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A study on the flow behavior around shallow tunnels
and its numerical modelling

Jong-Ho Shin, Min-Gu Choi, So-Ra Kang, Taek-Soo Nam

Abstract Design and construction of tunnels require understanding the influence of groundwater. Particularly, it is
essential to know how the drainage conditions at the tunnel boundary affect flow behavior of ground adjacent to the
tunnels. In this study flow behavior of a leaking tunnel was investigated using physical model tests for tunnel depths
and various hydraulic boundary conditions. Particular concerns were given to flow lines toward tunnels. Test results
showed that the boundary conditions hardly influence on flow patterns and time required to reach steady state conditions.
It is revealed that with an increase in water depth, flow lines concentrated to the drain holes. The physical tests were
numerically simulated. Numerical results showed that the flow behavior was represented appropriately by considering
filter-drain hole drainage rather than boundary drainage all over the lining.

Keywords: Leaking tunnel, hydraulic boundary conditions, physical model test, numerical simulation

2 x
Ao| Fasith & AFollde Aske ofdf AL u)

T

Agte] Enzio) B2 Y W A5 SEATS AT, APAT AAREAR Aok
FRUIFOIE AT FFL v & glouk, B 28 sEAFe
E, B0k S7K4% digol ST 5 SiRme) 94 Agaide) Eaieh] BaEgr ey
A, vy WBEY 2 5EASL SRR A JRse SISk WY BEEEY 7

Ol

=
(<]

B A2 S ABA ek G TR e olalh Waskel, oS 9 B FHe SEAES werse
2% A

Ao} BdFH §&o] ol Hi4E $&2F AN Ao o) BN o

FR20: w5y AEed, FoRARY, 2YLY

LA 8

Bl AA| D ARRA A3k el g ek o
3 thalo] gk By Fuie] ol BEL Auko)
e R EF, FHold, HY ulagA 5 ekt ea
o GaFS Wk B3] B vhealo] M3k B8

Ul G QXS A wde) 714 B
Sfoq o9 Fastck

B gL ek Helo) Bt 718 el uh
2 gt vpisg o s TR 5 glrk FuEde)
79 198090 Zoll Xald 3, 4341 €l A4A) Hls
EANATM)R AAS7) Alzkslol sHskE, Flok X

AR 59 A28 Aeisti i Agulrt 47

"H3R, AZEE Zans E=2sn zue
“HAMAR(LI0E, Bl

SZAZistn E21st} thareM

*WA AR} 4% 3 (jhshin@konkuk.ac.kr)

LX) WA By

H20] ojet RHARS AAlste] Tl AR BERAY
2EAL B
2 Qg2 XA 2AS AT 4 Agch
o Thet S35k
$ oA
Er Hied Bd= 24 webd #1249 32

AlsHd Ed e A9 diieol 7
Hi@ Hdolth ofn] &9 ¢l
A&gle] 7)sAstol met B2t
o] 9] Al Ao R ol ool WA=
sh= 5 AA R AlsEAllM 2A mshA] ks
TAIE] Bol WAL Qe Aolth wWebA Hie A
250 7)15As W et et 2 A8k W
Al WX st wileR BE ) BEAF

74 4 254 olate]
Wi B v

W LIS |3

o B WyhIZS ofslet ol WIS mARY
ol 74e] A7t agEa ok

g Fue] X5 B2 =Y A7, A5l B
T Gof oabe etk Aske £EL wbY sEw
HYARY BEOE TR 4 gloul, WAkY 5L 3
gt g4l0] FUSAR HIAR B XS
o PAE] §44ES Zheth e B 9

