1-13. The chandelier is hung from the ceiling using two rods. Rod AB has a diameter of d,;, =4
mm, and rod BC has a diameter of d;. = 6 mm. The allowable stress in either rod follows the
distribution S, ~ N(135,15°) MPa. If the mass of the chandelier follows the distribution of

m ~ N(190,15%) kg, what are the probabilities of failure of the two rods? Assume S, and m are

independent.

Solution
Free Body Diagram

Determine the forces in the two rods in terms of m.
XF, = F,. cos45 —F,;sin30° =0
2K, = Fg.sin45 + F,; cos30°—mg =0

= F,, =7.18Im F,. =8.795m

Determine the area of each rod

A =%ij =%(0.004)2 =1.26x10"° m?

Ay = d5c =7(0.006)" =2.83x10° m



Determine the equation for normal stress in each rod

Fe 7.181m Fsc 8.795m
SAB = = Sgc =7+

AAB AAB e ABC - ABC
The probability of failure in a single rod is p, (S, <S

wd)- Let Y, =S,—S ,, then

_7.181m
AAB

YAB = SA _SAB = SA

8.795m
Y. =S, -S.. =S, —
BC A BC A ABC

Then, p, forasingle rod is written as p; ., =(Y,,q <0). Because normal random variables S,
and m are independent, Y,

- - - 2
a lso follows a normal distribution, Y,o; ~ N (£ 104,05 g ) -

7.1814 . 7.181(190)
_ o TA8M _ag(108) - SEOME0) o6 4 MPa
Hrone = Hs, =0 (10%) 1.257(10°%)
2
7.181 : {7181 )
Gy = |02 + o? = [(15(10°)) +| — 222 |(15)* =17.3 MPa
Y8 J Sa ( A ] \/( ( )) {1.257(105)]( )
8.795 o 8.795(190)
e - n ~135(10°) - —2\=*") _ 759 MPa
Hroe =M, T8 (10°) 2827(10°)

8.795) 2 8795 |
Y s Jcr;{ ™ J o2 = [(15(10%)) J{m] (15)° =15.7 MPa

Thus
Yo _ _
Pt ag = PI’(YAB < 0) = Pr( A8 — v ne < Fy ns J :@(_MJ :1_cb(luY,AB ] :l_q)(ﬁj
Oy aB Oy as Oy aB Oy ag 17.3
=1—CD(1.53) =1-0.93650 = 6.3x107 Ans.
Y. — _
P ac = Pr(Yec <0)= P{ P M’BCJ“D[_@LL@(@}L@[75'9)
Oy sc Oy sc Oy Bc Oy c 15.7

=1-®(4.83)=1-0.99997 = 6.8x10” Ans,



