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Stability Analysis for Two Arch Excavation of a Tunnel Portal

Gil-Jae Lee, Kwang-Ho You, Yeon-Jun Park and Young-Su Chae

Abstract. This study is to understand the effect of the vibration and the stress changes due to the excavation of
2 arch parts of a tunnel, which is a Gyungbu Express Railway turnel, on the tunnel itself and adjacent slopes
in advance, and to analyze the stability. For the estimation of ground conditions, borehole tests, borehole camera
logging and seismic logging were performed. Ground properties at a specific location were determined as input
constants by performing 2 dimensional analyses with possible ranges of uncertain ground properties. Static and
pseudo-static (due to blasting vibration) factors of safety were calculated. The behavior of the tunnel and its vicinity
due to the tunnel excavation were predicted by 3 dimensional analyses. It was also tested whether the support system
was proper.
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Fig. 1. Plane view of the site of interest(scale=1:1,200, A]3=212]: @).
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Table 1. PS logging results.

Depth (GL, m) | V, (m/sec) | Vs (m/sec) | Density (kg/m’) va Gy (GPa) Eq (GPa) layer
0~6 1,100 400 1,750 0.42 0.28 0.80 weathered soil
6 ~ 13 1,500 700 1,900 0.36 0.93 2.53 weathered rock
13 ~25 2,200 1,200 2,000 0.29 2.88 7.43 soft rock, weathered rock
25 ~ 30 4,300 2,200 2,500 0.32 12.10 31.94 soft rock, hard rock

_ ( VP_/VS)Z_2
T2lvyv)i-1]

Ga=oxV} 1
Ed = 2Gd(1 + V)

Vg

o714, V, : PI} £ (m/s)
o Ux=(kg/m’)

Vs i Sk &% (m/s)

3. AU YMAIR R AHIRR

oA AH2 ARNA ANFHIE Gaf T F ot
10-20 cm oy Ei= AT 44E Ao 2 AAsHITh

AEE AASE 9hd Foj= Heltxr) wd=ar §3)h
H A E wote R AEE By ARABEGLE
71202 Fgon USAFE AAgE Ae o
Table 29} Table 33} ZehYoidta A7 1&ATA,
2001).

AALel AWAEZTE EdE 2ARROl dist
o] RMRo] o3t EFabdS Agsted evhs BR3t9
on, Az 15 moA AFHE AR 19 tidlis= 603
(¥%), A= 20 mojA HHE A& 20 sl 633
(o] AAk=]Ic) BieniawskiZ} A9k 2(Bieniawski,
1984)2 AR 29 RMR glofl 8ot HEAs

Table 2. Compression test results.
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core 1 core 2
depth(GL)(m) RY: 20 Table 3. Joint shear test results.
specific gravity 2.59 2.61 ‘ core 1 core 2
seismic velocity S-wave 1,470 1,320 depth (GL)(m) -15 -20
(m/s) P-wave 2,190 2,040 JRC value 6~8 10~12
Young's Modulus(GPa) 7.5 72 Schmidt Schmidt hardness 23.0 299
Poisson's ratio 0.14 0.14 hammer test JCS(MPa) 33 48
uniaxial compression strength(MPa) 47 52 Cohesion(MPa) 0.03 0.01
tensile strength(MPa) 5 5 Friction Angle( *) 439 33.6
cohesion(MPa) 8 8 Ka(GPa/m) 4.22 4.10
friction angle( * ) 47.9 53.4 K(GPa/m) 5.11 3.79
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Table 4. Material properties used for numerical analysis.

ElY 739 2 Arch 22bo] wE SHA A

layer depth densitSy ;(;‘:lrjuz Poiss.on's cohesion | friction angle st;:ziglteh appz::gnlte dip
(GL,m) | (kg/m") (GPa) ratio (kPa) (degree) (kPa) (degree)

weathered soil 0~6 1,700 0.8 0.2 50 35 20 -
weathered rock | 6~13 2,000 2.0 0.2 100 35 50 -
soft rock 13~25 2,600 7.0 0.14 500 40 200 -
hard rock 25~30 2,600 20.0 0.14 1,000 40 500 -
joints - - - - 10 33.5 0 36
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(Itasca consulting group, inc., 1999).
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Fig. 2. Mesh used for numerical analysis at the location of
STA 18K+200.
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Fig. 3. Mesh used for numerical analysis at the location of
STA 18K+190.
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Fig. 4. Contour of max. shear strain rate at STA 18K+200
(F.S: 1.35) - joints and vibration considered (V: 1.07
g, H: 0.1g).
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o facter of safety
location joints - -
static pseudo-static
STA 18K+200 | considered 1.51 1.35
considered 1.26 1.05
STA 18K+190 -
not considered 1.28 1.06
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1.07 g, H: 0.1 g).
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Fig. 9. The configuration of structural elements.
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Fig. 14. Displacement vectors around tunnel in the case of

pseudo-static analysis with x=-0.5g, z=-1.35 g.
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Fig. 18. Contour of shear strain rate and velocity vectors
around tunnel in the case of pseudo-static analysis
with x=-0.1 g, z=-107 g.
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T Tunnel

right slope

2D analysis stable

static: F.5.=1.26
pseudo-static: F.8.=[.05

static

stable {maximum displacement: 3.0 mm at crown)

static: ¥.8.=2.19

3D analysis ‘hom“m dynamic load 0.1 g

stable {maximum displacement: 4.4 mm at crown)

pseudo-static: F.5.=1.83

horizontal dynamic load
32pg05g

plastic zone occurs around tunnel crown; max. rockbolt
force: 18ton, max. displacement: 3.4 c¢m at crown

F.S. was not calculated.
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