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Example-1

F, F,
| |
O /]
A B
Given the following loading statistics:
u = E{F}
0y = JE{FE} —u
uy = E{F,}

52 = [EUER - 15

Derive the statistics of the reactions at A and B, R, and Rp,

assuming that the forces are statistically independent.
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L
_ (F+F)dy + Fd,  Fy(dy +dp) + Fidy

L

_ (ug + pz)ds + pyd;

L

(ug + pz2)dy + ppd;

L

L

1
05 = 7z [(ds + dy)?0f + d507]

1
0f = 1z [dfof + (dy + dy)?07]
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|[Fi(ds + dy) + Fpd3][F,(dy +dy) + F1d1]}

E{R,Rp} = E{ B

_ lE (2d1d3 + dzdg + dle + d%)FlFZ
27 \+dy(ds + dp)FP + d3(dy +d,)F

_ 1| (2dyds + dads + dydy + dDE{F,F,)
12 | +d,(ds + dy)E{F?} + d5(dy + dy)E{F2}
Since F; and F, are statistically independent E{F;F,} = E{F,} E{F,}
E{F{} = of + i
E{F}} = 05 + 13
Then, E{R, R} = aipi1py + ay(of + pi) + az(o5 + u3)

The covariance is given by, Cov{R,, Rg} = E{R R} — sl

Cov{R4,Rp}

and PRsRg = 5108
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Which can be used for numerical evaluation. Consider the case
where 0, = 0, = 0,
02(2d% + 2d3d, + d5)
12
2(2d? + 2d,d, + d3)
I2

1
O-A - [(d3 + d2)20-2 + d ]

1
05 = 7z [d202 + (dy + dy)%0?] =

and
L?[aypypip + ax(0% + puf) + az(0? + u5) — patip]

pRApRB —

\/(Zdz + 2dsd, + d2)(2d? + 2d,d, + d?)
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Uy = 100,000 b — in Vy =012 = oy =Vyuy = 12,000 In—in
up, = 100,000 b — in Ve, =032 = op,= Vg, pp, =512 psi

g = 5.6in
Up = 11.41in

Example-2

Consider the design of a beam c/s using bending-stress as
a performance criterion. That is:

6M

b pa?
Y =F (Fy,M,b,d)

Goal: Calculate the mean and the variance of Y

VB =0.04 = Op = VB,UB = 0.224 in
VD =0.03 = Op = VDMD = 0.342 in




The goal is to calculate the mean and variance of Y

Solution. Since Y 1s a nonlinear function, we must
linearize the function about the design point values. We

will use the mean values. The linearized form of Y will
look like,

Sy
up(up)?

d
]+(Fb_.uFb)T];
d
(b — ) 5ol +(d 1)

of

Y = — -

+ (M — pyy)
af
aD|.
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Where the partial derivatives are evaluated at the deign point values
(mean values) of the random variables. The partial derivatives are,

0 0
f_q o o _
J0Fp J0Fp .
d 6 d 6
o __ 6 of __ 6
oM bd? oM, UBUT
of _ 6M of 6Ly
— 1242 = =z 2,2
0B  b<4d OBl  ugup
of _12mM _ of 12up
oD  bd3 aDl,  upp}d

Substituting theses derivatives into the linearized equation, plugging in
the mean values of the variables, and rearranging gives the following
linearizes form of Y:

Y = F, —0.008244M + 147.2b + 144.6d — 2473

oy= (1)?0f, — (0.008244)?05; + (147.2)%05 + (144.6)*0}




