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Abstract: Based on the reflection method, superposition principle and the theory of seepage mechanics, two sim-
plified calculation models for external drainage with or without grouting ring are constructed. The calculation formu-
las for the inflow of the tunnel and the external drainage tunnel, and the external water pressure expression of the sec-
ondary lining of the tunnel are deduced. Analytical degradation verifies the correctness and applicability of the theo-
retical model and analytical formula. The parameter sensitivity analysis is carried out according to the deduced for-
mula, and finally it is further tested through numerical simulation. The results show that the water inflow of the exter-

nal drainage tunnel and the tunnel decreases nonlinearly with the decrease of the permeability coefficient of the grout-
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ing circle, and the external water pressure of the secondary lining of the tunnel increases nonlinearly with the de-

crease of the permeability coefficient of the grouting circle, but the critical value is less than conventional drainage

method; increasing the thickness of the initial support can achieve the purpose of reducing the external water pres-

sure of the secondary lining and the amount of water inflow of the tunnel; the reasonable ratio of the permeability coef-

ficient for the surrounding rock to the grouting circle, as well as the grouting circle to the initial support, is 15 and

100, respectively, and at the same time, the permeability coefficient of the secondary lining must be strictly con-

trolled; the diameter of the drainage tunnel has a significant impact on the inflow of the external drainage tunnel. To

protect the ground water resources, the external drainage tunnel diameter is recommended to be 0.2 m.
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Fig.1 Seepage model of tunnel and external

drainage tunnel without grouting ring
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Fig.3 Seepage model of tunnel and external

drainage tunnel with grouting ring
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Fig.4 Variation curve of water inflow

with permeability coefficient of grouting circle
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Fig.6 The relationship between water inflow

and external water pressure with initial support
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HI T 7 TR, B O 078 15 2 A AR A A
HEAACTIR T 7K 5 % GE R A1 oK s A 2k 3
K, BETE IR ARZE R, ok kA 18 18 R 2
X B T T 2K A S R G AR ISR TS AR R
TXF RSN HEACIR I 7K S B 2 MR R



180 PN QR 2]

2022 4F

it K A ) JEE B )38 A0, VR K R R
WA K 1 2450800 A HEZK IR K i AR PR R AN
S Y TR SR S B R A 1.5,
WATHIEE 4 0.3 m 0.4 m.0.5 m &% 0.6 m i}, f% 15 i
KA (m*-d”+m™) 4 :0.94.0.81.0.72 2 0.64, i /K i+
I3 AR : 13.58% .23.78% & 31.71%; &8 — YK 4t )
ARK I F1 (Pa) 4351 4 1 560.08 .1 348.15.1 189.15 &
1 065.45, 53 B : 13.58% .23.78% F 31.71% , %W
T Y I A )RR AT AR R A AR R
[(ZSTERVI\ =

ZEA AT, B R AN HE K IR AT R AR A DA
PRIEJE A 5 0 0 S 05 2 5L G 4 78 K P
(10~15) , I B 501 S35 38 AU E AT R P 7
100 B, [7] B 200 7™ A 428 1] — R 4ok 035 38 2R 40, £E
SR L AT 38 A 07 S AP 5 R R R A #
R AT % T K B 5 ORI K 7 % L Rl
HE AT R 428 XA S HE K TR HE K 5 B 3 PR
214 1t K 5T, AR S HEZK TR TR A% 55 4 i 7 B B

4 HERMSTH

R B0 UE A SO SRR 1 4 B K 3 U 1Y
TR, LA P B 18 7 i TR 8 S AT BO(E

LT
4.1 IEE=S
BRSO TR AR S ALK 5N

6 336 m 5 6 337 m, 2y 43 5 2N Y 48 8 Bk O

e RHERVR L) 739 m, &b F Xl P K iy 245 46 1 W 24
M. [A) SRR TE AR KR L ORI | = K K

T EEEARIHIK R HR A W R 5 KK 22T K
RS 15 ﬁD@SFﬁ/T

B8 I3 i S i B
Fig.8 Topographic and geological profile

4.2 SEHEEL

B AL 1 i 335 X R 18 W T, A R | R
o 3 T T ABE R R | iR 25— ﬂﬁfﬂi%ﬁilﬂ“ K
FH AR AR5 7 0 3R 1R % 3 5 A6 ok [ ) g 38 1 17 0T

