed as a series of simply supported spans

- provided they are not exposed to weather or corrosive
_ conditions; wide cracks may develop at the supports

1) azone ofdepth 0.2 I, adjacent to the tension -

face, which shall contain a proportion of the
tension steel given by

0.5 (-—l— - 0.5]
A p

clear span, and
overall depth.

where
!

D

Nt

2)

the mid-depth of the beam, which shall
contain the remainder of the tension steel,
evenly distributed.
For span to depth ratios less than unity, the
steel shall be evenly distributed over a
depth of 0.8 D measured from the tension
face,

29.3.3 Vertical Reinforcement

If forces are applied to a deep beam in such a way that
hanging action is required, bars or suspension stirrups
shall be provided to carry all the forces concerned,

29.3.4 Side Face Reinforcement

Side face reinforcement shall comply with require-
ments of minimumn reinforcement of walls (see 32.4).

30 RIBBED, HOLLOW BLOCK OR VOIDED SLAB

30.1 General
This covers the slabs constructed in one of the ways
described below:

a) Asaseries of concrete ribs wuh topping cast on
forms which may be removed aftcr the concrete
has set;

b) As a series of concrete ribs between precast
blocks which remain part of the completed

a zone measuring 0.3 D on either side of.

and the engineer shall satisfy himself that these will
not impair finishes or lead to corrosion of the
reinforccment. '

30.3 Shear -

Where hollow blocks are used, for the purpose-
of caleulating shear stress, the rib width may be
increased to take account of the wall thickness of the
block on one side of the rib; w:th narrow precast units,
the width of the jointing. mottar or concrete may be
included.

30.4 Deflection

The recommendations for deflection in respect-of solid
slabs may be applied to ribbed, hollow block or voided
construction. The span to effective depth ratios given
in 23.2 for a flanged beam are applicable, but when -
calculating the final reduction factor for web width,
the rib width for hollow block slabs may be assumed
to include the walls of the blocks on both sides of the
rib. For voided slabs and slabs constructed of box or
T-section units, an effective rib width shali be calculated
assuming all material below the upper flange of the
unit to be concentrated in a rectangular rib having the
same cross-sectional area and depth. '

30.5 Size and Posiﬁon of Ribs

In-situ ribs shall be not less than 65 mm lwide. \They

~ shall be spaced at centres not greater than 1.5 m apart

and their depth, excluding any topping, shall be not
more than four times their width. Generally ribs shall

be formed along each edge parallel to the span of one
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way slabs. When the edge is built into a wall or rests
on a beam, a rib at least as wide as the bearing shall be
formed along the edge.

30.6 Hollow Blocks and Formers

Blocks and formers may be of any suitable material. '
Hollow clay tiles for the filler type shall conform to
IS 3951 (Part 1). When required to contribute to the



structura] strength of a slab they shall:
a) be made of contrete or burnt clay; and
‘b) have a crushing strength of at least 14 N/mm?

measured on the net section when axmlly loaded :
in the direction of compressive stress in the stab.

30.7 Arrangement of Reinforcement

The recommendations given in 26.3 regarding
maximum distance between bars apply to areas of solid
concrete in this form of construction. The curtailment,
anchorage and cover to reinforc:ement ‘shall be as
described below:

a) At least 50 percent of the total main

reinforcement shall be carried through at the -

bottom on to the bearing and anchored in
accordance with 26.2.3.3.

Where a slab, which is continuous over supports,
has been designed as.simply supported,
reinforcement shall be provided over the support
to control cracking. This reinforcement shall
have a cross-sectional area of not less than one-
quarter that required in the ‘middle of the
adjoining spans and shall extend at least one-
tenth of the clear span into adjoining spans.

In slabs with permanent blocks, the side cover
to the reinforcement shall not be less than
10 mm. In all other cases, cover shall be
provided according to 26.4.

b)

<)

10.8 Precasts Joists and Hollow Filler Blocks

The construction with precast joists and hollow
concrete filler blocks shall conform to IS 6061 (Part
1) and precast joist and hollow clay filler blocks shall
conform to IS 6061 (Part 2).

31 FLAT SLABS
31.1 General

The term flat slab means a reinforced concrete slab
with or without drops, supported generally without
beams, by columns with or without flared column
heads (see Fig. 12). A flat slab may be solid slab or
tnay have recesses formed on the soffit so that the soffit
comprises a series of ribs in two dlrecuons The
recesses may be formed by removable or permanent
filler blocks

31.1.1 For the purpose of this clause, the followmg
definitions shall apply:

a) Column strip — Column strip means a design
strip having a width of 0.25 Z,, but hot greater
than 0.25 {, on each side of the column centre-
line, whele [,-is the span in the direction

- . momentsare bemg determined, measured centre
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to 1, measured centre to centre of supporis,

b Middle strip— Middle strip means édesign strip
bounded on each of its oppomte sides by the
colurnn strip.

Panel —Panel means that part of a slab bounded
on each of its four sidés by the centre-line of a
column or centre-lines of adjacent spans.-

c)

31.2 Proportioning
31.2.1 Thickness of Flat Slab

The thickness of the flat slab shall be generally
controlled by considerations of span to effective depth
ratios given in 23.2, :

For slabs with drops conforming .io 31.2.2, span to
cifective depth ratios given in 23.2 shall be applied
directly; otherwise the span to effective depth ratios
obtained in accordance with provisions in 23.2 shall
be muitiplied by 0.9. For this purpose, the longer span
shall be considered. The minimum thickness of slab
shall be 125 mm.

o 31.2_.2 Drop

. The drops when proviﬂed shall be rcctangular in plan, '

and have a length in each direction not less than one-
third of the panel length in that direction. For exterior
panels, the width of drops at tight angles to the non-
continuous edge and measured from the centre-line of
the columns shall be equal to one-half the w1dth of

'chop for interior panels.

31.2.3 Column Heads

Where column heads are provided, that’pﬁt%t{bn of é -
column head which lies within the largest right circular -

-cone or pyramid that has a vertex angle of 90°and can

be included entirely within the outlines of the column

. and the column head, shall be considered for design

to centre of supports and £, is the span transverse

_—

purposes (see Fig.12),

31.3 Determination of Benﬂing Moment

31.3.1 Methods af Analysis and Design
It shall be permissible to design the slab system by
one of the following methods:

a) The direct design method as spemfled in 31.4,
and

b) The equivalent frame method as specified
in 31.5,

In each case the applicable limitations glven in 314
and 31.5 shall be met. :

31.3.2 Bendmg Moments in Panels with Marginal
Beams or Walls .

Where the slab is supported by.a rharginal beam with
a depth greatér than 1.5 times the thickness of the slab,
or by a wall, then: . ' '
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appropriate,

Fig. 12 CrrricaL SECTIONS FOR SHEAR IN FLAT SLABS

a) the total load to be carried by the beam or wall
shall comprise those loads directly on the wall
ot beam plus a uniformly distributed load equal
to one-quarter of the total load on the slab, and

the bending moments on the half-column strip
adjacent to the beamn or wall shall be one-quarter
of the bending moments for the first interior
column strip.

b)

31.3.3 Transfer of Bending Moments to Columns

When unbalanced gravity load, wind, earthquake, or
other lateral loads cause transfer of bending moment
between slab and columa, the flexural siresses shall
be investigated using a fraction, o of the moment given
by:

o= 1
2 la
3 a4,
where
a, = overall dimension of the critical section
for shear in, the direction in which
moment acts, and
a. = overall dimension of the critical section

for shear transverse to the direction in
which moment acts.
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A slab width between lines that are one and one-half
slab or drop panel thickness; 1.5 D, on each side of
the column ot capital may be considered effectlve, D
being the size of the column.

Concentration of reinforcemerit over column head by -
closer spacing or additional reinforcement may be used
to resist the moment on this sectlon '

31.4 Direct Design Method
31.4.1 Limitations '

Slab system designed by the direct design method shall
fulfil the following conditions:

a) There shall be minimum of three contmuous
spans in each direction,

b) The panels shall be rectangular, and the ratio of
the longer span to the shorter span within a panel
shall not be greater than 2.0,

¢) It shall be permissible to offset columns to a

maximum of 10 percent of the span in the

direction of the offset notwithstanding the

provision i (b),

d) The successive span lengths in each direction

shall not differ by more than one-third of the

longer span. The end spans may be shorter but
not Jonger than the interior spans, and



¢) The design live load shall not exceed three times
the design dead load.

31.4.2 Total Design Moment for a Span

31.4.2.1 In the direct design method, the total design

moment. for a-span shall be determined for a strip

bounded laterally by the centre-line of the panel on

each side of the centre-line of the supports.

31.4.2.2 The absolute sum of the positive and average

negative bending moments in each direction shall be
taken as:

wl
M, = 8“
where . .
M. = total moment;

W = designloadonanareal,l;

= clear _spdn extending from face to face of
tolumns, capitals, brackets or walls, but
not less than 0. 651,;

[o= ‘Iength of span in the direction of M ; and

—
|

I = length of span transverse to /.

- 31.4.2.3 Circular supports shall be treated as square
supports having the same area.
31.4.2.4 When the transverse.span of the panels on
either side of the centre-line of supports varies, 1, shall
be taken as the average of the transverse spans.

31.4.2.5 When the span adjacent and parallel to an edge
is being considered, the distance from the edge to the
centre-line of the panel shall be substltutcd for L,
in 31.4.2.2.

31.4.3 Negative and Positive Design Moments

31.4.3.1 The negative design mbment shall be located
at the face of rectangular supports, circular supports

being treated as square supports having the same -

arad,

31,432 Inan in{erior span, the total design motment
M shall be distributed in the following proportions:

Negative design moment 0.65
Positive design moment 0.35
31.4.3.3 In an end span, the total design moment M_
shall be distributed in the following proportions:
Interior negative design moment:
0.10

=

ac_

0.75 -

Positive design moment:

0.28

L4

o,

0.63-

IS 456 : 2000

Exterior negative design moment:

065
L
o, is the ratio of flexural stiffness of the exierior
columns to the flexural stiffness of the slab at a joint
taken in the direction moments are being determaned
and is given by

2K,
K,

Q, =

K = sum of the flexural stiffness of the
columns meeting at the joint; and

K = flexural stiffness of the _slab,' expressed
as moment per.unit rotatior,

31.4.3.4 Itshall be permissible to modify these design
moments by up to 10 percent, so long as the total design
moment, M, for the panel in the direction considered
is not less than that required by 31.4.2.2.

31.4.3.5 The negative moment section shall be
designed to resist the larger of the two interior negative
‘design moments determined for the spans framing into
a common support unless an analysis is made to
distribute the unbatanced moment in accordance with
the stiffness of the adjoining parts.

314.4 Distribution of Bending Momems Acros.s' the
Panel Width

 Bending moments at critical cross-section shall be
distributed to the colunn strips and middle str1ps as
specified in 31.5.5 as applicable. '

31.4.5 Moments in Columns

31.4.5.1 Columns built integfally with the slab system '
shall be designed to resist moments arising from loads
on the slab system,

31.4.5.2 At an interior support, the supporting
members above and below the slab shall be designed
to resist the moment M given by the following equation,
in direct proportion to their stiffnesses unless a general
analysis is made:

P

(w, +o.5w_i)12 L-w b1

M =008 T
14—
.o
where
w,w, = design dead and live loads
: respectively, per unit area;
L = length of span transverse to the

direction of M;

55



IS 456 : 2000

! = length of the clear span in the
direction of M, measured face to face
of supports;

o, = ~—“whereK andK areas defined

8

in 31.4.3.3; and

w,, ‘, and [, refer to the shorter span.

31.4.6 Effects of Paitern Loading

In the direct design method, when the ratio of live load
to dead load exceeds 0.5 :

~a) the sum of the flexural stiffnesses of the columns
above and below the slab, 3K, shall be such
that ¢_is not less than the appropriate minimum
value o specified in Table 17, or

'C nin
if the sum of the flexural stiffnesses of the
columns, 3K, does not satisfy (a), the positive
design moments for the panel shall be multiplied

b)

by the coefficient f3, given by the following

equation:

b) Each such frame may be analyzed in its entirety,
or, for vertical loading, each floor thereof and
the roof may be analyzed separately with its
columns being assumed fixed at their remote
ends. Where slabs are thus analyzed separately,
it may be assumed in determining the bending
moment at a given support that the stab is fixed -
at any support two panels distant therefrom -
provided the slab continues beyotid the point,

¢) For the purpose of determining relative stiffhess

~ of metnbers, the moment of inertia of any slab
or column may be assumed to be that of the -
gross cross-section of the concrete alone.

d) Variations of moment of inertia along the axis

of the slab on account of provision of drops shall

be taken into account. In the case of recessed
or coffered slab which is made solid in the
region of the columns, the stiffening effect may
be ignored provided the solid part of the slab
does not extend more than 0.15 /, into the span
measured from the centre-line of the colutnns.

The stiffening effect of ﬂared column heads may

be ignored.

' 31 5.2 Loadmg Pattern

" 31.5.2.1 When the oading pattern is known, the
o _structure shall be analyzed for the Toad concerned

e is the ratio of flexural stiffness.of the columns above . |
* and below the slab to the flexural stiffness of the slabs

at a joint taken in the direction moments are bemg :

' determmed and is glven by‘ o
' - ' ZK s
ZK,

' where K., and K, are flexural stlffnesses of column and
' slab respecuvely :

.p._

k) Equwa.lent Frame Method
31.5.1 Assumpnons

The bending moments and shear forces inay be
determined by an analysis of the structure as a. -

continuous frame and the following assumptlons may
be made:

a) The structure shall be considered to be made up
“of equivalent frames on colymn Tines taken

lengitudinally- and transverhely through the

building. Each frame.consists of a row of
equivalent columns or supports, bounded

Tal)le 17 Mimmum Permissnb[e Values of o,
’ - (Clause 31.4.6)

" Tmposed Load/Dedd Load Ratio-il Value ofoc‘ e
- !
n 2) (3J
0.5 0.5t0 20 0
_ 10 0.5 0.6
S ¥ 0.3 0.7
Lo e 0.7
L0 125 08
U R 20 12
200 0.5 13
20 .C D a8 15
20 S0 Sl
20 125 . 0.1
S 20 - 20 7 49
30 - 05 - 18
30 . 08 20
1.0 10 : 23
30 25 28
30 20 130 -

31.5.2:2 Wheri the live load is variable but does not -

laterally by the cenire-line of the panel on éach

side of the centre-line of the columns or
supports, Frames adjacent and parallel to anedge

- shall be bounded by the edge and the centre- -

line of the adjacent panel.

exceed three-quarters of the dead load, or the nature

* of the live load is such that al panels will be loaded

simultancously, the maximum moments may be
assumed to occur at all sections wh_en full design ln_'e_

load is on the entire slab system.
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41.5.2.3 For other conditions of live load/dead load
ratio and when all panels are not loaded simultaneously:

a) maximuim positive moment near midspan of a

panel may be assumed to occur when three-

quarters of the full design live load is on the
panel and on alternate panels; and

maximum negative moment in the slab at-a
support may be assumed to occur when three-
quartets of the full design live load is on the.
adjacent panels only.

b)

31.5.2.4 In no case shall design moments be taken to
be less than those occutring with full design live load
on all panels.

31.5.3 Negative Design Moment

31.5.3.1 At interior supports, the critical section for
negative moment, in both the column strip and middle
strip, shal] be taken at the face of rectilinear suppoxts,

but in no case at a distance greater than 0.175 {, from -

" the centre of the column where /| is the length of the
span in the direction moments are being determined,
measured centre-to-centre of supports.

31.5.3.2 At exterior supports prov1ded with brackets

or capitals, the critical section for negative momentin -

the direction perpendicular to the edge shall be taken
at a distance from the face of the supporting element
not greater than one-half the projection of the bracket
ot capital beyond the face of the supporting cleme_nt.

31.5.3.3 Circular or regular polygon shaped supports
shall be treated as square supports having the same
area.

31.5.4 Modification of Maximum Moment _

Moments determined by means of the equivalent frame
method, for slabs which fulfil the limitations of 31.4
may be reduced in such proportion that the numerical
siim of the posmve and average negative moments is
not less than the. value of total domgn moment M
spemfled in 31.4.22; ST <

31. 5.5 Dtstrtbuuon of Bendmg Mament Across the

Panel Wzdth

31.5. 5 1 Column smp NegatWe mamentat an mtenor
support

At an interior support the column str1p shall be

18 456 : 2000

greater than three-quarters of the value of 1, the
length of span transverse to the dtrcctlon
moments are being determmed_ the exterior
negative moment shall be considered to be
uniformly distributed across the length .
31.5.5.3 Column strip : Positive moment for each span

For each span, the column strip shall be designed to
resist 60 percent of the total posmve moment 111 tho '
panel.

31.5.5.4 Moments in the midcile sm'p

The middie strip shall be designed on the following
bases:

a) That portion of the design moment not resisted
by the column sirip shall be assigned to the
adjacent middle strips.

