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Analysis of earthquake response characteristics of a high face rockfill dam
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(1. State Key Laboratory of Hydrology Water Resources and H ydraulic Engineering, Nanjing 210029, China;
2.Nanjing Hydraulic Research Institute, N anjing 210029, China;
3. Management Bureau of H ekoucun Reservoir, J iyuan 454661, China)

Abstract: In view of the structural characteristics of the high face rockfill dam, we calculated and analyzed the dynamic response
characteristics and the seismic safety of the dam by the t hree dimensional nonlinear finite element method. In the dynamic caleur
lation, the dam material and overburden layer were simulated according to the equivalent linear viscoelastic model with consider
ation to the confining pressure effect. A linear elastic model was used for the calculation of concrete dynamics. The permanent
deformation of the dam was calculated based on the dynamic stress residual strain model, which could be used to calculate the
residual body strain and residual axial strain.T he results show ed that the maximum permanent deformation along the river was
15¢m and the maximum permanent deformation in the vertical direction was 49 cm; both at the dam crest. In the three dimerr
sional analysis, the horizontal absolute acceleration response of the rockfill was 9 m/s’, and the maximum amplification factor
was 4 2. The maximum earthquake response of the rockfill and the panel occurred at the top of the dam, showing an obvious
whiplash effect.
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Fig. 1 Typical section map of the dam
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Fig.2 Three dimensional finite elem ent model

3
Fig. 3 Contact surface and joint unit
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Tab.1 Contact surface and joint
R AT B T LiSTe S
1 B i )7 iR Good H1JG
2 B b5 5 Good H1JG
3 BHEE BRI Good H7T
4 BB TR Good 7T
5 REpR 2 R kAR Good BT
6 TR TR 4T
7 TR il B4 T
8 iR BRI YR
9 HEAER b5 5 REgER T
2

Tab.2 Calculation parameters of engineering contact surface
LT3t K, @ R,
Goodman ¥.JC 21 000 32 2 0.8

g o

c/kPa n K.,

1.25 1E8

1 B&JE bR+ 1 an BIRH4E, 1R BRI 7. 8 MPa

1.4 #HHTHEAH
SR U B SR 47 10 2K Rk AT = iR 56,
His it ES B 3,

3
Tab.3 M aterial design parameters for 3D finite element analysis of the dam
HlFf
ZE/ (kN * m3) K n K, m R, Ko %) A®C) ¢/ kPa
FHEARL 22 1428  0.425 381 0.369  0.825 2200 50.7 7 0
MR AR (R g AR 21.2 913 0.326 225 0.291 0.845 1826  43.5 1.2 0
UCHERL R 38 (40K 21.2 477 0.483 124 0.544  0.712 1000 42 2.5 0
WER 22.9 786 0. 451 371 0.399  0.667 1650 48 4 0
AR 22.1 598 0.431 280 0.215 0.789 1196 51 3.6 0
T RIS B ATRN R AR) 21.2 913 0.326 225 0.291 0.845 1826 44 0.7 0
TR] RIS G (T Wbt D% 5 5L) 21.5 1 150 0.42 550 0.28 0.85 2300 44 1
b B 2 (T e A D L) 21.5 1 100 0.42 500 0.28 0.85 2200 44 1
Lk 16.5 76.1  0.818 529  0.329 0.589  152.2 25 0 5
K2 16.3 100 0.5 150 0.25 0.85 200 28 0 0
VSR 20.5 1 000 0.3 550 0.28 0.75 2000 45 0 0

VR LT €30
BIEAR SRR L TR e T BT B RS €25

FPEAE E= 3 0x 10* MPa JAfALL = 0 167 v= 25 kN/m?
MR E= 2 8x 104 MPa JHFALL U= 0 167 Y= 25 kN/m3
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2k 1056 4R L3 4, BURHK ', I3 S.