FE, SCHR[32 X AEARIR AR RE AT 120 b, AR SR i
AR S M E S S awo R

2 2
= V4h' + b (29)

b
4 cos (arctan (E )

2 7 R G A AR Ak BSR4 5 b RoR
Ji 2% T 11 DA T 225 22 5 b 27 It R ) DR T v

TR AR AR 1, = 6.2 m. 855 35 40T, 1K
HMHEAKIRIR A A 0.2 m, W1 5S4 5 — R IR 53
TR 40 em 5 50 em, FE BIEE N 6 m, ik Sk
7 JE N 250 m, 25 G B B 5 B R i T2,
MRIZEANEL 1R .

x1 HRSH

Tab.1 Material parameters

el E/GPa i ¢/MPa  @/(°)  k/(m-s™)
A 1.3 0.42 0.2 29 3%1077
e 3.0 0.30 0.4 35 2x107
WIS 27 0.15 3.5 45 2x107'°
ZRA ) 30 0.15 3.5 45 4x107'°

43 Z=4ERERIET

KA R 22 50 A FLAC A A5 40, 2% jite T
b R T Y 2 R RS AN, i BEAG B SR A R i
R R SF o 2 Xy xz=100 mx50 mx100 m , % 18 HL I N
50 m. JUA TES R A S S e ) 4R S
PRERTT A HY DY Ji SRy 2 K 3 B SIS ER AN K, 29 A
ARG JEVEL T 1) b B ALRS , BRI Sy [ g 24 oL
TOUER it i 3445 77, Rk b g AN R AR S iR R
LHUE.

SR

3 B R G R A B A0 Sk (IO I L A3
i A7 s I SRTBIME ) B K R 1 B AR S HEK
EES]ZSIERTHYI ST S E=3 ) N

F2 ER3L

Tab.2 Comparison of results

7K &/
TIRH < J1/kP,
Sk UATIIAI K F1/kPa (P d )

P PR sy ALEE BE Q0 0,

BUERRL 9456 7021  80.62  80.62 81.50 0.74 0.27

MsTHE — — — — 8856 067 024




LR

SR 2% i 2 B 5 S S A BN R S HE K D7 et 181

i 22 2 v B S EUE A — e 2 5, H
RETE A DA K g R TR K AR SN HEZK TR T
IR IAH2Z £ 8.66% .9.46% 5 11.11% , 15 25 7E Al 5
0 [N, 22 5 04 D DR A5 AR 0 O AU AR 2 B 4 5
PR ) 2208 B T S AP 4 e TR SR BB AP K T T Y B
R BRI — A B8 UE T AR SO S 28 20 IR
PE A ARSME K Iy A A T BRI A .

5 4 it

B R 1 B S R ) PR AR S HEZK T Ak 1A
T3 1 S ek B 0 R B T 2 B HE S T RS
T8 5 R SNHEZK IR I K B A SRR T R )
SRR FRR I AT TR A HIr , 55 AR BUE
B T-Boite— A3 3 T 90k, BARS5 88 «

DS T B IE 5K S KRR K B R A
BRI AT A K ) Rk 2, AR S B
A TR AL A 2 TCBR - 10 P AL AL IR 7K 2
= R/ W - RE s [ i < R/ W S RE7 W S U
KO