Each middle strip shall be proportioned to resist
the sum of the moments assigned to its two half
middle strips.
The middle strip adjacent and parallel to an edge
supported by a wall shall be proportioned to
resist. twice the moment assigned to half the
middle stcip corresponding to the first row of
interior columns. '

31.6 Shear in ¥lat Slab

31.6.1 The critical section for shear shall be at a
distance d/2 from the periphery of the column/capital/
drap panel, perpendicular to the plane of the slab where
d is the effective depth of the section (see Fig. 12).
The shape in plan is geometrically similar to the support
immediately below the slab (see Fig. 13A and 13B),

NOTE — For column sections with re-entrant angles, the critical '
section shall be taken as md1c=1ted in Fig. 13C and I%D

b)

c)

31.6.1.1 In the case of columns near the free odgc of
a slab, the critical section shall be taken as shown in
Fig. 14. : -

3, 6.1.2 When opemngs in flat slabs are located ata

distance less than ten times the thlckness of the slab

from a concontrated reaction or when the opemngs are

‘located within the column strips, the-critical sections

specified in 31.6.1 shall be modified so that'the part of

the periphery of the critical section which is enclosed

designed to resist 75 percent of the total negatwe )

" moment in the panel at that support,

31.5.52 Column smp Negatnfe momem atcm extenor
supporr :

by radial projections of the openings to the centroid of
the reaction area shall be considered ineffective
(see Fig. 15), and openings shall not encroach upon
column head, :

31.6.2 Calculatton of Shear Stress .

. The shear stress. T, shalt be the sum of tho value.s

a) Atanexterior support the oolumn stnp shall bc -
designed to resist the total negatnve moment i

the panel at that support,”

b) Wherc the extenor support cons1sts ofa column '

or a wall extending for a distance equal to-or

caloulated acc_ort_lmg t0 31.6.2.1 and 31.:6.2:2." -
31.6,2,1 The nominal shear stress in flat slabs shall be
taken as'V / b, d where Vis the shear force due to design
load, b, is the pcnphery of thc cntxcal scctlon and dis

the cffccuvc depth

5T -
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31.6.2.2 When unbalanced gravity load, wind, valve of & shall be obtaired from the equation given
earthquake or other forces cause transfer of bending  in 31.3.3.
.moment between slab and column, a fraction (1 —~of) .

of the moment shall be considered transferred by 31.6.3 Permissible Shear Stresy _
eccentricity of the shear about the centroid of the 31.6.3.1 When shear reinforcement is not provided,
critical section. Shear stresses shall be taken as varying  the calculated shear stress at the critical section shall
linearly about the centroid of the critical section. The  not exceed k7T, '
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' When drop panels are used, the thickness of ﬂrdp panel

where
= (0.5 + B) but not greater than 1, [3 being the
" ratio of short side to long side of the column/
capital; and '
t,=0.25 [fy in limit state method of design,

and 0.16 ./f,, in working stress method of
design. :

31.6.3.2 When the shear stress at the critical section

exceeds the value given in 31.6.3.1, but less than
1.5, shear reinforcement shall be provided. If the
shear stress exceeds 1,57, the flat slab shall be
redesigned. Shear stresses shall be investigated at
successive sections more distant from the support and
shear reinforcement shall be provided up to a section
where the shear stress does not exceed 0.5 T.. While
designing the shear reinforcement, thie shear stress
catried by the concrete shall be assumed to be 0.5 7,
and reinforcement shall carry the remaining shear,

31.7 Slab Reinforcement
31.7.1 Spacing

The spacing of bars in a flat slab, shall not exceed .
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2 times the slab thlckness, cxcept where a slab is of
cellular or ribbed construction.

31.7.2 Area of Reinforcement

for determination of area of reinforcement shall be the |
lesser of the following:

a) Thickness of drop, and’

b) Thickness of slab plus one quarter the distance
between edge of drop and edge of capital.

31.7.3 Minimum Lengih of Reinforcement

a) Reinforcement in flat slabs shall have the
minimum lengths specified in Fig.16. Larger
lengths of reinforcement shall be provided when
required by analysis,

‘Where adjacent spans are unequal, the extension
of negative reinforcement beyond each face of
the common column shall be based on the longer
span, :

b)

The length of reinforcement for siabs in frames
not braced against sideways and for slabs
resisting lateral loads shall be determined by
analysis but shall not be less than those
prescribed in Fig, 16.
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31.7.4 Anchoring Reinforcement

a) All slab reinforcement perpendicular to a
discontinuous edge shall have an anchorage
(straight, bent or otherwise anchored) past the
internal face of the spandrel beam, wall or
column, of an amount: :

1) For positive reinforcement — not less than

. 150 mm except that with fabric reinforce-

ment having a fully welded transverse wire
directly over the support, it shall be

permissible to reduce this length to one-half

of the width of the support or 50 mm,
whichever is greater; and .
For negative reinforcement — such that the

design stress is developed at.the internal
 face, in accordance with- Secuon 3.

2)

by
beam or wall, -or where the slab cantilevers

beyond the support, the anchorage shall be "

obtained w1thm the slab

31.8 Openmgs in Ylat Stabs

Where the slab is not supported by a qpandml :

| IS456:2000
as per empirical proccdure given in.32.2..Thé minimum
thicknhess of walls shalt be 100 mm, :
32.1.% Guidelines or design of walls subjected to
horizontal and vertical loads are given ih'32.3

32.2 Empirical Design Methed for Walls SubJected
to Inplane Vertical Loads

. 32.2.1-Braced Walls

- Walls shall be assumed to be braced if they are late,rally
. supported by a structure in which all .the. following™

Opemngs of any. size ‘may be prowded in the ﬂat slab .

if it is shown by analysis that the reqmrements of
strength and serviceability are met. However, for

openings conforming to the following, no special

analysis 15 rcqmred
a) Openings of any qnze may be placed within the
middie half of the span in each dircction,
provided the total amount of reinforcement

b

o)

c-ay Walls or vertical braced elements are an'angad -

in two directions so as to provide lateral stability
to the structure as a whole. -

Lateral forces are resisted by shear in the planes
-of thezSe walls or by braced elemients, '

Floor and roof systems re demgned 1o transfer
lateral forces. .

Connecuons betwaen the wall and the lateral -
supports are designed to resmt a honzontal force
not lessthan

d)

1) thie simple statlc reactions {0 the total apphed
" horizontal forces ai the level of lateral
support; and :

2y 2.5 percent of the total verucal load that the
wall is designed to carry at the lcvel of lateral
. support.

3222 Eccentnczty of Vemcal Load

. required for the panel without the Opcmng is -

maintained.
b} : s,
more than one-eighth of the width of strip in
either span shall be interrupted by the openings.

The equwalrnt of reinforcement mterrupted o

shall be 1dded on 1l1 'aldes of the openmgs

In the area common to two_column strips, not

The design of a_ wall shall take account of the actual
eccentricity of the vertical force qubject to a m1mmum
value of 0.05 7.

. The verfical load transmitted to a wall‘_by a
. discontinuous concrete floor or roof shall be assumed

to act'at one-third the depth of the. bearing area -
measured from the span face'of the wall. Where theve .

- is an.ik-situ c,oncretc floor contmunus over the wall,

i the area common (0 one colump smp and one.

middle strip, 1 not more than oné-quarter. of the -

reinforcement in either strip shall be interrupted
by the openings, The equivalent of rein-

of the openings.

32 WALLS

32.1 General

Reinforced concrete walls subjected to direct
compressmn or combined flexure and direct
compression should be: designed in accordarce with

Section 5 or Annex B provided the- vertical -
reinforcement is prov:ded in'each face. Braced walls
subjected to only vertical compress:on may be dwsi gned -

the foad shiall be assumed o act at the centre of the
wall,

The resultant eccentncny ‘of the total vartlcai load on .

_ a bracéd wal{“at any level between horizontal lateral
forcement interrupted shall be added on all sides "

supporis, shall be calculated on the assumption that -

. the resultant eccentnmty of all the verhcal loads above
d} The shcar reqmrements of 31 6 shall bc satlsfled g

the upper suppmt is zero.
3223 Maxzmum Eﬁeenw He:ght to Thzckness Ratw '

The ratio of effective height to thmkness, H, !t sha]l g -

not exceed 30.
32.2.4 Effective He:ght .
The effective helght of a’braced wall shall be taken as

3 follom

a) ‘Where rcstramed agamst rotatlon at both ends '
by :

6l
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1) floors 0.75H, or
2) intersecting walls or 075L,
similar members

whichever is the lesser.
b) Where not restrained against rotation at both

ends by
1) floors 1.0H, or
"2) intersecting walls or 1.0L,
similar members
whichever is the lesser.
where
H_ = the unsupported height of the wall.
L = the horizontal distance between centres

of lateral restraint.

32.2.5 Design Axial Strength of Wall

The design axial sttength P_ per unit length of a braced
wall in compression may be calculated from the
fo]lowmg equation:

= 03(—-12e~2¢ ) £,
where
thickness of the wall,

eccentricity of load measured at right
angles to the plane of the wall deterinined
in accordance with 32.2.2, and

additional eccentricity due to slen-
derness effect takenas H_ /2 500 1.

32.3 Walls Subjected to Comhmed Horizontal
and Vertical Forces

32.3.1 When horizontal forces are in the plane of the
wall, it may be designed for vertical forces in
accordance with 32,2 and for horizontal shear in
accordance with 32.3. In plane bending may be
neglected in case a horizontal cross-section of the watl
is always under compression due to combined effect
of horizontat and vertical loads.

32.3.2 Walls subjected to horizontal forces
perpendicular to the wall and for which the design axial

P

where .
V, = shearforce due to design loads.
t = wall thickness. _
d = 08xL, where L is the length of

the wall.

32.4.2.1 Under no circumstances shall the nominal
shear stress T, in walls exceed 0.17 f, in limit state
method and (.12 £, in working stress method.

32.4.3 Design Shear Strength of Concrete

The design shear strength of concrete in walls,
T, , without shear remforcement shall be taken as

,below

load does not exceed 0.04 £, « A shall be designed as

slabs in accordance with the appropnate provisions
under 24, where A is gross area of the section.

32.4 Design for Horizontal Shear _
32.4.1 Critical Section for Shear

The critical section for maximum shear shall be taken

at a distance from the base of 0. 5 L, or0.3 H,
whichever is less.

32.4,2 Nominal Shear-Stress

The nominal shear stress T, iN walls shall be obtamed
as fol]ows ;
=V, /td

a) Ford /L <1

T, =(30 HfL)K J
where K is 0.2 in limit state method and 0.13 -
in working stress method,
ForH /L > 1

Lesser of the values calculated from (a)
abovye and from

(Hy/L, +1 )
R ey (Hy/L,~1)

where K, is 0.045 in limit state method and
0.03 in workmg stress method, but sha]l be
‘not less than K, ./, in any case, whare K,
is 0,15 in limit state method and 0,10 in
working stress method.

32 4.4, Design of Shear Retnforcement

Shear reinforcement shall be provided to carry ashear
equal to V, —t_.r (0.8 L ). In case of working stress
method V is replaced by V. The strength of shear
remforcement shall be calculated as per 40.4 or B-5.4
with A defined as below:

A,= P, (08L)1

b)

where P, is determined as follows:

a) Forwalls where i /L <1, P shall be the
lesser of the ratios of either the vertical
reinforcement area or the horizontal
reinforcement area to the cross-sectional area
of wall in the respective direction.

For walls where H /L > 1, P, shall be the
ratio of the horizontal reinforcement area to

- the cross-sectional area of wall per vertical
metre,

.b)

- 32.5 Minimum I Reqmrements for Reinforcement
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in Walls
The reinforcement for,walls shall be provided as below:



the minimum ratio of vertical reinforcement to

gross concrete area shall be:

1) 0.001 2 for deformed bars not larger than
16 mm in diameter and with a characteristic
strength of 415 N/mm® or greater.

2)- 0.001 5-for other types of bars.

a)

3y 0.001.2 for welded wire fabric not larger than -

16 mum in diameter.

Vertical reinforcement shall be Spaced not

farther apart than three times the wall thickness

nor 450 mm.

The minimum ratio of horizontal reinforcement
to gross concrete area shall be:

1) 0.002 C for deformed bars not larger than
16 mm in diameter and with a characteristic
strength of 415 Nfmm? or greater.

2) 0.002 5 for other types of bars,

3) 0.002 0 for welded wire fabric not larger
than .16 mm in diameter.

Horizontal reinforcement shatl be spaced not
farther apart than three times the wall thickness
nor 450-mm. :

NOTE — The minimum reinforcement may Anot. always be
suffictent to provide adequate resistance to the effects of
shrinkage and tempemture

b)

c)

d)

32.5.1 For walls having thickness more than 200 mm,‘
the vertical and horizontal reinforcement shall
be provided in two grids, one near each face of the
wall. N _ _

32.5.2 Vertical re1nfdrcement need not be enclosed
by transverse temforcement as given in 26.5.3.2 for
column, if the vertical reinforcement is not greater
" than 0.01 times the gross sectional area or where the
vertical reinforcement is not required for

compression.

33 STAIRS ‘ _

33,1 Effective Span of Stairs

The effective span of stairs without stringer beams shall

IS 456

be taken as the following horizontal distances:

2000

a) Where supported at top.and bottom tisers by
beams spanning parallel with the risers, the
distance centre-to-centre of beams;

Where spanning on to the edge of alanding slab,
which spans parallel, with the risers (see Fig.
17),-a distance equal to the going of the stairs
plus at each end either half the width of the
landing or one metre, whichever is smalier; and

Where the landing slab spans in the same
direction as the stairs, they shall be considered
as acting together to form a single slab and the
span determined as the distance centre-to-centre
of the supporting beams or walls, the going being
measured horizontally, '

by

)

33.2 Distribution of Loading on Stairs

In the case of stairs with open weils, where spans partly
crossing at right angles occur, the load on arcas
common {0 any two such spans may be taken as one-
half in each direction as shown in Fig. 18. Where flights
or landings aré embedded into walls for a length of
not less than 110 mm and are designed to span in the
direction of the flight, a 150 mm strip may be deducted
from the loaded area and the ‘effective breadth of the
section increased by75 mm for purposes of demgn (see
F1g 19). .

33.3 Depth of Section

The depth of section shall be taken as. the minimum -
thickness perpendlcular to the soffit of the staircase. .

, 34 FOOTINGS

34.1 General

- Footings shall be designed to sustain the appiiad loads,

momenis and forces and the induced reactions and to
ensure that any settlement which may occur shall be
as nearly uniform as possible, and the safe bearing
capacity of the soil is not exceeded (see IS 1904).

34,1.1 In sloped or stepped footings the effective

™,
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DIRECTION

FiG. 18 LOADING ON STAIRS WITH OPEN WELLS

cross-section in compression shall be limifed by the
area above the neutral plane; and the angle of slope or
depth and location of steps shall be sich that thedesign”
requirements are satisfied at every section. Sloped.and
stepped footlngb that are demgned As a vnit shall be

constructed to assm‘e ac,tlon as 4 unit, -

34.1.2 Thickness at the Edge of Faatmg
Tn réinforced and plam conerete footings, the thlcknéss

at the edge shall be not less than 150-mni for footings I

on soils, nor léss than 300 mm above the tops of p1leﬁq{ E86nc ntra d at the centre of th p "
-goncentrate centre of the pile.

for footmgs on piles.

E THE LOAD ON AREAS
COMMON T TWO
- SYSTEMS TO BE
TAKENMN AS ONE
HALFE IN EACH-

: ,_34 2 Moments and Fm'ces 1

(A
2
(i)
=== =
[ )
=X
=]
e w

" BREADTH

Fic. 19 LOADING ON. STA_IRS

BuiLr N1o WALLS .
‘where A o
g, = calculatedmaxi_mum bearing pressure at
_ the base of the pedestal in N/mm?, and
[ = charactenstlc strength - -of concrete at

28 days in N/inm?,

VR

34.2.1. n the case of footjngs on piles, computauon'- |

for moments.'and sheats: may be based ‘on:the”
assumptmn that the reactloﬁ from any plle s

34.1.3 In the case of plain concrete pedestals, the an g]e’” 234.2.2 For the purpose of computing stressés in footmgs

between the plane passing through the bottom ed ge of”
the pedestal and. the corresponding junction edge of
the column with pedestal and the- horizontal plane
(see Flg 20) shall be governed by the expressmn :

tan d £'10;9‘- e

‘which supporta round or o¢tagonal concrete column or
pedestil; the facé of the column or pedestal shall be
taken as the. side-of :a squate_inscribed within the -+ -
g jperimeter of the round or octagonal column or pedestal o

3423 Bendmg Momem °

34231 The bendlng thement at any secuOn shall be' g
C determlned by passmg through the section a Vemcal-_ '

e COLUMN

" _~PLAIN
" "CONCRE
 PEDEST

e
|
—p

PG, 20
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plane which extends completely across the footing, and
computing the moment of the forces acting over the
entire area of the footing on one side of the said plane.

44.2.3.2 The greatest bending moment to be used in
the design of an isolated concrete footing which
supports a column, pedestal or wall, shall be the
momentcomptied in the manner préscribed in 34.2.3.1
at sections located as follows: _

a) At the face of the column, pedestal or wall, for
footings supporting a concrete column, pedestal
or wall; _

Halfway between the centre-line and the edge

of the wall, for footings under masonry walls;

and _ .

Halfway between the face of the column or
pedestal and the edge of the gussetted base, for

- footings under gussetted bases. '

b)
c)

3424 Shear and Bond

34.2.4.1 The shear strength of footings is governed by
the more severe of the following two conditions:

a) The footing acting essentially as a wide beam,
with a potential diagonal crack extending in a
plane across the entire width; the critical section
for this condition shall be assumed as a vertical
section located from the face of the column,
pedestal or wall at a distance equal to the
effective depth of footing for footings on piles.

Two-way action of the footing, with potential
diagonal cracking along the surface of truncated
cone or pyramid around the concentrated load;
in this case, the footing shall be designed for
shear in accordance with appropriate provisions
specified in 31.6.

b)

34.2.4.2 In computing the external shear or any section
through a footing supported on piles, the entire reaction
.from any pile of diameter DD whose centre is located
D 12 or more outside the section shall be assumed as
pr[;)ducing shear on the section; the reaction from any
pile whose centre is located Dp!2 or more ingide the
section shall be assumed as producing no shear on the
section. For intermediate positions of the pile centre,
the portion of the pile reaction to be assumed as
producing shear on the section shall be based on
straight line interpolation between full Vall..le ?t D
outside the section and zero value at Dpl2 inside the
section. ’
34.2.4.3 The critical section for checking the
development length in a footing shall be assumed at
the same planes as those described for bending moment
in 34.2.3 and also at all other vertical planes where
abrupt changes of section occur. If reinforcement is
curtailed, the anchorage requirements shall be checked
in accordance with 26.2.3.
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34.3 Tensile Reinforcement

The total tensile reinforcement.at any section shall

provide a moment:of-tesistance at least equal to the

bending moment on the section calculated in-.
accordance with 34.2.3. .

34.3.1 Total tensile reinforcement shall be distributed
across the corresponding resisting section as given
below: . :

a) Inone-way reinfdrced fooﬁng; the reinforcement
extending in each direction shall be distributed
uniformly across the full width of the footing;

In two-way reinforced square footing, the
reinforcement ex'tendling in each direction shall
be distributed uniformly across the full width
of the footing; and S '

b)

¢) In two-way reinforced rectangular footing, the
~ reinforcement in the long direction shall be
distributed uniformly across the full width of
the footing. For reinforcement in the short
direction, a central band equal to the width of
the footing shall be marked along the length of
the footing and portion of the reinforcement
determined in accordance with the equation
given below shall be uniformly distributed
across the central band:

Reinforcement in central band width _© 2
Total reinforcement in short direction  B+1

where 8 is the ratio of the long side to the short
side of the footing. The remainder of the
reinforcement shall be uniformly distributed in
the outer portions of the footing,

34.4 Transfer of Load at the Base of Column

The compressive stress in concrete at the base of a
column or pedestal shall be considered as being
transferred by bearing to the top of the supporting
pedestal or footing, The bearing pressure on the loaded
area shall not exceed the permissible bearing stress in
direct compression multiplied by a value equal to

’-41— but not greater than 2;
A,

where
A

supporting area for bearing of footing,
which in sloped or stepped footing may
be taken as the area of the lower base of
the largest frustum of a pyramid or cone
contained wholly within the footing and
having for its upper base, the area actually
loaded and having side slope of one
vertical to two horizontal; and

loaded area at the column base,
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For working stress method of design the permissible
bearing stress on full area of concrete shall be taken as
0.25 £, ; for limit state method of design the permissiblo
bearing stress shall be 0.45 f,. :

34.4.1 Where the permissible bearing stress on the
concrete in the supporting or supported member would
be exceeded, reinforcement shall be provided for
developing the excess force, either by extending the
longitudinal bars into the supporting member, or by
dowels (see 34.4.3).

