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NOTATIONS

Area of High Tensile Steel

Area of longitudinal reinforcement

Cross-sectional area of two legs of a link

Area of connector steel

Area enclosed by the centre line of members forming a box
section

Bearing area of the anchorage converted in shape to a square of
equivalent area

Maximum area of the square that can be contained within the
member without overlapping the corresponding area of the
adjacent anchorages, and concentric with the bearing area ‘4.
Width of a rectangular section or rib of a Tee, L or I beam
Side of anchor plate

Width of flange of Tee or L beam

Overall depth of the girder measured from top of deck slab to
the soffit of girder

Depth of the girder from the maximum compression edge to the
centre of gravity of the tendons :

Diameter of prestressing wire/strand

Depth from extreme compression fibre either to the longitudinal
bars or the centroid of the tendons, whichever is greater
Modulus of Elasticity of concrete at 28 days

‘Modulus of Elasticity of prestressing steel

Modulus of Elasticity: of Concrete at j days (j<28 days)

Base of Naperian Logarithms

Bursting tensile force in end block

Average compressive stress in flexural compressive zone
Actual concrete cube strength at j days subject to a maximum
vlaue of f, (j<28days)

Characteristic compressive strength of 15 cm cubes at 28 days
Compressive stress at centroxdal axis due to prestress taken as
positive

Permissible compressive contact stress in concrete including
any prevailing stress as in the case of intermediate anchorages
Ultimate tensile strength of prestressing steel »
Stress due to prestress only at the tensile fibre distance v’ from
the centroid of the concrete section

(iii)
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Maximum principal tensile stress in concrete , Ve
The characteristic strength of the untensioned steel

Yield stress of longitudinal steel in compression

Yield strength of longitudinal reinforcement or 0.2 per cent
proof stress which should be taken as not greater than 415 MPa
Yield strength of links/shear reinforcement or 0.2 per cent proof
stress which should be taken as not greater than 415 MPa
Dead load

Larger dimension of the section

Smaller dimension of the section

Wall thickness of members of box section where torsional stress
is determined

Second moment of area of the section-

Wobble co-efficient pér metre length of prestressing steel
Length of specimen '

Bending moment at the section

Mega Pascals '

Cracking moment at the concrete section considered

Moment of section under ultimate load condition

Number of test strength results o
Load in tendon opo

X <=

C B I Al

R

Design live load including impact : opo(x):

Standard deviation (Sample). : ¢
Superimposed dead load

Spacing of connectors

Link spacing along the length of a member

Torsional moment due to ultimate loads

Thickness of flange of a Tee beam

Shear force at the section considered under ultimate loads,
actual volume of water ‘

Premeasured quantity of water

Balance quantity of water left

Ultimate shear resistance of a concrete section

Ultimate shear resistance of a concrete section uncracked in
flexure

Volume of sheathing sample used in water loss study

" Ultimate shear resistance of a‘concrete section, cracked in

flexure

(iv)
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Torsional shear stress in concrete section upto which no
torsional reinforcement is required
Torsional shear stress at a section
Ultimate torsional shear stress at a section
Distance in metre between points of operation of opo and opo
(x)
Smaller dimension of links measured between centres of legs
Tensile fibre distance from the centroid of the concrete section
Side of loaded area of end block

2
Side of end block

2
Larger dimension of links measured between centres of legs
Deviation of individual test strength from the average test
strength of ‘n’ test strength results
Co-efficient of friction between cable and duct
Cumulative angle in radian through which the tangent to the
cable profile has turned between the points of operation of gpo
and opo(x)
Standard deviation (population)
Steel stress at the jacking end
Steel stress at a point, distant ‘x” from the jacking end
Internal nominal diameter of sheathing
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1. INTRODUCTION . : !

The Design Criteria for Prestressed Concrete Road Bridges
(Post-Tensioned Concrete) was first published in December,
1965. To cater for the technological developments which were .
taking place in course of time, the Criteria were examined by the -
Technical Committees of the IRC and revised in 1977 and 1985 -
in the light of their recommendations. - '

In the light of further developments in the field of
prestressed concrete, the task of reviewing the criteria- and g
carrying ‘out required revisions was entrusted to the Committee |
for Reinforced, Prestressed and Composite Concrete - (B-6)
consisting of the following personnel :

Ninan Koshi .. Convenor

A.N. Dhodapkar .. Member-Secretary
MEMBERS

N.K..Sinha Jose Kurien

S.G. Joglekar ‘P.Y. Manjure

Dr. T.N. Subba Rao A.S. Prasada Rao

M.K. Mukherjee’ R:A. Chaudhary

Dr. M.G. Tamhankar G.R. Haridas

Shitala Sharan D.D. Sharma :

Mahesh Tandon Director & Head, Civil Engg.

