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Development of Countermeasure Expert System for Tunneling Failure

Chang-Yong Kim, Chi-Hyun Park, Gyu-Jin Bae, Sung-Wan Hong, Myung-Ryul Oh

ABSTRACT Many Studies of tunnel and tunnelling safety have been developed continuously based on the increasing
social interests in underground space since 1990's in Korea. Because the growth of population in metropolitan has been
accelerated at a faster pace than the development of the cities, underground facilities have been created as a great extent in
view of less land space available. In this study, a lot of types of tunnel failure were surveyed and the detail causes were
studied after many cases of tunnel failure were collected. There were suggested brief countermeasure of tunnel failure
through case study. An expert system was developed to predict the safety of tunnel and choose proper tunnel reinforcement
system using fuzzy quantification theory and fuzzy inference rule based on tunnel information database. The comparison
result between the predicted reinforcement system level and measured ones was very similar. In-situ data were obtained in
three tunnel sites including subway tunnel under Han river. This system will be very helpful to make the most of in-situ data
and suggest proper applicability of tunnel reinforcement system developing more resonable tunnel support method from
dependance of some experienced experts for the absent of guide.
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Z B Q337 Al g Bio] FobAmAl FulolAE AT EGAFN thF ATot ge) AU} B o
Tollale Bl AF F 0 7HeR Bld el St Akae B4 & ZAEle) 245 Blde) B AT 3 & gheEla, oo o
T FAHQ 1S B e, AR S S B 53] F8 819 el AR ) AN SR =, 5
-9 BRG] 7 H8U%E B Al el n gl Bl AAR S A% M2E viaisan) &
et 2 ATllAe Bl e A TFE AP, AT EAEE AE A9 HA 73 ol 25 HAFE
A=sE 712 e d AR dlo|EHlo]AE FHste] HETPAI LR A g At Mg sl AEE Sleie
vhed RS ASER A & viRd Tl - o 3309 Bl A A8 E o] &3] A 83 Az AA AW
g e TR FEAAE Bk ARMATE F Bl 15 AR ol -2 Sosia ARA SE
o AR Qe 4 AEI ARt ERT e T B AV Bob AAA E AU 2AsHE A
Algted 2ol ¥ aat stgich

YO @ HEA A2, HR o) B, HE R, BAF, FRAH

1M B AE AASL glofA 24E HWE W FEESo| Al
YE EAATNA S B A Foll HS MU FE
AFER ol 9] B2 EAA A AR 24 V1 Lolol $& HojF R k.
. 7% 2289 9 AYF, AT B 59 pe v
& B AFER Qo] o) PO Uil AW VAN, BIALNSATY dnry
= 5 o) & g 2 AT AAV I ed T 974
Foleh, olelg BIAIT Bo15h WA B B A o G ey Sr b
 HolumHA A ciFlo] 223 FAZ Tz HAY, 83U/ 7Y A7
322 ey M = SHAEEAE) AARE EEFAY ¥€F
glt‘}' Zd "ﬂﬁl’ﬂi’-i %‘g% /q o & E‘] é ‘E‘E—}‘ A"aﬂa %_11 ;sg_}:%]—r 2000]';_7% 319
FHAME, EAA Aol A A A3zt AR 67%0] 0 U2 A SEY ;20009 8Y 249

171



172

o] Auke} BEAAS FEIA o3SA £ o
3t AL E WAE) 1% w24 AFAAF ot
HA]o) & F AFTA T HAET AL8E o] &% 247]
EEL BT Loplld HEslee AEEe] X3E
Skohel R 2], 1998, Faithurst, 1985, Chikahisa £,
1997). weha], & Aol Tl H o2 wAET )
= AT £ B B ARES 24 B8, oleh
Alste] EePydr ARPHE HIRTHAAIE 538l ol E
B 5 U fuzzy FET EFH AP AL &
L AT ez AF Ao g FRE EHE 1)
ol W TH3 BT A%l aid ciRFHE Al
Aveta ) 3k

2. Hd 88 Alne| 5Y

B QT7olAE AF 3 0 7H5 T B Ao 54

A28l g FEETA 8 ol & HeiA WA 14F E

Q9] B §3& sletsl Ba, ol thE #AIH
Bg BAsAch 22, ol Bas gAY, ol

4ER e B BERRES 2L, 85 Ul
A BAH BAe Axsgdct 34, I AHE E
2 Bl o] BebgAlel viAle F3RIAET AR
S#e BAE TEHLA &3

