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Abstract

Recently, the necessity of deep and double-deck tunnels has been grown day by day
due to the increase of traffic volume at metropolitans and thus the study on the
divergence of those tunnels becomes required. Therefore sensitivity analyses were
conducted with FLAC 2D program by selecting ground condition, coefficient of
lateral pressure, support pattern, and depth of rock cover as parameters. Ultimately,
this study is to find the optimal shape and support method of a diverged section. As the
results of this study, it turned out that the box type gave higher stability of the section
than arch type unlike the general thought. It can be explained that the arch type has
about 30% bigger excavation area than the box type. When the ground conditions are
poor, steel pipe grouting reinforcement gives higher stability than rockbolt reinforcement,
but its thickness and range do not give a great influence on the stability of the enlarged
section.

Keywords: Sensitivity analysis, Deep tunnel, Double-deck tunnel, Enlarged shape,
Reinforcement method, Stability
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A stability study of deep and double-deck tunnels considering shape and reinforcing method of an enlarged section by using numerical analyses
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ScaFe . . Fc : Compression Strenght
Compressive Compression Failure Ft : Tension Strenght
Force, P Sc : Compression Stress

Sc=Fec St : Tension Stress

Sc= P/A+ Mcl/l
Ultimat St =P/A - Mc/l
imate M = Pe
St<Ft failure
envelope
Sc=Fc

St=Ft

Failure /

envelope
for“cracked”
section

Belanced point

Sc<Fc

Tension Failure

St=Ft

Bending Moment, M

Tensile
Force, P | st=ft

Fig. 1. Typical Moment-Thrust Diagram (Itasca Consulting Group, Inc. 2005)
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2 Qi1o] A 5 ATHE elolat STelEL Z2te] HAVIZAEE ALSSIo] JiG wkalE
(Steel Fiber Reinforced Shotcrete, SFRS) 2] 5]-8-2-5- 8 & A5t} SFRS= ARE =T 2 Eo H|5)| AA|7|5
A} oF 10%71 27161 1) ol 212|212 APAIaA Shot ol 7] §eego] el 271kek L eed A 5)
THRoad Research Laboratory of Korea Expressway Corporation, 2001). ©]2{3+ F%T%J_Eil S} SFRS Q] 58
HAFHEH(0.) R S8V (0, )01 L £AR|ERT 50% S7I5he 2o 78t (You et al.,

2005). WA 4] (1)2} 4] (25 o] §5ke] S18 B3 2t 1§ U 1514 A A gshick

51-8-8U=%2(0,,) =0.604 (kg/cm?) (1)
51-8-2H-52(0,,) = 0.63 \/j(kg/cm ) ©)

= ‘5:!7‘01]/\1% ESE I Ao A ARSRFTHH(Korea Institute of Civil Engineering and Building Technology,

= 275k, 00 AT AAVEA ] AFSRE 2k=(Western
Metro, 2016)S 7}:1.' S A9ksg, S, Eval, BAFPHEA, W21 vi7HHS=2 Table 13} 20] 96 case S
Z2|5oll H-4519ct. 2 53 ARtell A ESUAKK )= 1.07 1.5, ET] 4= 40 m, 50 m, 60 m, =532 8t
£} Ol A%, B DA KO} BEE R 04 case LIESIT), THH 4 S5 ANK SRR Exlw, &
WA= 2 S5 A FLsH Agstplon RS FAE, B2E, Xhﬂ g e B

o
Apes}oTt, T8 W 1eke o] BAEA 2 moh3 mE FHslo] 28810] £ 72 case TG

Table 1. 96 Cases for Numerical Analyses

Depth of | Coeftficient Steel Pipe Grouting
Enlarged Ground -
.. Rock Cover | of lateral Support Pattern Thickness Cases
Shape Conditions Zone
(m) pressure (m)

Ground Class II | 40, 50, 60 1.0, 1.5 | Unsupported, Rockbolt - - 24
Box, Arch Unsupported, Rockbolt - - 24

Ground Class IV | 40, 50, 60 1.0, 1.5 - - -
Steel Pipe Grouting 2.0,3.0 | Full, Partial 48

Fig. 294 2] £41 Fld.2 AETBM FHO 2 FAsp], 1251 uiag o5 os FHsle] o] 5 815
2 35 4] o b QP34 Hol AR 2 s9Iek 4 A e} e el nlx) Aael A
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HAI617] 915l Fig. 33} o] elde] 22bd 9129 A|9he 71 0 2 2 S5 4 57| i 2 5HHS A7gst
Act.

