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Evaluation of Tunnel Face Stability with the Consideration of Seepage Forces
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SYNOPSIS : Since Broms and Bennermark(1967) suggested the face stability criterion based on
laboratory extrusion tests and field observations, the face stability of a tunnel driven in cohesive
material has been studied by several authors. And recently, more general solution for the tunnel
front is given by Leca and Panet(1988). They adopted a limit state design concept to evaluate the
face stability of a shallow tunnel driven into cohesionless material and showed that the calculated
upper bound solution represented the actual behavior reasonably well.

In this study, two factors are simultaneously considered for assessing tunnel face stability: One is
the effective stress acting on the tunnel front calculated by upper bound solution; and the other is
the seepage force calculated by numerical analysis under the condition of steady state ground water
flow. The model tests were performed to evaluate the seepage force acting on the tunnel front and
these results were compared with results of numerical analysis. Consequently, the methodology to
evaluate the stability of a tunnel face including limit analysis and seepage analysis is suggested

under the condition of steady state ground water flow.
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1. ME&

Bd AAA AEg meeted diside 574 @& ATV olFoA 23 oy, B AA L
AlEA 743 o8 e REZF sl xEe BEEA Y HY HAL gHde AFF A A
LA HE FE F9 dtdold, B ARAY FHAITe ARG FA vE AdHoez o8 gL
AT} o] F XA e Aot I olfE B AL A #F FAle HYE AxA AAHA
TA e ¢ 3xYA 89l v & HIFE AXEy] dEd Y ZTL& APF P20 A AF
7] WqEoltt. AAHE Xgtd S&HE Blde g3o] dd dAAY FA7F Broms® Bennermark(1967)9)
ols) HrisElol & o)z BB S 9§ € A A e AT AA2nH, AT
Leca®}l Panet(1988)d] 913 FaafiA & T3 39 <AL did AAHA 7 € A8ol AAHRA
o 28 FEAHe] gl Asd RIS ¢ Hdd uid 349 AAZAAES HrrEr) fsked A%
g fAMde Aestgen, 2 A3 4%¥ upper bound solutiono] BAe] HAAEFTE HETY & ¢
&g Bt B AFdAe AV 72T A& " upper bound solutiondl F7F2 HAAF AEH
] o ed wad] 2g3A Sl& A EE(seepage force) S 133t BlE el <tAA
2 AYAYE 59 AAEST 2 27 AZF FH XNES5 AN o) L3
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2. IBHME B8 UZe| NEY 4

oMo EXe A5 JF w2 A @A) oJH EH MAY AL E Hulste Ao
th o] AAY HAZAL FHE FEEA &2 A F Ue 59 dos =€ F Uk Upper
boundol Al oleidt dtF& o® AA wolA st Y (P)o] A WHEA HASY yES A4tE
E 2AgE0Rt 2§ WE FIsFes 231 &8 § A% (upper bound theorem). HHHE] &3 A
(stress field)ol X B ZZA(equilibrium)¥} ANz o FEFEL DFsE= dd 52 (lower bound
solution)S &g 4 th(lower bound theorem). St A2 supported load®] ¥ XA FAHAHAA &
&) XK= lower bound domain X ¢ upper bound domain X'o) S8R9 At 19 1S F 79 &F
2% Q3 Q7 e AAE RoFa
Q2

~K

Unstable

=

ad 1 8Fxd Qi B Qo 9% 94
By gl g FEAYANE 0/ 0 o01/0, 2L 7D/ocF Al N9 loading parameter’t ¥
g3t 4714 o= AERBY 7FHAE surcharge, 0.8 A AFUFAE, 2D orE HE W
FollA 7HeiAE Witel®, DE B2 o)tk EAA S Mohr-Coulomb 33| & 28 Aoz
B v Ee 29 264 B upsh & gl A (Za)E w2 4 HEete, %9714 discontinuity
velocity(Va)9F Za Atele]l ZH(g4)2 29 =718 BErl,

$ < 0y < n—¢ 1)
% VA
0
V
2=
a3 2. BId e & EE9 459y 19 3. £ E=9] kinematic condition

Upper bound solutiondl & A7k s3] wzluFol neEm o5& BEF AFARE 717 EE5Y
9] solid blocke] °]Edtct 7FATE 19 304 ®Ql ulgl ol o MAGIA)L 2903 54

