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Abstract— The Analysis of Rectangular Prestressed beam is 

carried out in this context, which is simply supported at the 

ends and centrally loaded . The analysis has been carried out 

using application of Finite Element Analysis in ANSYS 

12.1.Material Properties are assigned accordingly for 

different elements based on their structural behaviour that is 

linear or non-linear for concrete and steel respectively. 

Various Physical parameters namely stress, deflection, etc 

are computed by altering shape and position of tendons in 

beams and the results obtained are compared and  validated 

with hand calculations. 
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I. INTRODUCTION 

The concept of a new material "Pre-stressed concrete" was 

introduced due to the development of cracks in early stage 

due to incompatibility in strains of both steel and concrete in 

reinforced concrete. In pre-stressed concrete, the internal 

stresses of suitable magnitude are introduced and distributed 

so that the stresses resulting from external loads are 

counteracted to a desired degree. But in Reinforced 

concrete, the members can be pre-stressed by applying 

tension to steel reinforcement. The earliest examples of 

wooden barrel construction by force fitting of metal bands 

and shrink fitting of metal tyres wooden wheels indicate that 

art of pre-stressing has been practiced from ancient time. 

Previously the Mild steel was being used in Pre-

stressed concrete as a tensile reinforcement which had a 

working stress of about 120 N/mm
2
. Due to losses occurring 

due to Shrinkage ,Creep, elastic deformation in concrete ,the 

steel strength is lost and considerably loss of stress in steel 

which is about 100-240 N/mm
2
 .Hence to account for these 

above problems an High strength  steel is used. The High-

Tensile steel is generally achieved by marginally increasing 

the carbon content in it, as compared to Mild steel .It usually 

contains 0.6-0.85 percent of carbon, 0.7-1 percent of 

manganese ,0.05 percent of sulphur and phosphorous with 

small traces of sulphur. These High-tensile steel may made 

from Hot-Rolling process or Cold-drawn through a series of 

dies to reduce the diameter and increase tensile strength. 

The concrete to be used in Pre-stressed concrete should have 

higher compressive strength at an early age compared to 

ordinary concrete. Due to some of its typical characteristics 

like low shrinkage, minimum creep and has a higher 

Modulus of Elasticity made of be used in Pre-stressed 

concrete necessary in Structural members. 

A. Pretensioning Systems and Devices 

"Pre-tensioning" is a process of inducing a tension to steel 

prior to the concrete is poured into the moulds. The details 

of Pretensioning and devices used are described below as 

follows. In this system of Pre-tensioning the high- strength 

steel tendons are stretched between two ends of abutments 

(bulkheads) before casting of concrete. The abutments are 

fixed at the ends of Prestressing beds. Once the concrete 

attains the required strength for pre-tensioning the tendons, 

the tendons are cut from the abutments. After this the 

transfer of prestress from steel to the concrete is due to bond 

between steel and concrete, hence no anchorage devices are 

used . If tendons are concentric the member undergoes 

elastic shortening during transfer of pre-stress and if tendons 

are eccentrically placed the element is likely to deflect 

(camber) and bend. 

B. Advantages of Prestressed Concrete 

Some of the advantages compared with Reinforced concrete 

and steel are as follows. 

 The cross-section of Fully Pre-stressed members is 

fully utilised when compared to Reinforced 

concrete members who crack under working loads. 

 They offer Good resistance against shear failure 

due to effect of Compressive Pre-stress which 

reduces the principal tensile stress. To reduce the 

shear in Long span members the tendons consisting 

of other than straight profile can be used. 

 The pre-stressed concrete is more durable 

compared to Reinforced concrete which consists of 

High- Strength concrete and steel which 

combinally contribute the strength against external 

aggressive environment. 

 Due to the use of High- strength steel and concrete, 

the sections required are smaller and lighter which 

reduces the self-weight of structure. 

 It has the ability to absorb the impact due to Live 

loads on it effectively. 

 Resists well against repeated loading like Fatigue, 

as compared to Reinforced concrete elements. 

Since the Fatigue strength of pre-stressed concrete 

is better than reinforced concrete due to smaller 

variations of stress ,these can be recommended for 

dynamically loaded structures such as Railway 

bridges, machine foundations etc. 

II. PRESTRESSED CONCRETE BEAM PROBLEM 

A Rectangular Prestressed concrete beam having a cross-

section of 140mm wide and 140 mm height is simply 

supported over a span of 1500mm.It supports a concentrated 

load of 5KN at the centre of span. The tendon of 4mm 

diameter follows a sloping profile having its eccentricity of 

30mm at centre. The initial stress in the wire is 950N/mm
2
. 

Compute the deflection and stresses at its mid span 

assuming density of concrete as 24KN/m
3
. 

Material Properties: 

 Grade of concrete -M40 

 Modulus of Elasticity of concrete, 

EC=36049.965N/mm
2 
. 