9 90 m
N } 476 m
\ 4.89 m
14.30 m 14.30 m
2.67m 275m
(a) Box Enlarged Type b) Arch Enlarged Type

Fig. 2. Tunnel Cross Sections for Numerical Analyses

Fig. 33} o] 2Mbea F TS 7o = 2|2 0 2 5 E B 7142 71217140 m, 50 m, 60 m7}
HEE Eld o] Y121 & HetAA Eajate]| whet s G A& 22 27kl o] wl Ex] 3120 m o] s S
2 A5 S EATH() T S ECI(h)E L5 AeIE o2 ISt ol g2 e = AP 2,4 5

o Aol o] Ex] i AASHE-2 Table 201 4253t

-

Soil 3.96m Soil 57m
Weathered Soil 11.3m Weathered Soil 130m
Weathered Rock 4.8m Weathered Rock 42m
Class IV Granite 37m
Class Il Granite 9.4 m Class IV Granite 254 m

Class Il Granite 123m O

130 m 130 m

(a) Ground Class |l (b) Ground Class IV

Fig. 3. Layer Cross Sections
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Table 2. Surcharge Loads Considering Depth of Rock Cover and Ground Conditions (Unit, kPa)

o Depth of Rock Cover (m)
Ground Conditions
40 50 60
Class II 397 639 896
Class IV 481 711 941
SEF 22 F RS F 372 Uiro] Hllsle 0w, i 7ol 238 B 94 BHE= 20 = 51
t}. Fig. 4} Zo] v]ud 26 gel7t 2t 2 55 A5 S2E Bk 17E]9 85190 om Adrfa o2 Ze

7} oFet4 55 A2 Fig. 59} Fig. 6] HAR 23} o] S2E, Fa v ek |, A H 1211 9 3714
RS #8510 Lee et al. (2003)°] ARSRF Aaekeo B whis fharste] Zaaeked RS2
AH ol A 8okl om, FAE 412k Fig. 5(b)2HFig. 6(b)et o] 54 174 0 25E 2/3= 712}
SHoR HARH T, 290|322 2RER RS,

(a) Box Enlarged Case (b) Arch Enlarged Case
Fig. 4. Support Pattern of Ground Class ||

&

(a) Rockbolt b) Full Steel Pipe Grouting <) Partial Steel Pipe Grouting and Rockbolt
Fig. 5. Support Pattern of Box Enlarged Type (Ground Class IV)

(O

(a) Rockbolt b) Full Steel Pipe Grouting ¢) Partial Steel Pipe Grouting and Rockbolt

Fig. 6. Support Pattern of Arch Enlarged Type (Ground Class IV)
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Fig. 7. Analysis Mesh and Its Size

E31 S ERE F26Y] 2 ASTBM el 28T A IHE elo]id S AR u] A L =] 9]
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At
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(a) Box Enlarged Case (b) Arch Enlarged Case

Fig. 8. Fixed Displacement Position Before Removing Segment Lining of Enlarged Part

2 Aol A= & AP Al AR E 7 E-& A-8-5te] B'd o] i E T Esieirt A4 9] 78-9-0.1~1.0%,
EARO] 4% 1.0~8.0%2] 3¢ S B 2(Park and Shin, 2007), & A-olA= FZH O viE-& oF 5 m
2 ZL%}E 2 55 94 55 Aol A 0] SHAMFE-S 72} 1.0%2} 3.0%2 2 a4 of| 28513t whabA] 2

5 Ao M9)7152-25 mm, 4 57 A2 75 mmE Ao, £l A 2 Tl HQTES 2t
ﬂ% Z|H 7 EAgsHA sk B 2 0 =2 TSIk
Bt ZRF 7He] 32kl A AFS 22kl o &
TBM H'd 22} & A| TR E glo|\d-& A o] 2+-86h= slgtdE2 2 =TBM B2 =21 & T2 H A= o]l
A150%, Al TRHE 2to|id Alg & 50%F 4-851ltt. T3 ShER =2 A| Skat @52 00 AARIA A A
Aloll 24-82F ZF=(Western Metro, 2016) 5 Fta15to] 2851500k 2 5 A6HQ1 749, &35 2k - A &3
ZE d ZEE ALY - AAETIE £0 7 SI5EHES 22 64% - 16% - 20%, 4 55 A th= 56% -
14% - 30%= 2851301, TR /- sHHR 22t A 5Uet shsidE e 2-85to] pAIohAS a8stelch

)
I
oflt
njm
il

T
o,

3.3 2|9t 2| EH2Y Z/4z]

2 AollA= A 282 Felote] HE ] AsS A4Sl ARt R o w A8ttty 55 24 55 ARE
9] E4JZ]= 00-00 FIZPALY] AA Ao A-8-30dH *é A|(Western Metro, 2016)5 #1751 Table 37 o]
-85tk

