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ABSTRACT

A hybrid structural reliability analysis method that integrates a commercial finite element program and
a reliability analysis algorithm is proposed to estimate the safety of real structures in this paper. Since
finite element method (FEM) is most commonly and widely used in the analysis and design practice of
real structures, it appears to be necessary to use general FEM program iIn the structural reliability
analysis. In this case, simple conventional reliability methods cannot be used because the limit state
function can only be expressed in an algorithmic form. The response surface method(RSM)-based
reliability algorithm with the first-order reliability method (FORM) found to be ideal in this respect and
is used in this paper. The intention of use of RSM is to develop, albeit approximately, an explicit
expression of the limit state function for real structures. The applicability of the proposed method to real
structures is examined with help of the example in consideration of a concrete dam. Both the strength

and serviceability limit states are considered in this example.
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A T R AASER Z¥HE Aol o A FFeaye PEAT I AHAHY -
HAE - vgg Y, A - S T dE HE4, e AYE a3 A4 HEgd o2 Qs
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DA TN AN M PEASA ASHR Yome, fELLYY NG $FOE of
FolRE SEas AFANE Ao 72E FERAASG ADHANS A 1B Yol AR
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ol 71&9 WgEe o2 M2 79 T¢gol 27HTh 2 dFdAE ogd 879 B&ate A
A F2AHA S gste Ik A% F¥es T2 IWLUSAS, ABAQUS 5)3 A4 d471de
g3ty o 8 A3 mechanically coupled) M2 2T 41 EL Astart. 714 2343 7 gL &
gasys 28 ¢udEYuy 44 HAFHESE 9 AYRTER FEHE 23 dF ez ZAEE
27 (Response Surface Method: RSM)# Y2441 2l =% (First-Order Reliability Method: FORM)ell 7]
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2. HEEY UHY HIPIY

F2E9 tAE(safety) === AP E(isk)s FutH o2 AL E(limit state function)?] ez EYH
H¥ ulg] 249 4% 7| F(performance criterion)ol] take] Hrlsfof gt} o]t AN ISFE BE 8
Z9 439 Ay FAE RS$E F5T #93 BA(functional relationship)E W] at, HAH
(explicit)?! Fel2 FHHAU =& 3843 d 2e daygFe gz A H(implicitly) 2.2 E@E}
YRR A 225 IANHgE LA (strength limit state)$t AHEA 344} el (serviceability limit
state)2 T 4= glo, FEE9 AAEE FUE|HAME o] dANEHTTE EeA nels]or
gt

A el (limit state)® AARF FRAM “qA"H “H179 AAF (X )=018 Fse, A9
e 2 A (D F38HE gy AE2(multidimensional integral equation) 2.2 A< #AcHHaldar and
Mahadevan, 2000).

P=Ple(X)<0b= [ [ fxCxyxp ) dey, dig,, dr, 0

A7A, fx(x. 29,00, %) 718 Aguss Xy, Xp,o0 X9 2% #8228 (oint
probability density function)ols}, Hg49 [F, g(X )<0le] st ARE Syt A4 )N 7
I3 BEEE 4 (DY 94D g2g FY3le AolAw, dukyoz diFEe A FHEA AL &

Aede] e 7R AGUFEY 2 FEIEFFE A4 7 flon, £ AFAEF 71 gop
A A (D9 A GFRES 5 d44 RAFEY AL A Erbssict olgd 2AHY &
o ol& 7H5d Al FA7[H-e EHIIER AEH B (Monte Carlo simulation: MCS)22 HEFHE
F3 £F MCS7|Eoz AP or a0aEL AAsE Level I 7195 ZF 58849 ez B4
g3 BEXHYE o] &3 ABEAF(reliability index)E TAIHLZ st RRER|EE £
Level T 7o) gtk o]&1d Level I 71¥olE MVFOSM(Mean Value First Order Second Moment
method), Generalized Safety Index(Hasofer-Lind, 1974), FORM(First Order Reliability Method;
Rackwitz-Fiessler, 1978, Chen-Lind, 1982), 283 SORM(Second Order Reliability Method) §°] it} &
AFNAM Hgste A 22 A F2EY AFA ANEA AN E FALEEFIE ALY 2L
d3fdZE e 7HAE S(mplic)F+E Z8HE 47 difRo|n, of AL Level I 78U e
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Al 7ZHcomputing time)& &7ty B3 FxE9 vl )4
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3. SEHH7|H (Response Surface Method: RSM)

