


 

 

 Definition of Prestress:  
 

Prestress is defined as a method of applying 
pre-compression to control the stresses 
resulting due to external loads below the neutral 
axis of the beam tension developed due to 
external load which is more than the permissible 
limits of the plain concrete. 

  
The pre-compression applied (may be axial or 

eccentric) will induce the compressive stress 
below the neutral axis or as a whole of the beam 
c/s. Resulting either no tension or compression.  
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Prestressed concrete is basically 

concrete in which internal stresses 

of a suitable magnitude and 

distribution are introduced so that 

the stresses resulting from the 

external loads are counteracted to 

a desired degree.  



Terminology  
 

Tendon:  A stretched element used in a concrete 

member of structure to impart prestress to the 

concrete. Generally high tensile steel wires, bars 

cables or strands used as tendons 

 

Anchorage:  A device generally used to enable the 

tendon to impart and maintain prestress in 

concrete.  



 

 MATERIALS FOR PRESTRESS 
CONCRETE MEMBERS 

 

Concrete:  

                  High grade of concrete. Prestress 

concrete requires concrete, which has a high 

compressive strength reasonably early age with 

comparatively higher tensile strength than ordinary 

concrete. 

 

Steel: 

             High tensile steel , tendons , strands or 

cables  
 



Necessity of high grade of 
concrete & steel: 
 
Higher the grade of concrete higher the bond 

strength which is vital in pretensioned concrete, 

Also higher bearing strength which is vital in post-

tensioned concrete. Further creep & shrinkage 

losses are minimum with high-grade concrete.  
 

 

 

 

 

 

 



Generally minimum M30 grade concrete is used 

for post-tensioned & M40 grade concrete is used 

for pretensioned members.  

 

The losses in the prestress members due to 

various reasons generally in the  range of  250 

N/mm² to 400 N/mm². If mild steel or deformed 

steel are used the residual stresses may be zero 

or negligible. Hence high tensile steel wires are 

used which varies from 1600 to 2000 N/mm² 



We have a two systems of pre-

stressing 

Pre-tensioning 

Post-tensioning 



Pre-tensioning: In which the tendons are 

tensioned before the concrete is placed, 

tendons are temporarily anchored and 

tensioned and the prestress is transferred 

to the concrete after it is hardened.  

 

Post-tensioning: In which the tendon is 

tensioned after concrete has hardened. 

Tendons are placed in sheathing at 

suitable places in the member before 

casting and later after hardening of 

concrete.  



 

Pretensioning system:  
 

In the pre-tensioning systems, the tendons are 

first tensioned between rigid anchor-blocks cast 

on the ground or in a column or unit –mould 

types pretensioning bed, prior to the casting of 

concrete in the mould. The tendons comprising 

individual wires or strands are stretched with 

constant eccentricity or a variable eccentricity 

with tendon anchorage at one end and jacks at 

the other. With the forms in place, the concrete is 

cast around the stressed tendon.  







            Pre-tensioned electric poles 



 

Post-tensioned system:  
 

In post-tensioning the concrete unit are first cast by 

incorporating ducts or grooves to house the tendons. When the 

concrete attains sufficient strength, the high-tensile wires are 

tensioned by means of jack bearing on the end of the face of 

the member and anchored by wedge or nuts.  

 

The forces are transmitted to the concrete by means of end 

anchorage and, when the cable is curved, through the radial 

pressure between the cable and the duct. The space between 

the tendons and the duct is generally grouted after the 

tensioning operation.  

 

.  



Most of the commercially patented prestressing 

systems are based on the following principle of 

anchoring the tendons:  

1. Wedge action producing a frictional grip on the 

wire.  

2. Direct bearing from the rivet or bolt heads 

formed at the end of the wire.  

3. Looping the wire around the concrete.  

Methos 

1. Freyssinet system  

2. Gifford-Udall system  

3. Magnel blaton system  

4. Lee-McCall system  

.  
 











 

 
1) Section remains uncracked under service 

loads  
Reduction of steel corrosion  
 Increase in durability.  

Full section is utilised  
 Higher moment of inertia (higher stiffness)  

 Less deformations (improved serviceability). 

 Increase in shear capacity.  

 Suitable for use in pressure vessels, liquid retaining 
structures.  

 Improved performance (resilience) under dynamic and 
fatigue loading.  
  

