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Abstract: Water inrush disasters have become a serious problem resulting from the current trend that numerous traffic roads
and hydropower tunnels are constructed, and minerals are mined in deep underground. The variation of rock structures induced
by engineering activities has great influences on the mechanical and hydraulic properties of the host rock, and the seepage fields
around tunnels. The theoretical analysis method is employed to investigate the influences of the structure variation of rock on
the groundwater inflow rate and pore water distribution based on the damage and permeability evolutions of host rock induced
by engineering disturbance. The results show that the influences of the thickness of the damage zone on the pore water
distribution and the groundwater inflow rate are significant. The risk of water inrush increases with the increase of the thickness
of the damage zone. The influences of the hydraulic conductivity on the pore water distribution and the groundwater inflow rate
are weak if more than two orders of magnitude increase in hydraulic conductivity of damaged zone. The inflow rate decreases
with the increase of the thickness of grouting circle and the decrease of its hydraulic conductivity. However, there is a best
design value for the thickness and permeability of the grouting circle, rather than the effect of greater thickness and lower
permeability of the grouting circle.

Key words: underground engineering; water inrush of tunnel;

excavation damage; rock structure; hydraulic conductivity; ESTHE : FRESEM R BT (9737181 (2013CB036001);
inflow rate HRERBIEIE ST (4170236, 41572263): {845 Q1H AA SR

I (BX201700113); W EELERSEETH (2017M620205);
P E L R ZE IR L 2 S TR [ 5K A S = S &0 H
I (SKLGDUEK1703); VLG H TR LR 3034 H (jxxjbs17005)

3
B3 KRR BT (R TP . M R IR WO ERA: 2016 ~12 - 01

HEWEE (yelmf zk@163.com)

it



450 H O+ T OB % M

2018 4F

H R ARG BRI R R BT A, AR
THREIR, T2 80X, U s AR S & R IR K
AR, TR AR BRI R AR R
KA, SRR T E TR R O IR R,
FN )L EKEEESRAET, RSl 1 F S
3, FOKFBOR A I B R 4, 34758
ISR R, TRERB R & SRR B4 AR, T
FEPLBNAE TR b A BV E F 2 5028 1 A R 46
RA, SRR FEEERe. ik, JFRE TR
BN R IR B 40 B LT B SR TR 7K ) R e T 58 B
BB R SO A2 R v AA

FE] A A1 2 o b T TR R B A R IR R 45 1 X
(BB ERTT IR T — RIIMHEFT . Kelsall 2
WEFE T 3 S AZ R AL B T2 5 R I B 45 O A K
HBE ML FAE: Martino 25745t i€z K URL
(Underground Research Laboratory) i~ SZ4G % R4t
WEFE T BB T2 51 RS LS 32403 S8 i Bl i2aE
AF4%: Baechler Z51*SRFH 2 il T Bt 7¢ 7 2454
BilX IBIEREIE s ZPRIB AL a5 OSR A iz
BRI 1A Ny - BRI R o (135 08 ML R
fiE, 48 5 A 2 18 i RS i@ HEARAE — > 3G AL
B /b A S U G0 b7 T o TSUE 0 5 Ak 8 37 ik B 2 45
it R RS A . IR AL, FER AN )
JTEWE T E R IIBE SN]SR o
52 AR P A B R I R K78
BRAEHEAT TREWTFL, RS T W2 AR, Xt
R TR K ER RS TR IEE S EH . ER
F T S o s T TR ] 405 S B U R K T R A2 2%
P, HETOCT RIS 18 i) BB A5 S Hxop g i 5%
IK BRI ERATAEAEAR 22 10 A FrER AT S o BEAD,
B it I B rh RIS ER T VAR T . I
Bea V& A 45 K LB, 5 SR P SR200t B EAT ]
RTIRBTE AR RAB IR o F5E b, FEH 0 ] h A2 Xt Bl
E S HREAT N Eis, S I Z e O AIH
REJT, AT HE m S B b R EE 1. A SCHERT AT
Fo I FERL b0 AR A 1) B 45405 S Hoxs ks
EVERR BT 0T, IR A BRI AT LS A
K AR BE T SRV /K RS2, LA DN RE 1E SR /K L
FANRIK B IR PRt — € 25 Wi .

