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• Pre-stressing can be defined in general terms as the preloading of a 

structure, before application of the service loads, so as to improve its 

performance in specific ways.  

• Although the principles and techniques of pre-stressing have been 

applied to structures of many types and materials, the most common 

application is in the design of structural concrete. 

• Concrete is essentially a compression material. Its strength in tension is 

much lower than that in compression, and in many cases, in design, the 

tensile resistance is discounted altogether.  

• The pre-stressing of concrete, therefore, naturally involves application of 

a compressive loading, prior to-applying the anticipated service loads, 

so that tensile stresses that otherwise would occur are reduced or 

eliminated.  
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• Of equal importance, the deflection of the member may be controlled. 

Beams may even be designed to have zero deflection at a specific 

combination of pre-stress and external loading.  

• In the sense of improved serviceability, such partial pre-stressing 

represents a substantial improvement, not only over conventional 

reinforced concrete construction, but also over the original form of full 

pre-stressing that, while eliminating service-load cracking, often 

produced troublesome upward camber. 

• Crack widths in conventional reinforced concrete beams are roughly 

proportional to the stress in the tensile reinforcement, and for this 

reason steel stresses must be limited to values far less than could 

otherwise be used. In pre-stressed beams, high steel stress is not 

accompanied by wide concrete cracks, because much of the strain is 

applied to the steel before it is anchored to the concrete and before the 

member is loaded. 
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• Deflection of ordinary reinforced concrete beams is also linked directly 

to stresses. If very high stresses were permitted, the accompanying high 

strains in the concrete and steel would inevitably produce large rotations 

of the cross sections along the member, which translate directly into 

large deflections. By Pre-straining the high strength reinforcement of 

pre-stressed beams, the large rotations and deflections that would 

otherwise occur are avoided.  

• Thus, it is not only because of improvement of service load behavior, by 

• controlling cracking and deflection, that pre-stressed concrete is 

attractive, but also because it permits utilization of efficient high strength 

materials. Smaller and lighter members may be used. 

• The ratio of dead to live load is reduced, spans increased, and the 

range of application of structural concrete is greatly extended. 
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• Consider first the plain, 

unreinforced concrete beam 

shown in Fig.  

• It carries a single 

concentrated load at the 

center of its span. (The self 

weight of the member will be 

neglected here.)  

• As the load W is gradually 

applied, longitudinal flexural 

stresses are induced. 

Assuming that the concrete 

is stressed only within its 

elastic range, the flexural 

stress distribution at mid 

span will be linear, as shown. 
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• At a relatively low load, the 

tensile stress in the concrete 

at the bottom of the member 

will reach the tensile strength 

of the material, fr,, and a 

crack will form. 

• Since no restraint is provided 

against upward extension of 

the crack, the member will 

collapse without further 

increase of load. 

• Now consider an otherwise 

identical beam, as in Fig. (b), 

in which a longitudinal axial 

force P is introduced prior to 

the vertical loading.  
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• The longitudinal pre-

stressing force will produce a 

uniform axial compressive 

stress fc = P/Ac , where Ac is 

the cross-sectional area of 

the concrete. 

• The force can be adjusted in 

magnitude, so that, when the 

transverse load Q is applied, 

the superposition of stresses 

due to P and Q will result in 

zero tensile stress at the 

bottom of the beam, as 

shown.  
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• Tensile stress in the concrete 

may be eliminated in this way 

or reduced to a specified 

amount. 

• But it would be more logical to 

apply the pre-stressing force 

near the bottom of the beam, 

so as to compensate more 

effectively for the load-induced 

tension. 

• It is easily shown that, for a 

rectangular cross-section 

beam, the corresponding point 

of application of the force is at 

the lower third point of the 

section depth. 
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• The force P, with the same 

value as before, but applied 

with eccentricity e = h/6 

relative to the concrete 

centroid, will produce a 

longitudinal compressive 

stress distribution varying from 

zero at the top surface to a 

maximum value of fc = (P/Ac) + 

(P x e x c2/ Ic), at the bottom, 

where fc is the concrete stress 

at the section centroid, c2 is 

the distance from concrete 

centroid to the bottom face of 

the concrete, and Ic is the 

moment of inertia of the cross 

section. This is shown in Fig 

(c).  
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• The stress at the bottom will 

be exactly twice the value 

produced before by axial pre-

stressing. 

• Consequently, the transverse 

load may now be twice as 

great as before, or 2Q, and 

still cause no tensile stress.  

• In fact, the final stress 

distribution resulting from the 

superposition of load and pre-

stressing force in Fig (c) is 

identical to that of Fig. (b), 

although the load is twice as 

great.  

• The advantage of eccentric 

pre-stressing is obvious. 
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•  The pre-stress moment is directly 

proportional to the eccentricity of the 

tendon, measured from the steel 

centroid to the concrete centroid.  

• Accordingly, the tendon is now given 

an eccentricity that varies linearly 

from zero at the supports to 

maximum at the center of the span 

fig. (d).  

