4-4. Two vertical random forces P, ~ N(500,50?) Ib and P, ~ N(850,60%)Ib act on a shaft shown
in the following figure. The sleeve bearings at A and B support only vertical forces. The diameter

of the shaft d =2.5in, and the allowable bending stress of the shaft is S, ~ N (18, 3*) ksi. P, and

P,,and S, are independent. Determine the probability of failure of the shaft.
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Solution:
The free-body diagram of this shaft is shown in Fig. 1. The shear and moment diagrams are shown

in Fig. 2.
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Q +IM,=0, F,(40)-PR,10)-P,(30)=0, F,=0.25P, +0.75P,
Q +IM; =0, -F,(40)+P,(30)+P,(10)=0, F,=0.75R +0.25P,

As indicated on the moment diagram, M, =2.5F, +7.5P,.

The moment of inertia of the cross section about the neutral axis is | = éd“.

Given ¢ = % we have
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SetY =S,-S, ., thenY ~N(u,, o), where

py = pts, —pis = pts. ~1.634, —4.8914, =18000—1.63(500) —4.89(850) =13028.5 psi

oy =0t +(1.63) o +(4.89) o2, =,/(3000)° +(L63)’ (50)° +(4.89)" (60)° =3015.4 psi

The probability of failure of the shaft is then given by

p, =Pr(Y <0)=Pr [Y__/”Y < ﬂ] = @[ﬂ] = @(—4.32) =7.8x10°
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