Table 3. Ground Properties for Numerical Analysis

Ground Unit Weight Cohesion Friction Deformation Poisson’s K,
Conditions (kN/m3) (MPa) Angle (°) Modulus (GPa) Ratio 0
1.0

Class II 26 2.5 43 15 0.22 s
1.0

Class IV 23 0.3 34 2 0.27 s
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2 Aol ARE- 21 EA Q] A ETBM B0 HIIHE 2ol g7} SHE5.0] &5 2| Ex= SFRS O] E4A1E 7]
02 Agaolrh IFF £32E 51832 A (1)& o8l A 21 MPaE ©l-851o] 12.6
MPaS AHESIGITE EREA] (2)F of8oto] APt &3 2| E 9] 51849178212 0.9 MPao|H, 7H7-822 5
889782191 1/291 0.45 MPa-& A-85131rt. T3t A =TBM EIE O] AITTHE glo]d o] A9k D}?P}Zli
AAZ1EE 45 MPag 2] (1), A1 (2)°] tidste] 518805821 26.5 MPa, 518-89174-82] 1.3 MPa, I8
2] 0.65 MPa= 52|04 A] A-8-513ich

Table 49} 5= A IHE 2o, =3 2E 9l SEE BXE 2 53 A5ht4 55 2|gke =2 FrEsto] ehd
Zloleh. £lETBM Bl'de]] BAE= Al THE go]id-2 Atzzio)] PAgle] SURt 24215 2-85klrth. =3t
2 Ex A4 A o SHAIE g A8sialon 3 EL S

:

r$“>

Table 4. Properties of Rockbolt

Ground Elastic Spacing Length Area K-bond S-bond Yield Stress
Conditions Modulus (GPa) (m) (m) (mz) (GPa) (MPa) (kPa)

Class 11 2100 2.5 3.0 4.9x10™ 0.55 0.15 98.1

Class IV 1.5 4.0 4.9x10™ 0.55 0.15 98.1

Table 5. Properties of Segment Lining and Shotcrete

Elastic Moment of| Thick | Allowable Bending | Allowable Bending | Residual
Area . . .
Sort Modulus () Inertia ness | Compressive Stress Tensile Stress Stress
(GPa) (m4) (m) (MPa) (MPa) (MPa)
Segment Lining 31 0.45 | 7.59x10° | 045 26.5 1.3 0.65
Soft Shotcrete | 5.2 4
Class II 0.05 | 1.04x10 0.05
Hard Shotcrete | 15.6
12.6 0.9 0.45
Soft Shotcrete | 5.2 4
Class IV 0.14 | 2.29x10 0.14
Hard Shotcrete| 15.6

H—]

T2 Al 71 ek R BAR -S= sl d o] A=A A& Ziste] A-8staint. SR 4217
1009} 15°2 ZF 12982 28 3S o 9F30% A= 2| H §-80] 276} 2(Hwang, 2008) Table 67} o] 7
A

aekege] 242 AR =4

Table 6. Improved Ground Properties When Reinforced by Steel Pipe Grouting

Sort Unit Weight Cohesion Friction Deformation Poisson’s Ratio
(KN/m’) (MPa) Angle (°) Modulus (GPa)
Before Reinforcement 0.3 2.0
- 23 34 0.27
After Reinforcement 0.39 2.6
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Table 7. Factor of Safety by Shape of Enlarged Section and Depth of Rock Cover (Ground Class I, Ko = 1.0)

Depth of Rock Box Arch Rate of increase (Box/Arch, %)
Cover (m) | Unsupported Rockbolt Unsupported Rockbolt Unsupported Rockbolt
40 12.51 13.73 10.15 11.11 23.0 24.0
50 11.79 12.89 10.29 11.03 15.0 17.0
60 10.27 11.23 9.19 9.79 12.0 15.0
Average 16.5 18.3
—5—Box —i— Arch —=—Box =/= Arch
135 15
g 123 5
% e EL\EL\E E N B\B\E
-g 105 Ae=mm=- Ao -g 1 Aemmmm Ae
£ 95 S~ ﬂ K - ﬂ
8.5 9
40 50 60 40 50 60
Depth of Cover(m) Depth of Rock Cover(m)
(a) Unsupported (b) Supported

Fig. 9. Comparing Factor of Safety by Shape of Enlarged Section and Depth of Rock Cover (Ground Class Il, Ko
=1.0)

B4 AR B SRE B70] A9 ol G0 SR o] B S Sl AP Be) BE Exl1
oA B+ BB 0] Q718o] oP R} 2kt B OF 16%, 18% ot viFo] B QPR A0 b,
3 &

| o}#]
0] Z}7F17.6 m’, 22.72 m* & o}x| 3] HHo] 29.0% T Y1, ZEo| 27| wjiL
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oI} 53] Wl SlobA] o g Rrt v o] e de] B 7] ek 20 siekelr), skl Exl
T EIFEE M o] SHE T o] QA Hfo| 7 Zol i 2 BRI 4 Qlirk o|eh e g

