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• Prestress does not remain constant (reduces) with time. Even during

prestressing of tendons, and transfer of prestress, there is a drop of prestress

from the initially applied stress.

• Prestress loss is nothing but the reduction of initial applied prestress to an

effective value. In other words, loss in prestress is the difference between initial

prestress and the effective prestress that remains in a member.

• Loss of prestress is a great concern since it affects the strength of member and

also significantly affects the member’s serviceability including Stresses in

Concrete, Cracking, Camber and Deflection.

Loss of Prestress



Loss of prestress is classified into two types:

1. Short-Term or Immediate Losses

 immediate losses occur during prestressing of tendons,

and transfer of prestress to concrete member.

2. Long-Term or Time Dependent Losses

 Time dependent losses occur during service life of

structure.

Loss of Prestress



1. Immediate Losses include

i. Elastic Shortening of Concrete

ii. Slip at anchorages immediately after prestressing and

iii. Friction between tendon and tendon duct, and wobble Effect

2. Time Dependent Losses include

i. Creep and Shrinkage of concrete and

ii. Relaxation of prestressing steel

Loss of Prestress
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Loss of Prestress



Losses in Various Prestressing Systems

Type of Loss Pre-tensioning Post-tensioning

1. Elastic Shortening Yes

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

ii. Yes, if the wires are
tensioned in stages.

2. Anchorage Slip No Yes

3. Friction Loss No Yes

4. Creep and Shrinkage
of Concrete

Yes Yes

5. Relaxation of Steel Yes Yes



Elastic Shortening

1. Pre-tensioned Members: When the tendons are cut and

the prestressing force is transferred to the member,

concrete undergoes immediate shortening due to

prestress.

2. Tendon also shortens by same amount, which leads to

the loss of prestress.



Pre-tensioned Members: operation of pre-tensioning through

various stages by animation.

Pre-tensioning of a member

Prestressing bed

Elastic Shortening



Elastic Shortening

1. Post-tensioned Members: If there is only one tendon,

there is no loss because the applied prestress is recorded

after the elastic shortening of the member.

2. For more than one tendon, if the tendons are stretched

sequentially, there is loss in a tendon during subsequent

stretching of the other tendons.



Casting bed

Duct

jackAnchorage

Post-tensioning of a member

Post-tensioned Members: complete operation of post-tensioning

through various stages by animation

Elastic Shortening



Strain compatibility

• Loss due to elastic shortening is quantified by the drop in

prestress (∆fs) in a tendon due to change in strain in

tendon (∆δs).

• Change in strain in tendon is equal to strain in concrete

(δc) 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 (fc) at the same level due to the

prestressing force.

• A linear elastic relationship is used to calculate the strain

from the stress.

Elastic Shortening of Concrete



• Linear elastic relationship is used to calculate the strain from the

stress.

• Quantification of the losses is explained below.

Δfs= EsΔδs = Esδc

= Es(fc/Ec)

Δfs= nfc

• 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.

Elastic Shortening



Elastic Shortening



Elastic Shortening



Ac = (15 x 15)-1.2 
= 223.8 sq.in

n = Es / Ec = 6.04 = 6

Elastic Shortening



 prestressed with 12 steel wires of 0.1 sq.in.                     Then, As = 12 x 0.1 = 1.2 sq.in 

 prestressed with 12 steel wires of 0.357 in. diameter.      Then, As = 12 x 
�(�.���)�

�
= 1.2 sq.in

 prestressed with 12 steel wires of 9 mm diameter.           Then, As = 12 x 
�(�/��.�)�

�
= 1.2 sq.in

Elastic Shortening



Elastic Shortening



(3600/3) x 2

(3600/3) x 1

Elastic Shortening

Remaining prestress = 150,000 – 1800 = 148,200 psi



Elastic Shortening



Elastic Shortening



Elastic Shortening



Bending of Member



Bending of Member



e = (18/2) - 6 = 3 in 

Here, y = e

Here, ∆fs = δ x Es

Here, strain = f /Ec

Bending of Member



• In most Post-tensioning systems when the tendon force is

transferred from the jack to the anchoring ends, the friction

wedges slip over a small distance.

