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IS : 1343 - 1980

Indian Standard

CODE OF PRACTICE
FOR PRESTRESSED CONCRETE

( First Revision )

0. FOREWORD

0.1 This Indian Standard ( First Revision) was adopted by the Indian
Standards Institution on 30 December 1980, after the draft finalized by the
Cement and Concrete Sectional Committee had been approved by the
Civil Engineering Division Council.

0.2 This standard was first published in 1960. This revision was taken
up with a view to keeping abreast with the rapid development in the field
of concrete technology and also to bring in further clarifications and
modifications in the light of experience gained while applying the provisions
of the earlier version of the code to practical situations.

' 0.3 The format and arrangement of clauses in the code have been changed
from the earlier version. The matter has now been divided into four
sections as follows:

Section 1 General

Section 2 Materials, Workmanship, Inspection and Testing
Section 3 General Design Requirements

Section 4 Structural Design: Limit State Method

0.3.1 In this revision, an attempt has been made to unify the codal
provisions between prestressed concrete structures and reinforced concrete
structures, as is necessary. As a result, many of the provisions in Section 2
Materials, Workmanship, Inspection and Testing and Section 3 General
Design Requirements of IS :456-1978* apply to prestressed concrete
structures and, therefore, only reference has been made to such provisions
in this code.

0.3.2 In some clauses, the code recommends reference to specialist
literature, since the current knowledge on some aspects of design has not
yet crystallized. This has also been done in order to avoid burdening the
code with a lot of details which may not be required for the design of
great majority of structures.

*Code of practice for plain and reinforced concrete ( third revision ).
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0.3.3 SI Units have been used in this code, the values of stresses being in
units of N/mm®. While converting the values from the earlier units of
kg/cm?, the values have been rationalized rather than giving the exact
conversion.

0.3.4 While deciding on the symbols used in this code, the recommen-
dations of ISO 3898-1976* have been taken into consideration. However,
considering the convenience of the users of the code, the familiar symbols
of the old version have been retained to the extent possible.

0.4 This revision incorporates a number of important changes. The major
changes in this revision are on the following lines:

a) The concept of limit state which provides a rational approach,
taking into account variations in material strengths and loads on
semi-probabilistic basis, has been introduced. This, in fact, is a
rationalization of the ultimate load method, covered in the
earlier version.

b) Provision for intermediate degrees of prestress (partial prestress)
has been included. Consequently, the code covers 3 types of
structures, the types being associated with the permissible tensile
stress in concrete.

¢) The method of design for shear and torsion has been completely
revised, incorporating the results of the latest research on the
subject.

d) Recommendations regarding transmission length of prestressing
tendons have been elaborated.

¢) Recommendations for ensuring lateral stability during handling
and erection have been modified.

f) Considerations regarding durability have been detailed with
guidance concerning minimum cement content and maximum
water-cement ratio for different environmental conditions,
including types of cement to be used for resisting sulphate attack.
Limitations on total chloride and sulphate content of concrete
have also been given.

0.4.1 In IS : 456-19781, major changes have been incorporated in provi-
sions relating to materials, workmanship, inspection and testing, and
general design requirements. In view of the attempt at unification between
the provisions of reinforced concrete and prestressed concrete codes, these
changes are relevant to prestressed concrete code also wherever reference
has been made to related provisions of IS ; 456-1978¢.

*Bases for design of structures — Notations — General symbols.
tCode of practice for plain and reinforced concrete ( third revision ).
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0.5 In this code, it has been assumed that the design of prestressed concrete
structures is entrusted to a qualified engineer, and that the execution of the
work is carried out under the direction of an experienced supervisor.

0.6 The Sectional Committee, responsible for the preparation of this
standard, has taken into consideration the views of manufacturers, users,
engineers, architects, builders and technologists and has related the stan-
dard to the manufacturing and trade practices followed in this country in
this field. Due weightage has also been given to the need for international
co-ordination among standards prevailing in different countries of the
world. These considerations led the Sectional Committee to derive
assistance from the following:

ACI 318-77 ACI Standard building code requirements for reinforced
concrete. American Concrete Institute.

CP 110 : PartI :1972 Code of practice for the stfuctural use of
concrete: Part I Design, materials and workmanship. British
Standards Institution.

AS 1481-1974 SAA Prestressed concrete code. Standards Association
of Australia.

Assistance has also been derived from the published documents of the
following organizations:

Comite Euro — International Du Beton
International Standards Organization

0.7 For the purpose of deciding whether a particular requirement of this
standard is complied with, the final value, observed or calculated, expres-
sing the result of a test or analysis, shall be rounded off in accordance with
IS :2-1960*. The number of significant places retained in the rounded off
value should be the same as that of the specified value in this standard.

SECTION | GENERAL
1. SCOPE

1.1 This code deals with the general structural use of prestressed concrete.
It covers both work carried out on site and the manufacture of precast
prestressed concrete units.

1.2 Special requirements of structures such as pipes and poles covered in
respective codes have not been covered in this code; these codes shall be
used in conjunction with this code.

*Rules for rounding off numerical values ( revised ).
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2. TERMINOLOGY

2.0 For the purpose of this code, the definitions given in IS : 4845-1968*
and IS : 6461 ( Parts I to XII )t shall generally apply; however, some of the
important definitions are given below:

2.1 Anchorage — In post-tensioning, a device used to anchor the tendon to
the concrete member; in pre-tensioning, a device used to anchor the tendon
during hardening of the concrete.

2.2 Bonded Member — A prestressed concrete in which tendons are bonded
to the concrete either directly or through grouting.

2.3 Bonded Post-tensioning — Post-tensioned construction in which the
annular spaces around the tendons are grouted after stressing, thereby
bonding the tendon to the concrete section.

2.4 Characteristic Load — Load which has 95 percent probability of not
being exceeded during the life of the structure ( see 20.2).

2.5 Characteristic Strength — Strength of material below which not more
than 5 percent of the test results are expected to fall ( see 20.1).

2.6 Column or Strut — A compression member of rectangular section,
the effective length of which exceeds three times the least lateral dimension.

2.7 Creep in Concrete — Increase with time in the strain of concrete
subjected to sustained stress.

2.8 Creep Cocfficient — The ratio of creep strain to elastic strain in
concrete.

2.9 Final Prestress — The stress which exists after substantially all losses
have occurred.

*Definitions and terminology relating to hydraulic cement.
+Glossary of terms relating to cement concrete:

(Part I)-1972 Concrete aggregates

(Part I1)-1972 Materials ( other than cement and aggregate )

( Part ITT )-1972 Reinforcement

( Part 1V )-1972 Types of concrete

{ Part V)-1972 Formwork for concrete

(Part VI)-1972 Equipment, tools and plant

{ Part VII )-1973 Mixing, laying, ¢ompaction, curing and other construction

aspects

( Part VIII )-1973 Properties of concrete

( Part IX )-1973 Structural aspects

(Part X )-1973 Tests and testing apparatus

( Part XI )-1973 Prestressed concrete

( Part XII )-1973 Miscellancous
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2.10 Final Tension — The tension in the steel corresponding to the state of
the final prestress.

2.11 Initial Prestress — The prestress in the concrete at transfer.

2.12 Initial Tension — The maximum stress induced in the prestressing
tendon at the time of the stressing operation.

2.13 Post-tensioning — A method of prestressing concrete in which pre-
stressing steel is tensioned against the hardened concrete.

2.14 Prestressed Concrete — Concrete in which permanent internal stresses
are deliberately introduced, usually by tensioned steel, to counteract to the
desired degree the stresses caused in the member in service.

2.15 Pre-tensioning — A method of prestressing concrete in which the
tendons are tensioned before concreting.

2.16 Short Column — A column of rectangular section, the effective length
of which does not exceed 12 times the least lateral dimension.

2.17 Slender Column — A column of rectangular section, the effective
length of which exceeds 12 times the least lateral dimension.

2.18 Shrinkage Loss — The loss of stress in the prestressing steel resulting
from the shrinkage of the concrete.

2.19 Stress at Transfer — The stress in both the prestressing tendon and the
concrete at the stage when the prestressing tendon is released from the pre-
stressing mechanism.

2.20 Tendon — A steel clement, such as a wire, cable, bar, rod or strand
used to impart prestress to concrete when the element is tensioned.

2.21 Transfer — The act of transferring the stress in prestressing tendons
from the jacks or pre-tensioning bed to the concrete member.

2.22 Transmission Length — The distance required at the end of a pre-
tensioned tendon for developing the maximum tendon stress by bond.

3. SYMBOLS

3.1 For the purpose of this code, the following letter symbols shall have
the meaning indicated against each; where other symbols are used, they are
explained at the appropriate place:

Areca

Breadth of beam
Breadth of web or rib
Overall depth of beam

10
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Jei
Jar
Seo

Sor

IS 1343 - 1980

Dead load

Effective depth of beam

Effective depth of beam in shear
Modulus of elasticity of concrete
Earthquake load

Modulus of elasticity of steel
Eccentricity

Characteristic load

Bursting tensile force

Design load

Characteristic strength of material
Cube strength of concrete at transfer
Characteristic compeessive strength of concrete

Compressive stress at centroidal axis due to prestress or
average intensity of effective prestress.in concrete

Modulus of rupture of concrete ( flexural tensile strength )
Design strength

Characteristic strength of prestressing steel

Maximum prestress after losses

Maximum initial prestress

Ultimate tensile stress in the tendons

Maximum principal tensile stress

Characteristic strength of reinforcement

Live load or imposed load

Bending moment

Modular ratio

Spacing of stirrups

Torsional moment

Shear force

Ultimate shear resistance of concrete

Ultimate shear resistance of a section uncracked in flexure

Ultimate shear resistance of a section cracked in flexure
Wind load
Depth of neutral axis

Partial safety factor for load
Partial safety factor for material

1
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3m Percentage reduction in moment
T Shear stress in concrete
é Diameter of tendon or bar

SECTION 2 MATERIALS, WORKMANSHIP,
INSPECTION AND TESTING

4. MATERIALS

4.1 Cement — The cement used shall be any of the following, with the prior
approval of the engineer-in-charge:

a) Ordinary Portland cement conforming to IS : 269-1976*;

b) Portland slag cement conforming to IS : 455-1976%, but with not
more than 50 percent slag content;

¢) Rapid-hardening Portland cement conforming to IS : 8041-19783%;
and

d) High strength ordinary Portland cement conforming to IS : 8112-
19768.

4.2 Aggregates — All aggregates shall comply with the requirements of
IS : 383-1970].

4.2.1 The nominal maximum size of coarse aggregate shall be as large as
possible subject to the following:

a) In no case greater than one-fourth the minimum thickness of the
member, provided that the concrete can be placed without diffi-
culty so as to surround all prestressing tendons and reinforcements
and fill the corners of the form.

b) It shall be 5 mm less than the spacing between the cables, strands
or sheathings where provided.

¢) Not more than 40 mm; aggregates having a maximum nominal size
of 20 mm or smaller are generally considered satisfactory.

4.2.2 Coarse and fine aggregates shail be batched separately.

*Specification for ordinary and low heat Portland cement ( third revision ).
tSpecification for Portland slag cement ( third revision ).

#Specification for rapid hardening Portland cement { first revision ).
§Specification for high strength ordinary Portland cement.

|ISpecification for coarse and fine aggregates from natural sources for concrete ( second
revision ).

12



IS : 1343 - 1980

4.3 Water — The requirements of water used for mixing and curing shall
conform to the requirements given in IS : 456-1978*. However, use of sea

water is prohibited,
8 prof ca

1830434

4.4 Admixtures — Admixtures may be used with the approval of the
engineer-in-charge. However use of any admixture containing chlorides in
any form is prohibited.

