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Determination of Reinforcement Method for Abandoned Tunnel
by Fuzzy Approximate Reasoning

Man-Sup Cho

Abstract It is studied to select the reinforcement method of an abandoned tunnel which are intersected under the
new roadway line. In the various decision makings, the reasonability for the reinforcement method of an abandoned
tunnel was estimated using the pair-wise comparison and the fuzzy approximate reasoning to simplify the process
of survey research. And there is reflected all the qualitative and quantitative characterizations by investigation items.
In order to select the reinforcement method of an abandoned tunnel, 4 characteristic factors of construction,
economical efficiency, safety and maintenance were used. Using the simple survey research and pair-wise comparison
matrix, the weight of 4 factors was decided. The fuzzy approximate reasoning was used to calculate the quantitative
value of each factor. And then reflecting each weight to these results, the final reinforcement method of an abandoned
tunnel could be determined.

KeyWords Fuzzy approximate reasoning, Decision making, Abandoned tunnel

£ B 2 =FoME Aqt B d=da xSk HEde] B S 2A5] st A EA7 S AESH
S, A8 71 AER7EE FolH AEEAte] g Haseta, ZARE 3 YA - AFH 54
B g o= =S Aou| e HAZAEES o] &3te] wEd ] by oigh 2L Frate] Bk
ot FEd HAhEAe A3ty 918t 4749 = aE &, AT, FA, A, AR EE Bt
O 2 ARSI, ZHt AEZAS Fou| Ay PE o 83t 4714 F 8AEQ 7S AASI T HAZ
ARFES 9] = a9d HIHSE APEshetl ARH R, of IS 71FAE vt AFH< HE
g9 27PAE A4 4 AT

MU HAZARE, JAEA7Y, HEHd

LM B A 9 22 b goleke A asol @)

A3o] Wojolahs HAH ahg FAlo| nejsjor

W oY, W, P 5O R RRAA gleid 57 dEe] SkbAEeN TE B ofzgo] &)
chorst ZARGE] Tsle] HakAel ZAAT HE  Bhn ¥ 4 9k

of A4 vhAHSEo] Bol TaET i, ojefe
ATHEE 0|31 Aol ofa 7H1] TUE % oI5
& whEshe T g TUe A5 el tort
7ol HEHT Stk YubHoR oxiEA
2 YaiE ZeAE] B3 4L SAo] 2
of 5in, HaxQl LS S AAH Aol
27T, AR BE Paae suldch w3

&, JAEATAL olet T 37K BIPIEE F
Aol HEE=E sfof gtk AR F 7 gt
Zoz L&Y Q= AHP(analytic hierarchy process,
ASEA7|M)= 1970 dth Thomas L. Saatyef 2|
3 A2 ALEQLAL AHPE $4 BAlo a4E 3F
B3, FUPIE, Ui o8 ASE P45, Ert
71EE FHOR 715 A (weight) & AF23}1T, 2 ot
o] FREF 4RSS 7Y Fa et 22 ke 3
ko2 AAsh= wholct?.

" F89, SKA(F) EBAIYEE Geotask Team 7

* 3 A1 4 A Corresponding Author): mscho-d@skec.co.kr
Y 20049 79 99
AAL g2 d: 2004 89 23Y

275

FUYAAE AABHS A R A B
olgshetl, AYYISTANBH000)] ofh

=



276 WA ZA ] gt FEde] Bl A%

VE(value engineering), LCC(life cycle cost) 5 A4
TH Aol st oJAFEA 7|3} Risk Assessment7}
AkgEn} SJep.

E =RoAE == 25349 4Xt2 AN EAL A4
A =M} o Q1ste] RS HEde] Ho
e AxsEA Fulel YEAY Bl 4RSS AE
St tiFE RRtEAL AE o83t A4 A
A Ere R RS HItehe Walo] £2 o]Fo] A
R R L EREEEERTE P
ofvel AAVY, SAAd 2 AT Ho & s}
of wjEide] EapgRlel dhet el Saelack
ol floto] HEzAL AUERE SAEA) "ast
7152 A A} BoH) i(pair-wise comparison)S: &
ST, ZAUE ¥ B4A - HFH B4 v
£ Qe PHor HAZASE(fuzzy approximate
reasoning)& ©|-§-5to] HE{D ] HFarof g A3
A2 gkl wslek

2. AECHY Efdol ME W ZAZ 2o

21 MFEd W wEde) HY
B 7o R HES YRE Rud-Fy

Al FHH; Al fRIehs GAEEERAR - @A
HE)ZA, 2% 25349 42 AFNFE Ash HA
Seic 2 B e FHols 244 T 3
T Bd(HRASEE) o) shell oF 15° Aptgos
A3 ok wEde] EFATE TAoRA 45T
APR 2~4ue] 24 gho]d TEshA oF 19309
SEEIE Y

Fig. 13} Fig. 29l= AR el'dd) dede]
AYE 9 PHUEE 77t ehfolck o)A e
g Aol A Bld TR DA E) wat
Al ARES X ztold, HEld Mty =2 7]
2E7HR = 2.0 m~5.3 m(FEF trench Elu}lr)) o}4
AT i 2Asel glck 12T AT HY NATM
9] FHREAN= F 7.3 m o|F= o] glom, AP
o2 wAsle o159 ojaAE MR F7lekn slrk

