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Numerical Analysis of Seepage Stability of Cofferdam Slope
Under Different Rain Types
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Abstract: In order to analyze the influence of rainfall seepage on the stability of cofferdam, focusing on an navi-
gation—powered junction project in Jiangxi Province, based on the unsaturated seepage theory, this study simu-
lates and explores condition of the seepage and the stability of cofferdam under different rainfall conditions by
using the Geo—studio numerical simulation software, and the influence of different rain patterns on the stability of
cofferdam is obtained. The results show that the influence of rainfall on the cofferdam has a hysteretic quality.
The influence of different rainfall types on the strength hysteresis of weir body is as follows: rear peak type, uni-
form type, middle peak type and front peak type, and the hysteresis are affected by rainfall intensity. The rainfall
infiltration is affected by the time of the peak rainfall, and the safety factor of the cofferdam decreases sharply
with the peak rainfall intensity. Compared with the initial stability conditions, the front peak type rainfall has the
least impact on the stability of the cofferdam, and the rear peak rainfall has the greatest impact on the stability
of the cofferdam. Under the influence of early rainfall, the permeability coefficient of soil in the slope would be
at a high level. Thus, the ability of cofferdam to resist sudden heavy rainfall weakens with the increase of perme-

ability coefficient.
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Tab.1 Main physical and mechanical property parameters of cofferdam materials

Soil layer name Soil material v/ (kN/m?) o/ (°) c/kPa k/(m/s) 0.
Weir body Filled soils 19 35 7 1.5x10° 0.33
Soil foundation I Silty clay 18.8 13 15 9.5x107 0.42
Soil foundation I Fine medium sand 17 28 0 2.2x10™ 0.26




Yo

o555 W

PINEE A5 AN R R 2R 26T B R 08 A R R 0

31

SIS 2 B A T G TR IE K R R AN BOFE Sy
Prep e b TR R 1E R, 3415 Ol AH I
K Sk 31 5 BE A R 1 R R 35 K 1 B 5 3 TR 3
AT A B R A0 R o e HE AR v 35— 4% 00 DU D 1
LA A A P FL B K R AR AR A L (TR 1)

AR R R B K i R B T A O S 8
1 R B AR BOHE BE e, S TR SE, SR T 1980 4F
Van!"H& H 1 1 A 35 52 % 7 oR B0K 1 A+ iR B
K B 3 R T AR

6,6,

60.=06.+ . 0
e
\a |
oo, Lzl (L) | N
(1+ap™) 2

A0, R BUE K & sk, SN 38 G R B ) 15 B
FHEIE Z B mls 0, FRAR KA 0, I AR R &
KA sk A ANE B R R wls s R ALBRK R T

Monitoring
section

Pasa,m,n AHMMEIUESE  n>1, H n=1/(1-m),

AR A B S EA A LR S K ER 533
R Leas L 2,1 3 s,

i R A A5 203 3 M FLBR K 7 AR R
KA o3 A A AR B R () b S . R T
TRA R A B ) Z R BR S K AR AL B 52 e, A
L AN 58 4 A5 [R) T B A T 0T HE I 2 T A I
gt N PR (T AT YR i N <R B
Yekm IR A BN REIZREABEES +
TR B TR 7R 55 5 4 W R 8 RE /N IR TR B R 1
TR ABRE Sy, RN R B R i 3 A A B
B EARTH 3 Hrh R % B ZE B AF X8
Y0y,
23 AR

W5 AR R B2 T 360,600,840 mm 3 Fft E A
WA, BRI REET 3 d, JF R E AT P S i A 4
Tl AN [) T 76 f A5 UL 688 T 4% £ T SRR PN R B T 4 1Y
A AR, AR I Z LA 4,

