
Strains
(2-D deformation -plane strain)

undeformed body
deformed body

dx

dy dsx

dsy θxy

normal 
strains

x
xx

y
yy

ds dxe
dx

ds dy
e

dy

−
=

−
=

x

y

engineering
shear strain 2xy xy

πγ θ= −

tensor
shear strain 2

xy
xye

γ
=



undeformed body
deformed body

state of strain (plane strain)

[ ] xx xy

yx yy

e e
e

e e
 

=  
 

dn

dsn

{ }x yn n=n

2 2 2nn xx x yy y xy x ye e n e n e n n= + +

n
nn

ds dne
dn
−

=

x

y



undeformed body
deformed body

dn

dsn

{ }x yn n=n

x

y

dt

{ }x yt t=t

dst

θnt

1
2 2 2
nt

nt nte γ π θ = = − 
 

( )
nt xx x x yy y y

xy x y y x

e e n t e n t

e n t n t

= +

+ +



dx

dy

dz
dsx

dsy

dsz
θxy

θxz

θyz

undeformed body

deformed body

3-D strains

state of strain

xx xy xz

yx yy yz

zx zy zz

e e e
e e e
e e e

 
 
 
  



3-D Strain transformation relations
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Strains and displacement gradients

(2-D deformation - plane strain)
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2-D deformation strain – displacement relations
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3-D deformation strain –displacement relations
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Remarks on Finite Strains

Normal Strain
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Strain-Displacement relations
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