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Quantitative evaluation of collapse hazard levels of tunnel faces by intedinked
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ABSTRACT: Previously, anew concept of indexing methodology has been proposed for quantitative assessment of tunnel
collapse hazard level at each tunnel face with respect to the given geological data, design condition and the corresponding
construction activity (Shin et al, 2009a). In this paper, ‘linear’ model, in which weights of influence factors are invariable,
and ‘non-linear’ model, in which weights of influence factors are variable, are taken into account with some examples. Then,
the ‘non-linear’ model is validated by using 100 tunnel collapse cases. It appears that ‘non-linear’ model allows us to have
adapted weight values of influence factors to characteristics of given tunnel site. In order to make a better understanding
and help for an effective use of the system, a series of operating processes of the system are built up. Then, by following
the processes, the system is applied to a real-life tunnel project in very weak and varying ground conditions. Through this
approach, it would be quite apparent that the tunnel collapse hazard indices are determined by well interlinked consideration
of face mapping data as well as design/construction data. The calculated indices seem to be in good agreement with available
electric resistivity distribution and design/construction status. In addition, This approach could enhance effective usage of
face mapping data and lead timely and well corresponding field reactions to situation of weak tunnel faces.

Keywords: KICT tunnel collapse hazard index (KTH-index), Tunnel collapse hazard management system, Face mapping,
Tunnel design and construction data
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Fig. 1. Classification categories for the assessment of KTH-index
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Table 1. Assessment chart of influence factors in classification categories

Geometry

(1-1) Equivalent sectional area(m’) <20 20~45 45~70 70~120 120~200 =200
Rating 0.0 0.2 0.4 0.6 0.8 1.0
(1-2) Depth ratio (2D} =7 4.5-7 2.5-45 1-2.5 =1
i 0.0 0. 0.6 8 1.0
Diabase Granite Marble Shale Tuff
i Qe | oo | Umstone | Sa | sitone
Uniaxial compression strength (Mpa) =150 100~150 50~100 10-50 =10
Rating 0.0 0.3 0.6 0.8 1.0
(2-2) RQD/N-value 75~100 50~75 25~50 10~25 =10
N=50 N=50
Rating 0.0 0.2 0.4 0.6 0.8 1.0
03 Verbrgeondion e | g | Sty | R | Comnieey
Rating 0.0 0.3 0.6 0.8 1.0 A
Discontinuity
Persistence (m) =1 1-3 3~10 10-20 =20
Separation (mm) No separation| =0.1 0.1~-1.0 1-5 =5
Roughness Very rough Bough  |Slightly rough| Smooth | Very smooth
(3-1) Condition . Hard filling Soft filling
Infilling (mm) None = = = =
Weathering Fresh \‘21;%3 r}é d 1:3; i;f :EE% . W Ie_g{% el ; é d ?3;2511 : ;:{d}.
Rating 0.0 0.3 0.6 0.8 1.0
(3-2) Orientation fa: :rri\;:)l R Favorable Fair Unfavorable un f;.\?gable

Rating 0.0 0.3 0.6 0.8 1.0
1 TR e e i [P ey e
(3-3)Ge0m§mcal Direction Forward | Forward | Backward | Backward Sts ed. I\Sﬁl d E. Hlat di
condition mild dip | steep dip | mild dip | steep dip cep dip P at dip

[Number of joint sets 1 2 3 4=

Rating
Groundwater
Condition Dry Damp Wet Dripping Flowing
4-1) Groundwater Inflow 10m tunnel
-1 engh() ] S 5~10 10-25 25-125 >125
Rating 0.0 0.3 0.6 0.8 1.0
(4-2) Groundwater table (z,+D)/H, <0 0~1 1-5 5~10 10-20 =20
Ratin 0.0 0.2 0.4 0.6 0.8 1.0
. . Long bench | Short bench | Mini bench | Multistage
(5-1) Method of excavation Full face (50m) (1D~50m) (<1D) bench
Rating 0.0 0.3 0.6 0.8 1.0

