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An Improved Structural Reliability Analysis using Moving
Least Squares Approximation

Y. apE

Kang, Soo-Chang * Koh, Hyun-Moo

Abstract

The response surface method (RSM) is widely adopted for the structural reliability analysis because of its numerical effi-
ciency. However, the RSM is till time consuming for large-scale applications and sometimes shows large errors in the cal-
culation of sensitivity of reliability index with respect to random varigbles. Therefore, this study proposes a new RSM in which
moving least squares (MLS) approximation is applied. Least squares approximation generally used in the common RSM gives
equal weight to the coefficients of the response surface function (RSF). On the other hand, The MLS approximation gives
higher weight to the experimental points closer to the design point, which yields the RSF more similar to the limit state at the
design point. In the procedure of the proposed method, a linear RSF is constructed initially and then a quadratic RSF is formed
using the axial experimental points selected from the reduced region where the design point is likely to exist. The RSF is
updated successively by adding one more experimental point to the previoudy sampled experimental points. In order to dem-
onstrate the effectiveness of the proposed method, mathematical problems and ten-bar truss are considered as numerical exam-
ples. As a result, the proposed method shows better accuracy and computational efficiency than the common RSM.

Keywords : structural reliabilty analysis, response surface method, numerical efficiency, moving least square approximation
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(Hasofer 5, 1974, Rackwitz 5, 1978, Der Kiureghian
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oo} gith. webs frghesisiio] AE iy FE2=9 4l
& Mol B2 aAAIRte] aTtEo] dHFoR AE-
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2 FEHEE AR TR sk e s,
3RS E3l APl (Limit state function)S SHEHR0]
g2 FARE o, 2ARE W 3R (Regponse surfece
function)ell thale]l FORM 3-8 SORM & Z&3lo] Algw
A B g AgES ek WHolth ol HRtek T o]
23 A% i) 7g At wHo R deA o =
YelX= | FxEol (@19 5, 2003) PSC APdaLe] ¢
A= F7HERA 5, 2006), B s A EHE 5,
2008)° A-8 u} Ut
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P(X) =[1 Xg...%, xi...xﬁ]T 9)
xollxe] A ol =HAAlF AR ey 2t
G(xx;) = p(x;)"a(x) (10)
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i=1

714, N& FEHES] /N0l wix—x) © x&F ETEH
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A3k 99(FFE <, Domain of influence)ol] X3== &
SolA s g el singularityS Slsh7] 918l g
st o] JIFE HEAEC] EFE ok gt 4 (1)
TR e Y (120 FHE 12 = vk

E(x) = (Pa—G) W (x)(Pa—G) (12)
71,

G = [G(X,), G(Xy), ...G(X)]" (139)

P = [p(X), PO)s - POX)TT (130)
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Step8: A= MPFPY thate] AVl 8k Fstal 7]
ol FEH FEA FUel 23k $HH
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Step9: Stepse] TR 4] (18 2 FHERAS vEAZ
w712 REES|A it

l-l

s 2= _) 500 (18)
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4.1 O™ 1 : H|ME SHA[AERA]
old o AlE HIAF sHAPIEIRoE T 2] (199 Bt
(Kim &, 1997; Kaymaz 5, 2005; Duprat -5, 2006).

G(u) = exp[0.4(u, +2)+6.2]—exp[0.3u,+5]-200 (29)

4714 FEHT ugl us FAECE FRelal ol 0

2,98
N,
~,
28
N,
~,
~,
> 7Y ® o -
L 27 R o Pu °
[
2,
E‘ 2.6 ,
2 25 3
24 FORM
- RSM (LS)
--@=-- RSM (MLS)
22 S
2.1
2 3 4 5 6
Iteration

3% 4. o™ 1 : Hrs2EEeMel MBS X5

ol FEWA} 191 FEATREIL S THIA &
T ol i AEAFE FORM 148 o]8-510]

43)57] whEl, FORM a4t a2 215-sh Aleh
o st JlEe] g AT vas) Bl 7189
T o0 g AQhE SR sMoRRE 73 AR A
FE SR ATl 350 ue ek olEde o

a9 48} 2o HaAlF2APE S ARSE SEY 7 ols)
RSM-L)HET Al W (018} RSM-MLS)o] BEEHg oA
R} o ke gejo)] FEdhs 1T 5 Aok

TS 2 (18)9] FHEdS UEE 492l Importance
sampling MCS, FORM, RSM-LSZ RSM-MLS ZA#= 1}
ElW 3 17 Zth FORM 3i41s& 3] fleix= &
EWT] gk sAPElAe] wltgto]l BeskA sk, H
= 2 (19} Folr] wiiEe] Ao O mEgS
T & JARE SHHE 7PH Hlash] fsle S8R
7V438}al FFD(Forward Finite Difference) B8 A5l
A= AFE FAh () ek 5=2k= FORM 34z}
o] 2= <Ju]d}t. RSM-LS ¥ RSM-MLS % =5 Al
= A4= FORMS| AR} A fAgRS & 4 Ut

