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Abstract

It is necessary to construct underground in the metropolis. Road traffic has reached
saturation point. The city has several underground road construction projects. In
abroad, double deck tunnels are planned and constructed. It is attained a high level of
underground development technology. In case the double deck tunnel (2 lane) is
planed instead of the bidirectional tunnel (2 lane), excavation area is similar. But
tunnel width is decreased. The reduced width can cut cost for the tunnel reinforcement.
This study evaluates the stability of excavation on double deck tunnel. By the
assessment of the strength-stress ratio and strength reduction method, quantitative
analysis is conducted between double deck tunnel and the bidirectional tunnel.

Keywords: Double deck tunnel, Large tunnel, Strength stress ratio, Strength
reduction method
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APHOU B3 ApHo| 5 X85 = Qltk(Park et al., 1999)
EJo|u} APH R 2Rk Ol“% O o7t =2 FEof 71915t 2 Bd 2] 7ol Tt /gl 28
= 4= it o] 7HE o] QP& A1 QPE(global factor of safety) 2l obH, 325 A1 9] QFIAES

I5H= 7R do]th(Park et al., 2004).
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Fig. 1. Calculation of local factor of safety (You et al., 2000)
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ol npyHo] H wj7iA] -SH Lo WA T2 ST A 2M mhao] =EE ke Q).
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ol A HE F Z]H}Oﬂ H2 Q1 w7 Ay °Hﬂr stejete 2| HA7E A 2]l E = Bld AA2] P Adoll=
2 o= 7497 Wrk(Park et al., 2004).
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Fig. 2. Shear strength and trial shear strength (Park and You, 1998)
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Fig. 3. Road alignment plan in branch section (Seoul OOO tunnel)
Table 1. Tunnel in branch section (Seoul OOO tunnel)
Item Main tunnel (2 lane) Tunnel in branch (3 lane) Large tunnel in branch (3 lane)
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Table 2. Double deck tunnel in branch section

Item Main tunnel (2 lane) Tunnel in branch (3 lane) Large tunnel in branch (3 lane)

1/ 159 3250 3,250
/ /

Section o H o
| F
L 13,764 | 27,481
Area 1522 m? 394.9 m?
Flatness 0.89 0.60
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3.3 F2[6M HE 2

Bd o o] Z2tders eS| 95l theat e HEXAS St tEH Y BESEHY o) 42
niA| 0 2 FhsH A8kt T3 s PR HR1 EA4IA] Bl dollA] 7|E Aot X]ehE) o] Pk wo}
7] Qo e "9 2 7FYste] Ex] 1S 50 m=2 et E4A5E0.5, 1.0, 2.0 28510, ARHSE2 ¢F
Hhsgol gt o] 2715 9 7R e Aok Ao = efste] 1, M55= A-83tth 2|43l
2 A HA) L o}FR e E-2 5 Yo 2-85to] ARt aE A EA kS Hlw HEY 4 Q= fHrf(Table 3, 4)
HHSFE 24 A HufE, SISEEE-2 A2 OOOHE 2 sHiet BA X9t 2 Hufiel AAIE 2851t
(Table 4, 5, 6). A|EA =T 2| ELL S E= UG FE 2 Table 63 o] B7tsiyl om TS dat E5Ed

=
of A S 9ol A AE FUoPA 48t

Table 3. Analysis condition

Tunnel Rock class Depth Lateral pressure coefficient
Single tunnel I, 1T 50 m 0.5,1.0,2.0
Double deck tunnel I, 1T 50 m 0.5,1.0,2.0
Table 4. Properties of rock mass
Unit weight L. Cohesion Elastic modulus . .
Rock cl F 1 P ’
ock class (KN/im?) riction angle (KN/m) (KN/m?) oisson’s ratio
I 27.0 45.0 2,500 20,000 0.21

I 24.0 37.0 600 5,000 0.26

Table 5. Load relaxation factors
Surport patern Rock class excavation Soft shotcrete + rock bolt | Hard shotcrete + rock bolt

P-1 I 70 15 15

P-3 I 65 15 20
Table 6. Rock support pattern

Contents P-1 P-3

Excavation method Full section Full section
RMR 81~100 41~60
Q-system 40 or more 1~10
Shotcrete thickness 50 mm 80 mm
Rockbolt length 3.0m 4.0m
Transversal interval of Rockbolt random 1.5m
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MeH [ 5aolA g Zahoe 2 Il ddohs g 992 veht] oigko o etk Ms-gollA &4
goo] whAYsISLE. s MEHollA Bd 22102 915t 4499 HAY AT Table 7, 8ol UreRc T
Bl BEZE oA tietH eld-S Aleh= 4%, B B st HER-2 7hagict ede v
22 S okl ME&-2 2hagtol| teh A4 G992 F7kohe 202 Velth Ko =0.5% web 1.0Y o 2899
o i Wzolu Bxgel= 37 th22] oh2 202 yehgon, F2 5 S a4 o] igatolrt.
Ko =2.0¢ W= A/ o] Bximalo] ] Z7teb Bl 22 AT EAgeh= Zlo] opda} 2|5t yieflzt
Z] aAg o] S A om, Hd Hnhiel ZuiRo] o] A o2 W) ol tEEY
T ESEY RFoflA FUg A HojFelch

Table 7. Plastic failure zone in single tunnel

Item Main tunnel (2 lane) Tunnel in branch (3 lane) Large tunnel in branch (3 lane)

Area 72.8 m? 104.9 m? 232.8 m?
Flatness 0.62 0.54 0.47
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Table 8. Plastic failure zone in double deck tunnel

