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Stability analysis of cofferdam built with dredged saturated
silty clay with soft clay dumped by boats

JIANG Ping’, YANG Hang*, ZHU Bitang®***, HUANG Jiangyu®, WANG Hao*,
HUANG Yong®, LIU Sihao®

(1. Jiangxi Provincial Port & Waterway Construction Investment Group Co., Ltd, Nanchang 330008, P. R. China;
2a. School of Civil Engineering and Architecture; 2b. Engineering Research &. Development Centre for Underground
Technology of Jiangxi Province, East China Jiaotong University, Nanchang 330013, P. R. China; 3. Nanchang
Longhang Port Group Co., Ltd, Nanchang 330029, P. R. China; 4. Jiangxi Jiaoyuan Logistics Co., Ltd, Nanchang
330029, P .R. China; 5. Road and Port Engineering Co., Ltd. of Jiangxi Province, Nanchang 330029, P. R. China;
6. Jiangxi Waterway Engineering Bureau, Nanchang 330000, P. R. China)

Abstract: Jiangxi Shuanggang Shipping & Navigation Project attempted to use the saturated silty clay with soft
clay dredged from the open diversion channel to build the cofferdam. During construction, the dredged saturated
silty clay was dumped by boats above the water, resulting in disturbed and non-homogenous silty clay with soft
clay. This results in the difficulties to form the cofferdam with the desired gradients and failure of the cofferdam
during operation. To assess the cofferdam stability during construction and operation with water level
fluctuations, extensive numerical modelling using the finite element program PLLAXIS was carried out. Further
considering the non-uniformity of the dumped saturated silty clay and the variation of its strength with rainfall
and evaporation, sensitivity analyses on the soil strength parameters were carried out. Based on the maximum
lateral deformation curve of the cofferdam with the factor of safety close to 1.0, the yellow and red alarm levels
were proposed for the remote real-time monitoring. The results indicate: the cofferdam with a slope of 1:4-1:5
and berms is stable at normal water levels; the reduction in strength of the dumped soil would induce instability
of the downstream cofferdam slope from the toe to the top; due to the non-uniformity and low strength of the
dumped saturated silty clay, remote real-time monitoring shall be carried out on the cofferdam lateral
deformation, seepage pressure, and rainfall; based on the deformation curve with the factor of safety, the red
and yellow alarm levels are 1.5-2.0 mm/d and 1.1-1.5 mm/d respectively.

Keywords: saturated silty clay; cofferdam; stability analysis of cofferdam ; trigger levels for cofferdam stability

FE K R K B R IE X A TR v, B R R O T i
Ao T30 PRAIE K T s a2 i S AT M T
oz A& 0 o 0 I R OK S B e
R s AN A AT PRI A A TR T ORI 54T, BLXE R
e B RS 1 2 i RV 7 22 4 HLAT B0 (Y

L 3 ) T IR ) 475 9 3 T IS D A A G AR BB o
124 g Ak, A 5K [ 995 3 U8 AN AR AR O AR IR K
R IR T I o R TE o8 R R e Al iR R, B
A VAL A R AR A8 S B A T SEOR] 55 B2 B I
R, AN BEAT 2 S Ml S W ST R S 28 ke
0 5 - Pl S 3 Y AR R AR E PEARES o D34 Bl
e AR BOR TR I B A i B R 9 K, A Bk
W5 R PUEROR NI TR PR 1) Zs
PRI AELALE W P T b A A i R ST
30 395 S P 8 U i b 2 IR AR

)20 B I VLV A8 A5 VL XUHE i s X 41 T/ R
P A PR3 E ph T T 320 SRS R S ke, L i 3 R
WY, TR e AR E R T SRR A A AR
Jot 8k A e R o AU R SR FAZ R K 4
BAEY 8 S R, R AT TS 0 o AR Rk B A
32 R A7 N BOOUTE P Bl 5 R AR L A A A 2 A1
AN AL E HEME TR, Hoas AT W 5 kA i
W Ae o HRTAT QA AR o B - 4 4 [ 2 22
oMb o T AT I L HE R I A AR E P IR SR
LT 7 2% T A A ARy S5 A - R A A 3 1Y 8 P
WAL, SR A IR IT A PLAXIS R4 15 VL5 &
HEIR AL AR (1998 4F ) XU HE WUhE 37 58 B¢ 4} OF 5 I8 42 4F
IR A 9K v A AT TSR A A 1 B B2 T, 6 A 70U A
iz WAL b T U A 1) PRl T R AN [ K A7 B AN T K Aoz
THRE AR T B M5 A0 AT L B X B R



