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MODULE - 1 

INTRODUCTION AND ANALYSIS OF MEMBERS 

Pre-stressed concrete 

Definition: Concrete in which there have been introduced internal stresses of such magnitude 

and distribution that the stresses resulting from given external loadings are countered to a 

desired degree. 

Types of pre-stressing 

Pre-tensioning & Post-tensioning 

In pre-tensioning the tendons are tensioned before the concrete is placed. The tendons are 

temporarily anchored to abutments or stressing beds. Then the concrete member is cast 

between and over the wires. After the concrete has attained the required strength, the wires 

are cut from the bulkhead and pre-stress is transferred to the concrete member. 

In post-tensioning the concrete member is cast with ducts for the wires. After concrete has 

attained sufficient strength, wires are threaded into the ducts, tensioned from both or one end 

by means of jack/jacks and at the precise level of pre-stress the wires are anchored by means 

of wedges to the anchorage plates at the ends. 

Bonded & Un-bonded tendon 

In post-tensioned members, the wires are either left free to slide in the ducts or the duct is 

filled with grout. In the former, the tendon is un-bonded and in the latter it is bonded. 

The member is under pre-stress but is not subjected to any superimposed external loads. 

Further subdivision of this stage is possible. 

1. Before pre-stressing: Concrete is weak in carrying loads. Yielding of supports must be 

prevented. 

2. During pre-stress: 

a. Steel: This stage is critical for the strength of tendons. Often the maximum stress to which 

the wires will be subjected throughout their life may occur at this stage. 

b. Concrete: As concrete has not aged at this stage, crushing of concrete at anchorages is 

possible, if its quality is inferior or the concrete is honeycombed. Order of pre-stressing is 

important to avoid overstress in the concrete. 

3. At transfer of pre-stress: For pre-tensioned members, where transfer is within a short 

period, and for post-tensioned members where transfer may be gradual, there are no external 

loads on the member except its own weight. 
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4. De-shuttering: The removal of form-work must be done after due consideration 

Thus the initial pre-stress with little loss imposes a serious condition n the concrete and often 

controls the design of the member. 

Final stage 

This is the stage when actual working loads come on the structure. The designer must 

consider various combinations of live loads on different parts of the structure with lateral 

loads such as wind and earthquake forces and strain loads produced by settlement of supports 

and temperature. The major loads in this stage are: 

1. Sustained load: It is often desirable to limit the deflection under sustained loads sue to its 

own weight and dead loads. 

2. Working load: The member must be designed for the working load. Check for excessive 

stress and deflection must be made. But this design may not guarantee sufficient strength to 

carry overloads. 

3. Cracking load: Cracking in a pre-stress member signifies a sudden change in bond and 

shearing stresses. This stage is also important 

4. Ultimate load: This strength denotes the maximum load the member can carry before 

collapse. 

 
Analysis of Section 
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Stress Concept 
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Force Concept 
 

Load Balancing Concept 

 



Design of Prestressed Concrete Elements 17CV82 

Page 6 ADICHUNCHANAGIRI UNIVERSITY, BGSIT, DEPT. OF CIVIL ENGG. 

 

 

 

 
 

Cracking Moment 
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MODULE - 2 

LOSSES OF PRESTRESS IN BEAMS 

Elastic Shortening (ES) 

Shortening in steel that occurs as soon as Fi is transferred to the concrete member and the 

member as a whole shortens. 

Fi = Pre-stress just before transfer 

F = Final stress after losses 

Fo = immediately after transfer – very difficult to estimate 

Note: The value of Fo may not be known, but it is not necessary, as the losses from Fi to Fo 

is only a small percentage of Fi. Total accuracy is relative anyway, as Ec – the young’s 

modulus of concrete – cannot be determined accurately. 

Therefore 
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Creep 

Among the many factors affecting creep are volume to surface ratio, age of concrete at time 

of pre- stress, relative humidity, type of concrete (lightweight / normal). Creep is assumed to 

occur in the member after permanent loads are imposed after pre-stress. Creep occurs over a 

long period of time under sustained load. Part of initial compressive strain induced in 

concrete immediately after transfer is reduced by the tensile strain produced by superimposed 

permanent loads. 