2) A B ANHE KR B 7 K 8 A g T R A
WIS Jo W B 1) T A8 ) 55 08 ) HE KA, T R HE
JRKUEHE H R B R R N TR K R 2K B
BEAR AT HE Y BR AE 5 13 EAA SHEZK I B 3 3R Bl
(B K AT A HE D B T B AR 46 ., SO R S Bl B K
DIREREAR T 223K, dend n] /N i, DIk 8% 4 |
TR AR 5

3) I P 50 S50 R ACE BRELAE S 80~
120, [7] B 200 7 A 42 1l R Ao 078 75 22 50, £ L i
b AT aE A R A A S S A A PR 5k B A
BRI I K 5 U K T B H Y

4) HE AR R 728 %5 44 S HE 7K IR HE 7K S5 ) b 2
AR b K B AR HEZK I T AR B A

S 3k

(1] T 9 b, 2 55 il HE B B K B ARBIEL) ] A L
TREAAR,2007,29(9) - 1398-1403.
DING H, JIANG S P, LI Y. Study on waterproof and drainage
techniques of tunnels based on controlling drainage [J]. Chinese
Journal of Geotechnical Engineering, 2007, 29 (9) : 1398-1403.
(In Chinese )

(2] M5 BE TR SRR A EAE T ] A e 5 TR
1%,2005,24(1) :121-127.

JIANG Z X. Interaction between tunnel engineering and water en-

(7]

[10]

[11]

[12]

[13]

vironment [ J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2005,24(1):121-127. (In Chinese)

TUIR L REW, (SR, 5 12 TR I M TR KA A AL 1 DL AR 5T
L] ks 5 TAR 1R, 2017, 14(2) :303-307.

YIN Q, CHENG P, FU H L, et al. Calculation of underground wa-
ter level for tunnel in operation period[J]. Journal of Railway Sci-
ence and Engineering, 2017,14(2) :303-307.(In Chinese)
XSG SRTIAL, 5 B DR 581572 1L 5% 12 = 300 1) sk s K S i K X T
Wit THAR)]. 5 A J15 5 TR, 2005,24(10) : 1728~
1734.

LIU Z W, ZHANG D L, ZHANG M Q. Grouting technique for
high—pressure and water—rich area in maoba syncline at yuanliang-
shan tunnel[J ]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2005,24(10): 1728-1734.(In Chinese)

W, RGN, SR SRR SR IR BE T8 S A 45 4 2L LI K H
BiiiA L) ] Pl AR, 2017,34(1) :91-96.

ZHENG B, WU J, WU X L. Research on the cracking mechanism
and treatment measures of tunnel invert filling structure under the
action of water pressure [J]. Journal of Railway Engineering Soci-
ety, 2017, 34(1): 91-96.(In Chinese)

FEBADR, SR TSE , 5K R4, 45 . U BRI BRI It 4540 2 1 4%
SR LT ] PR BGERY,2017,38(5) :53-61.

DU M Q, ZHANG D L, ZHANG S L, et al. Field test and analy-
sis of mechanical characteristics of tunnel invert structure for
high—speed railway [J]. China Railway Science, 2017, 38 (5) :
53-61.(In Chinese)

TAO X L, MA J R, ZENG W. Treatment effect investigation of un-
derground continuous impervious curtain application in water-rich
strata [ J]. International Journal of Mining Science and Technol-
ogy, 2015,25(6):975-981.

SEMBENELLI P G, SEMBENELLI G. Deep jet—grouted cut-offs
in riverine alluvia for ertan cofferdams|[J]. Journal of Geotechnical
and Geoenvironmental Engineering, 1999, 125(2):142-153.
HWANG J H, LU C C. A semi—analytical method for analyzing
the tunnel water inflow [J]. Tunnelling and Underground Space
Technology, 2007, 22(1): 39-46.

TEME BHZEA: , L 45 2% S IR B F AR S HE K g i 2
TLATHETELT ] 3+ TR, 2020,42(1):133-141.
LILY, YANG J S, GAO C, et al. Analytical study on seepage
field of tunnels with external drainage considering effect of grout-
ing rings[ﬂ. Chinese Journal of Geotechnical Engineering, 2020,
42(1):133-141. (In Chinese)

KOLYMBAS D, WAGNER P. Groundwater ingress totunnels —
the exact analytical solution [J]. Tunnelling and Underground
Space Technology, 2007, 22(1): 23-27.

