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Course Objectives :

¢ To describe the basic concepts, analysis of stresses, main constituents
of Prestressed Concrete and various prestressing systems involved in
the prestressed concrete.

*» To enumerate the losses of prestress and deflection of prestressed
concrete members.

*» To analyze and design prestressed concrete flexural members using
codal provisions.

*» To examine the transmission of prestress and design the anchorage
reinforcement using the codified procedures.

* To design composite construction of prestressedstructural elements.

“» To give exposure to prestressed concrete in special structures.
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CEB4101 PRESTRESSED CONCRETE L T P cC

MODULE | BASIC CONCEPTS & ANALY SIS OF STRESSES 8

Concept of Prestressing — Advantages of prestressed concrete —
Matenals required — Systems and methods of prestressing — Analysis
of sections — Stress concept — Strength concept — Load balancing
concept —Stresses in tendons.

MODULE Il LOSSES OF PRESTRESS AND DEFLECTION IN MEMBERS 7

Losses of prestress —Deflections of prestressed concrete members -
Factors influencing deflections —-Effect on tendon profile on
deflections - Short term and long term deflections as per codal
provisions.
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MODULE lli DESIGN OF PSC MEMBER S 8

Flexural strength — Strain compatibility method - Simplified procedures
as per codes — Shear and Principal Stresses — Ultimate shear
resistance of P5C members - Design of shear reinforcement — Design
of P5C sections for flexure.

MODULE IV TRANSMISSION OF PRESTRESS 6

Transmission of prestress in pre-tensioned members —bond and
transmission length — end zone reinforcement — Anchorage zone
stresses -  stress  distribution - Design of anchorage zone
reinforcement.
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MODULEV COMPOSITE CONSTRUCTION 8
Analysis for stresses — Differential Shnnkage - Estimation of
deflections — Flexural and shear strength of composite members.

MODULE VIPSC SPECIAL STRUCTURES 8

Concept of circular prestressing — Design of prestressed concrete
pipes and cylindncal water tanks - Prestressed concrete poles, piles
sleepers, pressure vessels.
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Course Outcomes:

At the end of the course, students will be able to

CO1: describe the properties of constituents, apply the principles and procedures
for analyzing the prestressed concrete structures.

CO2 : evaluate the short and long term losses and deflection for PSC members.

CO3 : establish appropriate approaches to calculate the design strength for
flexure & shear and apply the principles for the design of PSC members.

CO4 : recognise the effects of transfer of prestress and design the anchorage
reinforcement.

CO5 : analyse and design the composite structural members.

COG : apply the principles and techniques for the design of circular prestressing
and demonstrate the various structures such as poles, piles and pressure

vessels.
Department of Civil
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MODULE - |

BASIC CONCEPTS &
ANALYSIS OF STRESSES
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Introduction

JWhy do we pre-compress concrete?

v " We know that concrete is strong in compression but
weak in tension???

v Because of this weakness in tension!

JWhere do we pre-compress the concrete?

v Wherever we expect tensile stresses under working load

dHow is this achieved?

v’ Pre-tensioning & Post-tensioning
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Definition of PSC

Prestressed concrete member is a member of
concrete In  which Internal stresses are
Introduced in a planned manner, so that stresses
resulting from the super Iimposed loads

counteracted to a desired degree.

Department of Civil ) 9
Engineering




Pro / Con

PSC advantages

d Section remains uncracked under service loads
d High span-to-depth ratios

d Suitable for precast construction

PSC disadvantages

] Needs skilled technology
 Use of high strength materials is costlier
 Aadditional cost in auxiliary equipments

1 Need for quality control and inspection
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Materials

High Strength Concrete

1 Higher strength
4 High bond strength
U High bearing strength

1 Higher cement content
 Low water-cement ratio
O Good quality aggregates

v'40 N/mm? - pre-tensioned
v'35 N/mm? - post-tensioned

High Tensile Steel

v Above 1200 N/mm?

" Strands
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Cutting of tendons

Department of Civil )
Engineering

Sequence of Casting

Post-tensioning

Placing of duct and tendon

Duck

24
Casting bed Side view

Casting of concrete

Jack
=

applying tension to tendons

PSR TR anchor
—-———-—-—_——
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Making of Railway Sleepers (pretensioned)
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Pre-tensioning stress bench Anchoring of strands
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Making of Railway Sleepers (pretensioned) (contd..)
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Pouring of concrete & V|brat|on

| R - A R e L PR T TFEE:

Courtesy nptel ac.in/courses/105106117

Department of Civil
Engineering




Making of Railway Sleepers (pretensioned) (contd..)
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Cutting of Strands
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Stacking of Slééper
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Making of girder (post-tensioned) (contd..)
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Making of girder (post-tensioned) (contd..)
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Making of girder (post-tensioned) (contd..)

Tendons anchored at one end and stretched at the
other end by a hydraulic jack

Courtesy: nptel.ac.in/courses/105106117
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Anchoring Devices
Wedge Action Direct Bearing

button{ head

_- strand

—threaded anchor head

trumpet — ~
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Railway Sleepers

| Courtesy: nptel.ac.in/courses/105106117

Circular Prestressing

Containment Structure
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Classification of PSC Members (contd..)

Full Prestressing Amount of force

no tensile stress Is allowed In concrete under service
oads

Limited Prestressing

 Tensile stresses — permitted

 no visible cracking is allowed

densured by Ilimiting the maximum tensile stress of
concrete

Partial Prestressing

Cracking permitted but limited to maximum permissible
flexural crack widths
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Classification of PSC Members (contd..)
Directions of Member

Uniaxial Prestressing

tendons are parallel to one axis
EXx : prestressing of beams

Biaxial Prestressing

tendons are parallel to two axes
EX : prestressing of slabs

Multi-axial Prestressing

tendons are parallel to more than two axes
EX : prestressing of domes
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Example : Biaxial Prestressing
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Biaxial Prestressing of a Slab
2
(Pre-tensioned Members)
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Analysis of Stresses in PSC Members
| - Method Stress concept method

d PSC is an elastic composite material
1 Concrete subjected to 2 systems of forces:
> Internal prestress (pre-compression by tendons
counteract tension in concrete)

» External loads
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Analysis of Stresses in PSC Members (contd..)
Stress concept method

Beam is prestressed with a tendon through the centroid

P—{ fe— P | +

Prestressing Force, P ]

Uniform Compressive Stress = [
Area of concrete member, Ac

Beam is prestressed with a tendon, placed eccentrically

P20
A Z
Rosultant 28
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Stress concept method

PSC beam is subjected to an external load

&
ANIEE:
iz

R

e

+ _E “_~.
P. L -
Direct Zy Z zZ,
strass Bendi Dead load .
ivog stress Live load
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Analysis of Stresses in PSC Members (contd..)
Il - Method Strength concept method

“ Internal Resisting Couple Method
¢ Concrete takes compression

» Steel takes tension

Load W=0 ¢ Load W/m
. g c. lina M=0 I:.E-E:- ling "'"1“ T
I . S <"'+' e DM
c.g.5. ling —J'-!"""l=—F “*6:‘"}'?"_"_ T o
I3 T=pP £ =

