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A Study of Collapse Mechanism of Tunnel under

Construction in Yangsan Fault Zone

Chang-Hoon Jung

Department of Civil and Environmental Engineering
Graduate School of Maritime Industry Studies

Korea Maritime and Ocean University

ABSTRACT

Tunnels are commonly constructed at depth by taking into account the
characteristics and  properties of the ground, Due to the
non-homogeneous nature of the ground, it is difficult to estimate the
behavior of tunnel accurately. Thus, the ground characteristic should be
analyzed during site investigation and the results should be incorporated
during design process.

However, the present site investigation technique has some limitations

to analyze the ground characteristic clearly. The real condition of the
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ground may differ from what is anticipated because there is always
some level of uncertainty when attempting to anticipate ground
characteristics, especially the target tunnels selected in this study.

These tunnels are located in very weak ground such as the faulted
zones(faults in unconsolidated sediments). The tunnels in this study
have been collapsing often during construction because the ground
behavior anticipated in design process is completely different to that of
the actual site.

In this study, four tunnel collapse cases which occurred in the
Yangsan fault zone were analyzed. Two collapse cases were related to
a partial ceiling fall at the same time of face excavation. The other
two cases were related to the collapse of a tunnel near the entrance.
After the excavation had been completed and a certain amount of time
elapsed, only then did the progressive failure occur.

During tunnel construction process, the next step in the excavation
process of the tunnel face starts after the displacement convergence of
the excavated face. Thus, the collapse of the tunnel near the starting
point was unusual compared to a typical tunnel failure, which happens
at the same time of face excavation. Such a progressive failure may be
related to the ground condition of the tunnel construction site located
in the faulted zones.

In addition, the mechanism of tunnel failure observed in the Yangsan
fault zone is closely related to ground water which may cause a
small size failure, followed by a second larger failure. Thus, rapid
reinforcement work is necessary after the first collapse with applying

preloading for tunnel stability.

- viii -

o

= | I ] -L
Collection @ kmou



Al Eo.

°

&

o] TBM, Shield ¥HETD g7 &&

o Azt AZ Ty

]

g ol
w2

=

o

$3)3 TBM, Shield 52 717

o

=k

&ls
1

A1A A
ARAZ AL FREEHN AFHoR ANYPE

e

3l

=

ZE 70%7}F
SRR AlFTo B

L —

) Y

=
—

2 e}

o ¢

o

1.1 |77

E
=

oju

-

Mo},
3

9
pal

i

7

o

A

< dudAzA 2AE

& Al 24

s
&

822, NATMEHS

o A
Fd E

°

s o) (7 1

she}
o] AAHE A%,

=

[e)
o

S

)
=,

s

Fe &7 o

S|

1Y

tel AlE S HE o] 2T

of &
F kA kel B =

]l

=
3

= A HHE5E3], 2006).

}

9
pal

(o]

R

Frk(
VR Re k=4

=

L.

b
yoh 2
S A o

kel
&
[e)

=

sl of

S

o] RHOT X

=

o

E

™

=

=

ol oz
=

=

wheba, A
4 93
AA

&l

Collection @ kmou



Hl
)
r]I.
ol
Lo
o
\®)
S
()
A
o
N
oft
£
\®)
S
=

Gz G dAle] A
A oers 2l AR sk FRACR AFo| BATE 4
T2 wEsoel tstel AWEA 53 ZESHE WA BT &
7] wiE o] tH(Cameron-Clark and Budavari, 1981; TF=X|¥+-&33], 2009;
2011)

asEg, Hdol BHEHA FoHA Ay T Ao ASEHAE AFH
Moz pAwslelel web 47 Al AR A2 EE AnAA 5o 2

A F7h A @GS aH 7 EAekE F9A HE =2 Al A= BHE
o] B (or FEHAEIE Beol BAHJUL, HEY 3y ¥ 53 WIS
o gk AT FHEAHA7IE &, 2001, FHZI ZE]-$, 2002; W73