S ANOIALE w2 o} g BB O] QLA Hlwate] 71 A ek v W b e B skt
SHA. ol flsll Exjal 7ol mhE QP& AP, etold AI1HE Bl Tz Eo VHelxl = B e
Hoz PAastrh

4-5a A[RrelA] %Zlifﬂr%%za}o FA RN EZFE7 2 m) Q) 7-9-0] Q&S Table 8o UrERH 2 Bl 1
Hsjo] whE ST AP P8-S Fig. 1037} 720] EASHEIL: Table 89] 57H& -2 B2 0] Qbd&o] oA
FEO At 2] %= LERd 7/101‘31, w82 o FEH | Pdgo] AP HA F 78-S Lehd Zloltt.

Table 8. Factor of Safety by Shape of Enlarged Section and Depth of Rock Cover (Ground Class IV)

Box Arch Rate of increase (Box/Arch, %)
Depth of - - -
Ko | Rock Cover Full Stee} Pipe Full Steell Pipe Full Stee'l Pipe
(m) Unsupported Grouting Unsupported Grouting Unsupported Grouting
(Thickness :2 m) (Thickness : 2 m) (Thickness :2 m)
40 2.99 3.31 2.63 3.11 14.0 6.0
1.0 50 2.71 3.01 243 2.87 12.0 5.0
60 245 2.73 2.25 2.63 9.0 4.0
Average 11.0 5.0
40 2.77 3.01 2.55 2.95 9.0 2.0
1.5 50 2.43 2.49 2.35 2.73 3.0 9.6
60 2.19 243 2.11 2.43 4.0 0.0
Average 5.0 4.8

=4 A3 Fig. 10(2) 2 (b)2t Zo] FA| Kol AT 1.0, 1.59] 739 ofx| @Kot upaddo] ZHz) i
11%, 5% B 2 43S UeRH It ?HH Fig. 10(c) 2 (d)2F 2o] 712k 8 A R 7754 2 m) 2
SU7A7E1L.0] 79I mREZER| 2 HEAY 0] oFgAdo] oA Kt o =3ith

HHA S9MAI7H 1.5 w) Ea 40 mof|A] HEA Y 0] 9F-&o] ol x| H et &3t oH Em 1 50 meflA= of
2| o] F-go] MAYH T T A AFEE o] ShA] EATRE XNEA Q1 ARkt AR|okA] Aot o|eF B2 At
HEIS]= 0] 80]] A= 2712 0] Bio) mgo}u}i mehEl e upx]ulo 2 Exl 1 60 moflA= & SEAY
9] k&0l s Uretstth. Z9ka 0 & Hkay] o1 i o] Qbdgo] =2 QPSS Bl
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—H—Box == Arch —&—Box =A= Arch
3.2 3
3 2.8
"I%: 28 -E.
5 26 Ve B b 8
524 TTA-L 524
£ 22 = A £ 22
2 2
40 50 60 40 50 60
Depth of Cover(m) Depth of Cover(m)
(a) Unsupported, Ko = 1.0 (b) Unsupported, Ko =1.5
—8—Box =/= Arch —8—Box =A= Arch
36 3.2
3.4
"‘E 32 Ez.s
n @
% :
E 2.8 g 24
£ g £
24 2
40 50 60 40 50 €0
Depth of Rock Cover(m) Depth of Rock Cover(m)
(c) Supported, Ko =1.0 (d) Supported, Ko=1.5

Fig. 10. Comparing Factor of Safety by Shape of Enlarged Section and Depth of Rock Cover (Full Steel Pipe
Grouting, Reinforcement Thickness =2 m)

Table 9= 4 55 Z|¥F EFHof 283t A HHYH-S 7|0 =2 PE AvE A =3h #o|™ Fig. 112 21
H|w517] 9fol] 1= et Zoft). of 7|4 A Het REE BAke HAEAlR] ¥eio] gl7] wWhzol 2 m?F3 m
O] A} 32 S LA Ueligieh. 24 Axt 73 1eke ) A4 2 FR o] SEE B Et= obd-go] of
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Table 9. Factor of Safety by Support Patterns (Box Enlarged Section, Depth of Rock Cover =40 m, Ko = 1.0)

Thickness of Reinforcement Rate of increase (%) (Support Pattern/Unsupported)
Support Pattern
2m 3m 2m 3m
Unsupported 2.99 2.99 - -
Rockbolt 3.19 3.19 6.7 6.7
Partial Steel Pipe Grouting 3.29 3.33 10.0 114
Full Steel Pipe Grouting 3.31 3.35 10.7 12.0
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