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Analytical study on seepage field of the deep tunnel with asymmetric blocked
drainage system
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Abstract: Analytical study on seepage field of the deep tunnel with asymmetric blocked drainage system has not
been carried out at present. An analytical solution of the Laplace equation was derived based on the simplification
of the studying area. With the PDE tools, the unknown but necessary boundary conditions were converted to the
approximate inhomogeneous ones. These boundary conditions were homogenized with methods like conformal
transformation in complex plane, transformation of coordinates, separation of problem for determining the
solution of differential equation. The last inhomogeneous boundary condition was expressed as the sum of a
family of orthogonal functions in Hilbert space. Finally, a solution of series for the seepage field were derived.
The seepage flow field is similar to the funnel shape. The hydraulic head is higher in blocked side. And the further

study shows that in most situations the sum of series converges quickly when the number of term in series greater
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than 50. The differences between the analytical and numerical results of the distribution of hydraulic pressure and

seepage flux are only 4.28% and 4.05%.

Key words: tunnel engineering; drainage system; asymmetric blocked; seepage field; analytical solution
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Fig.1 Diagram of circular tunnel
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Fig.2 The simplified diagram of axisymmetric circular tunnel
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[ roy, mdn=c,[ 1Y@, mrdn (9
it

N*(A)=[¥(4, mPdn (30)
#130(30) 22 3 (K °F 7 AR N(A,) R Y (A, )
W, TREHC N
oo |
" ON(4,)
X1 (24), fRAKQ6)E, T
i eﬂn(ro'—e“) _e—/l,,(ro’—&)
X4, g‘):ZCﬂe"""O 5 =
C, sinh[4, (1 — £)] (32)

Heh, BRBUMEE REC e BN C,

¥ RQ7MEB2)MRAKN(23), FEX TR
AR A, » ot IS 1 7K S 38 R BB A A A

H,, (& 1)=C,sinh[4,(ry — &)]sin(4,7)

Hep, BB RER#BC,, C,&IFNC, . N
R H (& ) N AR E N

Ho & m=YH, (& )=

[[rapr@, man @D

3C, sinh[4, (- lsin(A,n)  (33)

R ERFER S RECC, , ¥ARSF I A&
A(15), ¢=0, H (& n)=H_(0, n)RAKXB3),
f

H. (0, n)= i C,sinh(4,7))sin(4,7)  (34)

n=1

H_(0, n) BAELE R —Fr 3 8o 7 Bog 4

)k 53, 2%30(28), N(4,) KR HE(30)
Ehip
T

N2 (4,) = [ sin*(4,mdn = (35)

F2HC, @D H:
~ J‘Oan(O, n)sin(4,17)dn
~ N?(4,)sinh(4,r))

RNF(33), 15 FVEEXT (1) 7] 85 i -
H§1(§7 77)=

(36)

i sinh[4, (r; = &)lsin(2,7)[ H. (0, n)sin(4,7)dn

N*(4,)sinh(4,7)

37
Hrp, N2(4) BAGBS)HE, A, Elﬂﬁ(%)ﬁ%z%o)
Pk @R R B EURLE ¢ # Bm ks
AL SN r ANRAL, DAE T 2.2 R AT AR A A8 4,
PrEA(37) 4 A
H, (& n)=

isinh[/in (r, = &)lsin(4,17) j: H (0, n)sin(4,7)dn
N?(4,)sinh[4, (r, —7,)]

38
@ E5f il g, BT 1) & Lapgace):
TitE, RS EORM. 2
H, (& m=X()Y 1) (39)
NSRS, 17 TR AR R RS
X"+ 12 X(5)=0 (0<<r)
X()=0 (£=0) (40)
X()=0 (&=xr)

Y'(17) = 1*Y (17) =0 ®<n<@} @
Y'(n)=0 (n=m
(40) H A iE 6 K
X(u, &) =sin(u,&) (42)
T (40) AL B/ B A5 Ry
N (g,) = [ sin* (4, £)d¢ =7 (43)

AAEAE 1, NTTFE sin(ue, ) = 0 I, WU o0, LA
T RY B S
mn

=20 (44)
i

R R@HMAK @), B[R NT p, FIARALAE
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Y(p, m):
Y(u,» 1)=D, cosh[u,(n—n)] (45)

IR H (& 1) B FTAT AL AR 1 B

H,(s m)=

S H., (& =YD, cosh[u, (z - m)lsin(u,é)
(46)
HNAEFF R 5 A10(16), n=0, H_, (& 17)=
H.(& 0), GEIBA 5% RHD, -
L 16 Osintu,$)d

" N*(u,)cosh(u,m)
R AT @6), BB REERIGLE & LA
EHFRE - A, AR S A A5 b AT 1

A, 55

Ho (& )= {icosh[um (- p)Jsinl, (£ - 7.)]-

(47)

[T 0)sin(um§)d§} /[Nzwm)cosh(umn)] 48)

ZH, N2 (u,) HX@3)E, u, HENE)HE .