Item Main tunnel (2 lane) Tunnel in branch (3 lane) Large tunnel in branch (3 lane)
Ko=0.5
Ko=1.0
Ko=2.0
Area 1522 m’ 217.1m 394.9 m’
Flatness 0.89 0.77 0.60
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Table 9. Local factor of safety in single tunnel and double deck tunnel

Tunnel Main tunnel (2 lane) Tunnel in branch (3 lane) Large tunnel in branch (3 lane)

Support pattern P-1 P-3 P-1 P-3 P-1 P-3
Ko=0.5 2.04 1.03 1.93 1.00 1.63 1.00

Single
Ko=1.0 2.15 1.08 2.00 1.04 1.66 1.00

tunnel
Ko=2.0 1.60 1.00 1.57 1.00 1.50 1.00
Double | Ko=0.5 2.39 1.19 2.20 1.12 1.91 1.00
deck Ko=1.0 2.36 1.24 224 1.17 1.94 1.00
tunnel | g, =20 1.56 1.00 1.53 1.00 1.43 1.00

BZEgo] S obdg.2 oS [ S30llA 1.43~2.39, YHES3 530014 1.00~1.242] HOIE Hols
RO Kool i QPE-2 e d it 5 U S HolFqlct 55 Eld o iy e d o 2o 3
7] mhzoll FAE-S B 22 s 7EAoR jittal A7 4= Stk 12U K, = 0.5, 1.00]4 ESE ' 9] QFd-go]
SSE AR v FoR TS B30, Ko =204 1] $H-&-2 B2t ATHE HAFAg 1 2fol= 37|

=
W Ao et 55EE2 TSE o Hlsl T o] 28 e IARF HE-E2 1.00] T TPk e
A HlE P32 289t ARFSF Mol =778 1.000] ZARY gha
T D20 24 YSe dol mhjof ol 2Rt Ay 1L 51 ARk A4

=
Rrof =25 A HAE A2[oHA] eh=rhd Bd2 22 P S oA X8 e Sl J2fut A o] o

=
2 A3 glom, @ AR BT QRS vz AAgo M B2 Qi shuet 4 gk ot
Q 0

N

4 3 20l ok=(global factor of safety)

EYHQ QFISL AL 01§10l B FHARRE K28 i AR nfhE Tefohs FFH
folek, FALA Kbe] el AuAhE X5} 7] whEe] Sage] 2He 3%, thAzt Bk ot
g © 49, ARAE Z7AAN BE IS FER 490
ot 2 A9 A A 24 Fol AAH 9L ALY 4 ek Bk HEe 0] A

=
HA P/ vlwsh| Hsll G E 2 55 E o] A HAE FL5 285132 H, Table 109 H5E'Ex}
_"
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Table 10. Global factor of safety in single tunnel and double deck tunnel

Tunnel Main tunnel (2 lane) Tunnel in branch (3 lane) Large tunnel in branch (3 lane)

Support pattern P-1 P-3 P-1 P-3 P-1 P-3
Ko=0.5 8.50 2.60 7.60 2.40 5.90 2.10

Single
Ko=1.0 8.40 2.80 7.60 2.80 6.30 1.80

tunnel
Ko=2.0 7.00 2.00 6.60 2.00 5.80 1.40
Double | Ko=0.5 10.00 3.10 8.80 2.90 7.30 2.10
deck Ko=1.0 9.80 2.90 8.70 2.80 7.30 2.10
tunnel | g, =20 7.00 1.80 6.50 1.70 6.30 1.10

el 2 HA FH-E-2 dHtsT 15304 5.80~8.502] H191E HoFlom Tl 27|17t 245

8-2 745t Ko = 1.0, 0.5 wj QFA-8-0] 2foli= 2] GEom, Ky =2.004] P& 7P 22 ke B
SIS TSFollA] oF-8-21.40~2.802] ZHe HolFlet oS [ 5349t 2ol K= 1.0
0.5 wf QFA-g-0] Zfol= T 2] koW Ky =2.00014] SFA&-8 714 2R 7He HoFQict

H=ggo] 2|17 eFA-E-L s [ 5304 6.3~10.0, HFSF MTS5EolA] 1.10~3.102] HYS Hof
F2 o Kof| k2 FH-8-2 thEE g1t A AR KTt BSEE o A2 thEE(d o] 28 =
2 282 7 oF Al A2 4= Qi 18K, = 0.5, 1.0014 B5EE 2] ebd-&
= AE HojFEglom, 2.0 o obdE-L Ea|gt ATE HAFA|RE 11 2jol= F4]
e 7o 7 UeRdth ES5EE-2 t5Edof| vla| thHZ o] 2uiA = I 2|9t HE-&-2 1,09 O] 7R G4

»

528

B AT A e Qr] B A B EE B2 SRS 2l ARA) X
o] QPR (A4S A 0 2 molgko wa Urlo] Fatuln, Mg, SolAo] Aake ulm EAfslo]
T !

1. B0l RS S5t WL 74T nfe 2499 S8 2102 ekt K, = 059 njt
109 W) 25 0] 4 Aot REREE 2 thex] 92 0 Uehton], 72 Hid SR 4

0% w35 e) o] 2 Z715ke] el BT ISR A
o] ohf} Xt o) 4-Iedo] Sof Wston], B Rekel o] Aelelo] YFHOE
LS, ol BEE T BEE Y RolA SUT HhE HolEg,

2. B5EE O T2 dSEE O 2H = 27 2ol a2 o 22 e ZhAoF fttal AZkE 4= Qle
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Ko =0.5, 1.0°A HSEE ] P& (de-s2H)) o] DS 2 1 ot ByE HolFqle,
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