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A Study on the Upper Ground Reinforcement Effect

in Underground Cavem
Ki Ho Kim, Jong Se Lim, Won Yil Jang*

Abstract /Excavation of underground space in soft ground implicate to the structure, such as subsidence. As a result,
it has been acting as a serious risk to the stability of the roads and facilities. Therefore, in order to stabilize the
soil stabilization and reinforcement of the structure, we have been using a number of methods and injecting material.
In this study, we compared and analyzed the amount of subsidence regarding the ground reinforcement during
underground excavation in soft ground by performing model test. And three-dimensional numerical analysis was
performed using FLAC 3D. The subsidence was simulated numerically according to the tunnel excavation. The
subsidence results of the model tests and numerical analyzes were relatively consistent. Thus comparing the ground
subsidence by varying the reinforcement area on the numerical analysis was analyzed. As a results, three-dimensional
numerical simulation could be regarded to simulate better on the ground subsidence by various kinds of underground
excavation and it can be used as a material of subsidence prevention methods.
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Table 1. Property value of the model ground

HYPEZXE= AP 245= XHEOH o8| Ex7} 1t
| #1310 mm F7|¢] & ofm U= 7h=x
HNlEZxEolE 42t 500 mm x 300 mm x 200 mm =L7]
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o 4 S B ofUig} AsHEE 2 A AN

AR Fe Sete R #elo] 7hssi A=
YEo] do] folsh=s AAsidi: & ddolM=
Aekg-52] izl whE ARHslE 45kt Ky
Exof 27 30 mm| A[slg-5 BEe AlESHAT
g ARtolz AFARtoA 9 A|olyE Ak BAF
st FoRe sl ARk FEkE ARke ddo
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oF 7S BARSIGIAL FokE Ak Wel 2wy xRk
& 2Aich olul 24 A % el 35 oy
& Agsigom, AmeA o 70 emold FatAl ul
/:)]—EHUE] e 35%7} SEEE Ao Yepdth A5k
SoF I FRkE e FgAl 1A
54, ]uoﬂ ARG AR2] EE|4 542 Table 13}
5, B4, 90°2 WAty
[T i
Model 12 %’—%0 A 7S 30 mm, 359 Al
—‘E/%—]?LETH 115 mm, 35 o= 300 mm?_l &5
o] model 29| 35 274 9 ¥ AXEE= model 13}
FUNL FF B 22 00 mm= S sheick
Model 39| 79 model 13} 35 27 2 359 A=
= Bolell, AT 250] Lok 500 mmz A
& ek 2w 2R 30 mm ololx o)
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USCS Water content Specific gravity Specific weight Relative density
Weathered soil
SP 1.5 % 2.63 1.52 g/em?® 35 %
(Sand) 0 52 g/em o
Weathered rock )
GW 329 2.92 . 3 359
(Crushed stone) & 212 g/em %
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Fig. 3. Grouting point for each model



278 AohsE AT Bl wgt A

||4)||0|Mmm

il

(e) Model 3

Displacement
(em)

(b) Model 1-1

Displacement
(em)

(f) Model 3-1

Fig. 4. 3D view of subsidence profiles for model 1, 2, 3 and 1-1, 2-1, 3-1
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Fig. 5. Subsidence result of test model (Y=15 cm)
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Fig. 6. Plan view of each tunnel model
Table 2. Input parameter for numerical model from laboratory tests
Mass density Bulk modulus Shear modulus Friction angle Cohesion Poisson’s

(tonf/ma) (tonf/mz) (tonf/mz) ©) (tonf/mz) ratio

Sand 1.5 2,976 2,049 37.8 0 0.22

Crushed 2.1 32,022 10,740 35 10 0.35
stone

Epoxy 2.1 54,166 25,000 40 50 0.3
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Fig. 7. Contour of Z-displacement of each model and grouting region

Table 3. Subsidence result of numerical model

Model 1, 1-1 Model 2, 2-1 Model 3, 3-1

. Before After Before After Before After
Point

Subsidence Subsidence Subsidence Subsidence Subsidence Subsidence
(cm) (cm) (cm) (cm) (cm) (cm)

—_

1.01 0.92 1.21 1.13 1.36 1.27

1.01 0.92 1.21 1.13 1.86 1.67

1.00 0.92 1.20 1.13 2.16 1.93

0.99 0.91 1.20 1.12 1.86 1.67

0.99 0.91 1.19 1.11 1.36 1.27

1.12 1.04 0.93

1.19 1.12 1.08 1.01

1.18 1.12 1.32 1.24

O | [ Q||| W(DN
[
—_
o

1.18 1.12 1.86 1.68

—_
(=]
—_
—_
oo
—_
—_
—_

1.86 1.68

—_
—_

1.32 1.24

—
S

1.08 1.01

—_
w

1.04 0.93
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Table 4. Input parameter for numerical model
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Mass density Bulk modulus Shear modulus Friction angle Cohesion Poisson’s
(tonf/m) (tonf/m?) (tonf/m?) ©) (tonf/m?) ratio
Fill deposit 1.8 1,111 454 30 0 0.32
Weathered Soil 1.9 3,333 1,278 30 2.0 0.33
Weathered rock 2.1 20,833 9,615 35 10.0 0.30
Epoxy 2.1 54,166 25,000 40 50 0.3
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Fig. 9. Numerical model of real scale
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Table 5. Subsidence result of real scale numerical model

Model 4, 4-1 Model 5, 5-1 Model 6, 6-1
Hist point Before After Before After Before After
(Y-axis) Subsidence Subsidence Subsidence Subsidence Subsidence Subsidence
(cm) (cm) (cm) (cm) (cm) (cm)
10m 20.1 7.37 85.6 20.7 150 10.0
30m 18.6 7.11 79.2 19.6 146 13.5
50m 16.4 6.76 74.5 19.0 239 25.7
70m 14.4 6.45 70.9 18.2 146 13.5
90m 12.9 6.14 66.7 17.5 150 10.0
0 BHAY A3 A Fo AT A Pl
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R
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=
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o

w
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Fig. 10. Subsidence result for real scale model (after the
ground reinforcement)
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