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Abstract: The reliability-based design (RBD) is one of the most crucial measures to study and guarantee geotechnical
engineering safety. Through quantitative analysis of uncertainty in earth-rockfill dam engineering, the failure probability can be
evaluated and may provide a reference basis for the seismic performance design and safety risk assessment. By selecting the
crest seismic settlement ratio as the seismic safety index, the seismic reliability analysis of high earth-rockfill dams, which
incorporates the uncertainty of earthquakes and dam material parameters, is proposed. First, based on the seismic intensity
probability model, the seismic acceleration corresponding to the earthquake intensity occurrence probability is used as the
earthquake intensity factor. The artificially generated seismic waves are adjusted for finite element calculations. Then, the
Gaussian process regression (GPR) model, which is capable of solving the highly nonlinear regression problem with small
samples, is used to establish the nonlinear mapping relation between material parameters and crest settlement ratio. The
Monte-Carlo simulation method is employed to calculate seismic failure probability. For verification, the proposed method is
employed to calculate the seismic failure probability of Zipingpu concrete face rockfill dam.
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Fig. 1 Implementation procedure of evaluation of seismic failure

probability of earth-rockfill dams

HAASLHULBRINT : O F iR 2 e iR
T e L XREAKURE , WRAE S (5) B R UL 1, 1
RAMZ p(1,) : OWRIEX (6O M HFEZE 1, XM
MR SR 1 O UK LR/K TSR
BEVHIRAE) U RRHE SRR, N T A B R B i
IR s R N TSI I o DB R ) S 1) e 72 R B2 7K
AR B 1A s @R BAR A I TR AT =4
ARTTERL, RS RIE 248G @7 LA
WA RTT T, RIS RIRIE N 13 ORRYEHE
ARG R IR RE A 2 ST REA LR . ORI R Gt
FHE, BENLAHE N, =20 MEAH BIREE: Oxf b

test

B ST FEA AN AL REAT B ST BRIT T, e 3

TR AOMRE 7 IR E A R Tt 15
FIN T RE B 21 s FE B, LA RS
H 5N RE B % 2 (RIS o6 2 Dsd ik PR AR 1 Ui
SHARAF W 75 75 BB T s e R BT . A AN 2
WS A, PRS2 25 A AN DN 57 S FEAR SR,
R B BR@), S e i R SR 25 R S ak A
M2 P R0; OREHEARS B GHRFE, B
N =107 MFEAS, 45 G A I my B R B T, SR
= () PR FLRE 1, i AR X % OfR
A D THE AU RE R .

FUB ISR & St i (Gps) 11
ST AE ey B AL AN DU B 2 ) BB A bk ke ok
(1) — P B A BER TN = IMLES 2 21 7. 5N T A
ZM s (ANN). 2K (RBF). CRE A &AL
(SVM) #LEL, i AR AR AN R 2h H FITil A = 11
B ps > AEREZS TS RARHE 2 o5 o ANSC A
REEARH RT3 2T RE RS % 5 £ TR IATE
BARAKA 95%IK BAS XIH] [y — 204, 1y +20,5 | 1EH
IR AT o M LT T I, AR A I N2 2
FEALE, HEHTAE S e R RO . G A TkAR,
S M 7 THT (1) A5 58T, A i S92 D B A 25 I M R
ZHS TR FE 2 2 R IR RS G 2R

3 IiEHEH

AT R i A U RE SRR VA T
SR PP AT A T T U 1] P9 PR b RR R 5
3.1 AMRTER

SPP R TR ME A WU RS 156 m, U 56 & 12
m, U114, NI BIEUT 1 14,
PLE 1170 AREE G B0k, i =4 PR e I
Kl 2, HLE145r 7614 NHRTT, W45 RECN 8278 S, T
Regh i =B AR. ERERE, BKEER
/K47 EL.877.0 m.