S.A: Reddi " Bureau of Indian Standard

Ashok K. Basa (Vinod Kumar)

T. Vilswanathan

EX-OFFICIO MEMBERS

President, IRC : DG(RD)
~ (K.B. Rajoria) . (Prafulla Kumar)
Secretary, IRC
(S.C. Sharma)

CORRESPONDING MEMBER
. P.S.Tyagi
-
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The amendments as finalised by this Committee were
considered and approved by the Bridge Specifications and
Standards Committee in their meeting held at New Delhi on 7th
December, 1999 and later approved by the Executive Committee
in their meeting held at New Delhi on 14th December, 1999.
The draft amendments were discussed and approved by the
Council of the Indian Roads Congress at the 157th Council
Meeting held at Madurai on 4th January, 2000.

It was also decided that the document would be published
as a fully revised Criteria after incorporating all the amendments.

The object of issuing this publication is to establish a
common procedure for the design and construction of Prestressed
Concrete Road Bridges in India. The publication is meant to
serve as a guide to both the design engineers and the
construction engineers but compliance with the provisions
therein does not relieve them in any way of the responsibility for
the stability, soundness and safety of the structures designed and
erected by them.

The design and construction of road bridges require an
extensive and thorough knowledge of science and technique
involved and should be entrusted only to specially qualified
engineers with adequate experience of bridge engineering,
capable of ensuring careful execution of work.

2. SCOPE

These Criteria cover the design aspects for prestressed
concrete (post-tensioned) road bridges (determinate structures
only). These are not applicable to the design of members which
are subjected to direct compression like piers.

IRC: 18-2000
3. MATERIALS

3.1. Cement

Any of the following shall be used with prior approval of
the competent authority :

(a) Ordinary Portland Cement conforming to IS: 269
(b) High Strength Portland Cement conforming to IS: 8112
(¢) Ordinary Portland Cement conforming to 1S:12269 (Grade 53)

(d) Sulphate Resistant Portland Cement conforming to 1S:12330.
3.2.  Aggregates

All coarse and fine aggregates shall conform to IS:383 and
tests for conformity shall be carried out as per 1S:2386 Parts [
to VIIL

3.2.1. Coarse aggregate

3.2.1.1. Coarse aggregate shall consist of clean, hard,
strong, dense non-porous and durable pieces of crushed stone,
crushed gravel, natural gravel or a suitable combination thereof
or other approved inert material. It shall not contain pieces of
disintegrated stones, soft, flaky elongated particles, salt, alkali,
vegetable matter or other deleterious materials in such quantities
as to reduce the strength or durability of the concrete, or to
attack the embedded steel.

The nominal maximum size of aggregates shall usually be
restricted to 10 mm less than the minimum clear distance
between individual cables or individual untensioned steel
reinforcement or 10 mm less than the minimum cover to
untensioned steel reinforcement, whichever is smaller. A nominal
size of 20 mm coarse aggregates shall generally be considered
satisfactory for prestressed concrete work.
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3.2.2.  Fine aggregates : Fine aggregates shall conform
to Clause 302.3.3 of IRC:21.

3.3. Water

Water used for mixing and curing shall be in conformity
with Clause 302.4 of IRC:21.

3.4. Admixtures may be used in confo‘rmity with
Clause 302.2 of IRC:21.
3.5. Steel

3.5.1. The prestressing steel shall be any of the
following:

(a) Plain hard drawn steel wire conforming to IS: 1785 (Part I) and
IS: 1785 (Part II)

(b) Cold drawn indented wire conforming to IS:6003
(¢) High tensile steel bar conforming to 1S:2090
(d) Uncoated stress relieved strand conforming to 1S:6006, and

(e) Uncoated stress relieved low relaxation steel conforming to
1S:14268.

Data in respect of modulus of elasticity, relaxation loss at
1000 hrs., minimum ultimate tensile strength, stress-strain curve
etc. shall necessarily be obtained from manufacturers. Prestressing
steel shall be subjected to acceptance tests prior to actual use on
the works (guidance may be taken from BS:4447). The modulus
of elasticity value, as per acceptance tests, shall conform to the
design value which shall be within a range not more than 5 per
cent between the maximum and minimum.