Tunnelling Technology, Vol. 10, No. 1, March 2008 37



st SEA T et @2 A7t 39 ()9} Lol &
S99 skt YA 5Eo= s otk
Harr(1962)= B9 FHE WhAE 3508 o|AkAel 7+
BE oA o|F 7|22 4 L £USHE o)2Y
o= wAslolth WA BEOR FPgRe selRAlE
F3El] BEATS A AR st 4
xﬂg}L 2 2jolg Helch Mg 322 BAF A
S/FHolA BAYsHA ok detdog Ewjuvt €y
31‘78‘94 508} ol EHi= tii HdolM= WA 58
o] Yelp= Aoz A glom, A2 (Shin, 2007)
© Y] U stepuE S Flel oS
Selsioict
Fernandez and Alvarez(1992) Fernandez(1994)= A
71 2RI f4o2 v SERES 1 1(b)

o} 7o) Ao, o] vl EEATS] AL @
AFSHATE.
Aategie] A7teEE ATTENA B 2ue] A

AR 3E(steady-state flow)T} HAZ 3 E(transient
flow) o2 JLEI £ Qith AR 8L 5E2A4%0)
o HolA 52 W =27)7F ATl wet Yt
522 Wt S 2L 790] ofste] 4:¢]7} Hiak]

. wat 2 gl Qe Aeel Wt
i AR 5EE o ol $49) 29t ol

wislls S80Itk B4R 559 7HEe o] £4)
sheleke ARg4me] Wart gl A9l st ot
2h B Fue] shHo] s AL sixerds 2

o] 2 FH0| W FEE B$ AT TE} 4

——a
EE R

I

e HE H Anrsee] |

o

47 =84 Ao olo] zuke BEslE
535 UErd E‘r. % Eﬂiﬂ E5AGTL A st
£ EAE Holu, AEEY 48 A3 H3kE 2ok

ol9} HE3}o] Shin er al.(2002)2 Ej'd F2MA|
Tr% AstollA A= FaF 2ean 4*274(@“2)
HIREZ (R 2 o] fAdel vl FF

AP 0|88 AlEr) Zold4E HY F —J 5

of iz Aol 1A Uehie, vladze)
2o YEe] 742700 vla) A 5554
HJL #9519k Atkinson and Mair(1983)= &

%
ri

o 7o uet HEL Hel] AgsHe Japol
P 9128 GEsen, cley $7A

=

0ol oo o o o FN >1r
-{o
o}N i) i

52 FUY 1l 5 2 E3A% ol €Y A,
ANTRE FFH7} Y aﬂ > B9 S e
Fa% 247 B ¢ 4 Uk B3] SyeIN 14
L AZEYY A9 Y 55 7Pgel HUEA
A7 gone Fesh dfeld Bast gk A2

water table

&

(a) A8 3 E(Atkinson and Mair.,, 1983)
3% 1. "Hd

38 Edriz AMo3 AhE, 2008 38

>~

(b) BI%WALY & E(Fernandez., 1994)

FAY o238 7y



4
[
o
|oh
o
N
ot

a
4>
]l
:o||=
1x
13
H
&
ou
N
I
e
-+

EL-0.25

£L-08.0
e-120
/J

(@ 7% ZZ(HE==10 m)

EL-0.25 T’

EL-280

o320

(© 74 ZF(AH==30 m)

() 74 ZFAHE=20 m)

&) ¥4 3F

,.\

2
i
[\]
(=]
=]

S

a9 2. HES 3E2A TE $AY E4(Shin, 2002)

o= A MF PHos SEAFTS Holehe 4
7b QuRSEa Q. AR AT 4227
we} 93] derlus SERA A AR
ol 7V 881 1ej=ofof gt 3EAF F et
A5 H3hde FAEM Y e AAzR
715 SYsHA T ook g

2 dvoide BFEE #90) 3EASS RN
= S5t FefSE o}F 47| A eR mAlste]
A B5AFY 52 M ARAe HEsie
A4S eYAARIE ARskL gt

)
o,
w,
2

I

o)

X

)
nx

1 =YY

2., MEMNe ¥ Hx

w5y A 39| B85S wletsl] gstol
N4E ol3T ARRFUTS UASHGT BRUHS
AP 7] 431, 4 o] Folstn, ol
£ 8B B A48 98 4 gk AjEge 4
o] o 4029 12 ATSIsict. PG HI] A
SRE Slote] QubHoz @Y UAlolo] AR
(similitude) & HEBPolok Sht, 2 Aol Tl
Bag FYste] uleg WY FuY BEAFS

