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Research on water blocking technology of curtain walls in water-rich tunnels

WU Zusong', HOU Qiuping', MA Junwei’,LIU Qi' ,XIAO Di',LI Song'
(1. Civil Engineering College ,Chongqing Jiaotong University ,Chongqing 400074 , China
2. Shenzhen Geokey Group Co. , Lid. ,Shenzhen ,Guangdong 518026 ,China)

Abstract; The problem of water inrush in water-rich tunnels has become the primary problem to be solved in
tunnel construction, especially in tunnels with particularly large water inflow and high water flow velocity. At
present, most of the existing researches focus on the grouting reinforcement circle, which is mainly based on
drainage and post-grouting. This method is feasible for surrounding rock with small water inflow and low
permeability , but where it is high in water pressure and rich in groundwater, tunnels have poor performance and
high cost. In view of this problem, this paper proposes a technical solution for curtain wall water blocking.
Firstly, the relationship between the penetrating force and the viscosity coefficient of the slurry is analyzed. The
critical flow velocity of the groundwater under the penetrating force of the grouting slurry in the porous medium is
calculated, and the optimal spacing of the curtain wall from the tunnel is determined to be 2 m. Twenty-four
different sizes of grouting solutions are proposed. Secondly, numerical simulation method is used to calculate the
water blocking or limiting effect of the twenty-four grouting schemes. Finally, in the twenty-four models built,
the scheme with a grouting depth of 30. 6 m and a grouting length of 20 m is the best water shutoff scheme and
is applied to the project. In the engineering application, the water in the cave is reduced by 80% , and the water
blocking effect of the scheme is obvious, which can ensure the next construction of the tunnel. The research
results show that the critical flow rate analysis method can economically and quickly determine the water
blocking or limited discharge scheme to meet the requirements of in situ construction and grouting and water

blocking. The research results can provide theoretical basis for similar engineering design.
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Fig.1 Construction master plan
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Fig.2 Water and water in the cave
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Fig. 3 Tunnel original model
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Table 1 Parameters of the surrounding rock
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Table 3 Grouting scheme at 2 m from the tunnel
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Table 4 Results of each program after grouting at 2 m from the tunnel
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Fig. 6 Geometric model of scheme 8
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( with the same legends as Fig. 6)
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Table 5 Grouting scheme at 4 m from the tunnel
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Table 6 Results of each program after grouting at 4 m from the tunnel
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Fig. 8 Geometric model of scheme 16
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Table 7 Grouting scheme at 6 m from the tunnel

RS ++t +A +h =+ Zt+— -+ =+= —+m

HERHEE/m 24.6 26.6 28.6 30.6 24.6 26.6 28.6 30.6
EHREKE/m 15 15 15 15 20 20 20 20

P LA S 08 AT A B I K- R T, TS
SR S 5 T A VR SRR AN A I T R ROCR B TE R
L NP N
3.4 BERURHETTR

ARG B 37 SE B B0, 7 B 91 - S SRR R A 5 8
IKESR BREAL QAT 5 RN o5, U 7, #5
SR BUR] — Fof i W, PR 7 58 R — A, ELBR B i
Xt TR IR 28 e A JC R W 5 TEIRACR T i, T S\ P A
HH Y 2 3 O T I R 4.4 < 10 m/s T ST
ANHBREERZ ER . FE, X FIERR U, T RN
S T2 Ao K P B RS AR AN, 225 R
AR BT, 3 SRS L B e 22 2, 7 S % 8 28 T R
R BHETT AN A TR R K 5 i
BRI bR E TR HES T 58 o

JH T ISR 2 (K P b 5 g 4254, I T [ 45 0 9K
(7K PR AR 5 D 4254, [ 45 0 3K R T 4K 98 % 5 2K 0K
Rl BE AN T 40 °C o AR BB R 1 A R R D7 R
T B KR  H K T2 200 m®/d, BUK S
R4y 25 em , REAS Il /L BE IE N IE i T Ais 17, %07
ST o BT R TSR AOCR LR 10 FTos .

*8 HEERBEOMATFREEFARER

Table 8 Results of each program after grouting at 6 m from the tunnel
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Fig. 10 Tunnel rendering after in situ grouting and grouting

AT LA H R GE N R K 28 B0 IR R I AT e
HEAT R TE PO Y (o] SR RS S 0 R — 2 T, &l

TR SRR FRE %7 ZE T AT , BE A AR ABh I 7K B 3E 42
S ZAH .

4 HitREW

(1) i BE T 530, 45 8 UK 38 B 5 0 3K
AR AE B AL B AR BE BRI 2 m Kb AR AR B TR
R T U B A M Oy T SRR A B K, AT LR IE
WEIE i TR — 2 2T

(2) FESL T 24 A B AR B ) % 38 A A9 38 T K it
AR BT, 45 7 I B P BE 0 6 m, iR IR
JEH 24,6 m, IR N 20 m i BERBICR e

(3) 13 pg PUHA R B 5 SR 250 L BB A7 AR R
BT K o EARSCHR 35K O7 S i SR AOCR B
TE I B B34 T 3 K, {HL 2% I8 28 ek, 1 A LA g



55 W

7K 3T 5T TR

<71 -

TR K, o ZEHEAT T AR DL Y e AR T S

(4) BRIy it T 2880 2R Sk 13 50 {900 e 07 56wl A
A ROBIEAE T M T K BB, R IE R G i TR0 i 25

7, 91 AT 2 L TR B4R 2 5 R

(5) 38 K A i g S 7 0 S A4 R A 5 i R AR
R OA T A i R IR e 0N A R B4 40
IR R A7 42 1), 2 222 O 5 0 308 49 DA 3l 05 11 /) 3 S b R

Je i BN — I ST MR TR [ L
SE 3k

(1]

[4]

LIU J, CHEN W, YUAN J, et al. Groundwater
control and curtain grouting for tunnel construction in
completely weathered granite [ J ]. Bulletin of
Engineering Geology and the Environment, 2018, 77
(2):515 -531.