34.4.2 Where transfer of force is accomplished by
reinforcement, the development length of the
reinforcement shall be sufficient to transfer the
compression or tension to the supporting member in
accordance with 26.2. :

34.4.3 Extended longitudinal reinforcement or dowels
of at least 0.5 percent of the cross-sectional area of the
supported column or pedestal and a mintmum of four
bars shall be provided. Where dowels are used, their
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diameter shall no exceed the diameter of the column
bars by more than 3 mm.

34.4.4 Column bars of diameters larger than 36 mm,
in compression only can be dowelled at the footings
with bars of smaller size of the necessary area. The
dowel shall extend into the column, adistance equal
to the development length of the column bar and into
the footing, a distance equal to the development length
of the dowel.

34.5 Nominal Reinforcement

34.5.1 Minimum reinforcement and spacing shall be
as per the requirements of solid slab,

34.5.2 The nominal reinforcement for concrete
sections of thickness greater than 1 m shall be
360 mm? per metre length in each direction on each
face. This provision does not supersede the requiretnent
of minimum tensile reinforcement based on the depth
of the section.
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SECTION 5 STRUCTURAL DESIGN (LIMIT STATE METHOD)

35 SAFETY AND SERVICEABILITY
REQUIREMENTS

35.1 Geners:l

In the method of design based on limit state concept,
the structure shall be designed to withstand safely all
loads liable to act on it throughout its life; it shall also
satisfy the serviceability requirements, such as
limitations on deflection and cracking, The acceptable
limit for the safety and serviceability requirements
before failure occurs is called a ‘limit state’, The aim

of design is to achieve acceptable probabilities that -

the structure will not become unfit for the use for which
itis intended, that is, that it will not reach a limit state,

35.1.1 All relevant limit states shall be considered in
design to ensure an adequate degree of safety and
serviceability. In general, the structure shall be
designed on the basis of the most critical limit state
and shall be checked for other limit states.

35.1.2 For ensuring the above objective, the design
should be based on characteristic values for material
strengths and applied loads, which take into account
the variations in the material strengths and in the loads
to be supported. The characteristic values should be
based on statistical data if available; where such data
are not available they should be based on experience.
The ‘design values’ are derived from the characteristic
values through the use of partial safety factors, one
for material strengths and the other for loads. In the
absence of special considerations these factors should
have the values given in 36 according to the material,

the type of loadlng and the limit state being
considered.

35.2 Limit State of Collapse

The limit state of collapse of the structure or part of
the structure could be assessed from rupture of one or
more critical sections and from buckling due to elastic
or plastic instability (including the effects of sway
where appmpnate) or overturning. The resistance to

" bending, shear, torsion and axial loads at every section
shall not be less than the appropriate value at that
section produced by the probable most unfavourable
combination of loads on the structure using the
appropriate partial safety factors.

35,3 Limit States of Serviceability
35.3.1 Deflection

Limiting values of deflections are given in 23.2.

35.3.2 Cracking

limits of cracking would vary with the type of structure
and environment, Where specific attention is required
to limit the designed crack width to a particular value,
crack width calculation may be done using formula
given in Annex F.

The practical objective of calculating crack width is
merely to give guidance to the designer in making
appropriate structural arrangements and in avoiding
gross errors in design, which might result in
concentration and excessive width of flexural crack.

The surface width of the cracks should not, in general,
exceed 0.3 mm in members where cracking is not
harmful and does not have any serious adverse effects
upon the preservation of reinforcing steel nor upon the
durability of the structures. In members where cracking
in the tensile zone is harmful either because they are
exposed to the effects of the weather or continuously
exposed to moisture or in contact soil or ground water,
an upper limit of 0.2 mm is suggested for the maximum
width of cracks. For particularly aggressive
environment, such as the *severe’ category in Table 3,

" the assessed surface width of cracks. should not in

general, exceed 0.1 mm,

35.4 Other Limit States

Structures designed for unusual or special functions
shall comply with any relevant-additional limit state
considered appropriate to that structure. -

36 CHARACTERISTIC AND DESIGN

- VALUES AND PARTIAL SAFETY FACTORS

Cracking of concrete should not adversely affect the -

appearance or durability of the structure; the acceptable
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36.1 Characteristic Strength of Materials

The term ‘characteristic strength’ means that value of
the strength of the material below which not more than
5 percent of the test results afe expected to fall. The
characteristic strength for concrete shall be in -
accordance with Table 2, Until the relevant Indian
Standard Specifications for reinforcing steel are
modified to include the concept of characteristic
strength, the characteristic value shall be assumed as
the minimum yield stress/0.2 percent proof stress
specified in the relevant Indian Standard Specifications.

36.2 Characteristic Loads

The term ‘characteristic load’ means that value of load
which has a 95 percent probability of not being exceeded
during the life of the structure. Since data are not
available to express loads in statistical terms, for the
purpose of this standard, dead loads given in IS 875
(Part 1), imposed loads given in IS 875 (Part 2), wind
loads given in IS 875 (Parl 3), snow load as given in
IS 875 (Part 4) and seismic forces given in IS 1893
shall be assumed as the characteristic loads. '
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36.3 Design Values

36.3.1 Materials
The design strength of the materials, £, is given by

Ja==— e
whére
f = characteristic strength of the material
(see 36.1), and
Ym = Dpartial safety factor appropriate to the
material and the limit state being
considered,
36.3.2 Loads
The design load, F, is given by
Fy=Fyy
where
F = characteristic load (5ee 36.2), and
Ye = partial safety factor appropriate to the

nature of loading and the limit state being
considered. :

36.3.3 Consequenc_é; of Attaining Limit State

Where the consequences of a siructure attaining a limit
state are of a serious nature such as huge loss of life
and disruption of the economy, higher values for ¥,
and v, than those given under 36.4.1 and 36.4.2 may
be applied. '

36.4 Partial Safety Factors
36.4.1 Partial Safety Factor v, for Loads

The values of ¥, given in Table 18 shall normally be
used. '

36.4.2 Partial Safety Factor v, for Mateiral
Strength

36.4.2.1 When assessing the strength of a structure or
structural member for the limit state of collapse, the
values of partial safety factor, v should be taken as
1.5 for concrete and 1,15 for steel.

NOTE — v, values are already incorporated in the
equations and tables given in this stnndard for limit state
design.

36.4.2.2 When assessing the deflection, the material
properties such as modulus of elasticity should be
taken as those associated with the characteristic
strength of the material. :

37 ANALYSIS

37.1 Analysis of Structure

Methods of analysis as in 22 shall be used. The
material strength to be assumed shall be characteristic
values in the determination of elastic properties of
members irrespective of the limit state being
considered. Redistribution of the calculated moments
may be made as given in 37.1.1.

37.1.1. Redistribution of Morments in Continuous
Beams and Frames

The redistribution of moments may be carriegd out
satisfying the following conditions:

a) Equilibirum between the interal forces and the
external loads is maintained,

The ultimate moment of resistance provided at
any section of a member is not less than 70
percent of the moment at that section obtained
from an elastic maximum moment diagram
covering all appropriate combinations of loads,

b)

The elastic moment at any section in a member
due to a particular combination of loads shall

c)

Table 18 Values of Partial Safety Factor v, for Loads
(Clauses 18.2,3.1, 36.4.1 and B-4.3}

Load Combination Limit State of Collapse Limit States of
o — Serviceahiilty
DL /2 Wi, DL ‘ I, WL
(1} @ & @ 8)] (6) )]
DL+, 1.5 1.0 1.0 1.0 -
. DL+ WL iL5or - 1.5 1.0 - Lo
.99
DL+IL+WL - 12 h 1.0 08 08
NOTES

1  Whife considering earthquake effects, substitute £L for WL,

2 For the limit states of serviceability, the values of y, given in this table are applicable for short tern effects. While assessing the
long term effects due to creep the dead load and that part of the live load likely to be permanert may only be considered.

U This value is to be considered when stability against overturning or stress reversal is critical,
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not be reduced by more than 30 percent of the b)
numerically largest moment given anywhere by

the elastic maximum moments diagram for the
particular member, covering all appropriate c)
combination of loads.

d) At sections where the moment capacity after
redistribution is less than that from the elastic
maximum moment diagram, the following
relationship shall be satisfied:

xy  OM

b SRS

206
d 100

where
x, = depth of neutral axis,
d = effective depth, and
M = petcentage reduction in moment.

¢) In structures in which the structural frame
provides the lateral stability, the reductions in
moment allowed by condition 37.1.1 (¢} shall
be restricted to 10 percent for structures over 4
storeys in height,

37.1.2 Analysis of Slabs Spanning in Two Directions
at Right Angles d)

Yield line theory or any other acceptable method e)
may be used. Alternatively the provisions given in
Annex D may be followed. :

38 LIMIT STATE OF COLLAPSE : FLEXURE

38.1 Assumptions f)

Design for the limit state of collapse in flexure shall
be based on the assumptions given below:

18 456 : 2000

The maximum strain in concrete at the
outermost compression fibre is taken as 0.003 5
in bending.

The relationship between the compressive stress
distribution in concrete and the strain in concrete
may be assumed to be rectangle, trapezoid,
parabola or any other shape which results in
prediction of strength in substantial agreement
with the results of test. An acceptable stress-
strain curve is given in Fig. 21. For design
purposes, the compressive strength of concrete
in the structure shall be assumed to be (.67 times
the characteristic strength. The partial safety
factor ¥ = 1.5 shall be applied in addition to
this.

NOTE — For the stress-strain curve in Fig. 21 the design
stress block parameters are as follows (see Fig. 22):

Area of stress block = 0.36f,.x

Depth of cenire of compressive force = (042 x,
from the extreme fibre in compression

where

f, = chasacteristic compressive strength of concrete, and
x,= depth of neutral axis.

The tensile strength of the concrete is ignored.

The stresses in the reinforcement are derived
from representative stress-strain curve for the
type of steel used. Typical curves arc given in
Fig. 23. For design purposes the partial safety
factor v, , equal to 1,15 shall be applied.

The maximum strain in the tension reinforce-

ment in the section at failure shall not be
less than: '

a) Plane sections normal to the axis remain plane fy +0 0(-]2
after bending. 158 T
where
fek f, = characteristic strength of steel, and
P&gﬁg?’%—m E, = modulus of elasticity of steel.
T 0674,
2 ‘ 0:42%y
: 0678 Ym XY I 0364, %y
n

0-002 0-003%
STRAIN — ’

FIG él.'émssé-SmAm CurvE FORNCONCRETE
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NOTE — The limiting values of the depth of neutral axis for
different grades of steel based on the assumptions in 38.1 ave as
follows: k

'r;: xll. neax /d
250 0.53
415 048
500 0.46

The expression for obtaining the moments of resistance for
rectangular and T-Sections, based on the assumptions of 38.1, are
given in Annex G,

39 LIMIT STATE OF COLLAPSE :
COMPRESSION

39.1 Assumptions
In addition to the assumptions given in 38.1 (a) to
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38.1 (e) for flexure, the following shall be assumed:

a) The maximum compressive stfain in concrete
in axial compression is taken as 0.002.

b) The maximum compressive sirain at the highly -
compressed extreme fibre in concrete subjected
to axial compression and bending and when
there is no fension on the section shall be 0.003 5
minus 0.75 times the strain at the least

compressed extreme fibre,

39.2 Minimum Eccentricity

All members in compressibn shall be designed for the
minimum eccentricity in accordance with25.4. Where



calculated eccentricity is larger, the minimum
eccentricity should be ignored.

39.3 Short Axially Loaded Members in
Compression ‘

The member shall be designed by considering the
- assumptions given in 39.1 and the minimum
eccentricity. When the minimum eccentricity as
per 25.4 does not exceed 0,05 times the lateral
dimension, the members may be designed by the
following equation:

P, = 04f, A +067f A,
where

P, = axial load on the member,

fo = characteristic compressive strength of the
concrete,

A = Area of concrete,

f, = characteristic strength of the compression -
reinforcement, and

A = area of longitudinal reinforcement for

columns, -

39.4 Compression Members with Helical
Reinforcement

The strength of compression members with helical
reinforcement satisfying the requirement of 39.4.1 shall
be taker as 1.05 times the strength of similar member
with lateral ties.

39.4.1 The ratio of the volume of helical reinforcement
to the volume of the core shall not be less than

0.36 (A/A-Df, /T,

where
A = gross area of the section,
3 .
A = areaofthe core of the helically reinforced
‘ column measured to the outside diameter
of the helix,
f, = characteristic compressive strength of the
concrete, and
f, = characteristic strength of the helical
¥

reinforcement but not exceeding
415 N/mm?.

39.5 Members Subjected to Combined Axial
Load and Uniaxial Bending

A member subjected to axial force and uniaxial bending
shall be designed on the basis of 39.1 and 39.2.

NOTE — The design of member subject to combined axial load
and uniaxial bending will involve lengthy calculation by trial
and etror. In order to overcome these difficulties interaction
diagrams may be used. These have been prepared and published
by BIS in ‘SP : 16 Design aids for reinforced conerete to
18 456°.
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39.6 Members Subjected to Combined Axial Load
and Biaxial Bending

The resistance of a member subjected to axial force
and biaxial bending shall be obtained on the basis of
assumptions given in 39.1 and 39.2 with neutral axis
50 chosen as to satisfy the equilibrium of load and
moments about two axes. Alternatively such members
may be designed by the following equation:

[+ o
n M n
[M“"] +|—=| =510
Muxl Muyl
where
MM, = moments about x and y axes
due to design loads,

M, M = maximum uniaxial moment

uyl
’ capacity for an axial load of P,
bending about x and y axes -
respectively, and

o, is refated to P /P

u w7

where P, =045f, . A +075f.A

For values of P /P, = 0.2 to 0.8, the values of o, vary
lincarly from 1.0 to 2.0. For values less than 0.2, o, is
1.0; for values greater than 0.8, ¢, is 2.0.

39.7 Slender Compression Members

The design of slender compression members

(vee 25.1.1) shall be based on the forces and the

moments determined from an analysis of the structure,

including the effect of deflections. on. moments and

forces. When the effect of deflections are' not taken

into account in the analysis, additional moment given

in 39.7.1 shall be taken into account in the appropriate
direction. C

39.7.1 The additional moments M, and M, shall be
calculated by the following formulae:

® 2000 D
o fif
Y2000 6 ) -
where
P, = axial load on the member,
I = effective length in respect of the major
axis,
b, = effective lengthin respect of the minor axis,
D = depth of the cross-section at right angles
to the major axis, and
b = width of the member. '

For design of section, 39.5 or 39.6 as appropriate shall

. apply.
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NOTES

1 A column may be considered braced in a given plane if lateral
stability to the structure as a whole is provided by walls or
bracing or buttressing designed to resist all lateral forces in
that plane. It should otherwise be Gonsidered as unbraced.

In the case of a braced coltitin without any transverse loads
occurring in its height, the additional moment shall be added
to.an initial moment equal to sum of 0.4 M, and 0.6 M,
whete M,, is the larger end moment and M, is the smaller
end moment (assumed negative if the column is bent in double
curvature). In no case shall the initial moment be less than
0.4 M , nor the total moment incltwling the initial moment be
less than M. For unbraced columns, the additional moment

shall be added to the end moments.

Unbraced compression members, at any given level or storey,
subject to lateral load are usually constrained to deflect
equally, In such cases slenderness ratio for each column may
be taken as the average for all coluinns acting in the same
direction,

39.7.1.1 The values given by equation 39,7.1 may be
multiplied by the following factor;

k= By = 1§, <]
Puz -
where
P = axial load on compression member,
P, = as defined in 39.6, and
P = axial load corresponding to the condition

of maximum compressive strain of
0.003 5 in concrete and tensile strain of
0.002 in outer most layer of tension steel.

40 LIMIT STATE OF COLLAPSE : SHEAR

40.1 Nomiﬁal Shear Streés :

The nominal shear stress in beams of uniferm depth
shall be obtained by the following equation:

where
v, shear force due to design loads;
b

breadth of the member, which for flanged
section shall be taken as the breadth of
the web, b_; and

d effective depth.

48.1.1 Beams of Varying Depth

In the case of beams of varying depth the equation
shall be modified as:

n

Ty bd

‘where

T, V,, b and d are the same as in 40.1,
M, = bending moment at the section, and

B = angle between the top and the bottom edges

of the beam.
The negative sign in the formula applies when the
bending moment M increases numerically in the same
direction as the effective depth 4 increases, and the -
positive sign when the moment decreases numerically
in this direction,
40.2 Design Shear Strength of Concrete

40.2.1 The design shear strength of concrete in beams
without shear reinforcement is given in Table 19.
40.2.1.1 For solid slabs, the design shear strength for
concrete shall be 7k, where k has the values given
below:

Overall Depth 3000r 275 250 225 200 175
of Slab,mm  more  less
k 100 105 110 115 1.20 125 1.30

NOTE — This provision shail not apply to flat slabs for which
31.6 shall apply.

40.2.2 Shear Strength of Members under Axial
Compression

150 or

For members subjected to axial compression P, the
design shear strength of concrete, given in Table 19,
shall be multiplied by the following factor :

3F,

8=1+ ——ﬁ but not exceeding 1.5
where ' ' ‘
P.. = axial compressive force in Newtons,
A, = grossarea of the concrete section in mm?,
and , C
f, = characteristic compressive étr@ngth of ,.

concrete.

