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Abstract: The influence of spatial variability of rockfill materials on the dynamic stability of dam slope of
rockfill dams was studied. Under the framework of Monte Carlo method, the random finite element
method (RFEM) based on the local average subdivision method was adopted to simulate the seismic re-
sponse and analyze the slope stability of a high concrete face rockfill dam in Xinjiang, China. By compa-
ring the calculation results using the RFEM and conventional deterministic finite element method, it is

determined that (1) when the spatial variability of the rockfill materials is considered, the number and
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dimension of sliding bodies, together with sliding movements and duration increased; therefore, the o-

verall risk of the dam slope is significantly higher than that when the spatial variability of rockfill materi-

als is not considered and (2) the dynamic safety indexes of dam slope are sensitive to the spatial variabili-

ty of rockfill materials and show high degree of discretion consequently.

Keywords: seismic stability of dam slope; spatial variability of rockfill materials; random finite

element method
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Fig.1 Basic flow of random seismic performance

analysis of rockfill dams using the RFEM
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Fig.2 Schematic diagram of rotation-slip method
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Fig.4 Finite element model of the concrete-faced rockfill dam

400
300F
200

I fgal
-

—

(=

(=]
T

=200

-300 f

4005 10 20 30
AP

B5 AT &K B A2 ORF f)

Fig.5 Acceleration time history of artificial ground

40

motion Chorizontal)

3 HARNFEERIASHE M

SUUHE AR 4y B0 T 2 1k SR B A — S i JEE 1Y
AN ENE LA S S () AR S P o O T S AORE ) R
CRE SR AR SR D B8 AN Wi 5 1 7 8 0 R4 19 g
A R IEAT G AT AR . SZ BE R . H i
X BB B E 1R I BE 5T 22 4R v AR ) B A
b BT R B T AR Y 5l RE R R A S
R 5 T TE 25 SR RE AN Wiy 5 P ) 45 K O 9 5 ) 1Y
WEFE R — e 75 A Ly B o i R o B
B 5E P B D BF 5T 88 I B ORL A B K R A W E
PERT R R RIMEAR TE B R LT B A
B g S A B E A X 4 R B R T Y AF
SR T S RS B E R B SE T S BORR R AR R
P AT BRI 2 e 22 9 SRR 1% B3k = 4807 7 T Ok . i 5
FEAR B8 Xk HAR I 50 08 52 Y 1 6 D00 B 45 SR AR A

LT 12 MRS B s AR B TR B 5
M GETH AR PEIE H A 5 AR . I B E AR

SR AL B M4 BH) 3R AT 1) ) 25 AR R SIS
BRI 2 PR BT, Gk — S {8 AT 58 S AR 3 S H0
SRR HESE bR g 25 RR R Y e E R AR, AT K
KEEARII BE J) 2 S 80 G 1 FR I 0 A, (4 1
SR RE SR E S B Th MRS R G T R 1 BRI TR T
JICIET
3.1 BhAhERMER

HEFTRE Bl P 5 D5 T 8 R Meng™ $2 H Y
£ HEARHLBR HE AN 5] R AP Bk 1Y B A Y
RS JF 8 R Y B 2 R0 g B =S 8] S e Y
BENLY . HAKHD, 5 R B i G, 5 HEAORHL B
e AR REC, FHARKN T o0 FFTELLTF
KR

G =Ko X C1%% X e* X ("Oj ' (5)
Pa
FERBNESARAYSREBC, BEWTREA:
neg 20.48 >< C(,)ll(Jg (6)

LB L e BFEE o 5P 2RiAE Dy B9 R R AT ER
N
x =—1.482 —0.5941g(D;,)
SR K ¢ w7 d Rkl e i 2 A A
PR RS G, 5, Tl ) TR
AR B BT REAR y A S BT G
G

1+ (1]
Y.

K BHNAE 7, GAHLRLC, W2 R
Joo AMTRER:

D

G =

(8

0o

v, =K, X C," X (j 9
Pa
M¥EE o 5 FHH NI 60 H K.
a=K,+0.1X @("“) an
Pa

BRI BELJE R PE DT T 1 T Meng %5 #93HE
AR AT FEA ASORE R AR AQD iR HE

JE It .
1n(%j=K5(1—,i)+K6 (an
AF . ZEZEHEL A, H:
0y
A,—KB(PCJ+K4 (12)

25 NI LR BEAE bR 0 A TR HEA
Kl 7 = B g 25 R AT A A5 5 Meng LR Y
UESEBRUSHILE 1 5,



943

FAl B AW ¥ 5.5 A R A (AR S ) A A I R AR R LA R T A B
F1 BAHERNESH
Table 1 Fitting parameters of static constitutive model
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A2 600 0.76 0.86 50.8 8.5 1003 0.24
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Table 2 Fitting parameters of dynamic constitutive model

