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Field Experiment on the Optimization of Concave-Shaped Face
Development for Rapid Tunnel-Whole-Face Excavation

ZEfEr, 2x|M?

Kim, Tae—hyoung * Yoon, Ji—sun

Abstract

In this study, NATM can reduce the loosened ground near the tunnel face more than the other
pre—existing tunnelling methods, because of rapid supporting by means of shotcrete and rock bolts,
However, this method sometimes can not help for a unstable tunnel face with a unsupported
caondition, In order to keep from that dangerous case, some excavation methods such as bench cut
and drift advancing method are introduced, despite of high construction cost and period, So, this
thesis is intended to introduce the new tunnel face shape, that is concave shaped face, and discusses
its effects on the tunnel stabilization,

Keywords: Concave—shaped face, plane—shaped face, horizontal inclinometer
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Table 1, Cases for numerical analysis
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concave face
0.4D O O O O O
0.5D O O O @) O
0.6D O O O O O
Table 2. Model properties
o2 HY A 2f IZOtSH| ==hed LY OpEr2E
= 10°%t/m? - t/m? Deg. ([N
X[gt et 80.0 0.28 15.0 35.0
shotcrete 100.0 0.20 A : 0.08m
X &= xH
rockbolt 20,000.0 20| : 40m , 7t :2.0m

3. 4NOIAN e

HA-I

=~

ol

3.1 AEH|

2 Aol ARgE Z2IAM(FLACY)
Ho] o] 22 upglo 2 3131 gJom o] x|
oA AAE QAT o|AkslE ALA| = 7k
A SEERL T} SAIE BlAeE

= WHHollA T Al E e 4 S
Q48 &3 H(implicit method) ]2}l sPH
12 OF3llH(explicit method)Etal S=t| O%H

s

r_.~ r{o

o] 2o 27712 (time step) oA Qoo

WA= disturbances 22 Q1%sH 147(401]1?} 0350 =)
CWIEH 2 s 2 i s 4
Q 23} o] Y
z a7} 312111 w8
22 o]fo] Jlth s, #A|gh, 2003).
Aol Zagt 22 Newtono] -5 2|}

H2joln] zF oA dod =S A
2ol £ il o|2 e HPES] Il =359

s & 78] wheell

JE}
= 7517 glef A
ot duirlox

i = dsks = E%F sk = B2 4ES
dsio] oz it s Bd o AlskEEt
Sl Afell @ol 28531 Y= FLAC, FLAC™7} 37
H
RLENE |

)
rl
Y
PFL’
£l
30
o)

7] Ayups Suuge la gEsh) <),
Ao 7120] 2t

(o]
[t
i
£
oL
ot
L?u
u|]
F_EL
X o

N
K

> i
rﬁ

.L4

A c=iE 'Y 27 ﬂ0102
0.6H =2 Z7} ZVA AL EZH I g'};g%% tgxg—a}gi
o 3 Sl mE M RS fl8l K
e 212+ 0.5, 1.0, 1.5, 2.0, 2.5 3o dfj4S Alx
st Agealeto g Qubxo g AohyEalo)
7R} ATrAEE A] 7P BokAS uikAl e 2 AL
2551 Qs ARl A teE st siade At

o AHEAE UREAQL Atoll A o] A uA e 24
< Hgalolet. Agohehit 0 AmAe) 54 A of
o] ek et 2 siafol A8d T 274 10M9
AFE S-S HEslslon, AAxzA o3t sfole]

Tunnelling Technology, Vol. 8, No. 1, March 2006 67



FLAC3D 2.10

Step 18000 Model Perspective
23:59.08 Fri Sep 05 2003

FLAC3D 2.10
Step 16000 Model Perspective
23:15:48 Fri Sep 05 2003

Rotation; Rotation;

Dist: 5.000e+002 m:g 15
Increments Ang: 22500
Move; 2.550e +001

Rot: 10,000

Dist: 5.000e+002 m:g 15
Increments Ang: 22500
Move; 2.550e +001

Rat: 10,000

Contour of Displacement Mag.
Magfac = 0.000e+000
407406004 to 1.0000e-003

Contour of Displacement Mag.
Vagfac = 0.000¢+000
3.78660-004 lo 1.0000e-003

300006-003 to 4 0000e-003
5.0000e-003
500006-003 to 6 0000e-003
600006003 to: 7,0000¢-003
| 100006003 to 8.0000e-003

