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Safety criteria and limit resistance capacity of high earth-rock dams
subjected to earthquakes

CHEN Sheng-shui" %, LI Guo-ying"? FU Zhong-zhi" >
(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. Key Laboratory of Earth-Rock Dam Failure Mechanism and Safety
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Abstract: By investigating and analyzing the earthquake damage performance and the in-situ observations of earth-rock dams,
a series of criteria to control the safety of high earth-rock dams subjected to earthquakes are proposed in terms of three main
influencing factors including slope stability, permanent deformation of the dam and deformation of peripheral joints. These
criteria are used to study the limit earthquake-resistant capacity of a typical earth-core rockfill dam and a concrete faced rockfill
dam, respectively. It is found that high earth-rock dams can resist strong earthquakes. The limit earthquake-resistant capacity of
the two cases is as high as 0.5g, which means that the two dams can perform well without catastrophic subsequences even
attacked by an earthquake with degree of nine. Furthermore, the limit earthquake-resistant capacity of high earth-rock dams
largely depends on the safety criteria. The most important factor to control the safety of an earth-core rockfill dam under
carthquakes is the slope stability while the deformation of the peripheral joint is the control factor for the safety of concrete
faced rockfill dams.
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Fig. 1 Schematic diagram of forces acting on earth core after

failure of downstream slope
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Fig. 2 Relationship between relative crest settlement and peak

ground acceleration
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Fig. 3 Relationship between settlement of peripheral joints and
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Fig. 4 Relationship between opening of peripheral joints and dam

height

80

60
8
d
R
=

o
0 1 © o L 1 L ]
0 50 100 150 200 250

HIF/m

5 ERELEREILESMEHXFR
Fig. 5 Relationship between shearing of peripheral joints and dam
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Table 1 Safety controlling values for displacement of peripheral

joints of high concrete faced rockfill dams

Wi /m YL /mm K7/ mm B74)/mm
100 45 30 30
200 60 40 40
300 80 50 50
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Fig. 6 History of base acceleration
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Table 2 Safety factors using pseudo-static method and finite

element method

T I U SCVFE
0.50g 1.108 1217
0.55¢ 1.023 1.184
e 1o 0.60g  0.960 1.141
MEIE - (6se 0894 1.105 1.0
0.70¢  0.847 1.060
0.75¢ 0787 0.995
0.50g 1.419 1.445
. 0.55g 1315 1336
LT 1.226 1275 1.2
0.65¢ 1.141 1,202
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Table 3 Crest settlement of earth core dam induced by earthquakes

with different peak accelerations

TR W WU B it /em FEFER %
0.50g 2035 0.78
0.55g 222.0 0.85
0.60g 244.0 0.93
0.65g 266.3 1.02
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7 BENESHMR N ERBXTMAYEIN (0.55¢)

Fig. 7 Slip surfaces corresponding to minimum safety factor using pseudo-static analysis (0.55g)
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Fig. 8 Slip surfaces corresponding to minimum safety factor using finite element analysis (0.60g)
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Fig. 9 History of base acceleration
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Fig. 10 Slip surfaces corresponding to minimum safety factor

using pseudo-static analysis
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Table 4 Safety factors of slope excited by earthquakes with

different peak accelerations

B 43 1 B 2 0.400~0.70g. #HH ERBIRSRH “ 1 LUt R S SN2
KRR, B SRR SR PR B S B 040g 1350 -
PEBOR, TSN R O
SRS 9 A S %R T /K 07 - ﬁé e B Lo
WU RS 24 RHOLK 4, Wil T 00 F /N e 4 060z 1063 _
FHO I 1 9 A A U 5 v 1/3, i 10 065¢  1.008 -
Fim. WAL, MUUERE 2 aEokE, %I 070g  0.941 —
FRPLZ fE I N AE 0.65¢~0.70g 2 ], 0.40g — 1.483
Fe 5 4T AN IR B A AT I B 045g  — 1415
KHUB TR RE . WNFP LB H, BEE AR 0.50¢ - 1.324
IR A AT I O, KU A it 5 7 FAN 055 1272 10
BB, AT LIS S 0.70g, KOV K% e i
LU 0.6%, DRILAKIUE I bk 1) ER T, 2300 0708 — L 068
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Table 5 Crest settlement of concrete faced dam induced by

earthquakes with different peak accelerations

o3 5 U (] HUTHRE B /em R R Y%
0.40g 714 0.46
0.45g 73.0 0.47
0.50g 76.8 0.50
0.55g 79.2 0.51
0.60g 84.7 0.55
0.65g 88.6 0.57
0.70g 943 0.61
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AEE= AL AE R . IR IZI R, SRIA S
VTR AR 4 5% AR T M e 22 A2l 3 14 4807t
B NN T 56 mm,  BY PRI RE ISR I AL A% N /N T 36
mm. ML bR, IIRIZEE 2R, %
RINIBY B B 75 B8 1 AT 0.50g~0.55g Z.[W]. #Zier
AW T ASCHE AT LA PR B E I 7E 0.50g~0.55¢ 2
), FTRURIL, X T w0, i st 2 a2
O PR PUR= RE I I A 3R