M=Ca=Ta=Pa and a:(%)
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Analysis of Stresses in PSC Members (contd..)
Strength concept method

Shift of pressure line above the centroidal axis, e’ = a - e

Resultant stresses

Per

At top fibre = E +

£

Per

Zh

e | M

At bottom fibre =

31
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Analysis of Stresses in PSC Members (contd..)
Ill - Method Load balancing method

*» Load in the concrete, balanced by stressing the steel

** l.e., transverse component of the tendon force

balances the external loads
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Analysis of Stresses in PSC Members (contd..)
I - Method

Cross-sectional area of the member, A
Moment of Inertia of the beam, |

Section modulus, Z

Prestressing Force, P

Direct stress =

Cross—sectional area of the member, A

Bending stress due to tendon at top or bottom = Fe ; fe

Zt Zp

Steps to follow

Self weight of the member, wg = width of the member x overall depth of the member x

density of concrete

w12

Moment due to self-weight of the member, Mg = —EE—

Stress due to self-weight of the member at top or bottom, f4




Moment due to live load acting on the member, M, =

_ M

Stress due to live load at top or bottom, f .
t

Resultant stresses

- P P M M

At top fibre = —_ £ 4 4 4
: P P M M
At bottom fibre = — + —= — —4 _ 1L
A Zp Zp Zp

If loss of prestress is included, then

i P P M M
At top fibre = ”(E_—E 4 e M
g Fg Zy

At bottom fibre =n (E L Pe)y Ma M
A Zp Zp zp,
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Analysis of Stresses in PSC Members (contd..)
Steps to follow

Il - Method

Total moment acting on the member, i.e., sum up the moment due to self — weight and
live load

Total Moment, M
Prestressing Force, P

Leverarm,a =

Shift of pressure line above the centroidal axis, e’ = a - e

Resultant stresses

Attop fibre = Z4 22
A Z

At bottom fibre = E— F’—
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CEB4101, Prestressed Concrete
D D

MODULE - I

LOSSES OF PRESTRESS AND
DEFLECTION IN MEMBERS
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Losses of Prestress G

* Prestress does not remain constant with time.

* Even during prestressing of tendons and transfer of prestress,
there is a drop of prestress from the initially applied stress.

* Reduction of prestress - loss in prestress.

* In other words, loss in prestress is the difference between
initial prestress and the effective prestress that remains in a
member.

» Affects the strength of member and serviceability including

stresses in concrete, cracking, camber and deflection.
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Losses of Prestress - Classification

(1) Short-Term or Immediate Losses

immediate losses occur during prestressing of tendons
and transfer of prestress to concrete member.

I. Elastic Shortening of Concrete

ii. Slip at anchorages immediately after prestressing
and

. Friction between tendon and tendon duct and
wobble Effect

Department of Civil ) 38
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Losses of Prestress - Classification (contd..)

(2) Long-Term or Time Dependent Losses

= Time dependent losses occur during service life

of structure.
i. Creep and Shrinkage of concrete and

i. Relaxation of prestressing steel

Department of Civil ) 39
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Losses of Prestress

Yes i. No, if all the cables are
simultaneously tensioned.

ii. If the wires are tensioned in
stages loss will exist.

No Yes
No Yes
Yes Yes
Yes Yes

40
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Elastic Shortening of Concrete

1. Pre-tensioned Members:

v' Tendons are cut and the prestressing force is transferred
to the member, concrete undergoes Iimmediate
shortening due to prestress.

v' Tendon - shortens by same amount, which leads to the

loss of prestress.
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Elastic Shortening of Concrete (Contd..)

2. Post-tensioned Members:
v' If there is only one tendon - no loss of presstress

v' because the applied prestress is recorded after the elastic

shortening of the member.

v For more than one tendon, if the tendons are stretched
sequentially, there is loss in a tendon during subsequent

stretching of the other tendons.
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Elastic Shortening of Concrete (Contd..)

 Loss due to elastic shortening is quantified by the drop in
prestress (Af,) in a tendon due to change in strain in
tendon (Ag,).

d Change in strain in tendon is equal to strain in concrete
(¢,) at the level of tendon due to prestressing force, which
Is called strain compatibility between concrete and steel.

 Strain in concrete at the level of tendon is calculated from
the stress in concrete (f,) at the same level due to the
prestressing force.
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Elastic Shortening of Concrete (Contd..)

M=E, Ae, =E, ¢, = E, (f/E;) = Af, =mf,

d For simplicity, the loss in all the tendons can be
calculated based on the stress in concrete at the level
of CGS.

 This simplification cannot be used when tendons are

stretched sequentially in a post-tensioned member.
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Anchorage Slig G

* Tendon force is transferred from the jack to the anchoring
ends - wedges slip over a small distance due to friction.

“ Anchorage block also moves before it settles on
concrete.

*» Loss of prestress is due to the consequent reduction in
the length of the tendon.

»» Amount of slip depends on type of wedge and stress in
the wire.
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Anchorage Slif €9

 Loss of stress is caused by a definite total amount of
shortening.

» Percentage loss is higher for shorter members.

 Due to setting of anchorage block, as the tendon shortens,
there develops a reverse friction.

* Loss of prestress due to slip can be calculated:

Department of Civil 46
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Frictional Loss

 |n Post-tensioned members, tendons
are housed in ducts or sheaths.

* If the profile of cable is linear, the
loss will be due to straightening or
stretching of the cables called
wobble effect or wave effect.

 If the profile is curved, there will be
loss in stress due to friction between
tendon and the duct or between the
tendons themselves.

Department of Civil ) 47
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Frictional Loss (contd..)

P

Variation of prestressing force after stretching

» The magnitude of prestressing force, P, at any distance, x from the

tensioning end follows an exponential function of the type,
Po = Poe (“o k)
where, Po= Prestressing force at the jacking end
1 = Coeficient of friction between cable and the duct
o = Cumulative angle in radian through which
the tangent to the cable profile has turned
between any two points under consideration

k = Friction coefficient

Department of Civil )
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Creep of Concrete G

» It is a time-dependent loss
» increase of deformation under sustained load
» Due to creep, the prestress in tendons decreases with
time
» Factors affecting creep and shrinkage of concrete
* Age
* Applied Stress level
* Density of concrete
 Cement Content in concrete
« Water-Cement Ratio
* Relative Humidity and
 Temperature
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of Concrete (contd..)

For stress in concrete, less than one-third of the
characteristic strength, then the ultimate creep strain
(€. ur) I8 found to be proportional to the elastic strain (¢,).

The ratio of the ultimate creep strain to the elastic strain is
defined as the ultimate creep coefficient or creep
coefficient, 6.

gcr, ult = 0 gel

* |IS: 1343 considers only the age of loading of the

prestressed concrete structure in calculating the ultimate
creep strain.
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of Concrete (contd..)

dLoss in prestress (Af; ) due to creep is given by
Afp = Ep E:Cr, ult =Ep S gel

1 Temporary loads are not considered in calculation of creep

dSince the prestress may vary along the length of the
member, an average value of the prestress is considered.

d Prestress changes due to creep, which is related to the
iInstantaneous prestress.