1 B RESERZSEERRNE
R TR LAl R b, TR Pl 4k £t
HRIH R, B SRR I R
U, H RN YRR (9 R A B
B LA PRSI ) PR VB TR P B 7 i

(e A > R R A MO R B X 3 R
F2845 X (excavation damaged zone, EDZ) 12
#EhX (excavation disturbed zone, EDZ).
1.1 BEFEEHGER

FEAZ A5 DX () A A T LA 1Y) 70 5 4 s
IKERPEJ5T, BEAR T B AR BB e, T HLsk s T
LA A R R, S8 T FOK ek i . A,
A BRI AN 5 BB 40 A Va6 TP PR IE SRR . R
SREEHAZ A o A B TR E .

BETE 42100 )5 Bl BRI G o3 A 2 2 1
Bl 5 FF 42 4549 Y Bl () — P 305 7% . 1 NiEE
Meuse/Haute-Marne & LRI HADES i T 5246 % b i
T2 S W 1 B o B A PR, szl 4 R
KR AT B— e HH Meuse/Haute-Marne SZE4
FEAAREE R 5 AT I R AL 45° , HEF I
7 ZRBRIE AT 1 AR (4908 4 mD; Sl HADES
S BE T (2R TH 5 K TN I A 2978 60°, FE R
T RBRTE 2928 6~8 m, 12 MK B EHZ18 1 m.

~6m
N

(a) Meuse/Haute—Marne#t 3256 %

(b) HADESHL F3EHE

1 BEF SRR EE SRS
Fig. 1 Observed fracture patterns of host rock during excavation of

tunnels [1>1¢

2 9%t Mont Terri #2547 S0 5 HEfBE R
sy g R, A, BREIS R, WL R
B TAHEE R 2%, Frp RSB i 0~30 cm I
FINEKRKEAIL TR, ek, 2K
KA, RERH XL TR IER 0.9 m WA

35

30k HREEBX E —=— il 1
J —o— M &2
25 : —— 53
T —— 54
2o} —— S
‘%‘ ] —— i 56
215 i
® 1ol L —
% L Y
5 B Z .‘
0 1 1 ' —
0-30 60-90  120-150  180-210
[ BRI REBF S /em

2 TMEE IR SERIERESHNXR"
Fig. 2 Relationship between fracture frequency and distance from

tunnel wall”!



3 1

WO, S LRI BN R L G AR A0 BE TE S 7K R 5 R 7 B 451

Kaiser %" 1 LUK NI L ) o, IV AT SR
UK SRIE o, SR TN BL Bl e PR IR BE i 22 56 28
X

D
Tt _134%m _057(40.05) . (1)
a

A DONEUETHZBORNREE : a NBEIEF12; BT
R ) o, PTARYE T 20it 5
Ox =301703 o 2)
X oy NERKERT): o3 AP ER T
Martin 251" V7E B T8 FF 1238 PR 1 B S 55040 (1 3 il
ExpaC (D BT TBIE, 95 T Wl 3 frs gtk
wikH

D o
—f£=125-m _049(+0.1) 3)
a o,
1.0 A %@Jl 2
3 e
08 5 Zhia 95%ﬁ1‘§lzlﬁ'{/ S
5 ;
L e ’
Nk
< X S
Soap HERE e
— '. ﬂ
0.2 _@Dj@ y L Y=1.250-0.49(+ 0.1)
r ¥ R2=0.8209

, i )
0 0.2 0.4 0.6 0.8 1.0 1.2
B TERBE 0, /O,

3 BEEEWINRE SR AMME KR
Fig. 3 Fitting relationship between measured depth of failure and

stress!'”)