4.4.1 The admixtures shall conform to IS : 9103-1979%.

4.5 Prestressing Steel

4.5.1 The prestressing steel shall be any one of the following:

a) Plain hard-drawn steel wire conforming to IS : 1785 (Part I)-
1966} and IS : 1785 ( Part II)-1967§,

b) Cold-drawn indented wire conforming to IS : 6003-1970)
¢) High tensile steel bar conforming to IS : 2090-19627, and
d) Uncoated stress relieved strand conforming to IS : 6006-1970**.

4.5.1.1 All prestressing steel shall be free from splits, harmful scratches,
surface flaws; rough, jagged and 1mperfect edges and other defects lxkely tn
uupau its use in préSLTt‘:SSEu concrete. oug{u rust may be pcumucu
provided there is no surface pitting visible to the naked eye.
4.5.2 Coupling units and other similar fixtures used in cor j ancti
the wires or bars shall have an ultimate tensile strength of not les

the individual strengths of the wires or bars being joined.

Er

Ot 3
ess t

h

4.5.3 Modulus of Elasticity — The value of the modulus of elasticity of
steel used for the desngn of prestrcssed concrete members shall preferably
DC UCLCIHHDCQ Dy tests on samplca UI bLUCl to DU ‘useu lUl I,IIU construction.
For the purposes of this clause, a value given by the manufacturer of the
prestressmg steel shall be considered as fulfilling the necessary

rcqum:mems

*Code of practicc for plain and reinforced concrete ( third revision ).

+Qranifan for admivturss far sonprata
TS pPeCit ication for admixtures for concrete.

{Specification for plain hard-drawn steel wire for prestressed concrete: Part I Cold-
drawn stress-relieved wire ( revised ).

§Specification for plain hard-drawn steel wir
wire,

l|Specification for indented wire for prestressed concrete.

Glnecification for hich tensila stael hars used in prestressed concrete,
nepeciication Ior g 1 prestressed

**Specification for uncoated stress relieved strand for prestressed concrete

13



IS : 1343 - 1980

4.5.3.1 Where it is not possible to ascertain the modulus of elasticity

by test or from the manufacturer of the steel, the following values may be
adopted:

Type of Steel Modulus of Elasticity,
E, kN|mm?
Plain cold-drawn wires [ conforming to 210

1S : 1785 (Part 1)-1966*, IS : 1785
( Part IT )-19671 and IS : 6003-1970% ]

High tensile steel bars rolled or heat- 200
treated (conforming to IS : 2090-
1962§)

Strands ( conforming to IS : 6006-1970] ) 195

4.6 Untensioned Steel — Reinforcement used as untensioned steel shall be
any of the following:

a) Mild steel and medium tensile steel bars conforming to IS : 432
(Part I)-19669,

b) Hot-rolled deformed bars conforming to IS : 1139-1966**,
¢) Cold-twisted bars conforming to IS : 1786-19791t, and
d) Hard-drawn steel wire fabric conforming to IS : 1566-1967}1.

4.7 Storage of Materials — Storage of materials shall be as per IS : 4082-
19788§. :

*Specification for plain hard-drawn steel wire for prestressed concrete: Part I Cold
drawn stress-relieved wire ( revised ). :

+Specification for plain hard drawn steel wire for prestressed concrete: Part II As-
drawn wire.

$Specification for indented wire for prestressed concrete.
§Specification for high tensile steel bars used in prestressed concrete,
{|Specification for uncoated stress relieved strand for prestressed concrete.

{Specification for mild steel and medium tensile steel bars and hard drawn steel wire
for concrete reinforcement :Part I Mild stecel and medium tensile steel bars ( second
revision ).

*#Specification for hot rolled mild steel, medium tensile steel and high yield strength
steel deformed bars for concrete reinforcement ( revised ).

$#Specification for cold-worked steel high strength deformed bars for concrete reinforce-
ment ( second revision ).

t1Specification for hard-drawn steel wire fabric for concrete reinforcement ( first
revision ).
§§Recommendations on stacking and storage of construction materials at site.

14
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5. CONCRETE

5.1 Grades -— The concrete shall be in grades designated as per Table 1.

5.1.1 The characteristic strength of concrete is defined as the strength of
the concrete below which not more than 5 percent of the test results are
expected to fall.

TABLE 1 GRADES OF CONCRETE
{ Glauses 5.1,5.2.1, 8.2.1 and 20.1 )
GRrape DEesicNaTION SPECIFIED CHARACTERISTIC

COMPRESSIVE STRENGTH
AT 28 Days

N/mm?

(1) (2)
M 30 30
M 35 35
M 40 40
M 45 45
M 50 50
M 55 55
M 60 60

Note 1 — In the designation of a concrete mix, letter M refers to the mix and the
number to the specified characteristic compressive strength of 15-cm cube at 28 days,
expressed in N/mm?.

Note 2 — For pre-tensioned prestressed concrete, the grade of concrete shall be not
less than M 40,

5.2 Properties of Concrete

5.2.1 Increase in Strength with Age — Where it can be shown that a
member will not receive its full design stress within a period of 28 days after
the casting of the member ( for example, in foundations and lower columns
in multi-storey buildings ); the characteristic compressive strength given in
Table 1 may be increased by multiplying by the factors given below:

Minimum Age of Meriber When Age Factor
Full Design Stress is Expected
( Months) ‘

1
3
6
12 20
Nore 1 — Where members are subjected to lower direct load during construction,
they should be checked for stresses resulting from combination of direct load and
bending during construction.
Note 2 — The design strength shall be based on the increased value of compressive
strength,

0
*10
‘15

[ Y

15
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5.2.2 Tensile Strength of Concrete— The flexural strength shall be
obtained as per IS : 516-1959*. When the designer wishes to use an esti-
mate of the flexural strength from the compressive strength, the following
formula may be used:

for = 07 4/ fox N/mm?

where
Jeor = flexural strength in N/mm?, and
Jex = characteristic compressive strength of concrete in N/mm?,
5.2.3 Elastic 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.

5.2.3.1 In the absence of test data, the modulus of elasticity for
structural concrete may be assumed as follows:

Ee = 5700 v/ fex

where
E, = short-term static modulus of elasticity in N/mm?2, and
fex = characteristic compressive strength of concrete in N/mm?2,

5.2.4 Shrinkage — The shrinkage of concrete depends upon the consti-
tuents of concrete, size of the member and environmental conditions. For a
given environment, the 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.

5.2.4.1 In the absence of test data, the approximate value of shrinkage
strain for design shall be assumed as follows:
For pre-tensioning = 0-000 3
For post-tensioning = 00002
Log; (t+4-2)
where
t = age of concrete at transfer in days.

Note — The value of shrinkage strain for design of post-tensioned concrete may be
increased by 50 percent in dry atmospheric conditions, subject to a maximum value
of 0-000 3.

5.2.4.2 For the calculation of deformation of concrete at some stage
before the maximum shrinkage is reached, it may be assumed that half of the

*Methods of test for strength of concrete.

16
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shrinkage takes place during the first month and that about three-quarters
of the shrinkage takes place in first six months after commencement of
drying.

5.2.5 Creep of Concrete—- Creep of concrete depends, in addition to the
factors listed in 5.2.4 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 characteristic compressive strength, crecp may be assumed to be
proportional to the stress.

5.2.5.1 In the absence of experimental data and detailed information
on the effect of the variables, the ultimate creep strain may be estimated
from the following values of creep coefficient (that is, ultimate creep strain/
elastic strain at the age of loading ):

Age at Loading Creep Cocfficient
7 days 22
28 days 16
1 year I'1

Note — The ultimate creep strainiestimated as per 5.2.5.1 does not include the
elastic strain.

5.2.5.2 For the calculation of deformation at some stage before the total
creep is reached, it may be assumed that about half the total creep takes
place in the:first month after loading and that about three-quarters of the
total creep takes place in the first six months after loading.

5.2.6 Thermal Expansion — The coelﬂment of thermal expansion depends
on nature of cement, the aggregate, the cement content, the relative humi-
dity and the size of sections. For values of coeflicient of thermal expansion
for concrete with different aggregates, clause 8.2.6 of IS : 456-1978* may be
referred to.

6. WORKABILITY OF CONCRETE

6.1 The concrete mix proportions chosen should be such that the concrete is
of adequate workability for the placing conditions of the concrete and can
prcperly be compacted with the means available. Suggested ranges of values
of workability of concrete are given in IS : 456-1978%,

7. DURABILITY

7.1 The durability of concrete depends on its resistance to deterioration and
the environment in which it is placed. The resistance of concrete to

*Code of practice for plain and reinforced concrete ( third revision ),
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weathering, chemical attack, abrasion, frost and fire depends largely upon
its quality and constituent materials. The strength alone is not a reliable
guide to the quality and durability of concrete; it must also have an adequate
cement content and a low water-cement ratio,

7.1.1 One of the main characteristics influencing the durability of
concrete is its permeability. With strong, dense aggregates, a suitably low
permeability is achieved by having a sufficiently low water-cement ratio,
by ensuring as thorough compaction of the concrete as possible and by
ensuring sufficicnt hydration of cement through proper curing methods.
Therefore, for given aggregatcs, the cement content should be sufficient to
provide adequate workability with a low water-cement ratio so that concrete
can be thoroughly compacted with the means available.

7.2 Appendix A provides guidance regarding minimum cement content
and permissible limits of chloride and sulphate in concrete.

8. CONCRETE MIX PROPORTIONING

8.1 Mix Proportion — The mix proportions shall be selected to ensure
that the workability of the fresh concrete is suitable for the conditions of
handling and placing, so that after compaction it surrounds all prestressing
tendons and reinforcements if present and completely fills the formwork.
When concrete is hardened, it shall have the required strength, durability
and surface finish.

8.1.1 The determination of the proportions of cement, aggregates and
water to attain the required strengths shall be made by designing the
concrete mix. Such concrete shall be called ‘Design mix concrete’.

For prestressed concrete conmstruction, only ‘Design mix concrete’
shall be used. The cement content in the mix should preferably not
exceed 530 kg/m?.

8.1.2 Information Required — In specifying a particular grade of con-
crete, the information to be included shall be:

2) Grade designation,

b) Type of cement,

¢) Maximum nominal size of aggregates,

d) Minimum cement content,

¢) Maximum water-cement ratio, and

f) Workability.

8.1.2.1 In appropriate circumstances, the following additional infor-
mation may be specified:

a) Type of aggregatc,
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b) Maximum cement content, and

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

8.2 Design Mix Concrete

8.2.1 The mix shall be designed to produce the grade of concrete having
the required workability and a characteristic strength not less than appro-
priate values given in Table 1. The procedure given in Indian Standard
Recommended guidelines for concrete mix design (under preparation) may
be followed.

9. PRODUCTION AND CONTROL OF CONCRETE

9.1 Quality of Materials — [t is essential for designers and construction
engineers to appreciate that the most effective use of prestressed concrete is
obtained only when the concrete and the prestressing steel employed are of
high quality and strength.

9.2 The provisions of 9 of IS : 456-1978* shall apply; except that no hand-
mixing shall be permitted in prestressed concrete work.

10. FORMWORK

10.1 The provisions of 10 of IS :456-1978*% shall generally apply. In
addition, 10.1.1 shall also apply.

10.1.1 Moulds for pre-tension work shall be sufficiently strong and rigid
to withstand, without distortion, the effects of placing and compacting
concrete as well as those of prestressing in the case of manufacture by the
individual mould process where the prestressing tendon is supported by the
mould before transfer,

11. ASSEMBLY OF PRESTRESSING AND REINFORCING STEEL

11.1 Prestressing Steel
11.1.1 Straightening

11.1.1.1 The wire, as supplied, shall preferably be self-straightening when
uncoiled. If it is not so, the wire may need to be mechanically straightened
before use. In this event, care shall be taken to avoid alteration in the
properties of the wire during the straightening process and preferably a test
shall be made on a sample of the wire after straightening.