A Curing the concrete adequately and delaying the application
of load provide long-term benefits with regard to durability,
loss of prestress and deflection.
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Shrinkage of Concrete €9

d Time-dependent strain measured in an unloaded and
unrestrained specimen at constant temperature.

Loss of prestress (Af, ) due to shrinkage is
Af, = E, &,
d Approximate value of shrinkage strain for design shall be
assumed as follows (IS 1383):

* For pre-tensioning = 0.0003

* For post-tensioning = -

t = age of concrete at transfer in days.
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Relaxation of Stress in Steel G

J Relaxation is the reduction in stress with time at constant

strain.

** decrease in the stress is due to the fact that some of the
initial elastic strain is transformed in to an inelastic strain

under constant strain.

¢ stress decreases according to the remaining elastic

strain.

1 Factors effecting Relaxation : Time; Initial stress;

Temperature and Type of steel.
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Relaxation of Stress in Steel (contd..)
* Relaxation loss can be calculated according to the IS 1343-1980

code

« Allowable loss of prestress for the design of PSC is as follows:

% loss of stress

Type of loss — —
Pretensioning Post-tensioning

Elastic shortening of 4 1
concrete
Creep of concrete 6 5
Shrinkage of concrete 7 6
Relaxation of stress in 8 8
steel
Total 25 20

Department of Civil )
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Loss of Prestress G

Exercise
A PSC beam 300 mm wide and 600 mm deep is prestressed with tendons of area

250 mm? located at a constant eccentricity of 100 mm and carrying an initial stress of
1050 N/mm?2. The span of the beam is 10.5 m. Calculate the percentage loss of stress
in tendons if (i) the beam is pre-tensioned (ii) the beam is post-tensioned.

Use the following data:

Modular ratio =6
Es =210 kN/ mm?
Anchorage slip =1.5 mm

friction co-efficient due to wave effect = 0.0015 per m
creep strain (Ecc) = 40 x 10°° mm/mm per N/ mm? for pre-tensioned member
= 20 x 10°°* mm/mm per N/ mm? for post-tensioned member
Shrinkage of concrete (gsn) = 300 x 10 for pre-tensioned member
=200 x 10 for pre-tensioned member

Relaxation of steel stress = 2.5% of the initial stress
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Loss of Prestress (Exercise
300 mm Solution

600 mMmm

e=100 mm
@

Prestressing force, P = Initial stress x Area of tendons

= 1050 x 250 = 262500 N

Cross-sectional area of the member, A = 300 x 600

=18 x 104 mm?=

. : bD?3 300 x 6003
Moment of inertia, | = ( - ) = ( ‘;

Department of Civil ) 56
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Loss of Prestress (Exercise - contd..)

Pey
I

Stress in concrete at the level of steel, fc = g +

262500 262500 x 100 x 100
18 x 10% 54 x 10%

= 1.944 N/ mm?
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Loss of Prestress (Exercise - contd..)

Department of Civil
Engineering

sI. Loss of stress in
No. Type of loss Equation Pre-tensioned Post-tensioned
(N/mm?) (N/mm?)
1. | Elastic deformation mf, 6 x1.944 = 11.664 No loss of stress
of concrete
2. | Relaxation of steel 2.5% of |(2.5/100) x 1050 = (2.5/100)x 1050 =
stress initial stress | 26.250 26.250
3. |Creep of concrete E.f. E (40 x 10) x (1.944) x | (20 x 10-%) x (1.944) x
(210 x 103%) = 16.329 (210 x 103%) = 8.164
4. | Shrinkage of & Es (300 x 10-%) x (210 x (200 x 10-%) x (210 x
concrete 103) = 63 103) =42
5. |Friction loss f. k No loss of stress 1050 x 0.0015 x 10.5 =
16.53
6. | Anchorage slip E A No loss of stress (210 x 10%) (1.5)
( 1 ) (10.5 x 103)
= 30
Total Loss 117.243 122.944
(117.243 x 100) (122.944 x 100)
Percentage loss of stress (1050) (1050)
= 11.166 % = 11.7%
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Deflection of PSC Members

» Effect of tendon profile on deflection of PSC Members

1 Tendons are located with eccentricities towards the
soffit of beams to counteract the sagging bending

moments of transverse loads.

d Consequently, the beam deflects upwards due to the

transfer of prestress.
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Deflection of PSC Members (contd..)

» Factors influencing the deflection of PSC Members

1.Imposed load & self load

2. Magnitude of prestressing force

. Cable profile

. Second moment of area of cross-section

. Modulus of elasticity of concrete

. Shrinkage, creep & relaxation of steel stress

. Span of the member

o N O O & W

. Fixity condition
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Deflection of PSC Members (contd..)

Computation of deflection of beams with different tendon profiles

(i) Straight Tendons

B PR — PELI

-+ P -

) L X BEI

P

(i) Trapezoidal Tendons

|e— L, —|—L,—>

:: _te
e X 6EI

(217 + 641, +315]
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(v) Sloping Tendons (eccentric anchors)
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CEB4101, Prestressed Concrete
D D

MODULE - Ili

DESIGN OF PSC MEMBERS
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Stages of Loading

— vP — Maximum
Initial or Transfer Stage v M - Minimum

d During tensioning of steel
J At transfer of prestress to concrete

Intermediate Stage

dincludes the loads during handling, transportation
derection of the prestressed members

: : v P — Minimum
Final or Service Stage v’ M - Maximum

At service, during operation
At ultimate, during extreme events
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Design of PSC Sections
Stress Range Approach

 Through range of stresses, initial or service load stage
IS decided

1 Evaluate the moduli of section

d Using the moduli of section, required prestress at final

stage and permitted eccentricity is decided
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Design of PSC Sections (contd..)

Stress Inequalities
At working stage

At transfer stage

Top fibres
’f;*tcp ;L] = f (A

Bottom fibres

’ﬁnf E‘ = fet

Top fibres

M M
Wy + 22+ 72| < fou
Bottom fibres

M M
[rlfmf_ — - E_L; :hftw

where sup — superior, inf - inferior, t —top, b — bottom

DL — Dead load, LL — Live load

fy fet T, fow — 15 subscript — nature of stress — tensile / compressive

2"d subscript — type of stages — transfer/ working

Department of Civil )
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Design of PSC Sections (contd..)

Ranges of Stress

[MLL + (1 — 1) Mp,;

Zi: ‘ = (ﬁ:w o ??ﬁ?t) = ff-f'l"

[MLL + (1— 1) Mp,;

7 ‘ < (1for = fow) < for

Section Moduli

;- [MLL+ (1— n) MDL]
C T for

My, + (1— mM
Zb:_}[LL fhr?}' DLI
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Design of PSC Sections (contd..)