® fErEm

KRB, DB H, (& n)» Ho (& nE
i, WX FRE g =0 TG, el -0 Ak

PR lEy e, AR R AR R -
H(r, 0)=

i sinh[A, (r, —r)]sin(4, H)J: H_.(0, n)(sin4,n)dn

N?*(A,)sinh(4, 7))

+

{i cosh[u, (n—0)]sin[p, (r —7,)]-

m=1

[TH.(& O)Sin(ﬂmf)df} /[NZ(um)coshw,,,n)]

(49)

1]t 3 (49) 78 22 8] 1 BN B R PSP
2%, BBIE 6 . WK 6 aILVER], f£r=r,,
0 =0 WA 77 57 i, X ARAE R IR N 2 SR —
N AEFF AL TR ARSI, BEE R n, m

isghn, HmEER SR, JEAEmEAN S
iR P

Kl 7 9 Matlab #4455t R 19 BU£E H, =100 m,
r,=10m, r, =50m FI5FAF T BT BUE MRS 1 EIR,
XECIE 6 FTLAREL, B sl UG AR T Ak, P
TETAR EARCAARTL.

K6 H(r, 0) BB R IRER
Fig.6 The graph of H(»» &) in the column coordinate

system

Iz

H/m

el ~—3p __m—@

x/m
K7 H@ ) =451l
Fig.7 The contour of H(r, &)

3 GRO

3.1 SKRFIE n PSR E 4

B H,=100m, r,=10m, r,=50m ~#l, 5F3K
FTEL n WSS ATV 18 o SRR n=1, 5,
10, 20, 50, 100 i, H(r O)),_, HIHIZIE 8 B
7No

B8 H(r o)., IliZk
Fig.8  Curvesof H(r, 9)|r=ra

FHE 8 ul %, ESRFIE n=1, 5K, fhekz
PEEEK: fEn=10, 20, HIZLERCOLEB/N: £
n =50, 100 i, kO LREAES ., FrUlBIETHE
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(12) 5 B s IR K Sk A sk H(r 0) 1E
W, 5L SRR o, HARTEST, Renl 2
TR HRRE ) 5 o PR B KK Sk i g A I, A SR NI
 n>100 )X CEAKR.

fEH,=100m, r,=10m, 7,=50m %fFF~, %
fr =15m, KAWL =1, 5, 10, 20, 50, 100
W, H(r, 0)|._s MihZin

B9 fise X H(r 0)|_ 28 BRI SO 5
B, n=5, 10, 20, 50, 100 K<L TFEE, i
A7 5 22 UL SR AN AR5 0 T2 B e

fEH,=100m, r,=10m, 7, =50m %&fFF~, %
O =n/40FIHIZEWE 10 s

n=5, 10, 20, 50, 100

l U
/-,4' 70 F AN
/ 60 F \
4 Eso
i o & o1
/ 40 \\/
- ___7__/ 30F \Q_\_‘,____ B
—3.0 —2.0 —1.0 0.0 1.0 2.0 3

9 H(r 0)|_s sk

Fig.9 Curvesof H(r 0)|_;s

TERFATEL n =1, 5B, L EBERAK; £ n =
10, 20 i}, HhZkZERE L& 8/N; 75 n =50, 100 K,
M CafAE S X BCRAMIE 7 = 100 BN
HiE, EZHERAIITEL o BRSNS R E R IR
o BUAK.

fEH,=100m, r,=10m, r,=50m %fFF~, %
#O=3n/4, Wi¥n=1, 5 10, 20, 50, 100 i,
H(ry 0)|ys,, FIRHZINEE 11 Pros. X 2
SCHEEER, n=1, 5, 10, 20, 50, 100 fIihZk )1
FEE, BT HE 2B SRR A TR E )

