E D
FLICH.

=

S

ive

5
MEXHE HAIGHA OF

O N

2|

=

o

M

[—

creat
commons

x=, @o
t

PSESPNE=INE
o)

LICt:

s

2 SESE 0
12

O M

M, o

=
=
g

C
MNZERLEAlL A

=R
==
==}
==

o Ol M&
o Ol M&
CSi &2 =4S Matof

oll
0

Ju
o

180

o

Ju
s

o
R0
B

79)

Rr

Ol M&=2 THOI=O0lLt b

7l56t=,
b

LICH

H

A

X ESLICh
2

b

S
er

E

o
=

I 2

HOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
Co

L

=

SHAl LEEHLH O OF
NE2RH Ex2 61D

=

]

0l N2 0| =3 & 72 (Legal Code)

PN
)

4

A0 OE 08K Hels 22 ol o

(=) =|
2 9=



http://creativecommons.org/licenses/by-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nd/2.0/kr/

FEHAAL FAEE

A o] N 2] A 5F
A stel Bk

A Study on the Settlement of Underground Excavation
in the Soft Ground

2015 74
st gdign ok
3 ol U A 2} 5 &=

A7 =



o

oF

o)
1549 7€
20



LiSt OF TADIES  ++seserereressssssssssssssesesesesessssssssssssssssssssssssssasssssssssssssssssssssssssssssssnssnnes iv
LiSt Of FIGUIES ~ sereseeresssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssees v
ADSLTACE  weesesererereesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnsssssssssssssssssssssssssssnes vi
14 8
1.1 GATEH T eesesersuscuscssuscasinssssasinssssassassssasessusssssssessassssissassassssassasssssssassassssasens 1
1.2 ZH Q] R HFASE BT A TFETTF cerceeseesssnneninnnnsinniiiiiiniiiiiiini, 2
2. 71& ol &

2.1 A HEZ B} ceeverernsnsusansesnsneesusnnniesniuessssessenssnesssssssssssnssissssssssssssssssssssssassssssns 4

2.2 A HERFFY] WAL S A it 5
2.2.1 x| Aol 23 HFFHTE B v 5

2.3 AR ZFS 23 FQ M s 6

2.4 NZEA £ ZA L EA s 7

3. AW =y 4%

R = 1 T | 8
311 28 EX U TF ZHE F|Z}F ceeeeeresrrcnsnsnnnnnnnnneseineseiiiinnn. 8
3.1.2 & B A e 10
3.1.3 AW RS 93 FUAX L FAA]  ceeeeenennnnnnnininninninn, 12

3.2 28 A3 A D AT FIF e 14



4. SN

4.1 FHFHAHEO ZF L EA] . 25
Ty 27

4.1.2 FLAG ceeerereresssssresesessssesessssssessssssssssessssesssassssesssssssnssssessssssssssssnsses 28

4.1.3 FLACY] BEE ncnenusissussissssssssssssssssissississessessessassassasssscses 29

4.2 HEIE] FIQ eeerescssescsinnuscsissnsisisisissasisasisisssisasisistsisastssasiasissasins 31
4.3 FNAT AT ceverererennsnnininiis s 35
A4 R7FHOZ a]ah S T A] ZTh oermeesssrrsssrssssrssssisssssssssssssssnns 45
45 ARAAEE HQ3F SR A] cerrererrrrrsserserssersssrssrssessesssesssesssssasses 52
5. ZAE ccecsesssrsenerorscsssssser NI ereesscssscssssesse K epfltpersssssossarsenansnsassssssossassass 58



List of Tables

Table 1 TYpe Of SUDSIAENCE «wwsserserssrsserssrssessensenssrasensenssensensenssnssensenssnssessensenssensens 5
Table 2 Property value of the model Ground —sesssssssssssssssssssssssssssssssssasssanes 9
Table 3 Property value Of the €pOXy TFESIM  seeesesesssssssssssssssnssnisssnisenniiinnnne 13
Table 4 Result of mMOdel tESt seeeeeeceeseeccreennceeeenccereenccreenncceannccesannnccaanncccsannnceaes 23
Table 5 Numerjcal analysis MEthOd ceereeeerecereccercccenccenccenncennccannccanncannccannccacccanes 20
Table 6 Input parameter for numerical model from laboratory tests -e-- 35
Table 7 Subsidence result of numerical model 1, 1-1 = eeeeeeeerenercsnsncsccncnennee 42
Table 8 Subsidence result of numerical model 2, 2-1 sweeeesesesesesnsnenenenenes 43
Table 9 Subsidence result of numerical model 3, 3=1 eeeeseeerenseesnenceccncncnnee 44
Table 10 Subsidence result of numerical model 1, 1-1, 1-2, 1-3 -eeeeeeeeeee 49
Table 11 Subsidence result of numerical model 2, 2-1, 2-2, 2-3 «eseeeereeees 49
Table 12 Subsidence result of numerical model 3, 3-1, 3-2, 3-3 reeeeeeeeeeee 50
Table 13 Input parameter for numerical model(real Scale) seessssssseesesncencens 52
Table 14 Subsidence result of real scale numerical model 4 «eesesesseeesceeenes 55
Table 15 Subsidence result of real scale numerical model 5 reesesssssescscenees 55
Table 16 Subsidence result of real scale numerical model 6 (Y-axis) - o6