(f. fins Zp) pée
A AR S A
Prestressing force, P = sup 7t Jinf bl
2 [ Ly + 2y
Mp;
fs‘wp = [ftt o ]
fbr

ﬁﬂf =

[J‘Ew + ["MDL
7 7

+ M;,;)
L,

Zy Z =
eccentricity, e = [ t=b (ﬁ“ﬂf Jsup :]'
A [f—‘-‘lﬂﬂ ‘Zt + ﬁﬂf Eb)
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‘ Load
)
Max/mum or Llilmite_ _______________ ”_
VieldingofSteel | E;j_f.f-*'g T
Elastic RangelUmt | _J_L_,_--"" L __{
® = ® ﬁ -
Cracking _—t ;i; ————————— ———l
{Firet Loading) / o |
(%) P g |
e P
i
Balanced Fros F |
ﬂﬂ.‘ (2 5 |
e |
Self Weight  / } |
'Lj) AN Typical Lnaf:l-Deﬂectinn Curve Deflection
(Under-Reinforced, Bonded)

Courtesy : N. Krishnaraju, Prestressed Concrete
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Point 1 — Upward deflection

Point 2 — Zero deflection and
corresponds to a uniform state of
stress in the section

Point 3 — Decompression or zero
stress at the bottom fibre

Point 4 — Beginning of cracking in
the concrete

Point 5 — Either concrete or steel
reaches its non elastic

characteristics

Point 6 — Steel has reach its
yielding strength

Point 7 — Maximum capacity of

70
beam attained at ultimate load



Load (7) .
‘ ) 2 Over-Reinforced Baams: MOdeS Of Fallure
E e ,// Faifure by crushing of concrate )
@y " " oy
S Ductility s
¥ L B e
/1 Crmcking e Under-Reinforced Beams:
f_-' ' _f_,__;f" I:fﬂ‘xl Failure by crushing of concrefe
/ T Yiekding of Steel
LA
/ ,"f.fh“\_
_r-"j i I\_?_,-'f
/' Lightly Reinforced Beams:
/' / /| Failure by rupture of steel
P L S
Fl £ 7 Typical Change in Load-Deflection Curve
Fols . = -
/ ¥/ with Increase in the Amount of Reinforcement
IIII." .-"ll .;__(
/S Deflection
L o

Courtesy : N. Krishnaraju (Ref:1)
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Reinforcement is insufficient to carry the tensile
stresses from the concrete

Reinforcement greater than the minimum amount, failure
will always occur by crushing of the concrete

Amount of steel is such that yielding of steel and
crushing of concrete occur simultaneously - balanced
reinforcement ratio

steel will not yield at failure but failed suddenly by
crushina of the concrete

7
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0.45 fy )
e s i
A
-I:.'r+42 X,
- ¥
*u 0.36 fy bx,,
Y. - —
—-—-—ln-i
fou Ap

M=f,, A, (d—042x,)

moment of resistance of the section,
ultimate tensile stress in the tendons
area of pretensioning tendons,
effective depth, and

neutral axis depth
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Flexural Strength of PSC Non-rectangular Sections C
IS 1343 : 1980

- b - i 0.45 fy, I Il:ll_45 Igl
: Y A '
! : Qr, I . l E#E Xy -1 0.45 fu (D= by Dy
U
—t—]—a _l__._/ (d—0.5 Dy)
—{?;— Y - — ¥ _
I "nu"ln'lr fn"q'nt
— by |=-—

M, = f, - Ay (d - 0.42 x,) + 0.45f, (b— b,)D(d - 0.5 Dy)

Ay, = (Apy + Ay
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Table 11 from IS 1343 : 1980

TABLE 11 CONDITIONS AT THE ULTIMATE LIMTT STATE FOR
BECTANGULAR BEAMS WITH PRE-TENSIONED TENDONS OR WITH
POST-TENSIONED TENDONS HAVING EFFECTIVE BOND

A f OTEESS M TEMSION A3 A PrororTION HRatio oF THE DEPTE oF MEUTRAL
. OF THE DE3IEY STEENGTH AXIS TO THAT OF THE CENTEMD OF
bdy ;. 7 TEE TENDON N THE TENaI0N ZONE
P2 £, d
0.87 ip
Pre-tensioming Post-teneloning Pre-ftensioning  Post-tensioning
with efacove with sffective
bond Dond
(1] (2] i3] (21 5
0025 1.0 1.0 0054 0.054
005 1.0 1.0 0100 0100
010 1.0 1.0 0217 0.217
015 1.0 1.0 0326 0.316
020 1.0 0.G5 0435 0212
025 1.0 0.G0 0342 0.28E
030 1.0 0.&5 065D 0558
040 0.9 0.3 Q.vED 0.633
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Table 12 from IS 1343 : 1980

TAEBLE 12 CONDITIONS AT THE ULTIMATE LIMIT STATE FOR
POST-TENSIONED RECTANGULAR BEAMS HAVING

UNBONDED TENDONS
[ Clouse B-1 )
A f STEESS M TENDONS A3 4 PrOPORTION RKaTio oF DEPTH oF NEUTRAL AXIa
—2'F  orTEE EFFEcTIvE PRESTRESS [ TO TEAT OF THE CENTEOID OF THE
ba [ 5 FOE VALUES OF Iid TEMDONS IN THEE TENSION ZONE
I- EFFECTIVE SPAN x o o Varres orF Md
L EFFECTIVE ]]FF'.‘H_-' i EFFECTIVE SPAN
\EFFecTiveE DErmH
0 20 10 I 20 10
(1] (2] =} 4] {D) (6} (7]
D025 1.23 1.34 1.45 010 010 0_10
.05 1.21 1.32 1.25 016 16 O.1E
010 1.14 1.26 1.23 030 32 0.36
.15 1.1= 1.20) 1.36 44 04 052
.20 1.11 1.16 2T 056 .58 064
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dShear forces result in shear

stress.

dSuch a stress can result in
principal tensile stresses at the
critical section which can exceed
the tensile strength of the

concrete

Shear stress accompanied by

O Direst stress — axial direction

O Vertical prestressing - transverse
direction

Max. & Mini. Principal tensile stress, fmax =22 4 = J(ﬁ{. — ,{1,)2 + 472
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Cracking Patterns & Failures

Region A -
Cracked Secﬁﬂn> Region B
RegionC -
ﬁ‘;ﬁnﬁ
2
o

Department of Civil )
Engineering

Flexural cracks ( A /V is high)

ULS in Flexure!

=  Fiexure-shear cracks ( M/V is moderate)

Web-shear cracks ( M/V is low)

ULS 1in Shear!
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Shear Resistance of PSC Members (contd..)

Example
A post-tensioned concrete beam of rectangular section 250 mm wide and
500 mm deep has a span of 12.5m and carries a superimposed load of
8.5 kN/m. The tendon is provided with a parabolic profile with a central
sag of 180 mm and with no eccentricity at the ends. The effective
prestressing force in the tendon is 750 kN. Determine the (i) principal

stresses at the supports (ii) principal stresses at the supports without
prestress.

Given data:
b=250 mm:;d=500mm;|=12500 mm
Dip of the cable , e = 180 mm; P = 750 kN

Slope of the cable at each end, 6 = 4{—3 = (0.0576 radians
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Shear Resistance of PSC Members (contd..)

