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Effect of Tunnel Advance Rate on the Seepage Forces
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SYNOPSIS : In this study, the effect of tunnel advance rate on the seepage forces acting on the

tunnel face was studied. The finite element program to analyze the groundwater flow around a
tunnel with the consideration of tunnel advance rate was developed. Using the pfogram, the
parametric study for the effect of the tunnel advance rate and hydraulic characteristics of the
ground on the seepage forces acting on the tunnel face was studied. From this study, it was
concluded that the tunnel advance rate must be taken into consideration as an additional parameter
to assess the seepage forces at the tunnel face and a rational design methodology for the

assessment of support pressures required for maintaining the stability of the tunnel face was
suggested for underwater tunnels.
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5o, old] we} Bjd =g FHY HAEFE x Hol IFHoE Adlg ZEFS AR dHA =
getA gk 2y ol HAF AddHe ALF BXE 23 2 Jo Tuiz wAEA gon O A
Agke] BBl Bld X &(advance rate)ol] wet FH$-doh Xuke] FFASF ALE4E O
A F & (storativity) ol 45 HEd F&o ©E 93 FH A3t 5Fo) ANF AH =93t
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2. Hd ZZIE& n2{8t £XiM Y
Anagnostou(1993)= Ed &l B4 FHe +F Wy v F3d s ATFsisioen,
st 59 A9 AMHAAE Agsdn. d&FHoz FAHE HY FHY iE &4 Eﬂﬂ
WAL 71Ee] Asty WAL ¥ 1A B vied Zo] Bl Ao A FnZ(face
fixed frame of reference) WA AAHTGozN A& 4 Qv
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a8 1. HY %3d DYE HauFe JyE

A& Ass 5THANL thed 4 (D3 2ol vehd = 9ok

8 Uy <1>

A7) A, s | A F A 5= (specific storage coefficient), k& FFA o8, he AFLFE e 2 93

e FFR AL o] 83 E 4 glon, weighted residual Galerkin methodZ o] &3tH 2] (2)d)
Aot 2 v AN E d& F %l‘:} (Istok, 1989).

[C1-2- (b} +[K] {h) = (F) @

o714, [C]& global capacitance matrix, [K]& global conductance matrix, 123 {F}= global
specified flow matrix°]c}.

Anagnostou(1993)& B4 d&3A %ZMI ng B FHe FFHEIE AdFr] 93t 4] A
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A7) AM, Ome Kronecker's deltacl™, v, & Z31& HE|(advance rate vector)24 v, =vé°olth. &

=Vyi (5)

02 W4T 58 A(x,0)FT F94E o] 1Y FRFNNY AT ¥F A'ohs Te e
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) A*(x*,t)=A(x,t) (6)
7N, X' BHos uA" ATANMY x9 A Q)elAe BA FHwh A @) 2 A 6G)E
2 e A (6) vESE A () L 4 (8)9 BAES AL 4 Uth

A | _ 9A"

B | =24 @

OBA | __ . B8A*, 0A"
ot Xk— Vo ax;,(+ 5t (8
2 (Ml A BQl utel o] FHAog uAY HFAAA A2 3o ©E Hs&e o) n3gd 3
AEoA e WaEI X A (Q)dlA K ute} Zo] T4 A Az} WE RsEL vif UES
d F . Hdol dA&zoeg Y Ffd FFEAE A (DoAY 2ol Al AHAFAAH
(quasi-steady state)ol]l ©]Z2A HedH, ol B 1Y FIZE Vo2 ANF SHYE on

. %,

A" _
5 =0 9)
wetA, A (8)& th&3 o] Ve 4 AUt
vt "
A (M= 2 8)% Edy 4 ()& AAA}E G5 2L A =59t
gh* .. oh* __d (,_on*
S~5 ~SVm % o (k ax}') amn
oAt AAFAHAA 4 (1) e o] Yeld 4 gl
9 . oh*  _ _oh* _
% k x +sv ax,; 0 (12)
714, x1< HY 3 HPF AFES ndch 4 (1)L FF_2Hd st o e A& F
N0 ™ weighted residual Galerkin methodE A &3H &3 22 WA o] &g
[C1-S-(h} + (K~ V]{h} = {F) (13)
7] A, [V]E global advance rate matrix24] &3 o] Jepd 4 At
I aN(e) aNr(‘e) 1
N aX( ) aX( )
] aN(e IN (e
[V]— Z f H [S§E)][ ka ka sz] -‘——a——l_ M a dV (14)
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ONGT 9N
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AANA, Vi, Vigs Vie S 22 %, y R 2Ze] BYE B 2ULL dudc g4 FRFFEAA A
(13)e] Alzte] W wEFe AgAn ARHoz ey gL A HYut