$ERNEE YARFAY AAEP Bt 2HFHL nelsel bYW $BE Tl AR
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7|14, X; (=1,2,, B -85 dFAsoln, by, b, by, 2D byE 3| AZMolU ddo] dgud
A& Fol AAste WAAFT A 2% (39 tgAe) a7HE ALY AFE 47 p=2k+1F
p=(k+1)(k+2)/2°10h SEH g AH 22 datae A7) Y8t e EF ol FEA
(sampling points)& #% 3l Design7|¥E % Saturated Design®} Central Composite Designe] 27}
2 (29 (3)9 Yatde] #F g Aoz o d7dN 4FHUL=Z(Huh and Haldar, 2001; Huh and
Haldar, 2002) ¥ |FolA ol&¥th o7]A 1709 ERHE 1HY A S8 AsAL on[gict AA
Ao digt A 284 FEAE ;elste] Huh and Haldar(2001)7} ¢t 4l 714 24 & &
T M mdg ARt & A (2)9 23 ©at4 3 Saturated Designe o] 43 2d O 4] 3)9 ¢H 2
2 thgt4l 3} Central Composite Designg ©]-43% 2d @ znste dg¥se g oet 243y, 2t
2o g ARHA Ada HE71E 2 A - ddE ol M zheFstA Ao
2d @O A 29 2Ags 2 Fv 23 4 F Saturated Designg o] 43122, F4s= byt
Ao uAAFe Fob FE3] U U BREFEFE Yo o BT o] 2L shte FA4HGa
center point)# 2k9 star point (ZE8E FHEAA ZF Ao gisld +13} -19] gl 2+ sz 74
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AGAFES e el Heelt. B8 T2 g% 43 Rt safae] 2H4E ALY E= ¢
PANE g FHozN A IAGHTS) 98 AFAESFES Fo2 FHHE 2AME 24 ta4
& oder AFHor AN 23 thataed] FORME A48t A3 A5 (Reliability Index), oA&E
(Probability of Failure), Zt #g¥o] dAndgd i 7|9z HFH g VAE X 4(Sensitivity
Index), 1831 A A A (design point or checking point)& F3t= AZA M FYsto, A F2E A
Aa dg4E Frgith ol oA A B P2 A7 Ee #AAE 19 19 3EE(flowchart)ol
ARk 1 A

5. x50 oMl (Y F=H2 ME|MsHA)

FA AN E ALY B T2 AA7IEY AR F2E A &4 AFE Hste] 2¥ 29
HolE 7|2AAE F3td AAl 4AE ¥ 7xE9 9 nP A S AT dx R A @

oS4 e on 1 4ol AFE A4S §¥84223Y LUSASQUE AHgated, 1 30 §_°l— 249
desz o FRAs g Bo) 2UYY ¥ Wuwy
444 faasay 292yE Ad580] WAL 2
ool AR o2 43yu3re]l W7l AA WASE %
S0 SuR)ld 2AYES) FE(YESH)IASe)
SAEA Gl N AHGHN S obehst o] P

AddgFg FAs] Astd, 4% AANTe HIERS FAAZ ALY A Fe2de YA
ki

N & 84 (Plane-strain Analysis)&.2 33l
& & 79 $5 sidFoly =3 ‘F’—‘-] 3ol B

BHEATE THAM F GR(H O SHo] FA e
e AN A FRAY s A
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lo
tr

E  — ; - — m——
NS mRmEay | StSSIESELIIE i EEcecCE=co e
ZEZE“E:? E SEsE=ma
T
a9 2. A dd 1Y 3. #FHsa: 2dEY
HA4 £ade @ F2A ZF=E02(strength failure)o] E FPHAEE 93ty EIYE F2Aq @
Aste HALESEd dd SERE FARHETE 2T F, @ F2RAY 49 8404 T
Hd ¢ %}%%%’0

| 22YES HAZE 4F$HE 2Aste g A A neiste IR
SALHSTE A D2 ZFEH

dX,9)= 04— o(y) @)
o714 0 g W R} 9F FxAe ZAEH U AAYSATEAN dgdson 1 FAH EAX
£ E 19 ANEAY 28 o(y)E 2 BEZFSH) st LUSASY HAHH $324848 S5io o
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oA Ad ¢F&H groldt