Vertical component of the prestressing force = P sin6 =P 6 =750 x0.0576 = 43.2 kN Example

Horizontal component of the prestressing force = P cos 6 = 750 x cos (0.0576)
=749.9 kN =750 kN

Self-weight of the beam = 0.25 x 0.5 x 24 = 3 kN/m
Live load on the beam =8.5kN/m
Totalload = 11.5 kN/m

= 71.875 kN

Shear force at the support due to total load of the beam, (W?I) = 12ox12>

Net shear force at the support =

[ Shear force at the support ] [Vertical component thhe]
due to total load of the beam prestressing force

=71.875-43.2=28.675kN

Max. & Mini. Principal tensile stress, fmax = By 4 % N/(f;,:. — f},)z + 412

T 2
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Case (I

Principal tensile stress, fmax = 9.01 N/mm? (compressive)

=-3.02 N/mm? (Tensile)

Case (i
shear force at the support = 71.875 kN

; E
Maximum shear stress, Tmax = S5a s 0.344 N/mm?

Principal tensile stress, fmax =+ 0.8625 N/mm?

TTLITL
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CEB4101, Prestressed Concrete
D D

MODULE - IV

TRANSMISSION OF PRESTRESS
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v prestress is transferred by
the bond between the
concrete and the tendons

] Adhesion between concrete
and steel

J Mechanical bond at the
concrete and steel interface

Courtesy: nptel.ac.in/courses/105106117 D FriCtion in presence Of
transverse compression
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Original 7 e
diameter * stretching
b) Casting of concrete
Bond stress ]
f 1 f ¢
fy=0 s—— $j

SR Ea

Radial pressure ¢
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HOYER EFFECT

Original
diameter

Sinking of tendon

|
[Z5E, 7 o Ao,
|

Diameter
after
stretching

c) Transferring of prestress

Transverse

tension

e,

Transverse compression T
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Transmission of Prestress (Pretensioned) (contd..)
HOYER EFFECT

1 After stretching the tendon, the diameter reduces from
the original value

d When the prestress is transferred after the hardening of
concrete, the ends of the tendon sink in concrete.

] Prestress at the ends of the tendon is zero
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Transmission of Prestress (Pretensioned) (contd..)
HOYER EFFECT

 diameter of the tendon regains its original value towards
the end over the transmission length.

1 change of diameter from the original value (at the end) to
the reduced value (after the transmission length), creates
a wedge effect in concrete.

 helps in the transfer of prestress from the tendon to the

concrete
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Transmission of Prestress (Pretensioned) (contd..)

v’ prestress is transferred over a certain length from each
end of a member which is called the

transmission length or transfer length (L)

v’ stress in the tendon is zero at the ends of the members

v' increases over the transmission length to effective
prestress (f,,) under service loads and remains
constant

Z 3 86
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Transmission of Prestress (Pretensioned) (contd..)

Factors that influence the transmission length

v Type of tendon - wire, strand or bar

v Size of tendon

v’ Stress in tendon

v Surface deformations of the tendon - Plain, indented,
twisted or deformed

v’ Strength of concrete at transfer

v’ Pace of cutting of tendons - Abrupt flame cutting or
slow release of jack

v’ Effect of creep

v' Compaction of concrete

v" Amount of concrete cover
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Transmission of Prestress (Post-tensioned)

v stress in the tendon of a post-tensioned member attains
the prestress at the anchorage block

v Anchorage zone or end zone or end block - flared
region which is subjected to high stress from the
bearing plate next to the anchorage block.

v" Anchorage zones failure due to
duncontrolled cracking
dsplitting of the concrete from insufficient transverse

reinforcement
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Transmission of Prestress (Post-tensioned) (contd..)

v Bearing failures immediately behind the anchorage
plate are also common

v Also, caused by inadequate dimensions of bearing
plates

v’ poor quality of concrete

v design considerations are bursting force and bearing
stress

v’ special design of transverse reinforcement
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Transmission of Prestress (Post-tensioned) (contd..)

v’ compressive stress trajectories are not parallel at the
ends

v’ trajectories become parallel after a length equal to the
larger transverse dimension of the end zone

Tensile stress Compressive stress
trajectories Y, trajectories

N : — |

.,
—

O
..[:j_ o ¥, = larger
transverse

dimension of
end zone

= C—
o
S —

Mo
Bearing plate >

Stress trajectories in the end zone
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YTy

|
YYYIY Y
|
i
<
4

fpﬂf —
P—-

il
[t - 2Wa .J

stress trajectories for double anchorage plate
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General zone

Local zone

Bearing plate.: Yo

v local zone - behind the bearing plate and is subjected to high
bearing stress and internal stresses

v influenced by the anchorage device and the additional
confining spiral reinforcement

v’ general zone - end zone region which is subjected to
spalling of concrete

v’ strengthened by end zone reinforcement
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v" variation of the transverse stress (o,) at the CGC along the
length of the end zone

A

0.1y, 0.9y,

M= Ly

Distance along
axis of beam

v' Compressive stress - distance 0.1y, from the end

v tensile stress increases and then drops down to zero
within a distance y, from the end
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Spalling force Bursting force

v’ transverse tensile stress is known as splitting tensile
stress

v' resultant of the tensile stress in a transverse direction
Is known as the bursting force (F)
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1S:1343 - 1980, Clause 18.6.2.2

v" bursting force (F,y) for an individual square end zone
loaded by a symmetrically placed square bearing plate

Py = prestress in the tendon; vy, = length of a side of
bearing plate ; y, = transverse dimension of the end zone

. . . +
v increase in size of the 5 >

bearing plate the bursting ?T
force (Fy¢) reduces 0.02 oy,
1} Yo

Variation of bursting force

with size of bearing plate 95
Engineering




Nt

TP (0T
ALY,
F -

FAAY 3 s

N

1”1
5

- - L

¥ '.‘“-'-'-"'
-

' -

.“‘? 1‘ ';_2.":'

v based on the value of F. - transverse reinforcement
both direction - end zone reinforcement or anchorage

zone reinforcement or bursting links

v reinforcement is distributed within a length from 0.1y, to
Yo from an end of the member - pg-36 (b)
96
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Transmission of Prestress (Post-tensioned) (contd..)

v amount of end zone reinforcement in each direction (A,)

"ﬂ'.st = Fb.ﬂ
fs

v’ stress in the transverse reinforcement (f,) is limited to
0.87f
y

v When the cover < 50 mm, f, is limited to a value
corresponding to a strain of 0.001

]

Engineering




g ‘-/ ™ :
., "\-
LAY M |
A

Courtesy: www.iricen.gov.in

Spiral Reinforcement

Mesh Reinforce:ent
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v High bearing stress is generated in the local zone behind

the bearing plate

bearing stress (f,,) , calculated £, =

P, = prestress in the tendon with one bearing plate
A, = Punching area
= Area of contact of bearing plate

P

v Pg. 35, clause 18.6.2.1, 1S:1343 - 1980, the bearing
stress in the local zone should be Ilimited to the
following allowable bearing stress (f,, ),

foran = 0.487 Apr

DL
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Transmission of Prestress (Post-tensioned) (contd..)

A .= Punching area

= Area of contact of bearing plate

pun

A,, = Bearing area
= Maximum transverse area of end block that is
geometrically similar and concentric with punching

area KO |
3 x?f}‘f*,:u.,m
Ap,,-,,ﬁﬁ_ |
f, = cube strength at transfer
Aﬂ,‘_"l.-ﬁ *‘I‘n;' ]L'-.
End view
showing
bearing plate

100

Department of Civil )
Engineering




Transmission of Prestress (Post-tensioned) (contd..)

