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Design and field trial of self-balanced composite steel cofferdam in the condition of deep water
ZUO Li*,FU Jun®,JI Rongxian? , ZHAQO Haitao®
(1. Construction and Administration Bureau of South-to-North Water Diversion Middle Route Project , Beijing 100038 ,China;

2. Henan Branch of the Construction and Administration Bureau of South-to-North Water Diversion Middle Route Project ,
Zhengzhou 450000, China; 3. College of Civil and Transportation Engineering , Hohai University , Nanjing 210024 ,China)
Abstract; Large-scale water conveyance canal lining is easy to erode and damage under freeze-thaw cycles and the drainage sys-
tem at the bottom of the canal may fail during the operation processes. These disadvantages need to be improved. Large-scale
water diversion projects generally do not have the conditions of water-stopping or water level reduction. Therefore, the repairing
techniques of the defects and damages under the condition of non-stop water are one of the key and difficult problems in the op-
erational and maintenance of large-scale water diversion projects. Based on the field testing of lining repair of main canal in the
middle route of South-to-North Water Diversion Project, the structure design of an underwater 3. 0~3. 5 meter steel cofferdam
was carried out. A set of self-balanced combined cofferdam techniques, which were easy to install and had effective water-stop-
ping, was proposed in this study through further researches of water-retaining panel, supporting force transfer system and new
water-stopping types of structures in different parts. . Construction technology of water surface assembly, water-entry and dis-
mantling-transfer site of steel cofferdam have also been proposed. The results can provide useful references for underwater re-

pair of dry land with lining of large water conveyance projects.
Key words: self-balanced ; composite steel cofferdam structure; water-blocking structure; condition of deep water;lining surface of

canal
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Fig. 1 Design of self-balanced composite cofferdam
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Fig. 2 Diagram of bottom base
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Fig. 4 Diagram of water retaining panel
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Fig. 5 Diagram of supporting structures

S I3 A A5 A A Sy B A5 K ) SR 54 m] ]
TORIERE ARG MRS TR AR E . -
S5 ] 72 BCE T A ) — 2 AT A G I )
(9 S IR EAEAT A A B AR A o) e aed i
AT 5 B E M R 1 1 . 2 B ES ieAE 5 1
A SR D22 I o A i TR B 48 g aed /) o R e
] EHERS i AS Y R AR . A S I R OB AE TR IR
B b RO AR RIS T B EAT PR ARSTUR B - AR
B g BE SR A A BB R B ) A 5 13830 T 22 1] )

5 Z B MR A6 B A B I FE 0 1 S ER T F R
RS TS SR 00 B 45 ) 2k B RE AR S5 K 1) 52 3 -
M HE AR E . O PSS ILIE 6.,

fi- i b gl

¥ LR s
B6 RAFELE
Fig. 6 Diagram of counterforce balance structure
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Fig. 7 Stress of bottom base

L b
| Tt
Hu:'-
| M=
omEn
e
ey sl
Bl e
s e
e

B8 JREEER

Fig. 8 Deformation of bottom base

EHE |

T

KA A2 Hw o 141 -



174 F3 M wAAEEGAMBR 2019 %6 A

B9 MHERIEFEAN

Fig. 9 Stress of column and supporting structures
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Fig. 11 Stress of water retaining panel
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Fig. 10 Deformation of column and supporting structures
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Fig. 12 Deformation of water retaining panel
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Fig. 13 Diagrams of expansion water-blocking strip and water filling air bag at the bottom of base

JER RSN 11K R =75 58 - YDA 1K AR AEAE
LK RSB K A . (1D VP 1k7K . LER AR ST
L300 7K T -5 SRS A o8 7388 1< [ 58— 2% LA 0
R (ORI 1K, S RUEST B RS

e 142 » KA TAEH R

SREBLTTRR 1A 7 I BE B SRR o S OE B
IRAE BT A8 AR A/ B 200 7K T -5 SR8 A 4 fd A0 e
KRG — FMUA AR AL LK . (3 BUZARIK K A
TR MG A T (9T J7 P (8] 2 SUZ BT



EW.%

RAEKMT 8P e X0 EERT S AR R

PRIBEBH A AT + 2802 15T AR AR e BELK 75 32 24
BT E AR ARG B 4 HE H AR /N 1 R AU BEBH K
JZ R R IZ R 8 B 8 B B0 i 14 RE 5 1Y)
SRR 2 A5 B A 1) IR AL [ A 2 . S JAE 1k 7K DL 1
14 LIS B RELAK 75 R D

ix-‘-""'-\—\_- e

.
e

s,

s
L

i

i |

W R o s "-====T,;’
= ¢ TR

B 14 JREELEKIE

Fig. 14 Diagram of water-blocking at bottom of base
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Fig. 15 Diagram of water-blocking at water retaining panel
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Fig. 19 Water-blocking cotton tube of outside base