ToPsHE A4 H(qualitative) AT} BHoluz Mol

o

FHO] ZEATE B flste]
150 mm, 0] 650 mmo] EX&}
I B EES AFSITHAR 1,
2). AggA 9] AR B ofmwolr, gk % =}
o)) o3k Wgo] A7)1A] Prs FAE AA(E=15 mm)st
At vy HdS AAsE| flste] BdFHo| £
F(filter) = F2IA|HA ull4=3(drainage layer)S, FA3E
upZZoll 200 Al(screen)E o 13} 2ho|d gl ==y
EZS BBt Afed A8 BAxEe A
2.1x10" (cm/sec)?l A5 BAZE o]g3lo] A=}
ot HduR 2 {49 Agkee 5w vt g
g 3R vl AarElo] MigEEE S, AE 12
mme] WEE ARgsto] P&3t ulijg=r} o] RoJX| 2 E 3}
Ak
ER AR 2009A| 2 AS FEX HEAE 24412E
B FEAA 29T & MAE FYI o|FHEE
Lo A 2|elpe] EEAFTS THetetaal st
Al&29] 2004 FAFS 2% e &2
317 §Jal 712 EGAE 9 Ay Ae BeAREE
AXBle] 7 1, 18 33 2 AE A4
of 2 A|al s5E W] 98

2
Im
g
o
H
o]
i3

Tunnelling Technology, Vol. 10, No, 1, March 2008 39



B 1. 2ZHEY A 244

5%, G, A2GHFTH, 1 (gom) 3, e F5AS, k (em/sec)
2.64 1.648 0.602 1.83x107
” o} $Ale] HILE 71589t
B Y A 2.2 MBI U ghy
S Y I PP A EAD) 21 9 ANED) 22

S HEE(%)

Ad 1 W43 HY 2PAERA

AR 2 He 23 AA=

40 E=7ls, AM0E M5, 2008 38

)
of me v By e SEASE Telt] 1
of B Aoy NEWAAY A 3] (H)} 5
of, Bd AHD)2) 16H, 26121 o) Thoto] e
Sasioic). E ¢ 5 22e] thstel ARG
10 cm)o] W) ki, U fFel AHT BT
B8} Agaio] Asiuin] B fUFe] Folmt
uAz 52208 AAstl AWtk f4o] e
o2 YFHE SHL 1o TAHLE AP 9]
alo] §ae 1157 Bole $2% AolUPE 4
Ajsiick B mgAlRe] 4% Ag2A 9 1L 7t
2+ & 29} 29 40 ekt

B ARlH AR SEae] B4 BYEY
o) HleEe Folo] §ETE fu ExEo] B 3T
22 27 Alojato] AP 10 cm] AfHO) A
a7 SAEES oA ARsHATE BYHIA
2 2R glo] $EU S8 PAOE FarHS
Ao RAR SEEAS Uehiddeh A4 At
N AR BB SR $1X W AFAeRe] et
ofe WgollA AjBiee] Bol olFold 4 qlo), &
Aol SRR N3l FESHE, 3%
RlofgrozA ol=iet dao] ARHES stoirh. AR
W ol 9 $IAoIA BUS AgI] AaE T3t
A1, BES WS VUK Ystel Bgo] =1 of
Sgw wRe ot SEEE sgrk B4 U4 B

i

H 2. AY Cased 2YAY 24

A3 CASES | AWkET D) 24 | A3(5F) =4
C-1.0D 1.0D steady-state flow
UC-1.0D 1.0D transient flow
C-2.0D 2.0D steady-state flow
UC-2.0D 2.0D transient flow