5-2) Overbreak (% = ~105 5~ ~12 =12
5-2) Overbreak (% 100 100~105 105~110 110~120 120
Rating 0.0 0.3 0.6 0.8 1.0

Support/Reinforcement

Rockbolt Steel rib
(6-1) Strength of Standard pattern IV Shorterete Length Spacing spacing Round length
Support pattem
12cm 4m 1.5m 1.5m 1.0~1.5m

Rating Standard < Applied [0.0], Standard = Applied [0.1], Standard > Applied [0.2],
(6-2) Change of pattern level Change to higher pattern No change Change to lower pattern
Rating 0 0.5 1.0

® Forepoling
(6-3) Auxiliary method * :zleéiilti;;;nuiicged Hard rock Soft rock We:géf:e‘i weastgﬁred None

® Temporary invert
Rating 0.0 0.3 0.6 0.8 1.0
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Table 2. Assessment chart of influence factors in classification categories
(- | (122 | @) | @2 | @3 | G | G2 | G | @) | @42 | D) | (52 | 6]) | (62 | (63)
. Area | Depth | Rock |RQD/N-| Wea- |Discon-| Falts/ | Disco- | water |Ground-| Exca- | Exca- |[Strength | Pattermn | Aux-
Weight strength | value | thering | tinuity | weak | ntinuity | inflow | water | vation | vation | of | change | iliary
BiES con- | zone |direction level | methods | perfor- | pattermn support
dition mance
Linear model 7.66 | 7.75 | 5.54 | 6.58 | 9.08 | 7.62 | 5.11 | 832 | 8.02 | 7.66 | 6.36 | 3.52 | 3.51 | 5.66 | 8.0
Non-linear model
(average sensitivities | 7.61 | 9.83 | 7.56 | 7.05 | 6.70 | 7.12 | 920 | 10.5 | 6.92 | 6.43 | 7.66 | 827 | 7.05 | 12.1 | 13.2
for mountain tunnels)
Non-linear model
(average sensitivities | 7.23 | 7.36 | 6.52 | 801 | 7.54 | 6.15 | 745 | 743 | 980 | 87 | 7.82 | 9.11 | 124 | 11.2 | 11.8
for urban tunnels)
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Data preparation before tunnelling

QOutcomes

= Design data (preliminary inputs)

(1) Drawings and geometry conditions, (2) Ground conditions,
(3) excavation methods (4) supports/reinforcements

Variations of
input factors

—llll

Variation of
KTH-index at

Inputs on tunnelling

tunnel face

= Construction data
groundwater conditions, etc. of tunnel face)

applied patterns, etc.)
= Monitoring data

(1) Face mapping data (geological condition, discontinuities,

(2) Construction status (excavation conditions, supports,

(1) General monitoring data (reference for KTH-index)

Sensitivity of
input factors
Assessme at tunnel face
ntsystem
for KTH-

Index

Hazard level
of every
tunnel face

possible to anywhere)

= Web based THAM system(data input/result monitering

= Preliminary data and system set-up by KICT and inputs of
facemappling data and daily construction status in tunnel field

Automatic
daily reports
from the
system

Fig. 3. Assessment and management processes of KTH-index
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Station
Sites L?;g)th Start il
Tunnel NATM Tunnel NATM
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OOtunnel line
(3 lanes) Down
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streamline
Fault zone Fault zone

Fault Z0ne

(a) Upstream line (6K+450 ~ 7K+920)

Fault zone

(b) Down stream line (6K+415 ~ 7K+940)

Fig. 4. Electrical resistivity distribution along the longitudinal tunnel sections

513



AF

o

.o]

