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ABSTRACT

Purpose: There is a need to construct an evacuation passageway for the 2-Arch tunnel, which has been
constructed and is in operation. Therefore, it aims to analyze tunnel and center wall behaviour and
stability due to excavation of the center wall. Method: We describe the theoretical background of
2-Arch tunnel and evacuation passageway, and focused on analyzing the behaviour of tunnel and wall
using 3-dimensional finite element analysis. Parametric analysis according to rock rating was
performed with various ground conditions, and the displacement and stress of the center wall were
intensively analyzed. Result: With the center wall excavation, the largest amount of settlement was
shown in the center of the opening, and the stress was greatest during the first excavation. In addition,
it was shown that stress concentration occurred at the top of both openings, and stability reviews
considering the concept of allowable stress showed that it exceeded the allowable stress. Conclusion:
Although the displacement of the tunnel has secured stability within the allowable standard, the
generated stress is found to exceed the allowable standard, so it is necessary to prevent sudden stress
release by applying appropriate reinforcement methods during construction.

Keywords: 2-Arch Tunnel, Excavation Passageway, Center Wall, Finite Element Analysis, Allowable
Stress
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Table 1. Design criteria of evacuation passageway (Ministry of Land, Infrastructure and Transport, 2010)

Classification Width (m) Height (m) Installation distance (m)
Personal 2.5 2.5 250 below
Vehicle 4.7 3.5 750 below

Fig. 2(ay= E2E[ o4 2l ol el 2Ea S HojZ1 917 2-Arch 0] 485 ubael wjitelz
S Fig. 2(b)2} 200, o] Fes thRi ulAk A} UM A] s} Wil ko 2 o4k 4- Qs njgole] 3
gz slojlch. wah shAfe] shikg vt Sle) Bde] E4S FA L i,

(a) General evacuation passageway in road tunnel (b) Evacuation passageway in 2-arch tunnel

Fig. 2. Example of evacuation passageway

I ETEE AL NS ARl S, B AL B'E Sl methEste] AR o] E Table 2]

ERfgloH, M de 2] 41 1, 2, 3 55 B2l thsl] B2 o= dA|stojof ottt B S T<=d] Bd o] %

S 70 R ke 5B s 5 Bl ANt QAR et YA Ve B o ® e, BE
S35k A9 Table 3014 et HlE w2t

Table 2. Disaster prevention facilities installation by tunnel rating (Ministry of Land, Infrastructure and Transport, 2010)

Tunnel rating 1 2 3 4

Evacuation passageway O O O

Table 3. Tunnel length (L) and risk index (X) by the tunnel rating (Ministry of Land, Infrastructure and Transport, 2010)

Rating Tunnel length (L) Risk index (X)
1 L = 3,000m X>29
2 1,000 < L <3,000m 19<X <29
3 500 < L <1,000m 14<X <19
4 L <500m X< 14
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Evacuation Passageway

0.65m

Center Wall

area i
e = e, S Eem = 5.0m

= Excavation [/r= E ‘
R

(a) Excavation area (b) Plan view

Fig. 4. Excavation area and plan view of evacuation passageway

T2l A-85= =92 A A 232 E 2olid 0 & vt A4, AEe] ARl mha e o] Wz uE
% ? 4= Mohr-Coulomb 22 2-851%] 0™, 2to|id €] /2= Elastic &g 2-85k3rt. A2t
7, A A HAAE ZA1s1e] S92 S Fofsi 3l O Table 4, 501 goFsto] LR RiTh

Table 4. Properties of soil in numerical analysis

Type Unit Weigglt Cohesion Friction angle =~ Modulus of elasticity ~ Poisson’s ratio
v (kKN/m’) ¢ (kPa) 9 (®) E (MPa) v

Fill (Soil) 19.0 13 25 17 0.33
Weathered soil 20.0 25 30 40 0.32
A 22.0 50 33 600 0.30

v 26.0 800 35 1,500 0.28

Jilk 26.5 1,500 38 6,000 0.25

I 27.0 2,000 42 10,000 0.23

I 27.5 3,000 45 24,000 0.21

Table 5. Properties of shotcrete and lining in numerical analysis

L. Unit weight Modulus of elastici Poisson’s ratio
Type Constitutive model ¥ (kN /ngl?) E (kPa) vy )
Shotcrete Elastic 24.0 15,000 0.167
Lining Elastic 25.0 26,000 0.167

