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Chapter 4

Axially loaded members



Axially loaded members in structures



Axially loaded members in structures



Outline

• Deformation of axially loaded members
• Statically indeterminate problem
• Method of superposition
• Thermal deformation and stress
• Transformation of stress: stresses on Inclined planes
• Saint-Venant’s Principle
• Stress Concentrations



Introduction – what we learn... 

• Concepts of axial stress and deformation
• Deflections based on linear strain or small 

deformation assumption
• Example of superposition principle
• Stress developed without external force, but 

developed by temperature change
• Non-uniform stress distributions due to circular hole 

and fillet



Deformation in axially loaded members

(a) Elongation of the prismatic bar

(b) Freebody diagram & average (normal) stress



Review – Engineering stress & strain

ε= δ/L – eng. Strain (normal)

σ= P/A0 – eng. Stress (normal)

σ= Eε − Hooke‘s law

δ= PL/AE – Deformation vs. Load & Geometry

„ AE  : axial rigidity“



Stepped bar with multiple loadings



Flexibility vs. stiffness

• Flexibility, f

(Compliance) 

• Stiffness, K  

c.f.



Non-uniform bars

( )xP P x= ( )xA A x=



Example of a stepped bar



A tapered cone



Statically determinate vs. 
indeterminate problems

• Statically determinate: Equations of equilibrium are 
enough to solve for the unknowns in a loaded structure

• Statically in-determinate: Equations of equilibrium 
alone are not enough to solve for the unknowns in a 
loaded structure



Statically indeterminate structures



Stepped bar fixed at both ends



Solution by a superposition method





Thermal deformation & stress

α: Thermal expansion coefficient



Ref. Phase transformations and microstructure-mechanical properties 
relations in complex phase high strength steels

Dilatometry



Example



Transformation of stress tensor:
Stress components with different coordinate system



Maximum shear plane

No shear stress : principal stress plane





Saint-Venant‘s principle



Stress concentration



Stress concentration
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