% 6 TREIMREIEEMERE T EihsER = [ L
Table 6 Displacement of peripheral joints after earthquakes with

different peak accelerations

MR 39Y)/mm  PiFH/mm 7Kk IF/mm
0.40g 29.0 39.7 26.1
0.45g 314 45.3 30.0
0.50g 353 49.2 333
0.55¢g 443 54.6 40.4
0.60g 49.7 60.7 45.6
0.65g 53.8 65.1 50.5
0.70g 60.0 70.4 54.1

5 ZEIEFNEIN

T T U A SR ZOR AT,
AU R . A K A A T L R -
TR0 RS 3 AN LA A E BN, )
S ELT R M T 2 A P bhsoE, R P SE S
Lo HEAT ORI TR M A7 0L A PR A R i AT 7 5
IIHT, GRS AU BRI RS Sy, I
BB AL 176 0.50g LA F, TTHEHL 9 S DL FHb R 1T
RECT LIPS R A U B R RE A
PRI 1 7 2 A s BT M B AR 5, IR AR S LI
K, B AT U R i AR B 8 A
K2, I ARCHE AT LT AR 8 i e 4 2 HM R
e I 2.

TIOR8 AT WU 2 At U RRHE T
TR TR AR AR, A SCREBURRUER &

PV i TR 2 S bR TR S . SR b, mia
PURIERSE « WA 2 IR AT DAL R e - I %
SERIAE 3 RPN R A 2 A ) T R B A LRI
(K, A Je Wk — DA 23 M i 0 g A LR R 5 BER
TR B AT RE AL BRI T, RA T |
& 3 AW A I A R RO R, 2
SEUAMA M AR TS A% DR bR« DIBERSRIG 15 T 5 5K
F 0 T2 TR e o I R e A B v R BR 47t
e BESI M ks TR, 25 R B RS R AR AL KL 2
HATHENERI SN, A5 A IR 2 A b v o
FIN RGPS BA R L2

S
[1] SEED H B, IDRISS I M. Soil modules and damping factors for
dynamic response analyses[R].

Berkeley: Earthquake

Engineering Research Center, University of California, 1970.

(2] RSV, VEREH, WAL, A5 R = dE AR MR
S 53 A 5 AR B B AE[T]. KRR, 2003, 9: 12
- 18. (ZHAO Jian-ming, WANG Wen-shao, CHANG
Ya-ping, et al. 3D authentic nonlinear method for dynamic
analysis of high CFRD[J]. Journal of Hydraulic Engineering,
2003, 9: 12 - 18. (in Chinese))

[3] SEED H B. Consideration in the earthquake resistance design
of earth and rockfill dams[J]. Géotechnique, 1979, 3: 215 -
263.

(4] JLERIT, 4R WL HEADRHK B D ASBRFE]. KADKIE R
ETRST, 1996, 2: 143 - 150. (SHEN Zhu-jian, XU Gang.
Deformation behaviour of rock materials under cyclic
loading[J]. Hydro-Science and Engineering, 1996, 2: 143 -
150. (in Chinese))

[5S] NEWMARK N M. Effects of earthquakes on dams and
embankments[J]. Géotechnique, 1965, 15(2): 139 - 159.

[6] i b, A, B . LAYHE TR M] b
b K A K R FE, 2009, (GU Gan-cheng, SHEN
Chang-song, CEN Wei-jun. Earthquake engineering for
earth-rock dams[M]. Beijing: China Water Power Press,
Beijing, 2009. (in Chinese))

[7]1 BRAEK, BT, TR, “5.127 301 HE X 2B 4l R %
AU 5w B s AL A (D). b R4k, 2008,
30(6): 795 - 801. (CHEN Sheng-shui, HUO Jia-ping,
ZHANG Wei-min. Analysis of effects of “5.12” Wenchuan
Earthquake on Zipingpu Concrete Face Rock-fill Daml[J].
Chinese Journal of Geotechnical Engineering, 2008, 30(6):
795 - 801. (in Chinese))



WRAEK, A A UOR 2 e il dE S ARG UR RE 0T 5T 65

[8] GAZETAS G. Seismic response of earth dams: some recent

developments[J]. Soil Dynamics and Earthquake Engineering.