[K —V]{h}={F} | (15)
4 (158 ol4dozi ASHA HY 23] o]Fojad AL HY Fuo oA FFFAHAHY A4
£ WMEE Ao mE BEAA ¢o] 428 4+ YA Bk 4 (158 s 95t 48
Yot B AFoME FFF HFH XSy ZEL AidsE Z2aPA GWL (Istok, 1989)elA
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global conductance matrix, [K]& EE94238&< 28 matrix] [K—V]& $A3td 2o Zr 1

S geEtgd e, o]& 'GACET (Groundwater Analysis for Continuously Excavated Tunnel)’ o]}
R AT 2233 'GACET' 2 4 (12)d A% Hd 2218< udd AANAZF AHe As4
& A3t 3xHY A 2P|t
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3. O EA

3.1 M =H

B3 2080 B A FAEee AFHd vixle 4FE 2487 A 29 294 R uiet
2 H4DdES A8 HE2 A% 50me] d¥EHEE dFsH e, Bde Exu 2 A4
v HEAZ 4z dAFNANC/D=H/D=40). 84L& vz wel w432 (drainage type) 2
Hlul <= & 4] (water-proof type) 22 Yrch wi+d4 S Y & @& X3¢ 4L He 23
R B P ZHAAAME &G Ffoln, vHFEAL BHY 4 & K&l §492 HY
BARo 2 AHE Fgoi,

dwater
el

HY &L vz, BEAF, ey 49, @22 By S we 1 2te Heds 399
A vebdor, Zute] vl AFAF(s)E wW$ Few, duby ez 3x10/m o)steltt. weEly =z
‘GACET'& °o]&% ulids B4 z+ dssd dYs, HAFASTGY 4% 5x10°~1x107(/m),

FAFKE A$ 1x10°~1x10%(cm/sec), 28T Eld 2L A, 0~20(m/day)e] HY Wl
H AN A MEA 5y B de Af F 80709 Af-ol disiA A& AAA vuisd gy

BET F 3B A5 dEA AES AA}AT A (12)A RS vie} o) A} FAAFAEHANAN &

FHsle HARASG), FFATK 2 HdE AW gEde AL ¢ 4 ey, a1 A
Anagnostou(1993)+= 29 7oA FaAdAS4 DsvkeE A-E34ch metd 2 ozdie BAgMR
FAQ A, Dsv/kE AH23HA T

3.2 RN
A42Q HY 23 9% HE Hyd AEse A5HY WIS dFEr] 98t uiy gd g
735 8074, vlwiy Ej29 A% BAE F 1156709 A 5o dsA A 2EHA LS HAH.
a8 3 % 39 45 Hado wiey o] mE it RAARAEHAMY HE B FHe] £FEX A
4 &3l (upper bound solution) 218 A& FAdA e BAHE Holn U} Leca & Dormieux(1990)
T F@ol2(limit theorem)S Fdtd HYE ZLFolAM e o7 WrtuEE wFH3ALH, o T Aas|7t
A @A & xS HoFtH(Chambon & Corte, 1989). oj¢} # &3l Lee & Nam(2000, 2001)
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e AL AP Hd DY AnHL Vo] A FeAe AN, $AH94 2 B
MEPUYS Bael oY BHIHT YFHAT A B ATAAE HY el AFY 244
) Agsteth 1Y 3 % 29 4904 B wish Zo) YAk AFAUAAN HY 2ALo
| £
7

5540 d2des PRAAS, Dsvkrt 2 % 7H A9, HY Fuo A5E
¢ & Ak WA HY 2Rl FHANe] FEE40) WE HY %o YFAS
4N B TAAAF, Dsv/ks WS FHH AXIES T 4 Atk

\

)

(a) Case 42: v=bmyday, k=1x10"cmysec), s5x10°(/m) (b) Case 70: v=20my/day, k=1x10"(cm/sec), s=1x10"(/m)
a8 3. i3 EY FHHo| MaFEX (Dsv/k=0.0142] ZH

rr

off Hr mo

t
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() Case 55 v=20myday, k=1x10"(cm/sec), s=5x10"%(/m) (b) Case 58 v=10myday, k=1x10"cmy'sec), s=1x10"(/m)
8 4. HU|$Y E{Y FHo| MLESEE (Dsv/k=0.5792 <)

