4-6. The forces acting on a shaft are shown in the figure. P is a random force with

P ~ N(1000,85%)Ib,and q is a distributed load with g~ N(500,10?) Ib/ft . The allowable bending
stress of the shaft is S, ~ N(25,1.5°) ksi. P, g, and S, are independent. Determine the diameter

of the shaft to make sure that the probability of failure is less than 10™*.

q = 500 Ib/ft P

A
Li=5ft L= 12 ft d

The shear and moment diagrams are shown below.
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Solution:

V(Ib) | P+ gL,
P
| L x(f)
0 55 175
M (Ib-ft) i i
0 i | X (ft)
l 9]
~P(L, +lz)—5q1€

As indicated in the moment diagram, M =P(L + Lz)+%qu.

The moment of inertia of the cross section about the neutral axis is

=L 2d =L (3.14)d* = 0.040d".
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Applying the flexure formula, we have

1
M c (P(Ll+L2)+2qLi)C (17P+12.5q)(12)(9) P
5, =M€ _ - 2" 20816 +1530.6 -
| | 0.049d d d

SetY=S,-S, .., then Y ~N(g,, o), where

max !

By o= s~ Mg = Hg — 2081.6% —1530.6% = 25000 — 2081.6 1320 —1530.650%O

a

2081.6 )’ 1530.6 ) 2081.6 )’ 1530.6 )
o, = \/aga+[Tj 0§+(Tj of = \/(1500)2{ pE j (85)2+( pE j (10)?

The probability of failure of the shaft is then given by

p, =Pr(Y <0)=Pr[Y_”Y <ﬂJ=cD(_“Y }:@(_“Y ]<10-“ — ®(-3.719)

Oy Oy Oy Oy

Then, ~* < _3.719. We have

Oy

100056500

—(25000—2081.6 j
<-3.719

J(1500)2 +(20§31'6j (85)° +(15§’?'6j (10)?

Thus, d >5.4in. ADnS.