HI1& 3 W, 5T H O/ 0620.4£0.1 1,
% 38 Rl oK T 46 BB A A IR 20, Iy R B A
K, BIE 245040 76 Bl
1.2 FERGXSSEFIE

FAZHIX (EDZ) 7= AR it i BB A B i 1 1)
RS .. KEE N AMEIE B S S E M R I S5 ot
Fegength 102150 SR, BEEBEEE SRR
FtEK., B4 (a) Nt Mont Terri B&1E H42 J5 W7 IH
IR B (13558 R g g U7, ply sz g Sy
Hl, BIRAN AR A 2@ VAR EAN ], (R
FHBE M I B AR X S e T RETE TR 1 m
EERN, HPESSEEEERS G1X10Mm®) 1
XA FASIE 10~20 e B FEL N, BEYE FEL N BB 1
BIBERR AN 2~4 NEY AT 2 R
PR A g BT a, RBRIR 5B@EE s KA —
#FE. KB4 (b) ANEK URL SL56REE 151 A
BERGEERE N R, aTUEN, ek
EEERIT, BIABEE IR, 5EABENE
FHECE R AT G NE) 5 MRS, BIE RS B R

[X 5kt 4 TR IE T T 1 om Y PN, P 5 B B R
BlaB B E T 5 E KBErE. thoh, s
I8 1623350 LRI Mol 3T S5 5 Bl 15405 X
B RN 1 ~4 AN ECE SR, VA Bure BEIE G N 4~
S AR, 74 [ Tournemire B IE IS N 5~6 MR

A NI U4 SR AT 9 T SO e I S i X 5%
R E R — B NS H K

(a) Meuse/Haute—Marneil F 325 %
1E-8 ¢
1E-9

1E-10}

/(m%s7)

B 1E-11

®

VRLREE
% ig-13f

1E-14 ! H ! ! ! 1
0 05 10 15 20 25 3.0

[ A T RE B B /m
(b) URLH: T SEL B E
4 TBERSHEEEEEHERI2

Fig. 4 Relationship between observed permeability and distance

from tunnel wall!'”??

2 FHEIRAA X BRE SR K AR

HICL LTl s, BESEITZ S, 05 X6 51
EBIERALRIARAL, TEETE R 3R X BEIEE
Yy A, N, BRI 3 IAR S R
Bl BN S A M 1 52 TR P A 2k s o), 235
THMBL 7 AR EAE RS, B A BEK B I AR E 1
BEAR, SCH SRR IO EAE K, ™ HIN il e
ROKFPR R FEFAIRE . B, #2805 X
XTBEIE F ST AT BRI, B R RS
TR BBl 7K S 3734 (s B 3 2 B B O T
FER FAME -

HKERTHEINEZ R 2R, W L2 T
THERNE . TR A Sl T R e e ik,
HI TR ROK . KRN+ B A%, I H
MR ZK 228, HE ] BEAE AL ) LR i A PR &5
WEBEN. 5 TR T BRI e TE
FALE, MM A B MRS . TR RS AT
I HLAE T B AR R T F2450403 DO BE AR K S K B 5%



452 H O+ T OB % M

2018 4F

Wi ) — R o TR IS D T 55759 B b 1
BES PR REOE RBUET RS Hoh IR
BEK TRET ISR, HHIE T A WmIiE
BIE L BEE P HK R R SRR R, (HEF N
6 m 2R 06 (1 530 R RE e K s FEE AT K TR BEE (1
K FTEAEAEAR KA R, Mk, AR S0iE F R
W71 SRR 25 FEIT 245 03 X 4 B v /K B MK S 77
SN R TE 1 T2 0] FEE S K FIRE I o
2.1 RKEFIKENBIERE

FERSTE TR /K R B AT THER b, — JBORE Bl BRUE
NIEBA T, FFBUE A A IS B 25 ) [ B 5 )
ko TIFESERRAF, 1 P ARLRGURT T 2 S5 45 A T F) £7-7E
RIREARNAESS T BB SR 7 etk
H— M, B SRR A TR PR T B TE R
PR A T RESE R IR A mi P 2 B A vh 2%, JE RS
RS 2 AU R Rk, RAETE T R
SE N [ AL S i 5 SEPR i DA e A, H
R FIELLZ AN RIS TS A X B, — e
I TS H A AR A i /2 1K P e R R B it ik
743 Ht.

