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A short course on

Indeterminate Structures

This video: 
Virtual Work



Overview of Methods
Truss and frame structures

Deformations

Section forces

Virtual work Moment-area method

Equilibrium Force method

Hand-calculation stiffness method Computational stiffness method (Matrix structural analysis) Finite element method

Stiffness methodMoment distribution methodSlope-deflection method

Displacement methods

Flexibility method

Approximate analysis

Differential equationElastic/conjugate beam method

(Principle of virtual forces)
(Unit virtual load method)



Serviceability limit-states

D < L/300

Analysis of indeterminate structures with the flexibility method

Deformations influence internal forces

Why Deformations?



Real Work
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Internal Work
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Experiment
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Virtual Work
Load

q

Displacement

Virtual work due to application of virtual load: W = 1
2 ⋅δF ⋅δΔ

W = 1
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W = δF ⋅ Δ
External:

Moment

Curvature

M
Internal:
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2 ⋅δM ⋅δκ

U = 1
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U = δM ⋅κ

Real work due to application of real loads:

Virtual work due to application of real loads:

Virtual work due to application of virtual load: 

Real work due to application of real loads:

Virtual work due to application of real loads:
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Result
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Procedure
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Quick Integration
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Example
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Basic Shapes
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Quick Integration
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Same Result
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Axial & Shear Deformations?
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Settlements, Temperature Change
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Signs
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Negative when settlement is in 

the opposite direction of the 
virtual support reaction force

Negative when virtual force is tension with 
real shortening, and when virtual force is 

compression with real elongation
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on different sides
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More lectures:

Terje’s Toobox:

terje.civil.ubc.ca