XOAZTE . e H B K R S A 5 8 K T B R Ky
[J]. #Fzs(E 5 TR H ,2006,2(2) :263 - 266.
[DENG R Q. Construction technology and application
of grouting and water blocking in high pressure water-
rich tunnel [ J]. Chinese Journal of Underground
Space and Engineering,2006,2 (2) :263 - 266. (in
Chinese) ]

KB, SR TS, S, AL R R K A R K
BB R AR FHRCR M (], 1R 25 6] 5 TR 24 40,
2009,5(5) :996 - 1002. [ ZHANG C P,ZHANG D L,
YE Y,et al. Grouting mechanism and effect analysis
of high pressure water-rich karst tunnel[ J]. Chinese
Journal of Underground Space and Engineering,2009,
5(5):996 - 1002. (in Chinese) ]

WAL 1 A 252 BRI, A5 BRI N BORE X £ AL A
B AR PRSI A SE SR ST (], K SO B AR M
J%,2016,43(6):1 -6. [DAICS,Ql Y Z, LEL H Y,
et al. Experimental study on the effect of suspended
microparticles on the seepage characteristics of porous
media [ J ]. Hydrogeology & Engineering Geology,
2016,43(6) :1 —6. (in Chinese) ]

PRAL I, XV AR, 5 0 55 BHKB B ERT
A 44 5 2 1 38 i A AF 5 LA AE T W R
SERBILT]. AR SCH BT T 72 M BT, 2016,43(4) .14
-19.[CHEN SM, LIUH W, LU W X, et al. Study

on seepage flow of heterogeneous stratum under the

action of suspended cut-off wall Taking the
Songhua River main stream group as an example[ J].
Hydrogeology & Engineering Geology, 2016, 43(4) :
14 = 19. (iin Chinese) ]

XSRS, B . KT BRI B W 4 A LR

[7]

[9]

(11]

REARLRIG AT [J]. LR T2 ,2015,48 (3
il 1).388 -392. [LIU Q,TAN Z S,WANG X Y, et
al. Model test study on distribution law of seepage
field in underwater tunnel [ J ]. China Civil
Engineering Journal ,2015,48 (Supl) ;388 —=392. (in
Chinese) ]

FESIAS , B AL SR KT BE TH B R 3 8 BT
RHMALI]. &A% 5 TR%HR,2011,30 (3
) 2):3567 -3573. [DU C W, WANG M S,TAN Z
S. Analytical solution of seepage field in underwater
tunnel and its application [ J]. Chinese Journal of
Rock Mechanics and Engineering, 2011, 30 ( Sup2 ) :
3567 —3573. (in Chinese) ]

MK, IR AL, X B, AV BE T8 AT A A K
Ty oy A A BE B E S BT (T]. e
J1% 5 TR ,2012,31(2) :280 —288. [LI P F,
ZHANG D L,ZHAO Y, et al. Study on distribution
law of water pressure of composite lining of subsea
tunnel and parameters of reasonable grouting
reinforcement rting [ J ]. Chinese Journal of Rock
Mechanics and Engineering,2012,31(2) ;280 - 288.
(in Chinese) |

T/ANE X, w® % EAmRE EsE
ABBEE K BRI E Ik [T]. 5 R¥ER
(HSRFBI2A /) ,2015,36 (4) 461 - 466. [ DING X
P, LIU Z, SHI B T, et al. Calculation method for
quantitative correction of water inflow in tunnels with
composite lining [ J]. Journal of Huagiao University
( Natural Science), 2015, 36 (4).:461 - 466. (in
Chinese) ]

SR, B, FITW L AL KT B RS 8 T
KB rr At Bie i 5T [T]. A £ 7127 ,2015,36 (3
T]2):89 -94. [WU Z S,LIANG B,WANG Y Q,et
al. Theoretical study on seepage characteristics in
grouting reinforcement zone underwater circular tunnel
[J]. Geotechnical Mechanics,2015,36 ( Sup2) :89 -
94. (in Chinese) ]

R, BEFERE. WTRKICFEIM]. dbat: d i
R85 B2 M4t , 2005. [ ZHU X Y, QIAN X X.
Groundwater Hydrology [ M ]. Beijing: China
Environmental Science Press, 2005. (iin Chinese) ]
VPP 3. AW TS Tk 70 4 A A e T B (.
RIS D). WHS . 74 7 3258 K% ,2011. [XU G
P. Physical model test and numerical simulation of
Chengdu:

karst grouting diffusion radius [ D ].

Southwest Jiaotong University, 2011. (in Chinese) ]

YREE . T £ 4



