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Summary

In this study, in order to resume the passage of vehicles after covering a sector
with soil, which was initially planned to have an open cut, when the sector is
completely refilled (with sand, stony powder) for restoration due to the burying of
construction devices such as H-pile, strut, and wale that had been already
constructed for the installation of the open cut , grouting such as L, W, JSP, and
CF was performed for the whole cave-ins on the road. The in-depth grouting
could not be made evenly throughout the whole sector due to diverse steel
materials and construction devices buried under the ground, and the grouting was
not sufficiently done because of various steel materials on the upper part of the
excavation part of a tunnel. Of course, there partly existed underground cavities. In
particular, there were many difficulties as the ground condition of G.L-26m position
where a tunnel was going to be built was very poor since soil avalanche and
diverse steel materials were in a chaotic state. Also, it was difficult to proceed
with construction as there was a possibility of additional ground transformation in
the course of removing diverse steel materials that were exposed to the whole side
of a blind end when digging through a tunnel. Accordingly, given the
aforementioned problems, it is estimated that grouting performed on the ground is

hard to be fully trusted when digging through a tunnel.

Therefore, it was planned to execute excavation after performing additional ground
reinforcement(multiple-divided steel pipe, steel pipe urethane, cement milk, L.W).
Also, it was concluded that the tunnel on this site is located on the lower part of
underground water and the surrounding ground comprised soft! earth and sand
ground containing small cavities. Thus, it needs to fo cus on whether the increase
of sufficient intensity can be obtained when grouting the water—stoppage efficiency
for the leak of underground water and the surrounding ground for appointing an

engineering method. Also, it needs to consider both construction efficiency and

- vii -



economic efficiency given the circumstance of the site, and to compare and review
tunnel reinforcement grouting engineering methods that have been recently
introduced to the tunnel excavation site. Therefore, those engineering methods can
be settled in Korea for appropriately coping with the featured ground conditions of

soft ground tunnel.
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Fig. 1.1 The condition of the Fig. 1.2 The condition of the
collapsed site, 1 collapsed site, 2

Fig. 1.3 The condition of the Fig. 1.4 The condition of the
collapsed site, 3 collapsed site, 4
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Table. 2.2 The required condition by the grouting purpose
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Fig. 3.2 Cement milk method
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Fig. 3.3 Steel pipe multi-step grouting method
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Fig. 35 A cross section plan of reinforced tunnel
Table. 3.1 The reinforcement in each section
[ ¢
= o 3+
T I-1 I1-2 I-3 T
15K 2527~ 15k 230.0~ | 15K 210.0~ | 15K 181.0~
STATION
15K 268.2 15K 252.7 15K 230.0 15K 210.0
=7 (m) 0.5 05 05 0.8
Shotcrete (mm) 350 350 350 200
Steel Rib 200%200x8x12 | 200x200x8x12 | 200x200x8x%12 | 100x100x6x8
Rock Bolt - Random Random Random
2tojo] w4 f5x100x100 | $5x100x100 | $5x100x100 | 5x100x100
Con’c o] (mm) 700 700 700 700
=23 Ring-Cut Ring—-Cut Ring-Cut Ak
Fas-d e 270°9 ] 270°4 =] 180°4 %] 180°7d %
LW.
L = 6.0m L = 6.0m L = 6.0m -
Grouting
w7} Cement - 95m L = 95rn = 9.5m
Milk (itﬂu) (A (HEF, -
= m | Grouting T = 3 ERRE)
° " e ] 35 15m) | 3u(15m) | 394 (15m) -
SO E t=10cm t=10cm t=10cm
Grout
L =50 L =50 L =50 -
Bolt
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Fig. 3.8 The condition that grouting Fig. 3.9 Large plant area
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Fig. 3.14 The condition that Fig. 3.15 The condition that
grouting is completed with Steel grouting is completed with L.W

pipe urethane

Fig. 3.16 The condition that grouting is
completed with L.W, Cement milk
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Table. 3.2 The unit cost comparison between steel pipe urethane method

and steel pipe multi-step grouting method

A s A gdaaee-g
o 7} 100 70
T T 1620 1620
Al H] 1620 1134

o714, AlEHE= EAMY L=6m &9 7]Fat9l o,
&=L(89.35)/1.5

=60+ ("¢ "F19+3}H18)

=1620&

1800
1600
1400 1
1200
1000
800 [
600 [
400 |
200

Al SH|
n 0

e

mO
oy oy

=
o

Fig. 3.20 The total construction cost comparison between steel

pipe urethane method and steel pipe multi-step grouting method

el TlEom A (drhrbs aeste] AlEHlE AEslE 4% 486,000,000€ €]