• The stresses at mid span are the 

same as before, both when the load 

2Q acts and when it does not. At the 

supports, where only the pre-stress 

force acts, with zero eccentricity, a 

uniform compressive stress fc is 

obtained as shown. 
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• The effect of a change in the vertical alignment of a pre-stressing 

tendon is to produce a transverse vertical force on the concrete 

member. That force, together with the pre-stressing forces acting at 

the ends of the member through the tendon from anchorages, may 

be looked upon as a system of external forces.  

• In Fig. (a), for example, a tendon that applies force P at the centroid 

of the concrete section at the ends of a beam and that has a uniform 

slope at angle θ between the ends and mid span introduces the 

transverse force 2P sinθ at the point of change in tendon alignment 

at mid span.  

• At the anchorages, the vertical component of the prestressing force 

is P sin θ and the horizontal component is Pcos θ.  

• The moment diagram for the beam of Fig. (a) is seen to have the 

same form as that for any center-loaded simple span. 
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• The beam of Fig. (b), with a curved tendon, is subject to a transverse 

• distributed load from the tendon, as well as the forces P at each end. 

• The exact distribution of the load depends on the alignment of the 

tendon. A tendon with a parabolic profile, for example, will produce a 

uniformly distributed transverse load.  

• In this case, the moment diagram will have a parabolic shape, as for 

a uniformly loaded simple span beam. 
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• If a straight tendon is used with constant eccentricity e, as in Fig. (c), 

there are no transverse forces on the concrete and member is 

subjected to a moment  at each end, as well as the axial force P, and 

a diagram of constant moment results. 
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• The end moment must also be accounted for in considering the 

beam of Fig. (d), in which a parabolic tendon is used that does not 

pass through the concrete centroid at the ends of the span.  

• In this case, a uniformly distributed transverse load and end 

anchorage forces are produced, just as in Fig. (b) but, in addition, 

the end moments M = Pe cos θ must be considered. 
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• Early designers of pre-stressed concrete focused on the complete 

elimination of tensile stresses in members at normal service load. This 

is defined as full pre-stressing.  

• With experience, it has become evident that a solution intermediate 

between fully pre-stressed concrete and ordinary reinforced concrete 

offers many advantages.  

• Such an intermediate solution, in which concrete tension, and usually 

some flexural cracking, is permitted at full service load, is termed partial 

pre-stressing. 

• Full pre-stressing offers the possibility of complete elimination of cracks 

at full service load, it may at the same time produce members with large 

camber. 

• While cracks will usually form in partially pre-stressed beams at full 

service load but vanish as the load is removed. 

• It also results in improved deflection characteristics. 



19 

PRE-STRESSING- Prestressing Methods 

Seismic Design of Structures by Dr. M. Burhan Sharif 

• Two methods are generally used 

• Pre-tensioned 

• Post-tensioned 
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• The magnitude of pre-stressing force in a concrete member is not 

constant, but different during the life of the member.  

• Some of the changes are instantaneous or nearly so, some are time-

dependent, and some are a function of the superimposed loading. All 

such changes must be accounted for in the design. 

• The jacking force will be referred to as subsequently as Pj .   

• For a post-tensioned member, this force is applied as a reaction directly 

upon the concrete member, while with pre-tensioning, the jacking force 

reacts against external anchorages and does not act on the concrete at 

all. 



35 

PRE-STRESSING- Changes in Pre-St. Force 

Seismic Design of Structures by Dr. M. Burhan Sharif 

• At the moment of transfer of pre-stress force from the jack to the 

anchorage linings that grip the tendon, there is an immediate reduction 

in force. 

• Stress loss also occurs due to elastic shortening, slip etc, therefore, Pj 

is reduced to lower values known as initial pre-stress force, Pi 

• The sum of all the losses, immediate and long term are 15 to 35 % of 

the original jacking force. 
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• Loads that act on structures can be divided into three broad categories: 

dead, live and environmental loads.  

• Dead loads are fixed in location and constant in magnitude throughout 

the life of the structure. Usually the self-weight all in structure is the 

most important part of the dead load. This can be calculated based on 

the dimensions of the structure and the unit weight of the material. 

• Concrete density varies from about 90 to 120 pcf (14 to 19 kN /m3) for 

lightweight concrete and is about 145 pcf (23 kN /m3) for normal 

concrete.  

• In the computation of the dead load of structural concrete, usually a 5 

pcf (1 kN/m3) increment is included with the weight of the concrete to 

account for the presence of the reinforcement. 

• Live loads consist chiefly of occupancy loads in buildings and traffic 

loads on bridges.  

• They may be either fully or partially in place or not present at all and 

may change in location.  
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• The minimum live loads for which the floors and roof of is building 

should be designed are usually specified in the building code that 

governs at the site of construction 
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• Environmental loads consist mainly of snow loads, wind pressure and 

auction, earthquake loads (i.e., inertia forces caused by earthquake 

motions), soil pressures on subsurface portions of structures, loads from 

possible ponding of rainwater on flat surfaces, and forces caused by 

temperature differentials.  

• Like live loads, environmental loads at any given time are uncertain both 

in magnitude and distribution.  
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• The sum of calculated dead, live and environmental loads is called 

service loads. 

• The factored load or failure load, that a structure must be capable of 

resisting to ensure an adequate margin of safety against collapse, is a 

multiple of the service load.  
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• The required strength of the member should not be exceeded, the 

following strength reduction factors are used. 