B8 Bl NS R FIPE RS2 LA BT, A iR
BT AR, ABEE S PN 13 N T -
B ERBRL,  BE TE W N B HIF 28 051X A
IR, IR T 9 7K i B K g 43 A AT AR Harr M
MIRsE S RE (LS K15,

+4y
B (5ER)
H
e a e E—
v v
D
H H
CS/ =4y ) —ﬂl(,: /_< 0
o Bl (5B )

5 BHERGETEE
Fig. 5 Schematic diagram of mirror image tunnel method
5 AT s B PR A 7K Sk mT e R AT o
ﬁ[ﬂ]

h==2lin(cos’ 0+ 2H /r—sin6))** |+ H . (4)
2m

X h AREEAKks g, ALK EEREIE (i K
ke NEE BEEZREG r D9 R B R RS TE W i 0
IS 0 JyREIE BEIIZE 50 R 7 ) 4R R T 2 £ 5
H ONREEZ R AOK k@, IF BARY H fEREE
Tz P R E, WESHTR.

Horp, WWERBEHHZ (0=0° ), LN

4, 2,05
hsp—ﬁ[ln(lJr(ZH/r)) J+H o )

FRER| hg,=0, PAKFEREIERKE g, TR
(5) it#H

2nHk

_1 - 2705 (6)
n[l+2H/a)’]

Kb o REEEAT. X TIREREE TR, HER
[1+QH/a)"°~2H/a, LRFATAEN
2nHk
) - (7)

n(2H /a)
B (7D RN () w34 E AT A R

4y =

qy =

e {1 _In(cos’ 0+ (2H /7 —zsin 9)2)} i ®
In[1+(2H /a)"]
B [ 5 KR A A AT i B AR S
e In(cos® @ +(2H / r —sin6)*) _rsin6
P {1 In[1+(2H /a)*] H }Hyw - O
Xt 0=0° , itk
|y In(+Q2H/r))
P {1 1n[1+(2H/a)2JH v (10)

A p A p, RALBEAKIE Ty, AKIIERE. ik
(10) AI%n, FEIE R LR /K 16 IR R REE b
ZRNFEIE 2 B R KK Sk m S R A G E
(Hla) K/NHIFEIH
2.2 FEEFZHARBKEFIKE I RERTE
Heuer™ 5 %} b K B8 /KBS0l 52 (1)
FITIAE, R BLSEIIAE 5 P &5 5 1% 22 B s K .
SIATICIR A, BR T SN IR E B S 1l R
PSR I R TEAR B S B B 38 Wi 1H A5 e A 25 R 4t
P G Hb R 2 AE SR IR 2 A, BB AT RE A T iR/KE
HIFENT T I LA 188 R BUBCE N — AN e E, 1
TESE PR 2 p 42045 1T B 5 2 PE 8 P A R 17838 &R
BRI AN BE SR, Fitkdid (7) 1+ &
AR R AKER TR ER K. N T EmAKE
D AIHERG I, Heuer™ s 5 1 (2580538 23517 —
TR K E AT XS N4 X, SR o v — Fh Al
FIR A5 T7 1. A SCE I 1280405 X )N @A 1
B RO, e IRRE b B T K E AN KE 7
HITH B A AT T B EEIE.
6 N X K R B v IR 7K Sk A 2k Rz FLIRR K
5 A5 A P, AR B2 4495 X A LA % 38 i i
O SRS FR A OO IR AT DX 4, D) A7 453 4 X K B 4T 7R
KB N REATH P
_ 2mkyAhy
W= b a)

(11)



H3M WO, S LRI BN R L G AR A0 BE TE S 7K R 5 R 7 B 453

A g RN X AR kg A5 XS
FEL A AR RSB R B Ahg D503 XS Rl Y PR K S 2K
a NREERE; b NHIX GAE) iz,

6 X KB E A PR KIRARRILBRKEN D RE
(48 Fernandez F1 Moon*M&%0)
Fig. 6 Schematic diagram of head losses and distribution of pore
water pressures of damage zone and host rock (modified

from Fernandez and Moon®**)

5 X A1 BBl R A K TR K & AT Bk (6)
X () LK
B 2nk Ah, . 2mk, Ah, . (12)

In[l+(2H /b)*1*®  In(2H /b)
A g, PR XA AT K TR K s e AR X
HMER B IE REG Ah, B XA K Sk 457
K HNBEEZ LN KKCkREE, B
H =Ah,+Ah, (13)

FEBIMANESNE, X% H q,=q, » Bk
A (DL R 2) M 3D AR X N K
kPRI A

ql"ﬂ =

A =—H
1+C(kd/km)
Hrh C A5 H, aflbHRKSE
_ In(2H /b)
 In(b/a)
KR o AR (12) B
2k, H { Clk,/k,) }