3.5.2. Untensioned steel : Reinforcement used as
untensioned steel shall be any of the following :

(a) Mild steel and medium tensile steel bars conforming to 1S:432
(Part I)

IRC : 18-2000
(b) High strength deformed steel bars conforming to IS:1786 and

(c) Hard drawn steel wire fabric conforming to I1S:1566.

The reinforcement bars bent and fixed in position shall be
free from rust or scales, chloride contamination and other
corrosion products. Where cleaning of corroded portions is
required, effective method of cleaning such as sand blasting
shall be adopted.

3.5.3. Prestressing accessories like jacks, anchorage,
wedges, block plates, etc. being patented items shall be obtained
from authorised manufacturers only. The prestressing components
and accessories shall be subjected to an acceptance test prior to
their actual use on the works (guidance may be taken from
BS:4447).

3.6. Sheathing Ducts

The sheathing ducts shall be either in mild steel as per the
sub-clause 3.6.1 or in HDPE as per sub-clause 3.6.2. They shall
be in as long lengths as practical from handling and transportation
considerations without getting damaged. They shall conform to
the requirements specified in Appendix-14/1B and a test
certificate shall be furnished by the manufacturer. The tests
specified in Appendix-1B are to be performed as part of
additional acceptance tests for prestressing systems employing
corrugated HDPE sheathing ducts and are not meant for routine
site testing purposes.

3.6.1. MS sheathing ducts

3.6.1.1. Unless otherwise specified, the material shall be
Cold Rolled Cold Annealed (CRCA) Mild Steel intended for
mechanical treatment and surface refining but not for quench
hardening or tempering.

i
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3.6.1.2. The material shall be clean and free from rust and
normally of bright metal finish. However, in case of use in
aggressive environment galvanised or lead coated mild steel
strips shall be adopted.

3.6.1.3. The thickness of metal sheathing shall not be less
than 0.3 mm, 0.4 mm and 0.5 mm for sheathing ducts having
internal diameter upto 50 mm, 75 mm and 90 mm respectively.
For bigger diameter of ducts, thickness of sheathing shall be
based on recommendations of prestressing system supplier.

3.6.1.4. The sheathing shall conform to the requirements
specified in Appendix-1A and a test certificate shall be furnished
by the manufacturer.

3.6.1.5. The joints of all sheathing shall be water tight
and conform to the provisions contained in Appendix-2.

3.6.2. Corrugated HDPE sheathing ducts

3.6.2.1. Unless otherwise specified, the material for the
ducts shall be high-density polyethylene with more than 2 per
cent carbon black to provide resistance to ultraviolet degradation
and shall have the following properties :

Specific Density :0.954 g/cm? at 23°C
Yield Stress : 18.0 N/mm?
Tensile Strength : 21.0 N/mm?
Shore Hardness D-3 sec. value : 60
-15 sec. value : 58
Notch impact strength at 23°C : 10 kI/m?

-40°C : 4 kI/m?
Coefficient of Thermal
Expansion for 20°C - 80°C : 1.50 x 10 kJ/m?

3.6.2.2. The thickness of the wall shall be 2.3 + 0.3 mm
as manufactured and 1.5 mm after loss in the compression test,
for duct size upto 160 mm OD.

6
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3.6.2.3. The ducts shall be corrugated on both sides. The
ducts shall transmit full tendon strength from the tendon to the
surrounding concrete over a length not greater than 40 duct
diameters.

3.6.2.4. These ducts shall be joined by adopting any one
or more of the following methods, as convenient to suit the
individual requirements of the location, subject to the satisfactory
pressure tests, before adoption.

*  Screwed together with male and female threads.

*  Joining with thick walled HDPE shrink couplers with glue. This
can also be used for connection with trumpet, etc.

*  Welding with electrofusion couplers.

The joints shall be able to withstand an internal pressure of 0.5
bar for 5 minutes as per test procedure given in Appendix-1A.

4. CONCRETE

Concrete shall be in accordance with Clause 302.6 of
IRC:21.

5. LOADS AND FORCES

5.1. The loads and forces and load combinations as per
IRC:6-1966 and as applicable for the given structure shall be
duly accounted for.

5.2. All critical loading stages shall be investigated. The
stages stated below may normally be investigated:
. (i)  Stage prestressing;

(i)  Construction stages including temporary loading, transport,
handling and erection or any occasional loads that may occur
during launching of girders, etc. including impact, if any;
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(tii) The design loads as per load combination of 5.1 above
including the following discrete stages:
(a) Service Dead Load+Prestress with full losses.