 

 

Shrinkage of Concrete 

Factors like volume to surface ratio, relative humidity, time from end of moist curing to 

application of pre-stress, affect shrinkage in concrete. Shrinkage is time-dependant and about 

80% of the final loss due to shrinkage occurs in the first year and 100% after several years. 

 
 

Relaxation of Steel 

When elongation is sustained over pre-stressing cable for a long time, the pre-stress will 

decrease gradually. The RE – loss due to relaxation depends on type of steel, time, as well as 

the ratio of 
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RELAXATION LOSSES FOR PRESTRESSING 

STEEL AT 1 000 H AT 27°C 

 
INITIAL STRESS RELAXATION 

INITIAL STRESS RELAXATION LOSS N/mm2 

0.5 fp 0 

0.6 fp 35 

0.7 fp 70 

0.8 fp 90 

 

Anchorage Slip 

In post-tensioning, when the jack is released, the full pre-stress is transferred to the anchorage 

and they tend to deform, allowing the tendon to slacken. Friction wedges will slip a little 

before they grip the wire firmly. So, in post-tensioning the wedges are positively engaged 

before the jack is released. In pre- tensioning also, the anchorage slip is compensated for 

during stressing operation. The loss is caused by a fixed shortening of the anchorages, so the 

percentage loss is higher in shorter wires than in long ones. 

 
Frictional Loss 

Frictional loss comprise of two parts: (1) The length effect and (2) The curvature effect. 

The length effect or the wobble effect of the duct is the friction that will exist between 

straight tendon and the surrounding material. This loss is dependent on the length and stress 

in the tendon, the coefficient of friction between the contact materials, the workmanship and 

the method used in aligning and obtaining the duct. 

The curvature effect is the loss due to intended curvature of the tendon. This again depends 

on the coefficient of friction between the materials and the pressure exerted by the tendon on 

the curvature. 

For un-bonded tendon, lubrication, in the form of grease and plastic tube wrapping can be 

used to advantage. For bonded tendon lubricant in the form of water soluble oils are used 

during stressing operation and flushed off with after before grouting. Jacking from both ends 

of the beam will also reduce loss due to friction. 

For straight or moderately curved structures, with curved or straight cables, the value of pre- 

stressing force Px at a distance x meters from tensioning end and acting in the direction of the 
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tangent to the curve of the cable, shall be calculated as below: 

Px = Poe– (μα + kx ) 

Where Po = pre-stressing force in the pre-stressed steel at the tensioning end acting in the 

direction of the tangent to the curve of the cable, α = cumulative angle in radians through 

which the tangent to the cable profile has turned between any two points under consideration, 

μ = coefficient of friction in curve; unless otherwise proved by tests, μ may be taken as: 0.55 

for steel moving on smooth concrete, 0.30 for steel moving on steel fixed to duct, and 0.25 

for steel moving on lead, k = coefficient for wobble or wave effect varying from 15 × 10–4 to 

50 × 10–4 per meter. The expansion of the equation for Px for small values of (μα + kx) may 

be Px = Po (1 – μα – kx). 

 

Problems 
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MODULE - 3 

DESIGN OF SECTIONS FOR FLEXURE 

Permissible Stresses For Flexure Member 

Steel: Steel stress for pre-tensioned tendons immediately after transfer or post-tensioned 

tendons after anchorage is: 

 

 

Where f pi = Maximum initial pre-stress, and f pu = Ultimate tensile stress in tendon. 

Concrete in Compression 

Concrete stress after transfer and before losses in extreme fiber 

Compression = 0.54 fck to 0.37 fck (for M30 to M60) for Post-Tension 

= 0.51 fck to 0.44 fck (or M40 to M60) for Pre-Tension 

Concrete stress at service loads after transfer and after losses in extreme fiber 

Compression = 0.41 fck to 0.35 fck (for M30 to M60) for Post-Tension 

= 0.34 fck to 0.27 fck (or M40 to M60) for Pre-Tension 

Concrete in Tension 

Concrete stress after transfer and before losses in extreme fiber 

1. For Type 1 members, Tension = 0. 

2. For Type 2 members, Tension = 3.0 MPa to 4.5 MPa 

3. For Type 3 members, Tension = 4.1 MPa to 4.8 MPa 

Problems 
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MODULE - 4 

DESIGN FOR SHEAR 

Introduction 

In the case of reinforced concrete beams the designed for shear was made on the 

assumption that the failure is liable to be caused by diagonal tension i.e., the failure was 

taken to be due to principal tensile stresses. But, in the case of pre-stressed concrete 

members, however, due to the introduction of compressive stresses by prestressing, the 

principle tensile stresses are reduced. Further if the cable are inclined or curved, the vertical 

components of the tensions in the cables also will resist shear. 

