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® Al 2| M(Reliability)

Uncertainty variables(random ~, stochastic ~)
Distribution function(normal, lognormal, extreme)
Return period(earthquake, storm, wave)

Failure model(yielding, cracking, deformation, etc.)
Limit state of an element or a system

Probability of failure

Reliability Based Design:

A design approach to achieve certain level of reliability

in the presence of stochastic variability of design parameters




® B|ATE?

Undesirable consequences
The number of people harmed

Financial loss in bank ---

Risk concept can be understood from the

following questions
What can go wrong?

Accident scenario

How likely is it?

Probability of the scenario

What are the consequences? Consequence
@ 2| A= (Risk)
Hazard(natural, artificial) Risk
A
. . [ ]

Vulnerability(fragility level) T p—

Likelihood | |
Hazard Wulnerability

Consequence(Impact)

Probabilistic Risk Assessment:

Logical analysis method identifying and assessing a risk in a

system for the purpose of cost-effectively improving the safety

and performance.




@ Reliability vs. Risk

Background Uncertainties Uncertainties
: o Quantitative/
Analysis mtd. Quantitative Qualitative
Tool Level I, II, I Hazard/Fragility curve
Target Uncertain system System in risky condition
Failure probability Risk
Output Reliability index Risk level
Application Reliability based design Risk based inspection,

Failure cost decision, management

@ History of RISK Assessment

® NASA
Aerospace eng. early 1960s.(FTA)
Challenger mishap in 1986.(FMEA proposed)

® Industries
Chemical(1990s), Offshore platform(1990s)

@ Bridge engineering
Bridge management and inspection
Frangopol(2001), Agrawal(2009), NYDOT etc
London(2011): Risk based inspection of infra
Fukui pref.(2007): Risk based bridge inspection
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o EEEX

symmetric

0 50
random variable

Normal

100

skewed

0.01

50 100
random variable

Log-normal

0.015

B 001

0.005

long tall

50 100 150 200

random variable

Weibull

o EERE(PDF)2t =% Fx(CDF)

0.04

0.035

0.025
S 002
0.015
0.01

0.005

0.8

0.6

cdf

0.4

0.2

50

50
random variable

/wumerator
1

100

100

PDF = fy(x) =

CDF = Fx(x) = prob[0 < X < x]

= j_iofx(x)dx

prob[x < X < x + dx]

dx




© PDFel &=

b
probla < X < b] = f fx(x)dx

fx(x)

prob[X < a] = fa fx(x)dx = P¢

If a is allowable limit

Lo Pr = @(—p)
o 0.8
0.6
0.4
0.2
0
o
u=20.0
o=1.0
¢
_B 0 X
s




o BHAH AtENEF=(limit state func.)

R-S=0
gX)=R-5 S

R-5>0

= Resistance — Load R_S<0

= Allowance — Response

P = f fx(x)dx
gx)<o

differentiate failure and safety state

used to calculate failure probability

low order function is preferable for easy calculation

fsmax )

9(x) =S4 = Smax ()

Py = prob[Spmax > Sl

= g, Fomax(X)dx

Se  Smax
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(Joint PDF)

szf v lexz(x1,x2)dx1dx2

(g<0)

X — Uy,
=5 Pr: ®E-LS H2lol g




o 2 MEEHM Q| ulu|&E(3/3)

=] fodg=ocp)
g<o

r
Xz oF

o Ofx| 1(1/3)

e [[IINFE
S, < PJA
S, =15
% A ® 5H| AFEH B4 (LSF)
P—» p
I L : gl(X)ZSa_P/A

gZ(X) = ASa - P

S Ao = 77
o EHEHS LU FI

--ﬂ

normal

A 10 1.0 normal




o Of x| 1(2/3)

gx)=0
(P = 1.54)
P gxX)<o :
=] fatp@dpda
g<o
10 o
“Difficult to get P;”
gxX)>0
10 A

© Of x| 1(3/3)

g(x) =0
(0.754' — P' 4+ 2.5 = 0)

gury<o P’
P—pp (0.754’ —P' +2.5 < 0)
P' = failure .
op zone 25
A _ ‘Ll / e U g(X’) >0
A= 2
0y :8
AI
P =154
) P’ =0.754' + 2.5

_075x 0+ (-1)x0+25
J0.752 + (—1)2

2.0

P = ®(=2.0) = 0.0228
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{o LSF 2 At 2:(1X}, 2% ~) Level II(FOSM, FORM)

® LSF 0|E AIZdI0l&: Level IIMCS, IS, LHS)
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© FORM(First Order Reliability Method)

gxH=0

gxhis
a first order approx. of g(X')
at x*'

\\\w\\w; | 7 I » Error inevitable

gxH <o

but negligible




@Simulation (1/3)

gxH <o

gxH=0

- MCS

® Random sampling of N sets
® Sampling around means

® N failure sets

1

Py

® Required set Npmin =

@ Simulation (2/3)

gxH=0

g(x) <0

- MCS

= A=) filabx,
g<0

=(1 1+0 1+0 1+0 1+
- N N N N

- Importance Sampling

fx(x) px(x)dx = | W(x)px(x)d

Pf=

g g<oPx (x) g<o
1

N
= Z W (i )px () Axy,
=1

g<0

1 1 1
=<1W(xl)ﬁ+1W(x2)N+ON+”'