A Aoz AuTw 129" Fyol AuSeAw Y nd 08 wHAclgm @
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2)48" T F4(cycle time)dll T3 4]

Agd FHe ¥4 (cycle time)e A et7] 9 Ay Wy Fandd oW

= AE&2 1 1 cycle time(Fa-5-ale & 24413, Advkd &9 0 40A 7Dl e
FAR HES obdl & 333 o] YERAT Z2lal ® 3494 = F e 483

% el & 2a¥E 78 AFadn

Table. 3.3 The cycle time comparison applied to reinforcement with steel pipe

multi—step grouting method and steel pipe urethane method

» e Ly | ZEOeEgus | gusdd saus "
2RAIZH EHAZE | ARAIZH EHAIZE
1 [mzaetey dzoxel| 1oz 40 24 6mAZ FolEs
2 AlChArE 27 3.6m 15 |07:00~08:30| 1.5 |07:00~08:30
3 12 =32 0135w | 05 |08:30~09:00] 0.5 |08:30~09:00
4 Alct=oi 27 8m 2 09:00~11:00] 2  |09:00~11:00] 2=, s{=x{2[1A|z2t
5 1 %32/ 0.4m 05 |11:00~11:30] 05 |11:00~11:30
6 1% 2Holoio-A 3.9 15 |11:30~13:00| 1.5 |11:30~13:00] ZAZAlZtEs
7 L EE M|
8 e S Al 1 13:00~14:00| 1 |13:00~14:00
9 3z« 32l = 0,382
10 27t 2rolofHl < I 1 |14:00~15:00] 1 |14:00~15:00
11 4xF =92|E E}M 0.46m
0.5M237 0.5M232
12 AbchArE 27 3.6m 15 |1500~16:30] 1.5 |15:00~16:30
13 14 %32/ 0135w | 05 |16:30~17:00] 05 |16:30~17:00
14 Aotz 27 8 o> [17:00~19:00] 2 |17:00~19:00
15 12 =321 0.4m 05 |19:00~19:30] 05 |19:00~19:30
X Al 2
13 1;;?;';3;' 3.9m 1 |19:30~20:30| 1 |19:30~20:30
18 2w3aI= 0.434m |4 5 |00:30~22:00| 1.5 |20:30~22:00
19 3xt% 32/ E 0.382m
20 2% Holojri 4 8.77m 1 |e2:00~23:00] 1 |22:00~23:00
21 4AF £32|E EfM 0.46m
22 ActEop s 27l 3178m 1 [23:00~24:00] 1 |23:00~24:00
23| JIole £38/E | 0.204m | 0.5 |24:00~25:30| 0.5 |24:00~25:30
1.OM2% 1.0M2%
24 ACHAE Z X 3.6m 1.5 25:30~27:00 1.5 25:30~27:00
25 14 %32/ 0135w | 05 |27:00~27:30] 05 |27:00~27:30
26 Aotz 27 8 o |27:30~29:30| 2 |27:30~29:30
27 13 £32|E 0.4m 05 |29:30~30:00] 05 |29:30~30:00
28| orar Metel £32|E | 2.955m 1 |30:00~31:00] 1 |30:00~31:00
29 1% olofd| A 8.9m 15 |31:00~32:30| 1.5 |31:00~32:30
30 PASNI RS Y|
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Table. 3.4 Estimation of total works duration

F 428 FNAE(ABSEE 4] F 208 IVAE[FEOE FE]
L7 &3 - 58.35M(= % 40.5M) L7-7F &7 - 58.35M(= 2 40.5M)
a2 Akt &)
- 1025A1 ZHEM = 2HA] 22 A7) x - 1345A1 ZHEMZ A A8 AI7H) x
58.35M(A]) + 3 = 19944 7+ 58.35M(A &) + 3 = 2616417
@ - 1994117 + 24A)1%F = 83 - 2616A17F + 24X 7+ = 1099
shat= 2 Shukarzt

= 765 FGMEFA] A28 A7) x
58.35M(712]) + 3 = 1483*]%+
® - 1483A17F + 2447k = 51

- 120521 7HEME ZA] &8 AIZE) x
58.35M(712]) + 3 = 2344*]3k
- 2344A13F = 24A1%F = 98¢

IL7-3F dRFZF - 29M(=%1740.8M)

IL7-3F dRE7F - 29M(= X1740.8M)