Types of Shear cracks: 

The types and formation of cracks depends on the span-to-depth (L/d) ratio of the beam and 

loading. These variables influence the moment and shear along the length of the beam. For a 

simply supported beam under uniformly distributed load, without prestressing, three types of 

cracks are identified. 

1. Flexural cracks: These cracks form at the bottom near the midspan and propagate 

upwards.  

 

2. Web shear cracks : These cracks form near the neural axis close to the support and 

propagate inclined to the beam axis. 

The ultimate shear resistance of prestressed concrete sections with web-shear 

cracking but without flexural cracks is mainly governed b limiting value of the 

principal tensile stress developed in concrete. The failure is assumed to take 

place when the principal tension exceeds the tensile strength of the concrete. 

Refer IS: 1343-1980, clause 22.4, the ultimate shear resistance of a section 

uncracked in flexure, Vc = Vco, is given by: 
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3. Flexure shear cracks: 

These cracks form at the bottom due to flexure and propagate due to both flere and 

shear. 

 

The recommendations of IS: 1343-1980, clause 22.4.2 are similar for the 

computation of the ultimate shear resistance Vcr of sections cracked in flexure, 

Vc = Vco, which is expressed as, 

 

 
 

V and M = shear force and bending moment respectively, at the section 

considered due to ultimate loads. 

Vcr should be taken as not less than 0.1 bd  

The value of Vcr calculated at a particular section may be assumed to be 

constant for the distance equal to dl2, 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 to the longitudinal axis of the members should be 

ignored. 
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Modes of failures due to shear: 

For beams with low span-to depth ratio or inadequate shear reinforcement, the 

failure can be due to shear. A failure due to shear is sudden as compared to a 

failure due to flexure. 

The following five modes of failure due to shear are identified, 

1. Diagonal tension failure 

2. Shear compression failure 

3. Shear tension failure 

4. Web crushing failure 

5. Arch rib failure 

The occurrence of the mode of failure depends on the span-to-depth ratio, loading, cross- 

section of the beam, amount and anchorage of reinforcement. The modes of failure are 

explained below: 

1. Diagonal tension failure: 

In this mode, an inclined crack propagates rapidly due to inadequate shear 

reinforcement. 

 

2. Shear compression failure: 

There is crushing of the concrete near the compression flange above the tip of the 

inclined crack. 

 

3. Shear tension failure: 

Due to inadequate anchorage of the longitudinal bars, the diagonal cracks propagate 

horizontally along the bars. 
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4. Web crushing failure: 

The concrete in the web crushes due to inadequate web thickness. 
 

5. Arch rib failure: 

For deep beams, the web may buckle and subsequently crush. There can be anchorage failure 

or failure of the bearing. 

 

The objective of design for shear is to avoid shear failure. The beam should fail in 

flexure its ultimate flexural strength. Hence, each mode of failure is addressed in the design 

for shear. The design involves not only the design of the stirrups, but also limiting the 

average shear stress in concrete, proving adequate thickness of the web and adequate 

development length of the longitudinal bars. 

 
Methods of improving the shear resistance of PSC members: 

 

 

There are three ways of improving the shear resistance of structural concrete members 

by prestressing techniques 

1. Horizontal or axial prestressing 

2. Prestressing by inclined or sloping cables and 

3. Vertical or transverse pre-stressing 
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1. Horizontal or axial prestressing 

Axial prestressing is defined as a member, in which the entire cross-section of 

concrete has a uniform compressive prestess. In this type of prestressing, the centroid 

of the tendons coincides with that of the concrete section. 

2. Prestressing by inclined or sloping cables 

In the design of reinforced concrete structures, tensile by bending generated by 

loading is resisted only by steel, delaying the cracking of the concrete. The 

reinforcement called passive reinforcement, intended to receive the tensile forces not 

absorbed by the concrete, working only when requested. 