(3) BUR BB B 7

R T ARTEAZ I A 5 R 3 T AR O 5 OR R K
2100 mm(3EHE 100 mm) . 7% 200 mm. J& 3 mm [1)7H
PRI o FBEAA: [ 5 FE S E AL s AZK S AR UEAT 100~
150 mm PR B PO & 76 =3 b 7 [ 3R Py
FlK B AN 2K IE L AR AR AT R H L K )
IKFESVERT B s B R R BIBHK H . R
PP  ATK G s 52 K G et 52 e o B A0 320 )7
JAE KA JAE 2 %€ 1) 3 mm AR AR 4 17 U AR R
IRFNRIRRCR . 23 I PR RO AR el L B
58 85 TG AR A ks I 3K

1 3 mm BRB AR T 4 A AR AR A T .
TR 6.8 mm AR BT HT B A K G I
BrE PR, 6 mm JEAR AR R I AT 1 I
AR BT S 8 mm AR AR BT U P R AU A M A
2. RERHM 6 mm FEAR R 3 mm AR AR
e, 2R, K 6 mm JEAR IR 5 4 T A
W5 BORATI AN BRAR, I 2 A5 TR AL 55 6 5 2



2T %

RAEETEFHAEXNRWEREEIT5ATRETR

BEBEIR . Hy B B /Kl aE .

KA 3 mm+6 mm XUZREAARATIAR.,
ZEHIA 3 oo ARG A 4 A AR B RS RUE
JRBHAJZ A 6 mm AR B B 3 5 R 1 g
SRARE AR 3 mm ARBAR A FROLIE 22 . ARG 4
A A FOK T AL  BUZAR AR AR B o
AL ] 1 PAY 00 JER B -5 SR A f S 3 G S /K I B 4%
L8 AL /KA T i B S 1K TR A 3] R A A e

4 & iE

IRFERE 7K AU 18 H 26 T 26 R A & 2 31K
5 BT T — A R BT B DR B T A
A K B, i R K RE AN 3. 0~3.5 m, il
IR A W A 254 AL 5, S T A R 3
JE AR AK BRI R 30 3 2 40 750K , HoAe 4
AT RSO AT YRR AL A TR IR iR T
DA B3R 1 7K TR BT VB S B BLIE B A
IR EE /NG H AT, HLA AR 58 5 R 3 FH A
[vi) Fsf 7T 4 PR M P e 6 L R 26 I [ 4k T B4R 2B
WYL T AR R) L 45 0 T, B R 2 A R sk
R, ORI K TREAS RS IR H AR
et IR IR TEMERN S %

£ % 3Lk (References)

(1] mAZKAETE 2 T TR B ). — ] Pl o il
FE IR By e A =X B i e vt T 9%« P [, 201811247951,
3[P]. 2018-10-25. (Construction and Administration Bu-
reau of South-to-North Water Diversion Middle Route
Project. An integral cofferdam with quick location and re-
moval and its construction method; China, 201811247951.
3[P]J. 2018-10-25.)

(2] BEmefd BOBRr. XSGR AOAE L2 e I 23 Mr L) 1. Ao
#,2018,36(4):58-63. (HUANG X J,ZHAO X T.
Monitoring and analysis for double steel sheet-piled
cofferdam[ J . Construction Quality, 2018, 36 (4); 58-
63. (in Chinese))

(3] E¥EABFIRE, B, 2. i RAL IR Tk i &
NV S AL B OGS ARWEFELT . R 244 (T
FRHERRD » 2016,48(2) . 1-6. (WANG H, ZHENG H
Z,LEI X H,et al. Key technologies of intelligent con-
trol and emergency regulation for the middle route of
South-to-North Water Diversion Project[ J]. South-to-
North Water Transfers and Water Science & Technol-
0gy,2016,48(2) : 1-6. (in Chinese)) DOI; 10. 13476/,
cnki. nsbhdgk. 2017. 02. 001.

