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dW = j [ o, de, dAdx = [ o, de, dV V ... volume
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work done = increase in internal energy (strain energy)

dW =duU
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du, ... increase in strain energy density (strain energy/vol)
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For a linear elastic material
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Strain energy density and
the stress-strain curve

In general For linear elastic material
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Complimentary strain energy density, US

Definition: Ug =0,6. . — U,

Thus, dug = Gygé;x + exxdaxx _%
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Complimentary strain energy density and
the stress-strain curve

In general For linear elastic material
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Generalizations to 3-D stresses and strains

1-D dw = [o,,du, [ dA+T | f,du, dAdx
A % A

3.0 dwW = [T .du ds +[f-dudv
S Vv

work done by surface work done by body
tractions on surface, S forces over volume, V

for both 1-D and 3-D
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For a linear elastic material
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Complimentary strain energy density
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For linear elastic material

1-D or 3-D



Strain energy density for a linear elastic, isotropic material

(1) apply O
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For a shear strain acting on a face of area A
dydy == 7 % gw = [rdA(dydy)

dy%dV / = [zdy dv
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With  7=Gy  we obtain _ Gy _zy

(4) now apply all three shear stresses 0,,,0,,,0,,

% 2 2 2
4) — GXY 4+ ze + Jyz

‘_ﬂt»}F_’ 2G 2G 2G

-
O~~~




Adding up all these contributions to the strain energy density
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In terms of the strains
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Total Strain Energy Expressions for Various Loadings
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2. Bending shear stress

2
Kk — A J{Q(Z)} dA k = 1.2 for rectangular cross-section
A

This strain energy is much smaller than that due to flexure for
long, slender beams and is often neglected



Torsion