*Code of practice for plain and reinforced concrete ( third revision ).
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11.1.1.2 In the case of high tensile alloy steel bars, any straightening
( or bending if the design provided for curved bars ) shall be carried out by
means of a bar-bending machine. Bars shall not be bent when their
temperature is less than 10°C.

11.1.1.3 In no case heat shall be applied to facilitate straightening or
bending of prestressing steel.

11.1.2 Arrangement of Wires and Positioning

11.1.2.1 All prestressing steel shall be carefully and accurately located
in the exact positions shown in the design drawings. The permissible
tolerance in the location of the prestressing tendon shall be -£5 mm.
Curves or bends in prestressing tendon required by the designer shall be
gradual and the prestressing tendon shall not be forced around sharp bends
or be formed in any manner which is likely to set up undesirable secondary
stresses.

11.1.2.2 The relative position of wires in a cable, whether curved or
straight, shall be accurately maintained by suitable means such as
sufficiently rigid and adequately distributed spacers.

11.1.2.3 In the case of post-tension work, the spacing of wires ina
cable shall be adequate to ensure the free flow of grout.

11.1.2.4 The method of fixing and supporting the steel in the mould or
the formwork shall be such that it is not displaced during the placing or
compaction of the concrete or during tensioning of the steel.

11.1.2.5 The type of fixtures used for positioning the steel shall be
such that it does not give rise to friction greater than that assumed in the
design.

11.1.3 Jointing

11.1.3.1 High tensile wire other than hard-drawn wire may be joined
together by suitable means provided the strength of such joints is not less
than the individual strengths of the wires being joined. Hard-drawn wire
used in prestressed concrete work shall be continuous over the entire
length of the tendon.

11.1.3.2 High tensile steel bars may be joined together by means of
couplings, provided the strength of the coupling is such that in a test
to destruction, the bar shall fail before the coupling.

11.1.3.3 Welding shall not be permitted in either wires or bars.

11.1.4 Cutting

11.1.4.1 All cutting to length and trimming of the ends of wires
shall be done by suitable mechanical or flame cutters. Where flame
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cutters are used, care shall be taken to ensure that the flame does not
come into contact with other stressed wires or concrete.

11.1.4.2 Bars shall preferably be ordered to the exact length required,
Any trimming required shall be done only after the bar has been tensioned
andh tlhlel grout has set; it shall then be carried out in accordance
wit 1.4.1.

11.1.5 Protection of Prestressing Steel and Anchorages — In all construc-
tions of the post-tensioned type, where prestressing is initially carried out
without bond, the prestressing tendon shall, at a subsequent date and
generally not later than one week after prestressing, be given and adequate
protection against corrosion.

11.1.5.1 Internal prestressing steel — Internal prestressing steel is best
protected by a cement or cement-sand grout preferably in colloidal form.
Care shall be taken to prevent segregation and, for that purpose, only fine
sand shall be used.

The grout shall be placed under pressure, and it shall be ensured
that the entire space between the duct and the prestressing tendon is
properly filled with grout.

Where small ducts are encountered, it is advisable that water is
flushed through prior to grouting, care being taken to see that all water is
subsequently displaced by grout. In the case of butted assemblies, flushing
giﬂé wager shall be carried out only after the jointing material has properly

ardened.

Injection shall proceed from one end or preferably in case of curved
ducts from the lowest point of the curve, and shall be continued until the
grout overflows from the other end.

11.1.5.2 External prestressing steel — The protection of external
prestressing steel is usually best done by encasing the tensioned wires,
cables or bars in a dense concrete secured to the main concrete, for
example, by wires left projecting from the latter. If a cement-sand mix is
used, the cover provided and its density should be adequate to prevent
corrosion.

Alternatively, the steel may be encased in bitumen or, where the steel
is accessible for inspection and maintenance, paint protection may be
provided.

11.1.5.3 The anchorage shall be adequately protected against damage
or corrosion soon after the completion of the final stressing and grouting
operations.

11.1.6 Cover

11.1.6.1 In pre-tensioned work, the cover of concrete measured from
the outside of the prestressing tendon shall be at least 20 mm.,
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11.1.6. 2 In post- tensxoned work, where cables and large-sized bars
are used, the minimum clear cover from ah%ﬁthlﬁg/’uu t shall be at least

30 mm or the size of the cable or bar whichever is bigger.

11.1.6.3 Where prestressed concrete members are located in aggressive
environment, the cover specified under 11.1.6.1 and 11.1.6.2 shall be
increased by 10 mm.

12 1M O oo
AbRef LOpUlLlY

11.1.7.1 In the case of single wires used in pre-tension system, the
minimum clear spacing shall not be less than greater of the following :
a) 3 times diameter of wire, and
b) 1} times the maximum size of aggregate.
11.1.7.2 In the case of cables or large bars, the minimum clear spacing

( measured between sheathings/ducts, wherever used ) shall not be less than
greater of the following:

a) 40 mm,
b) Maximum size of cable or bar, and
¢) 5 mm plus maximum size of aggregate.

11.1.8 Grouped Cables

11.1.8.1 Cables or duc {s may

more than four as shown in Fig. 1.

[+
(47

11.1.8.2 The minimum clear spacing between groups of cables or
ducts of grouped cables shall be greater of the following:

a) 40 mm, and
b) 5 mm plus maximum size of aggregate.

The vertical distance between groups shall not be less than 50 mm
( see Fig. 1).

11.2 Sheaths and Extractable Cores

11.2.1 Sheaths shall be sufficiently water-tight to prevent concrete
laitance penetrating in them in quantities likely to increase friction.
Special care shall be taken to ensure watertightness at the joints.

11.2.2 They shall be preferably machine-manufactured and have bores

sufficiently large to allow being easxly threaded on to the cable or bar in
long lengths.

11.2.3 The tubes or sheaths shail be of such strength as not to be
dented or deformed during handling or concreting.
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818

50 mm min.

R

FiG. 1 SPACING oF GROUPS OF CABLES

11.2.4 The alignment of all sheaths and extractable cores shall be
correct to the requirements of the drawings and maintained securely to
prevent displacement during placing and compaction of concrete. The
permissible tolerance in the location of the sheaths and extractable cores
shall be 4- 5 mm. Any distortion of the sheath during concreting may
lead to additional friction.

11.3 Reinforcing Stee}

11.3.1 Provisions for assembly of reinforcement given in IS :456-1978*
shall apply.

11.3.2 The requirements of cover and spacing between bars shall
conform to IS : 456-1978*,

12. PRESTRESSING

12.1 Prestressing Equipment
12.1.1 Tensioning Apparatus

12.1.1.1 The requirements of 12.1.1 shall apply to both the pre-tensioned
and the post-tensioned methods of prestressing concrete except where
specifically mentioned otherwise.

12.1.1.2 Prestressing steel may be tensioned by means of levers, screw
jacks, hydraulic jacks or similar mechanical apparatus. The method of
tensioning steel covered by this code is generally by means of hydraulic or
similar mechanical jacks.

The type of tensioning apparatus shall be such that a controlled force
can be applied.

*Code of practice for plain and reinforced concrete ( third revision ),
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The tensioning apparatus shall not induce dangerous secondary
stresses or torsional effects on the steel, concrete, or on the anchorage.

12.1.1.3 The anchorage provided for the temporary gripping of wires
or bars on the tensioning apparatus shall be secure and such as not to
damage the wire or bar.

12.1.1.4 Devices attached to the tensioning apparatus for measuring
the applied force shall be such that they do not introduce errors exceeding
S percent.

12.1.2 Temporary Gripping Device — Prestressing tendons may be gripped
by wedges, yokes, double cones or any other approved type of gripping
devices. The prestressing wires may be gripped singly or in groups.
Gripping devices shall be such that in a tensile test, the wire or wires fixed
by them would break before failure of the grip itself.

12.1.3 Releasing Device — The releasing device shall be so designed that
during the period between the tensioning and release, the tension in the
prestressing elements is fully maintained by positive means, such as exter-
nal anchoragés. The device shall enable the transfer of prestress to be
carried out gradually so as to avoid large difference of tension between wires
in a tendon, severe eccentricities of prestress or the sudden application of
stress to the concrete.

12.1.4 Anchorage

12.1.4.1 The anchorage may consist of any device, patented or other-
wise, which complies with the requirements laid down under 12.1.4.2
to 12.1.4.6,

12.1.4.2 The anchoring device shall be capable of holding without more
than nominal slip, the prestressing tendon subjected to a load midway
between the proposed initial prestressing load and the ultimate strength of
the prestressing tendon.

12.1.4.3 The anchoring device shall be strong enough to resist in all
respects a force equal to at least the breaking strength of the prestressing
tendon it anchors.

12.1.4.4 The anchorage shall transfer effectively and distribute, as
evenly as possible, the entire force from the prestressing tendon to the
concrete without inducing undesirable secondary or local stresses.

12.1.4.5 The anchorage shall be safe and secure against both dynamic
and static loads as well as against impact.

12.1.4.6 The anchorage shall have provision for the introduction of a
suitable protective medium, such as cement grout, for the protection of the
prestressing steel unless alternative arrangements are made.
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12.2 Procedure for Tensioning and Transfer

12.2.1 Stressing

12.2.1.1 The tensioning of prestressing tendons shall be carried out in a
manner that will induce a smooth and even rate of increase of stress in the
tendons.

12.2.1.2 The total tension imparted to each tendon shall conform to the
requirements of the design. No alteration in the prestressing force in any
tendon shall be allowed unless specifically approved by the designer.

12.2.1.3 Any slack in the prestressing tendon shall first be taken up by
applying a small initial tension. The initial tension required to remove
slackness shall be taken as the starting point for measuring the elongation
and a correction shall be applied to the total required eclongation to com-
pensate for the initial tensioning of the wire. The extent of correction shall
be arrived at by plotting on a graph the gauge reading as abscissae and
extensions as ordinates; the intersection of the curve with the Y axis when
extended shall be taken to give the effective elongation during initial
tensioning, and this effective elongation shall be added to the measured
elongation to arrive at the actual total elongation as shown in Fig. 2.
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FIG. 2 DETERMINATION OF ACTUAL ELONGATION
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12.2.1.4 When two or more presiressing tendons are to be tensioned
simultaneously, care shall be taken to ensure that all such tendons are of
the same length from grip to grip. The provision shall be more carefully
observed for tendons of a length smaller than 7-5 m.

12.2.1.5 The placement of cables or ducts and the order of stressing and
grouting shall be so arranged that the prestressing steel, when tensioned and
grouted, does not adversely affect the adjoining ducts.

12.2.2 Measurement of Prestressing Force

12.2.2.1 The force induced in the prestressing tendon shall be determin-
ed by means of gauges attached to the tensioning apparatus as well as by
measuring the extension of the steel and relating it to its stress-strain curve.
It is essential that both methods are used jointly so that the inaccuracies to
which each is singly susceptible are minimized. Due allowance shall be
made for the frictional Josses in the tensioning apparatus.

12.2.2.2 The pressure gauges or devices attached to the tensioning
apparatus to measure the force shall be periodically calibrated to ensure
that they do not at any time introduce errors in reading exceeding 2 percent.

12.2.2.3 In measuring the extension of prestressing steel, any slip which
may occur in the gripping device shall be taken into consideration.