 Characteristic cube strength of concrete 

fck=40N/mm
2
. 
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 Characteristic strength of High tensile wire 

fpu=1400N/mm
2
. 

 Modulus of Elasticity of steel Es=210KN/mm2. 

A. Calculations 

Area of concrete section, (A)= 140 x 140 

                                            = 19600 mm
2  

 

Section Modulus (Z) = bd
2
/6 

                                = 140x(140)
2
/6 

                                = 457.33x 10
3 
mm

3 

1) Load Calculation  

Self-weight of beam (Wg) = 0.14 x 0.14 x 25 

                                          = 0.4704KN/m 

Live Load ( Wq ) = 5 KN      
Prestressing Force ( Pf ) = 950 x ( π x 4

2
 ) 

                                                             4 

                                          = 11939.6 N   

2) Moment Calculation  

Dead load Moment (MD ) = wgl/8
 

                                            = 0.4704 x 1.5
2 

                                                                              
8 

                                            = 0.1323 KN-m 

Live Load Moment ( Mq ) = Wq L 

                                                   4 

                                              =  5 x 1.5 

                                                      4 

                                              =  1.875 KN-m 

3) Stress Calculation 

a) Direct Stress = P/A 

                           = 11939.6 / 19600 

                           = 0.609 N/mm
2
  

b) Bending Stress = Pe / Z 

                                             = 11939.6 x 30 

                                  457.33 x 10
3
 

                                  = 0.7832 N/mm
2  

      

c) Dead load stresses = Mg / Z      

                                     = 0.1323 x 10
6 
/ 457.33 x 10

3 
           

                                     = 0.289 N/mm
2  

        

d) Live Load Stresses = Mq / Z      

                                    = 1.875 x 10
6 
/ 457.33 x 10

3  

                                                    
= 4.099N/mm

2  
    

e) Resultant Stresses 

 At Initial Stage 

fsup = P/A- Pe / Z + Mg / Z 

=0.609- 0.7832+0.289 

= 0.1148 N/mm
2
 

finf = P/A+ Pe /Z - Mg /Z 

=0.609+0.7832-0.289 

= 1.1032 N/mm
2 

 At Final Stage 

fsup = P/A - Pe /Z + Mg/Z + Mq /Z 

= 0.609- 0.7832+ 0.289 + 4.099 

= 4.213 N/mm
2 

finf  = P/A+ Pe / Zt  - Mg/Z - Mq /Z 

= 0.609+0.7832-0.289-4.099 

=  -2.995 N/mm
2 

4) Deflection Calculations 

a) Deflection due to Prestress  

               = PL
2
 (-2e ) 

                     24EI 

      = 11939.6 x (1500)
2
 x (-2 x 30) 

         24 x 36049.965 x 32.01 x 10
6 

   
    = - 0.05819 mm 

b) Deflection due to self weight 

     = 5 x Wg x L
4 

            384EI 

     = 5 x 0.4704 x 1500
4
 

        384 x 36049.965 x 32.01 x 10
6
 

    = 0.0268 mm 

c) Deflection due to Live load  

= PL
3
 

48EI 

= 5 x 10
3
 x 1500

3
 

48 x 36049.965 x 32.01 x 10
6
 

= 0.3046 mm 

Total deflection at mid-span section due to prestress, self 

weight and Live load  

= - 0.05819 +0.0268 + 0.3046 

= - 0.2732 mm 

III. ANSYS OUTPUTS 

 
Fig. 1: Meshed concrete element 

 
Fig. 2: Meshed concrete and steel 

 
Fig. 3: Deflection in Y- direction 
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Fig. 4: Stress Intensity in y-direction 

 
Fig. 6: Close view of stress intensity at Mid -span 

 
Fig. 6: side view of stress intensity 

IV. RESULTS 

METHOD DEFLECTION ( mm ) 

ANALYTICAL 0.2732 

ANSYS 0.2723 

Table- 1 Deflection At Mid Span 

METHOD 
TOP 

(N/mm
2
) 

BOTTOM 

(N/mm
2
) 

ANALYTICAL 4.213 -2.995 

ANSYS 3.925 -2.347 

Table 2: Resultant stress at Mid span 

V. CONCLUSION 

The following Conclusions can be drawn from this study 

 An advance package ANSYS with excellent pre and 

post processing features can yield vast number of 

results from each analysis, unlikely experimental 

results.  

 The deflection results computed from hand 

calculations when compared with ANSYS results 

showed good agreement. 

 The resultant stresses in Top and Bottom fibres of 

Prestressed beam computed by analytical methods 

also showed a close match between them. 

 Some slight variation in ANSYS results may occur 

because the values entered may get rounded off to 

next decimal places. 

APPENDIX 

 Pf  - Prestressing Force 

 A - area of concrete section 

 e  - eccentricity from neutral axis 

 L - centre to centre span 

 EI -flexural rigidity 
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