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457.646 Topics in Structural Reliability

In-Class Material: Class 09

lll. Structural Reliability (Component) - continued

Joint Probability Distribution Models

® Joint distribution models with marginal & corr. coeff (contd.)
a) Morgenstern: F, (), i=1..,n &ay but |pij|<0.30
b) Nataf model (Nataf, 1962)
% Joint PDF by Nataf model
f () = T, (2)-|det J, |

=9,(zR’)

{lj fx,(Xi)]—

Note:

FxI (Xi) = (I)(Zi)
fxi (x;)dx = ¢(z)dz,

* p; (corr. coeff. biw Z; and Z;)?

Pij = T T( j( ] fx,xJ (%, X;)dx;dx;

—00 —00

Py :”( j( j(pz(zi,zj;pi'j) dz,dz,

In general,

Pi |pij|

|pij | < A<1 may not cover the whole range of p;

p{j = F p; Liu&ADK (Table 4~6) for pairs of selected distribution types
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Table 9: Range of p; ~ wider (than Morgenstern)

Later used for transformation of dependent RVs intoU ~ N (0, 1)

X Z U

Elementary Structural Reliability Problem

<A

Describe the failure event in terms of & »
@ Failure: gxX)=9( , )= <0 S
s A
S |.
R)
© Failure probability : P, = P( <0)
P, = [ fos(r,s)drds
= j j fos (r]s)- f,(s)drds
:jj fos (r]s) dr f(s)ds
o f,(s)ds
fR&S aresi P = | ds
Fo(s) fr(T) Fs(s) fr(T)
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OR

P, = [[ e (s|r) fa (r)dsdr

r<s

= j j fye (3]r)dsfe (r)dr
= ] fo(r)dr
if .i :j dr

® Reliability Index by “Safety Margin,” g,

. Safety Margin
M =

Failure: {R-S<0} <{ <0}

{Uy, < }
% Standardization
o M ( EU,, 1=
Var[U,, ]=
For n RVs, U=L"'"D*(X-M)

By - reliability index by safety margin

Py

r-1 1)
-  r="7 —Bsm
Jr26% +82 —2r8,34pgs Hs BT Py
Bl P

F,, : depends on distribution of R and S

e.g. special case ~ R and S are jointly normal

Then U,, ~

Therefore P, =F;, (—Bgy)=
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% A. Cornell (1968. ACI codes)

Assumed R&S are jointly normal & used B, to compute P,

@ Reliability Index by “Safety Factor”

Failure :{ <0} (% used for LRFD ¢R >3 7Q, )
<{ <0}
<{u. <—}
l’l =
S B =———— (5'2; _
P, = FLIF (- )

= gpecial case: R & S are jointly lognormal
U, ~

LP=0( )

(LN) _

He

c$$:LN) _

( 1487 }
Infr- >
BN = 1+5; Hr

T I 82) —2IN(1+ peeBey) +INA+82) K

Safety factor-based reliability-index when R & S are jointly lognormal



