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Combined Stresses and Mohr’s
Circle

Material i this lecture was taken from chapter 4 of Mott, Machine Elements in Mechanical Design, 2003
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Géneral Case of Combined
Stresses
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m Two-dimensional stress condition
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General Case of Combined
Stresses con't
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= The normal stresses, o, and c,, could be due
to a direct tensile force or to bending. If the
normal stresses were compressive (negative),
the vectors would be pointing in the opposite
sense, into the stress element.

m The shear stress could be due to direct shear,
torsional shear, or vertical shear stress. The
double-subscript notation helps to orient the
direction of shear stresses. For example, t
indicates the shear stress acting on the
element face that is perpendicular to the x-
axis and parallel to the y-axis.
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General Case of Combined
Stresses con't
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m A positive shear stress is one that tends to

rotate the stress element clockwise

m In the first figure, 1, is positive and t,, is
negative. Their magnitudes must be equal
to maintain the element in equilibrium.

m With the stress element defined, the
objectives of the remaining analysis are to
determine the maximum normal stress,
and the planes on which these stresses
occur.

Maximum Normal Stresses

m The combination of the applied normal
and shear stresses that produces the
maximum normal stress is called the
maximum principle stress, o;.

g, + o, o, — 0, \2
o, = 2 +\/< 5 +'r)26y
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Maximum Normal Stresses

m The minimum principle stress, o,
equals:

g, + o, \/(r'x——cry 2+T2
O, = ————— — —e
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Maximum Normal Stresses
con’t

m The angle of inclination of the planes on
which the principle stresses act, called
principle planes, can be found from:

1
¢J = Earctan[Z /(o)

Measured from the positive X axis
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Maximum Normal Stresses
con’t

m The angle ¢ is
measured from the
positive x-axis of the
original stress
element to the
maximum principle
stress, o;. Then the
minimum principle
stress, o,, is on the
plane 90° from G- Mot Machine Elements in Mechanical Design, 2003
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Maximum Shear Stress

m On a different orientation of the stress
element , the maximum shear stress
will occur.
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Maximum Shear Stress
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Maximum Shear Stress

m The angle of inclination of the element
on which the maximum occurs is
computed as follows:

&, = 1 arctan [(o, — 0,)/27,]
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Maximum Shear Stress

m The angle between the principle stress
element and the maximum shear stress
element is always 45°.

m On the maximum shear stress element,
there will be normal stresses of equal
magnitude acting perpendicular to the
planes on which the maximum shear
stresses are acting.
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Average Normal Stress

m The average of two applied normal
stresses:

Tavg = (0, + 0,)/2
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Geheral Procedure for Analyzing
any Combined Stress
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1. Decide for which point you want to compute the stresses.

2. Clearly specify the coordinate system for the object, the free-body diagram, and
the magnitude and direction of forces.

3. Compute the stresses on the selected point due to the applied forces, and show the
stresses acting on a stress element at the desired point with careful attention to di-
rections. Figure 4-3 is a model for how to show these stresses.

4

Compute the principal stresses on the point and the directions in which they act,
Use Equations (4-1), (4-2), and (4-3).
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General Procedure

wn

Draw the stress element on which the principal stresses act, and show its orienta-

tion relative to the original x-axis. It is recommended that the principal stress ele-

ment be drawn beside the original stress element to illusirate the relationship
between them.

6. Compute the maximum shear stress on the element and the orientation of the plane
on which it acts. Also, compute the normal stress that acts on the maximum shear
stress element. Use Equations (4-4), (4-5), and (4-6).

7. Draw the stress element on which the maximum shear stress acts, and show its ori-

entation to the original x-axis. It is recommended that the maximum shear stress

element be drawn beside the maximum principal stress element to illustrate the re-
lationship between them.,

8. The resulting set of three stress elements will appear as shown in Figure 4-6.
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Example 4.1
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Exnemgly Problem 4-1 in Figure 4
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Example 4.1
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Example 4.1

5501

Results  Element X is subjecied 1o bend
Also, there is a torsiosal shear stress

ans fior the shaft

s is therefore
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Mohr’s Circle

m Because of the many terms and signs
involved, and the many calculations
required in the computation of the principle
stresses and the maximum shear stress,
there is a rather high probability of error.
Using the graphic aid Mohr’s circle helps to
minimize errors and gives a better “feel”
for the stress condition at the point of
interest.
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Mohr’s Circle

m After Mohr’s circle has been constructed, it
can be used for the following:

1. Finding the maximum and minimum principal stresses and the directions in which
“they act.

S

. Finding the maximum shear stresses and the orientation of the planes on which
they act.