 



 
 

2) Suitable for precast construction The advantages 

of precast construction are as follows.  

 Rapid construction  

 Better quality control  

 Reduced maintenance  

 Suitable for repetitive construction  

 Multiple use of formwork  

 Reduction of formwork  

 Availability of standard shapes.  





Basic assumption 
  
Concrete is a homogenous material.  

 

Within the range of working stress, both concrete & 

steel behave elastically, notwithstanding the small 

amount of creep, which occurs in both the materials 

under the sustained loading.  

 

A plane section before bending is assumed to 

remain plane even after bending, which implies a 

linear strain distribution across the depth of the 

member.  



Analysis of prestress member  
 

The stress due to prestressing alone are generally 

combined stresses due to the action of direct load 

bending from an eccentrically applied load. The 

following notations and sign conventions are used for 

the analysis of prestress members.  
 

P =  Prestressing force (Positive when compressive)  

e = Eccentricity of prestressing force  

M = Pe= Moment  



A    = Cross-sectional area of the concrete member  

I     =  Second moment of area of the section about 

           its centroid 

Zt & Zb = Section modulus of the top & bottom 

                 fibre respectively  

 

Ftop & Fbot = Prestress in concrete developed at 

                       the top & bottom fibres 

 

Yt & Yb = Distance of the top & bottom fibre from 

                 the centroid of the section  

 

r= Radius of gyration  
 



Concentric tendon 
  
In this case, the load is applied concentrically and a 

compressive stress of magnitude (P/A) will act through 

out the section. Thus the stress will generate in the 

section as shown in the figure below.  

 



Eccentric tendon 
  























 

 In prestress, the combined effect of prestressing 

force & external load can be resolved into a 

single force. The locus of the points of 

application of this force in any structure is 

termed as the pressure line or thrust line. The 

load here is such that stress at top fiber of 

support & bottom fiber of the central span is 

zero.  







































  The initial prestressing concrete undergoes a 
gradual reduction with time from the stages of 
transfer due to various causes. This is generally 
defined as total “Loss of Prestress”. The various 
losses are explained below 

 

Types of losses in prestress  
Pretensioning  

  Elastic deformation of concrete  

Relaxation of stress in steel  

 Shrinkage of concrete  

 Creep of concrete  
 

 



Post-tensioning  
 

Relaxation of stress in steel  

Shrinkage of concrete  

Creep of concrete  

Friction  

Anchorage slip  

No loss due to elastic deformation if all wires          

are simultaneously tensioned. If the wires are 

successively tensioned, there will be loss of 

prestress due to elastic deformation of concrete. 



Loss due to elastic deformation of the concrete  
The loss of prestress due to deformation of concrete 

depends on the modular ratio & the average stress in 

concrete at the level of steel.  







Loss due to shrinkage of concrete  
 







Loss due to creep of concrete  
 

         The sustained prestress in the concrete of a 

prestress member results in creep of concrete which is 

effectively reduces the stress in high tensile steel. The loss 

of stress in steel due to creep of concrete can be 

estimated if the magnitude of ultimate creep strain or 

creep-coefficient is known.   
 









Loss due to relaxation of stress in steel  
Most of the codes provide for the loss of stress due to relaxation of 

steel as a percentage of initial stress in steel. The BIS recommends 

a value varying from 0 to 90 N/mm2 for stress in wires varying from  

0.5fpu to 0.8fpu 

          where Fpu=Characteristic strength of pre-stressing tendon 

.  

Loss of stress due to friction  
 



Loss due to Anchorage slip  
 

The magnitude of loss of stress due to the slip in 

anchorage is computed as follows: -  

If Δ = Slip of anchorage, in mm 

L = Length of the cable, in mm  

A  = Cross-sectional area of the cable in mm2  

E  = Modulus of elasticity of steel in N/mm2 

P = Prestressing force in the cable, n N  

Then, 

                                   Δ=PL/AE 

Hence, Loss of stress due to anchorage slip P/A=EΔ/L 
 
 









DEFLECTIONS OF PSC MEMBERS 
 

Factors influencing deflection: 
  
1. Imposed load & self load  

2. Magnitude of prestressing force  

3. Cable profile  

4. Second moment of area of cross-section  

5. Modulus of elasticity of concrete  

6. Shrinkage, creep & relaxation of steel stress  

7. Span of the member  

8. Fixity condition  













 

 Prediction of long time deflection  