‘43 gE 9 F2AY ALY FEE At Hd 88y dg FAZHETE 1Y e &

ZAY 4o AN TAsE A FHUYT ASN D HAVE 5ol A7 34 HeHe

43}%“: Ve S AR Ui desty FASE st AHEA AR okl 4 5)2 B89
g(X) = 6al/aw_ 8(X) )]
A7IM 0 aw's SHWEe] AW 38 WIS Yehe FHH oz 1 JFo] J8ax oo} B o
FollAde FHwged datd 2om2Z 7HAEY #AS FAQAT 8 §(X)Ee 4 BFREZHH dsiy
LUSASS} 343 fdaidde 539 dojAe awdke] 24 Ao glo|oh

2719149 A=A F(y)9t FEH(Pham, 1985; Nikolaidis and Kaplan, 1991; Kuschel and Rackwitz,
20000 7iz28td, Ax 2 AHEA A EC] g 28048 S el 2] 9le T AHRSE QY
gt 223 dYAFLEY HF g, WEAs, a8ln EXges 22 544 EAXES Audgdge) o
k3l A 178 (Pham, 1985 Nikolaidis and Kaplan, 1991; Kuschel and Rackwitz, 2000)2 7|22 3lo Mg
HAoo olg) & 14 FolA QUoh

de &2

%

E 1 gARHE AYase ¥4 54

AL Al A1 S A}
e AT S5 BEE gy Z?ﬁié—iw %A;%%i{{féiw
5 a9z% 7. (tonf/md) 23 | X:i| 010 N | Xi| 010 N
sopgn] v, 018 |X:] 006 | N |X.| 006 | N
. z gal gAE E inner oot/ | 1643200 | Xs | 006 | LN [Xs| 006 | LN
18 eAagagE, 0 (onym®| 1200 | Xa| 018 | N | - | - -
- g2 g4 A5, E 7 (tonf/m?) | 2012500 | X5 | 0.06 IN 1 Xs] 006 LN
aAgEaE, 0% qongmd| 180 | Xs| 018 | N | | - -
Al gy |24 A%, E oo (tont/m® | 1000000 | X7 | 015 | LN | Xs| 015 | LN
2 Topanl, V. 045 |Xs| 006 | N |Xs| 006 N
ax (£ A5 4A%, Cus 1 | X | 015 |Typel] X | 015 | Typel

oJ7]4 N2 Normal, LN2 Log-Normal #X

B AT A B TR HA7IEE ARst ZERaAN e A g Aol thste] Al
A S AEet AR AgAN A uEd AGRTE Z47] 949 7|22 3HAAM A¢E B
2 O3 @F Hgstn, 20 A3 294 £ 2 X 3 2Y 4 282 28 59 HsA @ F2EAA F
U §5&o] A3 2A(F, Hio AAPAF 2T HU9 RAGES JHAE L2)NA ZdALH
o Aoy £HAA} D= 7%**(2 Hao ARG £ Hdg RAFEE HE AR)AA AHEA
A g AN ARE AHAX 5 g0 dgste FHTER F 200 BAIH L, 7} §A
Aeol dist A NAEXFE F 39 AN B 29 49 5ol A F2AY F=dASE et
AHgA A e g3 NEAEASF SAME(FERE) (reliability index contour)E Z A3 T

9 2z AEdALhe] W 2eardae AA AHHASE 47462 AN e, oF 10438x10°
9 B #E8 guigtl o] FX= durHQd FZ2EY HA BEAIGATF 30 Y FFse o=
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E F AFSATIr Fueskhadel ik AlgAd A el g Rideie AEEE AR Tt Ay
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¥ 3 SA4dd dgdas e

2 M4SN AY X Agu dHEAT ()

A5 | A AE A N E AR
sAAel | AN el GHEH 7. | Xy {1 +001611 | Xi | -0.21818
dERSs NEEEE Y V. | X! +0.00615 ] Xz | +0.00294

o A% a7t 74 = .

A}%Eé 29 ® =20 NEI SA4AT | E 7 X3 | +0.00117 | X3 | -0.03413

T aq 23 “lal Tl asxaE] ol x| 000000 | - -
s34 | dxed | $uuy = ul_gaAs | B x| oot | x| oot
2 e (A Am A s ool x| 099343 -

RERE
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