In prestressed concrete structures the force applied on the cables is transmitted 

to the concrete, resisting the tensile stresses by flexure and assisting the passive 

reinforcement. The prestressing reinforcement, called active reinforcement is placed 

in the structural element not only to compress and generate the necessary compressive 

stress so that the concrete can absorb the tensile stresses generated by loadings, but 

also resists to external loadings, providing many advantages, such as reduction of the 

shear forces by the action of the vertical component generated by the prestressing. 

In the case of inclined cables , the increase of compressive stresses and 

reducing tensile stresses, vertical displacements and cracking reduction , with the 

structure remaining predominantly in the stage I along its useful life. 

3. Vertical or transverse pre-stressing 

Prestressing concrete structures is generally performed to control flexural 

cracks because prestressing arranges the tendons in the axial direction of a given 

member. 

On the other hand, in an attempt to delay the onset of shear cracking and to 

reduce the crack width, experimental studies have been conducted on reinforced 

concrete (RC) columns, which have been laterally prestressed by high – strength shear 

reinforcement. 

The result of these flexure-shear tests have indicated that transverse 

prestressing increases the shear capacity at the first diagonal cracking ( shear crack 

strength) and remarkably decreases the width of shear cracks, especially their residual 

openings. 

This reduction of the crack opening improves earthquake resistance and 

durability. 
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Problems 
 

 

 

 

 

 

 

 

 

 

 

 

 

 Calculation of effective force 
 

If, P = Prestressing force (effective force) 

Slope of cable = sineƟ 
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MODULE - 5 

ANCHORAGE ZONE STRESSES AND COMPOSITE 

SECTIONS 

End Block 

Bursting force 

A portion of a pre-stressed member surrounding the anchorage is the end block. Through the 

length of the end block, pre-stress is transferred from concentrated areas to become linearly 

distributed fiber stresses at the end of the block. The theoretical length of this block, called 

the lead length is not more than the height of the beam. But the stress distribution within this 

block is rather complicate. 

 

 
The larger transverse dimension of the end zone is represented as yo. The corresponding 

dimension of the bearing plate is represented as ypo. For analysis, the end zone is divided 

into a local zone and a general zone. 

The local zone is the region behind the bearing plate and is subjected to high bearing stress 

and internal stresses. The behavior of the local zone is influenced by the anchorage device 

and the additional confining spiral reinforcement. 

The general zone is the end zone region which is subjected to spalling of concrete. The zone 

is strengthened by end zone reinforcement. 
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The transverse stress (σt) at the CGC varies along the length of the end zone. It is 

compressive for a distance 0.1yo from the end and tensile thereafter, which drops down to 

zero at a distance yo from the end. The transverse tensile stress is known as splitting tensile 

stress. The resultant of the tensile stress in a transverse direction is known as the bursting 

force (Fbst). 

 

 

Besides the bursting force there is spalling forces in the general zone. 

 

‘ 

ADICHUNCHANA Page 46 
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Where, PK = pre-stress in the tendon; ypo = length of a side of bearing plate; yo = transverse 

dimension of end zone. 

It can be observed that with the increase in size of the bearing plate the bursting force Fbst 

reduces. 

 
End Zone Reinforcement 

Transverse reinforcement - end zone reinforcement or anchorage zone reinforcement or 

bursting link - is provided in each principle direction based on the value of Fbst. The 

reinforcement is distributed within a length from 0.1yo to yo from an end of the member. 

 
The amount of end zone reinforcement in each direction Ast is: 

 

The parameter represents the fraction of the transverse dimension covered by the bearing 

plate. 

The stress in the transverse reinforcement, fs = 0.87fy. 

When the cover is less than 50 mm, fs = a value corresponding to a strain of 0.001. 

The end zone reinforcement is provided in several forms, some of which are proprietary of 

the construction firms. The forms are closed stirrups, mats or links with loops. 
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Bearing Plate & End Block 

Design the bearing plate and the end zone reinforcement for the following bonded post- 

tensioned beam. The strength of concrete at transfer is 50 MPa. A pre-stressing force of 1055 

kN is applied by a single tendon. There is no eccentricity of the tendon at the ends. 

 

 
 

 

 
Bearing Plate 

Assume area of bearing plate to be 200 mm x 300 mm 
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