
Chap 3. Tools used in Plastic Analysis and 
Design

1. Introduction
2. Assumption of Ductility of Steel
3. Small deflection
4. Virtual work equations
5. Fundamental theorem
6. Upper and Lower Bound Solutions
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3.1 introduction

- Equilibrium

- Compatibility

- Constitutive Relationship 

- Equilibrium

- Failure mechanism

- Yield condition

- Virtual works
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Virtual Work Method

• The virtual work equation relates a system of forces in 
equilibrium to a system of compatible displacement.

• Equilibrium systems
• Displacement systems
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Assumptions 

Equilibrium Compatibility 

Stress-strain 
relationship

Stress or strain field 

Internal Stress 
i.o.t. applied load

Strain
i.o.t. displacement



Dual
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Statics  ß-----------à Kinematics

Equilibriumß-----------à Compatibility

Stress  ß-----------à Strain

Force  ß-----------à Displacement
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3.4 Virtual work theorem
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Application of virtual work method for plastic 
analysis

1.Obtain the geometric relationships of mechanism motion by assuming 
appropriate equilibrium.
2.Make a  moment check for given mechanism by assuming appropriate 
displacement sets
3. Prove the uniqueness, unsafe, and safe theorem
4. Obtain bounding solutions
5. Calculate deflections at collapse load
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1.Obtain the geometric relationships of mechanism motion by 
assuming appropriate equilibrium.
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2.Make a  moment check for given mechanism by assuming 
appropriate displacement sets
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3. Prove the uniqueness, unsafe, and safe theorem
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Obtain bounding solutions

3.5.4 Corollaries
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3.6 Upper-and-Lower Bound Solutions
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3.6.2 design
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Displacement system 2
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Example of highly redundant system
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