67. A uniform load of w~N (200, 202) Ibf/in is applied to a beam with a round cross section. If the
allowable bending stress is S,~N (3000, 300%) psi and the maximum probability of failure is designed

to be py = 107>, estimate the minimum diameter of the beam and select a preferred one. Assume that w

and S, are independent.
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Solution

Consider the free body diagram of the beam shown below.
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Based on the moment equilibrium of the beam with respect to B,



Rzlz = Wllil

The maximum bending moment occurs at point B and is given by

M =Ryl, = lll—l%
= 22—W12—2W
Thus the maximum bending stress is
d 12
G Me_ M3 325w 162
1 T gs o nd3 ~wds "

64
The limit-state function is the maximum bending stress subtracted from the allowable stress. Failure

occurs whenY < 0.

1612
Y =9gX) :Sa_S:Sa_WW
where X=(S,, w).
Using FOSM, we have
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The probability of failure is then given by
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Solving for d yields
d =347 in

Thus d = 3.6 in can be used.
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