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W EONTAZARHES LA T EARY LA EIAAE R & K Gauss — Hermit KR R &, A
BFREERBAREERXAN HATRRIHEEIRTAAREZTEARBREFTBEOH AP L&
R NESEFAREMETFNFTE KD RURREFT BN AETEL APV R Akt
METHARBETERSSELH I FAAFRRTRHEANRMETIR. AL ARV EH KERE
GROEBAFT EERETUR ETMALFEFHARARAL A5 H650.01% , Gt RAAEREEEL

MEBFTES M E ARG BRYE.

K@ ARBEM; ARFHEX; TER; $ 5455 5%

RES¥S . TU443 T WARIRE: A

0 3l

BRAHEHEMEELTEN X X, ,X,,
Hm#EALREN X = (X,,X,,,X,) , K
BREBMBERERREN fr =fx (2,2, ,5,) , T
BENZ=¢(X) =g(X,,X;,,X,). WEHEKR
BAEE p, TEEZE p, K.

p, =1 ~p = 1-P

= “'"-Ifx(x,,xz,---,x,,)dxldxz-"dx”

Z<0

MFX () BIIHHE,BE o (X)W REREE
R, ATUEERS WU FEE BRIk,
—RZHEE ZREGEE MG TTERENA
Rk EERSREWR % BXGRENRE
AERE WERBEE R, LHERBEE F5F
FHRETERRER BEFEREME TRAH
X . BEFATHERERIED . —K_MEER
FAEEESHERABAKROERT A RER
BHE N TRE A AEREE, B CECR AR
BO=EMNME, BEERER AT BEE R,
SEFxp R LA BT TR R —#1R
HHTE BRERETAESE, THERIHTA
RREALBEFEENEE. B Rosenblueth €57 #
GEiHE R A TR S R B A R
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BRAGERS S A ERET X, T LR LR
EEANMHERARZHEN. B, HETEREIE
BHEHNERZFHEHBAREERNGRESER
X. ¥E# 7 Rosenblaut' A5 #: X = T(Z) L X
— 85 X KRR B R BN 8 e R A
HHE R AR HE &

F -V R X, HEE R

A2 = ¢(x) =/2L_wexp(—%> (2)

Ly =g(x) My HEp MERPLEM,

EEMTER.

u, = jg(z)f(x)dx (3)

M, = I(g(z) —p ) f(x)dx, k22 (4)

BMFe(x) HERBEEREB BN SR, R
BG), @) BB BAEBR &y =T'(x) R
Rosenblatt %25 #: W (3),(4) XAE R

ny = [oLT7(2) 1f(x) d (s)

My = [(6LT(0)] - ) (2)dx, k=2 (6)
Gauss - Hermit Bl14rA 1,
[TFoep(-@rae = T wFw) ()

Kbt .m B S, R (6) B2 X% K kY
B RRBAR, KB H A 4(i=0,1,,0) K

(-2, +0) EHRp(t) =exp( -F)WER
n+ IRRIRKBFEZTMRB)NTSR , ZH o, T8
() XHEE:

Hnol(t) = ( —1)"Hexp(12)&gi___t2_)

dtnd»l (8)
o 2 (n+))
ST L) T ®
HEBWRER
_(n+ D) S e o 4o
R[f] —2,.4.1(2":'_2)!.[ (§)v EG{ ’+ }
(10)
BHRBARER o, DRFEL:
’fp(z)dt = Yo
fp(t)tdt = Zw‘t‘ (11)

Jp(t)t"dt = zn’w,.t:'
u B ME AL P, % | MEH A ¢ B3
RRIRE 3 HA
u, =21, P,=w./J% (12)
iR (8),(9), (11),(12) 7T LABE th
BB SR Sl R u, R0 R A L
AE P INFE L

£1 tREHEPERANLIERNE
Tab.1 The location of the points and weights of 7 point estimate method
G EFS 1 2 3 4 5 6 7
fEH AR w, 3.7504379 2.3667594 1.154 4054 0 1.154 4054 2.366 7594 3.7504379

i ABE P, 0.0005483 0.0307571 0.240 123 3

0.457 1426 0.2401233 0.0307571 0.0005483

B 18 it Gauss — Hermit SR R AT ¥ =, (5) .
(6)FHAA(13) . (14):

Bo= Y PelT(0)] (13)

Myls = le.(g[T-l(x)] ‘M,)k,kZZ (14)

BREEH G — B E uge MK (0,)
REGARERE B =p,/o,, F T E B BIRE
Hp =1-0(p).

