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A Study on Structural Reliability Analysis Models

Bong Hak Lee*

Abstract

Recently-used structural reliability models are studied, and the usage and characteristics of each method

are discussed,

Although the First-Order Second Moment method may be efficient in structural reliability analysis, it
has limitations which the limit state equation is linear and all the variables are normal,

In that point, the Advanced Second-Moment(ASM) method have many good results, but computation of
iterative method are troublesome, The results of ASM method similar to Variance Reduction Techniques
(VRT), which is one of the Monte Carlo simulation methods,

As a results, it is concluded that ASM method and VRT method are most efficient one,
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Table 1, Safety Index and Failure Probability

B | r=om | B R R m
1.282 107t i b3
2.326 1072

3.090 1073 m R
3.719 1074

4,265 1075

4,753 108

5.199 107

5.617 1078

OR8] B B L E Astdden #HM
7 A3 E=(—r)/on, y=(—8) /0B E
sk (DR BRARE HFEX 2+ 9L R

st g

Z==E0g—FsT—8==( reerreesurnreraniians (10)

/|

Fig. 1, Illustration of A
Fig 14 &,7 BEfe]
AR Ael OP &
OP= =0
7+ 24,

Rt 87 2% EfGA A @Rentt
¥l

B 014 (100K 9

F—8§

OP=F=—@ 1(Py) seeererererrerurraririanies an

2 Ha 474 01 )L ik BET ERS

el MmdE nlskel, ze{me L IE

BB E,noll A S5 fFozNH RIS

B AR R KBER QDK Rt
RSl RE7E g
3, 3., PREEE

1 Yege 228 (Central Safety Factor)-& th-& 3}

e oolg ZEv &, hldikdn s

ol#} (8), (9)XeziH
F—35 n,—1

f=—071(Pr) :x/URZ-I-Usz %«/sznozﬁ-Vsz
& = g4 Vst Vs 27 88 R
OR

13

gs

< 5 & REtth (13)yAR& st
n= 1+«/ﬁ2(VRfi-ﬂVZS\22—ﬁ4VR"VSZ ...... (14)

s zko] Hth,



3. 4. BEERST

R 3 S7F $IFH (Log-Normal) 7745 ¢l 7 -+
()59 BRNE /7R Z=IhR—InSo[ =&

Pr=P{Z<0)=0(—8) 1
_VRIFL e 5
/—ln[ /e J (15)
=4/In(Vi2+1) +1n(Vs?-+1)

o] Hv] zjram f& g Kzk o] Pk

R 1+ Vs
B= ln{ g \/"—’—‘1+VR2 .................. (16)
& In(Ved+1) (Vsi+1)

o] mILE AREEAR n, &

noz\/ X“zii exp{ BVIRVET D (Vi D} (17)
| Heel Vesk Veob 10 wetedl o9 AL
W= (9F 0,3 0]8h) AMEkden B Ao

EAT 5 0

3

no‘éfeXD{ﬁ«/VR“r-Vsz} ........................ (18)
oElnR ob B+
R_
T eeseseesenssianeiasessenenanecies (19)
VVM+V§

TR B ERSmel AT PREE
i3l DEREAS TS BAGRIT Fig. 200 et 8L
ow Table 2% Fig. 2¢l =& Bl =, =3k,
g7 Extreme type 1 43l =it FRr gz 4y
#s) Pr o #AE Fig, 3] Vel glvh. ¥ Fig.
¥ f=4, THESEIFRE Vs=0. 135 0.3 wIgt

1077

10°6 1[ 1//24é6 ;A/g 10,/\/@
1078 I/r/////?/

N

RRRINve74
LA
1072 ]////// i

w7

0 1 2 3 4 Mg 5

Fig.2. Probability of Failure as Function
of Central Safety Factor(Log-Normal
Distribution)

ol L) gl 1] s
106 l ) ] ééj//
IV 4% %4
A

/4

107!

1

6 t 2 3 4 5 6 7 8 9 10 11 12 1314 15

Fig.3. Probability of Failure as

LT}

Function

of Central Safety Factor(Extreme-

Value Distribution)

Table 2, Probability of Failure as Function

of Central Safety Factor

Curve Vs Vr
) (2 (3)
(a) Fig.2, logarithmic normal distributions
1 0.00 0.05
2 0.10 0,05
3 0.00 0.10
4 0.10 0.10
5 0.00 0.15
6 0,10 0.15
7 0.20 0.05
8 0.20 0.10
9 0.20 0.15
10 0.30 0.05
11 0.30 0.10
12 0. 30 0.15

(b) Fig.3. extreme-value distributions
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Parameter| Mean Value Ccov ]I;rigtt’fi%lu:ign
Fy 2800kg/cnt 0.1 Normal
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Table 4, First-Order Second-Moment and
Advanced Second-Moment Methods’
Results
A . f-——l—
Methods B*or B (B* or B)
First-Order Second-Moment 2, 4484 0. 007183
Method (Normal)
First-Order Second-Moment 2_1615 0.015329
Method (Lognormal, Correct)
First-Order Second-Moment
Method (Lognormal, Appro- 2.0048 0. 022454
ximate) o
Advanced Second-Moment 1.9905 0. 023270

Method

28] a2 Monte Carlo A]-E-gl]o] A kol gt
58 #EE Y Table 5, Table, 6, Table, 734 2t
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Table 5, Direct Simulation’s Results
N 8* Ps Ps Var(Py)
(Eq.11) | (Eq.33) | (Eq.34)
10 2,258 0.011974 0 0, 002389
100 2,844  0,002228 0 0,000239
500 2,523 0,005819 0.018 0, 000048
1000 2.390 0.008424 0,021 0.000024
Table 6, Conditional Expectation VRT’s Re-
sults
N Py COV (Py)
10 0, 021626 0.126
100 0,021425 0.052
500 0. 024250 0. 026
1000 0, 025025 0,020
Table 7. Conditional Expectation-- Antithetic
Variates VRT’s Results
N P COV(Py)
10 0. 023266 0.070
100 0, 024322 0.021
500 0. 024233 0.010
1000 0.024489 0,008
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