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Prestressed Concrete- Introduction 

 Concrete is strong in compression, but weak in tension: its 

tensile strength varies from 8 to 14 percent of its 

compressive strength. 

 Due to such a low tensile capacity, flexural cracks develop 

at early stages of loading. 

 In order to reduce or prevent cracks from developing, a 

concentric or eccentric force is imposed in the longitudinal 

direction of the structural element. 

 This force prevents the cracks from developing by 

eliminating or considerably reducing the tensile stresses at 

the critical mid span and support sections at service load, 

thereby raising the bending, shear, and torsional capacities 

of the sections. 
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Introduction 

 The sections are then able to behave elastically, and almost 

the full capacity of the concrete in compression can be 

efficiently utilized across the entire depth of the concrete 

sections when all loads act on the structure.. 

 Such an imposed longitudinal force is called a prestressing 

force, i.e., a compressive force that prestresses the 

sections along the span of the structural element prior to the 

application of the transverse gravity dead and live loads or 

transient horizontal live loads 
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Comparison with Reinforced Concrete 

Prestressed Concrete Reinforced Concrete 

• stresses in the prestressed structural 

member are created before the full 

dead and live loads are applied, in 

order to eliminate or considerably 

reduce the net tensile stresses caused 

by these loads 

• it is assumed that the tensile strength 

of the concrete is negligible 

and disregarded. This is because the 

tensile forces resulting from the 

bending moments are resisted by the 

bond created in reinforcement 

process. 

• Cracking and deflection are 

recoverable before the application of 

service load 

• Cracking and deflection are 

irrecoverable in RC once the member 

has reached its limit state at service 

load. 

•The steel required to produce the 

prestressing force in the prestressed 

member actively preloads the 

member. 

•The reinforcement in the reinforced 

concrete member does not exert any 

force of its own on the member 
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Comparison with Reinforced Concrete 

Prestressed Concrete Reinforced Concrete 

• By controlling the amount of 

prestress, a structural system can be 

made either flexible or rigid without 

influencing its strength. 

• In reinforced concrete, such a 

flexibility in behavior is considerably 

more difficult to achieve if 

considerations of economy are to be 

observed in the design 
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ECONOMICS OF PRESTRESSED CONCRETE 

 Pre-stressed members are shallower in depth than their 

reinforced concrete counterparts for the same span and 

loading conditions.  

 In general, the depth of a pre-stressed concrete member is 

usually about 65 to 80 percent of the depth of the equivalent 

reinforced concrete member. Hence, the pre-stressed 

member requires less concrete and about 20 to 35 percent 

of the amount of reinforcement.  

 Unfortunately. this saving in material weight is balanced by 

the higher cost of the higher quality materials needed in pre-

stressing.  
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ECONOMICS OF PRESTRESSED CONCRETE 

 Also, regardless of the system used, pre-stressing 

operations themselves result in an added cost: 

 Form work is more complex, since the geometry of pre-

stressed sections is usually composed of flanged sections 

with thin webs. 

 ln spite of these additional costs, if a large enough number 

of precast units are manufactured, the difference between at 

least the initial costs of pre-stressed and reinforced concrete 

systems is usually not very large.  

 And the indirect savings are quite substantial, because less 

maintenance is needed, a longer working life is possible due 

to better quality control of concrete. 
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ECONOMICS OF PRESTRESSED CONCRETE 

 Once the beam span of reinforced concrete exceeds to 90 

feet. the dead weight of the beam becomes excessive. 

resulting in heavier members and. consequently, greater 

 long-term deflection and cracking.  

 Thus for larger spans pre-stressed concrete becomes 

mandatory since arches are expensive to construct and do 

not perform as well due to the severe long term shrinkage 

and creep they undergo.  

 Very large spans such as segmental bridges or cable-

stayed bridges can only be constructed through the use of 

pre-stressing. 
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Material for Prestressing 

• High strength steel may not efficiently be used in ordinary 

reinforced concrete structures, as it will produce excessive 

cracking.   

• Modulus of elasticity of high-strength steel is almost the same 

as that of ordinary steel.   

• Very high strains are produced in high strength steel close to its 

yield strength and hence cause wide and excessive cracking in 

adjoining concrete.   

• The cracking reduces moment of inertia, increases deflection, 

reduces shear strength and causes corrosion of steel 

reinforcement.   

• The appearance of the members is also disturbed due to 

cracking and structure above the member under consideration 

may also be damaged due to large deflections 
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Material for Prestressing 

• Use of high strength concrete in ordinary reinforced concrete 

structures is not much beneficial as only a smaller part of the 

section on compression side is subjected to maximum 

compressive stresses.   