2 ETRREGHOEREFE

BELHBENBEESHTREL RPN E
R.EZFETRENE RRVFEERAPERN
EERNRBNBRZ " EXSHRBTEELR
POENTEERSEMEN EEXAFRER

#HE". BEERFERNEE, AAI B
B 1ER, HRE RS F &K (15)HE.

1 EFERRDHANELFITRAH
Fig.1 Calculation diagram of extended simplified
Bishop method
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2 (el + N'tang) R
F = =1 (15)

n

in— Z(N’ +U)f

i=1

ccosa

v=liw-

- U,cosa] (16)

m, = cosall + __tana;an¢]

(17)

AF e, LN NS, U, c o FH A% iRL
&RAMMA BERKE BEL F8kmh .+
KRBT FBKES HRAMANEEA B
HERTBGAEA b0, W, 0., M, 5K
BEZWPHRE FE.EHKFERNJEH
BEANEMLRENNE R IERDE MK
PR E L REBEEERT X B E&H
WORERI TR i Mi+1 2HERRBIRL
FAAMEANERT F ARERE.
REMNEESTRESSEHWREFEBEST
BT LARER (15) 75 ) 21 38 B9 A8 AR FRAR S 7
BA.
2 (c; + N'tang,)R

G(x) =F-1= -
S Wa- Y (N U)f

(18)

RER, AFBEBRREFTEX(18) LKL

BB T RE AR R, RN RERXK. Bk

BRAEFTERLZHIERNIFREE RGN A

ERIR " B BB TGRS ERN
AR BEERE T BYRA LR FH K RHE.

3 BWREVEENSIMITE

MFEBRERE TR CGX)RESEIHIE
BREH, KF X=X,,X,, X, HESHEE
B n AFENLAE R XAE kn B2 BB L,
Hep kR RREMATAKE Y n RAH 4
HAKE P BN K. R A Tetsuro' %542
WETBRRBERTRIE B C(X)EIR
(19)ERIHE

G(X) = G'(X) = 2'-’ (6, -6,) +G, (19)

K6 = 6T (X) )X, = (x5, %z},
B x, b, KRB AR SAHYME;C, HAAR
Bx, &4 WA RHE W G(X) K HEME
#2058

uo = 3 (m = 6,) +6, (20)

o5 = Yo (21)
i=t

Kb p,, 0] 551K G KHEMRER

PR ot £ F 4 RO e M i S SRR B T S
BE, R Skt B, B RS RAT

ORBEHPEAEHR, e EFHEIER
X=X X, X, RESH A QR BB ERA
WEAFEBEESNEARK AR HERER
(15) ;@ AR EH RBRERBETHRBRET
B(18); Q¥ £ ERMBEERBCGERL N EE
BHERERX(19) ;O HEERS REBEER
BRI AR EMNE; @RAR(13), (14) 1
EEETRELATHHENTEZ, ORAKX
(20), 21 HERBRRSERHHEMT £;0
R RS T B EN D7 W R ERRN
RBAER.

4 LB 5E

BH 1 MEH 2 458 B SRR 11] 5 1987
A WK A T35 LR R B 2 (ACADS) 3¢ 3 K F)
WEAfE ML ERES TR HTH—RAE S
BB 1(a) FIBIE 1(c), BFEWHITERE
TR GHEASBImE 2 A3 R HE +
EWYBALEREEN c NEES o HEE v
BIBRAE(RL 43 314 :3. 0 kKN/m?*,19. 6°F1 20 kN/m”* , ]
2 &L ENWENEERNE 2 FiR.
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2 ACADS 3% 1(a)
Fig.2 The examination questions 1{a) of ACADS

(50, 35)

(70, 35)

200 300 400 300 600 700
KE/m

B3 ACADS 4 1(c)
Fig.3 The examination questions 1(¢) of ACADS
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2 OEHE1(c) HRHER
Tab.2 The material properties of examination

questions 1(c)