B wge ¢ 23 HPsir}, webA 2 ()9 2AL FFolE blockd Holl= z]'ﬂ} Zhe] (=
) was 9EsA g9 2 45 EAFE GG oig 93] dEHA 39 HWIUEES Boln
o} gd gAWEe 2iE &y £ F 719 conical blocke FI e 7|dE=dH & ?“i?""ﬂ"‘]“ B}
NEHY 27 b7l E0 F A9 & B39 534 d&A BF7E S

;2
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a9 494 BQ BHANA H WA Zblock 1) Bldel diAddd QA x-planed 2s =g
o AAHULE 1Y 494 42 JEldot F HH Fblock 2)2 plane 7o g A WA =2 mirror
image©)®, 9714 plane 7' plane 7ol & Zto]: plane x ¢ block 1°] ol F& HW(Zw)Y FAEL A

E Hoz OY 404 4’02 FJEd. o]2HH plane 7= F block¥ EF ZE YUY W(Z
2282 9de & F Ut Plane 7 & F WA &9 Fo] £Folng T F v wepA 7] 3
71A& & di}el parameter, ¢ (Bdol AAT 2 &3 BHY F9 wzhd &) AN & 9
t o7l FAE A B QFG 239 uIARE Y 4olA Bl uiel o] Efhojm(Ly),
B g FZ9 wtA L DRoJEE Aot ol HE A JFie IR YFEIF B UEE 9
1] gk},

&

x
O

€ - — = o=
o

— - — e — —~ =
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a9 4 F /M9 & EZ0 4% EHd 4379 5 v F
A7l FANAT FET 29 FEAALE B adAe AFYEIRE 3, ARYoR YRIF (oo,
UT/UC, VD/O'C)OH 9]?:;} 'SJ, ?eg}' -’P—’\‘l"-’—? ?v7}' 7“"‘_}%‘4 —ZE_}H 5}'%‘9] —%i}_ {O'S/O'C, O'T/Uc, 7D/(7c}
o] QkABL7] YI 2 A(l)e] A ZHE upper bound solutione] Fo}zlch,

P = Py (2)

A 229 2R 2R upper bound solutiong FIEA the9 A3 g}

Os
(0}

c

N, (K,—1)

+1] + N, -D2 < (K,-DZ+1 3)

A3yl Ns € N,= SFSAFEA 72A49 XY idE:A] HAL5HE AXGHAFG A FAE
oujE AUz ot wEld 7] Q)2 RE e Ao s Ha AHY(sn)E UEY
dom I Big 29 7FegA 4 £ S 4 vt Chambon F5(1994)2 Z A wkell Aol g
ol AL E AFE] Y3te YARFAPL AAsA ey, 1 A AEE 9 Ao "o
N paz FyHe] g4 A7) F8s]4 2 (upper bound solution)®} AY YXdtE A2FHAE BYoh
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2.2 Of|HiaH A

2 AL & Aold AFH EAEHES wael gl WaE AR AES AP IesNe o
239 AN E ANHAT. AGALARLe ALAE ARo2A Thge F 104 2 uist 2e
4e Zed

£ 1. N A te 244

S FH AEY ul-zz} g4 Al
A k£ Fol&n B 11
1T H (ton/m”) (ton/m?) (deg.) (ton/m®) il 13
AR E 1.550 0.01 35.0 1,000 0.30

ANUY Hee IAD) 50me] AFHQZ 3, BHY ABRAA AEAAA] AYC)S WA
9 e 3R 1 o 2ed A ARAS Atk AN Re 1Y 54

C (variable)

D=5.0m
R

29 5 IRAHE AT AHWAAY

wAte] Baag @y ¢HAe Ao NEHS Blde B wtA A&7 fsA 29 5
A wol uiel o]l HY HdRgA AFHzA2 Ag CE& M3 A71HA upper bound solutiong T+
stk 1 AT Eldel Zolnl(depth ratio)7} 0.15 o] Ago) disixe =3 SAFEHY FH4
AREL Bde olulgs T Ao AEHJoH, ol Y BFAFHE Fony Fo U=
of 2 4ag Wz ¢=vhE Chambon 5(1994)0) 9% 4R APdAFHd= 44T 29 62 C/D
7y ZkzE 0.1 2 209 A% g 4 AHE B Aol

C=10.0m

FHARG
=0.65(ton/ )

s A2 B Q) 5
=0.48(ton/m )

18 6. ZFsiA Ao 2l upper bound solution
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Hd shde 2o mE $eld T 49 ¢ FFY da FPHol At dk 53