_iv_



List of Figures

Fig. 1 The lay out Of test MOl weseesssssssssssssssssssssssssssssssssssssssssssssasssssssasssssssnass 8
Fig. 2 Experiment process Of test MOdE]l swwssessssssssssssssssssssssssssssssssusssssssssssnes 10
Fig. 3 Shape of each MOdel esessesssssessssssssssssssessssssssssssssssssssssssssssssssesssasens 11
Fig. 4 MJECtion EQUIPMENE «errssesssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssasas 12
Fig. 5 Schematic diagram Of MOdEl tESt weeesssssssssssssssssssssssssssssssssssssssssassnsnasanes 13
Fig. 6 Distance measuring eqUIPMENL swssessssssessssssesssssssssssssssssssssssssssssssssssssees 14

Fig. 7 Subsidence for each model according to the tunnel excavation - 15

Fig. 8 Grouting point for €ach MOGE] «swsseessersserssemssenssenssensenssenssenssensseusenasenase 16
Fig. 9 3D view of subsidence profiles for model 1, 2, 3 and 1-1, 1-2, 1-3 -+ 20
Fig. 10 Subsidence result of test model (y=15CIm) wseesesseesesseusenssensensensseasense 29
Fig. 11 Grout bulb for €ach mOdel «sessessserssersssmssissssunssusssnsssnsssrssasssssusassssenass 24
Fig. 12 Computation cycle of EFDM resesereerssessesesenseusstsressessensensensenssnssessensense 27
Fig. 13 The Mohr-Coulomb failure Criterion «wsesssessssmmsessesssssssessnseee. 29
Fig. 14 Tunnel analysis diagram by FLAGC s:sssserssssssssusserssensssssssussssssasssasasns 30
Fig. 15 Plane view Of €aCh MOQEL #wsseeseusrssssssusssusenssnasenssnasensenssnasenssnsensanasense 32
Fig. 16 3D view Of €ach mOdEl  sessrsssussrssmsenseusenssensseensenssenssenssenssensensenase 34
Fig. 17 HiSt pOINt (t0p VIEW) — sseeesssessssrsssessssusssussssusssssssssssssssssssssssssissssssssssssaons 37
Fig. 18 Contour of Z-displacement of the model 1, 1-1 reseecessesesuseececaceces 38
Fig. 19 Contour of Z-displacement of the model 2, 2-1 seeesseeeessesescsuscces 39
Fig. 20 Contour of Z-displacement of the model 3, 3-1 reseecesesesesuseecacaceces 40
Fig. 21 Numerical modeling result of the model 1, 1-1 seeeeseeeecsuscesusescaseecns 42
Fig. 22 Numerical modeling result of the model 2, 2-1 seoseseeeecsescssusescaseacns 43
Fig. 23 Numerical modeling result of the model 3, 3-1 «seseesuseesuscusesuscusenss 44
Fig. 24 Grouting region of model 1-1, 1-2, 1-3 (TOp ViEw) reseseeesesesesccnes 46



Fig.
Fig.
Fig.
Fig.
Fig.

25 Grouting region of model 2-1, 2-2, 2-3 (TOP VIEW) reeseseerrseseacas 47

26 Grouting region of model 3-1, 3-2, 3-3 (TOp VIEW) sweeeeesecesasacees 48
27 Subsidence reduction ratio for numerical model «wseseseeeeseseencncenencees 51
28 Each model of 1real SCAle sesceeeseerccsercceeceenncceencccancceeancseascccancscanccsancccance 54
29 Subsidence result for real scale model (after grouting) seesssseseeee o7

_Vi_



A study on the settlement of underground excavation
in the soft ground

Kim, Ki Ho

Department of Ocean Energy & Resources Engineering
Graduate School of Korea Maritime and Ocean University

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
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kinds of underground excavation and it can be used as a material
of subsidence prevention methods.