• In greater part of the section, compressive strength is not fully 

utilized and the tensile strength of concrete is neglected 

altogether after the first cracking.  

•  In prestressed concrete members, larger portion of the cross-

section is subjected to compressive stresses and high strength 

of concrete is effectively utilized. 
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Material for Prestressing 

• Ordinary steels, such as Grade 280 steel, are ineffective in 

providing effective prestressing.   

• Grade 280 steel is used to prestress a beam and is stretched to 

a stress of 0.94fy = 263MPa. The corresponding steel strain is 

s = 263/200000 = 0.00132.   

• In case the steel bars are anchored, there will be some slip in 

the anchorage and some elastic shortening of the member will 

take place reducing the strain by approximately 0.0007.   

• Steel strain just after transfer will be approximately 0.00132 – 

0.0007 = 0.00062 and about half of the prestressing force will 

be lost almost suddenly.   
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Material for Prestressing 

 The most commonly used steel for pretenstioned concrete is 
in the form of a seven-wire, uncoated, stress-relived strand 
having a minimum tensile strength (fpu) of  250,000 psi or 
270,000 psi. 

 „Prestressing steel does not exhibit the definite yield point 
characteristic found in the normal ductile steel used in 
reinforcing steel . 

 The yield strength for prestressing wire and strand is a 
“specific yield strength” that is obtained from the stress-
strain diagram at 1% strain, according to ASTM. 

 Nevertheless, the specified yield point is not as important in 
prestressing steel as is the yield point of ductile steel. 

 „It is a consideration, however, when determining the 
ultimate strength of a beam 
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Material for Prestressing 
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Strand 

Tendon 



Material for Prestressing 

• Higher strength concrete, having fc   35 MPa, is usually used for 

prestressed members for quick and efficient construction with lesser 

loss of prestressing force due to elastic shortening, creep and 

shrinkage.   

• The advantages of high strength concrete in prestressed construction 

are as follows: 

1. With larger compressive strength of concrete, its modulus of 

elasticity is increased reducing the elastic shortening due to 

prestress force.  Further, long term deformations due to creep 

and shrinkage are also reduced.  Hence, by the use of high 

strength concrete, the prestress losses are significantly reduced 

increasing the efficiency of such construction. 

2. The concrete gains high early strength and hence the prestress 

may be applied to the concrete earlier.  The speed of 

construction is increased when high strength concrete is used. 
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Material for Prestressing 

3.  Bearing strength is better for high strength concrete.  This makes 
it easy to transfer the prestress forces at the anchorages, which 
may require lesser contact area of anchorage fittings. 

4. The bond between steel and concrete is improved when high 
strength concrete is used. 

5. Higher strengths are easy to achieve in case of prestressed 
precast construction in factories where batching, mixing, placing 
and curing is carried out under controlled conditions. 

• Following notation is used to specify strength of concrete for 
prestressed construction: 

• fc = the specified minimum 28-day cylinder compressive 
strength of concrete. 

• fci  = the minimum cylinder compressive strength of concrete at 
the time of initial transfer of prestressing force. 

• The allowable stresses in concrete are different at various 
stages of loading 
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Type of Prestressing 

  Prestressed concrete structures can be classified in a 

number of ways depending upon the feature of designs and 

constructions.  

1. 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. 
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Type of Prestressing 

1. 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. 

 Plain concrete beams or beams with some ordinary 

reinforcement are cast with embedded plastic or metal 

tubes forming ducts for the tendons to be placed later.   
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LOSS OF PRESTRESS 

 Jacking force(Pj) is the force required to pull the tendon to 

required stress level.  

 Initial prestress force (Pi) is the force after transfer and is 

equal to jacking force reduced due to the instantaneous 

shortening of the concrete.   

 Effective prestress force (Pe) is the amount of prestress force 

left after instantaneous and time dependent losses.   

 Effectiveness ratio (R) is defined as the ratio of effective 

prestress to the initial prestress. 

R  =  Pe / Pi 
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LOSS OF PRESTRESS 

• A usually conservative value of R = 0.85 may be used in 

place of detailed actual calculations.   

• A better estimate of losses may be made by Time-Step 

Method where losses are calculated for the required time 

by dividing it into a number of intervals.   

• For each time interval, losses are estimated with respect to 

starting and ending of the interval.   

• This approach reduces the inter-dependence of various 

losses on one another 
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LOSS OF PRESTRESS 

• Total loss of prestress may be divided into two categories 

as under: 

•  a) Instantaneous Losses:  These are the losses due to 

anchorage set, friction between the tendon and concrete 

and elastic shortening of concrete.   