. 40.2.3 With Shear Reinforcement

Under no circumstance‘s, even with shear
reinforcement, shall the nominal shear stress in beams
T, execed T, - given in Table 20,

40.2.3.1 For solid slabs, the nominal shear stress
shall not excéed half the appropriate values given in
Table 20.

40.3 Minimam Shear Reinforcement

72

When T, is less than T, given in Table 19, minimum

shear reinforcement shall be prov1decl in accordance
with 26.5.1.6. -

404 Design of Shear Remforcement

When 1, exceeds 1, given in Table 19, shear
reinforcement shall be pr0v1ded in any of the followmg
forms; -

a) Vertical stirrups,
b) Bent-up bars along with stirraps, and
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Table 19 Design Shear Strength of Concrete, T, , Nimm?
(Clauses 40.2.1, 40.2.2, 40.3, 40.4, 40.5.3, 41.3.2,41.3.3 and 41.4.3)

lllﬂi’— . - ConAcrfté Grade
b e — - —_
M 15 M20 . M25 M 30 M35 M 40 and above

) 2 3) (4 (3 ® - ¥))

<0.15 0.28 02 029 0.29 029 0.30
0.25 0.35 0.36 0.36 0.37 " 037 038
0.50 ode - 048 <049 0.50 0.50 0.51
0.75 054 0.56 0.57 0.59 0.59 0.60
100 - 0.60 0.62 - 0.64 0.66 0.67 0.68
125 0.64 - 0.67 0.70 071 073 0.74
1.50 0.68 0.72 0.74 0.76 07 0.79
175 0.71 015 0.78 080 082 . - 0.84
200 0.71 o1 0.82 0.84 0.86 0.88
225 071 081 085 0.88 0.90 ' 0.92
2.50 0.71 0.82 0.88 0.91 0.93 0.95
275 071 0.82 0.90 0.94 096 098

Ta00. 0 . 071 _ 0.82 : 092 0.96 0.99 . 101,
and : :

ahove

NOTE — The term A, is the area of lengitudinal tension reinforcement which continues at least one effective depth Eeyond the section
being considered except at support where the full area of tension reinforcement may be used provided the detoiling conforms to 26.2.2

and 26.2.3 :
“Table 20 Maximum Shear Stress, 7, ., , Nfmm? -
( Clauses 40.2.3, 40.23.1, 40.5.1 emd 41.3.1) !
Conerete  ~  MIS M 20 M 25 M3 M35 . M40
Grade : . and-
: . above
To e » NI 2.5 o S 28 3.1 35 .37 40

¢) Inclined stirrups. -
Where bent-up bars are provided, their contribution
towards shear resistance shall not be more than half
that of the total shear reinforcement.
Shear reinforcement shall be provided to carry a shear
equal to V, — 7, bd The strength of shear reinforce-
ment V,_shall be calculated as below: '

a) For vertical stirrups:
0.87f1, A, d
s Y et
sV

b) For inclined stirrups or a series of bars bent-up
at different cross-sections: - - C

087 f, Agd

; (sinox + cosar)

Sy

¢) For single bar or single group of parallel bars,
all bent-up at the same cross-section: .

73

where

V, =087 A_sin o

total cross-sectional area of stirrup legs
or bent-up bars within a distance s,.
spacing of the stirrups or bent-up bars
along the length of the member,

nominal shear stress,

“design shear strength of the concrete,

breadth of the member which for
flanged beams, shall be taken as the
breadth of the web b,

characteristic strength of the stirrup or
bent-up reinforcement which shall not
be taken greater than 415 N/mm?,

angle between the inclined stirrup or

" bent- up bar and the axis of the member,

not less thanw 45°, and
effective depth.
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NOTES

1 Whete more than one type of shear reinforcement is used
to reinforce the same portion of the beam, the total shear
resistance shall be computed as the sum of the resistance
for the various types separately.

2 Thearea of the stirrups shall not be less than the minimum
specified in 26.5.1.6.

40.5 Enhanced Shear Strength of Sections Close
to Supports

40.5.1 General

Shear failure at sections of beams and cantilevers
without shear reinforcement will normally occur on
plane inclined at an angle 30° to the horizontal, If the
angle of failure plane is forced to be inclined more
steeply than this [because the section considered
(X — X) in Fig. 24 is close to a support or for other
reasons], the shear force required to produce failure is
increased.

The enhancement of shear strength may be taken
into account in the design of sections near a support
by increasing design shear strength of concrete to
2d v,/ a, provided that design shear stress at the face
of the support remains less than the values given in
Table 20. Account may be taken of the enhancement
in any situation where the section considered is closer
to the face of a support or concentrated load than twice
the effective depth, 4. To be éffective, tension
reinforcement should extend on each side of the point
where it is intersected by a possible failure plane for a

distance at least equal to the effective depth, or be-

provided with an equivalent anchorage,

40.5.2 Shear Reinforcement Jfor Sections Close to
© Supporis '

If shear reinforcement is required, the total area of this

is given by:
A=ab(r,~2d1/a)0.87 f,204a5/087f,

Thisreinforcement should be provided within the middle
three quarters of a,, where d, is less than d, horizontal
shear reinforcement will be effective than vertical,

40.5.3 Enhanced Shear Strength Near Supports
(Simplified Approach) :

The procedure given in 40.5.1 and 40.5.2 may be used
for all beams, However for beams carrying generally
uniform Ioad or where the principal load is located
farther than 2d from the face of support, the shear
stress may be calculated at a section a distance d from
the face of support. The value of T, is calculated in
accordance with Table 19 and appropriate shear
reinforcement is provided at sections closer to the
support, no further check for shear at such sections is
required.

41 LIMIT STATE OF COLLAPSE : TORSION
41.1 General

In structures, where torsion is required to maintain
equilibrium, members shall be designed for torsion in
accordance with 41.2, 41.3 and 41,4, However, for such
indeterminate structures where torsion can be eliminated
by releasing redundant restraints, no specific design for
torsion is necessary, provided torsional stiffiiess is
neglected in the calculation of internal forces. Adequate
control of any torsional cracking is provided by the shear
reinforcement as per 40, : : )

NOTE — The approach to design in this clause is as follows:

Torsional reinforcement is not calculated sepatately from that

required for bending and shear. Instead the total longitudinal

reinforcement js determined for a fictitious bending. moment
which is a function of actua] bending moment and torsion;

X

NOTE — The shear causing failure js that acting on section XX,

F1G. 24 SHeAR FAILURE NEAR SUPFORTS
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similarly web reinforcement is determined for a fictitious shear
which is a function of actual shear and tgrsiun.
41.1.1 The design rules laid down in 41.3 and 41.4
“shall apply to beams of solid rectangular cross-section.
However, these clauses may also be applied to flanged
beams, by substituting &,_ for bin whic_h c:ase'they are
generally conservative; therefore specialist literature
may be referred to.

41.2 Critical Section

Sections located less than a distance d, from the face
of the support may be designed for the same torsion as
computed at a distance d, where d is the effective depth,

41.3 Shear and Torsion
41.3.1 Equivalent Shear

Equivalent shear, V,, shall be calculated from the
formula:

Vv, =V 4160
where
V. = equivalent shear,
V= shear,
T: = torsional moment, and
b = bréadth of beam.

The equivalent nominal shear stress, T, in this case
shall be calculated as given in 40.1, except for
substituting V, by V;; The values of T, shail not exceed
the values of T, given in Table 20.

41,3.2 If the equfvalent nominal shear stress, T, does
not exceed t, given in Table 19, minimum shear
reinforcement shall be provided as per 26.5.1.6,

41,33 If 1, exceeds T_given in Table 19, both
longitudinal and transverse reinforcement shall be
provided in accordance with 41.4.

41.4 Reinforcement in Members Subjected to
Torsion

41.4.1 Reinforcement for torsion, when required, shall
consist of longitudinal and transverse reinforcement.

41,4.2 Longitudinal Reinforcement

The longitudinal reinforcement shall be designed to
resist an equivalent bending moment, M_, given by
M, =M +M,
where
M

u

bending moment at the cross-section, and

[H-D/b)

T,

u

1.7
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where

T is the torsional moment, D is the overall depth
of the beam and b is the breadth of the beam.

41.4.2.1 If the numerical value of M, as defined
in41.4.2 exceeds the numerical value of the moment
M, longitudinal reinforcement shall be provided on
the flexural compression face, such that the beam
can also withstand an equivalent M, given by
My = M, — M, , the moment M_, being taken as acting
in the opposite sense to the moment M.

41.4.3 Transverse Reinforcement

Two legged closed hoops enclosing the corner
longitudinal bars shall have an ared of cross-section
A _, given by

.
ww?

= 7:usv Vu Sy
by di (087 £,) * 2.5d,(0.87f,)"

but the total transverse reinforcement shall not be less
than

Ay

(‘l‘w - Tn)b-d‘v

0.87f,
where

T, = torsional moment,

V, = shear force,

s, = spacing of the stirrup reinforcement,

b, = centre-to-centre distance between corner
bars in the direction of the width,

d, = centre-to-centre distance between corner
bars, o

b = breadth of the member,

J, = characteristic 's;rength of the stirrup
reinforcement, . '

T,, = equivalent shear stress as specified in
41.3.1, and

T, = shearstrength of the concrete as per Table
19,

42 LIMIT STATE OF SERVICEABILITY:
DEFLECTION

42.1 Flexural Members

In all normal cases, the deflection of a flexural member
will not be excessive if the ratio of its span to its
effective depth is not greater than appropriate ratios
given in 23,2.1. When deflections are calculated
according to Annex C, they shall not exceed the
permissible values given in.23.2.
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43 LIMIT STATE OF SERVICEABILITY:
CRACKING

43.1 Flexural Members

In general, compliance with the spacing requirements
of reinforcement given in 26.3.2 should be sufficient

43.2 Compression Members

. Cracks due to bending in a compression member

to control flexural cracking, If greater spacing are

required, the expected crack width should be checked
by formula given in Annex F,

Civil Junction
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subjected to a design axial load greater than 0.2 £, A ,
where f,, is the characteristic compressive strength of
concrete and A is the area of the gross section of the
member, need not be checked. A member subjected to
Iesser load than 0.2f, A may be considered
as flexural member for the purpose of crack control
(see 43.1).
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Prestressed concrete
Miscellaneous

Speciﬁcaﬁon for supersulphated
cement

Code of practice for extreme
weather concreting ;

Recommended practice for hot
weather concrefing

Recommended practice for cold
weather goncreting

Specification for rapid harﬂening
Partland cement (second revision)

Specification for hydrophobic
Portland cement (second revision)

Specification for 43 grade
ordinary Portland cement (first
revision)

Method of making, curing
and determining compressive
strength of accelerated cured
concrete test specimens

Specification for admixtures for
concrete (first revision)

Recommendations for welding
cold worked bars for reinforced
concrete construction (first

- revision)

Classification of joints in
buildings for accommodation of
dimensional deviations during
construction

s pebiﬁcﬁtion for granulated slag
_for manufacture of Portland slag

cement

~General requirements for pan

mixers for concrete
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‘Rebound hammer

Code of practice for ductile
detailing of reinforced concrete
structures subjected to seesmic
forces

Guidelines for falsework for
concrete stractures
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ANNEX B
(Clauses 18.2.2,22.3.1, 22.7,26.2.1 and 32.1)
STRUCTURAL DESIGN (WORKING STRESS METHOD)

B-1 GENERAL
B-1.1 General Design Requflfements

The general design requirements of Section 3 shall
* apply to this Annex.

_ B-1.2 Redistribution of Moments

Except where the simplified analysis using coefficients
" (see 22.5} is used, the momeizts over the supports for
any assumed arrangement of loading, including the
dead load moments inay each be increased or decreased
by not more than !5 percent, provided that these
modified moments over the supports are used for the
. calculation of the corresponding moments in the spans,

B-1.3 Assumptions for Design of Members

In the methods based on elastic theory, the following
assumptions shall be made:

a) At any cross-section, plane sections before
bending remain plain after bending.

_b) Alltensile stresses are taken up by reinforcement
and none by concrete, except as otherwise

¢) The stress-strain relationship of steel and
concrete, under working loads, is a straight line,

d) The modular ratio m has the value
Obe
where G, is permissible compressive stress due
to bending in concrete in N/mm? as specified in
Table 21.

NOTE — The expression given for m partiaily takes into
account long-term effects such as creep. Therefore this m
is not the same as the modutler ratio derived based on the

value of E, given in $:2.3.1,
B-2 PERMISSIBLE STRESSES

B-2.1 Permissible Stresses in Concrete

Permissible stresses for the various grades of concrete
shall be taken as those given in Tables 21 and 23.

NOTE — For increase in strength with age 6.2,1 shall be
applicable, The values of permissible stress shall be obtained by
interpolation between the grades of concrete.

B-2.1.1 Iiirect Tension

For members in direct tension, when full tension is
taken by the reinforcement alone, the iensile stress shall

speénfic_alljr permitted. be not greater than the values given below:
Grade of MI0  MIS M20  M25 - M30 M 35 M40 M4s M 50
Concrete '
Tensite Stress, 1.2 2.0 28 32 a6 4.0 44 4.8 52

NAnm?

) F
The tensile stress shall be calculated as m

where

F, = total tension on the member minus pre-
tension in steel, if any, before concreting,

A, = cross-sectional area of concrete excluding
any finishing material and reinforcing
steel;

m = modular ratio; and

A = cross-sectional area of reinforcing steel

" in tension.

B-2.1.2 Bond Stress for Deformed Bars

In the case of deformed bars conferming to IS 1786,
the bond stresses given in Table 21 may be increased
by 60 percent.

B-2.2 Permissible Stresses in Steel Reinforcemenf

Permissible siresses in steel reinforcement shall not
exceed the values specified in Table 22.

B-2.2.1 In flexural members the value of o, given in
Table 22 is applicable at the centroid of the tensile
reinforcement subject to the condition that when more
than one layer of tensile reinforcement is provided,
the stress at the centroid of the outermost layer shall
not exceed by more than 10 percent the value given i
Table 22.

B-2.3 Increase in Permissible Stresses

Where stresses due to wind (or earthquake) temperature
and shrinkage effects are combined with those due to

.dead, live and impact load, the stresses specified in

80

Tables 21, 22 and 23 may be exceeded upto a limit of
33% percent. Wind pand seismic forces need not be

considered as acting simultaneously.



Table 21 Permissible Stresses in Concrete
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(Clauses B-1.3,B-2.1, B-2.1.2, B-2.3 and B-4.2)
Allvalues in N/mme.

——"’ff Permissible Stress in Compression Permissible Stress

Grade < — . - in Bond (Average) for

Concret® Bending Direct Plain Bars in Tension
@ 3 @

(l) g, o, T
a0 2.5 —

M10 5.0 4.0 06 -

M3 7.0 30 0.8

M20 85 6.0 0.9

M25 10.0 8.0 Lo

M 30 1L.5 9.0 1.1

M35 13.0 10.0 l 2

M 40 14.5 11.0 1.3

raiz 160 120 1.4

T(?fhe values of permissible shear stress in concrete are given in Table 23,

5 The bond stress given in col 4 shall be increased by 25 percent for bars in compression,

—/

B3 PERMISSIBLE LOADSIN COMPRESSION
B-3.1
Ties o _
' axial load P permissible on a pedestal or short
E:mm reinforced with longitudinal bars and. lateral

Pedestals and Short Columns withr Lateral

:iO:S- ghall not exceed that given by the following
cquati®” " P= O A+ G A,
wher® : -

o, = panﬁi:s_sib.le stress in concrete in direct _
canpression,

A = cross-sectional area of concrete
excluding any finishing material and
reinforcing steel, '

o, = permissible compressive stress for
column bars,and .. |

A= cross-sectional aréa of the longitudinal

steel,

NOTE —The minimum eccentricit-y' mentioned in 25.4 may be
dJeemed tobe incorporated in the above equation.-

B-32 Short Columns with Helical Reinforcement

The permissible foad for columns with helical
reinforcement satisfying the requirement of 39.4.1 shall

» 1.05 times the permissible load for similar member
with Jateral ties or rings..

p-3.3 Long Columns

The maximum permissible stress in a reinforced
concrete column or patt thereof having a ratio. of
effective, column length toleast lateral dimension above

12 shall not exceed that which results from the 7
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multiplication of the appropriate maximum, permissible -
stress as specified under B-2.1 and B-2.2 by the
coefficient C_ given by the following formula:

lef

C =125-
! . 48b

where

C, = reduction coefficient;

)

ef

7 effective length of column; and .
b

I

least lateral dimension of éolumn; for
column- with helical reinforcément, b is
the diameter of the core.