28 5% FALAS, Dsv/ke Hd TR A FHvl(seepage pressure ratio, SPR) 7+e| #AES
BoFa gl oq7]A AFHH], SPRE HY 4 FdoA e Aegtol didt 4&d FF A5
g oudt. agoA Bl vtk Zo] Dsv/kZl 7185, E HY FFqAe IAFHLE g es ¢ F
Aok Bd 23 &0] 09 A F-Dsv/k=0), 5= w5y ede F o 20%, w3y Bjde B¢
o 27% A=t AEHALH, o]& Lee & Nam (2000)0] Q73 AAF AHe xst4+ z8A HE ¢
Ao ALste AEHA X3 Aot

100
P [ P
—_g— Drainage Type
— er-proof Typ

80

Scepage Pressure Ratio, SPR (%)

38 5. Dsv/k - &P EH| (SPR)ZI2| BAHAFM
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29 6% a9 7 27 usy e 2 sy Ede) 39
B9 Aotk aYelA Bl met o] Dsvkst ALEE B =3
gom, ot HY WMol AFY E: BFozd A%s YFEE El
Jaf wASE FRFYel FAGL Avi@th Hgol HMEY B A olgT YL v
g9 Aeuth g 448e ¢ 4 Ao 284 Dsvk @) 2utk F B9 =

Q) wpeh 2ol Bde] WS Yol SPR ol MAL 9%E AY Qe

\—W \
(a) Case 21: v=0myday, k=1x10"(cmy/sec), (b) Case 23: v=10myday, k=1x10"(crrvsec),

s=5%10°(/m), Dsv/k=0 s=5x10°(/m), Dsv/k=0.289
a8l 6. BY SR R UE FuHo M4F EX (Hi4¥E EY)

s
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o
=
)
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(a) Case 21: v=0myday, k=1x10">(cm/sec), (b) Case 23: v=10m/day, k=1x10"(crmy/sec),
s=5x10°(/m), Dsv/k=0 s=5x10°°(/m), Dsv/k=0.289
a8 7. HY X0 ofE of3 FHo| MLFE BX (8 EY)

ool mQ) whsh o] BYo] AW FALL AL ASHOE FAY S, BHY FF FH
Aoe 58 oAb AARAUE molw, B Fed glolN el Fgsts ITAL A Y
% 58 AdA w4sE gud A2 £ Aok =§ Avd FE540Y 2] oA Askee
s8¢ HY FARozY $AY WM o|FAAA G F Yov, o AS HY HIAANE 2F
Sofol WAE 4 Yok oY WAL Awe ErAS aAY Afgol A A%, F RAUAS
Dsv/kel &t& 2 ZSolt HY g dAyel 2 9F& nxx @k 2y Ay F540)
a8 FEaA % ASols HY VL weh Dsvke ge We Frbem, 3FMos HY %3
o gsts ARHe A+Y gyl 80% o AN £YE 4 od, Heol Dsvk &l 108 2FsHE
Agole HY o Rgste AL HY AN A5G FEAA £ F e FAN

Lide

28459 sl AlFHE Bde A9 BE w3 PP L Adlg EF wE AFH & Y
= o] 2 A "k B AFNE B

o = ]
278 2 A% 55540 By o] Feste A5 HAE JFS ATaFer, 1 ARE
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L Astse] S Bd #de A A4 4FE vd + Jded, ole HY HAdA =23
02 FACREYH F712 Astg 5Fd #E "‘E%}Ol Zr-g38t7] W ol

2. A%44d HY FFo] o]Fojd AF, HY W&ol WAFAMY AFH VA= I¥E BHe)
93t Anagnostou(1993)7} A AR =4 E A& 32%‘3 B4E ALT 3349 A 5534 Z=
IFE AEstgen, & Z2aPE ol&ste] Aute F4EY R HYE & R dEs 4
& ARG A2, A B0l FEF FF £ BHE o] e =¥ FFE Agsx
B 2382 BHY B 5 R 99 dHFAEE Frreted N FRY 822 BIHH

o % & AN
3. ®AUAF, Dsv/ke HY 2W&E 2T AN AFY AHA 58 A¥t @ 5 e
Dsv/k7} $7vE 45 Bld H3oM e JFEe F7tsm,

Fego) B4 WE AR ¥ AFAL 7
Fgel QKAAE £ & Ak ARAHOE Awe] FFASI 1x10 em/sec 0151 Aol el
& HY g R4 W) HY 2R 329 222 Hrsolof @k
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