(14)

(15)

T = T nll 4 QHBY TS | 1+ Clh, 1k)

_ 2mk,H { Clk,/k,) }

(16)
In(2H /b)| 1+ C(k,/ k)

#BR (16) AR 4 B

A :(l{m(coﬁ 0+(2H/r —sin@)z)}{ Clk,/k,) DH

In[l + (2H /b)’] 1+ Clk, k)
(17)

T 0=0" , EafEHN

" :(1_{1n(1+(2H/r)2)}{ Clk, /k,) DH . a8
P In[1+QH /b)’] || 1+ C(k, /k,,)
MR (100 W EIFFZ2800 X FLBR K )
HHEAX
) :(1_{1n(1+(2H/r)2):|{ C(k,/k,) DH7 o
P In[1+QH /b)’] || 1+ C(k, / k,,) v
(19)
FEAZ 400 DX (1) B0 A 4 ok P 2 9 7K & 77 AR 5
may, ] E I 2 R X R K B S R R G X
IKERIHAE (gq,/q0) Rmt, HAER (7)) fisk (16)
CIECS:Y/ 4= a5
g, _In(1+(2H/a)*) C(k,/k,)
g, In(l+(QQH/bY)1+C(k, /k,)
2.3 RS
MRPERTSCRT %0, P Bl S AR S FE K P Ak
ISR G, HBEEF2 /G, 300 X rs st
BHEINK. N TETH, N E i
XJEREE (bla) FAIXEER Cky/k, ) HWILHR
HREFEHM AL
(1) FFFZH 0 FLBR K 77 1 5 e
BT (19 HEIRA T IH— I FLBUKE T
(psp/Hry) BEA5 X235 RO KL Ch, /&, O~ Tith
X JE P (bla) K 538 2 b I R KKk R EE (Hla) HIAZ
HHERECILEL 7D, B a2 R 2% EB 3R X Ck, / &, =1
PIFLBRAK A4 . MW RTLLE H, BEBHIXE
FERE Cky/k, D [3EIN,  FEE B ) FLER K K 3
BRI, 00 XA 7K D86 B B B PRI . DAL 7 (b)
NG, TEREIESL rla=6 fIEAL, 35 X 5iE RE0E
Kbk, /k, 92, 5, 10, 10% 10° &1 10* i, 1H—4k
MIFLISKIE 71 (psp/Hry) 53 BB AN FE 451455 X 1)
82.2%, 79.9%, 69.9%, 68.1%, 66.7%F1 66.6%, HJ
S — AL R FLIRR K Hs ) B3 [X 35 3% 22 500 0 iz i B
fiKo I H 41 X B8 REOS R — @i G (L, /k,=
10°) 4kEigni CRPHRT X 538 R AR A Kk 2
ANBCE R, FLBE KR 3455 X 4 7K 86 FAA 1)
ORI, AR EIER e . thah, XL
7 (a) FIE 7 (o) ATH1, HGXEE (B bla) X
FLBUK I A BOR s, fE[F—fr &, FLBR/KE
JIBER X JE RN . TERSIE AL rla=6 11 H,
DAL Rk R B Hia=5 A5 X515 R 50 KL
ky !k, =10 N, 5455 X JEEE bla 535108 2 F05 [ IH—
WALBRAKE ST (po/Hry) 4351159 0.609 A1 0.525, J5#
WATE PR T 13.8%. 1 H., X b A il 2k 1 A8 A0
BRI, X EFEROR, 0 XiEE RN
FLBRIZK 77 (1) 5 510 B 2

(20)



454

T

B ¥ Ok 2018 4F

Hla=5, bla=2

" 45 6 7 8
kgl =1 —&— kylky=2"" Ay Ik, =5
—¥— gy =10—— kalky=102—>—kg/kyy =103
! :" _?_ kd/km=|10 1 1 1 1 1 J
2 4 6 8

