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Fig.1 Section of clay core rockfill dam
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Fig.2 3-D FEM mesh of dam
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Tab.1 Calculation parameters of static model

& OE PUeysR E-u B4
U4 B =
/ (kN +m™) ¢/ kPa 0/° AD / ° Rf K n G F D
k1 23.55 0 47.1 7.7 0.75 568.9 0.20 0.34 0.22 4.34
WAk 23.80 0 46.8 7.6 0.74 519.4 0.20 0.31 0.16 3.78

Herk 23.04 0 52.6 10.1 0.77 1011.6 0.23 0.32 0.12 5.12
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/ (kN +m™3) ¢/ kPa 0/ ° AD / ° Rf K n G F D
FuR/ %o 23.01 0 53.7 10.0 0.76 1180.5 0.26 0.39 0.15 4.81
RUER 1 22.82 0 47.7 5.8 0.62 518.8 0.34 0.31 0.09 4.46
SUERH T 22.82 0 51.8 10.4 0.77 851.1 0.22 0.34 0.17 4.69
IWSHE 22.26 0 36.2 4.0 0.79 373 0.53 0.32 0.13 3.95
P+ 20.81 9 28.6 0 0.8 193.5 0.51 0.17 0.07 3.45
(S N2V 22.80 0 40.6 5.4 0.65 260.3 0.46 0.36 0.07 2.46
WA )2 22.2 0 48.2 8 0.78 760 0.79 0.51 0.14 4.21
F2 HHEITESEH
Tab.2 Calculation parameters of seismic model
Uk 44 FR k, k, A e ¢/ % ¢y o3 cy/ % s
ek 1 1285 25.0 0.25 1.2 0.65 0 22 0.54
ek I 1150 22.0 0.25 1.2 0.65 0 22 0.54
sk 1 400 24.0 0.25 1.1 0.70 0 20 0.55
FuR ) 1 580 28.5 0.25 1.18 0.90 0 20 0.47
gl 823.6 18.7 0.26 0.9 0.83 0 19 0.44
g 1366.9 28.3 0.27 1.15 0.94 0 14 0.45
DAt 680 15 0.23 0.71 0.95 0 6.0 1.18
I+ 200 6.0 0.31 0.83 0.95 0 8.9 1.15
LR 600 15.0 0.28 1.5 0.6 0 28 0.5
WA )R 900 20 0.26 1.1 0.85 0 16 0.48
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Fig.4 Contours of acceleration response in the maximum section (unit; m/s”)
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Fig.5 Contours of residual displacements in the maximum section (unit; cm)
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Fig.7 Safety factor time history of dam slope
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Tab.3  Seismic stability of dam slope at different peak values of ground acceleration

FEF TRV v e o 5273 TR
0.40g 1.22 1.52
0.45g 1.16 1.43
0.50g 1.09 1.36
FIKI KA R 0.55g 1.01 1.28
0.60g 0.95 1.22
0.65¢g / 1.12

0.70g / 0.92
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Fig. 8 Stability calculation results of dam slope under different peak values of ground acceleration
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Tab.4  Safety factor calculated by time history methods

o W k. Fo<l.0M
IS ON ;| f/MAE A EEAding 5] VA
0.34g 1.75 1.41 1.576 0
0.40g 1.77 1.36 1.571 0
. 0.45g 1.82 1.24 1.552 0
Lk 0.50g 1.88 1.03 1.538 0
0.55g 2.10 0.92 1.520 0.88
0.60g 2.25 0.86 1.514 2.64
0.34g 1.68 1.23 1.419 0
0.40g 1.69 1.19 1.413 0
W 0.45¢g 1.76 1.08 1.392 0
TR 0.50g 1.83 0.96 1.385 0.36
0.55¢ 1.90 0.91 1.379 1.96
0.60g 1.98 0.82 1.375 2.98
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Tab.5 Permanent displacement of dam at different peak values of ground acceleration

. e K AZEIE/ em NI 1) K AZETE/ em B K AETE/ em
WA o 3 38 — o - -

4 I 76+ ) i ]~
0.34¢g 17.9 21.8 16.6 37.4 64.5
0.40g 21.4 23.1 26.0 44.7 77.6
0.45g 24.8 27.2 30.9 51.8 87.5
0.50g 27.9 31.9 35.4 58.2 100.3
0.55g 32.4 36.5 41.2 67.8 116.3
0.60g 36.7 41.4 46.5 76.1 129.5

4 LR TEHIM

IR AT RIS A7 KT S AR 3t R A RIS B A A A v R B BR P2 E 7. AR T 5, AR,
SE B FRBTARBE ST R, ELREE MR S (o W (RN E ) i B8, i ooz & T v (RS k. s b i T
YU L FR B0 3 S S A X | MR i A P i T3 AR 1 S 3 B A ST R S S A (A O AR S AT A 2R AR
Pk SO OB T AR R AR Y304 b R30I sl A .

BETNINTGSEE BRI JR 30U I ok A2 45 2 2 B IR LU SR S B R A . I
AR A TR NN A S e TR B S 3 12 BN XA 2k R RE S 4 s U A 3 ) AR
SETE, SCRERS I/ NIUA ML R R AARIE . JE T T30k | A O R IHUE T — PR A b AR (&1 A 05207k
1374.8 m e i) L Z I, 7P 3 £ TAS AT L R SE PR T B I i R S St 1) b
B b RO b TS B EEE DY 2 m.