2@ Assde)l APE FRANY BY AFA Foz F95E
2 AR 2 9% nAA Bk B FANE AANAE Foo) A3
o s AN WARE AFAL AR5 B2 APRT FESANEA @ 3
galdAstst asta o8 P 1P AR49 HlA DY IPYL FraAs] AT Ande

| ==

29 7. AR ALEE 33 dY 8L

AR AE9 AsEzANA o FEile AFHE AL A48 st 28 794
Bel nle} e oA ad s dAgsnh HES AAD) 5.0me 9¥Edoln, HIAZ(O)E A
2Ry EUE7A9 AZE 100mE SATHC/D=2.0). A AR EZA o) AlLd AvAFE
T 1A Bl vie} Aok BHE JEFoA A7t AHE 5.0mH/D=1.0)o1A 25m 7+73 o
2 175m(H/D=35)7+A F7kAA F 67FA 9 790l A AFHHE AAsAT ZF 43¢ o
3 AFEE F3EA A7 AEd HFY SHPAN HA A AFFAERE 3T 5 Uk 1Y
82 C/D=20, H/D=2.0% 7% o3 8d FFxe H3d & AFFEEE BAF 3 9o, & 2
= B AR oz Y 9o 8= I FUY(seepage pressure) S AHEE Aolr)

PENTAGON-30 Vor 0903 | ]

Sl SeBpage_slage .

Solid : Teta)_Head
Sollg

1250

11.96
1089
9.82
8.75
188
661
5.54
446

Area of Failure

i -

3.39
232
1.25
018
-0.69
-1.96
-250

Down

Tunnel Face

il

249 8 B3 94 FEse IFYE £ (C/D=-H/D=2.02! 3¢)
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E 2 H9 el 348t TGS 43AR (C/D=H/D=202 F).

: Ah/LXL A549 7H4E | 4837 A5
SHCETO | 5 = 9k(ton/md) (ton/m?) (m?) (ton)
1 2.79 255 1.0111 2.5783
2 3.17 2.99 1.1769 3.5189
3 3.76 3.59 1.3915 4.9955
4 412 3.93 1.5000 5.4300
5 3.74 3.60 1.5696 5.6506
6 3.36 3.21 16113 51723
7 2.98 2.85 1.5881 45261
8 2.54 241 1.4988 3.6121
9 2.07 1.97 1.3742 2.7072
10 1.46 1.35 1.1892 1.6054
11 0.83 0.83 0.9999 0.8299
SUM 149106 40.6263
A 2L JF HES = 40.6263/14.9106 = 2.72 (ton/m?)

3.2 dYYUE
i3 % - A AAF ulel Zo] AFHME AAF A AEd HE 4o HAAFLAE A
g Aol 1Y 9& ol& Pz g Yehd Aol
E 3 Aatsdel he o] BRARY ¥EAH " T
=] A~ o s N E O 2~ 0 H —_ L ‘l . ]
Case b S o u—r;J A4t divl & § 400 o __1——;_4._
(H/D) (ton/m°) (%) £ e
1 1.0 1.86 24.8 % 300 R S —
m ]
2 15 2.33 23.3 % Y =p.osagri X + 0.862381]
o 2.00 ]
3 20 2.72 21.8 g V ]
4 25 3.28 21.9 & 100 _
5 3.0 3.81 218 — t ]
6 35 4.95 21.3 o.ogoo 1.00 :{;}B 3.00 4.00

a9 9. A8t (H/D)SH Bl A o
PREAFE BAFA.

F 304 B upel o] At FAF 2AAM BHE HA &t FTEAFEL AstT
ue Hl#AlHoz Frhste AFE BA ol B FAHAXMY AFyd vad HAFg dHEe ¥
Jo2 o 2% A=t &S ¢ £ Aok BHEY u|(C/D)7F 20 4718 =AM At &
12 e ey A, e e Yed RS 0.22ton/m’o] AEHA oW, wpabA
3 Eld el bge] g ABFHL F oM 7ol A4Ed AAE o n ool

kd
)
oln

At

R T
ol Hm o o
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1 o
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2
£