1987, 6(1): 2 - 47.

(9] “B%Ew, o #, FLSERT, A8 A SO e AV ) = ¢
HIRICHIIE[I. H 1%, 201135 T 1): 656 - 661. (ZOU
De-gao, ZHOU Yang, KONG Xian-jing, et al. 3D FEM study
of acceleration response of high earth-rock dams[J]. Rock
and Soil Mechanics, 2011, 32(S1): 656 - 661. (in Chinese))

[10] US Department of Homeland Security. Federal guidelines for
dam safety, earthquake analyses and design of dams[R].
2005.

[11] ZEESE, b G5, BOEL. m LS HE A I R Bl ) ek &
PURRRIR S HT[I]. KRIKIE TR, 2010, 10 1-8. (LI
Guo-ying, SHEN Ting, ZHAO Kui-zhi. Seismic dynamic
behaviour and limit seismic analysis on high earth core
rockfill dams[J]. Hydro-Science and Engineering, 2010, 1: 1
- 8. (in Chinese))

[12] ZEE, AR 98, Kb5E, 55 KL K RS TR R
A—EAIFEFRER]. #ROUKMBEART B (TR
), 2010. (LI Guo-ying, REN Qiang, MI Zhan-kuan, et al.

Study on the earthquake responses of the Nuozhadu

hydropower station: Earthquake damage investigations[R].
Nanjing: Nanjing Hydraulic Research Institute, 2010. (in
Chinese))
(131 ), % 1, FLIER. MU AE AT A TRl
B KR HAER, 2012, 31(2): 183 - 191. (LIU Jun, LIU
Bo, KONG Xian-jing. Estimation of earthquake induced crest
settlements of earth and rock-fill dams[J]. Journal of
Hydroelectric Engineering, 2012, 31(2): 183 - 191. (in
Chinese))
B R, Ry, SRR L ASIERER 5 AHM]. b
50 EE ) R, 2004, (GU Gan-cheng, SHU Yi-ming,

—
—
S

finar

SHEN Chang-song. Experiences and innovations in
earth-rock dam engineering[M]. Beijing: China Electric
Power Press, 2004. (in Chinese))

[15] BRAK, ZFE5E, WA, 4% b E 22y
VEHIH IVEMFUR]. R B UK R BB TR, 2011,
(CHEN Sheng-shui, LI Guo-ying, LI Neng-hui, et al. New
safety evaluation and safety controlling methods for high
earth-rock dams subjected to earthquakes shaking[R].
Nanjing: Nanjing Hydraulic Research Institute, 2011. (in
Chinese))

(BXIEFH) EITEE

Ca L TR Q10T 1979 45, Z2EAFL LA,
it FEHL KA SRBISE AN E ARG T AR
BHEGWT]. d1 s BOKFIRART T A& Ip, NS AT RAT.
LG T35 A A AP R A S BB A S oK
P HRHEARE TN TRE S R A o IRIEPTELE S HrBoR . Bl
s HRHRT SO T o i [ 258 H AR 2k 0 H R At
HEIRH (IR FURR AT BeRS, A8 T M A S R 28 5 1)
HEERE, JHUETIRX SRR, R H AW B TR
SR FERIRIA, PARIFRAIZN A RIRAT .

AHI (SOOI B E) S 4 R AN %03
Tl FHFAERFIAZ OIS AL ATl B R R
i« rp ERHGR GBI T Ch ERHE AR O, JFRETE
N E R R AR A P ERR RIS 513
Bl 7 BRI SRR A < ORI R S

2 EN EREEE AR, JEATE ChE AT Ot
WO P ESATIR Y BLRCAT R 42 SCR &R s AT E L
25| Ei Compendex 25 [H Fri R Rl % .

RTEF NG R ARSI KRBTy, Wik, 77 s
Gry LREH TS N L R ARSI RMIF A B
WA A M TG BB SR L B A

AT AT, A4 T, SEEHER, 192 58, & H A iR,
FEEM 25 70, 24 300 JG.

AT B bRt 71l 45 ISSN1000 - 4548, F 4115 CN 32
- 1124/TU, EW KIS 28 - 62, EAELTAS MO 0520,
SR AR A A M S5 T 0, AR AT BT CR 5
W% ). ARSI Mkhhl: (210024) MIAUREIE 34 5 (A
T TRR2ARD SR BEAREIE: (025) 85829534, 85829553;
fEH: (025) 85829555; E-mail: ge@nhri.cn.

CAS T 2 4 )