4 Hardirr Drnevich
Fig.4 Hardirr Drnevich hyperbolic model
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Tab.4 Shear modulus ratio and damping ratio under different shear strains
) I# 45 H y BTN v,
BT " ZH
K. 5% 1076 1% 1075 5% 10 1x 104 5x 104 1% 103 5% 103 1x 102
) Ga/ Gimax 0. 995 0. 990 0. 952 0. 909 0. 666 0. 499 0. 166 0. 091
EHEA R 1.5
M 0.003 0. 005 0.022 0.039 0. 096 0.116 0.143 0. 147
‘ Ga/ Games 0.993 0. 987 0.936 0. 880 0.595 0.423 0.128 0. 068
o Rk 1.5
A, 0.003 0. 006 0. 026 0. 044 0.109 0.133 0.162 0.167
) Ga/ Gima 0.991 0. 982 0.915 0.843 0.517 0.349 0. 097 0.051
AT R A O AR} 1.5
M 0.019 0.032 0. 080 0. 098 0. 120 0. 124 0.126 0.127
Ga/ Gimax 0.998 0.997 0. 984 0. 969 0. 863 0. 760 0.387 0. 240
HtKE 1.5
N, 0. 001 0. 002 0. 008 0.016 0.057 0.085 0. 140 0.153
] Ga/ Gimax 0. 994 0.988 0. 942 0. 890 0.618 0. 447 0.139 0.075
1.5
(CEHALR M 0. 006 0.012 0. 044 0. 069 0.122 0. 136 0. 149 0. 150
MR Ga/ Games 0.995 0. 989 0.948 0. 900 0. 644 0. 475 0.153 0.083
yiniivy 1.5
(BT by 0. 021 0. 036 0. 090 0.111 0.136 0. 140 0.143 0. 144
) Ga/ Gamas 0.993 0. 987 0. 940 0. 887 0.611 0. 440 0.136 0.073
BEAORE 1.5
N, 0. 049 0.075 0.128 0. 141 0.153 0.156 0. 156 0. 156
5 K .n 6
Tab.5 K andn values of four kinds of dam materials Tab. 6 The coefficient and index of the residual axial strain formula
T FEL R K n 4 ‘ HE N= 12 &% N= 20k
F R 2953.0 0.54 ARk C IkPa g e K. e
AR 2714.4 0. 550 1.5 200 0.2127 0.6999 0.2176  0.6275
AT R RD B Akt 2 532.9 0. 540 " 2.5 200 0.7091 0.9065 0.6843  0.781
EHH
itz 318.24 0.550 1.5 1000 1.1958 0.6571 1.2769  0.5841
HEA B BB AR 2 830.0 0.54 2.5 1000 3.501  0.9531 3.8578  0.9317
HER B B R 2294.8 0.54 1.5 200 1.5841 2.2455 1.7397 2.2132
IR R 2977.0 0.59 ‘ 2.5 200 3.1009 2.2498 2.5437  1.8877
WHERH
. . o b et L 1.5 1000 5.4275  1.514  4.9699  1.3334
FH 1% IR HEA T FEGh = IURE D FE VR R AR T
2.5 1000 9.7293  1.395  9.4804  1.3054

W8 28, AU E T IURHPRR R IE RS2
5 TR 0 BERE AR Hi8 122 TR HEAT ST R oy i ik
AT, 2 HEAT AIUHEAT (A3 Rk R A TR BN AR
KEHILER 6 M7, He b RIS BOR G IUREAR )
(S AT S

(2) SR LR

WS TR T A AL U M 100 45
20% WO B 201 gal, 4 A3 10 K0 11 24
o x TSI I KT DR BRI y 7T
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7
Tab.7 The coefficient and index of the residual body strain formula
tR . HE N=12 & N= 20X
B © IkPa g n K, n
1.5 200  0.3584 0.8295 0.4777 0. 865
) 2.5 200  0.4344 0.8018 0.5623  0.8356
E¥e)
1.5 1000 3.6726 1.3886  4.0262 1.272
2.5 1000 5.3376 1.431 5.6316  1.3591
1.5 200  0.3184 0.8822 0.3794  0.9062
‘ 2.5 200  0.8445 1.3671 1.2523 1.5277
URHE A1
1.5 1000 8.6736  1.9621 11.213  2.0291
2.5 1000 5.7201 1.3486  6.8274  1.3445

TERE 7 ) B BN BN, AR BEK TR PR &
THER TG, 45 L0 A 47 Rk 2/ 3 ( 1 T S R N T AR R
a0 N FRTHIRE I8, GO i) Jor ekt 55 WA Sy g % fv) o e 3
WEEAE g 7K UG 1 2/ 3) 5z 7 1) A s 3Lt 7 1) A
FIIEEERT N 5 N 100 5568 U 2% 1M
DI Mk o v AR R IR RN 24 A
KB, BEASK I B XK 734 50 A /INet B, A ot #5
I3 ERIE EEE KR Q02 s,

5 100 2%
Fig.5 Time history curve of ground motion

acceleration exceeding 2% probability in 100 y ears
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JiEe] ) 2% I FE A RN 9 m/ s*, TR RECN
45, B [ X N TH B B KON 10 m/$7, TR R B
RS0 R R KA NN 1T em, B E ]
B KALAE B N6, 5em, 35 AEAE T LT T .

8

Tab.8 Maximum acceleration response of each section

2.2

W T o FFWETR/ (me s2) EHEFTRH/ (me s2)
HES 0+ 170 Wit 9 10
PES 0+ 50 I 8.5 5.5
HES 0+ 290 WriA 8 6.5

* 156 +  KFITEHR

9 0+ 170
Tab.9 Summary of three dimensional dynamic finite elem ent

calculation results for O+ 170 section

mooH Ml
B ERHETT R 11
BHAR R em ,
EEw| 6.5
F—E R 0.53
He A PRI KRR SRS M P B =R 0.51
TR B R 7 0.35
N3 164 %2 3/ M Pa 7.5
TR 85 K7 7 AL RS S B
AR ERE/ em 9.5
B BARAE 29
IR 5 BEAR P67/ mm —
SC PN )% 25
Z44%/ mm KU 36
\ ERHETT 15
RAAETEL em
T E A 49
6
Fig.6 Displacement response map of the dam body

7

Fig. 7 Panel stress response map

8

Fig. 8 Displacement map of im pervious wall
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