TEAE . AN B HEAR BT L 5 T8 4 8K TR
FELD . 1A - PH S R, 2011 :46-53.

XIN C L. Study on the impact of different waterproof and drainage

AP

patterns upon water pressure load on mountain tunnel lining [D].
Chengdu: Southwest Jiaotong University, 2011: 46-53. (In Chi-
nese)

NAM S W,BOBET A. Liner stresses in deep tunnels below the wa-



182

PN QR 2]

2022 4F

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

ter table [J]. Tunnelling and Underground Space Technology,
2006, 21(6): 626-635.

SHI H, BAT M Z, XING S C. Mechanics parameter optimization
and evaluation of curtain grouting material in deep, water-rich
karst tunnels[ J]. Advances in Materials Science and Engineering,
2017, 2017:1-12.

ZHAO X, YANG X. Experimental study on water inflow character-
istics of tunnel in the fault fracture zone [J]. Arabian Journal of
Geosciences, 2019, 12(13):1-14.

T LUE, AT SR, 45 21 T R T35 T 2 P B 32 U
G BTt E 0] Wil # 4l (T2, 2018,52(6) : 1114~
1122.

PANY H, LUO Q Q, ZHOU B, et al. Analytical study on seepage
field of deep tunnel with grouting circle in half plane [J]. Journal
of Zhejiang University (Engineering Science) , 2018, 52 (6) :
1114-1122. (In Chinese)

TS AT 2, A8 7K DX A 2 el P 3 7K s 43 A
FELI ] AR E AP RS54, 2017, 46(3) : 546-553.

YANG S Z, HE C, LI Z, et al. Inner water pressure distribution
law of the tunnel grouting circle in water—rich area[J]. Journal of
China University of Mining and Technology, 2017, 46(3) : 546—
553. (In Chinese)

WL AU L BRI R . 2 IR IR RV E K B 08 i 3 g i
FRLD ] BRI CT4RRD , 2016,50(6) : 1018-1023.

YING HW, ZHU C W, GONG X N. Analytic solution on seepage
field of underwater tunnel considering grouting circle [J]. Journal
of Zhejiang University (Engineering Science) , 2016, 50 (6) :
1018-1023.(In Chinese)

SRS, IMIRT IR BRI E sl 2 =X K R 50 M BTy
KL AA T 5 TR, 2019,38(1): 1-17.

ZHANG D L, SUN Z Y. An active control waterproof and drainage
system of subsea tunnels and its design method[J]. Chinese Jour-
nal of Rock Mechanics and Engineering, 2019, 38(1): 1-17. (In
Chinese)

FARMER 1 W, JENNINGS D H. Effect of strata permeability on
the radial hydrostatic pressures on mine shaft linings [J]. Mine
Water & the Environment, 1983, 2(3):17-24.

RS 2 TR XA L AT BRI B S T SE [ ] Bl 7
1, 2017,39(1):125-131.

ZHANG B Q. Analytical solution for seepage field of twin—parallel
tunnels in semi—infinite plane [J]. Journal of the China Rail Way
Society, 2017,39(1):125-131. (In Chinese)

RIS LA 3R AT R ROK R B3 B T AT AL ).
H o TR, 2017,39(11) : 1984-1991.

ZHU C W, YING HW, GONG X N, et al. Analytical solutions for
seepage fields of underwater tunnels with arbitrary burial depth
[J]. Chinese Journal of Geotechnical Engineering, 2017, 39
(11): 1984-1991. (In Chinese)

ARJNOI P, JEONG J H, KIM C Y ,et al. Effect of drainage condi-
tions on porewater pressure distributions and lining stresses in
drained tunnels[J]. Tunnelling and Underground Space Technol-
ogy,2009,24(4) :376-389.

