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A Study on the Stability of Twin Tunnels in Anisotropic Rocks Using
Scaled Model Tests

Jong Woo Kim*, Myeong Kyun Kim

Abstract In this study, scaled model tests were performed to investigate the stability of twin tunnels constructed
in anisotropic rocks with 30° inclined bedding planes under the condition of lateral pressure ratio, 2. Five types
of test models which had respectively different pillar widths and shapes of tunnel sections were experimented, where
both crack initiating pressures and deformation behaviors around tunnels were investigated. The models with
shallower pillar width showed shear failure of pillar according to the existing bedding planes and they were cracked
under lower pressure than the models with thicker pillar width. In order to find the effect of tunnel sectional shape
on stability, the models with four centered arch section, circular section and semi-circular arch section were
experimented. As results of the comparison of the crack initiating pressures and the deformation behaviors around
tunnels, the semi-circular arched tunnel model was the most unstable whereas the circular tunnel model was the
most stable among them. Futhermore, the results of FLAC analysis were qualitatively coincident with the
experimental results.
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Fig. 1. Dimension of tunnel section(Unit:m)

s

A&

A 213

g/l Higt 23 Ninp

(e}

m?l AMolAE EE-S e ] PR 22
A= wdgslyict AR oFAof st A
o] Ax}, opAe] WEL 24 glem’o|TL UEYEHE
53 MPao|itt. Egt o] @AolA] o]ty 2|52 ¥
O] RS 7|0 30° A BARA glom, dA =

7S SR B SUARK)= 2.00= UERTE

ZAEAFY AT o HAAS =HE] AT 2=

UEF 517] PleiAls, Ao mE ANkasse] digh
Al S AAste] Fa8S APgstaL oo wE A
o BPNRE MBSt SanFS AlRtlolRlth Al
7HA] 71 ARdE Zol[L], ARHT], eiM]elztar &
o S8 APSe SAle A dolof] it 48
< 2L WA o5 of8sto] ARRE Wi, A =

T

E‘é]
27}

Ol=

BN mi rr ni

59 FA8E AR APEtA HrHAY £, 2003)

Fig. 2= 2 A-tollA] gt |7 edddy} =
P49 EdehHS vepd Oi o]Q} o] % Al
HollAl= ZolL]oll et H4EL 1/592 3519t ot
FoR ZEWME LT?}= 3 w AR A BLE 7
ooz AZHTIY HFa82 1/7.70] Hr

FHH, @ gute] W Hedt viel Zol 2.4 glem’
Q| Hg) & Ao AA= A}&?‘ﬂ AR Ur
L 1.6 glem’olglonz WML o) gt

=X .0 O

_aEm
1/1.50]H, o]|2EE] H=HM]o| 3t 2L 443}
™ 1/305665 2 UEeRGTh o]e} Zro] APYE Zo|[L], A

= X0 O

T, ;qa]:[ 19 Ha85 IAR sho] dF ARk
ZE[MLT?)ol] tf3t H48S ?&‘E’i 1/88 2 ek

%

t}. Table 1-& & AlF o] 2488 A3t Aol
Scaled T

3.06m down 52mm
[

| '

Fig. 2. Comparison of tunnel sections for calculating the
scale factor of length

b 52mm >
j~=— 3.06m —=1

Table 1. The scale factors of models

pI:)ll}a/Zirtiaels Dimension Scale factors
Length [L] 1/59
Time [T] 1/7.7
Mass M] 1/305665
Density [ML] 1/1.5
Strength [ML'T?] 1/88
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Table 2. The physical properties of modelling material

Mixture Density Cosr:rz;egstzve zzgziz Cohesion F;:gtllzn
: Pl : ¥ MP
Sand aster : Water (g/em”) (MPa) (MPa) (MPa) ©
135 : 65 : 100 1.6 0.6 500 0.1 26

480
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214
G Wit Unitim

P ) )

tnitian tnit:mn Unit:mm

(a) Model No. 1 (b) Model No. 2

(¢) Model No. 3

(d) Model No. 4 (e) Model No. 5

Fig. 3. Dimensions of five different models
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Table 3. Results of uniaxial compression tests for anisotropic
properties
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(e) Test apparatus at vertical state

- -

(d) Test apparatus at horizontal state

(f) A view of No.5 model

Fig. 5. Procedures of the scaled model tests of this study
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Fig. 6. Deformation behaviors of model No.l in biaxial loading condition(Values indicate vertical and horizontal pressures,
respectively)
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Table 5. Testing pressures of models with different pillar
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Table 6. The experimental results of model No. 1, 2, 3 with different pillar widths

DD st and 2nd values indicate vertical and horizontal
pressures, respectively

Items

Model No.1

Model No.2

Model No.3

Pillar width

0.5D

1.0D

1.57D

Applied pressures

#,=0.27MPa, 5,=0.54MPa

Failure photograph|. . . .

7,=0.23MPa, 5,=0.46MPa

7,=0.26MPa, 5,=0.52MPa

........

Deformation
around tunnels

Modes of failure




et 4ok 21

315 2AQolE Bstn WY vId A Ue  Holxd, welxd Bl St hashe A

g B 4 olrh ol AW AF e B v & Holal glo] 917 Edo] 71 kAsin Hilolx|

oS UM HAOE e A JelAE 3 o] Zbg Belst Ao® ekt

Uk <k ek ol gl H0% e A F Table 8 e W Yo) Azt £ A 7 2
H,

et Yo = yefshal glom e Mol EW =4 A 8ol A8 wo] MY ES vlaste
o] g HEFol LAY WIFEY IA vEE HERE Zolrk o714 O}Xl&‘ Eldel 3 5‘5'1 2y J%
o A2 AR SAE 2.000 710k vpAE 95 Y] HAfR] FRoM ol ‘:‘“EOPOEI =

2 P vEhd Al HWH JeA=H o EERE Ferh shaEglon), dF HE2 9 5 O*J
[AA=7E 7P 2R 19 232 Fejo] A u}

=]
=
W7k b B BATAE % % 9l

_{

Table 7. Testing pressures of models with different tunnel

shapes
4.2 Eld CHH SAlo| Hsk
“ o] @Ato] WIE[I o A% W olHA Model T | Crack initiating Maximum
E']E E"Eﬂ—’] 5°5°1 %8 E'] —/] kil A 11';% o I\(I)oe s}il;meel) pressurez) pressure”
o mAE YL dolrr] 3l Fig. 39| 3, 4, 51 ‘ P (MPa) (MPa)
nEge 742y st o] Al 7HK] oA gzt 3 Fc. arch 0.21, 0.42 0.27, 0.54
oA = 5 LA Bd TS Table 49 70| 4 Circle 0.22, 0.4 0.28, 0.56
22y APl 1Y), PR =), vhhobx| 5 Sc. arch 0.20, 0.40 0.26, 0.52

7}
= (e}
2;:)1(5 il E?g]) O AR tE F4S 7L Jitk Y Four centered Arch, Semi-circular arch
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QAE Uehdl Zolck o)A NS fa, A pressures, respectively

Table 8. The experimental results of model No. 3, 4, 5 with different tunnel shapes

Items Model No.3 Model No.4 Model No.5
Tunnel shape Four centered Arch Circle Semi-circular arch

Applied pressures 0,=0.27MPa, ¢,=0.54MPa 0,=0.28MPa, ¢,=0.56MPa 0,=0.26MPa, ¢,=0.52MPa

Failure photograph| - {

Deformation
around tunnels

Modes of failure
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