12.2.3 Breakage of Wires — The breakage of wires in any one prestressed
concrete member shall not exceed 2'5 percent during tensioning. Wire
breakages after anchorage, irrespective of percentage, shall not be condoned
without special investigations.

12.2.4 Transfer of Prestressing Force

12.2.4.1 The transfer of the prestress shall be carried out gradually so
as to avoid large differences of tension between wires in a tendon, severe
eccentricities of prestressing force and the sudden application of stress to
the concrete.

12.2.4.2 Where the total prestressing force in a member is built up by
successive transfers to the force of a number of individual tendons on to
the concrete, account shall be taken of the effect of the successive
prestressing.

12.2.4.3 In the long line and similar methods of prestressing, when the
transfer is made on several moulds at a time, care shall be taken to ensure
that the prestressing force is evenly applied on all the moulds, and that the
transfer of prestress to the concrete is uniform along the entire length of the
tension line.

12.3 Grouting

12.3.1 The requirements of the grout are fluidity and low sedimentation
(or bleeding) in the plastic state. In the hardened state, it shall be dense,
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have low shrinkage and be durable. The grouting technique adopted
should be such that it can be carried out easily and effectively.

12.3.2 Grout shall be made from any of the cements specified in 4.1 and
water conforming to 4.3. Fine sand passing 150 pm IS Sieve may be added
only for ducts of very large size. If permitted by the engineer-in charge,
admixtures may be added to improve the performance of the grout. The
water-cement ratio for neat cement grouts should be approximately 0-50 by
mass, but should in no case exceed Q'55 by mass.

12.3.2.1 The compressive strength of 100 mm cubes of the grout shall
not be less than 17 N/mm? at 7 days. Cubes shall be cured in a moist
atmoshphere for the first 24 hours, and subsequently in water.

12.3.3 Grouting Equipment

12.3.3.1 The mixer shall be of a high speed mixing type, capable of
mixing with high local turbulence while imparting only a slow motion to
the body of the grout. A grout screen should preferably be fitted.

12.3.3.2 The pump and the injection equipment shall be capable of
continuous operation with little, if any, pressure variation and shall have a
system for recirculating the grout while actual grouting is not in progress.
No compressed air system should be used for grouting work. The pumping
equipment shall be able to deliver the grout at a nozzle pressure of at least
0-7 N/mm2.

12.3.3.3 Ali piping to and from the grout pump shall have a minimum
of bends, valves, and changes in diameter and the delivery hose shall be as
short as practicable.

12.3.3.4 All piping, pumping and mixing equipment should be
thoroughly washed with clean water after each series of operations or more
trequently if necessary. In any case the intervals between the washings shall
not exceed 3 hours.

12.3.4 Mixing — Water shall be measured and added to the mixer first,
followed by cement. When these are thoroughly mixed, the additive and
sand, if any, shall be added. When all the ingredients have been added,
mixing shall continue for at least two minutes.

12.3.5 Duct Preparation — Ducts shall be kept clean at all times. Un-
wanted opening at anchorages and in any other locations shall be sealed
before grouting commences.

In all long ducts, or in any duct where considerable changes of level
occur and in any large diameter ducts, grout vents shall be provided at all
crests and at intervals of 20 m to 30 m so that grout can be injected succes-
sively through vents as the grout flows along the ducts. Where water is
likely to enter ducts, valley vents shall also be provided for drainage.
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12.3.6 Grout Injection — Grouts should be injected from the lowest point
or ¢ uphill > wherever practicable so that aif and water in the duct, being
less dense than the grout, will be pushed ahead of the grout mix and be less
liable to become entrapped in the grout mix.

Grout mix shall be allowed to flow through vent openings until its
consistency is equivalent to that of the grout injected. Vent openings shall
then be firmly closed one after the otherin the direction of flow. Once good
grout mix has commenced to flow freely from the end or ends of the duct,
that end or ends shall be closed and the pressure built up inside the duct to
07 Nymm? before closing the injection end.

In the case of large ducts where pressure grouting cannot be used, a
standpipe or vent pipe shall be provided and kept topped up with cement
for an hour or two to replace grout losses due to wastage and subsidence at
the termination of grouting operation.

13. TRANSPORTING, PLACING, COMPACTING AND CURING

13.1 Provisions given in IS :456-1978* shall apply. In addition, the
provisions given in 13.1.1 and 13.1.2 shall also apply.

13.1.1 The use of construction joints in prestressed concrete work should
preferably be avoided. But, if found necessary, their position and arrange-
ment shall be predetermined by the designer. -

13.1.2 Jointing of Butted Assemblies

13.1.2.1 The joints of butted assemblies shall be made of either cement
grout or cement mortar or concrete. Grouting shall be used for joints up
to 12 mm thick. For joints thicker than 12 mm and preferably for thick-
nesses between 18 and 25 mm, mortar shall be used. The mortar which
may be made of one part cement and one-and-a-half parts sand shall be of
a dry consistency and shall be packed hard in layers so that it rings true.
Where joints exceeding 75 mm are encountered, the joint shall be made up
of concrete.

13.1.2.2 The stressing operations may be carried out in case of mortar
joints immediately after placing the mortar but the stress in the mortar
shall not exceed 70 N/mm?. In the case of grouted joints and concrete
joints the allowable stress in the first 24 hours after placing of the grout or
concrete in the joint shall approximate as closely as possible to the strength
of the grout or concrete used.

13.1.2.3 The holes for the prestressing tendons shall be accurately
located and shall be in true alignment when the units are put togeiher.

13.1.2.4 Full tensioning shall not be carried out until the strength of
the concrete or mortar in the joint has reached twice the transfer stress.

*Code of practice for plain and reinforced concrete ( third revision ).
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14. CONCRETING UNDER SPECIAL CONDITIONS

14.1 Work in Extreme Weather Conditions — During hot or cold weather,
the concreting should be done as per the procedure set out in IS : 7861
(Part I)-1975* or IS : 7861 ( Part II)-1981+.

15. SAMPLING AND STRENGTH TEST OF CONCRETE

15.1 The provisions given in IS : 456-1978f shall apply; but the optional
test requirements of concrete and values of assumed standard deviation
shall be as given in Table 2 and Table 3 respectively. In addition, the
requirement given in 15,2 shall apply.

TABLE 2 OPTIONAL TESTS REQUIREMNTS OF CONCRETE

GRADE OF COMPRESSIVE STRENGTH MobuLus oF RurTure
CoNCGRETE oN 15 em Cusss, BY BEaM TEsT,
Min at 7 Davs l\&m
ATT2 % 2h AT 7 Davs
o @) @) 0
N/mm? N/mm? N/mm?*

M 30 20:0 2:1 30
M 35 23'5 23 32
M 40 270 2°5 34
M 45 300 2:7 3-6
M 50 33-5 29 38
M 55 37:0 31 40
M 60 400 33 4-2

" TABLE 3 ASSUMED STANDARD DEVIATION
GRrADE oF CONCRETE ASSUMED STANDARD DEVIATION

(1) 2)

N/mm?

M 30 6'0

M 35 63

M40 66

M 45 70

M 50 74

M 55 77

M 60 7-8

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

1Code of practice for extreme weather concreting: Part II Recommended practice for
cold weather concreting.

$Code of practice for plain and reinforced concrete ( third revision ).
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15.2 Concrete Strength at Transfer — In addition to the tests required as
per 15.1, additional cube tests should be conducted at appropriate intervals
to ensure that the concrete strength in the member at transfer conforms to
the design requirements. The frequency of sampling and number of cubes
should be decided by the engineer-in-charge. The sampling of concrete
should preferably be at the point of placing and the cubes should.be stored
as far as possible under the same conditions as the concrete in the members.

16. ACCEPTANCE CRITERIA
16.1 The provisions of IS : 456-1978* shall apply.

17. INSPECTION AND TESTING OF STRUCTURES

17.1 The provisions of IS : 456-1978* shall apply, except for the following:

a) For typel and type 2 structures ( see 19.3.2), if within 24 hours
of removal of the imposed load, the structure does not recover at
least 85 percent of the deflection under superimposed load, the
test may be repeated after a lapse of 72 hours. If the recovery is
less than 90 percent, the structure shall be deemed to be
unacceptable,

b) For type 3 structures (see 19.3.2), if within 24 hours of the
imposed load, the structure does not recover at least 75 percent
of the deflection under superimposed load, the test may be repea-
ted after a lapse of 72 hours. If the recovery is less than 80
percent, the structure shall be deemed to be unacceptable.

SECTION 3 GENERAL DESIGN REQUIREMENTS

18. GENERAL DESIGN REQUIREMENTS

18.1 The general design requirements for design of prestressed concrete
structures shall be as per clauses 17 to 24 of Section 3 of IS : 456-1978*
except as modified and supplemented in 18.2 to 18.6.5.

18.2 The effects of prestress shall also be taken into account in assessing
loads and forces.

18.3 The deductions for prestressing tendons as in 18.3.1 shall be consi-
dered for the determination of area, centroid and moment of inertia of the
cross-section.

*Code of practice for plain and reinforced concrete ( third revision ).
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18.3.1 Deductions for Prestressing Tendons — In calculating area, centroid
and moment of inertia of a cross-section, deduction for prestressing tendons
shall be made as follows:

a) In the case of pre-tensioned members, where the prestressing
tendons are single wires distributed on the cross-section or strands
of wires of relatively small cross-sectional area, allowance for the
prestressing tendons need not be made. Where allowance is made,
it shall be on the basis of (m-1) times the area of the prestressing
tendons, m being the modular ratio.

b) In the case of post-tensioned members, deductions shall invariably
be made for prestressing tendons, cable ducts or sheaths and such
other openings whether they are formed longitudinally or trans-
versely. These deductions need not, however, be made for deter-
mining the effect of loads applied after the ducts, sheaths or
openings have been grouted or filled with concrete. Where such
deductions are not made, a transformed area equivalent to (m-1)
times the area of the prestressing tendon shall be taken in calcula-
tion, m being the modular ratio.

Note — m shall be calculated as Ey/E,; for values of E; and E,, se¢ 4.5.3.1 and 5,2.3.1
respectively. Wherever necessary, creep effects shall also be taken into consideration.

18.4 Instability During Erection — In evaluating the slenderness effects
during lifting of slender beams, the following factors require consideration: -
a) Beam geometry,
b) Location of lifting points,
¢) Method of lifting, and
d) Tolerances in construction.

All beams, which are lifted on vertical or inclined slings, shall be
checked for lateral stability and lateral moment on account of tilting of
beam due to inaccuracies in location of lifting points, and due to the lateral
bow,

For calculating the factor of safety against lateral instability v, reference
may be made to specialist literature; the factor shall not be less than two.

For determining the lateral moment due to tilting, realistic values
which are not likely to be exceeded in practice shall be assumed for the
eccentricity of lifting points and the lateral bow. The maximum tensile
stress for y:/y: — 1 times the lateral moment due to tilting shall not exceed
1-5 N/mm2.

18.5 Prestressing Requirements

18.5.1 Maximum Initial Prestress — At the time of initial tensioning, the
maximum tensile stress f; immediately behind the anchorages shall not
exceed 80 percent of the ultimate tensile strength of the wire or bar or
strand.
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18.5.2 Losses in Prestress — While assessing the stresses in concrete and
steel during tensioning operations and later in service, due regard shall be
paid to all losses and variations in stress resulting from creep of concrete,
shrinkage of concrete, relaxation of steel, the shortening ( elastic deforma-
tion ) of concrete at transfer, and friction and slip of anchorage. Unless
otherwise determined by actual tests, allowance for these losses shall be
made in accordance with the values specified under 18.5.2.1 to 18.5.2.6.

