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Improvement study on response surface method for
reliability analysis in geotechnical engineering
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( 1. College of Civil Engineering, Hunan University, Changsha 410082, China;
2. School of Civil and Architectaral Engineering, Central South University, Changsha 410075, China )

Abstract: In order to enhance computational efficiency and precision of response surface methods, the global response surface
method is improved. Using RBF neural network substitutes BP network as the approximation of implicit performance function, and
the response surface is formed in the sphere of hyper-pyramid at iteration step. Compared with other response surface methods,
numerical case studies show that the proposed method not only markedly reduces the times of iterations and finite element analysis to
shorten the processing time, but also benefits to better accuracy. Moreover, the engineering examples of shallow foundation and
retaining wall are analyzed on their structural reliability. The calculation results show that the proposed method may gain reliability
index satisfyingly by quicker convergence rate and less machine time, and to be suitable for reliability analysis in geotechnical
engineering.

Key words: reliability analysis; response surface; RBF neural network; implicit performance function; geotechnical engineering

SR RBATRUEE. BN TR B
TGN, S0 R BTG TR, {5
KK, HEBI TARAE R . BN T

1 5 5
Tt 1 B R A A A S O, A4

TREAHEVER S A LR TR IC AR,
U, AZRARI % FE R A AEER R (s
BEPERG. frdk. PUNAEARRED, LAfR TR 24
FEo T TR AR IPLGIR S, ALK
FARAT (K R A P R 1) St 3, HLID e e 4
B aC HARZ MERE RE e AT B2 B v 4 T ik
— IR IR AR R AR P, )
EH T W o Re k. BRI — ), T RLR A

Wk H Y. 2006-07-31

S, THEED, HAS GRS, WARLE R
RS AAZ AR 7 RACKIOTOL, 257 BRI R
ZEo WA HRERTEER DN, HIER T2tk ARtk
W, AFEIH 8 2R, W1 F.S. Wong it
JS L RERR BT, BEAT AL T AR . 5KOR
SRR PG 3 0 [ T 425 2 B 4 A e A s ™.
A7 HE VR FE o S TV AR R BT 25 A
I () P Pk o AR ZE IS A T R AR A T

FEH: ERARFEIEEHEIINHE (No.50378034); Ff it A LRI H (No.20030532020)
w3 95, 1978 4RAE, WLWFRA:, TARIN, FZENF TRRL TS EERBI2 W T 5C. E-mail:lhuangl 1 78@hnu.cn



552 3 W SR SR e W E ) Sy B e A TINATIRER DAY 371

SRRPEOR, X EASHEAT TR T

Wi 3 T I TRAT BT i, BT R
R AT BERR L AR b TR AR v A %
B UCH RIT T AR EAE S RN . AL, 72
DRAUE N TV SRS FE RT3 1, MDA R
TR HTIRIREL, S HACR . AR H AR &
AW (1) SRATIEITRE 7 58 Wi 1. 11 e KR A
BRI IRERRAL, LD RTEEBE AT s AR KL

() FERFUGEAG RE R, R e IR e

AT R i [ 1

ARSCNCL B s, R IRAT [ ) R TV BEA T
T RCHETTE: SRA AT AR MR BE ) (142 1)
SLpR AL (RBF) e 48 AU JrOR [ B AT e pR AL
FEOGEARL R A HEAR K VU A FiE RBF filige
2R T o B4 S AT ], AN SCHR A PR St ik
AT LA S I RS SIGR E D OSAE RE T A
BRI BT IIEL, AT TR v SR L

2 W T PR R AR Ji P

Wi B AR G i — P A iR e iR, H
TR RGN GEALE) Mt (R4
M) PRI DG 2 i, 1% 7k T BRIl ek £k
PR SERETHERT, et — RAVE R, 4%
A MRS S, RGBT S R o, 3k
FRAHPY I — R A D e eR 2 fE o 38 I 3X 872 R 1)
RE R B R A — NI R EOC R, DOEAEAR
ML HROA M ELSL T RE sk 2, WA T T SR 4y
Mo M BT pR 50 IR IE U k2 0. A2
T, BP &5, SKH] BP #1128 B 25 1 Ay i,
THTTACK R B0 mT AN ER R g R J57 117 4R 5 ) 0
HHARD R

OFERIIE S X'=(), x', -
(EN=¥
@A A BRICEH A ik IR (v,
X2, xR gy, e xd o, e, x,'), 135 2641
ANFEARRL, PRI P 3, &P
1

@F 2 BE@SRAH) 2n+1 MEA L5145 BP W
%, 3R R)RE R AL

@FH AT BTSRRI S X Rk N [y AT
T =1 I

OB " | <e R, FE&LEWA, W)
W p A X, BWREEEEO, LIAS TS0
WAERBAT N — B RAEA AR AR 0T 46 2, EL2
WAL

LX), —AREUY

SCHR[71R 3R T 00k JR o min IV, A
BEALASTRANECR n, WSR3 N R VR — AR T
BT 2n+1 A BRIT T, B2 kPR, W)
HTF kQntD)IRARITTHHT. AT maF R %
AT BRI/ M 4 2R, SCHR7 14 Jm Fs v S 18 )20 3%
@, HELE b B k2n+D)AMFEAR SIS
BP W44, FHRRH A4 Rm N SCRR[7]E— 22k
BET A JRmA R, EIYEEAT @ LU ISR,
AN 2001 ANFEAR LD FUEINACE T3 50 55 R
WA SR e TR (R BRSO R BA L k2B
13 2n+k MEA 225 BP 4%