20 —
£ Weir body
£
§ 10
éo Soil foundation [
Soil foundation Il
0 | =] |E=2E | 1 1 1 1 | | | | | Jomnfiarif
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80
Horizontal distance/m
B1 BEERBERTRMIEXSE
Fig.1 Model size of cofferdam and meshing diagram
_ 045 5 ! OOOK e
§ 0.40 B IOH — Sl
= Bt
€ 035 E‘ 0.1r \ ‘\
£ 030 2 le-3f \ N
= B .
é 0.25 g le-5f X
£ gfg 2 le-7r T
= 0. = —= Filled soils
5] = _ol
£ 0.10 £ 17— sily clay
= 0.05 £ Te=11F 4 Fine medium sand .
0 | ! L le-13 ! L L
0.1 1 10 100 1 000 0.1 1 10 100 1 000
Matrix suction/kPa Matrix suction/kPa
B2 FREKkERY E3 SERHEHY

Fig.2 Water content volume function Fig.3 Permeability coefficient function



Jo

R 2022 4

32 R 3l
0.7
——Front peak type —*—Back peak type
0.6 E*—Medium peak type—— Uniform type
) 0.5F
é 0.4
£03
202
<
=00+
0 | 1 | | 1 |
0 05 1.0 15 20 25 3.0 35 4.0
Rainfall duration/d
B4 840 mm WEFXREIT
Fig.4 840 mm rain pattern scheme design
3 BEEZRRBEMSN

)4 25T AR PN B L B K T g 23 A A A
P 5 Bz, 24950 AL R 9 B0 T UL I b e L B K s g
i s 1) 5 AL DL AN &L 6 s

20

FEREW AT, B FIERR)E RS T
AR R E KR 5805 R BN B B R
AR ANBRE S, — B AREHRAKIFH A BN,
SV AR 5 T B B T i i 4 TAh L B K
JE S B 5 T KB AR 2 IR FE R IET
AW T B35 s B N I RRSE, K RRSE A B B
A PN, HE A PN 3 L BR K R 7 3% i 4 K, X 4 3
A BN Uk I | i 2 55 A HE A T BY 5 X A
A E W AR, fERE S R G, %2 1k
B = RN K AN 25 J5 FLBR K HE 7 7% T T E, T2 A
FLBK P4 LT H A 4 RA TR %S
THHC, 556 KATEIHENTS 17 m AR E = w1 bhfL
B K 119 72.8% , 3 % W R4 TR XoF HE 4% 5 i) EL A Vi
Je P, IS I K TH X HE R R85 i S 1 g .
PRI TN B HE W R P B S AL, B R B
840 mm I, XF 4 B AN RS [RIGREE B3 N 1k B
B RBAT M B T TR

Water pressure

8 -100~-80 kPa 1 3069 1 b

E-80~-60 kPa 60-80 kPa
1-60~-40 kPa  —80.~100 kPa

B -40~-20 kPa  £3100~120 kPa
0-20~0 kPa  m120~140 kPa
7 0~20 kPa ® 140~160 kPa

—_
o

Clevation/m

I

0 4 8 12

16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 78 80

Horizontal distance/m

B 5 WREHTARKENZE (LA KkPa)

Fig.5

Water pressure/kPa

Time/d
5] BB T WL 7 T FLBR UK E A1 B A ELE L 1B R

Fig.6 Pore water pressure evolution of section with time
under uniform rainfall

6

Pore water pressure nephogram under initial conditions (Unit:kPa)

T A I 780 490 0 T 50K, 39 T - A B £
HIBEELAR B 38 2 BCRAR T KA 45 38 R T R K
T O BE | 5 20K = AR R MK AR T e i
I R AL AN X, ¥ 70 T K DLl 2 A i E
7E s BB FE M BEAT  3RR IRR R SOk BT m A B
RE 77 B 22 18 55 0 R K ) AR A N AR
B 15 R BOEE LT, AB A DX R, R T 5
JEE AR, P T i 06 28 [ T P S S0 R R N AR
PRFR LA A L, R KT BIOH B R T 48 U 1
FETFUG T B 5 I U W 280 418 33 3 2% 4 A A i v 0 e
A R AR BUS KR T, = 305 0 W R R



42

5 5 4 PINEE A5 AN R R 2R 26T B R 08 A R R 0 33

0.7

= —=—20m —— 18 m
\E 06+ 0 — 19 m =17 m
Zost

(]
= 04 +

g e,

©03 A\

> Iy
=N
2 0.2 i { ! NN

g ) R

é 0.1 /j fl NS \"‘Wu

L / B e S
=~ 04 = ! !