Ay A

Az

- 2N 2AMEZA] A2 A7) x
29M(A &) + 2.4 = 87043k
© - S70A1ZF + 24X 7F = 36Y

- T2NZFRAME RN 28 A7) x
29M(AE]) + 24 = 87043k
~ 8T0A) 7k + 24Xk = 36Y

shure 3

- 24X ZHA6MEF A A28
29M(A =) + 1.6 = 435417+
@ - 435417 + 24A17F = 189

A7) x

- 24X 7H1.6MF 2} A
29M(A=]) + 16 =
- 435A17F + 24A17F =

@ ,UHE.7]_]HU1 zh:]];(ér/].m o]o]:x_].%]o]

<
v o =T

= 30¢ = 30¢
- % = 2899 (@ 0+O+@+©) - % = 2849 (@+ @O+ @+©)
= 2189 x TF(10%) = 240% + 27 = 2019 x &5(10%) = 3219 + 27 =
= 8/M€24 1171924
T = 28de=87 9249 T =23 2ade-1149249
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Table 3.5 The input cost while tunnel construct

TTH 1 120,000
Ll 2 200,000
== 2 220,000
o o} 2] u} 2 180,000
(27]%) HaF 8 800,000
S5 F 2 180,000
LlKiarss 1 80,000
T 12 1,190,000
) At 2 200,000
Az=4d7] 1 191,900,000
o]l 2t 1 14,000,000
B/HO06 1 17,000,000
] o} 2] u} 1 4,500,000
(471%) COMP 1 4,500,000
2.5D/T 1 5,000,000
C/R 1 9,000,000
AH R dlE 1 20,000,000
3 Al 534,300,000
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AZo] Attt HlFS& AA SRR A HAA dFH e ASAHY
FEED BACKE @fokgt 7} <tdsta AA A FA

‘FLAC™ 249 7} Aol 748 B8 AS ofF A4 AlZd Time Step(o] A
Aol dgS A4 S A% Time Stepe @ Programol A AlsAEl)o A o=
Time StepollA 3 & Z7Ige= sto] WAA ] & Fob= Woln FFLH
(Equilibrium Condition)®ll ™3+ Criteria®] =2 wj7}#] w2 A Ak (Tteration) & <=3 5f
of HF 3lE T3k Alolth
@y =
FLACeIA AH&E 4= = 978e712 491 +A4 W4 (CONSTITUTIVE LAW) Hh+
3 2t
* NULL MODEL(= 2785 YEt=t AH8)

* ELASTIC MODEL GROUP
@D elastic isotropic model
@ elastic transversly isotropic model
* PLASTIC MODEL GROUP
@D drucker—plager model
@ mohr-coulomb model
@ ubiquitous joint model
@ strain softening/hardening model
® double yield model
® modified cam-clay model
2 Aol A-gE MOHR-COULOMB 7152 EZ st 714 de] 2olal gl
i+ MOHR-COULOMB 33 x=3 3 33 %2 753 UEW= NON-AS-SOCIATED
FLOW RULE®Z A% o] 9i=dl, YIELD FUNCTION th&# o] Foizlt},
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Table 4.1 The analysis section

A4 9 A | Bega | Hadenas 8 b
STA. At
T Az s
15K 197.800 He dae-de B
Ak &5
o & - 7F
STA. (JSP 27)
Gy E JSp ®A
15K 228.700 i - Aol Ejd SL Line
He Aae-de 27 _
%
- 7k “ARkEN B
STA. JSP ®7} (JSpP w7
Gy E 3
15K 250.300 Hd dd 2 9 |- dAdke] HE Invert Linedl
geg wy | 94
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(Whetd &4 T F+7HSTA. 15K 250.300)
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&%) 4 _ 500 £ = 200000/
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Fig. 4.1 The ground condition of I section
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Fig. 4.2 The ground condition of II section
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Table 4.2 A property of matter data of ground applied to analysis

om G S| e AT ol g Wi | A _ %7
t/m) | (t/m") u@d7b | (t(/m) | SSAF
EALS 2.0 10,000 0.35 20 2.0 0.53
53 2.2 25,000 0.30 20 3.0 0.43
At 25 80,000 0.25 25 20 0.33
RE4(AE9) 2.6 200,000 0.23 30 30 0.30
=] | 5 -
(JSP3.7H) 5 2 19 2,000 0.35 30 0.0 0.53
S-d X7t 2.0 50,000 0.30 30 10 0.43

Table 4.3 A property of matter data of tunnel support applied to

analysis
Lo o= qoq |BAAF|EAT
(kg/cnt) (t/m’) (t/m’)
Soft
ick=210 CON'C 500,000 2.3
Shotcrete
Hard
ock=210 CON'C 1,500,000 2.3
Shorcrete

_47_




A ol

=

=

o]

AR v AEFORA AT F

=
=

@ A

=

A58

=

=

T2E AA Ass A% 9

?l.

ki3

i

13 obgel HTh AA Ade %

(<3}

LA

o) =

=
=

@A

"
ool
ﬁo

%

wK

"
oo

|

p=03
s

Sl wek Al Al
TEEo I

R

fu

g obab ol whebA

HH

RLN

o] &
A=

=
T

=)
=

HAl

A7} k7]

A

=
RN
=

1513

[e)

R

Py 5 Bel F2 AAZ ol FojAa glrk
[e)

=

2 o,

4 ¢] Modellingoll ©}

= E
[¢) =

7

B

!

