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A Study for the Stability Investigation of Three Parallel Tunnels Using Scaled
Model Tests

Jong-Weo Kim, Woo-Seok Bae

Abstract In this study, scaled model tests were performed to investigate the stability of three parailel tunnels. Seven
types of test models which had respectively different pillar widths, tunnel sectional shapes, support conditions and
ground conditions were experimented, where crack initiating pressures and deformation behaviors around tunnels
were investigated. In order to evaluate the effect of pillar widths on stability, various models were experimented.
As results, the models with shallower pillar widths proved to be unstable because of lower crack initiating pressures
and more tunnel convergences than the models with thicker pillar widths. In order to find the effect of tuninel sectional
shape on stability, the models with arched, semi-arched and rectangular tunnels were experimented. Among them
rectangular tunnel model was the most unstable, where the arched tunnel model with small radius of roof curvature
was more stable than semi-arched one. The model with rockbolt showed higher crack initiating pressure and less
roof lowering than the unsupported model. The deformation behaviors of tunnels in the anisotropic ground model
were quite different from those in the isotropic ground model. Futhermore, the results of FLAC analysis were
qualitatively coincident with the experimental results.

Key words Scaled model test, Three parallel tunnel, Stability, Deformation behavior, Tunnel shape

Z B PE 5d2 39 sdo] AR g WdElE gl gidoitk 2 datelae BE7) oldAw,
Hudd g4, 2AR27, 2Ekedd Fo] Az o 771 4P Y B 2R E] di SRR F9ko
2R G/t B SRxEe] WEASS AR G oldAE} A2 BEYSE B2 4Y
ol gae] stz doh b edo] g HyRE Sristed Hde Qg Zhaslglnt et 4
o obX|F, WHOLAF, ALAYQ] MYE Fo A A2Y WS 7H Ede] eyl 71Y Agto), ANEE
Wigdo} 242 obF Ejdol Moty gdwct ebg/de] st d ] Aol Y SEEE AAR
mYe AR B By ulste] FANIYB0] 2 Bk ope} WRHSIRE A7) Vit Axo] E9S
I 2 Uk ol A Y B Sy =R ol o2 WYASE Uk, FLACE

F3t A Aiks REAAY dael PP os Byeii:

-

A
Mol ZARFYYE, Y =y, A, W8A%, gHE ¥4
LME 23] i el el Y(twin tunnel) 9] FEi7}F Yy}

3 Qledl, ol2g AZEEe g de dFor

W E Y(parallel tunnel)& = 7Hel Ego] 42 o} 2 4 9tk 3hH, wF €d ojelof MgF AshuFA

o5 waEls eel Bdelck Hule) A% SR A A, dplE NEEE SEAYY dee By S
=, A5t 59 oF EdolA 4 W sk Hdol U SlojA= WEEY AlFe] FkskL Qlk

A3 gd(three parallel tunnel)2 372 Eldo] A

, 3zdae ssdgga = U] viess ool Bdes Huz Yekpilla
e @ ke 7+ 27090 A Solek. o) B AT W) ABET 9
AAF gFE O 20084 8F 149 £ B o edoid 3} MEHI e ¥
A B ;2008 8% 189 Hol7]% ek,

300



it xjahEg 301

W w0 A glol BUAERDe o
ol Atk ol Al
o, B gEEde] 44
3 giek e AheE
29l 57t he) o] FuAse] 52

Bl %‘%Hé% 3

g Edof et Ajgolt @zﬂw = ol 25
% mm i B A
S| el B -
A% 2], 1996, 4,
(7c1 5 9—], 2004 A4 ), 200600 F
P AT A Gl

O
Ii(trlbutary theory) ¥ %4 EHHQ
P YR Hoek, 1980), ol
= Egir) e /ﬂ %‘%’%ﬂ
T X]”M AEAFS 2 Fshr] Al ¢
| A9l et atEr
E]Hoﬂ .L]—G}» /Uzﬂiﬁo] Bhﬁ_ﬁ ._“;?_
o] AgL xHsy
‘ﬁ&i/ﬂ(Hobbs 1966), -i—iBHéM
2TE THAHoE WES o S
TFxE dAe Heaas BT

Hﬂiﬂ

o) 202 gEaAL

i «{\

o

o4

[
ﬂHU ruz

s
l{HUnP*
==
N o > g

eI

o 2 [0

i)

B

0,
T

e %FN %

[

to

Q)

8

- BEr ojA A, Biddw
1 ME T2 TR AP 51‘,4 Eﬁé
ﬂ?‘i &5t H‘ﬁ FH A9k
ok A, Hde &
-’;j— 1D, 0.5D, 025D =-9] 37142 M3}
1shgich X, Hdai)
Y 372 §ist
AR By B8

& spgom vixjet

b

Lz%m

& B
™
'z
LN

2
Ao
g; r'\i

o

H

g

0
o

Depar g Eip

O]

N
1o

P

¢

>

rdoX

_Li
J}L?Ro

bt

N

o 3

o U

-

.1:1 o] o}x] & /\}ﬂ?ﬂ

kA, =

M2 ot
my

5] AR SleH
nm *E-Oﬂ N et
ohE Ay HYARE

A Hoh(EEs- 2, 2004).