(4] FLAEAR. 5KV, 1 55, R KL I8 b KU XK R I 5
KA LT ], KRR e 2010, 31(2) 17-10,

(KONG X L,ZHANG S, XIAO X. Joint dispatching
and water regime forecast of the water source area of
the middle route of South-to-North Water Diversion
[J]. Water Resources and Hydropower Express, 2010,
31(2):17-19. (in Chinese)) DOI: 10. 3969/j. issn.
1006-0081. 2010. 02. 004.

(5] XUB0, R K. SEERMIIREE TRy = HILT ] A
YT, 2014(10) :84-86. (LIU Y Q,SONG F. Quality
control of canal lining concrete mixture[ J]. Yangtze
River,2014(10) :84-86. (in Chinese) )

(6] Xetfade, wEE, EI0. 5. KR TR N 208
AR KO DFFELT]. MK AL 5K RIRHE . 2017, 15(4)
198-202. (NIE Y H, HUANG G B, CUI X, et al. Re-
search on the target water level in emergency dispatch
of the South-to-North Water Diversion Project [ ] ].
South-to-North Water Transfers and Water Science &-
Technology,2017,15(4) :198-202. (in Chinese)) DOI.;
10. 13476 /3. enki. nsbdqgk. 2017. 04. 032.

(7] RS A B oK TR b i RE 4 L R 19 it B
(7). ARKIT,2017,48(2):159-163. (REN H C, SHI
Z B. Design and application of thin-walled steel coffer-
dam in shallow water engineering[ J]. Yangtze River,
2017,48(2) :159-163. (in Chinese)) DOI. 10. 16232/].
cnki. 1001-4179. 2017. S2. 042.

(8] fhakdy, MIE R, 2T BKIL A b & TR K &8
Sk K s A L) 1. m KL A 5K AR, 2018, 16 (1),
95-143. (ZHONG Z Y, LIU G Q, WU Z Y. Analysis
and practices of water regulation in the middle route of
South-to-North Water Transfer Project[ ] ]. South-to-
North Water Transfers and Water Science & Technol-
ogy, 2018, 16 (1), 95-143. (in Chinese)) DOI: 10.
13476/j. enki. nsbdqk. 2018. 0015.

(9] R¥ BB, AR DL, 55 &K BT I8 R ik B 7K
FIR X WA 52 N 1 ma i oE L) 1. ma K AL 5K
FAL45,2018,16(2) :158-163. (SONG L.CHEN R K.,
MA M Y, et al. Influence of hydraulic factors on the in-
ner forces of rigid lining of trapezoidal water convey-
ance canal in winter during frost heaving[ J]. South-to-
North Water Transfers and Water Science & Technol-
ogy, 2018, 16 (2): 158-163. (in Chinese)) DOI: 10.
13476/j. cnki. nsbdqk. 2018. 0053.

[10] A I BEIE . R4, 2. /Kb I s 2 35 il i 9I0%
I 1/NF BESR SN 5 22 4 P4 L) 1. me /K AL I 5 7K )
BH4£,2018,16(5):139-151. (HU W,F X B,ZHU R,
et al. Field tests and safety evaluation of radial gate
vibration under small opening condition in the middle
route of South-to-North Water Diversion Project[ ] ].
South-to-North Water Transfers and Water Science
&. Technology, 2018, 16 (5): 139-151. (in Chinese))
DO 10. 13476 /5. enki. nsbdqk. 2018. 0135.

KA A2 H R o 145 -



%174 £ 3 M wAALHE S AFFE 2019 4 6 A

[11]

[12]

[13]

[14]

[16]

146 -

MR ATk, 415 X FIHETE 5 N 75 4F J ] 9 [X 2
HECE 5 K EGE TR AR I L ) Ak R
2016(8):33-36. (CHEN H W,REN Y L. Application
of combined cofferdam to irrigation district rehabilita-
tion and water saving reform in Leizhou Youth canal
[J]. Guangdong Water Resources and Hydropower,
2016(8) : 33-36. (in Chinese)) DOI: 10. 3969/j. issn.
1008-0112. 2016. 08. 007.

FEX R, L il RS e o S8, R 24 gl o] ] ) 20 O 4]
RO ] IR TR] X o] 15 7 52 288 e 520 L) 1. g 7K AL
5K M RHE . 2018, 16 (6): 157-170. (ZHAO M Y,
KONG L Z,ZHENG Y X, et al. Analysis of the gate
closure time on the height of the water level before
the control gate in a multi-channel system[ ] ]. South-
to-North Water Transfers and Water Science &
Technology, 2018, 16 (6): 157-170. (in Chinese))
DOI. 10. 13476/j. cnki. nsbdqk. 2018. 0166.