THRESER B | - TSI S T BE A S e U O i A e e, /N2 R MR R 16% ~18% JF L
A FZ IR A AT BT ).

5 4 &

TEC S B I FE BT S A HEA L , 0Br T Co s 00RT RE 19 3 7R 05 3 BE X U pe i AR E S DB = AL
PR AR BRI, T ERARIE , AT T AR FRETER 04T, WH5E 1O U R GTRR RE ). WP SE 4 SRR, O da e
A VU S ML R R A ATV R B A 50 i PO AR BRTRZ RE 7, DUBEARRE 1) B PR 7 R T AR R A 304 L3
Bl 7 SSRGS 558, 3UUIBE B 1 B 0 A7 A M 0 RE (e DA (R ) i3 i T, HL 2 2R B T
=) IS s a1 v (YA O i e N 2118713 DA /Sy 5 S B 1 B e 21 RO R ) | i
RN FEARE— TP A R T7 1, RERE RS $ o WU A 3l 0 B 1 , SBERE I/ NIUA M ZR K AT



KoM ok BB T OB ¥ R 2010 4F3 H

% X

i . AR TR M]. mE A, N R A=t R, 1989, (GU Gan-chen. Seismic engineering of earth-rockfill dam
[M]. Nanjing: Hohai University Press, 1989. (in Chinese) )

WREEDK, BT, BRI, <5, 127 B0 R 58 PP BE L i ARSI 52 m K R R A3 Br ()], & B TR 2%, 2008, 30
(6):795-801. (CHEN Sheng-shui, HUO Jia-ping, ZHANG Wei-min. Analysis of effects of “5. 12”7 Wenchuan Earthquake
on Zipingpu Concrete Face Rockfill Dam[J]. Chinese Journal of Geotechnical Engineering, 2008, 30 (6): 795-801. (in
Chinese) )

skoBE, B, AR B, A S LA URRUE S HTRIRFSELT]. K KL, 2008, 27(4) - 83-88. (ZHANG
Rui, CHI Shi-chun, LIN Gao, et al. Research on slope seismic stability analysis of high earth-rock dams[J]. Journal of
Hydroelectric Engineering, 2008, 27(4) ; 83-88. (in Chinese) )

HARDIN B O, DRNEVICH V P. Shear modulus and damping in soil: designing equations and curves[ J]. Journal of the Soil
Mechanics and Foundations Division, ASCE, 1972, 98(7) : 667-692.

TRERIT., MEEREE, TopT . BEW LR L S I At [ T]. KFIKER=FSY, 1984(1) . 52-61. (SHEN Zhu-
jiang, HUANG Jin-de, WANG Zhong-ning. Seismic liquefaction and deformation analysis on Douhe earth dam[J]. Journal of
Nanjing Hydraulic Research Institute, 1984 (1) 52—61. (in Chinese) )

REH, ERT. MR H%IM]. R, RERH ML, 1990, (ZHU Bai-li, SHEN Zhu-jiang. Computational soil
mechanics[ M]. Shanghai: Shanghai Scientific and Technical Publishers, 1990. (in Chinese) )

SEED H B, IDRISS I M. Simplified procedures for evaluating soil liquefaction potential[ J]. J Geot Eng, ASCE, 1971(9) .
1249-1273.

WA, W B, HERE. NRIE AN =Z4e = SOv /e[ 1]. ANRB, 1995(6) : 35-39. (SHEN Feng-sheng, PAN
Ru, GAN Xian-zhang. 3-D seismic response analysis on Xiaolangdi Rockfill Dam[ J]. Yellow River, 1995(6) : 35-39. (in
Chinese) )

fLIERT, ARples, XBoEdh, 5. o A EE A PUR I XOHRCR RS []. KFI#4R, 2006, 37(12) : 1489-1495.
(KONG Xian-jing, ZOU De-gao, DENG Xue-jing, et al. Comprehensive earthquake resistant measure of high earth rockfill
dams and effectiveness verification[ J]. Journal of Hydraulic Engineering, 2006, 37(12) : 1489-1495. (in Chinese) )

Seismic dynamic behavior and limit aseismic
analysis on high earth core rockfill dams

LI Guo-ying, SHEN Ting, ZHAO Kui-zhi
( Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract; Earthquake disaster avoiding is very important for the safety of earth-rockfill dams. It is accepted that

rockfill dams are with nicer aseismic behavior. Although some high rockfill dams were tested by strong earthquakes,

the limit aseismic capacity of a rockfill dam is still concerned. Numerical model is a useful method to estimate the

dynamic response and to analyze the security of a dam during earthquake. 3-D FEM method is used to analyze the

seismic dynamic behavior of a high earth core rockfill dam. The earthquake destructive criterion of the dam is

investigated, and its limit aseismic capacity is studied. According to the characteristic of dynamic response of the

dam, viable aseismic measures are discussed.

Key words: core rockfill dam; earthquake dynamic response; limit aseismic capacity ; aseismic measure