£ Hdo YAACINE HEg St 230
Ao Bae B5jol FFAS °F 20 m o] AH %)
A AR, Hede BAFHOREE 50 em
T2 E ol ZA Ao disf vjastg e,
54 B AN SOl St A AT 1
v e de] A gAY 9 ¥ ARtx, FH

g PN § tleRt mevh nlgeid, Eaes

A

<

10+200.0000

10+200.0000

Fig. 1. Intersection layout of new tunnel and abandoned tunnel
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Fig. 2. Distances between the abandoned tunnel and new lane

(b) cut and cover section
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Table 1. RMR values of the core at an abandoned tunnel nearby
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Fig. 3. Results of the geophysical prospecting and rock classification(RMR) at an abandoned tunnel nearby
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Fig. 4. The results of core RQD and micro camera investigation at abandoned tunnel
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Table 4. Linguistic variables and membership function

linguistic variables of

variables (Unit) membership function Min Max membership function
) I
EHE AOVC})E very_small, small, medium, 1 5
— 1
(Real Number) large, very large
RQDcore very_poor, poor, normal, good, 0 100
(%) very_good
Ayepgt
E _STATE A, B, C D, E 0 1
(P
input
RMR very_poor, poor, normal, good, 0 100
(Value) very_good
oldA g
DISTANCE zero, close, far 0 5
(Times by Dia.)
Hruh R %
Sé?_éEi very_low, vI:W, hcirgi}tleria, high, 0 2
(cm/sec) v
HEY oA ES :
e iS'}_ ZZ,F 87t very_poor, poor, normal, good,| o 100
(Real Number) very_good
NEE S
CONS_E very_low, ‘l];)w, lr)r;e}?lmn, high, 0 100
(Real Number) g
Mk . .
output SAFE_E very_low, i‘;w l‘]’i‘g‘“‘“’ high, 1o | 100
(Real Number) -
A4 . )
ECON E very_low, \l}zw, }Ilrilgglum, high, 0 100
(Real Number) -
U B . .
TAIRE o
MAIN_E very_low, low, medium, high, 0 100

(Real Number)

very_high




Bl Ashazt

283

Table 5. The correlation between the input and output variables

input variable

defective index of

output variable scale of cave RQD of core fining
safety of abandoned tunnel Very Negative Very Positive Very Negative
input variable| safety of abandoned distance Rock Mass Rating peak velocity

output variable tunnel

characteristic construction Very Positive

Very Positive Very Positive Very Positive

economical efficient Very Positive

- Very Positive Very Positive

safety Very Positive

Very Positive Very Positive Very Negative

characteristic maintenance Very Positive

- Very Positive Very Negative

Table 6. Input variable data for inference of the fuzzy approximate reasoning by the stations
station NATM cut & cover Bench embedding
input variables 10+200 10+250 10+300 10+350 10+400 10+440
scale of cave D&B |Medium(3) | Medium(3)| Large(4) Large(4) | Medium(3) -
(E_CAVE) non-blast | Medium(3) | Medium(3) | Large(4) | Large(d) | Medium(3) -
safety of | 2D of core D&B *9(60) (0) 17 50 (60) 78
abandoned
tunnel (RQDcore, %) | non-blast (60) (30) 17 50 (60) 78
defective index of| D&B 0.62 0.35 0.35 0.88 0.73 0.62
lining (E_STATE)| non-blast 0.62 0.35 0.35 0.88 0.73 0.62
DISTANCE D&B 2.0 14 0.75 0.2 0.2 -
(times by diameter) non-blast 2.0 1.4 0.75 0.2 0.2 -
D&B 25 34 12 4 -
Rock Mass Rating
non-blast 25 34 12 4 4 -
peak velocity D&B 1757 3.461 12.917 54.49 54.49 -
(SEI_VEL, cm/sec) non-blast 0.0 0.0 0.0 0.0 0.0 -

% Note : *" The value of brackets( ) is
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Table 7. The total result of evaluation of factors due to the fuzzy approximate reasoning

tati . .
station | 101200 | 10+250 | 10+300 | 10+350 | 10+400 | avg, | o™ ©f | nommalization
factor avg. (X weight)
construction 62.7 64.3 55.3 50 50 56.5 17.6
i economical 50 55 50 50 50 51.0 15.6
drill & 377 4138
blast safety 25 222 | 154 8.3 83 | 159 2.8
maintenance 37.3 25 25 25 25 27.5 5.8
construction 25 25 20.9 8.3 21.4 20.2 6.3
non- economical 22.6 25 13.1 8.3 83 15.5 47
34.9 31.5
blast safety 50 542 | 347 25 25 37.8 6.4
maintenance 75 75 65.1 50 66 66.2 14.1
% Note : The degree of safety assesment to the abandoned tunnel 10+200|10+250|10+300]10+350| 10+400 | total degree
49.996 50 31.48 |24.998 | 41.068 D~C
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Fig. 10. The results of evaluation according to excavation methods regard to the stations
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Fig. 11. Because the drill and blast was sclected as an excavation method of new lanes nearby the abandoned tunnel, the
reinforcement with some parts of it was designed with the method of filling up fly-ash and concrete. And the other
part could have designed by the external concrete box in 2.0 mX2.0 m
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