10 12 14 16 18 20
pEE rla
(a) Hla=5, bla=2
101
H/a=5, bla=5

0.8
s 06
g
&
< 04 —kgqlkp=1 —e—kylky,=2

—A—fglky=5 —¥—kglky=10
——kg k=102 —— kgl =103
——kylhyn=10%

1

1
6 8

1 1 1 1 1
10 12 14 16 18 20

231 rla
(b) Hla=5, bla=5
10
H/la=10, bla=5
0.8
§ 0.6
&
041

—kglkp=1 —e—kglkyn=2
—A—kglkp=5 —¥—kyqlky,=10
—t—kyglkyy=10% —— kgl =107
——kylky,=10%

1 1 1 1

1 1
10 12 14 16 18 20
rla

(e) Hla=10, bla=5
&7 FLBKEDRERG XEE R B R Rt Tk ok kS B
T
Fig. 7 Distribution of normalized pore water pressures for various
ground water tables above tunnel, hydraulic conductivities
and thicknesses of damage zone
(2) JTAZHTIR BETE T8 7K & A5 R

KI8 MR 5 30 (20) 545 2 1 RS IE /K 2 L
(q,/q,) BEIAAIXBIE R Cky/k, O X EEE
(bla) FeFgiEz bR N AKACK S (Ha) 1AL
M. MR, BEERGXZERY Ck/k,) 1
HEn, BETE TR /KR IZWIE R, XU X R IR
B 1 FBE R A AR, X5 SRR TR R e — 5
1o BE— BT RURIL, 4805 X BE REOLE—E
J& (Zky/k,=10%), BEEIH/KEEEHX 215 R E00
GG LT B2 251, WEFR PR, 18k, / k, >10°
s gyl q BIZRJLPORFF AT o IX A0 5 1 B B 4 V7
KB IR AN 2 A 1 405 DX V23 M 1 1 i e FR 4G KT
%, P IXIE0E R B AC RS R E 2 92 B 2R
Chy/k,=10") B4, XFECEISH B4, BEiE iR

7K B B AR 1 DX R B (R 3G KT HG OR, DA T 7KK Sk 5
H/a=5 R A5 X518 280 KL ky / k, =10 001, 45115
X JEFE bla 5wl 2 S HIREIER/K 2 Cq,/q,) 730
135812327, JEHIR/KERATHIG R T71.4%. 4
SRR X R R X P T S K B R R K, s
XVu RO, S 5 R AERRTE IS K . R AR S B
(IBEIE A2 FE A D BT B 4236 I 43 X 1
O R E GBI EE T, A X R T N
[, DABRARBUGIX s iE e, 3 FRbEiE 2K 1 fa
G

g
3 U )
Y/ —=—Hla=531.10 A
05y ——H/a=10% 1
—A— Hlq=25 1.05
—¥—H/a=50 1.00
——H/a=100 0 20 40 60 80 100

1 1 1

100 10 10°
kalke

(a) bla=15

9a/90

—=—Hla=5 —e—H/a=10
—A—H/a=25 —»—H/a=50
—<—H/a=100
0 1 1 1 1 1 1
0.1 1 10 102 103 104 10°
kalkny
(b) bla=2
301
251
20
S
\83 15+
10
—— Hla=5 ——[H/a=10
05F —— H/a=25 ——H/a=50
—<— H/a=100
0 1 —— 1 1 1 ]
0.1 1 10 102 103 10* 10°
kalkm
(c¢) bla=5
[ 8 JAKELLHEIREXSIERY. BEERMTKKLSERN

T
Fig. 8 Variation of ratio of inflow rates with various ground water
tables above tunnel, hydraulic conductivities and thicknesses

of damage zone

3 ERMERIEEMR I

FEL A 42 40 0 DX ) LR B KT B SR 7K 1 S



%3 W=,

S5, TR B R B SR AR OGS B S K R R 2 455

Pk, REAIE KIS 26 AF R ILOR™ . BARREE T2
PR 20 TATH, HH R 7K S A w0 A AR R
SOMART I AL, BEAb, R RIKIE N AR 32 K
J&, B REIE AT WIREEBIR . BB S Tl Rt
Pl ATV SR NI, 7T DA Rt s o e FRVE 0 2R 5
M B BRARBETE IR K BRIz, TEKIBRIAE
TETHHE T KEIMERAE R, EXREATIIE R RZ 17K
A KK,