) In computing the losses in prestress when untensioned reinforcement
is present, the effect of the tensile stresses developed by the untensioned
reinforcement due to shrinkage and creep shall be considered.

18.5.2.1 Lossof prestress due to creep of concrete — The loss of pre-
stress due to creep of concrete under load shall be determined for all the
permanently applied loads including the prestress.

The creep loss due to live load stresses, erection stresses and other
stresses of short duration may be ignored. The loss of prestress due to
creep of concrete is obtained as the product of the modulus of elasticity of
the prestressing steel ( see 4.5.3) and the ultimate creep strain of the concrete
fibre (see 5.2.5.1) integrated along the line of centre of gravity of the
prestressing steel over its entire length.

The total creep strain during any specific period shall be assumed for
all practical purposes, to be the creep strain due to sustained stress equal to
the average of the stresses at the beginning and end of the period.

18.5.2.2 Loss of prestress due to shrinkage of concrete— The loss of
prestress due to shrinkage of concrete shall be the product of the modulus
of elasticity of steel (see 4.5.3) and the shrinkage strain of concrete
(see5.24.1).

18.5.2.3 Loss of prestress due to relaxation of steel — The relaxation
losses in prestressing steels vary with type of steel, initial prestress, age, and
temperature and, therefore, shall be determined from experiments. When
experimental vatues are not available, the relaxation losses may be assumed
as given in Table 4.

TABLE 4 RELAXATION LOSSES FOR PRESTRESSING STEEL
AT 1000 H AT 27°C

INITIAL STRESS RevaxaTion Loss
)] (2)
N/mm?
05 fy 0
06/, 35
07 fp 70
08 fp 90

NoTe — f;, is the characteristic strength of prestressing steel.
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For tendons at higher temperatures or subjected to large lateral
loads, greater relaxation losses as specified by the engineer-in-charge shall
be allowed for. No reduction in the value of the relaxation losses should
be made for a tendon with a load equal to or greater than the relevant
jacking force that has been applied for a short time prior to the anchoring
of the tendon.

18.5.2.4 Loss of prestress duc to shortening of concrete — This type of
loss occurs when the prestressing tendons upon release from tensioning
devices cause the concrete to be compressed. This loss is proportional to
the modular ratio and initial prestress in the concrete and shall be calcula-
ted as below, assuming that the tendons are located at their centroid:

a) For pretensioning, the loss of prestress in the tendons at transfer
shall be calculated on a modular ratio basis using the stress in the
adjacent concrete,

b) For members with post-tensioned tendons which are not stressed
simultaneously, there is a progressive loss of prestress during
transfer due to the gradual application of the prestressing forces.
This loss of prestress should be calculated on the basis of half
the product of the stress in the concrete adjacent to the tendons
averaged along their lengths and the modular ratio.  Alternatively,
the loss of prestress may be exactly computed based on the sequence
of tensioning.

18.5.2.5 Loss of prestress due to slip in anchorage — Any loss of pre-
stress which may occur due to slip of wires during anchoring or due to the
strain of anchorage shall be allowed for in the design. Loss due to slip
in anchorage is of special importance with short members and the necessary
additional elongation should be provided for at the time of tensioning to
compensate for this loss.

18.5.2.6 Loss of prestress due to friction — The design shall take into
consideration all losses in prestress that may occur during tensioning due
to friction between the prestressing tendons and the surrounding concrete
or any fixture attached to the steel or concrete.

For straight or moderately curved structures, with curved or straight
cables, the value of prestressing force P, at a distance x metres from ten-
sioning end and acting in the direction of the tangent to the curve of the
cable, shall be calculated as below:

Py = P (et o)
where

P, = prestressing force in the prestressed steel at the tensioning
end acting in the direction of the tangent to the curve
of the cable,
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a = cumulative angle in radians through which the tangent

to the cable proﬁle has turned between any two pomts
under consideration,
u = coefficient of friction in curve; unless otherwis
tests, u may be taken as:
0-55 for steel moving on smooth concrete,
0-30 for steel moving on steel fixed to duct, and

0-25 for steel moving on lead,

k = coefficient for wave effect varying from 15 > 10-% to
50 ¥ 10-4 ner metre

[OAV RPN P VAL,

proved by

Note | — Expansion of the equation for P, for small values of
(pe+ kx) maybe Pp= Py {1 — pa —Ekx).
Note 2 — In circular constructions, where circumferential ten-

dons are tensioned by jacks, values of # for calculating friction
may be taken as:

0+45 for steel moving in smooth concrete,

025 for steel moving on steel bearers fixed to the concrete, and

010 for steel moving on steel rollers.

Note 3 — The effect of reverse friction shall be taken into
consideration in such cases where the initial tension applied to a
prestressing tendon is partially released and action of friction in
the reverse direction causes an alteration in the distribution of stress
along the length of the tendon.

18.6.1.1 Transmission lengt/z — The considerations affecting the trans-
mission length shall be the following:

a) The transmission length depends on a number of variables, the
most important being the strength of concrete at transfer, the size
and type of tendon, the surface deformations of the tendon, and
the degree of compactness of the concrete around the tendon.

b) The transmission length may vary depending on the site condi-
tions and therefore should be determined from tests carried out
under the most unfavourable conditions. In the absence of
values based on actual tests, the following values may be used,
provided the concrete is well-compacted, and its strength at
transfer is not less than 35 N/mm? and the tendon is released

gradually-
1) For plain and indented wire 1004
2) For crimped wires 654
3) Strands 304

Norte 1 — ¢ is the diameter of the tendon.

NoTEe 2 — The recommended values of transmission length apply to wires
of diameter not exceeding 5 mm and strands of diameter not exceeding 18 mm.,
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The development of stress in the tendon may be assumed to vary
parabolically along the length of the member.

d) For general guidance, it is recommended that one-half of the trans-

mission length shall overhang the support in a simply supported
beam. Where there is end-fixing, the whole of the transmission
length shall overhang.

18.6.2 End Zone
18.6.2.1 Bearing stress

a)

On the areas immediately behind external anchorages, the per-
missible unit bearing stress on the concrete, after accounting for
all losses due to relaxation of steel, elastic shortening, creep of
concrete, slip and/or seating of anchorages, etc, shall not exceed

048 £ /\/ %— or 0:8 fu; whichever is smaller, where f¢; is the
iy

n
cube strength at transfer, 4,, is the bearing area and A4,,, is the
punching area.

b) During tensioning, the allowable bearing stress specified in a) may

5

d)

&)

f)

be increased by .25 percent, provided that this temporary value
does not exceed f;.

The bearing stress specified in (a) and (b) for permanent and tem-
porary bearing stress may be increased suitably if adequate hoop
reinforcement complying with IS : 456-1978% is provided at the
anchorages.

When the anchorages arc embedded in concrete, the bearing
stress shall be investigated after accounting for the surface friction
between the anchorage and the concrete.

The effective punching area shall generally be the contact area of
the anchorage devices which, if circular in shape, shail be replaced
by a square of equivalent area. The bearing area shall be the
maximum area of that portion of the member which is geometri-
cally similar and concentric to the effective punching area.

Where a number of anchorages are used, the bearing area A,,
shall not overlap. Where there is already a compressive stress
prevailing over the bearing arca, as in the case of anchorage
placed in the body of a structure, the total stress shall not exceed
the limiting values specified in (ai, (b) and (c). For stage stressing
of cables, the adjacent unstressed anchorages shall be neglected
when determining the bearing area.

*Code of practice for plain and reinforced concrete ( third revision ).
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18.6.2.2 Bursting tensile forces

a)

The bursting tensile forces in the end blocks, or regions of bonded
post-tensioned members, should be assessed on the basis of the
tendon jacking load. For unbonded members, the bursting tensile
forces should te assessed on the basis of the tendon jacking load
or the load in the tendon at the limit state of collapse, whichever
is greater ( see Appendix B).

The bursting tensile force, Fy,, existing in an individual
square end block loaded by a symmetrically placed square ancho-
rage or bearing plate, may be derived from the equation below:

Fbs‘t Ypo
b 032 - 03 222
Py Yo

where

b)

©)

d)

€)

F,,, = bursting tensile force,

P,, = load in the tendon assessed as above,
yp, = side of loaded area, and

v, = side of end block.

The force Fy,, will be distributed in a region extending from 01 v,
to y, from the loaded face of the end block. Reinforcement
provided to sustain the bursting tensile force may be assumed to
be acting at its design strength (0-87 times characteristic strength
of reinforcement) except that the stress should be limited to a
value corresponding to a strain of 0-001 when the concrcte cover
to the reinforcement is less than 50 mm.

In rectangular end blocks, the bursting tensile forces in the two
principal dircctions should be assessed on the basis of 18.6.2.2.
When circular anchorage or bearing plates are used, the side of
the equivalent square area should be used. Where groups of
anchorages or bearing plates occur, the end blocks should be
divided into a series of symmetrically loaded prisms and each
prism treated in the above manner. For designing end blocks
having a cross-section different in shape from that of the general
cross-section of the beam, reference should be made to specialist
literature.

Compliance with the requirements of (a), (b) and (c) will generally
ensure that bursting tensile forces along the foad axis are provided
for. Alternative methods of design which make allowance for
the tensile strength of the concrete may be used, in which case
reference should be made to specialist literature.

Consideration should also be given to the spalling tensile stresses
that occur in end blocks where the anchorage or bearing plates
are highly eccentric; these reach a maximum at the loaded face.
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18.6.3 Detailing of Reinforcement in Prestressed Concrete

18.6.3.1 The detailing of reinforcement in prestressed concrete shall
generally conform to the requirements given in IS : 456-1978*. In addition,
the requirements of 18.6.3.2 and 18.6.3.3 shall be satisfied.

18.6.3.2 Transverse reinforcement

a)

b)

d)

The amount and spacing of transverse reinforcement shall be
governed by shear and torsion considerations. It is, however,
desirable to provide transverse reinforcement in the web when
the web is thin and cables are located in the web.

In case of all members subjected to dynamic loading, webs shall
be provided with transverse reinforcement, not less than (-3 per-
cent of the sectional area of the web in plan. This percentage of
reinforcement may be reduced to 0-2 percent in members where
the depth of the web is not more than four times the thickness
of the web. These values may be reduced to 0-2 and 0-15 per-
cent respectively when high strength reinforcement is used.

In case of members not subjected to dynamic loading, reinforce-
ment shall be provided when the depth of the web is more than
4 times the thickness. Such reinforcement shall not be less ¢than
0'1 percent of the sectional area of the web in plan. The reinforce-
ment shall be spaced at a distance not greater than the clear
depth of the web and the size of such reinforcement shall be as
small as possible.

Reinforcement in the form of links or helix shall be provided
perpendicular to the line of heavy compression or shock loading
to resist the induced tensile stresses.

18.6.3.3 Longitudinal reinforcement

a)

b)

A minimum longitudinal reinforcement of 0-2 percent of the total
concrete arca shall be provided in all cases except in the case of
pretensioned units of small sections. This reinforcement may be
reduced to 0'15 percent in the case of high yield strength deformed
reinforcement. The percentage of steel provided, both tensioned
and untensioned taken together, should be sufficient so that when
the concrete in the precompressed tensile zone cracks, the steel is
in a position to take up the additional tensile stress transferred
on to it by the cracking of the adjacent fibres of concrete and a
sudden failure is avoided.

When the depth of the web exceeds 50 cm, longitudinal distribu-
tion reinforcement not less than 0°05 percent of the area of the
web shall be provided on each face. The spacing of the indivi-
dual bars of such reinforcement shall not exceed 20 cm.