H/m
EELEE

r/m

B10  H(r 0)),,, ML
Fig.10 Curve of H(r, 6)|,_. 4

mr

n=1, 5, 10, 20, 50, 100

0 1 1 ¥ ]
10 b 30 40 50

r/m
B H 0)yy,,, 2k
Fig.11 Curve of H(rs 6)y_3,4

3.2 5HEEMAIXTEHLIIE

(1) THEREAY ) ST

KB 2 RS PSR RLTE ANSYS
A, RAARFIMBEIE AR, T35y A
N 50 m, ANEPESEIIKK H, BEREERS
FERECN 1, D 12 b x $IETT R AR 0 = 0 (1)
JiTEl, DA AR KR R IR A5 (0, 0) RRARAR R 1K R
R ST EI N 12(a) BT

—

(2) (®)
K12 ANSYS HUEAM AR AR R
Fig.12 Mesh for numerical simulation in ANSYS

(2) KHE

BRIEHEK RGN FRIEIE JG, BEIE A R K
KIS 350 Ak e AR AR A o T A 3L R I B T8 A 1)
T )5 BRI R JJE N B A A AT 3 &=
o XERHEETAEE AT ACKE T,
@9 ANSYS A EE AU THE ) B KK K )
Z RIS iR =g 2 (B2 TN, WA (49)
FEVHSE KR I HE 5 A B S R

G AFI N5 3 -

® tEr=r, ee(_g, gj M b, A
AR E e RE B EE A |
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@ fir=r, 6’6(0, gj BT, A
K IE S 52 0
® tir—rn, He(—g, oj T, A

MBI EERE BN 0,

IRBEALIZE H — L g TE N AR A S K R A,
RERBRSHM M. hry=Tm, H,=130m N
#l, ERIFEIIERE.

Y43 B it iR 32 2R A S SR A A
K 12(b)Fr

tEr =7, ee(—%, oj [f1i 5 |, ANSYS ffit

RO E R 13,
Hr =8, ee[—g, 0] KA, ANSYS it

25 A (49) T 45 R LB 13(b) s -

BT 13 o], —HFHERAEEALE, fEAE =0
Bt , % 30(49)43 HTHE 4 3R = T ANSYS B
BT R, X—FE5E 2 5 4 ML, S2br
by X TR KA FH B R 7 VA B i P 5
A, BIsRAD)MA3) kit . P e KR 1E
R ZERRUN 4.28%, RICARBCAFHFTH

120
<100
- 80
(1) e
- 60 m
K
%
- 40
420
L 1 1 1 O
—1.6 —-12 —0.8 —0.4 0.0
Vil )
()
4120
E
T
A«
%
- 20
L 1 1 1 0
—1.6 —12 —0.8 —0.4 0.0
o
(b)

K13 ANSYS 5AXKITHREIR AL
Fig.13 Comparison between results from ANSYS simulation

and analytical formula

E&hgmem,mmmﬁidmmsmﬁ
e WA (49) T E A R B 14@) s

E@:% re(r, n) MWIASE, ANSYS it
25 R (49) TR 4 R LB 14(0) s .

FIFH ANSYS 115 BEE 35 ZE 1 I HEK R 4
HIERIKES G, 5@9)R g 7 frs.

150
140 -
130

X(49)

120 ANSYS
110 -
100 -
90

7Kk Him

80
70

60 1 1 J
0 20 40 60

4% r/m

(a) 0:73, re(m 1)
140 kb A(49)
120 ANSYS

100 - \

80

7Kk H/m

60
40
20+

4% r/m
b) 9:2, re(n, n)

K14  ANSYS 52 AT REE R
Fig.14 Comparison between results from ANSYS simulation

and analytical formula

KT BBEEANREIZEK KT BRAIKIE XL

Table 7 Comparison of maximum pore pressure

BRI Em K Ao im o
(49) ANSYS
4 100 77.47 73.947 4.76
7 130 102.11 99.219 2.91
9 170 136.29 133.820 1.85
5 220 170.71 162.680 4.94
8 150 119.92 116.270 3.14
3 210 163.13 150.230 8.59
6 230 179.33 172.810 3.77
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R 7 arsn, B @9) TS K E I & T
WA SR, HZEBRIR/DN, 2T %<2/,

(3) BiiE

HTBEE HK RauA - EaZE, BRIE R
B 52K Darcy EHEIEITHS . BELEHKRS
g ZE GO N SR E TR AR

= OH = OH
Q=hLQ;Kw=2&LB:M€ (50)

Hr,

oH(r, )

o

{ium coshl (= O)leos[, (& = I H, (& 0):
sin(umf)dé} /[NZ (1) oshi(u, )~

{i A, cosh[ A, (r, — x)]sin(4,77)

n=1

[ H. n)(sin/‘tm)dn} /[Nm,,)sinhmn

(51
FIF ANSYS tHERIkREZRE, 5RG0)XT
W 8 fis.