I 1. ol 1o siAMu|nZEn

Importance FORM Response surface method
sampling MCS LS approximation MLS approximation
Reliability index 2,681 27009 (0263%102/0) (02-5(}4%90)
Design point
\ -25725 25411
Uy - -2:5398 (1271 %) (0.051 %)
) 0.8562 0.9417
U - 0.9450 (10. 371%) (0.350 %)
Sensitivity
9k ] 09372 -0.9488 09377
ou; ' (1.223 %) (0.053 %)
9B ] 03457 03158 03475
U, ' (10.418 %) (0.345 %)
NFE 58152 30 12

288 FEO6AYE - 2008+ 118

- 839 -



SEARE, RSM-LS 7ol AAIRCIA Hdl 10371%0] @& Hoh= HIAEAHe] o ofsiA F WhH BT whEg 39
3T

27F EA8IAL, g TIE FolM= Hul 10418%2] 221 Wk £S5 Qo) olol] uist] AR A= %
7} WkAE) whA), RSM-MLS 7-$olle AAH 2 =7h 29} 2t} RSM-LS @ RSM-MLS %t BEF AEE 5=

TRE A 035%ele] Auprt dojgS & 4= gtk FORME] A} A9l fAERS & 4= it} 3[A|k, RSM-
TSk o]9} o] vl o] Atk EAS] 79, RSM-LS LS 7%= AA-NA Ao 3.459%2] A7} EAI8)AL,

= e SHEe] ATAE "7 slgor ol Wa w3 VI FelNE o) 3.446%) 97} wAysich. v
5l sl71e] 7)92(NFE, Number of function evaluation) Holl, RSM-MLS Aol AAA 2 WU =XEo A
£ 3002 238 FORM diAolA Q78h= NFEQ 275 0.85% ool exp7} 2Agks & <= th. FORMOIA &
o Zolgs & & Juk whdo] RSM-MLS?] Aol F38k= NFE= 2730], RSM-LS= 15tHo] RSM-MLS=
& 120Re] et E Ut Eds :diﬂ 7
g})\(})\ig}_ L 9.144m(360in) L 9.144m(360in) ]
f T 1
s B} N
4.2 OfN| 2 : BIME BHAIAERERS - @ @
oW oAl WY FAEIA R TR 4] (0 2 Z
(Duprat, 2006; Gayton, 2003). £ ® ®
= @
< @
G(u) = exp(0.2u; +1.4)—u, (20 @ @
N
A7 FERT uet ue FAIXCE FHo|a ¥do] 0
olx ¥FEWxP} 191 FEAFEFo|L}H oA 1H3} v} 444.822kN 444.822kN
- - (100Kips) (100Kips)
A2 FORM 34, RSM-LS ¥ RSM-MLSZHE 3+ 4l
& Ao olg3ds auiRd a7l 5oF Atk oA 1 J% 6. 10-bar EB{A PEE
5.5
3.5
54 FORM
3.48
——— FORM 5.3. ..... I RSM(LS)
3'46.\\ T RSMALS) 52 \‘\ ---@--- RSM(MLS)
344N @~ RSM(MLS) z
5 \\ E 51 \\
g 42 \\\\ Q 5 \\\\
E 34 \\ E e, \\
% \‘\‘ % 49 e \‘\
5 3.38 . 2 RN
: 336 A 4.8 e g g
' » @
3 e 4.7
32 e 4.6
33:“ 5 3 3 2 3 4
Iteration Iteration
J2 5. o] 2 : HE=apEeMel RS X% 3% 7. ol 3 : BISEPROIMe| MEIE X5
H 2. Of|d| 2tHe| Za}
Importance FORM Response surface method
sampling MCS LS approximation MLS approximation
o 3.3506 3.3501
Reliahility index 3.3881 3.3497 (0.027%) (0.012%)
Design point
. -1.7402 -1.6944
Uy - -1.6800 (3.459 %) (0.850 %)
. 2.8632 2.8900
U2 - 2.8980 (1.215 %) (0.277 %)
Sensitivity
9p ) 05015 -0.5194 -0.5058
ou; ' (3.446 %) (0.850 %)
98 ] 05651 0.8545 0.8627
au, ' (1.241 %) (0.2780 %)
NFE 76389 27 15 9
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H 3. 0M 3Ho| At

Response surface method
Importance FORM R —
sampling MCS LS approximation MLS Approximation
Reliability index 4.801 4.8083 4.8084 4.8089
7.6658, 9.9949 7.6636, 9.9949 7.6651, 9.9949
9.7302, 10.0075 9.7326, 10.0075 9.7300, 10.0075
Design point 10.0350, 9.9949 10.0346, 9.9949 10.0354, 9.9949
9.5916, 10.2997 9.5986, 10.2946 9.5928, 10.2981
10.0212, 9.9855 10.0209, 9.9857 10.0212, 9.9855
-1.9418, -.0043 -1.9436, -.0042 -1.9422, -.0043
-0.2244, 0.0063 -0.2225, 0.0062 -0.2245, 0.0063
Sensitivity 0.0291, -0.0043 0.0287, -0.0042 0.0294, -0.0043
-0.3397, 0.2493 -0.3339, 0.2451 -0.3387, 0.2479
0.0177, -0.0121 0.0174, -0.0119 0.0176, -0.0120
NFE 383,957 0 84 34
& o] AQF o] o AEFYUE IRIE ARE #H7sHA & 1 o

o

Ny
%0, 0%

43 0M|3 : ER{A XE
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