: \7\77 phreatic surface 1 < phreatic surface
7 ] phreatic surface | — phreatic surface ) ' /K\i < l
e N ‘"; 777777 i % 77777777777777777777777777777777777777777777
S
BV oo
\\ \ | - \
| ] | \
J |
% ,,/ |
( |
S I L L ]
(a) C-1.0D (b) UC-1.0D (¢) C-2.0D (d) UC-2.0D
33 4. 2PAY Cased kA3 24
£ JA7| S8t 2ol 552 WAYSHA| e Bt o] AAIE ARMER Uehd Zolch o714 T=
gk E shlete) 24e VAAA QANACE AR WS Gl BB WA F ATRIO 7] B
& FYsle] 555 HsIGITh 2 | 77k ES Holu HY o =Edt
WA Ed S WO R o) FlolAlt BEATS

2.3 A¥HD Y BA BTy vAe] Baaao] A|ukRTt oF 100¥]HE 2
YT AZIE ARG Folol MBS oE BTSN 550] Uik BT wges
sropstgith, AR ARZlo] W2 T AT e EEE BARS Beh ol ikge] SIXG Zos

H Al 2] W B4 F 27K 248k N of & 5T s Bl Ao
g} ARFT} 84S T=5 min7H] B9 &8kl 1
2.3.1 AlZioll [ME =g 2A ol%of= B FHZ w} AFRko s B0 B

AR 32 23T 1.0DAME] AR 3E27(C-1.0D) ZmoZ 095 ke Hr)

(a) T=1 min (by T=5 min (¢} T=10 min (d) T=20 min
AL 3. Azhe] whe

L
]
2
o
fo
i
B}
9{1
Q0
=
Z

Tunnelling Technology, Vol, 10, No. 1, March 2008 41



2.3.2 X|dt 3 X|5te= =70 E

AR 4= AE 8 RSl 2700 2 BY F89] 3
FA5E Uehd Zoltk AR 4(a)t= 2F HP(C-1.0D)
of tigt Axelal, (b)= Eual 1.0DARS] RAF7 &
24 dgddolnk Mavt eldedo] deke &
BAITHE R B5 15wl Doigict. AA Al &
7152 2 WA= 2 7PA B2t
Bl FHoA] Yo s JojNHA HEFHe R
FHE0] AR IEH A9 22 EEASS Bck
AR 4(c)= E3|AL 2.0DARHY] AR 52 Y
AIE Hol Aoy Evji 1.0DAH} T}E T 71%|
54E B3tk AAle Eg0] HY 4FUges 3o
A7) AERE Alidole). 1.0DARES] 79 7o) =25
& Holop} Bt e Bd dxugios 3
ol o] UeRtort 2.0D A= Bl F4lFols0
A FlojAl= A4S YERgItE SR 1.0D AR
HEFHo R 50| HFE= Ae] o A Ve
ok AR 4(d)y= EFAL 2.0DAREY] FAYF 3524 A
FANE AHY EEATE AT 8 AY &
ARSI TRt 27EE L & Fgol glo] Aa(#AN)7t

ol mes= ARRto] AR 389 oF F ufel
=iy

M0f olF AR &, A4S B o

M
AY

HI

i

=

EEEEED

(b) UC-1.0D, T=30 min

(a) C-1.0D, T=20 min

AL BY FHo] BEATE dAFHOR YRS 3
A 07 ZSGoL), BEEES Aulsks Row
ik Eujme] Bl 27] A58 HYFY
o= SloiA) $IX9) WstE opjsidirk 5 Eslurt
271852 5:80] Folxle A7t B FAFoleR
Yerhe A5S Bla Ao diegos AEss
AAo] Eishl TAFUT Bgo] HF uj4g
0% WFHE AL U BE AT fu)
St fdo0] BHE SR HSFOR WEHE Faol
we} Qo)) WEel Ao WekeT)

2.3.3 K= Hojdd

ey HialEe] fE] A3 AA HE st
Fz2 fAo] AFEe Aol gt Hok #AEe 2
7F A71=o] siiHe] fERS AT AEE
At fAlol B FoR BAlEE=AE WS
ok o] A¥e EE AAN FLT 24NN HEFT
V152 ZaAA 300, dddake I3 59 ¢
ok 23S e #Es] Hate e 12 2