*Code of practice for plain and reinforced concrete ( third revision ).
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c) All untensioned longitudinal reinforcement shall be restrained in
the lateral direction.

18.6.4 Continuity —- In the design of continuous prestressed concrete
structures, due consideration shall be given to the effects of the support
restraints on both the external moment and the moment duc to pre-
stressing.

18.6.5 Butted Assembly — Where a butted assembly is used, or where like
conditions of abuttal are employed, proper provision shall be made to
transfer all shear stresses. Wherever the shear stresses exceed the limits
specified under 22.4, this provision shall include keying of all abutting
faces.

SECTION 4 STRUCTURAL DESIGN : LIMIT
STATE METHOD

19. SAFETY AND SERVICEABILITY REQUIREMENTS

19.1 Limit State Design — The structural design shall be based on limit
state concepts. in this method of design, 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 require-
ments 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 it is intended, that is, that it will not reach a limit
state.

19.1.1 All relevani 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.

19.1.2 For ensuring the specified 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 value
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 20.4 according to the material, the type of
loading and the limit state being considered.

19.2 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
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sections and from buckling due to elastic or plastic instability ( including
the effects of sway where appropriate ) or overturning. The resistance to
bending, shear, torsion and axial loads at every section shall not be less
than appropriate value at that section produced by the probable most

1o afss : PR e

unfavourable combination of loads on the structure using the appropriate
partial safety factors.

19.3 Limit States of Serviceability

19.3.1 Limit State of Serviceability : Deflection — The deflection of a
structure or part thereof shall not adversely affect the appearance or
efficiency of the structure or finishes or 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 horizontal
members, should not normally exceed span/250.

b) 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 which-
ever is less.

c) If finishes are to be applied to prestressed concrete members, the
total upward deflection should not exceed span/300, unless uni-
formity of camber between adjacent units can be ensured.

19.3.2 Limit State of Serviceability : Cracking — Cracking of concrete
shall not affect the appearance or durability of the structure. The criteria
of limit state of cracking for the three types of prestressed concrete mem-
bers shall be as follows:

a) For iype 1, no tensile stresses.
b) For type 2, tensile stresses are aliowed but no visible cracking.

c) For type 3, cracking is allowed, but should not affect the appearance
or durability of the structure; the acceptable limits of cracking
would vary with the type of structure and environment and will
vary between wide limits and the prediction of absolute maximum
width is not possible.

Note — For design of type 3 members, as a guide, the following may be
regarded as reasonable limits.

The surface width of cracks should not, in general, exceed 0']1 mm for
members exposed to a particularly aggressive environment such as the severe
category in Appendix A and not exceeding 02 mm for all other members.

19.3.3 The flexural tensile stress at any section of the structure, both at
transfer and under the most unfavourable combination of design loads,
shall satisfy the criteria for the corresponding type of structure.
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19.3.4 Limit State of Serviceability : Maximum Compression — The com-
pressive stresses both at transfer and under design loads shall be limited to
the values given in 22.8 for all types of structures.

19.3.5 Other Limit States — Structures designed for unusual or special
functions shall comply with any relevant additional limit states considered
appropriate to that structure.

20, CHARACTERISTIC AND DESIGN VALUES AND PARTIAL
SAFETY FACTORS

20.1 Characteristic Strength of Materials — The term ‘characteristic stress’
means that value of the strength of the material below which not more than
5 percent of the test results are expected to fall. The characteristic strength
for concrete shall be in accordance with Table 1, modified by 5.2.1 regard-
ing increase in concrete strength with age. Until the relevant Indian
Standard Specifications for prestressing and reinforcing steel are modified
to include the concept of characteristic strength, the characteristic strength
shall be assumed as the minimum ultimate tensile stress/breaking load
for prestressing steel and as the minimum yield/0-2 percent proof
stress for reinforcing steel, specified in the relevant Indian Standard
Specifications.

20.2 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 expressloads in
statistical terms, for the purpose of this code, the dead loads given in
IS : 1911-1967*, live and wind loads given in IS : 875-1964t+ and seismic
forces given in IS : 1893-1975} shall be assumed as the characteristic loads.

20.3 Design Values
20.3.1 Materials — The design strength of the materials, f; is given by

_f
Ja o
where
fa = characteristic strength of the material ( see 20.1 ), and

ym == partial safety factor appropriate to the material and the
limit state being considered ( see 20.4 ).

20.3.2 Loads -— The design load, F; is given by
Fy = Fy,

*Schedule of unit weights of building materials ( first revision ).
tCode of practice for structural safety of buildings : Loading standards ( revised ).
}Criteria for earthquake resistant design of structures ( third revision ).
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= partial safety factor appropriate to the nature of loading
and the limit state being considered ( see 20.4 ).

20.3.3 Consequences of Attaining Limit State —— Where the consequences
of a structure attaining a limit state are of a serious nature such as huge
loss of life and disruption of the economy, higher values for v, and ¥y,
than those given under 29.4.1 and 20.4.2Z may be applied.

20.4 Partial Safety Factors
20.4.1 Partial Safety Factor v, for Material Strength

20.4.1.1 When assessing the strength of a structure or structural
member for the limit e of coll , t partial safety factor
vm should be taken as 1.5 for concrete and 1.15 for steel.
NoTE — ¥y, values are already incorporated in the equations and tables given in

this code.

4.1.2 When assessing the deflection, the material propetties such as

modulu s of lastlclty of concrete should be taken as those associated with
alinwnatar:a Qb wea anf tha ter inl anmd m.“a 4y fantner chall ha

lllc L«ll.d.la.\‘l, llDLl\v Dl.l\«usl.ll. Ul ‘-ll\l lllal i{iak Alilul oatuvl )‘ la\/LUL aua.u IIUL UU

applied.

20.4.2 Partial Safety Factor vy, for Loads — The value of y, given in
Table 5 shall normally be used.

21. ANALYSIS

21.1 Analysis of Structure — Methods of analysis as in IS : 456-1978* shall
be used. The material strength to be assumed shall be characteristic values
in the determination of elastic properties of members, irrespeciive of the
limit state being considered. Redistribution of the caleulated moments may
be made as given in 21.1.1.

21.1.1 Redistribution of Moments in Continuous Beams and Frames — The
redistribution of moments may be carried out satisfying the following
conditions:

a) Equilibrium between the internal forces and the external loads
is maintained.

b) The ultimate moment of resistance provided at any section of a
member is not less than 80 percent of the moment at that section
obtained from an elastic maximum moment diagram covering all
appropriate combinations of loads.

*Code of practice for plain and reinforced concrete (third revision ).
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TABLE 5 VALUES OF PARTIAL SAFETY FACTOR vy, FOR LOADS

( Clause 20.4.2)
Loap Lt STATE OF Limvit STATES OF SERVICEABILITY
COMBINATION " COLLAPSE P A
— A - ‘DL LL WL
DL LL WL
1 (2) 3 4 (5) (b) 7}
A
DL 4 LL 15 — 1-0 1-0 —
DL + WL I'50r09 - 15 1-0 —_— 1-0
(see Note 2)
DL+ LL+ WL 12 ) 10 08 08

Note 1 — DL is the dead load, LL is the live load and WL is the wind load.

Note 2 — This value of 09 is to be considered when stability against overturning or
stress reversal is critical.

Nore 3 — While considering earthquakc effects, substitute EL for WL.

Note 4 — For the limit states of serviceability, the values of y given in this table are
applicable for short-term effects. While assessing the long-term effects due to creep, the
dead load and that part of the live load likely to be permanent may only be considered.

¢) The elastic moment at any section in a member due to a parti-
cular combination of loads shall not be reduced by more than 20
percent of the numerically largest moment given anywhere by the
elastic maximum moment diagram for the particular member,
covering all appropriate combination of loads.

d) At sections where the moment capacity after redistribution is less
than that from the elastic maximum moment diagram, the follow-
ing relationship shall be satisfied:

, Sur

Xy )
4t 100=03
where
x, = depth of neutral axis,
d = effective depth, and
3 == percentage reduction in moment.
e) Instructures in which the structural frame provides the lateral
stability, the reduction in moment allowed by condition given in
21.1.1 (¢) shall be restricted to 20 percent for structures up to

4 storeys in height and 10 percent for structures over 4 storeys in
height.

21.1.2 Analysis of Slabs Spanning in Two Directions at Right Angles — In
general, the provisions of IS : 456-1978* shall apply.

*Code of practice for plain and reinforced concrete ( third revision).
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22. LiMIT STATE OF COLLArsE
22.1 Limit State of Collapse : Flexure

22.1.1 Assumptions — Design for the limit state of collapse in flexure
shall be based on the assumptions given below:

a) Plane sections normal to the axis remain plane after bending.

b) The maximum strain in concrete at the outermost compression
fibre is taken as 0-003 5 in bending.

c) The relationship oetween 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 tests. An acceptable stress-strain curve is given in Fig. 3. For
design purposes, the compressive strength of concrete in the
structure shall be assumed to be 0:67 times the characteristic
strength. The partial safety factor y, = 15 shall be applied in
addition to this.

Note — For the stress-strain curve in Fig. 3, the design stress block para-
meters for rectangular section are as follows { see Fig. 4 ) :
Area of stress block == 0.36 f,z . x4
Depth of centre of compressive force from the extreme fibre in compres-
sion = 042 xy
where
Ser = characteristic compressive strength of concrete, and
xy = depth of neutral axis.

d) The tensile strength of the concrete is ignored.

¢) The stresses in bonded prestressing tendons, whether initially
tensioned or untensioned, and in additional reinforcement are
derived from the representative stress-strain curve for the type
of steel used given by the manufacturer or typical curves given in
Fig. 5 for prestressing tendons and in IS : 456-1978* for reinforce-
ment. For design purposes, the partial safety factor y,, equal
to 115 shall be applied.

f) If tendons are unbonded in post-tensioned members, the stress in
the tendons may be obtained from a rigorous analysis or from
tests.

22.1.2 Design Formulae — In the absence of an analysis based on the
assumptions given in 22.1.1, the moment of resistance of rectangular sec-
tions and flanged sections in which the neutral axis lies within the flange
may be obtained by the procedure given in Appendix B.

For flanged sections in which the neutral axis lies outside the flange,
the moment of resistance shall be determined using assumptions in 22.1.1.

*Code of practice for plain and reinforced concrete ( third revision ).
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22.2 Limit State of Collapse : Compression — Prestressed concrete com-
pression members in framed structures, where the mean stress in the con-
crete section imposed by tendons is less than 2:5 Nymm?, may be analysed
as reinforced concrete compression members in accordance with IS : 456-
1978*; in other cases specialist literature may be referred to.

22.3 Limit State of Collapse : Tension. — Tensile strength of the tension
members shall be based on the design strength (0-87 times characteristic
strength of prestressing tendons) and the strength developed by any
additional reinforcement. The additional reinforcement may usually be
assumed to be acting at its design stress ( 0-87 times characteristic strength
of reinforcement ); in special cases it may be necessary to check the stress
in the reinforcement using strain compatibility.

22.4 Limit State of Collapse : Shear — The ultimate shear resistance of the
concrete alone, V., should be considered at both sections uncracked and
cracked in flexure, the lesser value taken and, if necessary, shear reinforce-
ment provided.

22.4.1 Sections Uncracked in Flexure — The ultimate shear resistance of
a section uncracked in flexure, Ve = ¥V, is given by:

Veo = 067 bD +/ f2 4- 08 12, f:
where
b = breadth of the member which for T, I and L beams
should be replaced by breadth of the rib b,
D = overall depth of the member,
£, = maximum principal tensile stress given by 0-24 v/ f;, taken

as positive where fi; is the characteristic compressive
strength of concrete, and

Jep = compressive stress at centroidal axis due to prestress taken
as positive.