• Following notation may be used to represent these losses: 

 fPF  =  loss due to friction, MPa 

 fPA =  loss due to anchorage set, MPa 

 fPE =  loss due to elastic shortening, MPa 
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LOSS OF PRESTRESS 

b) Time Dependent Losses:   

• These are the losses due to creep and shrinkage of 

concrete and relaxation of steel and are denoted by the 

following symbols: 

 fPSR =  loss due to shrinkage of concrete, MPa 

 fPCR =  loss due to creep of concrete, MPa 

 fPR =  loss due to relaxation of steel, MPa 

• Total prestress loss (fPT) for the two methods of 

prestressing may be written as under: 

 i)  Pre-tensioned members:fPT =  fPES + fPSR + fPCR + 

fPR  

 ii) Post-tensioned members:fPT =  fPF + fPA + fPES + 

fPSR + fPCR + fPR 
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BASIC CONCEPTS OF PRESTRESSING 

 The prestressing force P that satisfies the particular 

conditions of geometry and loading of a given element (see 

Figure 1.2) is determined from the principles of mechanics 

and of stress-strain relationships. 

 Sometimes simplification is necessary, as when a 

prestressed beam is assumed to be homogeneous and 

elastic.  

 Consider, then, a simply supported rectangular beam 

subjected to a concentric prestressing force P as shown in 

Figure 1.2(a). The compressive stress on the beam cross 

section is uniform.  
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The compressive stress on the beam cross section is uniform and has an intensity 



BASIC CONCEPTS OF PRESTRESSING 
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 Equation 1.2b indicates that the presence of prestressing-

compressive stress − P/A is reducing the tensile flexural 

stress Mc/I to the extent intended in the design, either 

eliminating tension totally (even inducing compression), or 

permitting a level of tensile stress within allowable code 

limits. 

 The section is then considered uncracked and behaves 

elastically: the concrete’s inability to withstand tensile 

stresses is effectively compensated for by the compressive 

force of the prestressing tendon. 

 



BASIC CONCEPTS OF PRESTRESSING 

P
re

s
tr

e
s
s
e
d

 C
o

n
c
re

te
 

 The compressive stresses in Equation 1.2a at the top fibers 

of the beam due to prestressing are compounded by the 

application of the loading stress − Mc/I, as seen in Figure 

 Hence, the compressive stress capacity of the beam to take 

a substantial external load is reduced by the concentric 

prestressing force. 

 In order to avoid this limitation, the prestressing tendon is 

placed eccentrically below the neutral axis at midspan, to 

induce tensile stresses at the top fibers due to prestressing. 



BASIC CONCEPTS OF PRESTRESSING 
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 If the tendon is placed at eccentricity e from the center of 

gravity of the concrete, termed the cgc line, it creates a 

moment Pe, and the ensuing stresses at midspan become  

 

Since the support section of a simply supported beam carries no 

moment from the external transverse load, high tensile fiber 

stresses at the top fibers are caused by the eccentric prestressing 

force. To limit such stresses, the eccentricity of the prestressing 

tendon profile,the cgs line, is made less at the support section than 

at the midspan section, or eliminated altogether, or else a negative 

eccentricity above the cgc line is used. 



Basic Concept Method 
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 In the basic concept method of designing prestressed 
concrete elements, the concrete fiber stresses are directly 
computed from the external forces applied to the concrete 
by longitudinal prestressing and the external transverse 
load.  

 Equations 1.3a and b can be modified and simplified for use 
in calculating stresses at the initial prestressing stage and at 
service load levels.  

 If Pi is the initial prestressing force before stress losses, and 
Pe is the effective prestressing force after losses, then ϒ can 
be defined as the residual prestress factor 



Basic Concept Method 

P
re

s
tr

e
s
s
e
d

 C
o

n
c
re

te
 



Basic Concept Method 

P
re

s
tr

e
s
s
e
d

 C
o

n
c
re

te
 



Basic Concept Method 

P
re

s
tr

e
s
s
e
d

 C
o

n
c
re

te
 

 Figure 1.3(a) shows a harped profile usually used for 
pretensioned beams and for concentrated transverse loads. 

 Figure 1.3(b) shows a draped tendon usually used in post-
tensioning. 



Basic Concept Method 
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 The change in eccentricity from the midspan to the support 

section is obtained by raising the prestressing tendon either 

abruptly from the midspan to the support, a process called 

harping, or gradually in a parabolic form, a process called 

draping. 
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ACI Maximum Stress Limits 
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 Flexural stresses are the result of external, or 

imposed, bending moments.  

 They control the selection of the geometrical 

dimensions of the pre-stressed concrete section 

regardless of whether it is pre-tensioned or post-

tensioned.  

