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Optimization of prestressed concrete bridges aiming to minimize the cost while maintaining the 
bridge’s functionality, has long occupied the mind of many researchers.

Objectives set for this study:
• Resolution of a multi-span beam with variable stiffness using a new developed analytical approach
• Introducing the new pivot rule in fully and partially prestressed concrete sections (SLS & ULS)
• Develop new methods of optimization for the design of prestressed concrete Bridges
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New Pivot Rule for Fully and Partially Pre-stressed Concrete:

New “Transfer Matrix” Method For Continuous Beams :
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Results

Main Equations to be satisfied by the EN:

Multi-Span PT beam using the “Matrix of Transfer:

Significate Reduction of P in 
Partially Prestressed Concrete 
= 60% for a 1.5% of Ast
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Permissible domain of (P, eo):

• Along each Hyperbola ei , Only 1 constraint is satisfied
• At Intersection Points , 2 constraints are satisfied simultaneously

Main principles behind this Method:

1. Use the integral Sn for the calculation of the Mechanical Constants 
(a, b & c) and the Rotations of the 3-Moment equation.

2. Choose the proper segmentation along the beam. (“Beam Meshing”)
3. Convert the Sn expression into a “Matrix”

Optimization of Partial prestressing force P using Pivot Rule:

Problem solved
without the need
of Numerical
Methods!!

Results under ELS-car:
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Rotation due to Pre-
stressing moment 
formulated
Using the “Matrix of 
Transfer”
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Optimizing an objective function (Cost, 
P, Ac …) using either Analytical or 
Numerical Methods.

• Develop numerical optimization tool,
based on Genetic Algorithm, for a multi
span prestressed beam with constant
inertia and for a cantilevered bridge with
variable inertia

• Find the portion of moment to be resisted by Ast for an optimal 
solution in Partial Prestressed Concrete

• Apply analytical optimization methods for 2 and 3 spans beams


