
Lecture 5

Truss optimization
ME260 Indian Inst i tute  of  Sc ience  

Str uc tur a l  O pt imiz a t io n :  S iz e ,  Sha pe ,  a nd  To po lo g y

G .  K.  Ana ntha s ur e s h

P r o f e s s o r ,  M e c h a n i c a l  E n g i n e e r i n g ,  I n d i a n  I n s t i t u t e  o f  S c i e n c e ,  B e n g a l u r u

s u r e s h @ i i s c . a c . i n

1

mailto:suresh@iisc.ac.in


Structural Optimization: Size, Shape, and TopologyME 260 / G. K. Ananthasuresh, IISc

Outline of the lecture
Analysis of trusses

Two-bar truss for stiffness and strength

Optimization of multi-bar trusses

What we will learn:

A quick view of finite element analysis

Size optimization of trusses in the framework of finite-variable 
optimization
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Structural analysis

You cannot optimize a structure without analyzing it.

By only analyzing it, you cannot optimize a structure.
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Structural analysis is necessary but not 
sufficient for structural optimization.

Do you agree 
with this 
statement?

Corollaries

Three key steps in structural analysis.

Kinematics (geometry, displacement, velocity, acceleration, strain)

Constitutive relationships (material properties, stress-strain relationship)

Balance laws (physics)
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Three steps in structural analysis
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Consider the two-bar truss.
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Balance laws

(force balance)
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Consider the two-bar truss.
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Consider the two-bar truss.
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Kinematics

(geometry)

1 1 2cos sinu u   

2 1 2cos sinu u    

Project the displacement of the 
node onto the truss elements’s
undeformed direction.
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Put the three together.
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Balance laws

(force balance)
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Consider a 2D truss.
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Consider a 2D truss.
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Prime (‘) represents quantity along the original 
direction of the element.
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Element stiffness matrix
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Assembly of the global stiffness matrix
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Size optimization of a truss
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MC = mean compliance = work done 
by the external forces

K depends on areas of cross section 
of all truss elements and Young’s 
modulus. 
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MC is a measure of stiffness: 
the lower the value of MC, the stiffer the truss.
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Size optimization of a truss
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Tally the number of unknowns and the 
number of equations
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(N+n+1) equations in (N+2n+1) unknowns.

Ouch… what do we do? Where are n more equations?
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The end note
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We are short of equations…what do we do?

Posing the size optimization of a truss

Structural analysis steps

Two-bar analysis

A general 2D truss; stiffness matrix

Kinematics 

Constitutive relationships 

Balance laws 