A .
T

A - A

o9 9 R F
AEIHHW) ~ S %
ek gl ERe] B4
7o) S plste] €
22 8o Fog woE,
Foloh g0 F3)
9%
o] S1OFB-(TCR)L 92~ 100%, FAA4RQD)
= B~98%E Holil Ik FAol Aokt Aok
G20l SPISFS Holul, ddehRE Tojelrg
(TCR)S 16~20%, SFAX|ZRQD)= 0%5 LR}
ul, 795 F719] HokElER(TCR)L 28~ 100%,
SFRIX|4HRQD)= 10~100%ES Holal QUch

B AR U ShAl Ede] B Some
A7) ulAe BEe} AR Qb HEE Fig.
4o Lrehpeieh. Elol, A4 AR 2ALE F
o= ol TETHAT) 7to] Fobt A et
Z1o] sk, FaRel Evlavt B e 2
19517] 91k obX| At W] olele R
7h ke ko] ZARRE & 4= 9lrk oleld A=l
TRk ZYpekReeE Fo| £eiwo] Bger oy
3o makgick ArhEoR o] ARE T
oFEshA £33 Szt Hlo] glout,
QAo A7} B Zol7k 2
ZH gk AR A
Qo] Msks 418 2
R, B P V)R abEe
SRR A HARAF 0 QAste] 27
27 Edo] 3 Fo ok WAl £ £ 2749
QP 2342 HSe] ok 2} 7150 elste, 24
FYRARI LY FAolA] Sxjelo] Bkt
PRl vt glom), A7) ok Qs AR
ofe}ox Q8] F714%de] And Ao nas
uf gick

FIEHS

2

H
?:l]—_l—f

L=Xe]
o

514

o, AT
(1-2), Eio] 7|5

-1
=7

A

ps

FEIglck 2wl 2 BEEHEd)
ATRE ASlska Heher AAlske] Algsteck

Bl FL7F STA.7+145~164.60 4] =3} (2-3)
7 AAHOE FF 57 Belshl B71E v qlont
U 9ok 40w YA Stk Ases
Q1) A1) FRA O Biaky
2 iglont AAHOR GFE ool Qe 4ol
th AFSA SL7F STA.TK+676.8 ~ TK+698.40] 4] 7|
%202 Exjar} ol A wpae] haizmet
Fohert 2o Ak 55, el A} e
o SelskAl F248] Foksh A glon, skyH 7
e 2l A5 St oS el £
o E5 A7) leh

SR St rtelA] ARA R vt
Lron STATK+7228 0|5 27} olals Eu)i sha
7h oS- ofele Ro= B, A5t B %
o] A& oz B3t 0]& B} STA.7K+706.0
ol 7)ollz A|maE Il 2 Ao} SV &
sk 2gsto] AgEIgIck A Tk AAV )
202 wof QIGIAE E5T7k 10 m ooz
NATMO= A o] AZHIT e oz
o} & FIE 5 AkEdo] HAHoR Baps
o] whe Eulmot clio] Mele] Wk u Al o)
Eelspl BrFEIIc ABkRgl ol BRFRE A0
= PrhEgon] A5 fUFe ke YakEYl

[e:

8



o

ol

2 9 AA/AEARSL 94 neEE gHyeky

Y AEEY AFA A 7HE A SHeR

4

ok A ARV 2 AlFsiglon ARua 417k 3.3 ZF 9P gERIXle] Ui Wt
© PciRIeked S Sa AR e 9 Ak
5 2 o sk Fig 73} Fig. 82 WIsHA| b= AF 731l
of TR RO FURE Jlskeke B4k AW oiet vl VA1) v gelsis 7t ubge o
27lo] BelobA BRI 53] HANE Aok A WAEe] wiskiolS thebic. Aldtel wikt
Tl P2 w3k Beleld) AR 1o olgrs = ghel WX Su B ouj glovy, gk
F T AT FHE AR pio okl o T glo] 1 ool wIRiRE QIR ool =ikt
o] FE3LIL lolon, Feite] FEHAA vehg AR 7IES Silnk s ofefeh Rl )
. TN AT Bato g ojd Wrlkztell gk Hrks vl v Akese A 157 g
Hje] we skt fEE ek O VRS & wo® U e Sast,
o= T @& Aol it sl HEr=
10 Category 1 Geaometry
8 R J
[ T
4
2 F[/=—(1-1)Area —c?—(w-zmepthl' b
0
10
8
6
4
2
0
10 Category 3. Discontinuity
8 el
6 B el
4 il
2 —F—(3-1)Conditions ——(3-2)Fault (3-3)O0rientation ]
o 0
;g 10 Category 4 Groundw ater
5 .
o 8
3
4 OO
i ——[4-T]Inflow —Q—IEiIII-I%H)HEHEnunuwatar\evel\uﬁ:""
10 Category 5. Excavation
8 | ]
6 | ]
4k =
2 2)Performance
0
10 Category 6. Support pattern and auxiliary reinforcement
8
6
4
i 5.1)Supportpattern —C>—(6-2)Changes in S/P_—— (6.3 )Auxiliary reinforcement

T

E9p+He
GELPHE
TEab+HE
£00G+39
P LG
FEEGHH
B 155
EE9GHHI
EERGHHE
OOBGHH
R
=]
¥ LpaHe
FESEHE
a0LaeH
FOEAHI
GELLAY
EELIHE
LP9LIHI
GEBLIHE
0128+
PRt
209839
VSLE+HY
EERE]
GETEHHE
CEPELHD
OGOR+HE
OGEEHD
O L0
0 LE0+HZ
0S50+
0Z80+3
B0 b3
OBE b3l
029 b
TOB b3
GELERHL
ObEHd
GBOTHH
OEETHH
I
OOSE+H
0ZRELHL
BEObH
OETh3L
OFGh+HL
ORLPHL
ObGHHL
OBEGHH
[EEE
OZEGHL
it
LEParIL
OFEEH
(L
@ LBaH
LEGE
9 LbLH
TITLINL
OFPLHL
0GGLHL
[EENE
0Bl
ERLH
TThEIL
FEZRIHL
OBZE M
2 PR
R
OpLEH
BEEEL
06+
FRLGHHL

-
=]
(7]
Y
-
=]
=

oftunnel face

Fig. 5. Input data variation for influence factors along the longitudinal tunnel section (upper bound)

515



s

A

34 -

7

o= gk Al AlREE A SR 2ARS A B oA T A 24 R SEUA}
TS 2ske T8 A "ok EBRE Y Folde AR el e SAREC-)7E A
2AE EﬁHHE g A7 e B A o8 e Agsigoy FHE Rl
FRIEICHE, @ we] vifE $Aes @ 9 RQDNZ|(2-2)9F 22 obs Wkt nigksloict.
o] e S WM?VI R SRt BE ololl Wil 2P 8 AE23)= o] 2709 R
R 2P AR E B8 = Jlk F P SR RS fASIH =G w1 R F
7301 uilg- ffRsket %%‘% A SRk AR ok %ﬁéﬁ&iﬂ Yol AAH o= ittt
ele 2 BT RUe aEd ¢ 9le o= IRtk AR H SR 29 FReIA
o, ofu, Ayt st B s F IR o XSl ) AT uP SfRi=e] gl A4
=& o] 24o] A i SlEE o ARl Bk Zlem FrhE i

Rating

ol S EldolAf AR} S 2T

. Category 1. Geometry
8

6

4

2 =01 )Arsal—O—U 2)Depth]

0
10 "

8 ||./A)/l/”w/i‘"m
8 1] 1

4

2

0

=
—5— (3 2)Faull

.é
—{1—(3-1)Conditions

"

R

!