Example

Design the bearing plate and the end zone reinforcement
for the following bonded post-tensioned beam. The
strength of concrete at transfer is 50 N/mm?. A prestressing
force of 1055 kN is applied by a single tendon. There is no
eccentricity of the tendon at the ends.

“HOHOD “HOO

‘ ——

[ 100

I I
I I

T=FO00 — 14'1__—_“ﬁﬁﬂﬂ
1 b

=

| . | [ T1o00 1
100

Section beyond end zone Section at end Zone
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1. Let the bearing plate be 200 mm x 30

bearing stress is calculated as

f. Fe  =17.5 N/mm?2
A

Allowable bearing stress is calculated as

f.t:r.a.ﬂ' = D'q'El'f-:r Abr - 48 N/mm2
” Apun
< 0.8
o =40 N/mm?

Department of Civil )
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Transmission of Prestress (Post-tensioned) (contd..)

2. Calculate bursting force

In the vertical direction

Fre =P, 0.32-0.3%e0 |
|_ }'I{l'_'l_!
300 |

=1055|D32 0.3—— | =
| —o0| =179.3kN

| S o |

In the horizontal direction

200 |
—‘IEJEE[DBE Gﬁml =179.3 kN
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Calculate end zone reinforcement

3.

824 .6 mm?

Fost
87f,

0

stirrups from 300 to 600

& mm

Ci

e s

ST o

e

Fal

*
S e R
T M.vn___...

S

8 mm stirrups from 60 to 300

<
o
-—

Ivi
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Transmission of Prestress (Post-tensioned) (contd..)

A Y "'TH"@‘; Courtesy: freyssinet-india.com

; Lo ey .
7 L |2

|
pE

g AR TR VY

e

':l|=|l,.|'h ] ..I

Bearing Plate =" HRelnforcerrj_ent
Cross-sectional view
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MODULE -V

COMPOSITE CONSTRUCTION
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\Cast in situ

Lower o
compressive Monolithic
strength ____unit under

working

loads
Precast
High strength ]

compressive
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Composite Structural Members (contd..)

Composite Action achieved by

d Roughening the surface of the precast unit on to which
the concrete is cast in situ

 Protruding of stirrups from prestressed unit

d Castellation on the surface of the prestressed unit
adjoining the concrete which is cast in situ
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Composite Structural Members (contd..)

Advantages of precast prestressed units with the in-situ concrete

d Saving in cost

d Reduction in size of PSC units due to composite action

d Low ratio of size of the precast element to that of the
whole composite member

d Precast element serves as supports and hence
formwork for construction of insitu concrete is eliminated

 Ideally suited for constructing bridge decks without

disruption of traffic
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Composite Structural Members (contd..)

» Effective use of materials in a composite section iIn
which the low and medium strength concrete of in situ
construction resists compressive force while high
strength prestressed units resist tensile forces.

“ Combination of light weight concrte for the cast in situ
slab reults in reduced dead loads, leading to economy

In the overall costs.
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Types of Composite Construction

Cast in situ slab

- 3 — - . ] T -
R DR I RO P RO S LN KLY LG L A I L R I o
.‘r‘.'m-. ‘.‘.-n. T l\._-“\l_ l_._ " a\:_ __‘_ ":"lh.'_-"“':l,'\._. L o ..\.._.-\.__ _‘_.I_.n.._ " e '.- il

Precast
PS.C

Tee—-beams

In sﬂ‘u cuncratn

-_r Dlstnbutinn ralnturcamem

:\:

Transvama bara
through hole in webs

Courtesy : N. Krishnaraju, Prestressed Concrete
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In situ slab — Links projecting from precast beam

i— i -i' i A A " L]

JJJJJ

Precast Permanent
prestressed beams formwaork
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Methods of Construction of
Composite Structural Members

— T~

Unpropped / Propped /shored
unshored

» Shored — girder is supported by
temporary falsework when the slab is cast
» Falsework i1s removed when the slab

hardens

» Unshored — girder is not supported when

the slab is cast

Department of Civil )
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B, B, T, e,

Linshored
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Composite Structural Members (contd..)

Unpropped Method Propped Method

JPrefabricated units — QO Prefabricated units — remain
support dead load of supported on the props - during
wet concrete, the laying & curing of in situ
constructional live load, concrete. When the propos
load due to accidental removed — whole unit act as
form work single unit to carry DL & LL

Dg:!fige‘leqht of member; d Self weight of in situ cast

QSelf weight of in situ concrete — Z composite section
cast concrete QA LL stresses - properties of

JLL stresses - properties composite action

of composite section
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Stress Distribution of Composite Structural Members

/~ Cast in situ unit
\: /

NN

A : A
Initial Effective S':f w "ﬂi’“ Stress due Live load Resultant
Unpropped prestress prns:craa.i sinass o tocastin stresses Stresses

recast situ slab

Propped 7 baa'Tn J
NS /

3 NN
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Free shrinkage of the slab = ¢, ‘ | | I :[* I bl —

Suppose the slab is restrained, _ __‘ B ; N * | L*' :..f'

the tensile stress in the slab, f = ¢, E_ T ;,f’
Tensile force Py, = ¢y E A, /f'

Composite section - compressive force, | /{

P, STl =

Psp 4+ Psheo¥Vst f
A, I

Stress at top fibre of cast in situ slab=

Psh + Psheﬂya . )f'-
A, I
Psh _I_ P.S-'heﬂyﬂ,
A, I
: P P.pegy
Stress at bottom fibre of precast beam= ;h — Sh;’ b
[N

Where e, — eccentricity of P, from the centroidal axis
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Stress at bottom fibre of cast in situ slab=

Stress at top fibre of precast beam=




Composite Structural Members (contd..)

Example
A composite beam consists of 120 mm x 240 mm precast stem and a
cast in situ flange 480 mm x 50 mm. The span of the beam is 6 m.
The stem is a post-tensioned unit which is subjected to an initial
prestressing force of 230 kN. The loss of prestress is 15 %. The
tendons are provided such that their center of gravity is 80 mm above
the soffit. The beam has to support a live load of 4 kN/m. Determine
the resultant stresses in the stem and flange, if the beam is (i)

unpropped and (ii) propped.
480

|/
500 4
A \\ cast in situ
240 120
e=40
80 ‘: Precast stem
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Composite Structural Members (contd..)

Properties of precast stem

Area of the precast stem, A = 120 x 240 = 28800 mm?

Section Modulus = 120x (240)°

=1.152 x 10° mm?

Stresses In the stem due to prestressing force =

230 x 103 T 230 x 10% x 40
28800 1.152 x 10°©

= 7.99 +7.99
Stress attop =0

Stress at bottom = 15.98 N/mm?

Given, loss of prestress - 15 %; .. loss ratio, n = 0.85

.. Stress attop=0
Stress at bottom =0.85 x 15.98 = 13.58 N/mm?
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Composite Structural Members (contd..)