BERER, BHZEA, RREZE, 45 . A RIBTHEK Oy 2R 5K % E %
G EARBNTTE N T ma S #r (1], BRI 5 TR, 2018,

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

15(11): 2901-2908.

FAN X X, YANG J S, MA Y N, et al. Analysis of dynamic influ-
ence of train vibration load on water rich tunnel under different wa-
ter proof and drainage ways[J]. Journal of Railway Science and
Engineering, 2018, 15(11 ): 2901-2908. (In Chinese)

MR, BHZE A, TR, 5 SN 7 sU7E RS T AR Hh B
FIN T ] PGB A4, 2020,42(10): 118-126.

LILY, YANGJ S, WANG S Y, et al. Research and application
of external drainage methodin tunnel project [J]. Journal of the
China Railway Society, 2020,42(10) : 118-126. (In Chinese )
TR, BHZEA: gk, 45 R O KA HEZK BE T 2 3
FrIFFELT ] WA 2R (T24R) , 2018, 52(11) : 2050-2057.
LILY, YANG ]S, ZHANG Z, et al. Analytical study of seepage
field of deep—buried central ditch drainage tunnel [J]. Journal of
Zhejiang University (Engineering Science) , 2018, 52 (11) :
2050-2057. (In Chinese)

W5 B2 E M)A AT Tl R, 2003 :26-37.
ZHAL Y F. Seepage mechanics [ M]. Beijing: Petroleum Industry
Press, 2003:26-37. (In Chinese )

SR, SRS, AR, 25 e /K T 8 7K X RS BR A Ao i) 2
B a2 Bt s L] a8 0 0% 5 TR 24, 2007, 26 (11)
2270-2276.

ZHANG C P, ZHANG D L, WANG M S, et al. Study on appropri-
ate parameters of grouting circle for tunnels with limiting dis-
charge ling in high water pressure and water—enriched region[J].
Chinese Journal of Rock Mechanics and Engineering, 2007, 26
(11): 2270-2276. (In Chinese)

MG, SRTOSE X 5T, 45 96 UG B 10 52 45 AP 7K 1 g 40 A LR
Doy PRV SN [ Vel BRI 9 [0 ). S5 A0 7% 5 TR, 2012,
31(2):280-288.

LI PF, ZHANG D L, ZHAO Y et al. Study on distribution law of
water pressure acting on composite lining and reasonable param-
eters of grouting circle for subsea tunnel [J]. Chinese Journal of
Rock Mechanics and Engineering, 2012, 31(2) : 280-288. (In
Chinese)

W RAR R 4 55 TR 3k 1 FELA 2 1 22 Al g 3l
FEMRIFEMAATLI ] 5 2 TREEAR , 2018,40(3) :449-458.
HUANG Z, ZHU S Y, ZHAO K, et al. Influences of structural
variation of host rock induced by engineering activities on water in-
rush of tunnels[J]. Chinese Journal of Geotechnical Engineering,
2018,40(3) :449-458. (In Chinese)

Mz, BRI, S, 45 25 B o o BE I 280t iy 22 =k
JESCABEHIFE LT ] A 1 J1%7,2020,41(S1) :237-245.
TIAN'Y, CHEN W Z, TIAN H M, et al. Study on design of buffer
layer yielding support considering time—effect weakening of soft
rock strength[.]]. Rock and Soil Mechanics, 2020, 41(S1): 237-
245. (In Chinese)

FIERNe, TR, WA AR DRI R FREA A S P R s
ST LT ] SN ol R 2 4 CE SRR ) , 2005, 34(3)
125-129.

YAN C L, DING D X, BI Z W, et al. Viscoelastic mechanical
analysis of the stability of surrounding rock in deep tunnels [J].
Journal of Guizhou University of Technology (Natural Science Edi-
tion),2005,34(3):125-129. (In Chinese)