• Anchorage block also moves before it settles on concrete.

• Loss of prestress is due to the consequent reduction in the

length of the tendon.

• Certain quantity of prestress is released due to this slip of

wire through the anchorages.

– Amount of slip depends on type of wedge and stress in the

wire.

Anchorage Slip



• The magnitude of slip can be known from the tests or from

the patents of the anchorage system.

• 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.

• Effect of anchorage slip is present up to a certain length,

called the setting length lset.

Anchorage Slip



• Anchorage loss can be accounted for at the site by over-

extending the tendon during prestressing operation by the

amount of draw-in before anchoring.

• Loss of prestress due to slip can be calculated:

s

, = Slip of anchorage

          L= Length of cable

          A= Cross-sectional area of the cable

          E = Modulus of Elasticity of steel

          P = Prestressing Force in the cab

sP E

A L

where

 
 

 



le.

Anchorage Slip



• In 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.

• If the profile is curved, there will be loss in stress due to

friction between tendon and the duct or between the tendons

themselves.

Frictional Loss



A typical continuous post-tensioned member 
(Courtesy: VSL International Ltd.)

Post-tensioned Members

• Friction is generated due to curvature of tendon, and vertical

component of the prestressing force.

Frictional Loss



Elongation of Tendon



Elongation of Tendon



Elongation of Tendon



Elongation of Tendon



Elongation of Tendon



Elongation of Tendon (Considering Frictional Loss)



Variation of prestressing force after stretching

Fx

Post-tensioned Members

F0

Elongation of Tendon (Considering Frictional Loss)



Elongation of Tendon



Here, 180,000-150,000 = 30,000 psi

So,     150,000 – 30,000 = 120,000 psi

Elongation of Tendon



 Creep of Concrete

• Time-dependent 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

Time Dependent Losses



• For stress in concrete less than one-third of the characteristic

strength, the ultimate creep strain (εcr,ult) is found to be

proportional to the elastic strain (εel).

• The ratio of the ultimate creep strain to the elastic strain is

defined as the ultimate creep coefficient or simply creep

coefficient, Cc.

Cc =
εcr ult

εel 

Creep of Concrete



• The loss in prestress (Δfp ) due to creep is given as follows.

Δfs = Es εcr, ult =Es Cc εel

Since εcr,ult = Cc εel

Es is the modulus of the prestressing steel

• In special situations detailed calculations may be necessary

to monitor creep strain with time.

• Specialized literature or standard codes can provide guidelines

for such calculations.

Creep of Concrete



• Creep is due to sustained (permanent) loads only. Temporary

loads are not considered in calculation of creep.

• Since the prestress may vary along the length of the member,

an average value of the prestress is considered.

• Prestress changes due to creep, which is related to the

instantaneous prestress.

• To consider this interaction, the calculation of creep can be

iterated over small time steps.

Creep of Concrete



 Shrinkage of Concrete

• Time-dependent strain measured in an unloaded and

unrestrained specimen at constant temperature.

• Loss of prestress (Δfs ) due to shrinkage is as follows.

Δfs = Es εsh

where Es is the modulus of prestressing steel.

 The factors responsible for creep of concrete will have

influence on shrinkage of concrete also except the loading

conditions.

Shrinkage of Concrete



• The approximate value of shrinkage strain for design shall be

assumed as follows:

• For pre-tensioning = 0.0003

• For post-tensioning =

Where t = age of concrete at transfer in days.

1 0

0 .0 0 2

( 2 )L o g t 

Shrinkage of Concrete



Relaxation

• 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 inelastic strain

under constant strain.

– stress decreases according to the remaining elastic strain.

Relaxation



 Factors effecting Relaxation :

• Time

• Initial stress

• Temperature and

• Type of steel.

• Relaxation loss can be calculated according to the any code.

Relaxation



Maximum Allowable Loss