For more exact calculations, the maximum permissible
stresses in a reinforced concrete column or part thereof
having a ratio of effective column length to least lateral
radius-of -gyration above 40 shall ‘not exceed-those
which result from the multiplication of the apprepriate
maximum permissible stresses specified unider B-2.1
and B-2.2 by the coefficient C_ given by the following
formula: ' - )

tef
160i -

where i is the least radius of gyration,

C, =125-

B-3.4 Composite Columns

a) Allowable load — The allowable axial load P
on a composite column consisting of structural
steel or cast-iron column thoroughly encased in
concrete reinforced with both longitudinal and
spiral feinforcement, shall not exceed that given
by the following formula: Y

oA +o0 A

LI -1

P= o, A+
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5 ~xype of Stress in Steel Permissibie Stresses in N/mns?
N Reinforcement - =
0. Mild Steel Bars Medium Tensite High Yield Strength
Conforming to Steel Conform- Deformed Basrs Con-
Grade [ of ing to IS 432 forming to IS 1786
IS 432 (Part 1)} (Part 1} {Grade Fe 415)
o ) ) (3 (4 (5)
D Tension(o' or G,.) _
ay 1.Jp to and including 140 Half the guaranteed 230
20 mm yield stress subject
to a roaximum of 190
by over 20mm- 130 o 230
i Co mpression in column i30 130 190
bars { Fwe
sy Com ression in bars in a The calculated compressive stress in the sutrounding conerete multiplied by 1.5 times
i) bearn ©F slab when the com- the modular ratio or o, whichever is lower
ressive resistance of the :
Eoncfete is taken into account
. pession inbarsin a
) ::;ﬂfor slab where the
Compresslve resistiance
of the concrete’is nof
taken 10O account: _ S :
) UP 10 and including 140 Half the guaranteed 190
20 mm : yield stress subject
to a maximum of 190 o
p) Qver 20mm 130 190
NOTES ;
1 For bi gh yield strength deformed bars of Grade Fe 500 the pemussxble stregs in direct tension and flexural tension shall be .55 f
The permlsslhlc stresses for shear and compressnon rejuforcement shall be as for Grade Fe 415,
2 For welded.wire fabric eonforming to IS 1566, the permissible value in tension G, is 230 N/mum?.
3 For the PEpose of this standard, the yield stress of steels for which there is no clearly defined yield pomt s-hould be taken to be
02 p @'ccnt proof stress, 7 ’
4 When mud steel confmmmg to Grade II of IS 432 (Part 1) is used the permissible stresses shall be 90 percent of the pernuss1ble
stresges i col 3, orif the ‘design details havé already been worked out on the basis of mild steel conformmg to GradeI of IS 432 (Part
Iy the zucu of reinforcément shall be iticreased by 10 percent of that requited fot Grade I steel.
where . - o o 20 percent of’ the gross area of the colurn, if a
g = permissible stress in concrete in direct hollow metal core is used, it shall be filled with
- compression; . concrete. The amount of longitudinal and spiral
A = net area of concrete section; which is reinforcement and the requirements as to spacing
¢ equal to the gross area of the concrete of bars, details of splices and thickness of
section-A_ ~A protective shell outside the spiral, shall conform
g = permissib]e Compressive stress for ’ to 'require— ments of .26,5.3. A clearance of at

Table 22 Permissible Stresses in Steel Reinforcement
(Clatises B-2.2, B-2.2.1,B-2.3 and B-4.2)

column bars;

>
B

reinforcement; .
.. allowablé unit stress in metal core, not to
exceed 125 N/mm? for steel core, or
* 70 N/mm? for a cast jron core; and
the cross-sectional area of the steel or cast
jron core, )

b) Metal core and remforcement ~— The cross-

sectloﬂal area of the metal core shall not exceed

cross-sectional area of longitudinal bar
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least 75 min shall be maintained between the
spiral and the metal core at all points, except
that when the core consists of a structural stee]l
H-column, thé minimum clearance’ may be '

reduced to 50 mm,

¢) Splices and connections of metal cores — Metal

cores in composife columns shall be accurately
milled at splices and positive provisions shall
be-made for alignment of one core -above
another. At the column base, provisions shall be



made to transfer the load to the foating at safe -

anit stresses in accordance with 34, The base of

the metal section shall be designed to transfer -

the load from the entire composite columns to
the footing, or it may be designed to transfer

the load from the metal section only, prov1ded '
it is placed in the pier or pedestal as to leave --

ample sectioti of concrete above the base for the

transfer of load from the reinforced concrete

section of the column by means of bond on the

vertical reinforcement and by direct -
compression on the concrete. Transfer of loads .
to the metal core shall be provided for by the
use of bearing members, such as billets, brackets

ot other positive connections, these shall be
provided at the top of the metal core and at
intermediate’ floor levels where required: The
column as a whole shall satisfy the requirements
of formula given under (a) at any point; in
addition to this, the:reinforced.concrete portion
shall be designed to carry, according to B-3.1
or B-3.2 as the case may be, all floor loads
brought into the column at levels between the
metal brackeis or connections. In applying the
formulae under B-3.1 or B-3.2 the gross area of
column shall be taken to be the area of the
concrete section outside the metal core, and the
ailnwable load on the reinforced conerete section
shall be further limited to 0.28 f, times gross
sectional area of the column.

Allowable Load on Metal Core Only — The
metal core of composite columns shall be
designed. to carry safely any construction or
other loads to be placed upon them prior to their
encasement in concrete. '

d)

B-4 MEMBERS SUBJECTED TO COMBINED

AXIAL LOAD AND BENDING

B-4.1 Design Based on Uncracked Section

A member subjected to axial'load and bending (due to
eccentricity of 1oad, monolithic construction, lateral
forces, etc) shall be considered safe provided the
following conditions are satisfied:

O, cal b, cal
El) ce,cal + c,cal <1
O T epe
where
o, = calculated direct compresswe stress
Len
in concrete,
a, = permissible axial compresswe stress
¢
Cin concrete,
Ot = calculated bending compressive
o stress in concrete, and
C,, = ‘permissible bending:- compresswe

stress in concrete,

IS 456: 2000

" b) The resultant fension in-concrete is not greater
“than 35 percent and 25 percent of the resultant
compression for biaxial and uniaxial bending
respectively, or does not exceed three-fourths,

the 7 day modulus of rupture of concrete,

NOTES

la

ot = AT ——————- for columns with fies where P, A_and

ISmAm

T A, dcﬁned inB-3.1and m is the modular ratio.

- 2 U..m,n.m

M
7 where M equals the moment-and Z cquals

modulus of section, In the case of sections subject to moments
: intwo directions, the stress shall be calculated separately and
.. added algebrmcally

B-4.2 Design Based on Cracked Sectlon

Ifthe requ_irements specified in B-4.1 are not satisfied, .

‘the stresses in concrete and steel shall be calculated

by the theory of cracked section in which the tensile
resistance of concrete is ignored. If the calculated

stresses are withih the permissible stress specified i’

Tables 21, 22 and 23 the section may be assumed to be™
Safe,, T o - SR T a B -

NOTE -— The maximum stress in concrete and steel may be
found fromm tables and chatts based on the cracked section theory
_or directly by determining the no-stress line whmh should satlsfy )
- the following requirements: s :

Coay Thi direct load shovild be eqnal to thc algebra:c surti of
’ the forees on concrete and steel,

‘The moment of the external Joads about any reference
ling should he equal to the algebraic sum of the moment
.of the*forces in’canciete (ignoring the tensile force i m
conciete) and steed ‘about the same line, and

The: moment of the external loads about any other
reference lines should be equal to the algebratc sum of
.. themoment of the forces in concrete (ignoring the tensile
foree in conerete) and steel abnut the same line.

b)

ey

B-4.3 Members. Subjected to Combmed Du'ect

Load and Flexure

' Members subjected to combined direct load and ﬂexure
_.and shall be designed by limit state method as ity 39,5

after applying appropnate load factors as glven in Table

18.

B-5 SHEAR

_B-5.1 Nominal Shear Stress

The nominal shear stress 7, in beams or slabs of ~

-uniform depth shall be calculated by the followmg

equation:
r =X
Vo bd
7 where = . o _
V. = shear force due to design loads,
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b = breadth of the member, which for flanged
sections shall be taken as the breadth of
the web, and

d = effective depth.

B-5.1.1 Beams of Varying Depth

In the case of beams of varying depth, the equation
shall be modified as:

Mtanf3

d
bd

Vi

Ty

where :
T,; V. & and d are the same as in B-5.1,
M

B

bending moment at the section, and

angle between the top and the bottom
edges of the beam.

The negalive sign in the formula applies when the

B-5.2.1.1 For solid slabs the permissible shear stress
in concrete shall be k'f:c where & has the value given
below:

Overall depth 300 or 275 250 225 200 175 1500r
of slab, mm more less
k100 105 1.10 1.15 1.201.25 1.30
NOTE — This does not apply te flat slabs for which 31,6 shall
apply. _
B-5.2.2 Shear Strength of Members Under Axial
Compression

For members subjected t6 axial compression P,

- the permissible shear stress in concrete T, given

in Table 23, shall be multiplied by the followmg
factor:

5P
Jex.

§=1+ » but not exceeding 1.5

]

whete

bending moment A increases numerically in the same
direction as the effective depth 4 increases, and the

positive sign when the moment decreases numericatly
in this direction.

B-5.2 Design Shear Strength of Concrete

B-5.2.1 The permissible shear stress in concrete in.

beams without shear reinforcement is given in Table 23.

axial compressive force in N,

gross area of the concrete section in mm?,
and ‘ )

characteristic compressive stren gth of -
concrete :

B-5.2.3 With .S‘hear Remforcemem

= o

o

When shear reinforcement is provided the nominal
shear stress 7 i beams shall not exceed 7,, glven in
Table 24.

Table 23 Permissible Shear Stress i in Concrete
(Clauses B-2.1,B-2.3, B-42 B-5.2.1,B-5.2,2, B:5,3, B-5.4, B-3.5.1, B.5.5.3, B-6.3,2,B- 633andB-64Sand TableZI)

- Permissible Shear Stress in Concrete, T, N/mm?

A
100 Ed_
 MI5 ‘M20
(1) 2y (3)
< 0.5 0.18 0.18
- 025 . 0.22 0.22 .
0.50 029 0.30
Q.75 0.34 0.35
1.00 0.37 039
125 . 0.40 0.42
1.50 0.42 045
1.75 0.44 047
2.00 . D44 0.49
2.25 044 051,
2.50 0.44 .51
2735 0.44 0.51
3.00 and 0.44 0.51
above

NOTE —

Grade of Conerete

M40 -

M25 M30 M35

and above

@ © 46 .

019 0.20. 020 020
0.23 023 0.23 023
0.31 031 031 0.32
0.36 0.37 0.37 0.38
0.40 0.41 042, 0.42
0.4 0.45 0.45 0.46
046 048 0.49 0.49
0.49 0.50 0.52 052
051 0.53 0.54 0.55
0.53 0.55 0.56 0.57
0.5 0.57 0.58 0.60
0.56 0.58 0.60 0.62
0.57 0.60 0.62 063

A, is that area of longitudinal tension reinforcement which continues at least one effective depth beyond the section being

considered except at supports where the full area of tension reinforcement may be used provided the detailing conforms to 26.2.2 and

26.2.3.
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B-5.2.3.1 For slabs, 7, shall not exceed half the value
of 7, given in Table 24. '

B-5.3 Minimum Shear Reinforcement

When <, is less than 1, given in Table 23, minimum
shear remforcement shall be provided in accordance
with 26.5.1.6,

B-5.4 Design of Shear Reinforcement

. When 1, exceeds T, given in Table 23, shear
remforcement shall be prov1ded in any of the followmg
forms:

a) Vertical stirrups, :
b) Bent-up bars along with stirrups, and
¢) Inclined stirrups.

§S 456 : 2000

greater than 230 N/mia?,

o = angle between the inclined stirrup or
bent-up bar and the axis of the member,
not less than 45% and

d = effective depth,

NOTE -— Whetre more than one type of shear reinforcement is
used to reinforce the same portion of the beam, the total shear
resistance shall be computed as the sum of the resistance for the
various types separately, The area of the stm'ups shall not be
less than the minimum specified in 26.5,1.6.

'
B-5.5 Enhanced Shear Strength of Sections Close
to Supports

. B-5.5.1 General

Where bent-up bars are provided, their contribution -

towards shear resistance shall not be more than half
that of the total shear reinforcement.

Shear reinforcement shall be provided to carry a shear -

equal to V—1_.bd. The strength of shear reinforcement
V_ shall be calculated as below:

a) For vertical stirrups

_ Oy Ay d

s 5

v

b) For inclined stirrups or a series of bars bent-up
at different cross-sections:

A _OwAund (sin & +cos &)

SV
¢) For single bar or single group of parallel bars,
all bent-up at the same cross-section:

Shear failure at sections of beams and cantilevers
without shear reinforcement will normally occur on
plane inclined at an angle 3(° to the horizontal. If the
angle of failure plane is forced to be inclined more
steeply than this [because the section considered
(X ~ X in Fig. 24 is close to a support or for other
reasons], the sheat force required to produce failure is
increased. :

The enhancement of shear strength may be taken
into aceount in the design of sections near a support
by increasing design shear strength of concrete, 7,
to 2d t/a, provided that the design shear stress at
the face of support remains less than the values

given in Table 23, Account may be. taken of the

enhancement in any situation where the section
considered is closer to the face of a_support of
concentrated load than twice the effective depth, d.
To be effective, tension reinforcement should extend
on each side of the point where it is intersected by a
possible failure plane for a distance at least equal to

oo A s
Vs _G“ sv S0 O the effective depth, or be provided with an
where o , ) equivalent anchorage.
A, = total cross-sectional area of stirrup legs
' or bent-up bars within a distance, B-5.5.2 Shear Remforcement for Sections Close to
s, = spacing of the stirrups or bent-up bars Supports ,
along the lefigth of the member, If shear reinforcement is required, the total arca of this
T = design shear strength of the concrete, is given by:
b = breadth of the member which for A=ab (7, -2d 10 ){0.87f 2 0-_4“\.5/ 0.87f,
fanged beaims, ship 0e 1aken 88 6 yhig roinforcemnt should be provided within the
e ) o middle three quarters of q,. Where a, is less than d,
o, -= permissible tensile stress in shear  horizontal shear reinforcement will be more effective
reinforcement which shall not be taken  (han vertical.
Table 24 Maximum Shear Stress, 7, N/mm?
{Clauses B-5.2.3, B-5.2.3.1, B-5.5.1 and B-6.3.1)
Concrete Grade M 15 M20 M 25 M 30 M 35 "M 40 and above
T, u? Nimun® 1.6 1.8 L9 22 2.3 2.5

B5.
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B-5.5.3 Enhanced Shear Strength Near Supports
{Simplified Approach)

The procedure given in B-5.5.1 and B-5.5,2 may be
used for all beams. However for beams carrying
generally uniform load or where the principal load is
located further than 2 d from the face of support, the

shear stress may be calculated at a section a distance d

from the face of support. The value of T, is calculated
in accordance with - Table 23 and appropriate shear
reinforcement is provided at sections closer to the
support, no further check for such section is required.

B-6 TORSION
B-6.1 General

In structures where torsion is required to maintain

equilibrium, meinbers shall be designed for torsion in -

accordance with B-6.2, B-6.3 and B-6.4. However, for
such indeterminate structures where torsion can be
eliminated by releasing redundent restraints, no
specific design for torsion is necessary provided
torsional stiffness is neglected in the calculation of
internal forces, Adequate control of any torsional
cracking is provided by the shear reinforcement as
per B-5,

NOTE — The :lpproach to desxgn in this clause for torsion is as

follows:

Torsional minforcement is not calculated separately from
that required. for bending and shear. Instead the total
iongitudinat teinforcement is determined for a fictitious
bending moment which is a function ‘of actual bending
moment and torsion; similarly web reinforcement is
determined for a fictitiovs shear which is a function of actnal
shear and torsion,

B-6.1.1 The design rules laid down in B-6.3
and B-6.4 shall apply to beams of solid rectangilar
cross-section. However, these clauses may also be
applied to flanged beams by substituting b, for b, in
which case they are generally conservative; therefore
specialist literature inay be referred to,

B-6.2 Critical Section

Sections located less than a distance d, from the face
of the support may be designed for the same torsion as
computed at a distance o, where d is the effective
depth.

B-6.3 Shear and Torsion
B-6.3.1 Equivalent Shear
Equivalent shear, V_shall be calculated from the
formula:
T
V =V+1.6—
: b
where

' V. = equivalent shear,

V = shear, )
T = torsional moment, and
b = breadth of beam.

The equivalent nominal shear stress, T int this case
shall be calculated as given in B-5.1, except for
subgtituting V by V.. The values of 7, shall not exceed
the values of 7, glven in Table 24

B-6.3.2 If the equwalent nominal shear stress T, does
not exceed 7, given in Table 23, minimum shea_r
reinforcemem shall be provided as specified
in 26.5.1.6.

B-6.3.3 If 7, exceeds 7_given in Table 23, both
longitudinal and transverse reinforcement shall be
provided in accordance with B-6.4, .

B-6.4 Reinforcement iix Members Suh_]ected to
Torsion

B-6.4.1 Reinforcement for torsion, when required, -
shall consist of long1tud1na1 and transverse
reinforcement. :

B-6.A4.2 Longitudinal Reinforcement

The longitudinal reinforcement shall be designed to

resist an equivalent bending moment, M, , given by
M =M+M,

where s

bending moment at the crﬂsénsécﬁon, and

F(1+D/b)

1.7
moment, D is the overall depth of the
beam and & is the breadth of the beam.

B-6.4.2.1 If the numerical value of M, as defined -

where T is the torsional

" in B~6.4.2 exceeds the numerical value of the moment

M, longitudinal reinforcement shall be provided on
the flexural compression face, such that the beam can
also withstand an equivalent moment M, given by
M = M—M, the moment M, being taken as acting in

' the opposue sense to the moment M.
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B-6.4.3 Transverse Reinforcement

Two legged closed hoops enclosing the corner
longitudinal bars shall have an area of cross-section
A_, given by .

T.sy Vs,
bd 0, 2.5d,0,
transverse reinfomement shall not be less than

' (Tye —T,) b5,

,.but the total

S\r’

GBV
where
T = torsional moment,
V = Shearforce,' 7



spacing of the stirrup reinforcement,

centre-to-centre distance between corner
bars in the direction of the width,

centre-to-centre distance between corner
bars in the direction of the depth,

breadth of the member,
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permissible tensile stress in shear
reinforcement,

equivalent shear stress as specified in

" B-6.3.1, and

shear strength of the concrete as specified
in Table 23. v S
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ANNEX C
(Clauses 22.3.2,23.2.1 and 42.1) -
‘CALCULATION OF DEFLECTION

C-1 TOTAL DEFLECTION
C-1.1 The total deflection shall be taken as the sum of
the short-term deflection determined in accordance

with C-2 and the long-term deflection, in accordance
with C-3 and C-4.

C-2 SHORT-TERM DEFLECTION

C-2.1 The short-term deflection may be caleulated by
the usual methods for elastic deflections using the
short-term modulus of elasticity of concrete, E, and
an effective moment of inertia I given by the
following equation:

For continuous beams, dqﬂééti_on:sha]!‘ be calculated .
using the values of 1, I and M, modified by the
following equation: -

X, =k [ﬁ—%ﬁ] {1 &)X,

coefficient given in Table 25, and
value of {, I or M, as appropriate.

where .
X, = modified value of X,
X, X, = values of X at fh_dsuppdrts,_ :
. X, = value of X at mid span,
k]
X

C-3 DEFLECTION DUE TO SHRINKAGE

It
Ieff = T 3 but
1.2 - i‘i.f-_[l_,--)_llu C-3.1 The deflection due to shrinkage @, may be
M d d/ b . computed from the following equation:
Ir SIeff = Igr Aoy = k?\ 'Pcs lz
where where
o - k. is a constant depending upon the support
I = moment of inertia of the cracked section, conditions,
Jor 1y 05frcanleers :
M_= cracking moment, equal to % where oF cantiev
t 0.125 for simply, stpported members
J,; 18 the modulus of rupture of concrete, 0.086 for members continuous at one end,
I is the moment of inertia of the gross and _ " '
section about the centroidal axis, . :
neglecting the reinforcement, and y,is the _ 0.063 for fully continuous membe;s.
) . . . e
dlSt-::mLB from f:entrmdal. axis of gross W, is shrinkage curvature equal to k, Lo
section, neglecting the reinforcement, to ‘ D
extreme fibte in tension, where £, is the ultimate shrinkage strain of concrete
M = maximum moment under service loads, - (see 6.2.4), :
z = leverarm, _ k=072x B-R<10for025< P~ P<10
x = depth of neutra] axis, ,JF
. t
d = eflective depth, :
b, = breadth of web, and =0.65x BB <1.0for P ~P 210
b = breadth of compression face. A '
Table 25 Values of Coefficient, k,
(Clause C-2.1)
k, 0.5 or less 0.6 07 0.8 0.9 1.0 1.1 1.2 .13 1.4
k, 0 0.03 0.08 _ 0.16 0.30 0.50 0.73 0.91 0,97 1.0
NOTE —k, is given by
b = MM,
? Mg, +Mp,
where
M, M, = support moments, and
M., M, = fixed end moments,
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00 _.100 " where

where P, = 1 - ;st and P b:"“ S " B = itial plus creep deflection due to
permanent loads obtained vsing an
elastic analysis with an effective
modulus of elasticity,

and D is the total depth of the sectmn, andlisthe . . - ... .
length of span.