(b) Service Dead Load+Live Load+Prestress with full losses.

(iv) For the combination of loads with differential temperature
gradient effects, maximum 50 per cent live load shall be
considered and any tensile stresses shall be taken care of by
providing adequately designed untensioned steel subject to the
crack width limitations stipulated in IRC:21. This shall apply

" notwithstanding - the provision contained in Clause 7.2.2.
However; in the case of precast segmental construction no
tension shall be permitted under this load combination.

) Ultimate load, as per Clause 12.

6. STAGE PRESTRESSING

Stage prestressing is permissible. The number of stages of
prestressing and grouting shall be reduced to the minimum,
preferably not more than 2. However, concrete shall have
~attained a strength of not -less than 20 MPa before any
prestressing is applied.

7. PERMISSIBLE STRESSES IN CONCRETE
7.1.  Permissible Temporary Stressés in Concrete

7.1.1  These stresses are calculated after accounting for
all appropriate losses, pertaining to the stage of construction, as
per Clause 11.

7.1.2.  The compressive stress produced due to loading
mentioned in Clause 5.2 (ii) shall not exceed 0.5 fq. which shall
not be more than 20 MPa, where fy is the concrete strength at
that time subject to a maximum value of £,

IRC : 18-2000

7.1.3. At full transfer the cube strength of concrete shall

not be less than 0.8 f_,. Temporary compressive stress in the
extreme fibre of concrete (including stage prestressing) shall not
exceed 0.50 f, subject to a maximum of 20 MPa.

7.1.4. The temporary tensile stresses in the extreme
fibres of concrete shall not exceed 1/10th of the permissible
temporary compressive stress in the concrete.

7.2. Permissible Stress in Concrete during Service

7.2.1.  The compressive stress in concrete under service
loads shall not exceed 0.33 f_.

7.2.2. No tensile stress shall be permitted. in the

_concrete during service.

7.2.3. If pre-cast segmental elements are joined by
prestressing, the stresses in the extreme fibres of concrete during
service shall always be compressive and the .minimum
compressive stress in an extreme fibre shall not be less than five
per cent of maximum permanent compressive stress that may be
developed in the same section. This provision shall not,
however, apply to cross prestressed deck slabs.

7.2.4.  The structure shall also be checked for 20 per °

cent higher time dependent losses like creep, shrinkage,
relaxation, etc. Under this condition, no tensile stress shall be
permitted. '

7.3.  Permissible Bearing Stress Behind Anchorages

The maximum allowable stress, immediately behind the

anchorages in adequately reinforced end blocks may be calculated

(™
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by the equation :

‘Nhere £,

Notes :

@

4'-!%

,A
f, =048 fq. 72 or 0.8 fq. whichever is smaller
|

the permissible compressive contact stress in concrete
including any prevailing stress as in the case of
intermediate anchorages

the bearing area of the anchorage converted in shape to
a square of equivalent area

the maximum area of the square that can be contained
within the member without overlapping the
corresponding area of adjacent anchorages, and
concentric with the bearing area 4 ”

The above value of bearing stress is permissible only
if there is a projection of concrete of at least 50 mm or’
b%, whichever is more all round the anchorage, where
b, is as shown in Fig. 1. ’

|

& l%

L

———8EARING AREA

Fig. 1.
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(i) Where embedded anchorages are provided, the
reinforcement details, concrete strength, cover and
other dimensions shall conform to the manufacturer’s
specifications/specialist literature,

(iii) The pressure operating on the anchorage shall be taken
before allowing for losses due to creep and shrinkage
of concrete and relaxation of steel, but after allowing
for losses due to elastic shortening and seating of
anchorage.

8. PERMISSIBLE STRESSES IN PRESTRESSING STEEL

Maximum jack pressure shall not exceed 90 per cent of
0.1% proof stress. For the purpose of this Clause 0.1% proof
stress shall be taken as equal to 85% of minimum Ultimate
Tensile Strength (UTS).

9. SECTION PROPERTIES

9.1. For members consisting of precast as well as cast-in-
situ units, due consideration shall be given to the different
moduli of elasticity of concrete in the precast and in-situ
portions.

9.2. Openings in Concrete Section

For the purpose of determining the flexural stresses both
prior to and after grouting of the cables or tendons, the
properties of the section such as area, position of centroid and
moment of inertia may be based upon the full section of the
concrete without deducting for the area of longitudinal openings
left in the concrete for prestressing tendons, cable ducts or
sheaths. No allowance for the transformed area of the prestressing
tendons shall, however, be made.