]

g 9], 2005; AEA 9, 2009; 23, 2013; 299 9], 2016). A9 o

ol Ak BYEge 99 % B WAUZE el 4v
s dE HlEstel b9 A wayel Av=w ok

Collection @ kmou



1.2 475F

™o E T W TN _ 1 ] ,
T o B W N R’ & T odo W B e
[ I®m T W WX o ) Mot AR =
WX B - e o o T w —— —_
R do =R e N ®oR oo A o B X
LR o g w7 ™ N "R i o
T ﬁ_ T B o mﬂ N TR _
TN o B R M o T %o wo= P o
o ¥ = X ® P g B WooN oz KH
A oF mo M T = M o8 go = I o 53
W = ¥ o W 1o T o% ) o b
__mf o T O g ¥ T o WX g T o -
P r i eke o EAN E Lo o
T 5 . ox oo o= TN ME oo 9 2
WL RS g o m X m%o. %o T o 1 WM o mM S
of O % 5 F moo deop 8w K MY P X »
Lo i o o < N o ‘&.ﬁ
T S ow g B 3 o oW oﬂ o B = =
Io® X g uﬁ o F = oom 'R~ mOR W T o
A X S o Ho =5 ﬂﬁ i <0 ﬂ,ﬂ R AT Z,# % =
T o) M oy 0 ﬂy! X N A= NV ﬂ,ﬂ oju X0 Ny X
It P p P RETLYyr2edE
i o B oo E o %o 5 <o = o X ® g <
T o o F = — X o o+ H g ° Eu T ox <
EwmALET ooy BB w e o P . W
,_W; o A m X B - n_VI o T T ®o WO 7 =) 7o _ o
g T T o W Mﬁﬂadﬂﬂ
o M WO g T = X oo = w X
N & — E =z 9 @ w g S T 1 ol . Tor ud
mm%%ﬂug%mﬁﬂo_uﬁom#w_zfﬁrﬁﬁaﬂ%
S m o mm A 5 B = W e =y o N T
1 2o - "o B = = B oM T ) W T B
BT o Bo - Mom B X ol o o 0
® o 2 O I N B I R
e =T T T S T e Y B
Ne m B ORR T % o T ™ > W o
w o it UW LL ~x 0 Ny HLO WA_,E EL “mwﬂ S o5 ﬂ T OT ,.%

Collection @ kmou



FE&EE AFEHT stuelth & 7HA FoF He RyidEe 534
@ 23t A AJR Fol7] wEe drHoR HEt= dole Fovt
g g 3tk

AAAZ L o8 7pA Bz @4l ZgatsE AAAEY] AFA
£ 4/ HEZ HEZ2 ©nE AN E gotst=d frElstth o]
S AL ol 83t HY AT HHER, dE F2EY &4 THEA

A go R FHAEE T3 BHEY AIATA P Aol B
B AntzAlb Aol wpAHe AE, ARA 2A % HAAY &
24t ZEsts Aot & Ay E HYE SEAHEE 24T 9=
gl il Aol Had=EEel ddd Aotk

Collection @ kmou



1.3 7N &

Azt AA AT

Hlo

ol th(z)

ot

a7t 7hs

hos
=3

=i
=

oju

ujr
M

34 9], 2016).

A=

155
=

o2 H

e gy A

S|

g

3

an

el 7]

N

coal

H

A5 @A) A

S|

A},

74

-

13}, 2004).

A<l

th(
3, IR AFo BxdE ©

s oy(r| 22

=

o

E
=

=
-3

SErol Asta e AE

3 % Hd

3 O AFoz Qldta] A

i
)

—
o

oju
o)

)

webA, 2 AFtolA

R

Fal & =ol el

3]

*
sl A B 23

= Tl FElFeE o

fol, AR AR

S|

=i
=

T g)

L —
)

3

=i
=

% st

=

o

[e)

3.0
o=

B Al

3L
[€)

A EHEA

é—l_

gfo] oAy

Collection @ kmou



H

T HE A

= A HHE-5+3], 2016).