@ Simulation (3/3)

- Latin Hypercube Sampling

2
~\.~)
N

________ a¥
s fmNol
_____ -/\ R
// | | \

A A

7.0e-5 3.81

Br&ol2 2.4e-4 3.49
g 4.0e-4 3.35
3 3.2e-4 3.41
DI=UEE 1.9e-2 2.07
wE 2.33e-4~3.17e-5 3.5~4.0
SOAEE 2.28e-2~2.33e-4 2.0~3.5

(NASA, 2002)
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Risk
Likelihood Consequence
Hazard Vulnerability

® Hazard: earthquake, typhoon, chemicals...
® Vulnerability: susceptibility to hazard

® Consequence: Impact or cost after occurrence




@ Risk matrix(1/2)
Likelihood

a Very High a H

b High b H
&

& Medium -5 c M
a

d Low d M

e Very Low e

E D C B A

Vulnerability
t
A Very High
B High
© Medium
D Low
E Very Low

@ Risk matrix(2/2)

a Very High a M H H

b High

M M H
c Medium -_— = M M
d Low d M
e Very Low e

E D C B A

Consequence(Impact)

Level Consequence

(VN
(e]

A Very High
B High
C Medium
D Low
E Very Low
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} Hazard
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@ Hazard score

/ol 21 X+ B I & =(1;)

+ =
Low Moderate High
S22 8ol sl ==(40) 10 25 40
&M A 2(50) 10 30 50

CESZRX

XS E(10) 2 6 10
ol 2| &HH 2 (50) 0 30 50
g 22 91 150

(oHZHlAtE & M2l Al 100& 2HE)

@ Hazard level

Hazard = pJ =
Hiah sZ23soll, N&H, S = 2JH High,
19

+LtH Xl 190 Moderate
MI4& Hl Moderate,

Moderate ) B
+ =280, WS S 6tLEEF Moderate O] &

Hazard #2t2 &=
Low Moderate High
Ha 72 ZYL-<46 46SZYL-<80 80521@




@ Hazard £
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o
A =
* CSU equation
N v
y, = 2yK.1K,K3K, (—) Fr 043 (Fr =2 )
y vy *g
ys : M2dx (m)
K1 : wzZiEaol st 2FA s
K2 S& Aol st EEA s
K3 statzzol| oSt BEA
K4 SteAl=Ee| F7(of cHEt E™EA T
a wZte| Z (m)
y : PEEMA YRR 2N (m)
Fr : TESMA 4FEO| Froude
( st=At2I5ts5] (2009), “SIMMAZ|Z-SHAM” )




o EHEHST W BT

Variable, X; | Mean, ux, | Lower bound | Upper bound cov
a(m) 11.90 6.71 17.10 0.180

Vo (m/s) 3.05 2.74 3.35 0.040
y (m) 8.53 7.92 9.14 0.030
K, 1.1 1.0 1.2 0.050

K3 1.2 11 1.3 0.048

(Johnson and Dock, 1998)

o BHA| & El &t
day = ys * SF

ys: SHAN=ZAE
SF: OHE £(1.1~2.0)

\OE5 /043
_ B a 0
gX) =day — 2YK1K;K3K, <y> <m>




® i = Hy A
—! =T
Ux;
X; cov
. =Xt 20l - gretol
g@n | ©F 2on | amim | a=mon | amsm o As1D el

K, 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.050

Ks 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.048
(3;1) 2.70 3.37 3.53 3.18 3.28 3.41 4.83 411 2.33 0.030
(:rll) 1.00 0.90 0.60 0.80 0.70 0.60 0.40 0.50 0.50 0.180

Vo 4.94 3.99 4.00 5.59 4.92 3.42 3.48 1.11 2.29 0.040
(m/s)

==(FORM)
® MEIE=X|=(FORM
Reliability index ()
SK g2ol [, Brol
2HE |tEda| B | MELE | M@ | aasa | TR | tmim | T8

1.1 0.896 0.988 1.061 0.719 1.215 1.101 1.011 0.822 0.729
1.2 1.6145 1.713 1.790 1.427 1.954 1.832 1.737 1.536 1.437
1.3 2.314 2.418 2.499 2.116 2.671 2.544 2.443 2.231 2.127
14 2.994 3.103 3.187 2.787 3.367 3.234 3.129 2.907 2.799
1.5 3.655 3.769 3.857 3.439 4.045 3.906 3.797 3.565 3.451
1.6 4,301 4.419 4510 4,075 4,706 4,562 4,448 4,206 4,088
1.7 4,930 5.052 5.147 4,697 5.350 5.200 5.082 4,832 4,710
1.8 5.544 5.670 5.768 5.302 5.977 5.823 5.701 5.442 5.316
1.9 6.143 6.273 6.374 5.894 6.590 6.430 6.305 6.038 5.908
2.0 6.728 6.862 6.966 6.472 7.188 7.024 6.895 6.621 6.487
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