21 = - 2| E{'d SE HE

Fl - olollA] wblEl Eld Bt Ase B4 Sls)
A SAH o g Feje] AL AlA 7 FollA AR
NATM BE1d 34 AT 5 34 397 & A8k
I YeiF vl ES BRI, Fe A9 Al 2
7) AEAHE A7 F DAY AR 28, A=
g2 244E Bdg FHHE B4 CHHSE,
1996, A LEHA] ASPHAL LR, 1994, 1996, TR}
2383, 1993, HBEEE3], 1992a, 1992b, 1992¢, &
= 2] 1996, AH4 9], 1999, T4 9, 1995,
A 2], 1993, A-getn FedFL, 1991, AHA,
1994). Table 1~Table 3 3979 AnAHE 52 &
Pyyg BRe x84 g AF 5 2 s Al &
o Ao AHES T2 9t

- Atype %% B 2 AF 93 9 FHA
a8z, g Y Pe) ABHA &L A £ E

BHoAY B2Hs vehlE 228 Table 19 2L, 7}
A W AT A7 28

- B-type 58 : Fo|§e) S89 <3 E el FE
oA WHEE B2t 538 UehE ol Table 29}
& A7t otk

- C-type 5% : 75} 378 o] B3 FE
ol A W Hel f3e FH3 o2 A Table 33
7t

o] Al F& Leichnitz$}t Schrewe(1987), Schrewe
9} Maidl(1987), Mulle?} Salzburg(1978), Kwang
Joon Park®Hn Keun Lee(1993), Kuhnhenn (1995) &
9] =E& F1E 3o E/FT Aol

4719 BEAElE FHos £ £ o, Bld &
2 9x)9F Y12 197FA Z $-(A1~Al2, BI~BS, Cl
~C2)E 8% & glon, 7bg A B3 732 Al
o224 % 1879 B Aavt o] YefE H3 Yt
Z, FAE sbwol A o] F2H(A-type)e) FHF 39
=3P E $2H(B-type)olvt BT, FAF ] 2ol v
A SAEA AT Yok T T gl

ol A LEH A 24 BEHAIE FE e
Table 49} Table 59} 7). Table 4= Al 271 A-&A8}
A AF F A A E vebd Rolx, 199349
o] Foll wAEl I =REd, MEEd, AP 2 Ak
A= Eldoll e ST ABIE Table 5oll4 HoE
t}. Table 591 ARIE Bt 32 F 273 djdol
Hato] Aoz st

U9 3 2179 5 Adl F ARH FELE
(daylight)2-2 ojoiA Al Al 27) AEA&R9) 29
% 74, 2 9 E2Ed3} AREdollA 27 17104 A
A 25 Al F 4 43% A= AEH FE o
o]o] Fr}.

19931 o] & W E & 1179 LA F A EH
FE4eto| ol rikE TR 82H(50 m'el4hel LA
ke s7olx, EREd, AP B, AEEd 5
chekgt Eldoll 4] iR B2 eIt Bl &
=4 B AE B, A 217 F 1470] 2A4A A
4 T4 F B4 s ARtie] 67% A=
£ A8, 370] 2N, 27e) AERY, AT
9 n&EAT Bdo]l 77 1122 vEelyt

Table 49] A| 27] A&A3E] Fo+ -] B
e A7) 2 FAFo Y WigE 3ol 3m



Table 1. Reported cause and type of collapse(A-type).
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Table 2. Reported cause and type of collapse(B-type).
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Table 3. Reported cause and type of collapse(C-type).
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Table 4. Collapse of domestic tunnel(Second stage of Seoul subway).
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Table 5. Collapse of domestic tunnel(rail, road and subway tunnel).
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Fig. 1. Water inflow in the tunnel face(KICT, 1999).
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Fig. 2. Joint set of tunnel face(KICT, 1999).
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Fig. 5. Joint condition and space of domestic collapsed tunnel(KICT, 1999).

Z3E A e 2 o] detd o g digEc

Cecil A EoAE A Eldol7] uhifoll =i <
ubdelzt FAelA 1)) e ol EAlshe 2 -$ell
= gzto] Ao SR ANE T EldollA e A
7} gEhrEete] e 2 Al ol 79 dAA
o2 HRE HIER Beto] WhlEe Ao EAsgln
AeTol giAv sl de ol ofslA Hatsl A
A8 g F (k.