Deduction shall be made for the holes of transverse
prestressing tendons at sections where they occur, for determining
the stresses before grouting of these holes.

11
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9.3. Minimum Dimensions

9.3.1. ‘T’ beams

9.3.1.1. The thickness of the web shall not be less than
200 mm plus diameter of duct hole. Where cables cross within
the web, suitable increase in the thickness over the above value
shall be made.

9.3.1.2. The effective width of the flange of a ‘T’ beam
shall conform to Clause 305.15.2 of IRC:21.

9.3.1.3. The minimum thickness of the deck slab including
that at cantilever tips shall be 200 mm.

9.3.1.4. In case of multi-beam arrangement, at least two
cross girders, one at each support, shall be provided. For bridges
having beam and slab type of superstructure, the number of

longitudinal beams shall not be less than 3 except for single lane -

and pedestrian bridges. The depth of the end cross girders shall
be suitably adjusted to allow access for proper inspection of
bearings and to facilitate positioning of jacks for future lifting
up of the super-structure. The thickness of cross girders shall not
be less than the minimum web thickness of longitudinal girders.

9.3.1.5. In case of composite construction with prestressed
concrete girders and RCC deck slab, the soffit of deck slab shall
be in line with the top of the flange of the girders.

9.3.2.  Box girders

9.3.2.1. The thickness of the web shall not be less than
d/36 plus twice the clear cover to the reinforcement plus
diameter of the duct hole where ‘d’ is the overall depth of the
box girder measured from the top of the deck slab to the bottom
of the soffit or 200 mm plus the diameter of duct holes,
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whichever is greater. Where cables cross within the web,
suitable increase in the thickness over the above shall be made.

- In case of cast in situ cantilever construction, if the
prestressing cables are anchored in the web, the web shall be
locally thickened to not less than 350 mm nor less than that
recommended by the prestressing system manufacturer, subject
to design requirements.

9.3.2.2. The thickness of the bottom flange of box girder
shall be not less than 1/20th of the clear web spacing at the
junction with bottom flange or 200 mm whichever is more. For
top flange minimum thickness shall be as per Clause 9.3.1.3.

9.3.2.3. For top and bottom flange having prestressing
cables, the thickness of such flange shall not be less than 150
mm plus diameter of duct hole.

9.3.2.4. In box girders, effective and adequate bond and
shear resistance shall be provided at the junction of the web and
the slabs. The slabs may be considered as an integral part of the
girder and the entire width may be assumed to be effective in
compression.

For very short spans or where web spacing is excessive or
where overhangs are excessive, analytical investigation shall be
made to determine the effective flange width.

9.3.2.5. For cantilever construction, preference shall be
given to box type cross section with diaphragms provided at
supports. Sudden change in depth of superstructure should not
be permitted. For reducing the thermal effect suitable ventllatlon
should be provided in box sections.

9.3.2.6. Haunches of minimum size of 300 mm (horizontal)
and 150 mm (vertical) shall be provided at the four extreme

13
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inner comners of the box section. For all other corners fillets of
suitable size may be provided.

9.3.2.7. The minimum clear height inside the box girders
shall be 1.5 m to facilitate inspection.

94. Diaphragms/Cross Girders

Diaphragms shall be provided depending upon design
requirements. The thickness of diaphragms shall not be less than
the minimum web thickness.

10. MODULI OF ELASTICITY

10.1.  Modulus of Elasticity of Steel (E )

10.1.1.  For the purpose of design the following nominal |

values of modulus of elasticity can be assumed except where the
manufacturers certified values or test results are available:

Table 1
Type of steel Modulus of elasticity
MPa

Plain hard-drawn wires (conforming

to 1S:1785 and IS:6003) 2.1 x 108

High tensile steel bars rolled or :

heat treated (conforming to 1S:2090) 2.0x 10°
Strands (conforming to 1S:6006) 1.95 x 10°

10.1.2.  Representative values of modulus of elasticity as
supplied by the manufacturers or as per test results based on one
test of 3 samples for every lot of 10 tonnes or part thereof shall
be used for verification of the elongation calculations.
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10.2. Modulus of Elasticity of Concrete (E)

Unless otherwise determined by tests, the modulus of
elasticity, E_ of concrete shall be assumed to have a value

E = 5000 [f, MPa

The value of the modulus of efastcity E of the concrete at
j days may be taken to be.