 The design process starts with the choice of a 

preliminary geometry, and by trial and adjustment it 

converges to a final section with geometrical details 

of the concrete cross section and the sizes and 

alignments of the pre-stressing strands.  
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 The section satisfies the flexural (bending) 

requirements of concrete stress and steel stress 

limitations. Thereafter, other factors such as shear 

and torsion capacity, deflection, and cracking are 

analyzed and satisfied. 

 The principles and methods presented in Chapter 1 

for service load computations are extended into 

step-by-step procedures for the design of pre-

stressed concrete linear elements, taking into 

consideration the impact of the magnitude of pre-

stress losses discussed earlier.  



Design of Prestressed Members 
P

re
s
tr

e
s
s
e
d

 C
o

n
c
re

te
 

 Note that a logical sequence in the design process 

entails first the service-load design of the section 

required in flexure, and then the analysis of the 

available moment strength Mn of the section for the 

limit state at failure. Throughout the book, a negative 

sign (-) is used to denote compressive stress and a 

positive sign (+) is used to denote tensile stress in 

the concrete section.  

 A convex or hogging shape indicates negative 

bending moment; a concave or sagging shape 

denotes positive bending moment, as shown in 

Figure 4.1. 
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 Unlike the case of reinforced concrete members, the 
external dead load and partial live load are applied to 
the pre-stressed concrete member at varying 
concrete strengths at various loading stages. These 
loading stages can be summarized as follows: 

 Initial prestress force P, is applied; then, at transfer, 
the force is transmitted from the prestressing strands 
to the concrete. 

 The full self-weight WD acts on the member together 
with the initial prestressing force, provided that the 
member is simply supported, i.e., there is no 
intermediate support. 
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 The full superimposed dead load WSD including 

topping for composite action, is applied to the 

member. 

 Most short-term losses in the prestressing force 

occur, leading to a reduced pre-stressing force Pe. 

 The member is subjected to the full service load, 

with long-term losses due to creep, shrinkage, and 

strand relaxation taking place and leading to a net 

pre-stressing force Pe. 

 Overloading of the member occurs under certain 

conditions up to the limit state at failure. 
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 A typical loading history and corresponding stress 

distribution across the depth of the critical section 

are shown in Figure 4.2. 

 Load vs deformation is shown in the figure 4.3 for 

various loading stages. 

 



Design of Prestressed Members 
P

re
s
tr

e
s
s
e
d

 C
o

n
c
re

te
 



Design of Prestressed Members 
P

re
s
tr

e
s
s
e
d

 C
o

n
c
re

te
 



Design of Prestressed Members 
P

re
s
tr

e
s
s
e
d

 C
o

n
c
re

te
 

SELECTION OF GEOMETRICAL PROPERTIES OF 

SECTION COMPONENTS 

General Guidelines 

 Under service-load conditions, the beam is assumed to 

be homogeneous and elastic. 

 Since it is also assumed (because expected) that the 

prestress compressive force transmitted to the concrete 

closes the crack that might develop at the tensile fibers of 

the beam, beam sections are considered uncracked.  

 Stress analysis of prestressed beams under these 

conditions is no different from stress analysis of a steel 

beam, or, more accurately, a beam column.  
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 The axial force due to prestressing is always present 
regardless of whether bending moments do or do not 
exist due to other external or self-loads. 

 It is advantageous to have the alignment of the pre-
stressing tendon eccentric at the critical sections, such as 
the mid span section in a simple beam and the support 
section in a continuous beam.  

 As compared to a rectangular solid section, a 
nonsymmetrical flanged section has the advantage of 
efficiently using the concrete material and of 
concentrating the concrete in the compressive zone of 
the section where 

 it is most needed. 
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Minimum Section Modulus 

 To design or choose the section, a determination of 

the required minimum section modulus, Sb and St 

has to be made first. If following stresses are met. 
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• A post-tensioned pre stressed concrete beam is to carry a live load of 

1,000 lb/ ft and superimposed dead load of 500 lb/ ft in addition to its 

own weight, on a 40-ft simple span. Normal density concrete will be 

used with design strength 𝑓𝑐′ = 6,000 psi. lt is estimated that, at the time 

of transfer, the concrete will have attained 70 percent of its ultimate 

strength, or 4,200 psi.  

• Time-dependent losses may be assumed at 15 percent of the initial 

prestress, giving an effectiveness ratio of 0.85.  

• Determine the required concrete dimensions, magnitude of pre-stress 

force, and eccentricity of the steel centroid based on ACI stress 

limitations as given in Tables 3.1 and 3.2. 

• (𝑤𝑙=14.6 KN/m, 𝑤𝑑, = 7.3 kN/m, span = 12.2 m, 𝑓𝑐′ = 41 MPa, and 𝑓𝑐𝑖, 
= 29 MPa.) 
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