AR AR A 278 F91 B'ES aLefsto] At efd S R oF &, SYHAE =2ohs Ao s 2SR e, &

A E 2 AR 0 2 2% 2HA) Imd DABE St SAaS Bl A1E DA FuAe) et

KOSDI 459



Journal of the Society of Disaster Information | Vol. 17, No. 3, September 2021

7} Als A S TR gl A o] WA o] stk A4Skt T A, A 0 25 E] S0 B 22 A ok
7Vl oH, eftlsw V= 255 3otdo] A AT WA9] FdolA 7P 2 Rl b IAgeke o 4 AUl &
T 22 A V52 -3.38mm, [ 58+-0.59mm 2] sl Kt o|F Jej == A=oto] Fig. 5o JERAITE TS,
AlESAME B2 O] A S BTG A 2 BiA| o vt oS H Gl 0w, 11 g2 BA|of] vsto] A4
A7 vepdth. 2% 22 A Bde] deigks VEEelA -0.05mme] Pl Beom, ol Hxo] Hsjakrct
98.52% 27| SISt Fig. 6). $HH, Korea National Railway(2017)= ]9 HtHAL]0] 51822 Table 61} o] T~
A0 7= A A E T o Qe A& AAISEAL Qi o) & Alesto] FARH A, Bd o] HehH o= B 518 1

= =
sfae] 71 W QAL HEsHe 2102 HEEION], ol Table 7] S2F510] Hefsigi.

i

Construction stage

Center wall
~~
= L. e————-—~ Measurement point E
| Excavati 7 N~
o | 77E1ciavai' ng | ‘2
b | Excavation 2 | °E‘
[ i =
I Excavation 1 I b
= ]
}L_‘ £, =1 =1
_ 41l am -e-1v
1| —=V
Unit:m 5.0
(a) Measurement point of settlement (b) Settlement of center wall

Fig. 5. Settlement of center wall according to construction stage
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Fig. 6. Crown displacement according to construction stage
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Table 6. Management criteria of France ministry of industry

Maximum allowable crown displacement (mm)

Ground depth (m) —

Rock ground Plasticity ground
10~50 10~20 20 ~50
50~ 100 20 ~ 60 100 ~200
100 over 60~ 120 200 ~ 400

Table 7. Result of tunnel crown displacement
Rating Crown displacement (mm) Allowable displacement (mm) Result
\4 -0.05 OK
v -0.03 OK
il -0.01 -(10 ~20) OK
I -0.01 OK
I -0.00 OK
Z7¥4.0 2, Fig, 7] A4 2700 0F2 ¥S] %ge A 02 S15h] SJte] QSR 1, I, Vol o] % 22 A

H120] 5] 9] S LIRS, 1 VEFOR B4E WP 2 ek, w2 Sl
7F 2 HSPH RS O 4 Gk B A0 SAle] WPt Y At 2 AR O 4 gtk

x
e
>
%0,
o
o

DISPLACEMENT DISPLACEMENT
Tz, mm T2, mm T2, mm

+2,850008-002

(a) Rating | (b) Rating 1T (c) Rating V

Fig. 7. Vertical displacements by numerical analysis

R0, HAle] 2] U gold $Be ARSI, AR de] elold egH AEE 51882 ¥
QJste] sk gLor, 518 B2 that o] L,

fca :O4fck (1)

A7NA, £, = 318 B U553 (MPa)
[ o =M 289 FAES AAVIE A5 E(MPa)
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Fig. 8. Stress of center wall by numerical analysis

—1 —-1II
-0 -1V

Center wall

Measurement point

Excavation 4

Excavation 3

Stress (MPa)

4.0

Excavation 2

Excavation 1

5.0
0.0 - T T T 1

Unit:m 0 1 2 3 4

Construction stage

(a) Measurement point of stress (b) Stress of center wall

Fig. 9. Stress of center wall according to construction stage

Table 8. Result of center wall stress

Rating Compressive stress (MPa) Allowable stress (MPa) Result
A 40.75 N.G
v 38.25 N.G
Ir 24.64 9.6 N.G
I 20.14 N.G
I 12.84 N.G
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