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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&a; but ‘pij‘ <0.30
b) Nataf model (Nataf, 1962)
% Joint PDF by Nataf model
f () = f,(2)-|det 3, |

=0,(z;R")

{1.11[ f, (Xi)]—

Note:

in (Xi) = q)(zi)
in (X;)dx; = o(z;)dz;

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

Pij = _T T( j( j f><ixj (%;, x;)dx;dx;

—00 —00

Py :”( j( )(pz(zi,zj;p{j) dz,dz,

In general,

Pi ‘pu‘
‘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, I)

X Z U

Elementary Structural Reliability Problem

<V ZA—>

Describe the failure event in terms of & R
@ Failure: g(xX)=g( , )= <0 S
R)
@ Failure probability : P, = P( <0)
P, = [ fos(r,5)drds
= j j fos (r]s)- f,(s)drds
= j j fos (r[s) dr f,(s)ds
=| f,(s)ds
fR&Saresi P = | ds
fs(s) Jr® g5 4@
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OR
P, = [[ e (s|r) fa (r)dsdr
=[] fsg (s|r)dsfe (r)dr
=1 ] fo(r)dr
ifs.i= | dr

@ Reliability Index by “Safety Margin,” f,,

: Safety Margin
M =
Failure: {R-S<0} <<{ <0}
e, < }
% Standardization
M EU,]=
Uy=—"—
Var[U,,]=
For nRVs, U=L'D*'(X-M)
~P=PU,< )=F ( )
= FUM ( )
By - reliability index by safety margin
Py
— r _1 r = “R
Jr782 +82 — 28,84 pps ’ Hs ~Bsm BT P

Bl Py
R, : 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, tocompute P,

@ Reliability Index by “Safety Factor”

F=In— =In —In
Failure :{ <0} (3% used for LRFD ¢R > Zkak )
<{ <0}
<{u. <—73}
) B Mg =
"BSF 0'2: —
Pf =F (_ )

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

AP =0( )

(LN) _

He

G(FLN) _

nlr. 1+82
u _ \/1+8§

SF

Hr
= , f =—
JIN@+82) = 2IN(L+ pre 435 ) + In(L+5?) K

Safety factor-based reliability-index when R & S are jointly lognormal
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Second moment reliability index By rosm

MVFOSM

* Failure: g(x)<0 (NOT “elementary”)
 Use( ) & ( ) only. Therefore, can’t compute P, (index, not method)

- Ang & Cornell (1974) ASCE Journal of Structural Engineering
Use ( ) order approximation to estimate & of g(x)

P, =P(g<0)=PU,< )

FO FO
By & o4 7

900=9( )Y (4-hy)

FO __
Hg -

v
<o Puvrosm = ;g:o =
Gg
If we assume u, ~ N(0,1%)
P, = d( )
= Popular for a while
= But problem

i.e. equivalent limit-state functions could give different B, rorm

gl(X) = Xlz +3X2 < O
9,(x) = gl(x% , =1+ 3X—§ <0 equivalent = the same Byyropy ?

1 1
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Example: lack of invariance of MVFOSM

Consider a structural reliability problem with two random variables X, and X,.
The mean vector and the covariance matrix of X, and X, are

|v|—5 . 4 5
110 T |5 25

Case 1: g(X,,X,)=X/+3X,

Gradient Vg =[2X, 3]. At the mean point X=M,, Vg=[10 3].
First order approximation on p and GZI

[ ~5%+3x10=55

o; =VgE,, Vg =925

Ky 55

=== 1.81
BMVFOSM Gg \/ﬁ
P, =®(-1.81)=0.0351
3X,

Case2: g(X,,X,)=1+

2
1

Vg =[-6X,X;® 3X;?].
At the mean point X=M,, Vg=[-048 0.12].
B, =1+3x10/25=2.20
o; =VgE,, Vg’ =0.706
My 2.20
=—= =2.62
BMVFOSM Gg 0.706

P, = ®(-2.62)=0.00440

Although the two limit-state functions are equivalent ones with the same failure domains,
the second order reliability method yields different reliability indices and failure probability
estimates.

I
Summary:
B _Hw _ He — Hs
M
GO \/G; +0§ —26,05Pgs
A —A
B, =, for LN By = —
O \/CR +C5 = 2C:CsPinrins
Fo
il M
Puwvrosw = Ggo = oM, (Octl974)

VI(M, )L V(M)

9
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Hasofer-Lind Reliability Index, B,,, (JEM, May 1974)

(or Barosw “Advanced” FOSM)

nearest
point
Bue
B> x i > u
My E/ M, =0
Eg — §_u =1
Linear Limit-State Function $ distance
g(x)=a,+a'x
=a,+a'( ) —>X Pu
=a,+a'M+a'DLu g(x)=0 G(u) =0
=L—1D—1 x-M; )
=h, +b'u=G(u) 1 )
b
p=te _b VS distance:M
o ol o]

Can have J/_ sign

For G(u)=h,+b"u
A

N =,
Y

=

=,
/><9>
Y

always positive

b, =G(0)< (
(in failure domain)

<0
b, =G(0)>0

(in safe domain)

>0
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H VG “ H H H i
i. a= _W : “Negative normalized gradient vector

: Unit row vector pointing toward the

T

e.g. linear function: a=——
[

il. u : “Design point”
“Most probable failure point (MPP)”
“‘Beta point”

. . « b
e.g. linear function: u =-b,—

[of

P =ou

{|[3HL| : distance between origin and u”

sign : directions of a and u”

e.g. linear function : B,, = ”%0”[: “—GJ
NJe

P = Fug (—Br)

(reliable) (less reliable)

=G,g~N

Pf = q)(_BHL)

domain

What if X ~ N(MX,ZXX) and g(x) linear?


file:///C:/Users/Choi/Documents/junhosong@snu.ac.kr