< 0 "“.' % >

S RS
@ PRI LKA
fﬁ%wQMm

205"
B 2 RITHEREA A RITRE
Fig. 2 FEM meshes of Zipingpu CFRD
3.2 Hkith R KR
I CIUIE X 3t R AR VI, 42 VI

HUREEBT . Kol T AR TAESUH R B ) 1

ORI
‘f’o:’oo’w’o’o



522 H O+ T OB % M

2019 4F

& TR UV VI VI TXRE (B e a0 A 0
BT VIR A, MR EEA)E T TR
THIERIVER, AT ABHMTPUR T, REGE L HTR T
HGEIET L B, TR T ~VIFHE, p[6(X)> 6, ]
=0, AR (5), KALIEX ~XIHR IR,
p(1;)~0, HAEFBUE D Hr 7300 T 20 X ~XII
st R e and IR AE S . DL, AR TRE B
HRIEMIVIL VIL, IXPE e R AL 7 AR
Pl (5) THE R R MR LR 1.
%1 HUEE T 1 R

Table 1 Occurrence probabilities of earthquake intensity 7,
HRRE T, Vi VI IX

p;) 15.94% 2.80% 0.26%

KA K TR TSR M
SE IR E SN, AN TR, AR M L 3.
WRIEI (6O BiE RSB 7, B2k N TR
B e e, A NB I BRI M G RN, [RI
BUKP AR 2/3 /RN R .

0.6

1 1 1 1
5 10 15 20 25
tls

3 AL &MERNMERERE

Fig. 3 Artificially generated seismic waves

3.3 AMRESHANSHGIT
HEAT RS T R A E-B ALY, Aslln T
E =Kp (ﬁjn (1 _Ri(o, -0y —singo)j2 ’

2ccos @+ 20, sing

a

O
Bt:Kbpa( 3} °
P,

X E RiEsiE: K DS E R n W%
FEARE: p, WEALRAE: RONBIREL: ¢ JBER
jjy X¢$i@/€l§l@r’ c=0; (py‘jqu@j%ﬁy =0, —

)

Aple(o,/p)s o Rlay MRk NERT. B
B K, AR R m MR R,

AR AR RSP TR SRR 2.
*® 2 RIHIA E-B RESH
Table 2 E-B parameters of Zipingpu CFRD

e a0 @ Ap K n R K, m

FEHEA 216 5539 10.60 1120 0.32 0.75 490 0.120
WHEA 215 5539 10.60 1033 0.38 0.71 338 0.030
HER 230 57.51 10.65 1274 0.44 0.84 1260 -0.026
ERL 225 57.63 11.44 1153 038 0.75 1085 -0.089

B 7155 W R PSR R M R, Ak A T
MR PSS 25 R R AL ERTT AR o JRBRTT AR Ay
FRATVR NLAR IR AR B NAR R 7R RIS Bl B AR AN R
Py SR E 8

e, =c, lg(l+N) (10)
7. =c, lgd+N) (11)
¢, =cyyexp(—c,Sy) s (12)
Cp =CYESE o (13)

L ey, WERRIRRIAZFGER BN, N NEN
PRENIREL: ¢, ey 73 MNTRARAR AL 22 B0 5% 42 BY B
BERH y, NENBINARHRE S, R ATERL 1K
C15CysCyrCynCs NI S H . AT S, X ¢, WIS,
c; =0,

YRk B A FREHg, BEAYERURITIRR %4 2 7
K, BASHBAGAHENE. SRR E TR
B SH e R e 75 T R K& = N3 = 3hikse, Bl
A TSI P A I 2 = RS R
e A R SRS A TR B L, — o ASCIERE
XA 7K AR T 5 M 5K 1 2 B A s AN BRVT AR A 23
BN . Hor, Bl e KSR R
FI = R B ) = ik a6 28, B RSBy R 3
IR n B 0.4 KRB THASbREAR L TAZ 1% R
A BY DI HAR I FERN P, (B HE AR S BT R SRk,
IR IER A0, 2257 REON 10%, HG iR
T 3. WEENZ A DGR 5 R AT
BHERS T 4, WK 4 R, W50 S S E R ITETE

0.1
1 )
0.01 0.1 1
14!%
(a) e - 1 RRMK
1000
100
N
2
3 10+
1+
0.1 1 )
0.01 0.1 1

Yal%
(b) calS? - %R ML
4 HEAMERRER AR ERLE

Fig. 4 Summary of dynamic triaxial test results
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