o N s @ @O

u
T

ndwater level

o N & @ @ o

o N B o @ o
T

—{+(6-1)Support pattern

——(6-2)Changes in S/P

—"~—(6-3)Auxiliary reinforcement

oN & @ © o

GBEE+NY
00y +H9
00Th+MG

EEPME
Zarpe
SFopeM9
EanIT)
0705439
015419
Z1E5400
$O5G4H9
FRLGHHD
ERGHY
S0L84HY
OPEG+HI
FIGE4HS
LZL04ME
S960+M9
0 I244M9
DBEL4M9
0622439
G640
52840
5158409
56840
9Z0ANY
BGLE4NY
0'BEG+MG
DFOB+HI
0'GB6+MI
0ZI0+ML
00F0+ML
0'890+M2
08RO
09z LN
UG LNL
OB LOIL
LTI
0 LPTHIL
O LET4AL
DGOE+NL
DRZE+HL
07LGE+NL
GBLENL
G20b AL

BLENL
TEP AL
Pl Rt

GTAP AL

GGOGHHL

HOEGHAHL

TGGGHHL

TGEGAL

50840

STEDAHL

T84

SELONNL

00N

TGLANE

GERLNL

FO9L4M

0922 4M2
TBLNAL
BOB4HL
128
SIS
15840
20840
AL
8N
96940
064!

OGLE+M.
WRENL
GEG+ML

Location oftunnel face

Fig. 6. Input data variation for influence factors along the longitudinal tunnel section (lower bound)

516



)

g g QAN SRS AA e HEE B Ad=Y] A A 7PHE VA SHeR

RQDINZ| o] Athao R qhzmrt upg 3} dlomis ARe) 4 27k A5k 94
% Hrhs 7Pl Rk nIHOn, BATZOI b HAReAE A5 At e S
A7) ool W AR HE ARES B ATiHoR ushl A8 uH Aow Bt

|

ok A Edat 2ol Uy FIEL AroR  BOPA Qo] o the FEQ A= dhat
PPl Holom, Bk WAORE A b AE W PRI B B3|, ol 22
o AAH o] Ao} gol Bk ol HE-DT ARAFAFEED) U HHHBHG-2)0] T
RSP 93 w3 A0 sersolck Akt B g SIEwo] gkl 283t 0= vepton],

Category 1. Geometry

6 [[—{—(1-1)Area —O— (1-2)Depth|
5
4
3
2
1 I
o __((((((((((@kkg@(tk@bk(m@ﬁ(#%E
- Category 2. Geology
6
5
4
3
2
1
Q
7
6
5 8
g ¢
- 3
= 2
2
g 0
B 7 e 20T 4 GrOUNdWateT
£ 6 {—D—(ﬂ-ﬂlnflow —C—(4-2) Groundwater level q
- 4r 1
= 3t q
2 2
(] 1
= 0

10

ategory 5. Excavation

G
G
ol

o= MNwhOO

Category 6. Support pattern and auxiliary reinforcement

—— (6-1)Support pattern —CO— (6-2)Changes in S/P_—/— (6-3)Auxiliary reinforcem ent]

o AN WEOO

Location of tunnel face

Fig. 7. Sensitivity variation of influence factors on tunnul collapse hazard assessment along the longitudinal tunnel section
(upper bound)

517



o
oid
o2
=
=
)

5] . o)A .
AFA - ol

3 ARRAE(E-1) BRI HLRAG-2) FBo] L RO ket 53], AHo ofde] 24
AHolA uhe wgtelolt. hA T7F STATKS ke Al Eule] A0 sEmA62) o] =
407.4~TK+451.0, A4 77F STATK+642.1~7K  2Iztsiolar ek 22t S} ke i w(5-1)1} of
46744014 B B3] QIR A4l AV MR B B 2 BRG] AHEOR £ vzt
GRS M AhRl PO A G ge B =2 wolh geb SRISE AR 98 Ao
HE-DTH o2 53} 2o BAEG)0l A = 12 4 Qi WEo] SAKeR Aual Al
OF £ WIS MYk URh oS YRS SF  moln, ofo] AW 28T} 3 2 &

AT Aol AFT AT AWElofof ST, B 4T B 4= Gk BN TR S
SlR4E AR S AboR T 4 9l oA BN UghEst A Ao R Be