FATh

S|

Collection @ kmou



A2 o123 WA

21 HE AF d79H

1) Z2d3 - ¥3dH HE

WA Sl= A HEEA (ground loss)S A EXSFS] F48 Yoz By AHksE

Szechy(1969)= HIHAEo|A AAWMYH S FAStL AxHsH FHE ©]

ol

W AAE mgor JHgste] dEEE 2349 HY A w3 stEe 4

Cording and Hansmire(1975)2 34F El'dol Aol AA ZH(limit angle) 713

S Yuk Hdo] =U3F o, Peck(1969)2] Hdl s =FoA A= H

Collection @ kmou



oju

i
)

)

o] E(stochastic theory)= ©]-&%F ®Hol 1950 FE ATFEH7] A

bx dgnE

S|

B ARE 713

=
=

=R

uj]

o
| Y
-

I T}, Litwiniszyn (1958)

23

LY E 7]

el

13 %

Atk g, Schmidt(1969)

=

Th

Bls

(?l_

& a4 do= A

=]

Litwiniszyn(1958)7}

L —
| Y

Rl

it
-

i

Zo] A

Kol
| .

Attewell(1977)

arin
o)
i

Attewell 3

Eg=z 3

=90
==

Jal4 27}

R

<
T

Woodman(1982)2

g+ 34}

[y

—~
o

—

_XH
22

9z, 1 2371 &

S|

| o =22 A

32kl A

7

AT o] AT FHolo] O'Reillyt New(1982)% A7)

it

o

3

4

S|

i

=n
<

314 Attewell} Woodman(1982)2]

Ak 2](1985)00 2

3

ENER

Collection @ kmou



() °1&3 ¥

SHH, Schmidt(1969)= ©A T FHMFE =34 A k&) A F
(VL, %)= 24T = de As 453 & Agists A

Yo BAzA 52 ste] Auk PAAG(stability ratio, Ns)oe] A

i

Ranken¥} Ghaboussi(1975)= St 3l 4] (axisymmetric analysis)= A A3t
o S WY Arle ARREA FRAMAY FRA A H&2FE
U, 83 H9Y 8% ¥ste F
Al EAstE Aoz ATE A

Ghaboussi et al.(1978)« E|'d9] 7|3te2] 4, AAZHA 2 A5 H

<

HYAL oE 2l FERL 4 Z2adn AR ¥ AR o

X e AREr) ol RAEY FuAwme Wle g4 A

i
=
=
i
o
fru
x
=
e
o
b
i)
2
lo
o
X
r]I
(e
o
lo
)
o
b
i)
N
N
(.
ox
e}
1%
b

Collection @ kmou



HI = AEAS AHHFo 2 adshr] st HE dFAd 5F
3 WHYE XU|FRAoE F= WHo] olfx 1 Ytk Ghaboussi et
A

A 22k Feke A s

29 12KT}
o} FAS A9E
Rowe, Robert, Lee(1983)= A|WtEAo] J3Fs Bt H8e] aelstr] ¢
st BHEAl g sl EE YUER &= gap parameter
Al A A sk WES AQFSEA T
T3k, Attewell} Woodman(1982)©] A|t3k 32U A A3 5F 4HA 2] 9]

AL BdugelM el AshulES 50%lA dele] vleR AEd 5 S

iy
Y
50
o
=
o
B~
ox,
=
rlo
u&
ol

ot
fu}
W

o
ol
H
N
L
B\
o2

e
2
X
22,
&

Ll
Jo
e
fo
B~
K

i

o] Hlo]] £=aZES} SEEE A HAZ AFES= NATM El'dol| 3] A
HA Y B F3a4 14 S 433k Katzenbach and Breth(1981)2] <4<}

32k e SjX RN oA FEH dE=d #3 SAS vl

_10_

Collection @ kmou



y

() 2843 T4

-

A7y Aok 2

=X

3

AN 71717} &0

A 3}

192

o

oju

-

ol

A+
o
X
pi)