55|
)
iiad
ok
1o
o
ol
i)
i :lo
it
el
i
>
Fu
iy
B>
R
o
(e
Nt
> ol

(d) UC-2.0D, T=50 min

(¢) C-2.0D, T=25 min

AR 4. AN R S 240 ©E HY F9e 3RE4

42 Eldris, AM10W AitE, 20084 39



2

i
inl
e
4
&
o
[k
o
il
ofn

fal
4>
o
:oé
X
o]
H
=
o
N
IE
e
-

=
o

—

(a) T=1 min, =30 min

3.1 £xlaHN 2uY
2 Ao vj4

g}

(b) T=S min, =100 min

a9 s

_ =

2 esigct v e
52 ZHedE 2E 49

ASEE FHY BEAF

1 — 1 7
7z e
l
|
. T‘ a0 Y
\\
| ! ‘
SR
R
\-éx\\t l I/;“
A i 1 i
N/ 1
)/ ;
7
8 e
N ///
S ,,4(’//
(c) T=10 min, t=180 min (d) T=20 min, =300 min

FEF 42 §4 vR(PA: §EF 1|, LA fEF V15

Z739] MIDAS GTSE ARg3lgc}. Zxhao)rt 2k

}.‘-_];(] OJ-_L_-_ /dt‘i—lOLQ— 7}0}0}01 XIEOH/\-loﬂ A—]ﬁg) 74]
S w9 AERAT, AN B WA 488 Sy
g Rag Agstol mRlEsiglch EHAAL A
gh Ut D olio] Azl ARl wet stk
oroug HAREZ FHAL 595 FEWY AL
7Pg%h sl 2309 mEE S sholnk EduHe ¢
FELS ARSI, HAFHES 7102 H9ThA

e BRAUT A 1 AE meEe Adslel 9k Eisted whi S saeigith o] AMg-
YUY +1) S ARG IS AT W BYNE B 33 o] A4 BRG] AGH AR
3 SXHAATE vlmslo] AT st W ok o gt FASH Hg3tAck wiifilten ] T4
P SR AARTN et HAETE HuekIA B 4 ki DT WS 995 ko] B4 k9 Y
o ol RULLMS DLHOT S WG HHZ s Aokht A o8 Fuxt 109z
3. XM A B4
ol v (tm’) A\t B=A 4, k, (cm/sec) WA BAS, k; (cm/sec) kil kg
2.10 1.83x107 1.83x107 10
4. 34 Cased FR|FY =4
- o - oz 22 9 mdulete
34 CASES ARt 24 & Az A en
Case 1 C-1.0D Ed3a Ay=0
Case 2 C-1.0D |ZR=E] g=
Case 3 C-1.0D ulj =3 q=0
Case 4 C-2.0D I Rt g=0
* SR, Al Sed vk, e

Tunnelling Technology, Vol, 10, No. 1, March 2008 43



2j0l'=Htining) 2lold(lining)

His=RH{filter) is=XH{fiiter)
e —

sc

@ =z Aaks #
(Case 1, 2)

29 6 +ANHNAY a4

® WEF Ak 42
(Case 3, 4)

