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2D Stress Analysis

o
The analysis of a general 2D stress system begins by B 47
considering the element shown subjected to direct Ty L C
stresses Oy, Oy and torsional stress T.,. Refer to the 2D \\\
Complex Stress System shown. 0"

Oy | o

N
A\

It is important to be able to calculate the stress 6o and 14 acting on a plane BE. Obviously the maximum ¢ or t
levels and the plane (0) on which they act are most important. Consider therefore the element ABE, with
thickness t.

X y

c0s260 +7sin26 (N/m®) [+ve tensile, -ve compression]

o, O'y . 5
Ty = sin20 —7cos20 (N/m")
2

2
c. -0
o, = +\/[ - ] +7? (N/m”) [Major principal stress: +ve tensile, -ve compression]

o-vc + o-y O-x - O-y 2 2 . . . . .
0, =— - +7° (N/m”) [Minor principal stress: +ve tensile, -ve compression]
2

These planes (c; and 65) are inclined at an angle 0 to the plane carrying oy as given by:

tan 20 = _2r [0 in degrees]

c,-0,

0,-0, 2 2 2
T = — +7° (N/m”) [Note: tma.x occurs at 45°to o) and o;]
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Or, 7, =222 (Nm)

It can be seen that the equations for 61, 02, Go, Tmax are equations that describe a circle having t as its ordinate
(y-axis) and o as the abscissa (x-axis). This is known as the Mohr’s Circle of Stress and allows for a
graphical solution of 2D stress system problems.

Mohr’s Circle of Stress — Method of Construction

I. All normal stresses (o) are measured along the x-axis from the |

. . . . y O
origin. Tensile stresses (+ve) to the right, compressive stresses (-ve) - < | >
to the left.

+1 T
2. Shear stresses (1) are measured along the vertical axis: +ve
shear measured above the origin, -ve shear below the origin. l
-T
3. Any point on the circumference of the circle represents a plane in the
material, and the coordinates of the point represent stresses in that plane.
4. Two planes at right angles are represented by diametrically opposite points in the Mohr Circle.
5. The angle subtended at the centre of the circle by two points on the circumference is twice the angle

between the two planes represented by these points.

6. The vertical line drawn through a point representing a plane meets the
circle again at a point P called the Pole Point of the particular reference
plane. The angle between this line and the line drawn from P to a point
on the circumference of the circle representing any other plane, is the
angle between the reference plane and the other plane. The relative positions
shown in the stress plane are the true relative positions as they occur in the
physical plane.

7. Two points at the intersection of the circle and the x-axis represent the
principal planes in which the principal stresses act (61, 62).

8. A line drawn from the origin to a point in the circumference representing a plane, gives the resultant
stress on the plane. The angle between this line and the x-axis is the angle of obliquity of the resultant
stress.

9. The centre of the Mohr Circle always lies on the x-axis.
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