Category 1. Geometry

F[———(1-1)Area —CO—(1-2)Depth] y

oL NnwBRo o
T
I

o= NwRO O
T
L

linear
CoNnweaO O
T

Weight

Category 4.Groundwater

,‘_D_(4_1)|nf|cw —C—(4-2) Groundwater level| 7]

nonlinear

o=~ NwWwRO BN
T

Weight

J R N P -

Category 6. Support pattern and auxiliary reinforcement

J R R T - ]

G BBEFMI
0L pZHMd
0 LLTHML
0'S0E+ML
O'BZEHML
O LGE+ML
G'BLEFML
GZ0P4ML

BIPHML

fdapiry

£OP+L
GZBPML
9'50G+ML
8'0EGHML
FALTE=00FY
T'GLGHML
Z'509+ML
G'EGHML
Z'Z994ML
G BLOHML
QP0LHML
ZBLAML
GEVIAML
POILHML
0944434

Fig. 8. Sensitivity variation of influence factors on tunnul collapse hazard assessment along the longitudinal tunnel section (lower bound)

518



AN SARZE GA| LE HEeE 23 AP AT A 7HHE TR FAe=

ol X
=

wgn

Fat

s}

b glom] A1), ez

L8]

o]
il =

A3k 59 vt

&

gl

51574
ol
o

-
o

upfl Fa1tollA

oF s

At RQDNZ| gtol

2 st v &

o] mzkEs}

o]

7k+904.40)| 4 FE] SEelH T (6-2)

&

SHA|

st g

HE

kvl

A 2

K

il

N+

100

Weighting models

<> Linear model
O Nonilinear model

g

8

3
o o 2 9 9 © o
© B T ® N -
X3pUI-HIM

TK+a11 6
TK+894 8
TK+863 4
TK+843 4
TK+827 4
TK+8154
TK+789 8
TK+TT58
TK+T57.0
TK+7404
TK+7188
TK+696 0
TK+676 8
TK+658 8
TK+6415
TK+604 .0
TK+568.0
7K+530.0
7K+480.0
TK+448 0
TK+410.0
TK+382.0
TK+337.0
TK+3025
TK+263 8
TK+2200
TK+190 2
TK+1550
TK+117.0
7K+075.0
7K+039.0
TK+011.0
B6K+979.0
6K+947 4
6K+919.2
BK+883 5
B6K+860.7
BK+840.0
BK+797 .0
BK+760

6K+7220
6K+698 6
BK+670.2
BK+644 0
BK+6250
6K+599 6
6K+583 .3
6K+5624
6K+540 8
BK+513 8
6K+493 5
BK+479 6
BK+484 5
BK+452

ftunnel face

ion o

Locat

Fig. 9. Variation of KTH-index along the longitudinal tunnel sections (upper bound)

100

]
T
o
o
£
o
]
£
o
4]
=

90

<> Linear model
O Nenlinear model

80

© w
X3pul-HLM

Safezone

TK+930

TK+915.0
TK+802

TK+886

TK+870

TK+856

TK+841

TK+819

TK+794

TK+7724
TK+750.8
TK+719.2
TK+696.5
TK+665.0
TK+628.0
TK+582.4
TK+555.2
TK+520.0
TK+488.5
TK+457

TK+428 5
TK+402 6
TK+367 5
TK+3350
TK+301.0
TK+263.0
TK+211.0
TK+165.0
TK+134

TK+092.0
TK+056.0
TK+012.0
6K+882.0
6K+946.0
BK+915.8
B6K+891.5
B6K+851.5
BK+811.5
6K+779.5
6K+744.0
B6K+708.0
BK+672.1
6K+646.2
B6K+614.2
6K+591.4
6K+5624
6K+537.2
BK+509.6
6K+494 6
6K+460.0
6K+437.0
6K+420.0
BK+405.5