IE .= 5000 [ f MPa
4 o

11. LOSSES IN PRESTRESS

Decrease in prestress in steel due to friction, seating of
anchorages and elastic shortening shall be deemed to be instan-
taneous, while that due to creep, shrinkage and relaxation of
steel is time “dependant. Both losses shall be calculated on the

following basis:
11.1. Elastic Shortening

The loss due to elastic shortening of concrete shall be
computed based on the sequence of tensioning. However, for
design purposes, the resultant loss of prestress in tendons
tensioned one by one may be calculated on the basis of half the
product of modular ratio and the stress in concrete adjacent to
the tendons averaged along the length. Alternatively the loss of
prestress may be computed exactly based on sequence of
stressing.

11.2. Creep of Concrete

The strain due to creep of concrete shall be taken as
specified in Table 2. '
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Table 2

Maturity of concrete at the time
of stressing as a percentage of f_

Creep strain per 10 MPa

40 9.4 x 10*
50 8.3 x 10*
60 7.2 x 10
70 6.1 x 10
75 5.6 x 10
80 5.1x 104
90 44 x 10*
100 4.0 x 10"
110 3.6 x 10

Notes: (i) The creep strain during any interval may be taken as the strain
due to a sustained stress equal to the arithmetic mean of the
initial and the final stress occurring during that interval.

- (if) The stress for the calculation of the loss due to creep shall be
taken as the stress in concrete at the centroid of the prestressing
steel. Variation in stress, if any, along the centroid of the
prestressing steel, may be accounted for.

(iii) Values of creep strain for intermediate figures for the maturity
of concrete at the time of stressing may be interpolated taking
a linear variation between the values given above.

(iv) The above values are for Ordinary Portland Cement.

11.3. Shrinkage of Concrete

The loss in prestress in steel, due to shrinkage of concrete
shall be estimated from the values of strain due to residual
shrinkage given in Table 3.

11.4. Relaxation of Steel

Relaxation of steel shall invariably be verified by testing to
ascertain conformance to the respective codes for prestressing

16
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Table 3

Age of concrete at the time Strain due to residual
of stressing, in days shrinkage

3 43 x 10*

7 3.5x 104

10 3.0x 10

14 25x 10

21 2.0 x 10

28 19 x 10*

90 1.5 x 10*

Notes: (i) Values for intermediate figures for any age of concrete may be
" interpolated taking a linear variation between the values given.
(il The above are for Ordinary Portland Cement.

steel as per Clause 3.5.1. For calculation of permissible
temporary stress in concrete as per Clause 7.1 losses due to
relaxation of steel shall be taken in accordance with Table 4A
and4BFor calculation of stress in service condition, long term
relaxation loss values occurring at about 0.5x10° hours shall be
considered, which shall be taken as 3 times the 1000 hour value
given in Table 4A.

Table 4A
Relaxation loss at 1000 hours at 20°C + 2°C (as % of initial stress)

Relaxation loss
for low relaxation

Relaxation loss for
Normal relaxation

Initial stress

steel (%) steel (%)
05 fp 0 0
0.6 fp 2.5 1.25
0.7 fp 5.0 2.5
0.8 fp 9.0 4.5

Notes: (i) For intermediate values linear interpolation may be done
(ii) fp = Minimum Ultimate Tensile Stress (UTS) of steel

17
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Table 4B

Relation between relaxation losses and time upto 1000 hours.
Time in Hours 1 5 20 100 200 500 1000

Relaxation loss 15 25 35 55 65 85 100
as % of loss at
1000 hrs

11.5. Losses Due to Seating of Anchorages

Depending upon the type of post tensioning, losses in

-prestress occur due to slip of wires, draw-in of male cones,

strains in anchorage, the value of which shall be as per tests or
manufacturer’s recommendations and duly accounted, for
considering reverse friction near the anchorage ends. For this
purpose the values of co-efficient of friction and wobble co-
efficient shall be taken same as those stipulated for positive
friction.

11.6. Friction Losses

Steel stress in prestressing tendons o, (x) at any distance
x from the jacking end can be calculated from the formula

o,= 0, x) (ul+ k)

po
Where o, = the steel stress at the jacking end
e = the base of Naperian Logarithms
4 = the co-efficient of friction
@ = the cumulative angle in radians through which the

tangent to the cable profile has turned between the
points of operation of o, and a, (x).
o, (x)= the steel stress at a point, distant ‘x” from the jacking

end
k = the wobble co-efficient per metre length of steel
x = the distance between points of operation of g, and

a, (x) In metres.
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The value of £ and & given in Table 5 may be adopted for
calculating the friction losses.