& 29 Adx

gsigick
A I 49t o] HUFHA %jHHﬁfully
permeable)7} 0|01 X|krt HEEHA M 42
T} 7pReke H-X(Case 1, 2)9F RFAF o] 2} ZE*
o] Wi£LTe B3t §&7He 7P ACase 3, H)E
ro] saysielck
B4 Case 13} 2= BH@FA9 2 3ARLE 94
w2 7Hgsks AeE widy gy 5 lGH*-‘MW
EAR oz ALsts mdo|ch gurdo® g a
g9l E|3 Az AL AAG AlFTAolA ZJHH
Aoz meEn o, sloldel BaAst XIHPE
u} Ak el w7l X s 2l
S lolgol gk 7Rt SR ACR
% 4 qick 2, QAEAS Ploldel Eado] A
W} TR 2l AR WS 3 A B4
o) ol it ZobAlt ¢ ofu) Al 1)
& iAol 74“1“}711 Hrk o]F sl ARk-oly
WA BLALE k, <k < k2 HFTO2ZA i
Al&glo] AA = U3 AFdte] ZFAF
AT, 7] o] FAIR U Aok 7hg A
ofck. o] ¢ EgaT A FelolA Asle: f&o] %
A5, 7F24eke oo] HeH1™ 62 (a)). Case 12
Agto] Aste= g0l %‘:’3}04 S0 ofFt H-o=
A S FAIRE 4-9-0laL, Case 2& E&'“‘
o} 273} o] AAM m 559 e T 4
24 HayRot st FEEch weta Case
12 292 77 9 e viee) SepAane S
Z=oro] Wglr} gli= Ao g HAASI¢ T, Case 2= TE
o gl paAFARACR AT

44 E'97ls, M1OH AhS, 20084 38

"

L 100mi
[

150mm

150mm

| 100mm |

N N O B

e - B b ——

| 400mm

a9 7. Yo AEE F3247H(C-1.0D)

34 Case 33} 4= EPAF Q] w7 FE220S A
gk Aoz X HEAdRolAR S5 (Case 2
o} B9, v Bd - sl ojFoiAA
ndsigct 5, Ak AR FH8te] H: ?“4
£ met 327, 5 31 el AeE] f=
2P| LFARAE BABICE ThEhA Ei“
B ujg-2 7Heto] 022 f&0] doluAleh H
YA 53§52 Yol Qethl EUThIH
6(b)). 2P LA 3 ‘H*W ndS o)5te] FAH

oiie B8l oAt AT I E ZPUR
AZL o) Bulao m}a} Case 3(Rg ¥ C-1.0D)}
Case 4(EFAE C-2.0D)2 FE3IGIcE Arra2 A
Angddn FYsH AR s5e= 7HESIE
Mo AMgE fetesnre 09 73 Prh

= WA 2T A 2
%E‘ﬁ Azt AAZAY A dotudry. I 82
2|54 A3 2 Case'd FATHE 0|k TH 8(a)= E
Yz A JAoA 2el $&L 3431, HY 21
A7 9 3183 Case 19] A AH2 WAL
o 77k EEAEE YEHSIcE 14 8= HEF
o A o)A 92 5esT WAL 58s1A)
O Case 29 42|84 ZI}Z Case 15T} EE 315
2 550 A5YE T 5 Ak TR 80), @ AHF



(b) Case 2
19 8. 7} 34 Cased FAHE

(iv) Case 4

(iii) Case 3
®) W4T 42
et sErb} gl A5G

A v B v

ZmL.
2T 0=
ok 2,
Hel Zojr.

k7t
fARE AL
"éf

U2 HE, ZWFAS WAl W4T §EL 2
At mRAE AREHA R WS 2o
Aeert BTG veh S2eA S ulego] A AlAE
FEE= 5845S 2tk
I8 9= FRWHA Y TEAFTS Hugt AoR 3.3 $RlsllY &t 1
FE5A400 710% R AT g T & ul, Y EHE
& B3 vk a9 Na)+= "HEFHY FRAxR vl mdge A v EBd
A % Aoz FRIFTE 4 F<1 HY vl AlLgl
ok IR o) vl meEe sl Case 3, 49 T WleE HE A
z7lo] AT A2 ek Eot B maAg 2
o] Zlo] opdl ARtolAlgt ABkt BaElel BT
Tunnelling Technology, Vol. 10, No. 1, March 2008 45

Ak-fo]ig-uhsR ]

A PSR Aoz HIFuol] EEAY
o] 20| WATE RojFT Q)