- BK+302

Location of tunnel face

Fig. 10. Variation of KTH-index along the longitudinal tunnel sections (lower bound)

519



AFA - olg - 1B - A
3.4 HIBUYUE K|4H}30] = A zAdah delw AEc- 1)7+ oI 7} 0]
uls) Eelsi] BokEol e 25 357

Ao AP RRIAe] AR W uAE E ARssle] & mm wx*_i AE71OIA St

A% B WA 9 54 Eagsq A EdTre]  ule} go] okt mE Amwjo] sl tlaa ok

B3] 9 A4 wskRoli: Fig 99k Fig 102} 2k x)ub wbgzolAE AR 9 Belel au

23] 9l X4l et H S 4E 7IR0R, < AE gheg Fslo 1420 B glo] FA]

P B3| AT 24 AR S B ST P ul gk

A5 Hol3w QIglort o) skigdelow Sl

Zhck SRUA edo] Al Hdel wsh B SIEE 4. A =

Xl#ﬂ =7 Uehgtom), ol liulole] aaolA
25 vie} Zo] ARIA Eldo] vlg)] 73T}
wa_ﬁ woron] Bedpo] A 9 seE
FEoAE Aoz %azﬂ Aes Blsigy
Rolch. A= Ay
HoJE B 518 07

W 2N, 2
POl A ATRE Ak

Q1 AuF FBHErt A

i

)
K
-z
=
@
0_u

8
ol
(o]
R

o
il ﬁ
ih)

)
.

X,
g
c

o
.
ok
N
ox
%

(o}

2
>,
i
(s

ol
ol

i
_giﬂ

)

oN
B

shaIAl A PrlelAe 3 e 257t 4
éﬁiiaﬂa@7KWMSﬂiﬂth*z 3%
B AR e RRlo® Qs 25
A 034 2ot St o Slek A el

520

Ed BRI BAROR spguhc AR

apgEEo] ofFo] bl l% Aol mterslo] ele
ok AARRe R Al RS M EE 5
o] wizrelA| Rrgal= ?‘;} RSz, AA

= g2 Boln, o5 BE 4B Adol
g0 el B3 9ol G A ©

T whebA, &2 AtollAe 71E00 A’k E1 2 &
S A5 AL Besto] A HeRt 2219
EP«‘]?_S:]X]-‘/] Eﬂ—X]— ‘:'J_] HOJE J’]_I—_QE 230 —8}93\-9-@,

oI% 59 chgsi
A A, oS 4] ol

Dl*:.—ﬁr ol A 4= SQlrk

e

%LOM 285 B o FFA=el Hit
JEA HEE, RMR, QA8 7o)
foll FatstA| I Feje] 7115 7HA]
o = L E I IR E R
‘:‘J‘ﬂ%’ﬂ Hlal gejal oz ddolut uito
gato] A IS St > Qo
71 $1sh, 7182t 100047]¢] S
kR o) whikget o] AujE )
AR Al felow At Aol
A7} ARl EAAE R sl
eHaddA o] tisf v|AE wig=
3] Jaglte] A1 %‘1
Sl Ateteldolx=

oftt

N

&

ko T o
18

ot
N

N
—

ox

N
B
TS,
z

(<]

—_

N o flo
ol\
ol

H o

f

2o
mics
)
k.
B

oA 4 N =2
° i
mlm

f
0y
1o

H2] O
‘11_‘—12

i

o
®
o{m

0:

= 2
=
E’il

¢



ol
=

S

AANEARZE 9A a3dE Hawg 53

3]

=1

=o] FA Ay 7P AER FHoR

A, =AM ek B Qe
7B AE 0= 2 AEle] ) SIFE

At Aol BtdEigles etk
RIRKEL AR o] §3tel AlF F AAREOR
TEEE 5 pgaeel A ARg
olg51o] Alokel B ) SIHE A4ghe
3 WoRkeEN AAA 21 YRS HY
0k A el ol Aol sjefst, S1dasl
& Apel] QIAIte] A ApThEE FahoR
) SIS HABPIZ 4 ik w2k ofefat
A7 B 7 SR Wsiso] elxje} e
F QIe] RIRE Se3to] A0 AFE
9Pt ARpEEE, WA 7|eR1So) Sk
AL 3] Al 9414:9] AAol, @

