Seoul National University Instructor: Junho Song
Dept. of Civil and Environmental Engineering junhosong@snu.ac.kr

457.646 Topics in Structural Reliability

In-Class Material: Class 07

[I-6. Functions of Random Variables (contd.)

Derived Distribution of Functions (contd.)

® m=n, but NOT one-to-one mapping

a) Discrete

P (Yoo Yo) =

P00 %,)
roots of y = g(x)

b) Continuous

fY(Y)Z Z

all roots of
y=9(x)

Y

Example c)
Y =g(X)=X?, X ~N(0,1%)

x =h(y)=

X, = hz(y) =

f(y) = fx(xi)“i—xyl (%)

de,
dy

—Lexp(—ixfj +iexp[—£x2) =
N2 2 N2 277

® m<n, one-to one mapping

Y [Y, =0,(X,-,X,)

Ym :gm(xl"”’xn) Y.:g.(x)
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Discrete
P (y") =P (X)

Then,

PY(y)zz...z P, (X)
a) Continuous

v (y")dy, -~ dys, = £, (x)dx, -+ dx, dx,, ;- dx,
|—1

fy.(y) = £ (X) |det Jyx

-1
mxm

= f, (X)|det J, x|

M M
oX, 0%, X,
N Y
Iy =| X% X,

)= [ G(0ldetdy | dx,,dx,

m+1 Xn

Example d)

Y =T, +T, «contd. From Example b)

f, (y)?
Y (Y, =T, +T,
Y, = T,
-1 -1
f(y) = £ (t)|detJy. | detdy |, =

-1
1x1

= f,(t)|det J,.+|
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=1 0= dt,
=[fC ()

- a_ﬂﬂ [exp(=BY) —exp(-ay)], y>0

When « = f, using I'Hopitals rule,

a0)
/I}lg;f (y) = I|m a(ﬁ) =a’yexp(-ay), y>0
op

@ m<n, NOT one-to one mapping
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II. Structural Reliability (Component)

Structural Reliability Analysis (contd.)

e.g. Shear failure of RC beam w/o stirrups

Source: https://www.youtube.com/watch?v=DPQIpT1ZvXY

“Limit-state” function

9(X) =V, -V,

:%\/fibwd +e-V, <0

where X :{fc',bw,d,g,vd,---} random variables

Failure Probability

Pr=P(@(x) )

“Structural Reliability Analysis”

(Anatomical + Systematic)

Three important tasks for structural reliability analysis:
1)
2)

3)

\ 4


https://www.youtube.com/watch?v=DPQIpT1ZvXY
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Joint Probability Distribution Models
@® Joint Normal X~N(M,,X,.)

a) Joint PDF

1 1 S
fX(X)_(Zn)”/z—dmepr:_E(x_MX) X (x MX)}

2
n=1 f,(x)= ! exp[—%(x_ﬂJ } Uni-variate normal PDF (See supp.)

N 2o o

N=2 f,, (%,%)="f( ) Bi-variate normal PDF (See supp.)

b) Properties
e Joint distribution completely defined by

e All lower order distribution are

e X= M, = Zxx:

Given X, =X,, then X, ~N(M,,, X, ,)
Conditional mean and covariance

Muz = Ml + 2122;12 (Xz - Mz)

X2 Z1,112 = 21,1 - 21,2>:';,12):‘2,1
. X, Xy
e.g. Nn=2, i.e. X= =
X1 X2 X2
X, ~ N(uy.07,) ifp=0 (" “)
X, — H
Hyp :/"1"',00'1£ : ZJ Hyp =
0,
O-uzz =0y (1-p%) 0'12‘2 =
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e Uncorrelated ( ) s.i for jointly normal
(ingeneral, p=00 si )

e Linear functions of X~ N(M,X) — follow

Y = AX+A,

£(y) = £ ()- Iyu= - det =
) mexp[—%(x—MX)szi(x—Mx)}

In summary, X ~N(M,,X,,)
=Y ~N(M,,Z)

M, =

Loy =

¢) Standard Normal

For univariate, ‘standard normal’ means, u = O =

*. For jointly normal,

1 1,
y4 N(O, ) (pn(Z, )—Wz—m'exp{—zz RXXZ:| N I |

1 1
U-NO. ) )—Wz—m-exp{—z }

U used for FORM/SORM

For normal,

X=DLu+M

u=L"'D*(x-M)