*8  HBEIEFRF@AKK T B ETH X

Table 8 Comparison of seepage flux

- ~ BUE/(m® e m ") B
F%3E P 42/m 37K /m e
K500  ANSys EE%
4 100 104264 109010 435
7 130 159453 164493  3.06
9 170 224349 230484  2.66
5 220 249.136 254750 220
8 150 127947 132828  3.67
3 210 193351 210529  8.16
6 230 267.535 279283 421

& 8 A, fa(50) T I B R E R T
AP A R, EEEAR /N BRI
X(49), EANT, BRHEIEABEE, ELT
BT S I RAUL Fourier ZUETIIZL,  7ER i 52K
I ABRE ™ A ZE

4 £

ASCAERT AW TR R S8 TARIRES R AR B

B RAAB R R E, A B AT AE B HE
KRG AR FRIEZE MG DL, K Matlab 3 AFE1T 4L
B E AL R %A, FIF Laplace /2SS
IR, 18 FECE PR 4E 2 (R I E e, ARSI
Tofv 155 100, (4] Bk 30 J 30 P05 T 3 90 A SR AT AR . TR
ANSYS B 7By, WiE VRS R, A
SCAFEI LR R

(1) {1 F Matlab # A AT HUE THE A FR I 7 5%
i, @B ANBCE R E TR A AR B EIR
#2)). Sturm - Liouville [7] 8, 435738 &3k )7 ik
TR, ERMA TR IE P MHEK RS 28 )5 10 A
B A, BI(49)s AL T :(49)R A%
X UE SRS B (R RE I o

(2) FIH Matlab % £EH) PDE 1B, 155 8&Fhk%
BN SRR KRR R 5 FERE T 5
Eff, RREEREMNHDK KRG SRR 154
ek, MEE R B AT LER E A E T
FIRIX—RE,  FRIKE ) mUH ILAE 3 ZE K
RGO HAIH ANSYS A UK ST 7,
IOAE T AN AT E H R KKK J1{EE ANSYS
AT RAEE B, P ZER 4.28%.

(3) f#iHH Darcy e, @it (50)%4 H T FEE
MIHEK R Gi3% % 5 B E B RS2, JFH ANSYS
BEWE TBRE, #1177 HHE; RG0S B
MEYS ANSYS g REARF IR, 2 fiit
HITEZ B35 28R 4.05%.

BE ik (References):

(11 T i KRR E BT H K SR B i HEK 5 Gk 26 T re 1k
WAL L2 A0 10 3] [D]. bt A3AE IR, 2009.(YU Qinghao.
Study on the technology of waterproofing and drainage and the
possibility of corresponding system’s plug in subject to subsea[M. S.
Thesis][D]. Beijing: Beijing Jiaotong University, 2009.(in Chinese))

2] HEANRIEAMEAT AR HES S, TB 10003—2005 EREFFEIE
TERVES]. dbxt: b E Bk E AR #1, 2004.(The Professional
Standards Compilation Groups of People’s Republic of China. TB
10003—2005 Code for design of railway tunnel[S]. Beijing: China
Railway Publishing House, 2005.(in Chinese))

[3]  HEANRILFEATI RS SH. ITG D70—2004 A BEBEIE BT
FVE[S]. dbnt: AN RAZiE AL, 2004.(The Professional Standards
Compilation Groups of People's Republic of China. JTG D70—2004

Code for design of road tunnel[S]. Beijing: China Communications



* 1100 «

A1 TR

2017 4F

(4]

(3]

(6]

(71

(8]

[

[10]

Press, 2004.(in Chinese))

AR N RS E A7 AR g 541, DL/T 5195—2004 K TEEIR B
TFRFE[S] AbRt: b E AT fRHE, 2004.(The Professional
Standards Compilation Groups of People’s Republic of China. DL/T
5195—2004 Specification for design of hydraulic tunnel[S]. Beijing:
China Electric Power Press, 2004.(in Chinese))

B, TR DT B B TE M R K8 FE 2R G
WR——PAE R o B 9 B[] VG R Rk K 2 ), 2005,
27(4): 432 -435.(LUO Jianyin, FU Wali. Destruction caused by
tunneling works to the circulatory system of underground water in
karst areas-a case study of the Zhongliang mountains in
Chongqing[J]. Journal of Southwest Agricultural University, 2005,
27(4): 432 - 435.(in Chinese))