ig. 12 2 ¢pofia] mejel 8% g6 mx4.8 m)
i} ZAawolA ] HEHH(50 mmx40 mm)E Ve
Hoz ole} o] B Agolx] ZofL]of i H4EL
1202 sHack tleom ZeylEgLT )= dAT)
Aol mE goog ATHT]S F4&2 1/10.95
7F Eck

s, 4 Qhuke] W Table 13} 7o) 2.7 g/em’
ol wls] B AlFoa AAE Aget iR Us
L 1.6 gem’olglona ‘:’—JE[MI ol thEt HAeS
1/1.69019, o] 2] HEHM]ol thet Fae-8 APds)
W 1/29160000.8 ufwfum}

]9} Zto] APYE ZIo][L], AIZHT], AEHM]o] &4
25 AR Bo) @A YNk ZmML T o] ohgh
2409 ;L—s}rﬂ 1/203 2 UJeRTh Table 2%= B Alg
o] 2482 Aesr Aojrk

Scaled
4.8m down 40mn

- 50mm -
—- om -

Fig. 1. Dimension of tunnel sections

Table 1. Assumed physical properties of rocks

Physical Bulk density | Compressive strength
properties (g/om’) (keffem®)
Value 2.7 1000

Table 2. The scale factors of models

p}::g:iiiaels Dimension Scale factors
Length (L] 11120
Time (1] 1/10.95
Mass M] 1/2916000
Density (ML} 1/1.69
Strength (ML~ 'T"?%) 17203
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Table 3. Details of tested models
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Model No. Pillar width Tunnel shape Tunnel support Model type
1 1D Arched None Isotropic
2 0.5D Arched None Isotropic
3 025D Arched None Isotropic
4 0.5D Semi-arched None Isotropic
5 0.5D Rectangular None Isotropic
6 0.5D Arched Rockbolt Isotropic
7 0.9D Arched None Anisotropic
N b
t.60 &5 4.250 &.50
Arohed A ohed Arahed Flat archad
{eotropis isotrgpic teatropic iBotrapin
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= 4G O 0O afala GO0 o000
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3 .
k8- L&
Ractangsia Ar ched
isctregic isstrpic
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{e) Model No.5

() Model No.6

{g) Mode! No.7

Fig. 2. Dimensions of seven different models
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Fig. 3. The biaxial testing machine for scaled model tests
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Table 4. Testing pressures of models with different pillar

widths
Model | Pillar | Crack initiating Final |
1 1.0D 29 s
2 0.5D 25 s
3 025D 21 75

B These values are vertical pressures, whereas horizontal
pressures are under K=1.7 conditions

(a) 2.1 keflem®

Fig. 4. Deformation behaviors of model No.3 in biaxial loading condition (Values indicate vertical pressures)

(b) 2.4 kgfiem®

(c) 2.9 kgflem® (initial stage) (d) 2.9 kef/em” (final stage)
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Table 5. The experimental results of model No. 1, 2, 3 with different pillar widths

Comparison Mode! No.1

Model No.2 Model No.3

Failure photograph

Deformation around

tunnels

<N
5o

o, =35 kef/om?
a;, = 6.0 kgf/cm”

Applied pressures

o, = 8.5 kgf/em®
o, = 6.0 kgf/cm?

7, =2.9 kgf/an?
o, = 4.9 kgf/cm®
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Fig. 6. Deformation behaviors of model No.5 in biaxial loading condition (Values indicate vertical pressures)
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Table 7. The experimental results of model No. 2, 4, 5 with different tunnel shapes

Comparison ] Model No.2 { Model No.4 Model No.5

Failure photograph
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Applied pressures
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Table 8. Testing pressures of models with different tunnel
support conditions

nitiati -
Model Tunnel Crack ini !anlng Final .,
No support pressure pressure”
’ (kgf/cm®) (kgflem®)

2 None 2.5 35

6 Rockbolt 2.6 35

2 . .
%2 These values are vertical pressures, whereas horizontal
ressures are under K=1.7 conditions
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Table 9. The experimental results of model No. 2, 6, 7 with different tunnel support and ground conditions

Comparison Model No.2 |

Model No.6

Failure photograph |,

I Model No.7
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Fig. 8. Deformation behaviors of model No.7 in biaxial loading condition (Values indicate vertical pressures)
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Table 10. Testing pressures of isotropic and anisotropic

models
Model Model Crack mltlzﬁmg Final )
No type pressure pressure
: (kgfiem®) (kgflem®)
2 Isotropic 2.5 35
7 Anisotropic 2.0 2.2

1, 2 . .
" These values are vertical pressures, whereas horizontal
pressures are under K=1.7 conditions
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Table 11. Input parameters

Values
1.6 glem’
3800 kgfiem®
0.86 kgff'cm2

Frictional angle 27°

Physical properties

Density

Young's modulus

Cohesion
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FLAC (Yersion 4.30)
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Fig. 9. Deformation of Model No4 by FLAC
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(c) Model No.3

(d) Model No.4

Fig. 10. Plastic zone around three parallel tunnels
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