24 T RExm¥y T FROPE

% 44 %

£ ] 1 - A it J3E 8 A 9 I K 52 o K R 8 5 i) P
AR T R SRR A A SR AT, TR
{E B UL BT R 22 4 2R 50 SRR TP (9 G &% 2 HH X
MR PEAT IR AR A B0 W B PR R

1 ITEHR

1.1 HEIHR

VLV AR VL SUHS T 1z 7K AR A 21 ) S Ay 4 4 [ 1
4K 2 454 m, A0 450 m IR ) L4 1 459 morp
TiE 9 1) 61 HE AN 545 m it R ) L4 AR 5 (K R K
i T AR R BT R ) (SL 645—2013) 2 % 5] Y
L, BRI oA N 9, + A 450 S RS
AL A BT AR AR A 10 a—38 . AR P55 VT3 sk
SCHERLGE T o M, LS T 32 X A K R B L 3
Tt Q% 7 000 m?/s I, XA K A7 13,92 m, Pt
JK B B Q #4212 000 m*/s 511,10 a — i % it
KA 19. 94 mo [ T0 5 ¥ 2 2 10 a— B kK%
B, H R 1.0 m By E &, T3 T s R HOCH 21 m.
Pl TR A B AN 1 1 T

E1 EEIRREHE

Fig.1 Orerall arrangement of cofferdam project
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Fig. 6 Actual filling shape of the upsteam and downsteam at the main groove
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Table 1 Strength parameters of cofferdam backfill

material at different stages

HORE B B HE S o/ kPa P EESE £/ (©)
JE 57 i 45 25.10~33. 00 11.40~15. 20
WRAZ A HE 6. 87~20. 20 4.12~9.80
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Table 2 Physical and mechanical parameters of the materials in cofferdam body and base

B A e HE I o/kPa WEEHEM/(0)  BERE/ (emes™)  RAFTE/(KN-m ™) WAMZE/(kNem™*) S/ kPa A H

LS+ 21.30 10.70 6.17x10° 18. 40 19. 30 10 240 0.3
TES I + 18.70 8.10 6.17x10°° 18. 40 19. 30 10 240 0.3
BRI 1 12.50 7.00 6.17x10°° 19.70 19. 70 8820 0.3
iR 20. 00 13.00 7.0x10°° 18. 80 20. 00 8640 0.3
b 0 28.00 1.0X107° 18. 00 19.00 12 000 0.3
[54 % 0 35. 00 1.0X1072 18. 60 19. 60 36 000 0.3
17 1 bk 5.0x10 ° 22.00 23.00 300 000 0.2

(R s 100 35.00 1.0x10* 20. 00 21.00 300 000 0.3

S REAYL Bl S R T AR 42 AR A8 8 DL AR K AL AR
A B AR E AR B AR AR I T AL AL A K
WO AT kK A7 (T8 B2) R 8 B K AL L
OB N 1 3L W O VA R Q2 N VA G )

C3~C6) A A LA AS [] 3 B M A A 3 K A7 I gk 28 ik
IKAE S5 DAAS [6) 33 8 i 22 4 7K (D7~D10) 48 10 4>
T, iR 3TN o



% 6 IR F LA R RS RN £ BB AS M AT 27

*3 BHERETEIR

Table 3 Calculation cases of cofferdam stability analysis

TR T i V,/(med ™) V,/(med 1)
Al WK ADLRRE B W
B2 PR E B R
C3 M13.92m 153 19. 94 m 0.05
C4 M13.92m 5319, 94 m 0.1
C5 M13.92m 53 19. 94 m 0.2
C6 13,92 m EFHFEN19. 94 m 0.6
D7 0.1m/d E7+#]19.94 mJ7 FF&#]13.92 m 0.2
DS 0.1m/d EJF519. 94 m J5 FHEF 13. 92 m 0.6
D9 0.2m/d EJF#19. 94 m 5 FFEF 13. 92 m 0.05
D10 0.2m/d EJF#19. 94 m J5 FFEF 13. 92 m 0.1
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Table 4 Calculation results of stability safety factor of

each working case

N i 4 Ui 3

F, KA F, KAam
Al 1.195 KT 1.265 K
B2 1.162 K I 1.188 WK
C3 1.167 KT 1.210 K T
C4 1.168 K 1.213 K
C5 1.170 K I 1.220 K
C6 1.176 KT 1.233 KT
D7 1.187 KT 1.245 WK
D8 1.182 K I 1.231 WK
D9 1.191 K 1.257 K T
D10 1.189 oK 1.253 K
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Fig. 7 Safety factor and location of dangerous slip plane
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Fig. 10 Safety factor and location of dangerous slip plane

for water level dropping at 0.6 m/d (LC D8)
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