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Strain Transformation Equations



When the material is in plane strain in the xy plane, only
the x and y faces of the element are subjected to
strain, and all strain act parallel to the x and y axes

Only ϵ௫ , ϵ௬, γ௫௬ ( ϵ௭ = 0, γ௭௬ = γ௫௭ = 0 ) are acting this
condition is very common because it exists at the
surface of any strained body, except at points where
external loads act on the surface.

Plane strain



Parametric form of strain transformation equations

 Eliminate 2θ from both equation , square both side of each 
equation and add

ϵ௫భ −
ϵ௫ + ϵ௬

2

ଶ
+

γ௫భ௬భ

2

ଶ
=

ϵ௫ − ϵ௬

2

ଶ
+

γ௫௬

2

ଶ

Equations of Mohr’s Circle
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Substitute

ϵ௩ =
ϵ௫ + ϵ௬

2
 , ܴ =

ϵ௫ − ϵ௬

2

ଶ
+

γ௫௬

2

ଶ

 So final equation is ϵ௫ଵ − ϵ௩
ଶ + γ௫భ௬భ

ଶ = ܴଶ

 Comparing with equation of circle ݔ − ଵݔ
ଶ + ݕ − ଵݕ

ଶ = ଶݎ

ଵݔ = ϵ௩ =
ϵ௫ + ϵ௬

2
ݎ = ܴ
ଵݕ = 0
ݔ = ϵଵ

ݕ =
γ௫భ௬భ

2

Equations of Mohr’s Circle



Step 3: Locate point 
A representing strain 
condition on x face

Step 5 : Draw line 
joining point A 
and B which is 

diameter of circle

Step 2 : Locate 
centre

Step 4 : Locate 
point B representing 
strain condition on y 

face

Step 1 : Draw 
coordinate 

axes

Step 6 : Draw 
Circle with C 

centre and AB 
diameter



An electrical-resistance strain gage is a device for measuring
normal strains on the surface of a stressed object.

The gages are bonded securely to the surface of the object so
that they change in length in proportion to the strains in the object
itself.

Each gage consists of a fine metal grid that is stretched or
shortened when the object is strained at the point where the gage
is attached

Strain Measurement



Since each gage measures the normal strain in only one direction,
and since the directions of the principal stresses are usually
unknown, it is necessary to use three gages in combination, with
each gage measuring the strain in a different direction. From three
such measurements, it is possible to calculate the strains in any
direction

Strain Measurement: Strain Rosette



Q 1 During a test of an airplane wing, the strain gage readings from
a 45° rosette (see figure) are as follows: gage A, 520 X 10-6 ; gage B,
360 X 10-6 ; and gage C -80 X 10-6 Determine the principal strains and
maximum shear strains, and show them on sketches of properly
oriented elements.

Questions



Q2 An element of material subjected to plane strain (see figure) has
strains as follows: ߳௫= 220 X10-6 , ߳௬ =480 X10-6, and =௫௬ߛ 180 X10-6 .
Calculate the strains for an element oriented at an angle ߠ = 50°
using Mohr Circle and show these strains on a sketch of a properly
oriented element
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