0 1 2 3 4 5 6
Time/d
(a) Front peak rainfall

07

= . —=—20m
E 06 A ——19m
3 R el m
g0 /Il —17m
£ 04+ ~A\

g (4 1%1

o 03 — /",'! llx;l “l

= 4 \

= 02} / il \}‘

8 / ,". ; Q\‘«

Pl A N

=¥ 0 f-__/;_, i I I A

0 1 2 3 4 5 6

Time/d
(c¢) Peak rainfall back

——20m ~s—18 m

e |9 M e 17 m

N
B Lo
T T

e
—_ N W
T

Permeability coefficient/(m/d)

=]

=)
—
[N}
w
SN
)]
(o)

Time/d
(b) Mediam peak rainfall

e
<

——20m ——I8m

=19 m =+=17 m

e @
n o
T T

Permeability coefficient/(m/d)
<
T

03 =\
W
ol 77N\
/ h
0.1 | /,“"/ Qé:\:\
b e i G

(=]

Time/d
(d) Uniform rainfall

E7 840 mm AEWMETEERHTHMLE

Fig.7 840 mm variation curve of permeability coefficient under different rain patterns

T RB E R R TR K R R K RE S B
AL JE AR a8 R TR

P 22 4 28 R Al il 4RI R A [R) 3R B R
N, W0 T A0 2 x AORCT W R AR PR B S K
R B 5 Y v U T i TR S T T A B I
R AT E PERE AR PR R [R] Z0H e & T, 7
FRSS A 220, B0 5 W 7Y 26 1 Ha AR 4 4 3R MU

1.60
1.58 - —*— Front peak type
— Medium peak type
1.56 A\, Back peak type
= N N\, Uniform type
Z 154
E
>
z 1.52
150
1.48
1.46 : | L L L
0 1 2 3 4 5 6

Time/d
(a) Cumalative rainfall 360 mm

G, R 1.5 d e, wip g | rh g Rl 78 R SRR 22 4 R AL
WRWRTT b 1 T} 38950 9 55 J e 7D 22 4 R B8 HE 45 TR
Je FEAR LT R T s 04 N A S R A K, AR Y
FFLBRK S 75 A I R T L, A R BUHR B K
I 8] 5] - 25 497 DR 285 5 A [) W 76 X) S A ot 3 3 s
14 5% ) H R B /IR YR Ry« J5 W AR B 5 A i A
RS 4N 8 FiR .

1.60

—a— Front peak type

§ — o Medium peak type
1.56 ‘\\"\_\ . Back peak type
NN Uniform type
- A ONTTT

_
n
)

Safety factor
~
)
T

144} AS
A/
140k \ /
1%
]' | | | | |
¥ 1T 2 3 4 5 6

Time/d
(b) Cumalative rainfall 600 mm



34 LS e ] S 14 2022 4F
161 —=—Front peak type SEH:
155 —— Medium peak type (1] FBSPA=, E A AP 45, S0 o 2 3 TR M. b
SR A+ Back peak type . .
'\.\ \\ v oL E KR K R 2005.
g 19y "\ . ZHENG S R,WNG S H,XIA Z P,et al. Diversion intercept
E X
- 143 \ Y \\\ and cofferdam works[M]. Beijing: China Water & Power
2 RN f
- B \ oK/ /f Press, 2005,
\/\ / (2] AR . = e 301 4 00 B % e D A 0% 1
131r \ [ Uniform type ST RICRE B B4, 2014,31(9) :33-42.
1.25 L ' ' L ' BAO C G. Technical advances in second stage cofferdam of