300008-003 10 4 0000e-003
4,00006-003 to: 5,0000¢-003
5,00006-003 to 6 0000e-003
600006003 to: 7,0000¢-003
| 7:00006-003 to 8.0000e-003

1.1000¢-002to 1.13956-002
Intervai = 1 0e-003

1.1000e-002 1o 1.1369¢-002
Intervai = 1 0e-003

=HEPH0.2D

S FH|Aaslslr|9ete] F-E3 FA(L0D)E F3oH, 2 Yep, £3] 0.2D9] FHIAH-S FA4519S
27|88 2|35} 100M Eto|A Q] e 2881l o] 7} 7P BabAQl Ao wFE(AlEe 5, 2000)

aholl thste] ZUASE o] £A0E o] HT0
24 271482o] n2 Stuiupge] el dha) o)

Mo AN 4. BYAY A7
3.3 MM AT 43 D& 4.1 NEEA

K=05 o] 7% uhgule] el W Heels A lzo) Agupgsl Zuubge va ARs] $8),
- YL 7120 R 7%

aprto] Aoyl TuukE Tt 2A| UERFoL 7zt © X ZaplEEo 7 Iwo] 31

A7) Apol= vl 2 vebgh, e K=1.0 oV o] 27y 0 &

o] 7% apghH o] ZrfH ol 11% XOPEE} Ehik ?2}01]*1 e FAskch E3 é‘ﬁﬁlfOﬂ E}_ 3 %ﬁ‘i‘i
° 0.5, 1.0, 1.5, 2.0,

apoll Al )% 22 Fd) W) ke UEbdth 53] 0.2D 2 52 sjo] AlRL ANS) AdzAe thea) gtk

SHUPHO A ] 2] W9 g AP A 9

A e} 0.71K=1.0), 0.73(K=15), 0.74(K=2.0), 4.2 3D ALZX|S}EX|

0.74(K=2,5) 8 & 77§ 22 715 Wb t(Hoek, Bro—

1o

wn, 1980). Aol AR AePgRE 1 304 Bz vle} o]
A9l Kglo] F7FrE 24 e 27)

SpgellAfe] o Wl Bk H5S o 4 glon, Table 3. Case for the model test

o= 719 22 siA o] TS UL QItH(Hoek, z

Brown, 1980). Case K=0.5|K=1.0[K=15[k=2.0|k=2.5 Material
TAEo] LB EEn 2 AeolMe Ay Plane Face @) O O O O

Ol e 3 ARl A PE L L e Concave|0.2D] O | © [ o | o | O |otax

A ET & ol el o &l Al Face Josp| O | O | O | O | ©

68 E{g7|2 MBE AS, 2006 38



HE® SSAIBS I3t 25Ol LAY L B HYAH
hil) 3215 630 4573 i) o E
i i ke Pt 0| 3875 H w75 oy
L] ] I o - )
! 7 SI a [ ﬁ 1
& i 5 —
o CLLITTI]E . 3w __
=10 A i ] ‘ o
o Q 11— ;
ol apll A
el Ml & i o : -
=| . S T
oL g
LR § G, N = — S | |
. (VIR < I |
| =~
! g
S e
| g
AR SIS -
(a) 3D A=EIHSIER| (b) BHE (c) HHE

Fig. 3 Photograph and Schematic diagram of triaxial compression

test apparatus

o o LE

a =
NL [Tg,

2 I it
& & &
=1} 0 F=11] 20 I 1] =11]
50 S0 =1
(ZE9y) (0.202+%) (0.5D2t%)
Fig. 4 Schematic diagram of the model
—‘g—/qiﬂ Oﬂ %’E—E— Z—HZ]—?S]— 7/‘1 O__.E_ ]'/L] 3;(]—-'-] /\]’ZXH O]— Max. face movements on the tunnel face

A ZA Al W] 18 852 f(ram) o] F2lEo] 9l
ow, 7 9jo] A9IE HAL beme FESIT A
9] 37]+= +=90]150cm, & 103cm, 7}&2 151, 5cm ©|t},