Fus

Al Lo A
— 48 —

YA

o

A= 53 27 Zo3d o]y 3 =

3

g oyl A

Aol Hof Atz T 9

b1 )

A

=
QLN

35

A <
JS HX

73

S
4

(e}
il



ﬁo

7hep A A

3

AGA ol 7

SERE

ToR

ﬁo

)

o
fuze]

Uo

ol

wK

ol

ojth.

13
=

ohuj7] 9]

7NBE AFTeE AHE

N

7K

o
Mo

_49_



H

—_—

ot
=K
N
S
A

N
i

N
o

178

cel

8

oo Ade Wy A9

;OL

ol
O

)

of 1 21 wrht} o}

22

I
oF

Jvmo
_Zrl
—_
fi%e)

—t

KH
e

veel

K

Nr
oF
gl
Ho

Eie

EEIEPEEDR

]
]

ol ol

al

=
=4

gl o] Eh)

=
=

EEES T
2 W8 A B

=y
g
=
Ho

o)

e
X2

bl 4, £

3|

= 5

N

= Az

3

Al 271 A A

Al
ZAell 2] 3

z

oy
a

3] FAF

Al

=
=

uie)

X
;él

Ho

e

7K

o

}
=

EALE]

By 7}

b9, B, Fug

3|

TR

= o] u}

Eis

A3 o=

_Zrl
—
file)

Ho

;él

ledvth 3~5

3

frelsht,

A4

23} el

=
=

3
s

S8 g THEA sk Aol Al

7}

_50_



Table 44 The standard measurement interval and frequency

B

Foow| AR | A2aA |9 A |24 0152 [1550] 202
07 | 14 | 152°)
vgaz | aaw | awe | - [ V2V e | ase
=
IH%%—O 2~ ol Z} & 1 ~93
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20.9mm= “Fe]”e] A7} 1}

7} g,

3t 4.8 Measurement data
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Hozke A3
Hel 72 ¥ 47 A A BE v Fe FSH on)
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Fig. 4.4 The analysis of section plan and Mesh in I section

Table 4.9 Displacement of I section @9 ;mm
STA.OK.250.3 44 84 Z(FLAC) A #HEd | A5 $HE
R Rt DATA DATA
Aok Ao e SRS S (o %h) (i gh)
52.5 235 26.1 22.1
=u X 314 139 14.3 12.3
HEHAE Y 41.1 20.4 20.9 189
[ 738 Zagd g g3 e AAAdEE 20moly w5 A= gk daw

Fdol HEE 1lm, FHE 1Tm=2XA 52 alA gt 45 Adie] Ao Hshdk2
ok 235mm7} ZAsg e, &9 HEF AYErt X, Y 242 139mm, 20.4mme] 12,
oo thgt A AS A} H(HEHE HEFo Hd HsiFo] 26.1(22.1)mm, 4
HE WA=V X, Y 77 14.3(12.3)mm, 20.9(18.9)mm= A& 7|Fd vl & u
Fol(RbPH)"E uetwtow  oldtigt #F i Wetow  ofy] Apa o

ol‘
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AR sheE dAgstsied I A AFko]l A3 & ASATE 7IEA olstR TR Y

At

Fig. 45 The yiew after steel supports

reinforce in I section

I
I

Fig. 46 The analysis of section plan and Mesh in IIsection
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Table. 4.10 Displacement of II section
STA.OK.228.7 2 A FH(FLAC) A=
ey nAe| gy 44| DATAGEHD
SREREREEE:
30.2 134 13.2
) X 15.8 7.7 75
v FEagE
Y 18.4 85 8.3
mFzrel 22 a4 ghel A9 Wwiel HAd FshEe o 134mmrt WS
Z}z} 7./mm, 8.5mme]aL, ojdl thn]sto] A A SA|

o, =

A3 Wwrel Ao Hshel

83mmz A% 7)ze] vlae) ¥ uw ‘g em veton oo
g g2AANA et

A4 M7t

Fig. 4.7 The analysis of section plan and Mesh in [MIsection
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Table. 4.11 Displacement of Isection @9];mm
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