C-4 DEFLECTION DUE TO CREEP

C-4,1 The creép deflection due to permanent loads
niay be obtained from the fmllowmg equation:

. By = 1E9 Bbcmgthecreepcoeﬁiclcnt._;
' ~and
u(pem)

a

ex (perm) = P o ormy ™ &

I (eemn) — T Y permanent Toad usmg E.

89

= short-term deflectlon due to"
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ANNEX D
(Clauses 24.4 and 37.1.2)

SLABS SPANNING IN TWO DIRECTIONS

D-1 RESTRAINED SLABS

D-1.0 When the corners of a slab are prevented from
lifting, the slab may be designed as specified in D-1.1
to D-1.11.

. D-1.1 The maximum bending moments per unit width
in a slab are given by the followmg equations:

M, =a, w12
- 2
M, =0, wi

where 7 _
o, and o, are coefficients given in Table 26,

w = total design load per unit area,
M,, M, = moments on strips of vnit width
spenning I and [ respectively,
and
L and/ = lengths of the shorter span and

longer span respectively.

D-1.2 Slabs are considered as divided in each direction
into middle strips and edge strips as shown in Fig, 25
the middle strip being three-quarters of the width and
each edge strip one-eight of the width.

D-1.3 The maximum moments calculated as in D-1.1
apply only to the middle strips and no redistribution
shall be made.

D-1.4 Tension reinforcement provided at mid-span in
the middle strip shall extend in the lower part of the
slab to within .25 ! of a continuous edge, or 0.15 / of
a discontinuous edge.

D-1.5 Over the continuous edges of a middle strip,
the tension rejnforcement shall extend in the upper part
of the slab a distance of 0.15 { from the support, and at
least 50 perccent shall extend a distance of 0.3 /.

D-1.6 At a discontinuous edge, negative moments may.
arise. They depend on the degres of fixity at the edge
of the slab but, in-general, tension reinforcement equal -
to 50 percent of that provided at mid-span extending
0.1 ! into the span will be sufficient.

D-1.7 Reinforcement in edge strip, parallel to that
edge, shall comply with the minimum given in Section
3 and the requirements for torsion given in D-1.8
to D-1,10,

D-1.8 Torsion reinforcement shall be provided at any
corner where the slab is simply supported on both
edges meeting at that corner. It shall consist of top
and bottom reinforcement, each with layers of bars
placed parallel to the sides of the slab and extending
from the edges a minimum distance of one-fifth of
the shorter span. The area of reinforcement in each of
these four layers shall be three-quarters of the area
required for the maximum mid-span moment in the
slab.

D-1.9 Torsion reinforcement equal to half that
described in D-1.8 shall be provided at a corner
contained by edges over only one of which the slabis
continuous.

D-1.10 Torsionreinforcements need not be provided
at any, corner contained by edges over both of which
the slab is continuous.

D-1.11 Torsion £,/ /, is gredter than 2, the Vslabs shall .
be designed as spanning one way.

D-2 SIMPLY SUPPORTED SLABS

D-2.1 When simply supported slabs do not have
adequate provision to resist torsion at corners and to
prevent the corners from lifting, the maximum

- Ly ly -
1 N : I I3 T
[ }
X ' ‘ | 3
g '?‘gllE?} MIDDLE STAIP ’E-?:,E' 3 MIDDLE STRIP d
o !
l ! | |
_ ! : EDGE STAIP T e
Z | vy ' v
--11'! b= %iy ™ g

25A Fon Sean {

25B For Span [

Fi16.25 Division oF SLAB IN10 MIDDLE AND EDGE STRIPS -
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Table 26 Bending Moment Coefficients for Rectangular Panels Supported on
Four Sides with Provision for Torsion at Corners

(Clauses D-1.1 and 24.4.1)

moments per unit width are given by the following

equation:
M, =0, w lf
; 2
M,=0o,wli

‘where .
M, My, w, i, ly are same as those in D-1.1,

Case Type of Panel and Short Span Coefficients o, : Long Span
No.  Moments Considered (Values of [/1,} Coefficients
' ' o, for All
- = - Values of
Lo 1.t i2 1.3 1.4 L5 1.75 2.0 LN
(1) 2) (3) S0 5 {6} &) (8 & (1 (1)
1 Inwerior Panels: o
Negative moment at continuous edge 0.032 0.037 0043 0047 0051 0.053 0.060 0.065 0.032
Positive momeni at mid-span 0,024  0.028 0032 0036 0039 0041 0.045 0.049 0.024
2 One Short Edge Continuous.
Negative moment at continuous edge ~ 0.037  0.043 0048 0.051 0055 0057 0064 0068  0.037
Positive moment af mid-span 0.028 0.032 0036 0.033 0.041 0.044 0.048  0.052 0.028
3 One Long Edge Discontinuous: _ o
Negative moment at continwoug edge ~ 0.037 © 0.044 0052 0057 0.063 0067 0077  0.085 0.037
Positive moment at mid-span 0028 0033 0039 0044 0047 0051 0059 0065 0028
4 Two Adjucent Edges Discontinwous: . .., ‘ 7
Negaiive moment at continuous cdge 0.01_57 0,053 0000 0065 0071 0.075 0,084 0.091 0.047
Positive moment at mid-span - 0.035 0.040 0,045 0,049 0,053  0.056 0.063 0.069 0035
5 ‘Two Short Edges Discontinnous: . ' .
Negative moment at continnous edge ~ 0.045  0.049  "0.052 0056 0059 0.060 0.065  0.069 s
Positive moment at mid-span 0035 0037 0040 0043 0044 0045 0049 0052 0.035
‘6 Two Long Edges Discontinuous: _ '
Negative moment at continuous edge  — — — —_ - . — . -0.045
Positive moment at mid-span 0035 0043 - 0051 - 0057 0063 0068 0080 0088 - 0.035
7 Three Edges Discontinuous
(One Long Edge Continuous): . L -
Negative moment at contifuous edge 0.057- 0064 a071 0076 0.080 0.084 0,091 0.097 —
Positive moment at mid-span : 0043 0048 0053 0057 0060 0064 0069 0073 0043
8  Three Edges Discontinuous
(One Short Edge Conlinnous) :
Negative moment at contineous edge — _ —_ — _ — _ . 0.057
Positive moment at mid-span 0043 0051 0059 0065 0071 0076 0087 0096 0043
9 Four Edges Discontinuous: . . ) .
Positive moment af mid-span - 0,056 0.064 0.072 0079 . ‘0,085 0.089 0.100 0.107 0.056

and o and o are moment coefficients

- given in Table 27 -
D.2.1.1 At least 50 percent of the

tension

reinforcement provided at mid-span should extend
to the supports. The remaining 50 percent should
extend to within 0.1 / or 0.1 [ of the support, as

appropriate.

Table 27 Bending Moment Coefficients for Siabs Spanning in Two Directions at
nght Angles, Simply Supported on Four Sides
© {Clause D-2.1 )

LA, 1.0 L1 12 1.3 14 1.5 1.75 2.0 25
. 0.062 0.074 0.084 0093 0099 0.104 0.113 0,118 0.122
0.062 0,061 0.059 0.055 0.051 0.046 0.037  0.029 0.020

1.0
0.124
0.014
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ANNEX E
(Clause 25.2)

EXFECTIVE LENGTH OF COLUMNS

E-1 Inthe absence of more exact analysis, the effective
length of colamns in framed structures may be obtained
from the ratio of effective Iength to unsupported length
1/t givenin Fig, 26 when relative displacement of the
ends of the column is prevented and in Fig. 26 when
relative lateral displacement of the ends is not
prevented. In the latter case, it is recommendded that
the effective length ratio /, /! may not be taken to be
less than 1.2,

NOTES

1 Figures 26 and 27 are reproduced from ‘The Structoral
Engineer’ No. 7, Volume 52, July 1974 by the permission
of the Council of the Institution of Structural Engineers,

UK.

IK,
K, +2K,
where the summation is to be done for the members

framing into & joint at top and bottom ‘respectively; and X,
and K, being the flexural stiffness for column and beam

2 In Figs. 26 and 27, P, and [, are equal to

E-2 To determine whether a column is a no sway or
a sway column, stability index Q may be computed as
given below :

Q = ZPl.l AI]
H, k
where '
3P, = sum of axial loads on all column in the
storey, ' .
A, = elastically computed first order Iateral
deflection, _
H_ = totallateral force acting within the storey,
and ' ‘
h. = height of the storey.

If 0 <0.04, then the column in the frame may be taken
as no sway column, otherwise the column will be
considered as sway columnn.
E-3 For normal usage assuming idealized conditions,
the effective length I  of in a given plane may be
assessed on the basis of Table 28,

N

R

respectively.
HINéED 1.0 _—
09 \\ \\\
o-a.\\\ TOA
07 \ \
B 05 \ \ ,
| | \ o
0-4 \\ h 0'6'\
NAAT
03 %
\ ) 0;9)[\
oob—No, N
2 9
' 01
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0
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1:0

o
w
O]
=

Fic. 26 Ereective LENGTH RATIOS FOR A COLUMN IN A FRAME WITH NO SWAY
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Table 28 Effective Length. of Compression Members
(Clause B-3)

Degree of End
Restraint of Compre-
ssion Members

)

Effectively held in
position and restrained
against rotation in
both ends

Effectively held in
position at both ends,
restrained against
rotation at one end

Effectively held in -~
position at both ends,
but not restrained
against rotation

Effectively held in
position and restrained
against rotation at one
end, and at the other
restrained against

~ rotation but not held

in position

Effectively held in
position and restrained
against rotation in

one end, and at the
other partially restr-
ained against rotation
but not held in posttion

Effectively held in
position at one end
but not restrained
against rotation, and

at the other end restrained

against rotation
but not held in position

Effectively held in
position and restrained
against retation at one
end bt not held in
position nor restrained
against rotation at the

other end

Symbol Theoretical Recommended
" Value of Yalue of
Effective Effective
Length = Length

@ 7 - ® @
0507 o . 0651

0.70¢ _ 0.801

10r ‘ 1.00 ¢

1.00 1 o 120

1501

2.00 1 ' 2.00 1

2.00 / 2.00!

NOTE — is the unsupported length of compression member.
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ANNEX F
(Clauses 35.3.2 and 43.1)
CALCULATION OF CRACK WIDTH

Providled that the strain in the tension reinforcement
islimitedto 0.8 Fy/ E_, the design surface crack width,
which should not exceed the appropriate value given

in 35.3.2 may be calculated from the following .

equation:
Design surface crack width

3a, &€
W -~ or m
of 1+ 2(%: _Cm_in
-~ h-x
where S : S
a, = distance from the point considered to the
surface of the nearest longitudinal bar,
C,.= minimum cover to the longitudinal bar;
€,, = average steel strain at the level considered,
h~ = overall depth of the member, and
x = depth of the neutral axis.

The average steel st:ail,i' £,, may be calculated on the

basis of the following assumption:

The concrete and the steel are both considered to be

fully elastic in tension and in compression. The elastic

modulus of the steel may be taken as 200 kN/mm? and -

the elastic modulus of the concrete is as derived from
' the equation' given in 6.2.3.1 both in compression and

in tension. . - O S

These assumptions are illustrated in Fig. 28,

where

- x = the depth from the compression face to the

neutral axis,
© f, = the maximum compressive stress in the
concrete, Lo '
f, = the tensile stress in the reinforcement, and
E_ = the modulus of elasticity of the reinforcement.

- Alternatively, as an approximation, it will normally

be satisfactory to calculate the steel stress on the basis
of a cracked section and then reduce this by an amount
equal to the tensile force generated by the tfiangular
distributions, having a value of zero at the neutral axis
and a value at the centroid of the tension steel of
IN/mm? instantaneously, reducing to 0.55 N/mm? in
the long-term, acting over the tension zone divided by
the steel area. For a rectangular tension zone, this gives

b (h—x){a-x)"
€y = B m ————bet
: 3E; A, (d-x)
" where - ‘ ' '
A = area of tension reinforcement, |

b = widthof the sebtipn at the ge_litrqi(i of the
© teénsion steel, - '

g, = strain at the level considered, calculated
ignoring the stiffening of the concrete in

the tension zone, "

a = distance from the.campressioix faceto the .
point at which the crack width is being
. calculated, and

4 = the overall depth of the sections, effective depth.
L . tslE¢ fo
4
¢ ST'RESSZ IN ‘cogcnsra
\ ' s I/ 1 Nfmm2 IN SHORT TERM
- As o fs/E —1 - 055N/mm2 IN LONG TERM
STRESS -

SECTION CRACKED STRAIN
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ANNEX G
(Cz'ause 38 1)

MOMENTS OF RESISTANCE FOR RECTANGULAR AND
T-SECTIONS

G.0 The moments of resistance of rectangular and
T.sections based on the assamptions of 38.1 are given
in this annex.

G-1 RECTANGULAR SECTIONS

G-1.1 Sectmns Without' Compressmn
Remforcement _

The. moment of rcsnstance Uf rectangular sectlons
without compression reinforcement should be obtamed
as follows : : .

v, i COTAPTESSION -
reinforcement may be obtained from the- fo]lowmg -
equation : ‘

exceeds the hmxtmg va]ue, M

M

=f A (d=d)

u lim

" where

-a) - Determine the depth of netutral axis from the

followmg cquatmn
0TS Ay
0. 36 fck b, d

“py If the valuc of x/d is less than the limiting
value (see Note below 38.1), calculate the

Fo
d -

moment of resmtance by the following

exprassmn

A Jy ]
’ bd fo
c) If the value of x/d is ‘equal to the iimiting

value, the moment of resistance of the section
is given by the following expression :

M, _os'ffy Ag [

.‘ _ . ..xu,.nlﬁx xllmﬂx‘ 2
Mu!lim = (.36 T (I —042 T)bd ‘ff;k

d) M x,/dis greater than the limiting value, the
section should be redesigned. :

In the above equations,

X = depth of neutral axis,

u

4 effective depth,

f = characteristic strength of reiftforce-

7 ment, :

A, = area of tension reinforcement,

fi = characteristic compressive strength
<l . -
-+ ofconcrete;,
b= “width.of the compression face,

M, . = limiting moment of resistance of
a section without compression
reinforcement, and

ox = limiting value of x from 39.1.

1, MK u

G-1.2  Section with Compression Reinforcement
Where the ultimate moment of resistance of section

M.M, . dare sém'_e as in d-l.l, '

f,= design stress in compression reinforce-
ment corresponding toa stram of
o
[) 003 5 (_IL__mﬁ_.,_)
'xu max .o T
where - T e
X = - the limiting value:of xfrom 38.1,
A = axeaofcompression xeinfomemant, and
@’ = depth of compresslon remforcement' 7

from compressmn face,

The total area of tension remforcement shalI be o
obtamed from the follbwmg equauon T

. : A A o+ A
where . C .
C A= area of the. total _tensiIe géinfd:ljcgmeﬁt;: -
A_ = area of the tensile reinforcement for a

stl
singly reinforced section for. M

and
Astz = Ascfsu, 087'f;"

, lim?-

G-2 FLANGED SECTION

G-2.1 For x < D, the moment of resistance may be
calculated from the equation given in G~L1.

G-2.2 The limiting value of the moment of resistance
of the Section may be obtained by the fol]owing

U, max

. X, inax X
M =0.36—-—’——— 1—0.42
" S d [ d

]fckbwdz
+045fck(bf ~b )Df( ‘Zf) :

where _
Mu X

a, max?*

dandfk are same as in d‘r 1 1,
bf— breadth of the compression face/flange,
b, = breadth of the web, and
D, = thickness of the flange.
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G-2,2.1 When the ratio D,/d exceeds 0.2, the moment -
of resistance of the sccuon may be calculated by the

following equation :
Xy, max Fu,max ) 2
M, =0.36—-—d——"(1"0-42“" d )fck b,d

045 £ by =0, )31 -2

Civil Junction

IS 456 : 2000

'where ¥, = (0.15 x, + 0.65 D), but not greater than

_D and the other symboals are same as in G-1.1
':and G-2.2.

@-2.3 For x ox 5 x > D, the moment of resistance
“may be calculated- by the equations given in G-2.2

when D /x_does not exceed 0.43 and G-2.2.1 when

DJx, ex_cceds 0.43; in both cases substituting X o

by x.
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AMENDMENT NO. 1 JUNE 2001
TO
IS 456 : 2000 PLAIN AND REINFORCED CONCRETE - CODE OF PRACTICE

{ Fourth Revision )

(Page 2, F oreviord, last but one line ) — Substitute ‘ACI 318 : 1995’ for ‘ACI 319 : 19897,

( Page 11, clause 4 ) ~— Delete the matter ‘Lw — Horlzonial distance between centres of lateral restraint’.
{ Page 15, clause 5,8, Title ) — Substitute ‘Chemical Admixtures’ for ‘Admixtures’.

(Page 17, clause 7.1 } — Substitute the following for the existing informal tabie:

Placing Conditions G _Degree of Shump
_ _ Workability o (mm)

1 : N @ , &)
Blinding concretc; , : :
Shallow sections; g - Very low See7Ad
Pavements using pavers . _
Mass concrete; 1
‘Lighily reinforced
sections in slabs,
beams, walls, columns; . - Low 25-75
Flcors; ‘
Hand placed paveioents;
Canal lining;
Strip footings /
Heavily reinforced
sections in slabs, Medium 50-100
beams, walls co]umns, 7 _ , _ o -
Shpform work : ] L Medivm ' o 75-100
Pumped concrete o o o o ) o
Trench fill; ] - High , 100 -150
In-sity piling o '
Tremie concrete Very high See 712

NOTE — For most of the placing conditions, internal vibrators (necdle vibrators) are suitable. The ‘diameter of the necdle shall bo
determined based on the density and spacing of reinforcement bars and lhickness of sections. For tremie concrete, vibraiors are not required
1o be used (see also 13.3).