@

il

=

of
ool

B

-

N LA
e
>

> O o
2O
A

B

G

Wolx| 3 AR =L A2 w7} zopgo]

wel, Al2glo] WA glo] AF02 eI
7Kg 9 B SIE A AFe) Al 27
FAE Holnl, 1 AU AFoz g
o]tk

A2} 284

o T10

1shglom 21 e
A5 $EL oo et
7o) J=sst Hazos
R Aolnw, A2 YA SofE F3 A

o

B7} Al28e]
o}

=

S291 Baleld @gAE DB et A2g nek
A7} Zaglolof & Aoltk.

521

are =

2 A A7 IsA T EY oA “H
g Ay AEE v 83 AL R 9 Ak
AZKICT 2013-0226-1-1)2] ALH] x| o] 2]}
S| gk

HrEd

. Bae, GJ., Shin, H.S. (2007), “Development of
the KICT tunnel collapse hazard (KTH) index
and evaluation chart”, KSCE Journal, Vol. 20,
No. 3C, pp. 221-227.

. Barton, N.R. (1978), “Suggested methods for the
quantitative description of discontinuities in rock
masses”. ISRM Commission on Standardization
of Laboratory and Field Tests. Int. J. Rock Mech.
Min. Sic. & Geomech. Abstr., Vo. 15, pp. 319-368.

. Bieniawski, Z.T. (1989), “Engineering rock mass
classifications”, John & Sons, pp. 51-72

. Cancelli, A, Crosta, G. (1993), “Hazard and risk
assessment in rockfall prone areasp: Chapter
15-Risk and reliability in ground engineering”,
Proceedings of the conference organized by the
Institute of Civil Engineers(ICE), London, UK,
pp. 177-190.

. Hudson, J.A. (1992), “Rock engineering systems:
Theory and practice”, Horwood, Chicester.

. KICT (2009), “Develpment of tecnologies for
minimizing and preventing the disaster on tunnel
construction (VI)”, Final Technical Report, KICT
2009-071, Korea Institute of Construction Technology
(KICT), p. 867.

. KTA (2010), “Case histories of tunnel collapse”,
CIR publication, Seoul, Korea, p. 417.

. Latham, J.P., Lu, P. (1999), “Development of an

assessment system for the blastability of rock

masses”, Int. J. Rock Mech. Min. Sci., Vol. 36,

pp. 41-55.

Shang, Y.., Wang, SJ., Li, G.C,, Yang, Z.F.

(2000), “Retrospective case example using a

10.



AFA

ol

A - A

11.

12.

comprehensive suitability index (CSI) for siting
the Shisan-Ling power station in China”. Int. J.
Rock Mech. Min. Sci., Vol. 37, pp. 839-853.
Shin, H.S. (2001), “Neural network based material
models for finite element analysis”, Ph.D. thesis:
C/Ph/250/01. Department of Civil Engineering,
University of Wales Swansea.

Shin, H., Kwon, Y., Jung, Y., Bae, G., Kim, Y.
(2009a), “Methodology for quantitative hazard

522

13.

assessment for tunnel collapses based on case
histories in Korea”, International Journal of Rock
Mechanics and Mining Science, Vol. 46, No. 5,
pp. 1072-1087.

Shin, H.S., Kwon, Y.C., Kim, D.G., Bae, G.J.,
Lee, H.G., Shin, Y.W. (2009b), “Quantitative
hazard level simulation for tunnel design based on
the KICT Tunnel Collapse Hazard index (KTH-
index)”, KTA journal, Vol. 11, No. 4, pp. 373-385.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