ZAE U - 9 Bd 135 RQDE F7 & of
RQD #+ 20 ol8lY off i 5-go] ubisi= A
2.2 ZASE QAR F-ghe] whAfol HFEA] RQD7F 20
o3l 7-rkol offel, B odtollA] ZAE &7} Wl
22 RQD 20015+9] 7§l whe &2 A=zl 7] #
207 Kot}

2070 Bl A RQD7F 50 ol4el A9 jie
o 204 oldY B¢ AEH g Beo| el B
= B3t Cecil A&olA H23a9] RQDAHE7H thi
& 507014l ALl 7wl 2 o), ofi= ) EdA)
Fo} 30m o} WA= F3t ddol A FFe) o]
FojR ) vkl Cecil AHE£ A& A EollA E2H3 B
dol7] wiiiell Shite] 4idog F3Md s} ofela, A
27} AkElo] -2 RQD & B AL k=),
A4 FF2 RQD H5E sl B HHEFIT A4
AU 79 RQD HF7) HHF 1440)2 Hulgtiot BT
23 eiet. ol AR F ZHEQl A4 3ol
o) $- oFsl7] wiioln] 58] 3 o] eld A&
7t A4 ol EFe] ¥]917] ul-Zell RQD A7t YA
4 = e

F2to] Wkl Qhube] vii-o] HulbFol AAUGF
7b FE ol F3 9l B8 §3L 9 FH0r Avky
2 o A EEE gl Beto] LAlEA s
Ao &A=t

3. HXMEIMAHE 0|88 2LCANBTY

ks

31 RHEBY MEE M2 Alad 7Y

Aol 2AgE whe} o] Bl d o] SRS SRk B
gl W AAT 449 YaKde] 87 glony,
Ab3s} By 287159 oivf B35 HAFEE
£ Ag3le] FFeA FHBo2H Bl TRt B
FTHE A= Al B gl el ARE WEs
bl £8-& F22 sbe A2} F3E] 2 9lck(Chikahisa
#], 1997, Yamagata &, 1989). & Aol E Bl d 9
Aok HAGEE 8 7 e)d A BB vhy
AHE AR R THe] By HEA HEE
FE3T AE7F AamE 3] A% dAlEA 22
Bt AREE A" At

HAol 2l HE-E A £55 9] FAo] F
AHc} Fa3ct. chfgt A4me} ALY AL TS
of Bop AW £455 FF Rlstoiofk A, A
TR ol £ AEVN BZoE Q) 45
g Rk=Ed ol go] Uit HA #3-& e
et H2g AE7te] Bale} chofst AR 579
o -5 K43l Sish Bl ENE B A)xsle) 3
L3t TSl 2IE AR W 9H7)E 94
AR AYETE BT 7PHSE o] 83l BHY
=, AH7E e AYAE Al spEeE
o] AYAY 2] ATATE Hulggi, o] A3 S
Tl 2E A HFE(category)ll 73} ZhS FodaA|
k3L, 1998). FEBlO)RIIE o430 A =
Boll TSk Boja] £455 P-§ PSRN B
o} AR 7159 A go] sgallF th(Watada, 1982).
M3, AHwaql wate] Al g 2 HrIEeR S B
FH do[eiulo] ko] 7} FEEE Auigo g A4l



178

Az WFQl K spgol| FE3lghs Hoidt o, #X
£EEI,E A kg3, 1998, o338, 27

£, 1995).
€ °"-?°M ML eld BT AL FEARA
e A 23Ee g FAs o gict Akl A Bl

FH kxR, s, A, A, QAFEE Fo2
o207l Bld FH D/BE vt o & 2hke PHAE
e & Al 1 £4 % 4 (fisrt membership function)

FAZL. TRl A Ed B8y D/BE #83
04 Z+ eld 9] 55l ®E BTy A FETE
(fuzzy inference rule)S At} o] HAFEFZL
Eld Bohgyle] sapdlghe 2 yAg eld Bl
Al 2 24 % $r(second membership function)d
Agicl Bid AHE DBE whgoz 743 194 &4
= ¥5E B8l AF A BEdARE dEsie Bl
9] A FFE AT o, olv] TAR HAFEF
)& o] &3l ulH A3 (defuzzificationydh, 7+ B2AFH
W g 5Fo] AA = cl(Chikahisa, 1997). Fig. 601 4]
T AlzEe AT 7 2Ee 459 43 HeFEr).

32 EHEdEE DB ¥ EE o8N 52 HIHE
SIgh HEg AT #

Bl P40l wiXlE GERIAE A B AR
S AFE R FEHGl e, & B BAey AT
NE Z2Eely] AE/KIEEE TEI] At 9%
diolejmlo)=E g HEA S-S T3S

Ed P84 BF AR Bk A4S 9l 28
g 2t AR E 57bA U F(category) R T3]
o4 Az FHol Fold Ha 523 A3t
574 WEe B el FIE, A9 A, A
s, AAY, APFEE Solv. YA 2 F
Agdie ARE, FHY o FAHER *ﬂ-r—i}d-ﬁi"
Ae|gEe Ae A, e n, g, e 5
B FEgled, Adae YR TAITE, Xlxl%!
< BEUEAES AT Rl 3543 7
£ AE7t oA e ddRela = Shed i
/‘47§F¥2‘1°“1 o2 HAollA Hagh e A
£ A 34 AR el 57le i
°ﬂ/<1 Z2geljlS A% vloleiso]As] JE2 AR