( Page 19, Table 4, column 8, sub-heading ) — Substitute ‘Freo’ for ‘Face’ .
( Page 27, clause 13.5.3) — Delete.

(Page 29, clause 153 ):

a) Substituie ‘specimens’ for ‘samples’ in 1ines 2, 6 and 7.

b) Substitute ‘IS 9013’ for IS 9103’

( Page 29, clause 16.1 ) — Substitute ‘conditions’ for ‘condition’ in liné 3 and the following matter for the e xistmg :
matter against ‘a)’ :

‘a) The mean slrcngth determined from any gmup of fi four non-overlapping consecutive test resulls compl ies Wlth he :
appropriate limils in column 2 of Table 11.”

( Page 29, clause 16.3, para 2 ) — Substitute ‘col 3’ for ‘col 2",
(Page 29, clause 16.4, line 2 ) — Substitute ‘16.1 or 16.2 as the case may be' for ‘16.3",
(Page 30, Table 11, column 3 )~—Substitute ‘ef, - 3’fa,. @ f 3 and af -4 for "‘fc;"

Price Group 3 1



Amend No. 1to IS 456 : 2000

( Page 33, clause 21.3, line 2 ) — Substitute ‘action’ for ‘section’, '

[ Page 37, clause 23.1.2(c) | — Substitute ‘5, for ‘b, ’, ‘I’ for ‘i, ‘b* for ‘b’ and b’ for ‘b’ in the formulae.
( Page 46, clause 26.4.2 ) — Substitute ‘8.2.2’ for ‘8.2.3",

[ Page 49, clause 26.5.3.2(c) (2), last line ] — Substitute ‘6 mm’ for ‘16 mm’.

(Page62, clause 32.2.8 ) — Substitute ‘H?2’ for ‘H_,’ in the explanation of e,.

(Page 62, clause 32.3.1, line 4 ) — Substitute ‘32.4’ far 32.3,

[ Page 62, clause 32.4.3 (b), line 6 | — Insert ‘3’ between the words ‘but’ and ‘shall’.

[ Page 65, clause 34.2.4.1(a), last line ] — Insert the following after the words “depth of footing’ :

‘in case of footings on 50ils, and at a

distance equal to half the effective depth of footing’.

( Page 68, Table 18, col 4 ) — Substitute ‘-’ for ‘1.0’ against the Load Combination DL + IL.
" (Page T2, clause 40.1 ) — Substitute ‘bd” for ‘b’ in the formula.
( Page 83, clause B-4.3, line 2 ) — Delete the word ‘and’ .
( Page 85, clause B-5.5.1, para 2, line 6 } — Substitute ‘Table 24" for ‘Table 23°.
( Page 85, clause B-5.5.2 ) -— Substitute the following for the existing formula:
A, =ap (2%, /o) /o, = 04a,6/087f

( Page 90, clause D-1.11, line 1 ) —

Substituie ‘Where’ for ‘Torsion’,

(Page 93, Fig. 27) — Substitute ‘I /I * for “YL’.

(Page 95, Annex F ).

a) The reference to Fig. 28 given in column 1 of the text along with the explanation of the symbols used i in the Fig.'
28 given thereafter may be read just before the formu]a given for the rectangular tension zone.

b) Substitute ‘compression’ for ‘campression’ in the explanation of symbol ‘a ” .
( Pages 98 1o 100, Annex H ) — Substituie the following for the existing Annex :

- ANNEX H
(Foreword)
COMMITTEE COMPOSITION

Cement and Concreie Sectional Committee, CED 2.

Members
DR 8. C. AHLUWALIA

SHRI'V. BALASUBRAMANIAN
SHL R, P, SINGH (Alternate)

SunG. R, anrma

SHRIA: K. CHaDHA -~
SumJ. R 51 (Alumale)

CHIEP ENGINDER (DESHIN)
SUPBRINTENDING ENGINBER (S&S) (All'emnte)

Crunr ENGINBER (NAVGAM Damy
SUPERINTENDING Eucmnaa {QCC) (Altcrmte)

CHier ENGINBER (RESEARCH)-CUM. DIRBCTOR
ResrarcH OFPCER (CORCRETR 'lhcnmwav)
{Alicrnate)

Chairman
D H, C. VISVESVARAYA
‘Chendriks’, at 15® Cross, 63-64 Easi Park Road,
Malleswaram, Bangalore-560 003

Représsnting :
QCL India Ltd, New Delhi
Directorate General of Supplies and Disposals, New Delhi

B, G, Shirke Construction Technology Ltd, Pune
Hindustan Prefsb Limited, New Delhi

Central Public Works Dopariment, New Delhi
. Sardar Sarovar Narmsda Nigam Lid, Gandhinagar

Irrigation and Power Research Instirute, Amritsar
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Members Representing
Syt J, P. Desad Gujarat Ambujs Cements Ltd, Ahmedabad
SHriB. I JAGETIA (Alternate)
DIRECTOR AP, Engineering Research Laboratories, Hyderabad
Jomr DIRECTOR (Alternate)
DmpcToR (CMDD) (N&W) Central Water Cornmission, New Delhi
Derry memn {CMDD) (NW&S) (Alternate)
SHu K. H. GANGWAL Hyderabad Indusiries L1d, Hydernbad
SHRI V. PATTAHHI (Alternate)
SHRIV, K. (GHANEKAR Structural Engineering Research Centre (CSIR), Ghazisbad
SHRL S, GOPINATH The India Cements Lid, Chennai
Skl R, TAMILAKARAN (Alternate)
SHR S, K. Guia THAKURTA Gannon Dupkerley and Company: 1td, Mumbai
SHRIS. SANKARANARAYARAN {Alternate)
S, 8. BraL . Central Building Research listinte (CSIR), Roork
D IRsiap Masoon (Alternate) , _ © (CSIR), Roorkee
Pror A. K. Jam University of Roorkee, Roorkee
Sum M. C. Iamy Cement Corporation of India Ltd, New Delhi
Joint DigecToR (STANDARDS){B&:S) (CB-T) Research, Designs & Standards Organization (Min
Jowt DIRECTOR (STANDARDS) (B&S) (CB-IT) rgarization (Misistry of Raitvays), Lucknow
(Alternate}
Suma N. G. Jost The Indian Hume Pipe Company Lid, Mumbeai
Siu P, D. Keixan (Aliernale) P P -
Sur D, K. KANUNGO “National Test House; Calcutta
SHRIB. R. MERNA (Alternate) '
SHRIP, KRISRNAMURTHY - Larsen & Tubro Lsd, Mumbai
SHri §. CHOWDIURY (Alternaic)
D A. G. MapHAvaRao Structursl Engineering Reseacch Centre (CS i
S b (Allernaie) 21 g 4 nire (CSIR), Chennai
SHRrL SAruP . S ' - Hospital Services Consuliancy Corporation (India) Lad, New Delhi
SHAIV. SURESH Housing and Urbagn Devel 1 C i
SHrID). P, St (Alternate) ¢ ) opment Corporation Lid, New Delhi
SHRIPRAFFULA KUMAR Ministry of Stirface Transport, Departm ‘ ; ;
T o (Allcrate) 1y of Suirface Transport, Department of Surface Transpoit (Roads Wing), New Delbi
MEMBER SECRETARY Cettral Bosrd of Irrigation & Power, N ; -
- % YA lernate) migation & Power, New Delhi
SHRIS, K. NATTHARI Engincer-in-Chicf's Branch, Avmy H i
Dr A. S. GogL{Allernate) . y Headquarters, Now Delbi
SHRIS. S, SEBHRA Central Road Research [nstitute (CSIR), N
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DRrC. RATKUMAR National Council for Cement and Buildi i s
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REPRESENTATIVE _ . Builder's Association of India, Mumbsi
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Extecyve ENonessa (MR Drvison) ety - vt Deparment, Government of Tamil Nads, Chennai
Sun K. K. Tavamia Indlan Rayon and Industries
Srs A. K. Jam (Alternate) o y Lo Ud'm
Stmi T, N. Tiwart The Associated Cement Co i
DR, GrosH (4 iemate) . The Associated Coment Compaies Lid, Mumbal
Dt K. VENKATACHALAM Central Soil and Materials Rescarch Station, New Delhi

SHRIN. CHANDRASEKARAN {Alternate)

(Continued on page 4)
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Director General, BIS (Ex-officio Member)
Member-Secretaries

Sum J. K. PrasAD
Additional Director {(Civ Engg), BIS-

SHRIS ANIAY PANT )
Deputy Director (Civ Engg), BIS
Concrete Subcommitiee, CED 2:2

Representing
Nztional Council for Cement and Building Materials, Batlabgarh

Stup Consuliznts Lid, Mutnbai 7

Torsteel Research Foundation in India, Calcutta
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Central Public Works Department, New Delhi
Structural Engineering Research Ceatre (CSIR), Ghaziabad
Garnon Dunkerley and Co Lud, Mombai

Associated Consuiting Services, Mumbai

" In pessonal capacity

Central Building Research Institute (CSIR), Roorkee
Public Works Department, Mumbai
Indian Institute of Technology, New Delhi

National Council for Cement nnd.Buildihg Materials, Ballabgarh
Hindustan Prefab Limited, New Delhi

Engiveer-in-Chief 's Branch, Army Headquariers, New Delhd
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AMENDMENT NO. 2 SEPTEMBER 2005
: TO .

1S 456: 2000 PLAIN AND REINFORCED CONCRETE —
CODE OF PRACTICE

{ Fourth Revision )

( Page 13, clause 8,211, line 1 ) — Substitute ‘IS 3812 (Part 1)’ jfor
‘Grade 1 of IS 3812,

( Page 13, clause 52,1.2 and corresponding Note ) — Substitute the
following for the existing: '

“Silica fume conforming to IS 15388 may be used as part replacement of cement
provided uniform blending with the cement is ensured.

NOTE — Silica fume is usually used in proportion of 5 to 10 percent of the cement
content of a mix.”

( Page 13, Note under clause 5.2.1.3, line 5 ) — Substitute ‘be’ for ‘range
from being’

. ( Page .25, clause 10.3.3, line 4 )-—4 Delete the word ‘and’,
( Page 65, clause 34.2.4.2, line 1 )—- Substitute ‘on’ for ‘or’.

| Page 65, clause 34.3.1(a), line 2 ] -— Delete the words ‘extending in each
direction’,

{ Page 66, clause 34.4.3, line 5 ) — Substitute ‘not’ for ‘no’.

7 ( Page 78, Annex A ) —- Bubstitute the following for the existing eniries for
1S 3812 1981

‘IS No. Tite

1S 3812 (Part 1): 2003 Specification for pulverized fuel ash : Part 1 For

use as pozzolana in cement, cement mortar and
concrete (second revision)’

{ Page 79, Annex A ) — Add the following at the end:
“IS No. Title

IS 15388 : 2003 Specification for silica fume’



Amend No. 2 to IS 456 : 2000

{ Page 80, B-2.1.1, informal table ) — Insert the following in the table:

[
- M55
3.6

L4

(Page 81, Table 21 y— Insert the following row after the last row:

‘0 . 2) 3) )
M55 17.5 13.0 s

( Page 91, Tabie 26, Case No. 2, col 2 Y —— Substltute ‘One Shori Edge
Discontinuous’ for ‘One Short Edge Ctmlmuous

[ Page 96, G-1.1(c), formula ] ~— Substitute ‘M, s’ for ‘M im’.

[ Page 96, G-1.1(d), last line ]-— Substitute ‘38.1° for “39,1°,

(CED2)



AMENDMENT NO.3 AUGUST 2007
IS 456 2000 PLAIN AND RE[NFORCED
CONCRETE — CODE OF PRACTICE

{ Fourth Revision )
-(Pag.é 2, Foreword) —- Insert the follo&irllg;aﬁé.r paré-S:

. “The provisions for Self Compacting Concrete have been mcluded for gundance
'(aee Annex J).’ .

(Page 10) — Add the following at the end: -
ANNEX J SELF COMPACTING CONCRETE'

(Page 15, clause '5.4.-4, Tast s;em‘-é;:ce) = Dél;efé.

(Page 15, clause 5.6.2) — Add tﬁe }'ou'bwi'ﬁg‘r at the eﬁd' e
‘Reduction in design bond strengih of coated bars shall be looked mto

(Page 5, clause 5.6. 3) — Add the followmg after the clause and renurnber
. the existing clause ‘5.7 as *5.8". S . .

5.7 Fibres

Fibres may be added to concrete for spectal appllcatlons to enhance propemes,
for which specialist literature may be referred to.’

. (Page 153, clause 6.1 3) — Subsntute the followmg for the ex1stmg clause
‘Concrete of grades lower than those gwen in Table 5 may be used for Iean
concrete, foundation -for* masonry -walls or. temporary reinforced concrete

conslructmn

[Page 1’7 ctause ‘7 | (see a!so Amendmem No. 1)] — In the mformal table,
delete the words ‘In-sttu pllmg m column 1
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{Page 23, Table 9) e Number the exastmg note as ‘NOTE 1’ and add the’
following *NOTE 2’ '

'NOTE 2 -~ Quantlly of water reqmred from durablllty point of view may he Iess than the value given
above.”

(Page 29, clause 15.1.1, last line) — Add ‘in accordance with 16’ at the
end. ST S o

(Page 30, Table 11, col 2) — Substitute ‘fy + 3 N/mm? for ‘fy + 4 N/mm
against ‘M 20 or above’,

[Page 30, Table 11, col 3 (see also Amendment No 1)] — Substitute ‘ﬂ*
N/mm? for fu—4 N/mm? against ‘M 20 or above’.

{Page 42, clause 26.1.1)_~—f Add the following at the end:
‘Congestion of reinforcement should be avoidé,d_ during detailing. Various
methods such as choosing the diameter and grade of steel carefully and bundling
of reinforcement, if required, are ayailable.’

[Page 45, clause 26.2.5.1(a)} — Substitute the following for the existing:

‘Lap splices shall not be used for bars larger than 32 mm. ‘Bars larger than
32 mm shall be welded (see 12.4) or mechaunically spliced.’

N {Page 46, clause 26,3.3(b)_(2), lasr line] — Substitute ‘300 mm’ for ‘450 mm’.
[Page 47, clause 26.5.1.1(b}} — Add the following note at the énd::'

“NOTE - The use of 4 percent reinforcement may involve practical difficulty 'in placing and
campactmg concrete; hence lower percenlage is recommended.”

(Page 47, ciause 26.5.1.2) — Add the following note at the end

‘NOTE -~ The use of 4 percent remfurcemcnt may involve practical dlﬂlculty in placing and
compacnng orooncrete hence lower percentage is recommended.” -

(Page 52, clause 29.3.4, last l:'ne) - Substitute ‘32.5° for ‘32.4.
(Page 100, Annex H) — Add the following annex';

2
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ANNEX J
(Foreword)
SELF COMPACTING CONCRETE

J-1 GENERAL

Self compacting concrete is a concrete that fills uniformly and completely every
comer of formwork by its own weight without application of any vibration,
without segregation, whilst maintaining homogeneity.

J2 APPLICATION AREA

- Self compacting concrete may be used in precast concrete applications or for
concrete placed on site. It may be manufactured in a site batching plant or in a
ready-mixed concreie plant and delivered to site by truck mixer. It may then be
placed either by pumping or pouring into horizontal or vertical forms.

J-3 FEATURES OF FRESH SELF COMPACTING CONCRETE
The following are some of the features of self compacting concrete;
a) Sluinp flow: 600 .mm, Min.
b} Sufficient amount of fines (< 0.125 mm) preferably in the range of
400 kg/m’ to 600 kg/m’. This can be achieved by having sand content
more than 38 percent and using mineral admixture to the order of 235

percent to 50 percent by mass of cementitious materials.

¢) Use of high range water reducing (HRWR) admixture and visgosil;y
modifying agent (VMA) in appropriate dosages.

(CED2)






AMENDMENT NO. 4 MAY 2013
i TO
IS 456 : 2000 PLAIN AND REINFORCED CONCRETE — CODE OF PRACTICE

(F ourth Revision)
(Page 14, clausé 5.3, second sehrence) - Delete,
(Page 14, clause 5;3.4, second senterice) — Delete.
(Page 14, clause 54, line 1y — Subsiitute “Water, natural 6r treated,’ for “Water’,

(Page 14, clause 5.4.3, first sentence) — Substitute the following for the existing sentence:

*Qea water shall not be used for mixing or curing of concrete because of presencé of harmful salts.’

(Page 15, clause 5.5.6) — Insert the following new clause:

‘55,7 The amount of admixture added to a mix shall be recorded in the production record. Redosing of
admixtures is not normally permitted. In special circumstances, if necessary, additional dose of admixture may
be added at project site and mixed adequately in mixer itself to regain the workability of concrete with the
mutual agreement between the producer/supplier and the purchaser/user of concrete. However, the
producer/supplier shall assure the ultimate quahty of concrete supphed by him and maintain record of
quant1ty and time of addition.’ )

(Page 16, Table 2) — Substltute the followmg table for the ex1st111g fable:

- Table 2 Grades of Concrete _
(Clauses 6.1, 9.2.2, 15.1.1 and 36.1)

Group ' Grade Specified Characteristic Compressive Strength of

Designation o 150 mm Cube at 28 days
: - R - Nfmm®
1 -2 : I )]
MI0 ' 10
Ordinary Concrete ‘M15 o B 5
' M20 _ 20
‘M25 25
M 30 : 30
M35 35
Stanidard Concrete M 40 40 . ]
M 45 45 .
M50 - 50
M 55 .58
M 60 T60
M 65 © 65
M 70 0
M75 75 .
- High Strength Concrete M 80 80
M 85 83
M 90 90
M9 95
"M 100 _ ' o100

NOTES

1 In the designation of concrete mix M refers to the mix and the number to the spemﬂed characteristic compressive -
strength of 150 mm size cube at 28 days, sxpressed, in Nfmm’,

2 For concrete of grades above M 60, design parameters given in the standard may not be applicable and the values
‘may be obtained from specialized literatures and experimental results.

Price Group 3
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A(Page 17, clanse 8.1, line 3} — Insert the word ‘life’ after ‘service’.
(Page 20, Table 5, Note 1) — Substitute the following for the existing note:

‘1 Cernenit content prescribed in this table is irrespective of grades and types of cement and is inclusive of mineral admixtures mentioned in
5,2, The mineral admixtures such as fly ash or ground granulated biast furnace slag shall be taken into account in the concrete composition
with respect to the cement content and water-cement ratio not exceeding the limit of fly ash and slag specified in IS 148% (Part 1) and IS 455
respectively, beyond which these additions, though permitted, shail not be considered for these purposes.” :

(Page 20, Table 5, Note 2) — Insert the following new note:
‘3 The minimum cement content, maxtrmum free water-cement ratio and minimum grade of concrete are individually related to exposure.”