3 W NI B I A

3.1 RBF #£ %

HARRHA] BP 4% 18 10 Mo 5 17 2R 2500T LU B 18
A e SR RORS BE I, {H BP M ES AR SIOH
JEE P R0 R AR /NS [ A B . D4 UE B, RBF 4%
1 BP W Z8HRREAS LT =R B8 AT RO 2L iR 3L
{H RBF WZ5 7 pRECE T BE ) « 2% 21 55 7 A0
T BP W%, HEARUFZET), MASCRA
RBF [ 4% 18 17 AR 26 PR B 35w 1R B X 0 e ek 4

RBF W& A2 B 2 Ak 2Rk
(1) 3 JZHT M B 4%, il 1 Pros. Bafr =R H
A o) 5 R BV A U R K, a2 T ek 80 A
LRMERREL . A I R R ORI R A
R.(x):exp{—(x_cj)T(x_cj):l,

J 20]-2

L x A m AN E: o Mo WRSIENR j A
BTG MBS R T ORTE R p AR R
TEM

j=1,2,,p (1)

Bl 1 RBF 2/ %
Fig.1 RBF neural network

M TR S A2 S x 2 R0 IR
LMW, AU SEDU R0 2 yi AR, ]I

)4
Ve =2 Wy R (X)) k=1,2,--,n 2
=



372 b +

b 2008 4

XAy NSk MR T 0
AL

RBF W45 (IR B2 o AP S—0 A TR
2= 2], AR A RAFEA I RS B &
TCIZEL ¢ T o, BN JERBES 2 T AUE
wy'o SN PO ), FIFIAEA RIS N
JEU), A B 2 e R TR AU wi
3.2 FEA RS

MOk A SR R TR A 1 P IRARTREE 21 MEE
ARt CUEREPIEESHIFEA S 1 A s b,
FrWIURIEAR R R A B s, A ey Y T 1 2 —
AR IEATT BAEAL S M A — A e S B A
] A AT T S 1117, X2 DAL A e 2 R 0 B i FUE A T
Fe—AT7 b, R R AR, BD
T IER S S H R Sk, Bril, IR
551 B T BRI (A SR L — S R A A 1 e
I, #LREHSTE SEAF R S R A T Re ), AT
IEAC AR S S AT nt2 ANFEAR AL
) 38 FREAE AL LA (RO S T 2 (M e+, Mg —f o3,
Mu "), VLR(Mu'+ foi, Mu ' +fos,+, Mu,'+ fo) M
(Muy', Mu o'+, Mu,"), Mu; S BEHIAE i x; (351
3.3 Bk

VSOt 92 P R A i AR AT 3 A SCHR [ 7] 1 et 4
JRMA N, AN 22 A67E T F] RBF 45854 BP 4%
i TR, S — DA AR I P A e e g R 11
FEAS ST B 1w N T, Fevh D BRI R R
IS (25 B QA T IR L g(x)', X, e,
xnl)u& g(xll, A Xi]-fCTf, e x,,])*l] g(X]]+f61, x2]+
fou, e, x,F for) 1B ne2 MRS, FAESE DL
3, LUGEDH 1 R B i () P e, A
LA k 5B nk+1 ASFEA S 25 RBF W45
ARSI T — T 0+ 2 A RIToHT,
HERP R 1 IRE BRI, 4 ke P SIL T n +
k+1 A RITbr, W st A< 0.001,

4 BB

Sy YA ST IR TR, 5 ety
VRV SE 5 ST LU, B LA WA AT SR 2
AR HOEAT AT SEREINT, 8 2 AR AT BRIT AT -

WEH, BP M4FH MRS 2, BEEme
TEIIANEC p+q+5, Jb p WBRANZHZITEA
¥ (A B ¢ Rt 2o Ok
SCg=1). BP W45 R 2 33 06 503 31
KIS BUE VIR BAR SR S BP W45 (I Z5F
AR LR, HARIRZEHR 0.001, 2£3)H% K
0.01. RBF 92455 J2 I 28 0/ 50 5 I 4R REA £
[IANKOHI], RBF 4% (KI5 2027 2] (i BER I ke—
— IR, A HOTE S B BOR e e
Vo A8 45 1 R 1 Matlab #0128 4% T HLA 52
o
4.1 HEH)

SO0 LA 2 1A SCIRT], SRR
DL T SEESERE By g I ThRERRSL.

1A,

e=l+xxx; (3)

:—Et EF': X1~ LN(,UX],O'X] ) :LN(2,04), Xp ~ LN(,uxz,O'xz) =
LN(4, 0.8).

Hl 2
g = 0.567xx,-0.000 5x3°, (4

1 x1 ~ Mue1,041) = N(0.6,0.0786); x2 ~ N(1tr2,0x2) =
N(2.18,0.065 4), x3 ~ LN(1,3, 0:3)=LN(32.8, 0.984).
1 HIH T A RS 2 RS R DS
AR R ATER], ASCHE IR e e Y. 2
(PIIEARIRBOE BT 4 i WL T TR e 1, A7 BR T AT
BRI, AR TR ERCRE H bR X
PRI AR STV A ok SEORS PR LAt i S THIVEAH 4

R1 AREHHER
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