44. A force F~N (1000, 1002) Ibfis applied to a beam shown in the figure. The beam is cantileverd at
point O and has a circular cross section. The allowable bending stress of the beam is S,~N (80,
82) kpsi. If the maximum probability of failure is designed to be p, = 107>, determine the minimum
diameter of the beam and select a preferred diameter using the First Order Second Moment Method.
Note that F and S, are independent.
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Solution

Based on the moment equilibrium of beam OC, the bending moment acting at O is
MO = FlOC = 2F
Thus the maximum bending stress is given by

d
_Mc_ Mo3  32M, 64F
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The limit-state function is the maximum bending stress subtracted from the allowable stress. Failure
occurs whenY < 0.

64F

Y=9(X)=5a—5=5a—ﬁ

where X=(S,, F).
Using FOSM, we have

64 .. 64
wr = g(x) = ps, — —zup = 80(10°) — —=(1000)
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= j (®)(103)2 + (- —(100))

The probability of failure is then given by

- (_a—l;y) ol (80(10%) - —(1000) ) 2\ o
J ((8)(10%))2 + (= 25 (100)) /
Thus
uy_ - (80(10%) - %(1000)) om0

J@aom2 + (-5 100))’
Solving for d yields

d = 0.789 in
Thus d = 0.80 in can be used. Ans.