(%Y

. Finding the value of the normal stresses that act on the planes where the maximum
“shear stresses act.

F'S

. Finding the values of the normal and shear siresses that act on an element with any
orientation,
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Mohr’s Circle

m The data needed to construct Mohr's
circle are the same as those needed to
compute the preceding values, because
the graphical approach is an exact
analogy to the computations.
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Mohr’s Circle

m Mohr's circle is actually a plot of the combination
of normal and shearing stresses that exist on a
stress element for all possible angles of
orientation of the element. This method is
particularly valuable in experimental stress
analysis work because the results obtained from
many types of standard strain gage
instrumentation techniques give the necessary
inputs for the creation of Mohr’s circle.
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Methodology

1. Perform the stress analysis to detern
mal and shear stresses acting a8 the

ine the magnitudes and directions of the mor-
it of inderest,

. Dranw the stress element at the point of inenest x5 shown in Figure 4-12(a). Normal
stresses on any two mubaally perpendicular planes ase dra

with tensile stresses
positive—projecting outward from the element. Compressive stresses are negative—
cted inward on the face. Note that the resultants of all normal stresses acting in
the chosen directions are plotied. Shear stresses are considered to be positive if they
tend 1o rotate the element in

akwise (cw) direction, an

tive otherwise.

ot that on the stress element illustrated, o, is positive, 0, is negative, 7,, is pos-

itive, and ., is negative. This assignment is arbitrary for the parpe
mbinal

f illustra-
ive valoes could ex

of posisive and neg

w

in which the pos-
od the positive
plane created

et up a rectangular coordinate sy
itive horizontal axis represents positive (tensile) normal stresses,
wertical axis represents positive (clockwise) shear stresses. Thus,
will be referred o a5 the o= plane.

Plot points on the 07 plane comespanding 10 the siresses acting on the faces of the
stress element. If the element is drawn in the x-y plane, the two points to be plot-
tedare 0,7, and 0, 7,

s
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Methodology

- -axis a
applied normal stresses, where
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Methodology

1. The coordinates of the top of the circle give the maximum shear stress and the av-
erage normal stress that act on the element having the maximum shear stress. Note
that T, = R.

—Oo— Note: The ing steps relate 1o ining the angles of inclination of
the principal stress element and the maximum shear stress element in relation o
the original x-axis. It is important to realize that angles on Mohr's circle are actu-
ally double the true angles. Refer o Figure 4-13; the line from ( through the first
point plotted, &, 7., represents the original x-axis, as noted in the figure, The line
from €3 through the point @,, 7,, represents the original y-axis. Of course, on the

original clerment. these axes are 907 apart. not 180°, illusurating the double-angle
feature of Mohr's circle. Huving made this observation, we can continue with the
development of the pruce

=

. The angle 26, is measured (rom the x-axis on the circle 1o the G-axis. Note that
20, = arctan (hlu)

1t is also important to note the divection from the x-axis to the G-axis (clockwise
or counterclockw ise). This is necessury for representing the relation of the princi-
pal stress element to the original stress element properiy.
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Methodology

1 1 ngle from the x-axis on the circle 1o the vertic
From the geometry of the ci

I line through 7, gives

in the example shown, we can see that

2y, = W' — X

tions of the ini
between 24, and 2¢,. The spec
time. See
Again it is important to note the direction from the x-axis to the

Other combi stresses will result in different relationships

fic geometry on the circle should be used each

‘xample Problems 4-3 1o 4-8 that follow this section.

~axis for

use in orienting the maximum shear stress element. You should also note that the
a-axis and the is are always 90° apart on the circle and therefore 45° apart
on the actual element.

14. The final step in the process of using Mohr's circle is to draw the resulting
stress elements in their proper relation to the original element, as shown in
Figure 4-14.
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Display of Results from Mohr’s
Circle
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{a) Original stress element (b) Principal stress element {e) Maximum shear stress element
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Example 4-2

FIGURE 414 It v o

Moy
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Example 4-2
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Example 4-2
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Example 4-2

PIGURE 418 Besalts froes blike's cirche
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