0 1 2 3 4 5 6
Time/d

(¢) Cumalative rainfall 840 mm

E8 AEWMERRITERWETZERZHT LML
Fig.8 Variation curve of safety factor under different rain
types and cumulative rainfall

RIS EE RS O R v AR E
I 2 W S 320 3 AR AV, 3 T 00 30 T i K,
Rl R T I e R AR, A ) T T i 0 1 X
Sy R RE P S MR A K, 0 40 4 AR R A R
i PR S I O T AR, {0 S AR A £ 5 )
7N I W PR R 0 AR AR P ) 5 e K

4 it

A0 1o AR ULV VY 48 5 v K 201 L TR A
B AR, oA R R Y AR R AR AR E AL A B
LA 458,

1) 8RR RS AR 52 ) HAT i P, T 452 A0 T
HEAR TRV i 0 1 B T, A () R 25 X S A o 2 i
Je P B R IR ph R B IR < e e B B ) R g
RO Y, R T i R R ORC i

2) KA AR T 52 i Rt B AN AR o 6 7
PR GE [ I 52 A W L ) B ) e [R] 5 i [) 45
Wee R A1 0T, AR 119 22 4 25 00 I W B B8 WA 1
LTI BR VS, 78 5 H B 5 058 L 1) 40 30 22 4 R AR
AT I L T R I TR S G AR 2 4 AR BT B
F14 8 32 A, o SRS ) S PR AN M)

3) SERWIERTE BL T &K EBAR, AR5 3E R AL
B, 0 Y 5t T B AT — E A IRPLRE 0 5 7E R
R — Bt ()5, HE 3 N AR SR B T e, R RS
175 2 BORE AL T — > 1 KPR H IR T I 2 A 5
Wi TR, S AR 28 AR RR K, DR 52 ) = AR B0 59 5
JEE X 3 35 B AR A RE PR S AN R S B B AE 2
P IR I TR A S 2 L 24 o o L 4 B HE KR O, A
HELZRE S 58 A (e o

TGP and its significance for high cofferdam construction in
China[]]. Journal of Yangtze River Scientific Research Insti-
tute,2014,31(9) :33-42.

[3] Ay ST s i 1 A5 5 K AL KT R X U T B B 1 B

TLRFIE SRR RS ()], T R (A AR R,
2014,45(9):3227-3233.
HE Z M,SHI Z N,FU H Y,et al. Influence of water de-
cline on seepage characteristic and slope stability of em-
bankment along lake[J]. Journal of Central South University
(Science and Technology),2014,45(9) :3227-3233.

[4] 75 AR, XUAR AR, S AR AR, 45 KL T B X 38 Wi 3 B

FETESZ R [J]. A8 7R 3030 K A2 41,2020, 37 (4) :27-32.
LEI W J,LIU W H,GUO S G,et al. Analysis of influence
of water level rise and fall on seepage field and stability of
reservoir slope|J]. Journal of East China Jiaotong University,
2020,37(4):27-32.

[5] SCHEGE 5K S 20y, S e TR 280 38 % Rk R L3I B A o
PEPEAN J7 B ST S [T]. v A o 41, 2018,31(2) : 15—
29.

WEN H J,ZHANG Y Y,FU H M, et al. Research status of
instability mechanism of rainfall-induced landslide and
stability evaluation methods[J]. China Journal Highway
Transportation,2018,31(2) : 15-29.

[6] 11, Wb WRAAK I HE 5 Ui 3 M R g PR 2 BT I 9E[D]. Kb
TR K%, 2020.

YANG X P. Study on seepage field and stability of gravel
cofferdam[D]. Changsha :Central South University,2020.

[7] DI B F,STAMATOPOULOS C A,STAMATOPOULOS A et
al. Proposal,application and partial validation of a simplified
expression evaluating the stability of sandy slopes under
rainfall conditions]J]. Geomorphology ,2021,395:107966.