KEY WORDS: Soft ground; Subsidence; Reinforcement; Model test; Modeling
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Table 3 Property value of the epoxy resin
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Model 2

Fig. 7 Subsidence for each model according to the tunnel excavation
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Fig. 9 3D view of subsidence profiles for model 1, 2, 3 and 1-1, 2-1, 3-1
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Fig. 10 Subsidence result of test model (y=15cm)
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Fig. 16 3D view of each model
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Fig. 18 Contour of Z-displacement of the model 1, 1-1
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Fig. 19 Contour of Z-displacement of the model 2, 2-1

_39_




Model 3

FLAC3D 5.00

£2012 Nasca Cormilting Group. ing
Step 15230

Contour OF Z-Displacement
2 BBE4E05
0 0ODOE+00
-5.0000E-03
=1 0000E-02
-1 5000E-02
| -20000E-02
+2 SO00E-02
~3.0000E-02
-3.5000E-02
-4 DO00E-02
-4 5000E-02
=5.0000E-02
-5.5000€-02
-8.0000E-02
-§.5000E-02
-8 52T0E-02

Itascn Consulting Group, Inc.
Minneapolis, MN USA

Model 3-1

FLAC3D 5.00

B2012 Nasca Cordilting Group. nc,
Step 122320

Contour Of Z-Displacement
2B51TE-05
0.00D0E+00
=5 0000E-03
-1.0000E-02
=1 5000E-02
-2 0000E-02
=2 5000€-02
=3 0000E-02
-3.5000€-02
~4.0000E-02
-4, SO00E-02
5.0000E-02
-5, 5000E-02
& D000E-02
-6 S000E-02
-8 5249E-02

Itasca Consulting Groug, Inc.
Minneapofis, MN U528

Fig. 20 Contour of Z-displacement of the model 3, 3-1
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Table 7 Subsidence result of numerical model 1, 1-1

Model 1, 1-1
Grouting
Point Before After
Subsidence(cm) Subsidence(cm)
1 1.01 0.92
2 1.01 0.92
3 1.00 0.92
4 0.99 0.91
5 0.99 0.91
Model 1, 1-1
2.5
2.3
2.1
;= 1.9
ﬁ 1.7
_E 1.5
= ZHR
¥ 1.3 mnEZY
S ) RELS
0.9 -
0.7
'D.E — T ]

2 3
Hist polnt

Fig. 21 Numerical modeling result of the model 1, 1-1
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Table 8 Subsidence result of numerical model 2, 2-1

Model 2, 2-1
Grouting
Point Before After
Subsidence(cm) Subsidence(cm)
1 1.21 1.13
2 1.21 1.13
3 1.20 1.13
4 1.20 1.12
5 1.19 1.11
6 1.19 1.12
7 1.19 1.12
8 1.18 1.12
9 1.18 1.12
10 1.18 1.11
Model 2, 2-1
2.5
2.3
2.1
= 1.9
ﬁ ; g
E 1.5
= 25
% 1.3 mEgy
- e BEID
0.9 -
0.7 —
0.5 S

Hlst point

Fig. 22 Numerical modeling result of the model 2, 2-1
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Table 9 Subsidence result of numerical model 3, 3-1

Model 3, 3-1
Grouting
Point Before After
Subsidence(cm) Subsidence(cm)
1 1.36 1.27
2 1.86 1.67
3 2.16 1.93
4 1.86 1.67
5 1.36 1.27
6 1.04 0.93
7 1.08 1.01
8 1.32 1.24
9 1.86 1.68
10 1.86 1.68
11 1.32 1.24
12 1.08 1.01
13 1.04 0.93
Model 3, 3-1
2.5
2.3
2.1
;o 1.9
ﬁ 1.7
315 N HZHE
7 1.3 i
A 1.1 REAST
0.9
0.7
0.5

1

2

32 4 5 6 7 8 9 10 11 12 13

Hist point

Fig. 23 Numerical modeling result of the Model 3, 3-1
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Fig. 24 Grouting region of model 1-1, 1-2, 1-3 (Top view)
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Model 2-1
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Fig. 25 Grouting region of model 2-1, 2-2, 2-3 (Top view)
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Model 3-1
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Fig. 26 Grouting region of model 3-1, 3-2, 3-3 (Top view)
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Table 10 Subsidence result of numerical model 1, 1-1, 1-2, 1-3

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

Grouting volume(em?)

Point Model 1 3X3%3 AXAxA EXEXE
(Model 1-1) [ Model 1-2) | (Model 1-3)
1 1.01 0.92 0.90 0.88
2 1.01 0.92 0.90 0.88
3 1.00 0.92 0.89 0.87
4 0.99 0.91 0.89 0.87
5 0.99 0.91 0.89 0.86
average 1.00 0.92 0.89 0.87
Subsidence reduction ratio 9.2% 11.9% 14.7%

Table 11 Subsidence result of numerical model 2, 2-1, 2-2, 2-3

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

Point

Model 2

Grouting volume(cm?)

