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Structural Mechanics I

CE  203-KFUPM-091
Summary of lecture 38-41              

· Stress Transformations: Analytical and Semi-Graphical (Mohr’s Circle).


Under a given load every material point can be isolated with its stress cube. The stress cube around the point will have three normal stressed (x, y,z)  and three shear stresses.( (xy, xz,yz) as shown in Fig. 1-a below. This three dimensional state of stress can be looked at from a two-dimensional point of view to see the plane state of stress. In the xy-plane the bi-axial state of stress is also shown in Fig. 1-b. 

The analysis of a state of stress at a given point, leads to information of maximum and minimum stresses (they are called principal stresses) and the orientation of planes on which the principal stresses act.

As each plane has only one normal, the orientation of the normal to the plane is defined by angle  measured positive when counter-clock-wise from x-axis. It is also noted that at a point it is possible to have infinite number of plane each one is defined by angle 

The Mohr's circle does have infinite number of points on its perimeter, and each point define the state of stress on one inclined plane. The orientation of the pane on Mohr’s circle is obtained from rotating from the reference point (i.e. the x-axis) by an angle of 2where  is the actual angle in the real beam.

The following pages will explain more details about the analytical and semi-graphical procedures to analyze the states of stress at a point of a loaded structure.

The notes will end with a summary of the basic steps to use Mohr’s circle to analyze the state of stress at appoint.
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Summary of Analysis of State of Stress using Mohr’s Circle
Basic Steps:

Mohr’s circle is a concise presentation of the state of stress at a point P inside a body of a loaded material. For a given state of stress at point (as represented by the stress cube), the drawing of the Mohr’s circle enables one to obtain information about stress states on an infinite number of inclined planes passing through the same point. The equations for Mohr’s circle are written in terms of twice the angle of rotation  measured positive counterclockwise from the X-axis as shown on the Fig. 1 below.

Fig.1 : Given Plane State of Stress at Point P:


· Note: The normal of inclined plane makes an angle  with the x-axis.

The procedure to draw Mohr’s circle for a Plane State of Stress:

1. Use the given state to determine the center C and radius R of the circle. 

2. Place the center of the circle on the  coordinate system.

3. Draw the circle with radius R and center C.

4. Place the controlling point A on the circle. The controlling point is A (positive face positive face). It represents the state of stress on the positive face shown in Fig. 1 above in blue color.

5. Connect the center of the circle to the controlling point A. The axis from C to A represent the X-axis on the original given state, and the axis from the center to the point diametrically opposite to A represents the Y-axis on the given original state.

6. The state of stress on any inclined plane at the given point is obtained by rotation from the X-axis on the Mohr’s circle, but the rotations on the circle are twice the actual rotation on the given element.

7. For the given state shown above the corresponding Mohr’s circle is as follows in Fig. 2:

Fig. 2: Representation of a plane state of stress by a Mohr’s circle.




Once the circle is drawn and the X-axis direction (emanating at the controlling point A) is known, the state of stress on any inclined plane with angle  from the x-axis is easily obtained from the circle as follows:

· Use 2given for the inclined plane and make a rotation on the circle starting from point A.

· The coordinates of point reached on Mohr’s circle with angle 2represent the state of stress on the inclined plane that makes an angle with the x-axis. An example point D is shown on the circle in Fig. 2 above.
· The stress state obtained for point D has to be placed on a properly oriented element shown in Fig. 3 below depending on the value of as measured from the x-axisand the values ofDandD 
Fig. 3: Properly oriented element for plane D passing through point P at an angle of  counterclockwise. It is noted that the dotted arrows are completetd by inspection.












Note: The principal stresses (1andmax)as determined from Mohr's Circle are used for design purposes to determine the shape of the cross section or the required strength of material.











































































Plane defined by point D.
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Fig. 1-b: Plane state of stress.





Fig. 1-a: stress cube at a point.





Fig. 1: 3D loading.
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