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Seepage Problem in the Reinforcement of Earth-Rockfill
Dam Based on Finite Element Method
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Abstract: The earth-rockfill dam body can easily generate seepage when water level is below the
dam. To study the influence of the dam body reinforcement on the seepage pressure, a finite ele-
ment numerical simulation was conducted based on an actual reservoir, under three cases of an
earth-rockfill dam before and after reinforcement. Seepage gradients, the discharge per unit
width, and quasi drift were obtained. The research results show that the safety factors of up-
stream slope under the three cases after reinforcement significantly increased, and the discharge
per unit width can reach 0.636 m®/d, which is far greater than the standard value.
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Table 1 Calculation indexes of each rock and soil layer in dam site
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Section map of the seepage calculation of the dam
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Nephogram of the gradient and quasi-flow network of each point on the dam at normal water level
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Fig.3 Nephogram of the gradient and quasi-flow network of each point on the dam at design flood level
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Fig.4 Nephogram of the gradient and quasi-flow network of each point on the dam at check flood level
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Table 2 Calculation results of the steady seepage in downstream of the dam
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Table 3 Anti-slide safety coefficients of dam slope
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Table 4 Calculation results of the infiltration in downstream of the dam
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Table 5 Anti-slide safety coefficients of dam slope (Sweden arc method)

, ] WH%4e s A R
o L L RE whFRE MG
e EH# BT IR AL B 1.324 1.012 il 2
EH TE 8 KA i 1.379 1.012 i B
EH BT U K A AR 18 1.439 1.15 i 2
23 Els A% K AR S 1B 1.290 1.012 i A
IEH TEH KA R B T 1.402 1.15 il /2

B U R T A 300 B o
AR SCHE T R T % K R A A IO #1798 T 1
BRI BRRE G, BB RIS
It I A 2 bR L 8y 4 T b G SR Y AR E
P M, EELR T .

(D 28 T 280 TO0F SRR R e M. Xk
J2: A SR S o A O K A R T KA K
Rt KA = T 00 F #EATB WABT » e BT 45 R B
PATEB R B K A3 0.636 m®/d, I LA 1 95
75 Wk [ OB A B ARV

(2) BRESIMES . 4 T80T BB a T~
W, JHrp B E KA B BE B K AR ORI
B AL AR B VA 38 33 3 5 K F AR M.
TR LW A 00 1Y% 4 R BT RS i
(L5 I F 5 4 4 ZR 0A 4 o, 35905 IR TR

2 % Lk (References)
[1] B4&4, @ T2, 28052003 £ h E SR RIERLT] hE

2]

(3]

(4]

(5]

JKF|,2004(13) :233.

JIA Jinsheng, YUAN Yulan, LI Tiejie.Dam Conditions in Chi-
na and World in 2003[]J].China Water Resources, 2004 (13)
233.

B A A, R K 2%, B L. 2005 AF o E S R O 1 1
[CL//HEK I K TR 2K ORI Ll 2 5 4555 L i 2
ARAFiE 283 (M. 2007:251-253.

JIA Jinsheng, YUAN Yulan, MA Zhongli. Dam Construction
Condition in China and World in 2005[C]//The 7th Symposi-
um of Chinese Society of Hydroelectric Engineering.2007 :251-
253.

SHIVAKUMAR S Athani, SHIVAMANTH.CH Solanki, GR
Dodagoudar.Seepage and Stability Analyses of Earth Dam U-
sing Finite Element Method[ C]//.International Conference On
Water Resources, Aquatic Procedia,2015,4:876-883.

X 505097 B L A7 0% B IR HLIR 43 BT [ DB 88 . A7 F K2,
2006.

DENG Yuanyuan. Seepage Failure Mechanism Analysis of
Earth-rockfill Dam[D].Xinjiang: Shihezi University.2006.

AR Bt W AR SV L R 0 4. 0 IR S P 43 T I = R AR RS- Al
BRI ] N R BT, 2016 (1) : 116-119.