3X3X%X3 4Xx4x4 5X5x5
(Model 2-1) | (Model 2-2) | (Model 2-3)

1 1.21 1.13 1.11 1.10

2 1.21 e 1.11 1.09

3 1.20 1.13 1.10 1.09

4 1.20 1.12 1.10 1.09

5 1.19 1L, 1.10 1.09

6 1.19 1.12 1.11 1.09

7 1.19 1.12 1.11 1.09

8 1.18 1.12 1.10 1.09

9 1.18 1.12 1.10 1.09

10 1.18 1.11 1.10 1.09
average 1.19 1.12 1.10 1.09
Subsidence reduction ratio 6.4% 8.1% 9.3%
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Table 12 Subsidence result of numerical model 3, 3-1, 3-2, 3-3

Model 3, 3-1, 3-2, 3-3
. Grouting volume(em?)
Point Model 3 X353 IxXAxX4 EXE X5
(Model 3-1) | Model 3-2) | Model 3-3)

1 1.36 1.27 1.20 1.15

2 1.86 1.67 1.60 1.46

3 2.16 1.92 1.78 1.68

4 1.86 1.67 1.60 1.46

5 1.36 1.27 1.20 1.15

6 1.04 0.93 0.90 0.88

7 1.08 1.01 0.98 0.97

8 1.32 1.24 1.16 1.15

9 1.86 1.68 1.60 1.53

10 1.86 1.68 1.60 1.53

11 1.32 1.24 1.16 1.15

12 1.08 1.01 0.98 0.97

13 1.04 0.93 0.90 0.88

average 1.48 1.35 1.28 1.23
Subsidence reduction ratio 9.6% 15.2% 20.3%
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Fig. 27 Subsidence reduction ratio for numerical model
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Table 13 Input parameter for numerical model(real scale)
o = = Ui &2, . . A4 A
1(?‘4;3;? (jj ;;Ej]z) Ui tﬂ‘i‘ljé]/ﬁ]z;r é? ‘; i wAAS | SEA T
ontm ontm ) s Y (tonf/m? | (tonf/m®
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o Z-A] 2.1 50 40 65,000 0.3 54,166 25,000

_52_



22 7Ee FAsA mdd FdsiA ddEE, SAEE, wAtEde

T M md= s 4 2l tisiM = ofe) Fig. 283 2t}

Model 4

12m

42m

Model 5

12m

48m

_53_



Model 6

EN
zZ%E
i =
B Sk X 4{"“
<11 WS s = =L =i ,
T 7 ol \
= - v o T
%i‘-ol'

Fig. 28 Each model of real scale

Model 4, 5, 6 =5 Wagel ez dA 22 2 2y g Mg 2
A 2 HAE 9oH, model 59 A5 AU AFH FUF 20 A
&sk7] Al BeEe HEAAE S 3u= é‘POEl 18mz A E st =3 Bd
ZFo) o3 §H FFo] FFGel HAA ¥ IF WAE st &
e 25 sfjHqgdde 2 AAE st dH, ARG FIE A 73he
NFAIZ BAE EAFCRE AFstt. HstE 71 =3k+= hist point= 20m 3t

A

S

LU )

2L D

rr

o shtel el & 5/ AN SHsIAT. ol we Ars Avn
A} oA o] Aok e ?‘HHOJ 49;171 e GUE L A7
Aol Bde AnRAS s4A Woke A WAAAY} Ade A BAyS
Atk &, BAEdH aEde] A orlwluww F7H9l 17 glol =

2 dhe A AW AR 2 e E 5 Jduhy Asdh AW, FIE
TRHe ARG Fo T AE Hae AT @l £ HYL, of
Ao 2 AckA koA EHEAAYL JMesiths ARE FUsirh

_54_
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Table 14 Subsidence result of real scale numerical model 4

Model 4
Grouting
Hist point Before After
(Y-axis) Subsidence(cm) Subsidence(cm)
10m 20.1 7.37
30m 18.6 7.11
50m 16.4 6.76
70m 14.4 6.45
90m 12.9 6.14

A E HOE AR table 14942} o] model 49 4% 71&2] X5
A Ay} FLA A ZFo] AFREE AT FZoA HeTF o B =

A 10cmolake] AWkt WASAAL, Awkag Folt of semFER Ak

Table 15 Subsidence result of real scale numerical model 5

Model 5
Grouting
Hist point Before After
(Y-axis) Subsidence(cm) Subsidence(cm)
10m 85.6 20.7
30m 79.2 19.6
50m 74.5 19.0
70m 70.9 18.2
90m 66.7 17.5
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Table 16 Subsidence result of real scale numerical model 6 (Y-axis)

Model 6
. . Grouting
Hist pornt Before After
(Y-axis) Subsidence(cm) Subsidence(cm)
10m 150 10.0
20m 146 13.5
50m 239 25.7
70m 146 135
90m 150 10.0
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Fig. 29 Subsidence result for real scale model (after grouting)
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