Table §

Type of high Type of duct or Values recommended to be used
tensile steel sheath in design
'k per metre i

Wire cables Bright metal 0.0091 0.25
Galvanized 0.0046 0.2
Lead coated 0.0046 0.18
Unlined duct in 0.0046 0.45
concrete

Uncoated stress Bright metal 0.0046 0.25

relieved strands Galvanized 0.0030 0.20
Lead coated 0.0030 0.18
Unlined duct in 0.0046 0.50
concrete
Corrugated HDPE  0.0020 0.17

Notes: (i) Values to be used in design may be altered to the values

observed, on satisfactory evidence in support of such values.

(i) For multi-layer wire cables with spacer plates providing lateral
separation, the value of u may be adopted on the basis of actual
test results.

(iii) When the direction of friction is reversed, the index of ‘e’ in the
above formula shall be negative.

(iv) The above formula is of general application and can be used for
estimation of friction between any two points along the tendon
distant x’ from each other.

The values of 4 and & used in design shall be indicated on
the drawings for guidance in selection of the material and the
methods that will produce results approaching the assumed
values.

11.7. For structures constructed by segmental
construction or other complex construction methods which
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require accurate determination and detailed information of time
dependent effects, specialist literature may be referred to.

12. ULTIMATE STRENGTH

A prestressed concrete structure and its constituent members
shall be checked for failure conditions at an ultimate load of 1.25
G + 2 SG + 2.5 Q under moderate condition and 1.5 G + 2 SG
+ 2.5 Q under severe exposure conditions where G, SG and Q
denote permanent load, superimposed dead load and live load
including impact respectively. The superimposed dead load shall
include dead load of precast footpath, hand rails, wearing course,
utility services, kerbs etc. For sections, where the dead load
causes effects opposite to those of live load, the sections shall
also be checked for adequacy for a load of G + SG + 2.5 Q.

13. CALCULATION OF ULTIMATE STRENGTH

Under ultimate load conditions, the failure may either
occur by yielding of the steel (under-reinforced section) or by
direct crushing of the concrete (over-reinforced section). Ultimate
moment of resistance of sections, under these two alternative
conditions of failure shall be calculated by the following
formulae and the smaller of the two values shall be taken as the
ultimate moment of resistance for design :

(1) Failure by yield of steel (under-reinforced section)
M,=094d4f

ult

Where A4
A

the area of high tensile steel

the ultimate tensile strength for steel without definite
yield point or yield stress or stress at 4 per cent
elongation whichever is higher for steel with a
definite yield point.

d, = the depth of the beam from the maximum
compression edge to the centre of gravity of the steel
tendons.
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Non-prestressed reinforcement may be considered as

contributing to the available tension for calculation of the

ultimate moment of resistance in an amount equal to its area

times its yield stress, provided such reinforcement is welded or
has sufficient bond under conditions of ultimate load.

(i1) Failure by crushing of concrete

M

ult

= 0176 bd} f,

for a rectangular section

ult

5 2 t
= 0176 bd, f, + 7708 (Bb) d=5|xtf,

for a Tee beam
Where b

It

the width of rectangular section or web of a Tee
beam

B, = the width of flange of Tee beam

t = the thickness of flange of a Tee beam

14. SHEAR AND TORSION
14.1. Shear

14.1.1. The calculations for shear are only required for
the Ultimate Load. : :

At any section the ultimate shear resistance of the concrete

alone, V_shall be considered for the section both uncracked (see
Clause 14.1.2) and cracked (see Clause 14.1.3) - in flexure
irrespective of the magnitude of M, and the lesser value taken
and, if necessary, shear reinforcement (see Clause 14.1.4)
provided.

For a cracked section, the conditions of maximum shear
with co-existent bending moment and maximum bending moment
with co-existent shear shall both be considered.

21
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The effect of the vertical component of the bottom flange
force in members of variable depth may also be considered
where applicable. While calculating this component the design
moment to be considered shall be concomitant with the design
shear force being considered.

14.1.2. Sections uncracked in flexure

14.1.2.1. The ultimate shear resistance of a section
uncracked in flexure, ¥, corresponds to the occurrence of a
maximum principal tensile stress, at the centroidal axis of the
section, of f = 0.24 f.