£5 AR ERTENESREAEINERIEE
Tab.5 Comparison of calculation results among PEM,
FEM and Monte Carlo methods

+x e/ o/ v/ E/
(KN-m?) (°) (kN-m™)(kN-m”)

\ 2 WHE TRE/ SR TR
R ES L] % E%  E/%

1"+ 0.0 38.0 19.5 10000 0.25
2'+ 5.3 23.0 19.5 10 000 0.25
3+ 7.2 20.0 19.5 10000 0.25

BH3 kAR 14] , ARKSERELE
HamERmE 4 iR, S LENYENIEER
BRI HMANEEAM o MRAESSA, EHEM
WHEWNSRS FA,EE vy NEMH 19 kN/m’.

2

1

9.14m .

6.1m G

J_ [}
Hd4 BEHIMERELIESHHEA
Fig.4 Slope shape and the distribution of soil

BIRE 1 MBI 2 Y BB S #4647 o, R
BESNH,ERRESHFH0.2M0.1,7v K
R BHEROBEFE2 (MR £, 100
Wov h¥E, &g L AR 100 7 KR
TR GRWME 4 PR X TRERBER
100 TR RRETHE, R THE T4 K.

£3 HEIHBEER

Tab.3 The material properties of example 3

/ ®,/ ¢/ ¢/
; @, 2
® (°) (°) (KN-m?) (kN-m™")
T 0 12 38.31 23.94
HWrE - 1.2 7.66 4.79

24 RAUHERNRBFRAETREREE
Tab.4 Comparison of calculation results between
PEM and Monte Carlo methods

FERE A #X

& At
BEE/S % %

BIEE1 0.9856 44.35 45.34 2.18 0.99

M2 1.4031 99.74 98. 86 0.89 0.88

B3 MBS RMS % XEk([14] % B. Xu
MB.K Low FHBUTEENITELEREUK 100
TREHFHEERERIOES fin, HNTEKE
FIEER 100 FRAFEHRBRETE, AEER
HE 10K, L EHTEEITE 14 K.

HBRLE 1.646 2.18  98.54 0.04 0.04
LAMHE1.637 2.45  99.30  0.80 0.81
A 1.637 2.47  99.32  0.82 0.82

wERE — — 98. 50 — —

5 &g

(1) 5387 T & sl T 8 8 6L B S A8 B A X
B E R Gauss — Hermit ZE R4 .

(2) BT 135 8 28 43 47 B AR PR P A B
FHOBRBRREFEROFA BB T RERRER
BHBEANRBENEERFE

GYUEFHEEREMEYEEL 6,5
AZEB RGN BERM T, R Th%K
BRPEEAT AR B ETRENE SMhiTE,
HAEM T BEENSTHTERELR.

(4)EFTENEHRRERLE, BEREE
HAFBIRITEIEBRBANBSHRTEN -
0.01% , T MG RMEHEREESZHY.
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Reliability Solving of Slape Stability Based on 7 Point Estimation Method

SU Yong — hua, WANG Qi - shan,LIANG Bin

( College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract; The location of estimating point involving the theory of multi — point estimate for the determination
of statistical moments, and the corresponding weighting coefficients in Gauss - Hermit quadrature formula are
both analyzed. The characteristics and complexity of the limit state function required in slope reliability prob-
lem within the context of the limit equilibrium theory are investigated by employing the Bishop method of slices
that is applicable to any slip surfaces. Introducing the method of multivariate function estimation for the issue
of single variable approximation, the limit state function can then be transformed into the form fulfilling the re-
quirement of point estimate method. On this basis, a multi — point estimate algorithm for reliability analysis of
slope is developed and the associated scheme for such an algorithm is also provided in detail. This proposed
methodology is then applied to the comparison of its results with those obtained from the traditionally exact ap-
proach by use of three typically practical examples. The comparison reveals that the computation efficiency of
the current algorithm is only 0.01% of that in the classical approach, whereas the precision is almost equiva-
lent between both, thus verifying the applicability and simplicity of the present methodology.

Key words: slope stability; limit equilibrium mode; reliability; multi - point estimate method