In flanged members where the centroidal axis occurs in the flange,
the principal tensile stress should be limited to 0-24V'f;, at the intersection
of the flanged web; in this calculation, 0-8 of the stress due to prestress at
this intersection may be used, in calculating Ve,.

For a section uncracked in flexure and with inclined tendons or verti-
cal prestress, the component of prestressing force normal to the longitudi-
nal axis of the. member may be added to V,.

22.4.2 Sections Cracked in Flexure — The ultimate shear resistance of a
section cracked in flexure, Ve = Vo, is given by:

. |4

Vc,=( 1—0—55%)C°bd+ u,

*Code of practice for plain and reinforced concrete ( third revision ).
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where

f,e = effective prestress after all losses have occurred, which
shall not be put greater than 06 f,,

f» = characteristic strength of prestressing steel,

{. = ultimate shear stress capacity of concrete obtained from
Table 6,

== breadth of the member, which, for flanged sections, shall
be taken as the breadth of the web b,

d = distance from the extreme compression-fibre to the
centroid of the tendons at the section considered,

M, = moment necessary to produce zero stress in the concrete
at the depth, given by:

Mo =08f;)6 —

where f,, is the stress due to prestress only at depth d
and distance y from the centroid of the concrete section
which has second moment of area /, and

V and M = shear force and bending moment respectively, at the
section considered due to ultimate loads.

V., should be taken as not less than 0-1 bd V /.

TABLE 6 DESIGN SHEAR STRENGTH OF CONCRETE, ¢;, N/mm?
( Clause 22.4.2)

CONCRETE GRADE

— A
100 'bd M 30 M 35 M 40 and Above
(1) (2) (3) 4)
0-25 037 037 038
0-50 050 050 0-51
075 059 059 060
1-00 066 067 068
125 071 073 074
1-50 076 078 079
1-75 0-80 082 084
2:00 084 086 088
295 088 0-90 092
2:50 091 093 095
2.75 0-94 096 098
3-00 0-96 099 101

Note —Ap is the area of prestressing tendon.

47



IS :1343 - 1980

The value of Ver calculated at a particular section may be assumed
to be constant for a distance equal to d/2, measured in the direction of
increasing moment, from that particular section.

For a section cracked in flexure and with inclined tendons, the com-
ponent of prestressing forces normal to the longitudinal axis of the member
should be ignored.

22.4.3 Shear Reinforcement

22.4.3.1 When V, the shear force due to the ultimate loads, is less
than V,, the shear force which can be carried by the concrete, minimum
shear reinforcement should be provided in the form of stirrups such that:
A 04
bs, 0-87f,

A,y = total cross-sectional area of stirrup legs effective in
shear,
b = breadth of the member which for T, I and L beams
should be taken as the breadth of the rib, b,,
sy == stirrup spacing along the length of the member, and

f, = characteristic strength of the stirrup reinforcement
which shall not be taken greater than 415 N/mm?.

However, shear reinforcement need not be provided in the foliowing
cases:

a) where V isless then 0-5 ¥, and
b) in members of minor importance.

22.4.3.2 When V exceeds V., shear reinforcement shall be provided
such that:

Aw _ V=V,
5o 087 f,d,

In rectangular beams, at both corners in the tensile zone, a stirrup
should pass around a longitudinal bar, a tendon or a group of tendons ¢
having a diameter not less than the diameter of the stirrup. The depth d,
is then taken as the depth from the extreme compression fibre either to the
longitudinal bars or to the centroid of the tendons whichever is greater.

The spacing of stirrups along a member should not exceed 0-75 d;
nor 4 times the web thickness for flanged members. When V exceeds 1:8 V,,
the maximum spacing should be reduced to 0:5 d,. The lateral spacing of
the individual legs of the stirrups provided at a cross section should niot
exceed 0°75 d,.
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22.4.4 Maximum Shear Forces — In no circumstances should the shear

force ¥, due to ultimate loads, exceed the appropriate values given in
Table 7 multiplied by bd.

TABLE 7 MAXIMUM SHEAR STRESS

Concrete Grade M 30 M 35 M 40 M 45 M 50 M 55 and over
Maximum 35 37 40 43 46 48
Shear Stress,

N/mm?

22.5 Limit State of Collapse: Torsion

22.5.1 General — In general, where the torsional resistance or stiffness
of members has not been taken into account in the analysis of the struc-
ture, no specific calculations for torsion will be necessary, adequate control
in torsional cracking being provided by the required nominal shear rein-
forcement. Where the torsional resistance or stiffness of members is taken
into account in the analysis, the members shall be designed for torsion.

22.5.2 Application of Design Rules for Torsion — The design rules laid
down in 22.5.3 to 22.5.5 apply to:

a) beams of solid rectangular cross-section (D > b),

b) hollow rectangular beams with D > b and with a wall thickness
t>0/4,and

c) T-beam and I-beams.

In all these cases the average intensity of prestress in the concrete
shall be less than 0°3 £,,.

22.5.3 Longitudinal Reinforcement

22.5.3.1 The longitudinal reinforcement shall be designed to resist an
equivalent ultimate bending moment M., given by:

Mgl = M + Ml
where

M = applied ultimate bending moment at the cross-section
acting in combination with 7,

M, = T/\/( 1 4+ —%D), the sign of M, being the same as that
of M,

D = overall depth of the beam, and

b == breadth of the member which for 7" and / beams shall be
taken as the breadth of the web, b,,.
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22.5.3.2 Where the numerical value of M is less than that of M,
+he member shall also be designed to withstand a moment M., given by:

My = M,— M,

the moment M., being taken as acting in the opposite sense to the
moment M.

22.5.3.3 Where the numerical value of M is less than or equal to that
of M,, the beam shall be demgned to withstand an equivalent transverse
binding moment M., ( not acting simultaneously wnh M.l) given by:

14+ 2
x1 \? D

Mo =3 (14 5) | —5
I+

and acting about an axis at right angles to the axis of M, where x, is the
smaller dlmensmn of a closed hoop used as torsional shear reinforcement
and e is as defined in 22.5.4.1.

22.5.4 Transverse Reinforcement

22.5.4.1 Torsional moment and shear carried by concrete — The reduced
torsional moment carried by the concrete T, is given by:

[
Tc1=To(e+ec)
where
T, = Z1'5 sz V For
T

¢ =7

Tc
& =

T 12fep \
7\ = 1 _“Jep )
/\/ +
In the above expressions,

T. == torsional moment carried by concrete,

b = breadth of the member, which for T and I beams shall be
taken as the breadth of the web, by,

D == overall depth of beam,
fex = characteristic compressive strength of concrete,

T = torsional moment applied to a cross-section under ulti-
mate load conditions,
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V = shearing force at a cross section calculated for the
specified ultimate loads,

V, = theoretical shear strength at a cross section, assuming the
most unfavourable conditions for inclined cracking,
that is, smaller of V., and V., (see 22.4.1 and 22.4.2),
and

fep = average intensity of effective prestress in concrete.

22.5.4.2 The shear force carried by the concrete Ve is given by:
4
Vc1=Vc(e+ec)
where

. V. = smaller of V¢, and V., obtained as in 22.4.1 and 22.4.2.

22.5.4.3 Design of transverse reinforcement — The area of cross-section,
A,, of the closed stirrup enclosing the corner longitudinal bars shall be
taken as the larger of the following two values:

_ Ms,
A= T84, 7,
and A4,, = A, + 2 At
where
A, = (V — Vei) 8y
v 0'87f; d1
Ao = (T—T¢ ) 50
T= 7087 b d, f,

In the above expressions,
M, = as defined in 22.5.3.1,
s» = spacing of the stirrup reinforcement,
b; = centre to centre distance between corner bars in the direc-
tion of the width,

d, = centre to centre distance between corner bars in the
direction of the depth,

f, = characteristic strength of shear reinforcement,
Vis as defined in 22.5.4.1,
Ve, is as dcfined in 22.5.4.2, and
T and T, are as defined in 22.5.4.1.

22.5.4.4 Minimum reinforcement —- The value of 4,, shall not be taken
lesser than that given by:
A 04
b.p = 0'87_f'
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There shall be at least one longitudinal bar not less than 12 mm in
diameter in each corner of the stirrups.

22.5.5 Distribution of Torsion Reinforcement — When a member is
designed for torsion, torsion reinforcement shall be provided as below:

a) All transverse reinforcement provided for torsion shall be in the
form of closed stirrups perpendicular to the axis of the members;

b) The spacing, s,, of the stirrups shall not exceed ( x, + y,)/4 or
200 mm whichever is smaller, where x, and y, are respectively
short and long dimensions of the stirrup;

¢) Each end of the bar forming the stirrup shall be anchored in
accordance with IS : 456-1973*; and

d) Torsional reinforcement shall be continued to a distance not less
than ( £ 4 b, ) beyond the point at which it is no longer than
theoretically required, where D is the overall depth and b, is the
effective width of the web of a flanged member.

22.6 Limit State of Serviceability : Deflection
22.6.1 Type t and Type 2 Members

22.6.1.1 Short-term deflection — The instantaneous deflection. due to
design loads may be calculated using elastic analysis based on the uncracked
section and the modulus of elasticity of concrete as given in 5.2.3.

22.6.1.2 Long-term deflection — The total long-term deflection due to
the prestressing force, dead load and any sustained imposed load may be
calculated using elastic analysis, taking into account the effects of cracking
and of creep and shrinkage ( see 5.2.4 and 5.2.5). Due allowance shall be
made for the loss of prestress ( see 18.5.2) after the period considered. The
defiections sheuld comply with the limits given in 19.3.1.

22.6.2 Type 3 Members — Where the permanent load is less than or
equal to 25 percent of the design imposed load, the deflection may be calcu-
lated as in 22.6.1.1. When the permanent load is more than 25 percent of
the design imposed load, the vertical deflection limits for beams and slabs
may generally be assumed to be satisfied provided that the span to effective
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 7
Simply supported 20
Continuous 26

*Code of practice for plain and reinforced concrete ( third revision ),
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b) 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.

22.7 Limit State of Serviceability: Cracking

22.7.1 In members made up of precast units, no tension shall be allowed
at any stage at mortar or concrete joints. For a member which is free
of joints, the tensile stress shall not exceed the values specified below for
the 3 types of members.

a) Type 1 — No tensile stress.

b) Type 2 — The tensile stress shall not exceed 3 N/mm? However,
where part of the service loads is temporary in nature, this value
may be exceeded by 1'5 N/mm?, provided under the permanent
component of the service load the stress remains compressive.

¢) Type 3 — For type 3 members in which cracking is permitted, it
may be assumed that the concrete section is uncracked, and that
hypothetical tensile stresses exist at the maximum size of cracks.
The hypothetical tensile stresses for use in these calculations for
members with either pre-tensioned or post-tensioned tendons are
given in Table 8, modified by coefficients given in Fig. 6.

