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A short course on

Indeterminate Structures

This video: 
Flexibility Method



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



Interplay of Methods

Equilibrium to find BMD and sometimes AFD for 
statically determinate structure

Virtual work to determine deformations

Flexibility method to determine BMD, SFD, and AFD



DSI & Redundants

DSI=3

DSI=1



Example
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Compatibility Equation
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Virtual Work
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Displacements
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Example
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Rotation

A B
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DSI > 1

ΔA0 + ΔAA ⋅ xA + ⋅ΔAB ⋅ xB = 0
ΔB0 + ΔBA ⋅ xA + ΔBB ⋅ xB = 0

d + fx = 0

M = M 0 +MA ⋅ xA +MB ⋅ xB
V =V0 +VA ⋅ xA +VB ⋅ xB
N = N0 + NA ⋅ xA + NB ⋅ xB



Procedure

1. Determine the degree of static indeterminacy, DSI

2. Make the structure statically determinate by introducing DSI number of releases

3. Draw BMDs for the determinate structure, for the acting load and for unit forces along the redundants

4. Establish compatibility equations to avoid “gaps” at the releases

5. Determine the deformations in the compatibility equations by virtual work

6. Solve the compatibility equations for the redundant forces

7. Draw the final BMD by summing the BMDs from Step 3 multiplied by redundant force values



Virtual Work
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Settlements

Always on the left-hand side of 

A B
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XB
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Settlements & Temperature Change
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Always DSI Redundants?

DSI=3
DSI=3

3 redundants 1 redundant



More lectures:

Terje’s Toobox:

terje.civil.ubc.ca