[8] HUANG K,LIU R L,QIN L,et al. Effects of slope length on
soil erosion of Karst slope under different rainfall conditions
[J]. The Journal of Applied Ecology,2021,32(1):265-271.

[O] XUZAS WG 8%, AL IR, 45, 0T S A W A 98 T B A T IXC
ARAE LD, R R o Al (A SR B R0 ,2019,50(2) -
452-459.



5 5 4

PINEE A5 AN R R 2R 26T B R 08 A R R 0 35

LIU J,ZENG L,FU H Y, et al. Variation law of rainfall in-
filtration depth and saturation zone of soil slope[J]. Journal
of Central South University(Science and Technology),2019,
50(2):452-459.

[10] B3 AR, x4 55, LA B AR E 2 R

R AR A BT[)). KRR %2 (ARFI S TREAR
M) ,2013,46(7):617-622.
LUO L Z,HU Z G,LIU Q,et al. Comprehensive risk anal-
ysis of rock—fill cofferdam slope stability considering mul-
tiple random factors[J]. Journal of Tianjin University (Sci-
ence and Technology),2013,46(7) :617-622.

[11] BN, B bz, o 55, S i AP0AR 0 90ORY - B HE AR 7Y it

5 FH BLBE R 5[], 48 7R 338 K % 4Rk ,2021,38(6)
20-28.
ZHANG L C,HUANG B G,HUANG Y, et al. Study on
similar materials for model test of dumped saturated soft
clay cofferdam[]]. Journal of East China Jiaotong Universi-
ty,2021,38(6):20-28.

[12] SR T, BOWARL AR N, 45 BT AB 4518 T L BT 3

TR B A 5 R ZTE WA SE[T]. A 1 5% ,2020,41
(3):980-988.
SHI Z N,QI S X,FU H Y,et al. A study of water content
distribution and shallow stability of earth slopes subject to
rainfall infiltration[J]. Rock and Soil Mechanics,2020,41
(3):980-988.

[13] CASAGLI N,DAPPORTO S,IBSEN M L,et al. Analysis of
the landslide triggering mechanism during the storm of
20th-21st November 2000,in Northern Tuscany[J]. Land-
slides,2006,3(1):13-21.

[14] JBK B9 200, 2 A 45 O [ B W 2 0 T 1 5 Ao v Ak A
b R A R R E PR AR HT(D]. KRR IR AL 2, 2022,40
(2):136-140.

ZHOU L,HU Y Q,LUO W, et al. Stability analysis of the

sand—gravel cofferdam of a navigation power junction pro-
ject under different rainfall conditions[J]. Water Resources
and Power,2022,40(2):136-140.

[15] ALDULAIMI ALI A. Safety evaluation of the chamrga
earth dam. a seepage deformation,and stability analysis
with GeoStudio[J]. Earth and Environmental Science,2021,
664(1):128-135.

[16] A5 AR A 5 SCitk, i K H ol 1 3 B 2% 5 6
TN shAS W 05 FLOR AT, £ TR 541, 2021, 43
(4):613-623.

WU M X,SONG S X,WU W H. Dynamic coupled simula-
tion analysis of seepage and stress deformation of upstream
cofferdam of Lava Hydropower Station[J]. Chinese Journal
of Geotechnical Engineering,2021,43(4).:613-623.

[17] X T, &5 A5 K& AS AR 10 R0 B 4 30 B A8 e 1k i il
PRSP 7 5% 53 AR 5[], 4 £ 1% ,2016,37(2) :350-356.
LIU Z Z,YAN Z X. Limit equilibrium slice method for un-
saturated clay slope under rainfall infiltration[J]. Rock and
Soil Mechanics,2016,37(2) :350-356.

[18] VAN G M T. A closed —form equation for predicting the
hydraulic conductivity of unsaturated soils[J]. Soil Science

Society of America Journal, 1980 ,44(5) : 892-898.

E—1EF IV (1988—) B, W g T AR, 1L BF 7 i Ry
F 5 TR, E-mail:530351828@qq.com,

(T £ 41 30)



