
Flexural Design of 

Prestressed Concrete 

Members –1 

Fawad Muzaffar 
M.Sc. Structures (Stanford University) 

Ph.D. Structures (Stanford University) 

Civil Engineering 

Department 

(Introduction and Selection of Geometric Dimensions) 



Introduction 
• What Are We Designing For? 

– Reinforced Concrete – Strength  - Should Resist Factored Load 

         Serviceability -Crack Control, Deflection  

         check etc. 

– Prestressed Concrete – Stress Limits at Different Loading Stages 

                                                Serviceability – Crack Control, Deflection  

                                                                            Check etc. 

                                                 Strength – Should Resist Factored Load 

– Sign Convention –  Stresses: Tension +ve, Compression –ve. 

                                        Bending: 
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Loading Stages and Stress Checks 
• Transfer of Prestress - Application of Initial Prestress Force, Pi. 

• Self Weight, WD Acts Instantaneously at Transfer. 

• Superimposed Dead Load, WsD is Applied – Short Term Losses 
Reduce Pi to Peo. 

• Service Load is Applied – Long Term Losses Reduce Peo to Pe. 

• Overloading of Member Occurs – Member has to Resist 
Applied Factored Loading 
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Selection of Geometric Dimensions – 
Minimum Section Modulus 

• Problem Statement: Determine Minimum Section Modulus 
that can Withstand All Loads at Different Loading Stages 

• Stress Limits 
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Selection of Geometric Dimensions – 
ACI Maximum Stress Limits 
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Selection of Geometric Dimensions – 
AASHTO Maximum Stress Limits 

 

 

AASHTO Maximum Permissible Limits 
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Selection of Geometric Dimensions – 
AASHTO Maximum Stress Limits 
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Selection of Geometric Dimensions – 
Minimum Section Modulus 

• Variable Eccentricity Tendons – Critical Section: Mid-span 

– If Residual Prestress Ratio,  = Pe/Pi   

     Loss of Prestress = Pi-Pe=(1- ) Pi 

– Change in Stress From Allowable Limits 

 

 

 

– Net Stress (Stress Capacity) at Top and Bottom 

   => 

   => 
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Selection of Geometric Dimensions – 
Minimum Section Modulus 

 
 

– Calculate Initial Prestress Force, Pi 

 
 

– The Required Eccentricity, e 
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Selection of Geometric Dimensions – 
Minimum Section Modulus 

• Constant Eccentricity Tendons – Critical Section: Supports 
– The Change in Stress Due to Prestress Losses 

 
– Net Stress (Stress Capacity) at Top and Bottom 

                                      => 

                                          => 

– The Minimum Section Modulus 

 

 

– The Require Eccentricity at Support:  
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Selection of Geometric Dimensions – 
General Guidelines 

- e  1/Pi 

- Large e => Large Concrete Area at Top --- Hence a T or wide I  

- Ends are Usually Solid to:  i. Provide Anchorage of Tendons 

     ii. Increase in Shear Capacity 

- If e > Section Depth (for Allowable Stresses) => Uneconomical 
Section => Revise Section to Increase Depth 

• Gross Area, Transformed Section and Presence of Ducts 
– Use of Gross Area is Adequate for use of Service Load Design. 

– The Accuracy Gained by Using Transformed Section Properties is 
Insignificant. 

– For Long Span Bridges and Industrial Beams: Taking out Area of Ducts 
and using Transformed Sectional Properties. 

 
Fawad Muzaffar 11 



Selection of Geometric Dimensions – 
Some Standardized Sections 
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Selection of Geometric Dimensions – 
Optimized Bridge Girder Sections 
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Selection of Geometric Dimensions – 
Optimized Bridge Girder Sections 

 

 

Fawad Muzaffar 14 



Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 1 
• Variable Tendon Eccentricity Example 

Fawad Muzaffar 15 



Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 1 
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Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 1 
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Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 1 
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Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 1 
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Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 2 
• Variable Tendon Eccentricity with No Height Limit 
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Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 2 
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Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 2 
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Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 2 
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Selection of Geometric Dimensions – 
Variable Tendon Eccentricity Example 2 
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Selection of Geometric Dimensions – 
Constant Tendon Eccentricity Example 
• Constant Tendon Eccentricity Example 
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Selection of Geometric Dimensions – 
Constant Tendon Eccentricity Example 
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Selection of Geometric Dimensions – 
Constant Tendon Eccentricity Example 
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Selection of Geometric Dimensions – 
Constant Tendon Eccentricity Example 
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Selection of Geometric Dimensions – 
Constant Tendon Eccentricity Example 

 

 

Fawad Muzaffar 29 