=, FIRE, HezA, o2, dedd, ZIFHJ‘
71 % RMR 2% 713 Zon ¥ o9 Wz 74
Hol ik

Fig. 6. Each module of expert system.

o] BHE-L- HaAl T 7 Aol dubde g W
53 )& RMR 3528 #AdA A 4§ F U=
ng aslel At 4 W F95FF RMR

FEo| 532 ulgto 2 A, B, C, DY 454 2 783
Serr ATEE ", BEEE "BE, CEEe T,
Dew< "H%‘ g vepAYh nlEba) whge 2 Bl e
A E FE ogulE 7RE 459 SFLE TR}
At

33 HY 2Z3Y D/Bel 53¢ MHEz§ fi
o 2 &%k §s

o] HE-L B7Fol A3l dlolelulol=FE (I, &
3, A% 9 B o WA A48 diole & wige g
A 2 B, vy 5E, Y3, VAR, AR
7348 ot ey, 3 HY, S F4, JEH S
o] FEaS AR E AL en, og Tkt 3
Eo] F7}7} o] Fol]F ol o v

7k Bhgye AYEE 1, 2, "3, 14e) 4dA
o SFoz TEHT 57 "1"e UL e, EF
e VA SR, S "3"v°— "THEH A S
"4 R E EPdch AN 245 $4E o) 8%
HAFEolA 2% Eld WA SF (leveloll ®E R
43 A4 dlolejuio|AE g2 fifslo|2S of &
N4 B9 7 Folpfoll st 7 RgHe H
Lr3-g FEHI. old, Y RIS W Ay
A (applicability)e] S, A= E1d ] F5F]



t}. = §potl Zol wHBlo|E NEFE &
f3te] 7t eid A TFol S BAFHE HAFE
£ v}, 7} W] S5 L =Xl
eld <HE4 557 B Hge AuAlet 3
ABAFE A Fot, o] APAIFE T Eld B4
S5 7 eid B 3A1E veile AE8A E
d Hgdol bE 7 Bd P4 SFHEE ER
Fu} ek £L£% Fo] £E5Ee; T £4EE
2 7% HRRETRE o] &84 A AL el
o] gh& HimA|S}ele] B HE5dE =) o
o, H|E X 3= A E 2] E (centroid) & ol &3t}
(o138 2, 1995).

34 Y XHEY Wit

B dqtoll A st AlaRle) AAE AFs) %
of Slolla LAt o] 2 HAw) Fele] el dHAe]
Bl B3 dlojel#jo]AE o)83i%ict. dkslAEld
AFolA ARER Bl B dlojEldle]s wire B
T 871 Eolr}. 87kA] W v ez E P
By o ok, JR, VA2, e, LW

e, SR S, AEHOE [ ATl A
|39 By S uige g Adsgdo($-Fe, A7,
1996). BAEAEA 9] 7 o714 FH2E diojejuo]
& A e & fjE AHSRd 9

179

QA 7HA BEo B by A8 E, 4 B3y og
a2k, FR, 1A, EE, 4% S0t g
Hel

ejAaz g3 Yo EREF HPole TR
o4} A8 47R] A S o] &5k EdHYIH
D/BE &3k, 4714 ARS8 4744 382 g s
FE, WAL E, YA, 7HFFLE o] EldollA A
[l F8 WP A S - 9 B A
& ARE v e R E A&RE % BEy e Al

< AAlA Hol 43T Sle
2 &9 o} (Chikahisa, 1997).

iR Eld HEE sl Hake AFollA AEAA
HAgys 278 25 kA SEHeE A5 e B
743 vicleidlel=E FABIIer. dEAE ol A A}
28 kA Bge Ae4E 283 A g £
FYE, YA, 71AFH, pgAF, 2454, 3 EH

FHE Bd A B 3RS Holn, 0 B
Y ohg ek e”, Lw 2eH9e 34 52 Eld oHF
A FEH 2 AR S B3ich U A Bl

FE-L Auke] A7) o - dobiwd HAe) AH3ley
Alge ofHgo g U4 uhae] Al wel WEE
F7\Rehe QHAE ol ejsle] A3 Aeg 4
Er}. Table 62 S4sAEId S =hd w38 A5}
o]t}

FAA A9 A= HA BAEFH o dlolels]o]

Table 6. Fuzzy inference results of the subway below Han river.
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Table 7. Fuzzy inference results of Pusan subway.
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