Self-weight of the precast stem = 0.12 x 0.24 x 24 = 0.691 kN/m

Moment due to self-weight of the precast stem =

{].5911‘52 :311 kNm
2

Stresses at top and bottom of the precast stem due to the above

3.11 x 10°
moment _ = 2.70 N/mm?
1.152 x 10°©

Self-weight of the cast in situ =0.48 x 0.05 x24 =0.576 kN/m

0.576 x 62
&

= 2.60 kNm
Stresses at top and bottom of the cast in situ due to the above moment

6
2.60x10 =2 26 N/mm?2

Department of Civil 1.152 x 10° 119
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Moment due to self-weight of the cast in situ =




Composite Structural Members (contd..)

Properties of composite section

Area of the composite section, A = (480 x 30) x (240 x120)
= 52800 mm?

Consider the reference axis from top S

186 mm

) >
= 104 mm

¥ from top (480 x 50) —)+ (240 x 1zuj(ﬂ+5u

52800
v from bottom = 290-104 =186 mm

Moment of inertia about the centrodal axis,

|=\45”x5”3 + (480x50) (104 — 2 ] +

’12”""2"‘”3 + (120 x 240) (186 — %) ]

Engineering



Composite Structural Members (contd..)

4.185 x 108
104

Section modulus at bottom, Z, = 4'18;’;193 =2.25x 10° mm?®

=4.024 x 10° mm?

Section modulus at top, Z; =

. 2
Live load moment = "“";5 = 18 kNm

live load moment

Stress at top due to live load moment,

section modulus at top

18 x 10°
= - = 4.47 N/mm?
4.024 x 10©

18 x 10°

Stress at bottom due to live load moment = = 8 N/mm?
2.25x106
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Composite Structural Members (contd..)

Resultant stresses

(i) Unpropped beam

Stress at top

1. initial prestress in precast stem =0

!

Effective prestress in precast stem =0

Stress due to self-weight of the precast stem = 2.70 N/mm?

Stress due to its self-weight of the cast in situ slab= 2.26 N/mm?
Stress due to live load moment of the composite section = 4.47 N/mm?

aO»0N

Stress at bottom

1. initial prestress in precast stem = 15.98 N/mm?

l

. Effective prestress in precast stem = 13.58
. Stress due to self-weight of the precast stem = 2.70 N/mm?

Stress due to its self-weight of the cast in situ slab = 2.26 N/mm?
Stress due to live load moment of the composite section = 8 N/mm?
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104 mm

186 mm
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4.47 4.47

2.70
X
+
- +
15.98 13.58 |

2.70 2.26 8 0.62
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Composite Structural Members (contd..)

(i) Propped beam

If the beam is a propped beam, the self-weight of the cast-in situ
flange will be resisted by the composite action

Moment due to self-weight of the cast in situ = 0'5??52 = 2.60 KNm
(found earlier)

Stresses on composite action due to self-weight of the cast-in situ

flange
at top = 22X = 0.65 N/mm?
4024 x 10°
B
at bottom = =222% = 1.16 N/mm?
2.25x10°
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Composite Structural Members (contd..)

Stress at top

1.

O s 0N

initial prestress in precast stem =0

Effective prestress in precast stem =0

Stress due to self-weight of the precast stem = 2.70 N/mm?

Stress due to its self-weight of the cast in situ slab= 0.65 N/mm?
Stress due to live load moment of the composite section = 4.47 N/mm?

Stress at bottom

1.

initial prestress in precast stem = 15.98 N/mm?

l

2. Effective prestress in precast stem = 13.58
3. Stress due to self-weight of the precast stem = 2.70 N/mm?

4. Stress due to its self-weight of the cast in situ slab = 1.16 N/mm?
5. Stress due to live load moment of the composite section = 8 N/mm?
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Stress distribution of Propped beam

0.65 4.47 5.12
7( 2.70 0.34
104 mm : + +
7" —_— + +
186 mm + + \
7 |
15.98 13.58 .70 1.16 8 1.2
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Composite Structural Members (contd..)

Example
A composite beam consists of 120 mm x 240 mm precast stem
and a cast in situ flange 480 mm x 50 mm. If the differential
shrinkage is 1.2 x 10* mm/mm, find the shrinkage stress at the
extreme edges of the slab and the beam. Take modulus of
elasticity of concrete as 2.75 x 104 N/mm?

Properties of composite section

Area of the composite section, A= (480 x 50) x (240 x120)= 52800 mm?

—
Considerthe reference axis fromtop
c50) (20 . 240, Yst = 104 mm Ya =54 mm
7 from top, ys = (480 u](z) _Zz;:; 120]( —+ u] =104 mm
y from bottom, ybo = 290-104 =186 mm yp= 186 mrl

127
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Composite Structural Members (contd..)

Momentof inertia aboutthe centrodal axis,

-'JIEG_T.::G 50
|-[ =%+ (480 x 50) (1n4 o ] n
3 2
[12“ f;“’“ + (120 x 24ﬂ} 186 — @ ]

=4.185x 10 mm*

Ifthe shrinkage strain is prevented, tensile stress in the slab, f = g0 Ec
=12 x10* x2.75 x 10* = 3.3 N/mm?
- Compressive force on the composite section, Psh = 3.3 x 480 x 50

= 79200 N

Eccentricity of Psy from the centroidal axis, e, = 104 — 50/2 = /9 mm
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Composite Structural Members (contd..)

79200 —|— 79200 x 79 2104
52200 4185 x10°%

stress at top fibre of cast in situ slab= — 3.3

=1.5+1.656-3.3 =-0.25 N/mm?

79200 -|— 79200 x 79 x 54
52200 4185 x10 &

Stress at bottom fibre of cast in situ slab= — 3.3

=1.5+081-33 =-099 N/mm?

72200 7200 x 79 x 54
— 2
52200 T 4.185x 10 ° 2.31 N/mm

Stress at top fibre of precast beam=

79200 79200 x 79 x 186
52200 4185 x10 °©

Stress at bottom fibre of precast beam=
=1.5-2.78 =-1.28 N/mm?
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Composite Structural Members (contd..)

Stresses due to differential shrinkage
0.25

1 s

I Va = 54 mm “0.99

Yst = 104 mm

¥

Ve = 186 rnrnl

1.28
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MODULE - VI

PSC SPECIAL STRUCTURES
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Circular Prestressng &

-

» Circular Prestressing — When the prestressed members
are curved, Iin the direction of prestressing, the
prestressing is called circular prestressing

» Used as liquid retaining structures such as circular pipes,
tanks and pressure vessels etc

» circumferential hoop compression produced in concrete by
prestressing counterbalances the hoop tension developed

due to the internal fluid pressure.
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Circular Prestressing (contd..)

» reinforced concrete pressure pipe requires a large
amount of reinforcement to ensure low-tensile stresses
resulting in a crack-free member.

» Circular prestressing produces the required condition of
a crack-free member and the material is used more
efficiently.

» Shrinkage cracks also are eliminated in such a situation
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Circular Prestressing (contd..)

» In circular prestressing, tendon wires are wrapped
under tension over the concrete pipes which are pre-
cast

» The tension in the tendon wires is produced by pulling it
through a die

» Prestressed concrete pipes are ideally suited for a
pressure range of 0.5 to 2 N/mm?

134




Circular Prestressing (contd..)