[Page 21, clause 8.2.5.4 (b), para 2] — Substitute ‘fly ash conforming to IS 3812 (Part 1) or ground
granulated’ for ‘fly ash (Grade 1) conforming to IS 3812 or granulated’ and ‘25 percent’ for ‘20 percent’.

(Page 21, qlqus.g 8.2.6.2, pa}ﬂa 2)— Substitutf.:‘ the follov{zing for (;he exist'mg pafa:
‘Addltlonal pmtectlon may be obtained by the use of surtable 1mpel medble bamers
(Page 22 clause 9.2, 1) — Insert the followmg at the end: ' A
‘If s0 desu'ed the employe1 ehall be prov1ded with supportmg data mcludmg graphs showing strength Versts

water-cement ratio for range of proportions, complete trial mix proportioning details to substantiate the choice
of cement content, fine and coarse aggregate content, water, mineral admixtures, chemical admixtures, etc.’

(Page 22, clause 8.2.2, first sentence) ~ Insert ilie following ‘after first sentence:
‘Proportion/grading of aggregates shall be rhade':by tri_al-in stich a ‘way as to make densest possible concrete.’

(Page 23, Table 8) — Substitute the following for the existil'l;g“table';'

Table 8 Assumed Standard Deviation
(Clause 9.2.4.2 and Table 11)

Grade of Concrete Assumed Sfandard Deviation
. © N/mm?

M10

M]S } =35
M?20

M 25 } . 40
M 30

M 35

M 40

M 45 50
M 50

M55

M60

NOTES

1 The above values cortespond to the site control having proper stotage of cement; weigh batching of all materials; controlled addition of
water; regular checking of all materials, aggregate grading and moisture content; and periodical checkmg of workability and strength,
Where there is deviation from the above, the values given in the above table shall be increased by 1 Nfmm®.

2 For grades above M 60, the standard deviation shall be established by actual trials based on assumed proportlons, before ﬁnallzmg the
mix. . Con e
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(Page 24, clause 10.2, para 2) — Substitute the following for the existing para: -
‘For large and medium project sites, the concrete shall be sourced from leady-mi'xed concrete plants or from
captive on-site or off'site automatic batching and mixing plants. The concrete produced and supplied by ready-

mixed concrete plants shall be in accordance with IS 4926. In case of concrete from captive on-site or off-site
automatic batching and mixing plants, similar quality contro! shall be followed.’

(Page 24, clause 10.2.1, first sentence) — Substitute the following for the existing sentence:

“The grading of aggregate shail be controlled by obtaining the coarse aggregate in different sizes and blending
them in right prcport_ions, the different sizes being stocked in separate stock-piles.’ i

(Page 24, clause 10,2.2) — Substitule the following for the existing clause:

“10.2.2 The accuracy of the measuring equipment shall be within +2 percent of the quantity of cement and
mineral admixtures being measured and within +3 percent of the quantity of aggregate, chemical admixtures and
water being measured. In a batching plant, the concrete production equipment shall be calibrated initially at the
time of installation ot reconditioning of the equipment and subsequently at the following intervals:

a) Mechanical/ knife edge systems : At least once every two months
b) Electrical/ Joad cell systems  : At least once every three months’. -

(Page 24, clause 10.2.3) -— Substitute the following for the existing'clause:

10.2.3 All ingredients of concrete shall be used by mass except water and chemwal admxxtures Whlch may be
by volume.” :

(Page 24, clause 10.2.5, fourth sentence) — Insert the following after fourth sentence; ..:

“Where batchmg plants ara used, it is recommended to determine moistute content by moisture probes ﬁtted to
the batching plants.”

(Page 24, clause 10.3, first and second sentence) — Substitute the following for the existing sentences:

‘Concrete shall be mixed in a mechanical mixer (see also IS 1791 and IS 12119). 1t shall be ensured ihat
" stationary ot central mixers and truck mixers shall comply with the performance criteria of mixing efficiency as -
per IS 4634. Mixing efficiency test shall be performed at least once in a yeat.’

(Page 25, clause 10.3.1) — Substitute the following for the existing clause:

¢10.3.1 As a guidance, the mixing time shall be at least 2 min for conventional free fall (drum) batch type
concrete mixers. For other types of more efﬁclent mixets, manufacturers recommendatmns shall be followed >

{Page 25, clause 10 3. 3) —— Subsutute the fcllowmg for the existing clause

‘10.3.3 Dosages of retarders, plastlclzers and superplastmzers shall be restricted to 0.5; 1 0 and 2.0 percent
respectively by mass of cementitious materials; however, the dosages of polycarboxylate based admixtures shall
not exceed 1.0 percent. A higher value of above admixtures may be used, if agreed upon between the
manufacturer and the constructor based on performance tests relating to workability, setting time and early age
strength.’
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(Page 25, clause 11,1, informal table) —— Substitute the-following. for the existing table:

a) Deviation from specified dimensions +10

of crpss-section of columns and i 5 1ﬁm
beams . . : SR

b) Deviation from dimerisions of
footings:
1) Dimensions in g T 48

7 plan _ . =lo mm
2) Eccentricity .0 02 times the width of the footing in itic -

' ’ " direction of deviation bui not more than 50 °

3) Thickness | o 50

’ . ‘ ! "5 _10 Inln— ez

L Qr. -

+ 0.05 times the specified thlckness
whichever is less

(Page 27, clause 13,4, para |, fourth sentence) — Delete,

[Page 30, Table 11 (see also Amendments No. 1 and 3)] — Substitute the. following for the existing
Table 11: -
Table 11 Characteristic Compressive Sirength Compliancé'keqﬁirement
(Clauses 16.1 and 16.3)

Specified Mean of the Group of 4 N()n—Overlapgmg Consecutive Test - - Individual Test ~
Grade _ Results in N/mm Results in .N/nnnm_2
A K : . A Mn L oot . 'Mn -
(1 2 )
Ml15and -~ B i +0.825x established stiindafd deviation- S o2 fe-3 N/mm?
agb_ovg: e (rounded off to nearest 0.5 N/mm?) '
Sor v
foc+ 3 N/,

whichever is greatér - -+~ T ot T SRR
._‘;.NOTES T

1: Tnr the absendeof establlshed value of standard dematlon, the valies given in Table 8 may be assumed and attcmpt should be
made to obtain results of 30 samples as early as possible i establish the value of standard deviation.

2 TFor concrete of quaniity up to 30 m® {(where the number of samples to be taken is less than four as pér the frequency of éampling
given in 15.2,2), the mean of test resvits of all such samples shall be £ + 4 N/mm’, minimum and the requirement of minimum

individual test. resulis shall be. fi - 2 Nfmm®, minimum, However, when the number ,of sample is only one as per 15.2.2, the

requirement shall be f.,k +4 N/mm2 Inmlmum "

[Pagef'41, a?duse 24-.4,.1._(a)]'5-— Substitufe"theefollowing'forfthe existing: - -

‘a) Calculate the sum of the midspan moment and the average of the support moments (neglecting signs) for
each panel.’

(Page 42, clause 26.2.1, Note 2} — Insert the following new note:

*3 For plain cement concrete of M15 grade with nominal reinforcement, the design bond stress may be taken as 1.0 Nfnm?®.’
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(Page 43, clause 26.2.1.1, para 2) — Insett the following at the end of para:

‘“For fusion bonded epoxy coated deformed bars, design bond stress values shall be taken as 80 percent of the
values given in the above table.’

(Page 67, clause 35.3.2, last para, third sentence) — Substitute the following for the existing sentence:

‘For particularly agpressive environment, such as ‘very severe’ and ‘extreme’ categories given in Table 3, the
assessed surface width of cracks should not in general, exceed 0.1 mm.’

(Page T4, clause 40.5.2, formula) — Substitute, ‘EA,,’ for ‘4’ in the formula.

[Page 80, clause B-2.L.1, informal table (see also Amendment No. 2)] — Substitute

* "M 50andabove © M50 M55

for
5.2 52 56

{Page 81, Table 21 (see also Amendment No.2)] — Substitute the entries against M 55 and insert new row
for M 60, as follows:

Grade of - Permissible Stress in Compression Permissible Stress in
Concrete A Bond {Average) for
rBending Dire;‘ Plain Bars in Tension
(1 _ @ 3 )
M 55 18.0 13.5 1.5
M 60 200 15.0 1.6

(Page 92, clause B-1, line 5) — Substitute “Fig. 27’ for ‘Fig. 26°.

(CED 2)






AMENDMENT NO. 5 JULY 2019
TO
IS 456 : 2000 PLAIN AND REINFORCED CONCRETE —
CODE OF PRACTICE

(Fourth Revision)

[Pagel3, clause 5.1 (a)] — Substitute the following for the existing:
‘a) Ordinary Portland Cement conforming to IS 269’

[Page 13, clause 5.1 (b) and (c)] — Delete.

(Page 13, clause 5.2) — Insert the following after the title:
‘Mineral admixtures listed below may be used along with ordinary Portland
cement. Uniform blending of the mineral admixtures with the cement should be
ensured.’

(Page 13, clause 5.2.1) — Substitute the following for the existing clause:
‘5.2.1 Pozzolanas
Pozzolanic materials, as given below, may be used.’

(Page 13, clause 5.2.1.1, line 3) — Delete the following:
‘provided uniform blending with cement is ensured’

[Page 13, clause 5.2.1.2 (see also Amendment No. 2)] — Delete the
following:

‘provided uniform blending with the cement is ensured’

(Page 13, clause 5.2.1.4) — Substitute the following for the existing
clause:

Price Group 2
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‘5.2.1.4 Metakaolin

Metakaolin conforming to IS 16354 may be used as part replacement of
ordinary Portland cement.’

(Page 13, clause 5.2.2) — Substitute the following for the existing clause:
‘5.2.2 Ground Granulated Blast Furnace Slag

Ground granulated blast furnace slag conforming to IS 16714 may be used as
part replacement of ordinary Portland cement.’

(Page 14, clause 5.2.2) — Insert the following new clause:
‘5.2.3 Precautions

5.2.3.1 For concrete made with mineral admixtures, the setting time and rate of
gain of strength may be different from those of concrete made with ordinary
Portland cement alone. Cognizance of such modified properties shall be taken
into account in deciding de-shuttering time, rate of movement of formwork in
slipform construction, initial time of prestressing, longer curing period and for
early age loading. The compatibility of chemical admixtures and cementitious
materials should be ensured by trials.

5.2.3.2 Concrete containing mineral admixtures may exhibit an increase in
plastic shrinkage cracking because of its low bleeding characteristics. The
problem may be avoided by ensuring that such concrete is protected against
drying, both during and after finishing.

5.2.3.3 Some other properties of concrete such as modulus of elasticity, tensile
strength, creep and shrinkage are not likely to be significantly different. For
design purposes, it will be sufficiently accurate to adopt the same values as
those used for concrete made with ordinary Portland cement alone.

5.2.3.4 Mixes that contain very fine mineral admixtures such as silica fume, can
be sticky and difficult to finish.

5.2.3.5 Concrete made using blended cements such as Portland pozzolana
cement and Portland slag cement shall also adhere to 5.2.3.1, 5.2.3.2 and
5.2.3.3°
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(Page 14, clause 5.3, line 1) — Insert, ‘derived from natural sources and
from other than natural sources,” after ‘Aggregates’.

(Page 17, clause 8.1.1, para 3, first sentence) — Insert the following after
first sentence:

‘Maintenance plays an important role in sustained durability of concrete (see
also 10.1).”

(Page 19, Table 4, Note 4) — Substitute the following for the existing:

‘4 The cement contents given in col 7 of this table are the minimum recommended. For SO; contents
near the upper limit of any class, cement contents above these minimum are advised. For the
purpose of calculation of SO; content (if the test results are in the form of SO, the following
relation shall be used: SO; = 0.833 SO,.”

(Page 20, clause 8.2.5.3, line 6) — Insert ‘(where SO; = 0.833 SO,)’ after
‘SO;”.

[Page 20, clause 8.2.5.4, para 2, (b)] — Substitute the following for the
existing:

‘b) Use of low alkali ordinary Portland cement having total alkali content
not more than 0.6 percent [as Na,O equivalent (expressed as Na,O +
0.658 K,0)].

Further advantage can be obtained by use offly ash conforming to
IS 3812 (Part 1) or ground granulated blast furnace slag conforming to
IS 16714 as part replacement of ordinary Portland cement [having total
alkali content as Na,O equivalent (expressed as Na,O + 0.658 K,0) not
more than 0.6 percent], provided fly ash content is at least 25 percent
or slag content is at least 50 percent.’

(Page 25, clause 11.3.1, line 4) — Delete the following:

‘and where ordinary Portland cement is used and adequate curing is done’
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(Page 25, clause 11.3.1, informal table) — Substitute the following for the
existing table:

S1 Type of Formwork Minimum Period Before Striking Formwork
No. A
For Concrete For Concrete Made
Made Using Using Cement Other than
OPC OPC or Using Mineral
Admixtures Like Fly Ash
and Slag
M @ 3) “
i) Vertical formwork to columns, walls, 16-24 h 16-24 h
beams
ii) Soffit formwork to slabs (Props to be 3 days 7 days
refixed immediately after removal of
formwork)
iii) Soffit formwork to beams (Props to be 7 days 10 days
refixed immediately after removal of
formwork)
iv) Props to slabs:
1) Spanning up to 4.5 m 7 days 10 days
2) Spanning over 4.5 m 14 days 14 days
V) Props to beams and arches:
1) Spanning up to 6 m 14 days 14 days
2) Spanning over 6 m 21 days 21 days

NOTE — Utmost care shall be taken to provide props. The props shall be provided
immediately after stripping each shuttering panel and not after stripping all the panels
of the entire slab.

(Page 25, clause 11.3.1, last sentence) — Delete the words ‘other cements
and’.

(Page 25, clause 11.3.1) — Insert the following new clause:

‘11.3.1.1 In case of use of cements other than OPC or in case of use of mineral
admixtures like fly ash and slag, in lieu of the minimum period specified in
11.3.1 col 3, the stripping of formwork may be done in accordance with the
provisions of 11.3.1 col 2, provided concrete cube testing is done to ensure that
the following minimum strength is achieved:

4
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a) 3 days : 45 percent of specified strength
b) 7 days : 60 percent of specified strength
c) 14 days : 85 percent of specified strength

(Page 26, clause 13.3.1, sentence one) — Substitute the following for the
existing:

‘Concrete shall be compacted using mechanical vibrators complying with
IS 2505, IS 2506 and IS 2514.°

(Page 33, clause 21.1, sentence four) — Substitute the following for the
existing sentence:

‘Essential requirements of fire safety of buildings with respect to details of
construction are given in IS 1642.

[Page 45, clause 26.2.5.1 (g)] — Insert the following para at the end:

‘Reinforcement couplers for mechanical splices of bars for concrete
reinforcement, used, shall be in accordance with IS 16172.’

(Page 72, clause 40.2.3.1) — Substitute the following for the existing:

‘40.2.3.1 For solid slabs, the nominal shear stress shall not exceed half the
appropriate values given in Table 20.

Maximum shear stress, ‘emax  given in Table 20 is valid for all load cases

including earthquake except the following:

a) For coupling beams in coupled shear walls, under earthquake forces,
the limiting value of 7, given in Table 20 shall be superseded

by 10 of IS 13920 : 2016.

b) Coupled shear walls shall be connected by ductile coupling beams.
If the earthquake induced shear stress in the coupling beam exceeds,

0.10y/Fuxe

D

5
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where (is the clear span of the coupling beam and D is its overall
depth, the entire earth quake induced shear and flexure shall,
preferably, be resisted by diagonal reinforcement.

The area of reinforcement to be provided along each diagonal in a
diagonally reinforced coupling beam shall be,

A= 4
sd ™ 1.74f, sina

where V,is the factored shear force and a is the angle made by the
diagonal reinforcement with the horizontal. At least 4 bars of 8mm
diameter shall be provided along each diagonal. The reinforcement
along each diagonal shall be enclosed by special confining
reinforcement, as per 8 of IS 13920 : 2016. The pitch of spiral or
spacing of ties shall not exceed 100 mm.

The diagonal or horizontal bars of a coupling beam shall be anchored
in the adjacent walls with an anchorage length of 1.5 times the
development length in tension.’

(Page 77, Annex A) — Substitute the following for the existing entries
against concerned Indian Standards:

1S No. Title

269 : 2015 Ordinary Portland cement — Specification (sixth
revision)

383:2016 Coarse and fine aggregate for concrete —
Specification (third revision)

455:2015 Portland slag cement — Specification (fifth
revision)

875 (Part3) : 2015  Wind loads (third revision)

1489 Portland Pozzolana cement — Specification

(Part 1) : 2015 Fly ash based (fourth revision)
(Part 2) : 2015 Calcined clay based (fourth revision)

1641 : 2013 Code of Practice for fire safety of buildings
(general) : General principles of fire grading and
classification (second revision)

6



IS No.
1642 : 2013

1786 : 2008

3812 (Part 1) :

2013
6006 : 2014

13920 : 2016

14268 : 2017

Amendment No. 5 to IS 456 : 2000

Title

Fire safety of buildings (general) : Details of
construction — Code of Practice (second revision)
High strength deformed steel bars and wires for
concrete reinforcement — Specification (fourth
revision)

Pulverized fuel ash: Part 1 For use as pozzolana in
cement, cement mortar and concrete (third revision)
Uncoated stress relieved strand for Pestressed
concrete — Specification (second revision)

Ductile design and detailing of reinforced concrete
structures subjected to seismic forces — Code of
Practice (first revision)

Uncoated stress relieved low relaxation seven-wire
(Ply) strand for prestressed concrete — Specification
(first revision)’

[Page 78, Annex A, entries pertaining to ‘IS 4656 : 1968, ‘IS 8112 : 1989°,
‘IS 12089 : 1987’ and ‘IS 12269 : 1987°] — Delete.

(Page 79, Annex A) — Insert the following new entries at the end:

‘IS No.
16172 :2014

16354 : 2015

16714: 2018

(CED 02)

Title

Reinforcement couplers for mechanical splices of
bars for concrete reinforcement — Specification
Metakaolin for use in cement, cement mortar and
concrete — Specification

Ground granulated blast furnace slag for use in
cement, mortar and concrete —Specification’

Publication Unit, BIS, New Delhi, India
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