
Element Stiffness Matrix for 1-D structure (bar 
structure) by Potential-Energy Approach

One-dimensional bar loaded by 
traction, body and point loads

Finite element modeling of a bar
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For 1-D structure:
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Pi represents a point load acting at point i, ui is the x displacement at that point.

Since the continuum has been discretised into finite elements, thus
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Element Stiffness Matrix
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Element stiffness matrix
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Referring Eq. (A):

A=Ae (Constant within an element)
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Element stiffness matrix
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kElement stiffness matrix:



Force Terms – Body Force
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Force Terms – Traction Force
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Since the traction force q is constant within the element, we have
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Potential Energy of a bar element
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Applying Principle of Minimum Potential Energy, we get an 
equilibrium equation as follow
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