TR s AT Eh RS, mE /K AL I rb A A T A R L
IMB AR T 1. TR KA 5 R KL, 2017 (10) 28~
29. (HAO Q H,WANG W,MA C ]. Repair technolo-
gy of frost damage of lining surface in middle route of
South-to-North Water Transfer Project [ J]. Henan
Water Conservancy and South-to-North Water Trans-
fer,2017(10) : 28-29. (in Chinese)) DOI: 10. 3969/].
issn. 1673-8853. 2017. 10. 016

IMEDG, E L. AR TR K i K B 22 i 47 32 2 ) 8L [
ST B AR B i LT ). K A 4 B 2018 (1) 90-
92. (SUN Y G, WANG B. Analysis and treatment meas-
ures of main problems of operation in Jiaodong water di-
version channel[ ] ]. Water Conservancy Construction and
Management, 2018 (1) ; 90-92. (in Chinese)) DOI: 10.
16616/j. cnki. 11—4446/TV. 2018. 01. 23.
TRIEE . KL & T DR AR 57
SRLITD. sk #2018, 844(10) : 32-35. (CHENG D
H.SU X. Technical advancement and demand of mid-
dle route scheme of South -to -North Water Diversion
Project[ J |. China Water Resources, 2018, 844 (10);
32-35. (in Chinese)). DOI. CNKI. SUN. SLZG. 0.
2018-10-017.

TR, FAGK, TR ITH. YREE T K Ak Ak 1 SR
PRUFIRR et L) 1. T g 7K ) 5 R K AR 3, 2011 (18)
13-14. (ZHANG Y F, WANG H M, ZHANG Y B.
Causes of cracks in concrete storage pools and preven-

tive measures[ J]. Henan Water Resources &. South-

KA T 42 # 7

[17]

[18]

[19]

(20]

[21]

[22]

to-North Water Diversion, 2011(18);13-14. (in Chi-
nese) ).

BRAR AR BT, BB TR BE T 3 (At 5% i b 21
LI, v K 5 7k A6 . 2010€6) £ 97-98. (HOU J,
YUAN C J,SHI J X. Treatment of construction joints
of anti-seepage concrete wall[ J]. Henan Water Re-
sources & South-to-North Water Diversion,2010(6) ;
97-98. (in Chinese)).

FEEEZE. XA S A PR BB ik TR R LT, 3
FZKFI5 RS KL 2016 (5) : 108-110. (DU J J. Explo-
ration of air valve used in long distance water conveyance
project] ] ]. Henan Water Resources &. South-to-North
Water Diversion,2016(5) :108-110. (in Chinese)).
FRoK £ B H FE /K I R AR B ) R o AT
[ w7k AL 57K R R, 2013 (5) :65-69. (GUO Y
X. Analysis of dynamic characteristics of Gas-liquid
flow during water-filling process in pipeline [ ] .
South-to-North Water Transfers and Water Science
&. Technology, 2013 (5) ; 65-69. (in Chinese)) DOI:
10. 3724/SP. J. 1201. 2013. 05065.

B A SRk 8% A TTAR. T 7K AL IR G 0 B0 105 6 2 4 i
KSRl ], m KAL) 5 K FI R, 2011 (4) £ 137-
139. (FANG Y M,GUO Y X, YANG K L. Analysis
of operational safety of the west fourth ring culvert of
South-to-North Water Diversion Project [ ]J]. South-
to-North Water Transfers and Water Science &.
Technology, 2011 (4); 137-139. (in Chinese)) DOI;
10. 3724/SP. J. 1201. 2011. 04137.

TR SRS L T4 TR S5 - I A Ay 0L T A 2 5% 1B KR
A S R AL 1. v R A K H B2 F 50 B o 4
2018,16(5) :457-465. (XU Y,HAO ] T. Development
and prospect of slab joint water-stop technology of
CFRDs[ J . Journal of China Institute of Water Re-
sources and Hydropower Research,2018,16(5) :457-
465. (in Chinese))

XG5 BRER VAN STEE Joel, 4. JU4 b% 18 7] 5 5
T B kAR e e Sk /)N T S - A L [ AL 2 A 5 Ak
LI b 5, 2018, 38 (11): 14-18. (LIU L
F,CHEN C,VAN S J,et al. Analysis and disposal of
flatness problem of retractable frames of the reversi-
ble active water-stop closure joint for immersed tun-
nel[ J]. China Harbour Engineering,2018,38(11) ; 14-
18. (in Chinese))