AEITRE. 6 vy 2 B o 8 L B o 5 K S K B i D). K
SCHET TAREHL . 2005, 32(2): 107 - 110.(FU Kailong. Karst ground
collapse and water inflow analysis of the Zhongliang mountains
Tunnel in Yusui highway[J]. Hydrogeology and Engineering
Geology, 2005, 32(2): 107 - 110.(in Chinese))

WRUEEE, X%, 5K3CIE, &SI QMBI SR K NS K5
TR T[] BURBSIERIR, 2011, 48(5): 7 - 11.(CHEN lianlei,
LIU Xuezeng, ZHANG Wenzheng, et al. Investigation and statistical
analysis of water leakage in highway tunnels in Guizhou province[J].
Modern Tunnelling Technology, 2011, 48(5): 7 - 11.(in Chinese))
JIOREN, RIESC. FIL S AL bR B Hrid i I Ut A 163
W AL TR, 1989, 11(3): 31 - 41.(FANG Baorong, WU
Zhengwen. Finite analysis method for solving boundary-fitted
coordinate dam foundation seepage pressure[J]. Chinese Journal of
Geotechnical Engineering, 1989, 11(3): 31 - 41.(in Chinese))
W&, HE BEYUE % A R R E B — AT AR D).
IR 2240 AR, 2001, 29(3): 273 - 277.(YANG Zhixi,
YANG Linde. Analytic solution for anisotropic steady seepage into a
circle-crossed tunnel[J]. Journal of Tongji University : Natural
Science, 2001, 29(3): 273 - 277.(in Chinese))

FEFE, Mo, 1w EEERESKE T SRR - BUE
VR[] AKSCHUR TREHLE, 2002, 29(3): 17 - 19.(WANG Jianxiu,
YANG Lizhong, HE Jing. The simulation of deep tunnel external

water pressure by analytical-numerical method[J]. Hydrogeology and

Engineering Geology, 2002, 29(3): 17 - 19.(in Chinese))

(1]

(12]

[13]

[14]

[15]

[16]

[17]

E@F5, Bord, 7 . R E K BB S IR SOR
BIEN] H A 1% S TR, 2002, 21(12): 1 776 - 1 780.
(WANG Jianxiu, YANG Lizhong, HE Jing. Tunnel discharge
numerical calculation spreadsheet flow method[J]. Chinese Journal of
Rock Mechanics and Engineering, 2002, 21(12): 1776 - 1 780.(in
Chinese))

TR, K Hs L U B T R R K R 0 4 A U T A1 22 il
[D]. J#HS: PURGASIE K, 2005.(GAO Xinggiang. Study on the
distribution rule of water pressure upon lining in subject to high
hydraulic pressure mountain tunnel[Ph. D. Thesis][D]. Chengdu:
Southwest Jiaotong University, 2005.(in Chinese))

EFHEHE, ERM, 5K IR IR K BRHE AT 84 K 7
R A TSR, 2005, 27(1): 125 - 127.(WANG Xiuying,
WANG Mengshu, ZHANG Mi. Research on regulating water
pressure acting on mountain tunnels by blocking ground water and
limiting discharge[J]. Chinese Journal of Geotechnical Engineering,
2005, 27(1): 125 -127.(in Chinese))

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

M, 1R A REEHIEREBRNE ST

. A0 NS TR R, 2015, 34(1): 48 - 56.(HOU

%:’ {q

Xiaoping, XU Qing, HE Ji, et al. Composite element algorithm for
unsteady seepage in fractured rock masses[J]. Chinese Journal of
Rock Mechanics and Engineering, 2015, 34(1): 48 - 56.(in Chinese))
B S KR BRIEBRAE Bt SR

FRBFIE[N). & 155 TR, 2014, 33(12): 2 402 - 2 408.(WU

FALRA, XUBR, B

Zusong, LIU Xinrong, LIANG Bo, et al. Study of seepage property
and calculated watershed around underwater tunnels[J]. Chinese
Journal of Rock Mechanics and Engineering, 2014, 33(12):
2 402 - 2 408.(in Chinese))

FRA, REESG, AT, 55 WREE RS SRR R S
WO S ST, 5 1% 5 TR 4R, 2013, 32(5): 883 - 890.(LI
Shucai, SONG Shuguang, LI Liping, et al. Development on subsea
tunnel model test system for solid-fluid coupling and its

application[J]. Chinese Journal of Rock Mechanics and Engineering,

2013, 32(5): 883 - 890.(in Chinese))