N

—_—

o

or

o

Aol HI7HA ol o] &=L

o

-

o

By

0%

-
il
oju

e}

om, HEA A= 0rr(1976)2] =

34
155
=2

4%9]

(centrifuge

FE AT L,

}

9
pal

bol 71

ol 2

o

o

P
T

sk

S
HolA.gar 909,

H]-go] ol AQxU FHo g

=
=

o] AT sl & ol

el

ksil
=

model test)©] Atkinson et al.(1977) &°l ¢

/;‘__]

G

o

o
o
Q)

o]

=

(trap-door test)=

A4

o] AHgH & 7t

I

ol
Aol A

EERCEE R

Z

a7 wEol o

Ho

o] A gk, I Ax 1

ksil
=

bof 2
_11_

S|

J

A

27 we AFAZ

SEEN S A Hke]

A= te g
Collection @ kmou



= Uy

=
=

Al

4) dFA

B

Ho

)
.

2 ANsFozA o7 7HA] A

ﬂ,ﬂ

‘A
Ho

EgQ=z

=
=

&, London A
a3

°

=

=

Al
EARA|

Chicago A
g

4, Hongkong #|
HCH

-

| Y

J

&

o]
=

]_

S

o=

A2 A

d Frankfurt A
o)

o

)

3], 2004).

1
12, Washington D.C. A

=)

°

L —
)

gk vl 919, Schmidt(1969)

wjr
~
o

—

_XH
22

E!

1=

H
il

_12_

(5) Elde=AHE WUy
Cecil& 19603t =2 4)o], =9
67km, 147] ZZAEE zA} gz 977 oA B U A

A7} AT

Collection @ kmou



o} of=o] HAH 847] Bk

24

AE 8471 H

1=
U

2 Hu 40T

boopeub s, AR, A

S|

]

A

T=

ol
L

wAO

9] AS$ 50m ©]

M
.AH

o]

+

wAO

Bl do] 2/39]

o] A= EHEol 70% ooz FAE At}

_13_

Collection @ kmou



22 HE5d 54

=K

el

(E)
B
ZO

—_—

oA =

FotaTy, AR,

o

dofd, &

FSAT

S|

e Beaanst Bay

B do] &

al

o] AE

Gl

o] LA

e]

B

Gl

H

Hrstel A

o

ol

Gl

H

He A

2}

1o} meka oA

S|

g, Al ol wek I ®s ey 2717 g

p—

0
®"r
S

—

~I

0
o
o)
Hlo

A

ol

R4, A EA, FHEA

+

XO
=

B

3

5]

B

NA7} A

2=
T

EEERREE

= B4

oANA o7 sol TAH™ 7ol webA

I THKTA, 2010).

s

o A

R

=
T

ZF

21 o

155
=2

wre) wxRA sholn gRLe| W7}

ez gHa #

J
S|

Rl

Jel =
ol 2%

=

Z}o]]

_14_

Collection @ kmou



18IV @ low risk - far field from
tunnel face
Il high risk - adjacent tunnal face
{unclosed ring)
I - medium risk - young concrete

Fig. 2.1 Risk of collapse of NATM tunnels by location(Chambon and Corte, 1994)
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(a) Shear failure

(d) Bending moment failure (e) Slip phenomenon failure

Fig. 2.8 Type of collapses in case of a first support closed tunnel
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Table 2.1 Geological classification and tunnel concept
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Table 2.2 Evaluation of factors affecting tunnel collapse and tunnel stability
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Fig. 2.9 Faults developed in the southeast of the Korean Peninsula(R&< 2, 2015)
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Fig. 3.1 The fault zones around the tunnels adopted for this study
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Fig. 3.10 Location of collapse section at the back of tunnel excavation surface

Fig. 3.11 The core recovered as a sand layer (soil layer)
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Fig. 3.15 Photos of collapse process phases
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