¥ FolHE B4R 58 A0 AFo] HY ol L W ulA: IFS
1

%
FAHA Aoer vju R HEI}] st HARFLEE 4Asd
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4.1 MHFR

a8 10€ HERy HIFXNE Rl vt ERX 2 R P AFL olmddely, Ex U A
24 2 X3 $9e) 27 HYPe] QIEE FEF FAG=30mm)E Fri4ct 2YEH IS F7 5mm
o] olzdWME AMLEHNLH, A7 100cme wrdBo g AZsPY). w5d BHEL BAEL7] 1eto] u)
Aol RAL(600g/m)E B&std B BFPEdo] 228 WIS FRHES sigon HE FH9
Astee FAXE uwet Bld 35 5cm HEHoE HFE LTS B39 HY URE disHES
&9 8§ 23e F4 3mme oladRer AzHGew, wFow R{FZE vt HEE 3§
9t AA ¢ 2mme FHES U4 FAFsPLY. ExY Av|E £F I 500mm X 850mm X 1200mm .2
He F& 9 sl 380 9% o] BEx AAd vxA FEE FEI} 452 FrFA

Sand Raining App.
tegl Fy §
Orainage Hole % E—
d o 0o o o o o
o o o o o o o
o o o o o o o
Pressure Jransducer g
Y 1 PrTuane
OSRNRRIRNHIHRN Tunnel Face
Wood Plate
Y 10 42 Ay 29 11. 23¥Ed 2 pressure cell A%

4.2 g e A HE

+ HEEY AFoAM A& Agts = R ANRIL HY JGRAM AFZEAA AHOE
B2 AZ3D)Y 281 20cmz dASF e, Hd HEFdAA AssA7RAAd A B2 A4 2
i, 3u) 2 4ol Be= HANAG. o)A@ A}FEAAAM EETgold WE R HFog uwigd o
& Astye FAAF B0 AN S w, 1Y 11004 2 uieh o] HE FHe 542NN £4L
Z43tn o227 H AFFUES A} AT ALAFE E 494 HQ vk o] AF9d uet B
gold % T A&t ARTFY R Y FAANAAAY A5 A oS YERA

¥ 4 HE2gAY 47

A3t 9] |Pressure| 8 (p) [FHAFF HAFF Aedivl &
(H, m) |Cell No.|(kg/cm® {p/7w, m{ z m (%)
1 0.010 0.02 0.08
2 0.017 0.17 0.00
2D 3 0.022 0.30 -0.08
4 0.013 0.13 0.00
5 0.020 0.20 0.00
1 0.020 0.12 0.08
2 0.024 0.24 0.00
3D 3 0.025 0.33 -0.08
4 0.017 0.17 0.00
5 0.025 0.25 0.00
1 0.027 0.19 0.08
2 0.029 0.29 0.00
4D 3 0.030 0.38 -0.08
4 0.019 0.19 0.00
5 0.031 0.31 0.00
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4943, WFd BN Ase F4F B8N LASE ARFLL AYAANN A5 el
46%NH Aol 5%AA AgsE Aoz dshgon, g el YRLGe BE w¥ B
60% A=Z TAKAT 3FAA NG FANY A3} BY B FEHE ARSL) A5 oy

2 WF 2% ¥e TAHW AYAAE YA 2 £AYES ¢ 5 Aok 2 olfE HURFAPA
G5 Mss A8 ) datol HY oy FHozE RAXE P HY DFe 3w
pAzz pdYaRoy B AYEAdA HY W2 §95HE At 228 AgA] gozy
By Fud BF4dol 24T Aoz WuAnh gy W4s gl w9y 2 dolyd wiwe) gt

A AR 2] HAAE FH MG AR o Fold £ A WAL 2dYs

Astre] AAF sE2A0A BHE Do e Yoz FESET ol HEFHe] F43A H
B AFAE F338]4] F upper bound solutiong °©]&3te Eldutte] AL H
, ol9t HEo] X848 AAEd Hd Ao A4se FTAFLLS AEFA
AF Ao Aste 24 oA AFTHE HEY T B3 S RV 9% F

Ll

2
2
ol

AEY 5 AU B AURZAYE T A5 AR SEEANN HY Fud 3
259 aHsgon, ol £XA4 Adst vinUch ANRIIY B, 428 AFHL
A4 Anndg Foal 2HAUeH, ol2HH HY WA FE5E FRAA ¥T B B

oz y o fT o % I
Lo gl N 3R

v
- -

X oot = o ©

2 ARTAY 98 BPHez £ 5 AU
ZAke] 2

B ATE AHRERY 6T AURTATHAY AAAA(HANE 96-0040)0.2 AFHYOH,
A7 Al @A =Py
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