In the calculation of V_, the value of prestress at the
centroidal axis has been taken as 0.8 f .- Ihe value of V_ is

~given by :

v, =067 bd \[f +08f,,

Where *b = width in the case of rectangular member and width
of the rib in the case of T, [ and L beams

= overall depth of the member :
maximum principal tensile stress given by 0.24 \[f,

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

P S NI

h-]

*Where: the position of a duct coincides with the position of maximum
principal tensile stress, e.g., at or near the junction of flange and web near
a support, the value of b should be reduced by the full diameter of the duct
if ungrouted and by two-thirds of the diameter if grouted.

In flanged members where the centroidal axis occurs in the
flange, the principal tensile stress should be limited to 0.24 /7,
at the intersection of the flange and web; in this calculation, 0.8
of the stress due to prestress at this intersection may be used in
calculating V_.

For a section uncracked in flexure and with inclined '
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tendons or vertical prestress, the component of prestressing
force normal to the longitudinal axis of the member may be
added to V.

14.1.2.2. For bridge decks with precast prestressed beams
and cast-in-situ deck slab, V_, can be evaluated as given below:

= ultimate design moment acting on the precast section alone

vV = ultimate design shear force acting on the precast section
alone

Ip = second moment of area of precast section alone
second moment of area of composite section

first moment of area above composite centroid for precast
section alone

first moment of area above composite centroid for composite
section

= stress at composite centroid due to M,

= stress at composite centroid due to prestress
0.8 fc“p + f;m

=  stress at composite centroid due to ¥,

Vcl (Ay)p . . . . . .
= m—, if £ > f then section revision is required

TN g
h N
N
~
1|

\

N

NS
I

= additional ultimate shear force which can be carried by the
composite section before the principal tensile stress at
composite centroid reaches f, = 0.24 (fck)™”

(1b)
= (Ay)c [(f;? + fcpf;)m 'f)

Veo = Vd+ ch

14.1.3.  Sections cracked in flexure : The ultimate shear resistance
of a section cracked in flexure, Vcr may be calculated using the equation
given below :

M
Ver = 0.037 bd, /u+ LV

Where d, = is the distance from the extreme compression fibre
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to the centroid of the tendons at the section

considered;
M = is the cracking moment at the section considered, Mt

= (037 fu + 0.8 f)Ily in which £ is the stress
due to prestress only at the tensile fibre distance y
from the centroid of the concrete section which has
a second moment of area I;

Vand M = are the shear force and corresponding bending
moment at the section considered due to ultimate

. loads;
¥ = should be taken as not less than 0.1 bd ./ f, . The

cr

value of V_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 component of prestressing forces normal to the longitudinal
axis of the member should be ignored.

14.1.4. Shear reinforcement : When V, the shear force
due to the ultimate load is less than V/2 then no shear
reinforcement need be provided. A minimum shear reinforcement
shall be provided when ¥ is greater than V/2 in the form of links

such that

87F
A, O8TE _gamPa 0 1)
S b

v

When the shear force ¥, due to the ultimate loads exceeds

V., the shear reinforcement provided shall be such that

Ay A V.
Sv 0.87‘ﬁ/vd1 ----- (2)
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Where V. is the shear force that can be carried by the concrete
’ £ = is the yield strength of the links/shear reinforcement
or 0.2 per cent proof stress which should be taken as
not greater than 415 MPa
A, = is the corss-sectional area of the two legs of a link
S = is the link spacing along the length of member

d = is the depth from the extreme compression fibre
either to the longitudinal bars having diameter not
less than the link bar over which the link will pass
or to the centroid of the tendons, whichever is
greater.

In beams, at both corners in the tensile zone, a link shall
pass round a longitudinal bar, a tendon or a group of tendons
having a diameter not less than the link diameter. A link shall
extend as close to the tension and compression faces as possible,
with due regard to cover. The links provided at a cross section
shall bétween them enclose all the tendons and additional
reinforcement provided at the cross section and shall be
adequately anchored, Fig. 2 (i-iii). In no case shear reinforcement
provided shall be less than that required as per equation (1)
above when V is greater than V /2.

14.1.5. Maximum shear force : In no circumstances
shall the shear force ‘V°, due to ultimate loads, exceed the
appropriate value given in Table 6 multiplied by bd,, where ‘b’
is as defined in sub-clause 14.1.2, less either the diameter of the
duct for ungrouted or two-thirds the diameter of the duct for
grouted ducts and ‘d,’ is the distance from the compression face
to the centroid of the actual steel area in tensile zone but not less
than 0.80 times the overall depth of the member.

The shear force ¥ should include an allowance for
prestressing only for sections uncracked in flexure (see Clause
14.1.2).
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