4747} Ak SRR 2T B SR g

AR g&o] oA TEToR AN ET



NN S e e R e e e e e

EE N i SR S
R N N N e e
NN M R e e e e e e e
[ U

~

N N PR U N I
L s L e,

P
C i i g e
Pl i e A G

|
i
!
l
!
i
{
{
{
!
/
/
/
/

RN R T e e e b e e e e b e

R e et o o o o o

TN Rt e e e e e e e e e e

e v e e e e e e e

@ 2949 4
39 10. Y49 5o SESA uw

27 BN A9, 95 U sHAAREL 4%
o] 091 q=091 Z7lo] ElFgt Zloz uehgrh
I8 102 E¥3 LODRZAS] AR S8l gt &
FAUH(C-1.0D)3} S3]3)4(Case 3) ATE W@
Oln} T A% mE fAe) ol 2 Qs A
e st A fEss EE71E0 HH
ME}. g B3 wAIsS FYsto] uilg HSEd
T BEA%C) XHK4 7Fede I
Shin et al.(2002)= FHEES 7143) v o= 23}
Z 22N s} & tﬂ 2= Qlor} Hj=AlAEe] A
A o9l B SEAS RAY 2 29 F EY
FH ZEASL W4A] SE iy fErde o8
o] 57 HHFoE ST S YSe IS

4.4 B

A3k ol ARH W 52
58 Hopsl] gfate] Mo 1%3 52 nRARS
AxBlgct nEgage. =y
Hro] €91 24 Hi,;g]—/\];a] AT, A
SRS Foto] HSEE FHY 3 HLE H) 3
Ak 2 ﬁ—“rL—J ZHAY 9 SRS S5 A
2 AZe oyt 2o

46 EfL7IE, M0 mM1S, 2008H 3¥

2) B9} S71EE pRAE SRR 5419
SHE Aol Flo] WAHINIL HYE SUF
sl B R fAdol #joiA)7] ARtk
Ato] HMAFSHITH

3) HH*’\]’\‘%‘J a7 °1—r 22 9% e

A SpHoR & AR 4 U8E AT
4) 2ANAA BdFTo] AA SelAAzAS T
o ojtlol a7slol A B i v
do| st ATIASE Wialet ieEe B
Al 2eAAzze) Bele] Bashch

BN 2

B ge aEskengAee] 20079 AaddT
A YAR(7) 2 3Hsk R Qo SEglon, AT
u] X gol] A=Y



>
ol
o
i
=4
re
io
ob
o
N
ol
e}
4>
Rl
Sk
i
1A
ta
UL
o
~N
I
e
=44

1. Atkinson, J.H., Mair, R.J. (1983), Loads on leaking and
watertight tunnel lining, sewers and buried pipes due to
groundwater, Geotechnique 33, No. 3, pp. 341-344.

2. Fernandez, G. (1994), Behavior of pressure tunnels and
guidelines for liner design, Jowrnal of Geotechnical
Engineering, Vol. 120, No. 10-12, pp. 1768-1791.

3. Femandez, G., Alvarez, T.A. Jr. (1992), Seepage-indeced
effective stresses and water pressures around pressure
tunnels, Journal of Geotechnical Engineering, Vol. 120,
pp. 108-128.

. Harr, ME. (1962), Goundwater and Seepage, McGraw-Hill,

New York, N.Y.

. Jong-ho Shin (2002), Numerical analysis of tunnelling in

decomposed granite soil, Ph.D. Dissertation, Imperial
College, London, UK.

. Shin, J.H., Addenbrooke, T.I., Potts, D.M. (2002), A

numerical study of the effect of groundwater movement
on long-term tunnel behaviour, Geotechnique 52, No. 6,
pp. 391-403.

. Shin, Y.J. (2007), Elasto-plastic ground response of

underwater tunnels considering seepage forces, Ph.D.
Dissertation, Korea University.

3o 7
RAAAY o}

ey

E-mail: jhshin@konkuk.ac.kr

E-mail: triparadox@naver.com

z A a o o8 2

Azt At
E2gat E= 2o}
ELEL et an

E-mail: sora0105@konkuk.ackr E-mail: tsnam20@naver.com

Tunnelling Technology, Vol, 10, No, 1, March 2008 47