1Rk K¢ n, K\ K K K, K; K
FHEX 100 0.48 0.12 0.585 —0.195 18.58 1.948 —1.8380
WHEIX 160 0.51 0.12 0.860 —0.465 19.87 1.773  —1.766 0
#)E R 86 0.45 0.12 0.860 —0.537 20.02 1.890 —1.762 4
fuRiiz 90 0.42 0.12 0.688 —0.290 20.17 1.946 —1.763 7
a2 60 0.48 0.12 0.585 —0.195 18.58 1.948  —1.8380
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Table 3 Statistic parameters of random properties

Y T fLp xR A% - Bk A Wik M
” /(g cm®) /% B3 /mm FEE J52 £ ES
) 4 2.25 20 202 65 50.8 600
P L ) ) )
R RE/ % 10 10 40 40 15 15
X ¥iE 2.26 20 202 65 55.6 955
BRRE/ Y 5 5 40 40 10 10
. # 2.17 20 33 157 50.8 1122
YA X il ’ 0
BRZRN 5 5 40 40 10 10

WAL 3 PN AN [+ 57 58 ek IO 114 725 8 1] ) A O 1 5 59
FHAHCHEBS 0 #iik . HRTOUA D i g3 KR R 1
HH G B B A BIF 5 BRI A B AT
TR IS R . NI, ARBFIE S % KR+ 2 MK
2 U, 8 45 2 B BE HIL 3 1 K SF- 3 A O BE
B E R 150 m F1 50 m, IUSLTE 35 R A8 HE
FKAF-FEE LA CFE 2% 2 7 100 m Fl 50 m,

4 HEHhZEHETFHRFTE
WU Bl I3 2 AR O T AR N 2 B0 A

TE XA BR T I 78 3k T 55 45 2 A D i DL AR
R4 R BUN T 1B 3 AR R bR v 5 (ELE A R
R B 2 I 5T AR L BR T B BT SR B T AR
U Bl D3, S R R HL RS R AR D 5
RO LR IR I ¥ S A et AR g )
TG T A AT BE LE /N KA B 3 Bl R T A R BOR
I ™5

PG S 7 AN () S5 S 38 B UL T 3045 1 1y 30
Wezz A PR VPN 45 2R 2Z 18] 1 b B A R L, AT AE
P LI 4 22 2 P 6 6 RUREAS T 1) 2 2 R 42 1 T A



944 Wom T R % 2019 4
A A fE B MEPE 36 b . ELR M OB 35 36 4 Fr il A #g 4.2 TWIRH R

TR B0 28 ) % 1 A BRON FE AT 43 28, SR 5 R AN T 26
5 1 S AR 2 5 BT 8 Y AR [ B8 PFA A o R o
27
4.1 BohkaE

T Bk 4y 26 07 . — 28 2 00 250 SR Y 4 S
WEA ) AR FR R /N T 0.125 % ~0.5 % B AR Ak
B L3 4 T8 A5 AP AR AT O T A A
DA LA ) T 1 AR R AR

F4 BHESERE

Table 4 Classification criteria of sliding blocks
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Table 5 Classification criteria of damage of different sliding blocks

e IR g —% =k =2 UtES
I % Ts/s 0.5 0.1 0.05
; W H/m [0.5,0.5% H] [0.25,0.25% H] [0.1,0.1% H]
1% Ts/s 1.0 0.5 0.1 0.05
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Table 6 Finite element analysis results of stability
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Table 7  Statistics of slippage and slip duration of typical sliding blocks
Sk g 5 1263 1264 1265 1282 1288 1289 1306 1457
B/ m? 34.1 68.7 103.6 140.2 169.6 255.9 274.7 304.5
S Y AR 344 323 286 205 206 143 135 121
¥ /m 0.22 0.16 0.12 0.07 0.06 0.04 0.04 0.03
R FRifE2E /m 0.40 0.30 0.25 0.16 0.15 0.13 0.11 0.10
AR5 RS 176.1 190.3 207.8 241.2 233.6 286.1 290.6 318.7
e KAH /m 3.62 3.12 2.80 1.43 1.17 1.11 1.03 0.95
¥ /s 0.28 0.23 0.18 0.11 0.11 0.06 0.05 0.04
N FRifE 22 /s 0.45 0.39 0.34 0.23 0.23 0.16 0.14 0.13
L ARREY 162.6 171.2 186.4 222.3 213.4 263.8 270.4 294.8
ONEVR 3.66 3.56 3.28 1.98 1.78 1.28 1.22 1.10
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