CHEN Xunhui, CHEN Yitao, HUANG Yaoying, et al. Com-
parative Analysis of Three Different Rigid Body Limit Equilib-



872

o R B R 2018 4F
rium Methods[J]. Yellow River,2016(1):116-119. Dam[] ]. Power Technology and Engineering, 2016, 50 (4) ;
(6] Z=3ci, M, AR IET HE A Picard B 19 m 2CAE 378-384.
B wA RG] A+ J14,2016,37(1) : 256-262. [13] XU Y Q.UNAMI K,KAWACHI T.Optimal Hydraulic De-
LI Wentao, MA Tiantian, WEI Changfu. An Efficient Finite El- sign of Earth Dam Cross Section Using Saturated-Unsaturat-
ement Procedure for Unsaturated Flow Based on Adaptive Re- ed Seepage Flow Model[ ] ]. Advances in Water Resources,
laxed Picard Method[ J]. Rock and Soil Mechanics, 2016, 37 2003,26(1):1-7.
(1):256-262. [14] NOURANI V, AMINFAR M H.ALAMI M T, et al. Un-
(7] W20 AN KIE A MBSk B Hr st D]V steady 2-D Seepage Simulation Using Physical Analog, Case
42 PG b e ARRHE K2 L 2016. of Sattarkhan Embankment Dam/[ ] ]. Journal of Hydrology.
MENG Ming.Research on Seepage and Stability Numerical A- 2014,519:177-189.
nalysis of Tingkou Counter Reservior Embankment Dam[ D], [15] PANTHULU T V,KRISHNAIAH C,SHIRKE ] M. Detec-
Xi’an:Northwest A&F University,2016. tion of Seepage Paths in Earth Dams Using Self-potential and
[8] 3, fS5f, e, 5. 4 A R B [ 38 ik 2 B AR Electrical Resistivity Methods[ J].Engineering Geology, 2001,
(10K 1 % H1,2015,41(11) :64-66 , 74. 59(4):281-295.
FENG Xiao,LU Min, WANG Shuwen, et al. Study on Seepage (167 bt HE PRS0 B 58 e A HR 2 L B GE S b B o 4 7
Stability Check in the Reinforcement of Earth-rock Dams[]]. LM AL R o EE# S Tk B R4 . 2011,
Water Power,2015,41(11) :64-66,74, Beijing Lizheng Software Corp., Ltd. Lizheng Geotechnical
(9] JEAaEM. TR M. 5. &S5 LR R A SR Software Application Guide[ M. Beijing: China Architecture
FEMFFBRELI] A+ J12%,2015.36(1) : 233-239. &. Building Press.2011.
ZHOU Jianfeng, WANG Junxing, CHEN Wei, et al. Lower CL7] R v 5 T AR 40 9 3 6 K 28 R B8 o i s 7+ F 5 (7). R
Bound Method for Slope Stability of Earth-rockfill Dam with JE/K A7k L ,2013,31(3) :12-13.
Linear and Nonlinear Strengths[ ]J].Rock and Soil Mechanics, SONG Guotao. Research on Risks Reinforcement Design of
2015,36(1):233-239. Risky Reservoir Based on Lizheng Software[]]. Water Re-
[10] Rk, PFREDE , A2 K 3th. 3 T COMSOL Multiphysics B 5 /1 301 sources & Hydropower of Northeast China,2013,31(3):12-
B G RGRE A AT L OK AR B R L 2017, 48(3) 1 7- 13.
11. (18]  BieE k.S oK B ol — 39 Bk 1) -/ [ HE 8 e g e AT LD 1K
YE Yong. XU Xiaobo, MOU Yuchi. COMSOL Multiphysics FIRHH 525 ,2013,19(11) :92-93.
Based Coupled Analysis on Seepage Field and Stress Field of YAN Lulin. Seepage Stability Analysis of Lateral Rock-soil
Gravity Dam[ J].Water Resources and Hydropower Engineer- Cofferdam of Huaxiong Hydropower Station[ ]J]. Water Con-
ing,2017,48(3) :7-11. servancy Science and Technology and Economy, 2013, 19
[11] HUGHES A K,JESSOP M L, ATKINS Ltd. Locating Seep- (11):92-93.
age Through, Beneath and Around Dam/[]].Dam &. Safety, 197 8828 A 4 R R YE  SL274-2001[ ST.db 52« H [ K F1) 7K H,
2016(3) :83-86. AL 2002,
[12] ANISKIN N A, RASSKAZOV L N, YADGOROV E Kh. Design Code for Rolled Earth-Rock Fill Dams: SL. 274-2001

Seepage and Pore Pressure in the Core of a Earth-and-Rockfill

[S].Beijing: China Water & Power Press,2002.