PSC pipes

» Cylinder type pipe -steel cylinder core, over which the concrete is
cast and prestressed.

» Non-cylinder type - prestressed concrete only.

» As per |S 784 — 2001, for the design of prestressed concrete pipes
with the internal diameter ranging from 200 mm to 2500 mm.

» pipes are designed to withstand the combined effect of internal
pressure and external loads.

» minimum grade of concrete in the core should be M40 for non-

cylinder type pipes
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Circular Prestressing (contd..)

> First, the core is cast either by the centrifugal method or by the
vertical casting method.

» In the centrifugal method the mould is subjected to spinning till the
concrete is compacted to a uniform thickness throughout the
length of the pipe.

» In the vertical casting method, concrete is poured in layers up to a

specified height.
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Circular Prestressing (contd..)

» After adequate curing of concrete, first the longitudinal wires are
prestressed.

» Subsequently, the circumferential prestressing is done by the wire
wound around the core in a helical form.

» The wire is wound using a counter weight or a die.

» Finally a coat of concrete or rich cement mortar is applied over the
wire to prevent from corrosion.

» For cylinder type pipes, first the steel cylinder is fabricated and
tested.

» Then the concrete is cast around it.
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Circular Prestressing (contd..)

——Maortar
~Prestressing Wires

~Duter Concrote
~Steel Cylinder

-Inner Goncrate

Cylinder PSC Pipe
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Circular Prestressing (contd..)

According to the IS code IS: 784, the design of prestressed
concrete pipes should cover the following five stages:

d

d

Circumferential prestressing, winding with or without longitudinal
prestressing

Handling stresses with or without longitudinal prestressing

Condition in which a pipe is supported by saddles at extreme
points with full water load but zero hydrostatic pressure

Full working load conforming to the limit state of serviceability

The first crack stage corresponding to the limit state of local
damage
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)
| E PSC Pipes

Courtesy : Google images &

i - Courtesy : Google i
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Circular Prestressing (contd..)

Prestressed concrete tanks

Uses:

» water treatment and distribution systems

» waste water collection and treatment system

» storm water management

> liquefied natural gas (LNG) containment structures

» large industrial process tanks and bulk storage tanks
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Circular Prestressing (contd..)

Construction of PSC tanks

» First, the concrete core is cast and cured

» The surface is prepared by sand or hydro blasting

» Next, the circumferential prestressing is applied by
strand wrapping machine

» Shotcrete is applied to provide a coat of concrete over

the prestressing strands
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Circular Prestressing (contd..)

-\ ™~

|
Circular cvlindrical tank Conical tank

[ T & IR & T & I &

Water tower with conical tank Water tower of doubly curved shell
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Circular Prestressing (contd..)

d In the tank walls, ring tension and bending moment are
developed

d itis influenced by the type of connection between the walls and
the base slab.

J Fixed base
 hinged base
4 Sliding base
20 mm gunite - Vertical cables
mortar cover | -
' ~— Tank wall
Base slab
Circumferential — & N :f"
wire winding
Anchorage
S
Fixed base ~ 1s
Engineering




Mortar cover —s-
-+—— Tank wall

4——+L  Vartical cables
;

— Mortar packing

I

I

I

|

4 |
Wire winding —- I
i I
|

I

I

I

i

W Anchorage

Hinged base
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Mortar cover —

Wire winding

- Vertical cable

e Ty wall

Anchorage
H r/— Sealing compound

F
PVC water stop

Meoprena or

rubber pads
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PSC Poles

Uses: T

- | Square Rectangular

Polygonal
d antenna masts
D telephone O: ::JI:; Elliptical

transmission

Qdlow and high voltage v_w i
electric power & — Y LS

transmission | _J
 substation towers Channe T T O
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PSC Poles (contd..)

Advantages of PSC Poles

Resistance to corrosion
Freeze-thaw resistance in cold regions
Easy handling due to less weight than other poles

Fire resistant, particularly to grass and bush fires
near the ground line

»» Lighter because of reduced cross-section when
compared with RC poles

» Neat appearance and negligible maintenance
*» ldeally suited for urban installations

* Increased crack resistance, rigidity and can resist
dynamic loads better than RC poles
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PSC Piles

Advantages of PSC Piles

High load and moment carrying capacity

Standardization in design for mass production

Excellent durability under adverse environmental conditions
Crack free characteristics under handling and driving
Resistance to tensile load due to uplift

Piles can be lengthened by splicing

O 0O 00 0 0 O

Easy to connect with pile caps to form pier, trestle and jetty

bents to support bridge or wharf decks
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PSC Piles (contd..)

Types of PSC Piles
1 Bearing piles
d Sheet piles
d Combined hearing and sheet piles
 Pier trestle and jelly bent piles
1 High tower and stack piles
d Caisson piles
d Anchor piles
J Fender piles
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PSC Piles (contd..)

Cross-sectional shape of PSC Piles

Cross-sectional
shape of pile

Merits and demerits

Trnangular
Square
Pentagon or
octagon

Circular

Eectangular with
or without
semi-circular ends
1 and star

Department of Civil )
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High ratio of skin-friction perimeter to cross-sectional area;
low manufacturing cost but low bending resistance.

Good ratio of skin-friction perimeter to cross-sectional area:
low manufacturing cost; good bending resistance on major
aAxes.

Approximalely equal bending strength on all axes; good
penetrating ability; good column stability; prone to surface
defects dunng casting dueto large number of faces and edges.
Eqgual bending strength on all axes with absence of corners;
good aesthetics and high durability; minimum wave and
current loads; good column stability, manufacturing costs
generally higher, surface defects are unavoidable.

Greater bending strength about the shorter axis; minimum
surface o wave and curment forces; difficulty of onentation.

High bending resistance; high manufacturing costs; diffi-
culty of orientation.
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Making of PSC Poles
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The metal wire is spun around a motorized rotation cone to remove any bends or twists
Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..)

o — —
PR h—— )

Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..)

The tendons/v lresa oread out fur maxtmum stretch and cutaccurdmg to

rll '._1

thE length of the mould

Courtesy : Mansour Al-Masaid Group Jeddah
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Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..) C
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Making of PSC Poles (contd..)

Courtesy Mansour AI Masald Group Jeddah
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Making of PSC Poles (contd..) C

Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..)

weaved pattern of tendons and coils into the mould

Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..)

ready tofill the mould with help of moving concrete dispenser

Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..)

Courtesy : Mansour Al-Masaid Group, Jeddah
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Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..)

,..pe:l" Both parts of the mnuld are bolted Efﬁf.IET'Itl'_-,I’

Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..)

Wires are pulled to the desired tension, and extra ends are shortened

Department of Civil
Engineering

Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..) “C

&ntmlled machine speeds up the rotation for twenty minutes to create centrifugal force
that is essential to migrate the concrete the mould walls leaving behind a hollow center.

Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..)

| .f‘..."i:-f < =
- After dismantling, the mould is ready to reveal for buffing
Courtesy : Mansour Al-Masaid Group, Jeddah
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Making of PSC Poles (contd..)

a y concrete pules need curing cnvered with water soaked fabric for about 7 days
before quality testing

: Rt~ <
Courtesy : Mansour Al-Masaid Group, Jeddah
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