TABLE 8 HYPOTHETICAL FLEXURAL TENSILE STRESSES
FOR TYPE 3 MEMBERS

Tyre oF TENDONS LiviTiNG STrREss OF CONCRETE FOR GRADE
Crack , A _—

WipTH M30 M35 M40 M45 M 50and above
1 - 2) (3 4 (5) (6) (7)

mm

Pre-tensioned tendons 01 — — 41 44 4-8
02 — — 50 54 58

Grouted post-tensioned 01 32 36 41 44 48

tendons 02 3-8 44 50 54 58

Pre-tensioned  tendons 01 — 53 58 6'3

distributed in the tensile 02 — — 63 68 7'3

zone and positioned
close to the tension faces
of concrete

Note — When additional reinforcement is distributed within the tension zone and
positioned close to the tension face of concrete, the hypothetical tensile stresses may be
increased by an amount which is proportional to the cross-sectional areas of the
additional reinforcement expressed as a percentage of the cross-sectional area of the
concrete. For | percent of additional reinforcement, the stress may be increased by
4 N/mm?® for members with pre-tensioned and grouted post-tensioned tendons and by
3 N/mm? for other members. For other percentages of additional reinforcement the
stresses may be increased in proportion excepting that the total hypothetical tensile
stress shall not exceed 0°25 times the characteristic compressive strength of concrete.

53



IS : 1343 - 1980

11
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OEPTH FACTOR
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DEPTH OF MEMBER IN mm

NoTe — The values in Table 8 shall be multiplied by the factors obtained from the
figure depending on the depth of the member.

FiG. 6 DEepTH FACTORS FOR TENSILE STRESSES FOR TYPE 3 MEMBERS

22.8 Limit State of Serviceability: Maximum Compression
22.8.1 Maximum Stress Under Service Conditions

22.8.1.1 Compressive stress in flexure — The maximum permissible
compressive stress, prestress and service loads after deduction of the full
losses in the specified prestress shall be determined by a straight line relation
as in Fig. 7; but different stress limits shall apply to the concrete of the
structure depending on whether it falls in a part of the section where the
compressive stresses are not likely to increase in service ( Zone I') or in part
of the section where the compressive stresses are likely to increase in service
( Zone IL) (see Fig. 7).

For Zone I, the straight line relation of permissible stress shall be
determined by the straight line joining a point given by a permissible stress
of 0-41 f,, for concrete of Grade M 30 to another point given by a per-
missible stress of 0-35 f¢; for concrete of Grade M 60.

For Zone II, the determining points of the graph shall be reduced
to 0-34 f.; and 0-27 f,, respectively.’

22.8.1.2 Stress in direct compression — Except in the parts immediately

behind the anchorage, the maximum stress in direct compression shall be
limited to 0-8 times the permissible stress obtained from 22.8.1.1.
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ZONE 1
O-I.Hck /_
034t ZONE 11 7035
027 f.x
M30  M60
fek

Fi16. 7 COMPUTATION OF MAXIMUM PERMISSIBLE COMPRESSIVE STRESS
IN FLEXURE DUE TO FINAL PRESTRESS

22.8.2 Maximum Stress dt Transfer

22.8.2.1 Compressive swress in flexure — The maximum permissible
compressive stress due to bending and direct force at the time of transfer
of prestress shall be determined from a graph in which a straight line joins
a point given by 0-54 f; for a concrete of Grade M30 to a second point
giving a permissible stress of 0'37 fe, for concrete of Grade M60 ( see
Fig. 8 A); f.; being cube strength of concrete at transfer which in no case
shall be less than half the corresponding characteristic compressive strength
of concrete. These values apply to post-tensioned work; for pre-tensioned
work the variation represented by Fig. 8B will apply.

Note — Thc strength of concrete at the time of transfer f,; shall be established by
tests carried out on cubes at the age of the concrete at transfer for bridges and such
other major structures and in other cases, if more convenient, from the straight line
granh, joining the characteristic compressive strength of concrete and cube strength
at 7 days. The transfer of prestress shall be made only after the concrete has attained
a strength of at least half the characteristic compressive strength of concrete.

22.8.2.2 Stress in direct compression — Except in the parts immediately
behind the anchorages, the maximum stress in direct compression shall be
limited to 08 times the permissible stress obtained from 22.8.2.1.
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0-54 ¢,

0'37 fc|

M 30 M60
fek

gA POST TENSIONED WORK

051 tei \“\| 044 tei

M40 M 60

fek

8B PRE-TENSIONED WORK

Fic. 8 COMPUTATION OF MAXiMUM PERMISSIBLE COMPRESSIVE STRESS
IN FLEXURE AT TRANSFER
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A-1. Minimum cement contents for different exposures and sulphate attack
are given in Tables 9 and 10 for general guidance.

V1 r 3 \ ¥ ¢ DAATATT MAMALATTINATT DTATITRDINTE TAT ADLIT
TABLE 9 MINIMUM CEMENT CONTENT REQUIRED IN CEMENT

CONCRETE TO ENSURE DURABILITY UNDER SPECIFIED
CONDITIONS OF EXPOSURE

ExPOSURE PRESTRESSED CONCRETE
L A Rl
Minimum Cement Maximum Water-
Content kglma Cement Ratio
Mild — For example, completely protected 300 065
against weather, or aggressive condi-
tions, except for a brief period of
exposure to normal weather condi-
tions during construction
Moderate — For example, sheltered from heavy 300 055
and wind driven rain and against
freezing, whilst saturated with water,
buried concrete in soil and concrete
continuously under water
Severe — For example, exposed to sea water, 360 045

alternate wetting and drying and to

freezing whilst wet subiect to he eavy

iregzain nust wel subject 1o nca

condensation or corrosive fumes

NOTE — The minimum cement content is based on 20 mm nominal maximum size.
For 40 mm aggregate, minimum cement content should be reduced by about 10 per-
cent under severe exposure condition only; for 125 mm aggregate, the minimum
cement content should be increased by about 10 percent under moderate and severe

exposure conditions only.

A-2. To minimize the chances of deterioration of concrete from harmful
chemical salts, the levels of such harmful salts in concrete coming from the
concrete materials, that is, cement, aggregates, water and admixtures as
well as by diffusion from the environments should be limited. Generally,
the total amount of chlorides (as Cl- ) and the total amount of soluble

labndan N 3 tha ~cnnceats tha +ima AF mlosicas chAanld ka

o an
Dulplldlca \4) DU3 J i l—.l.l\« VULIVIVLY al- luU L1l O1 pl“\-ﬂllls QUUVUIWL UV

limited to 0-06 percent by mass of cement and 4 percent by mass of cement
respectively.
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TABLE 10 REQUIREMENTS FOR CONCRETE EXPOSED
TO SULPHATE ATTACK

( Clause A-1)

Curass CONCENTRATION OF SULPHATES Tyepe oF ReQUIREMENTS FOR DENsE,
Exprussep As SO, CEMENT FurLy CoMPACTED
A- - CoNCRETE MADE WITH
In Soil In Ground AGGREGATES CoMPLYING
- A \ Water witH IS : 383-1970%
Total SO, SQ,; in ( Parts per P A ~
( Percent) 2:1Water 100000) Minimum Maximum
Extract g/l Cement Free Water/
Content Cement Ratio
(1) 2 3) (4) (3) (6) )
kg/m?
1. Less than — Less than Ordinary Port- 280 0'55
02 30 land cement or
Portland slag
cement
2. 02 to 0 — 30 to 120 Ordinary Port- 330 050

land  cement
(see Note 5 ) or
Portland  slag
cement

3. 05t01'0 1'9to 31 120 to 250 Ordinary Port- 330 050
land  cement
( see Note 5)

Norte I — This table applics only to concrete made with 20 mm aggregates comply-
ing with the requircments of I8:383-1970* placed in near-neutral groundwaters of
pH 6 to pI 9, containing naturally occurring sulphates but not contaminants such as
ammonium salts. For 40 mm aggregate, the value may be reduced by about 15 percent
and for 12°5 mam aggregate, the value may be increased by about 15 percent. Concrete
prepared from ordinary Portland cement would not be recommended in acidic
conditions (pH 6 or less }.

Note 2 — The cement contents given in Class 2 are the minimum recommended.
For SOj contens near the upper limit of Class 2, cement contents above these minimum
are advised. .

Note 3 — Where the total 8O3 in col 2 exceeds 0'5 percent, then a 2:1 water
extract may result in a lower site classification if much of the sulphate is present as low
solubility calcium sulphate.

Note 4 — For severe conditions such as thin sections under hydro-static pressure on
one side only and sections partly immersed, considerations should be given to a
further reduction” of water cement ratio, and if necessary an increase in the cement
content to ensure the degree of workability needed for full compaction and thus
minimum permeability,

Nere 5 — For class 3, ordinary Pordand cement with CgA content not more than
5 percent and 2C3A + C4AF (or its solid solution 4CaO, Al,03, Fe,O3 + 2Ca0,
Fe,O3) not more than 20 percent is recommended. If this cement is used for class 2,
minimum cement content may be reduced to 310 kg/m?3.

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

38



IS : 1343 - 1980

APPENDIX B
( Clauses 18.6.2.2 and 22.1.2)

MOMENTS OF RESISTANCE FOR RECTANGULAR
AND T-SECTIONS

B-1. The moment of resistance of rectangular sections or T-sections in
which neutral axis lies within the flange may be obtained as follows;

M=f,, A, (d — 042 x,)
where
M = moment of resistance of the section,
Jou == ultimate tensile stress in the tendons,
A4, = area of pretensioning tendons,
d == effective depth, and
X, = neutral axis depth
For pretensioned members and for post-tensioned members with
effective bond between the concrete and tendons, values of f,, and x, are
given in Table 11. The effective prestress after all losses should not be
less than 0-45 f,, where f), is the characteristic strength of prestressing steel.
For post-tensioned members with unbonded tendons, the values of
f»u and x, are given in Table 12. ‘
TABLE 11 CONDITIONS AT THE ULTIMATE LIMIT STATE FOR
RECTANGULAR BEAMS WITH PRE-TENSIONED TENDONS

OR WITH POST-TENSIONED TENDONS HAVING
EFFECTIVE BOND

Ap fo STress IN TENDON A8 A ProPORTION  RaTIO OF THE DEPTH OF NEUTRAL
bd fep or THE DEsIGN STRENGTH Ax1s TO THAT oF THE CENTROID OF
Sou THe TENDON IN THE TENSION ZONE
0871, xuld
s A- A} L4 A ]
Pre-tensioning Post-tension- Pre-tensioning Post-tensioning
ing with effec- with effective
tive bond bond
3 @) &) 4) (5)
0025 10 1-0 0-054 0054
0-05 10 10 0109 0-109
010 1-0 1-0 0217 0-217
015 10 10 0326 0316
0-20 10 0-95 0435 0414
025 1-0 0-90 0-542 0-488
0-30 1-0 085 0655 0558
040 09 075 0-783 0653
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TABLE 12 CONDITIONS AT THE ULTIMATE LIMIT STATE FOR
POST-TENSIONED RECTANGULAR BEAMS HAVING
UNBONDED TENDONS

( Clause B.1)

A4, fp StrESs IN TENDONS AS A ProPORTION  RATIO OF DEPTH OF NEUTRAL AXIs
%d fer or THE ErrECTIVE PRESTRESS fp4/f) TO THAT OF THE CENTROID OF THE
FOR VALUEs OF {[d TENDONS IN THE TENSION ZONE
ErrecTive SPAN ) #y/d FOR VALUES OV [|d
(EFFEGTXVE DepPTH ( ErrecTIVE SPAN )
ErrecTive DEPTH
30 20 10 30 20 10
(1) (2) (3) %) () (6) (N
0025 1-23 1-34 1-45 010 010 010
005 121 1.22 145 016 0-16 018
010 118 1-26 145 0-30 032 0-36
015 1'14 1-20 1-36 044 046 0-52
020 111 1'16 1-27 056 0-58 0-64
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TO
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( First Revision)
Corrigendum
( Page 31, clause 18.4, line 16 ) — Substitute
CYil(Yi— 1) for ‘YiYi—1°
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