]3—]7]_,] oﬂ‘— 71—1:1]—‘%]:9,‘ /\]E]]:—]E Z;Qb‘)- /\ 0]1——
RAAPA7E 2slol qlk, A7 Shols 52
9 SELE AEOR Aol - o FUBT}
AL AgElo] U,

T3 S AIAOl T2 sk 7Isl] flste] T
0] 49 5cm I:|49,50m0]1 EA7F 2emQl AARE 7}
e AT, 93 RIS Y APREE
Y iy}l E7ho] Ygo g Aahygle)

face movement, 10%em

=

—m— k=05
0 —a—K=1.0
—h k=15

8 —¥—K=2.0
, K=25
Ll '—‘——___'
5 \'
4 = —
3 ,-El

- —a
2 ]

-
| . . .

PLANE CON-05D CON-02D

tunnel faces

Fig. 5 Max. face movements on the whole tunnel face

Tunnelling Technology, Vol. 8, No. 1, March 2006

69



4.3 9 E B =Y

oA o W] R AU
0.72(K=1,0), 0,76(K=15), 0,72(K: 0), 0,74(K:2.5)
iz 7R AR g YEhlal Qick(Hoek, Brown,
1980).

AAL= Kakol 57Fkas A7 e 27]=
a1 e] Hof W gF Kok A3 o 4 9o,
0.2D Supgo] 4L K=0,5~2, 0744 T~42% 1}
2.5 o 10% &2 gk LERH AL QIch(Hoek, Brown,
1980).

$21ggo] PR 2 HfoME=
o] AUt A kARl &42& T,
2o YKL} 2 oo A Ae
2 Ueh, 53] 0.2D9] %‘?‘; TAHE 5k o
7} 7P aapAQl Ao g sAgEniAlge 5

4> 4
L
oo 4
i)
2

JH
oE
)
in)
g
19
-0
o

2] AF 1917] 9% 41314 kel $1X/stn glom, 43
2 §I%F gt 303 BTk AR AT 240
A AEE 3] Slo) Bre B pillar(12024)°
o4 e] 6m ol SlABkgick, AP 2O B b
A e o) Bl kg nest g A%
3 EAA) PO R ZPgell, s 2wy A
23t 3wl g Wstel wgE Wept b Mo 3
WAL 0,20 A9 o2 Aol wigste] Myupy
of 7o} vl Ao} WS) S SASIES o
o, gAY BAl] ofe Teinky 94 F 71E A
Yupg st o] olg 2w Bgge AgstEs
sheict,

5.2 Wil A[Y 3£
i

YH A =HIA HX

¢
X
ol
=)
2
i)
JH

A Bl 2t 2 e Bjstel 0.9~1,0m
o 24233 ol

X
=

Q

enter line(CL), Spring

2 3t A3 5.0~5.5m

2)
P‘JHEL‘} *}‘Q‘igik 71 ZE g o g 43
3t} 7hget FU 2N AlES sslES ek
A s CDOQHHHQS’ 43 -85} Cylinder—cut
o 0}‘34 %7*01 syl UJr% ] Ay dol=s

=22
5. Wy Ay Q208 Fir} B Q7o) Saei ZguldTt 2w
el Aldeles 9 ot 19] 2 B e A
51 €& 48 e Al AA == Hi 430}
Tt e gala AXels 2z 257] AHY
B Qloo] Sohs e B U SRR BA 3R 2 Aol ustel AEE L AYA vl
Table 4, Test blasting size
Algt =] ar} ZAA AR 2 oo e
T2 34 (HCW) 3| HelZ gms |2
(Cut m (&) 3+ | =33 | 3+ | ®zm
x|2lakxt Cylinder 34 3~53]| 62 5.5m 55~60 1.0m
Zoiobat Cylinder 3 3~53] 62 5.5m 55~60 1.0m

70  E{g7|2 MBE A1S, 2006 38



Fig. 6 Test blasting(concave face) Fig. 7 Test blasting(plane face)
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face moverent plots of the tunnel fase (No.3)

face movement plots of the tunnel face (No.10)
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