&9 FRETEER
Fig. 9 Computational model for grouting circle

7 G T A ) 1 S P ) i e T SR ASE Y o
9 FraN. TR JEBEARX T-REE HAR . X R
FERM T AN, NEATHE, K Ao AT 3R
VRN — PRI bo X L5 FE 5473 X Ay 2
P P PR TE R K AR AT AR AT LUK,  —F AR i &
B BATAHAANE, 22 RAAE T 24005 X 3 1 LA 2
G, TR E A S B B E RN . B,
AR RN A Xt ] T2 R A R E R

5 g AT K FEE IR B TR &, kg T 2R P
JEHRBIE 25 WH (19 st (200 wJiHES
BN 2% R S Bl 1 BE T FL R K ) AR 7K & AR A0
.,

(1) VESR BT FLIR K 7 1 52 e

Bl 10 AR— AR FLIRK K ST (poy/Hry ) BT 2% P
BIERE Ckgkn) VERBIEE (bla) NFEEZ )
R IRk S E (Hia) WA . B A2 R %
eI Ckyko=1) FIFLIR/KE Ik . AT,
BE I BB IR R BN, FLBRK R S8 8t =
IR B N K D086 FE BT T . RFEEIEL 10 (b)Y A
K10 (o) mln, BE&EVERPE BRI, fLBKE
JIREHE B A (1) 7K 856 2 T v

(2) VSR BB 0T B A T 7K B 1 52 )

FIUARSETRKE L (gdq0) B IEBIE R
Chgllem)~ VEIPEERE (bla) KFEiE 2 iR KK
kg (Hla) ARG WA mT LUR B, B E
KENEE ZEICD, BEERK &GRS, 24
B2 % R A NT R EBE RPN BER k>

0.01) B, BEARTEIR EEIE Z O /I g 18 i K & 11
MR, T2 kkn<0.01HF, VEIIEIBIE KRB
RS BETE T K SN ICR A 3, b 45 SR 5
fil 2P R A R Sk, AT, AR
TE IR P (17515 R BRI RRIA B AP 1 B K RCR, [
W, FEREAT B B 20 [ i 7% AT R 2 U
it DLUERIAT . SRR IICR.

me === S S S==

i

—=— Jy/kn=0.01
—o— kylky=0.05
—a— kylhy=0.1
—v— kylky=0.5
— kglkm=1

Hla=5, bla=1.5
1 1 1 1 1 1 1 ]
6 8 10 12 14 16 18 20
B rla

(a) Hla=5, bla=1.5

£ 06 —=— ky/ky=0.01

s —o— kylkp=0.05

= —a— kgl =0.1
—v— kglkn=0.5
—— kglkn=1

H/a=10, bla=1.5
| | |

1 1 1 1 ]
6 8 10 12 14 16 18 20
5300 rla

(b) Hla=10, bla=1.5

—=— ke fky =0.01
—o— kylky=0.05
—A— kgl =0.1
—v— kylky=0.5
— kglkm=1

H/a=10, bla=5
1 1 1

6 8 10 12 14 16 18 20
B%38 rla
(¢) Hla=10, bla=5
E 10 FLERKENREEREISIER Y. EERMTKKISE
LR
Fig. 10 Distribution of normalized pore water pressures for
various ground water tables above tunnel, hydraulic
conductivities and thicknesses of grouting circle
F38h, XFECREI R & B R, TR R] v S
BB R AN S, AR IE RGN, BEETH
IKEMBHIR N Lh kko=0. 181 Hla=51], B
KL bla IR (03815, 2, 3, 5, 6, 7D,
BEIE K= (gd/q0) 77015039, 0.27, 0.18,
0.12, 0.094110.07, EIRVH/K S EEAK LRV e L 1



456 H O+ T OB % M

2018 4F

BERIMFFS8N, HIERERE bla>5i, ERE
PRI RGBT AN W] (5, BETE T /K 2 LT AN I O
B12)0 BirA, [FIRERT LA HE AN A S ) T2 P R xf
BEIE T K BRI RO . TSR 5 C AR
78 45 SRAEUE AL 25 SRP T 4

1.0
bla=1.5

08
— Hlu=5

L 06F
<
T 04t
02}
1x1073 0.01 0.1 1
kylkem
(a) bla=1.5
&
R
kglkm
(b) bla=2
1M RKELHEREIZERYE,. EERMTKKLSERN
Tl
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