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ABSTRACT

Purpose: The objective of this study was to improve smart monitoring and monitoring management
technology in long tunnels by investigating and analyzing the normal operation rates of monitoring
hardware in the long tunnels of high-speed and urban railways. Method: This study evaluated, analyzed,
and compared the normal operation rate of 6-8 types of monitoring hardware for each long tunnel,
targeting three high-speed railway lines with a long tunnel (i.e., Suseo-Pyeongtaek Line, Gyeongbu Line,
and Honam Line) and two urban railway groups with a long tunnel (i.e., Seoul Metro Lines 5, 6, and 7,
and 9). Result: The rank of the normal operation rate of monitoring hardware was in the order of
Suseo-Pyeongtaek High-Speed Railway (92.1%), Seoul Metro Lines 5, 6, and 7 (85.8%), Seoul Metro
Line 9 (85.2%), Gyeongbu High-speed Railway (80.5%), and Honam High-speed Railway (46.7%).
Conclusion: The mean normal operation rate of the monitoring hardware in the three high-speed
railway long tunnels was 83.4%, and that of the two urban railway long tunnels was 85.5%, indicating
that the deviation between them was small. The mean normal operation rate of the monitoring
hardware in the long tunnels of the five high-speed and urban railway lines was 84.2%.

Keywords: High-Speed Railway, Urban Railway, Long Tunnels, Monitoring Hardware, Normal
Operation Rate, Smart Monitoring, Monitoring Management
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E'g 0] 3g:0] 9] Aol = ZHF Fof| of FA o} -G of| wh} RhEo] w2 w1k 2he =R A olohH, §219] Fo=
YTt E7E A= Aote® TS ol

HE WSRO B EAMA A BdZol7F IKmo ]l BdS % EHEVAO]E} stH, o] ERe AA E9(ASSM,
American Steel Support Method), NATME{'E(New Austrian Tunnelling Method), 7|AIS} A5 B985 <] Shield &
TBME{'Z(Tunnel Boring Machine), 7HZFE*d(Cut and Cover) 2 256k ITHWoo et al., 2017).

AAASANN 4 25 8ol soliRdolls fle -Bololu, FEiTout 7171491 dte = s 4ot 4o
E]2] 201 AR FHIE onlehe Bl = FHASHA ARGE] L QLo H(Woo, 2013), A4 2Fs +=3 A2 47117
(=G4 o 2 JhdksA Aol 4= it

Z1AAIE(Construction Monitoring)<> 71AA-5ALS] AL AA L ALY, G212 A| A== QAR A, AL, -2
A9] @75 Hebslr] flste] AlS7]715 &-86to] a2} A|6H5-9] A= 5735k 9HE EohH(Seoul Metropolitan
City Urban Infrastructure Headquarters, 2014), 71’2 A|5|4] AlA|(Sensor) 4= Al0| 2](Gauge) Tt thdo] Aol Tt =
oS A5 2 Holsh= A|9] 2 %9] @ 42 A] AlZ7]7](Monitoring hardware)f| Z3HETH Woo, 2018).

2 AFoM= FENATME] ol A3 == dubz 2l 74]*—7] ]‘?l AHANF LA, 2old-38A, =4, 23
A, EYA, THHISHA, 3DHESEA, B5HH 5 A AseS APISItWoo, 2021).

ASTee EEFEE S A AN 250 A5 Jr_]f;é }021 AST AE AST x| e Blaste] 2Bl FE
O A &714 b oS- g7Iolal, AREEAY 9 A A5 9 B2 Ssly] 915t e = o 4+ qlrk(Seoul
Metropolitan City Urban Infrastructure Headquarters, 2015).

ZAtEAZolgh HlofE] - HoPd 9 PSS A IAIZ17] Sloll 9414191 71! HH|o 8, ARERIE Y, FAAA HIE
A 55 AT AE TIEEA A 715 o]€joll B4, HiolE A, GAFEE7 S 5 F 7] o3 75 SR AE

=

Z2t}(Seoul Institute of Technology, 2020).
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DA RIS SRS EAE B ) 119 ABEAE 56784, ASEAEE 9341
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AP DSHE WOHE D HISI 2 (2] B 258 =4
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¥thKorea Railroad Corporation Osong High-speed Railroad Facility Office, 2019).

SABETSET 8 AUEd A271719] B4 AFE 71 ZARE Table 17 21, 201535 H 20169714 %
1,4357119] ASZ1717F AR =910 ™, 2019\ 128 ZAMAES 7155t AS7] 3] Aadae oF 3ol 4L4°]‘11
& HE TR 131770, G A S 91.8% R eI A Asgo] E A e Fe s, US|, 3Du A=
AT 100%, P3| 96.2%, 2Held-834] 92.0%, EXAI 91.7%, E-83A] 91.2%, AT UEHL1A 89.1% =
R

Table 1. Normal operation rate of Suseo-Pyeongtaek High-speed Railway Yulhyeon long tunnel monitoring hardware

BHyy i} oF A} ZFE
o chAS AE7171% e’
(% Al7H) £gAH) A F2ES(h) A 2 EE(%) =
A HH-ZH LA 863 94 769 89.1 8
gto]d-g-A 163 13 150 92.0 5
H=4=4A 52 2 50 96.2 4
o2 ATy A9 80 7 73 91.2 7
=170 = oF
(@ 32,101m) 47 anﬁl 24 2 2 91.7 6
FHASH] 81 0 81 100.0 1
3IDFEEHA 12 0 12 100.0 1
BSHsHA 160 0 160 100.0 1
Al 1,435 118 1,317 91.8 -

AP IEET 5 AAHEY AlS571719 A 2FsE 7|22 == Table 29+ 241, 2015EH-E] 2016 @7E4] 9071
O AZZ717F A E.0™, 20194 129 ZAMELS 715561 AlS7] A ] Zatda= oF 3doflA] 4do]m, A 2HE 4=
%%887H Pt 2582 97.8%= UERGTE A 2F5-80] 2 oAl glold-32A, EE-83A), 1 4= 100%, A

A A 95.7% 2 LFERTE

Table 2. Normal operation rate of Suseo-Pyeongtaek High-speed Railway Tongbok long tunnel monitoring hardware

BHdg ) oF AR
e =T
ATHAUSHLAA 46 2 44 95.7 4
= = gtold-g Al 20 0 20 100.0 1
dEd 4 =594 8 0 8 100.0 1
(97 4,519m) A7e87 16 0 16 100.0 I
Al 90 2 88 97.8 -

TAFESEE FEE AS7 78 S AsE 712ARE Table 37 24 27] FHE 7 & €7} S8

o A2 AS7I7 e F 8522 AHHUETHA, 2358, =], B3|, EUA, SEHSH, 3D
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.1;

GEAA|, F5HsHAOIH, T 11,5257 AS7171% 78 25 8- 1405712 4 2682 92.1% = LEHTh

FAFHISAEE & 9 55 AU §2TE AS71719) B 282 92.1%01H, FE g 4 2Fs-gcl =
2 A SEEE 97.8%, goﬂEiH 91.8% A & LT ARH AlS717] 8FRolA 448 Asao] & oAe 761
A, ZLAYSH, 3DTFLZEAF100%, U1 96.7%, 2told-S A E2-32A] 92.7%, EXA 91.7%, A
WEHIL1A 89.4% = ‘/}E‘r‘;’{ﬂr.

_|>4
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Table 3. Overall status of normal operation rate of Suseo-Pyeongtaek High-speed Railway long tunnel monitoring

hardware
Az7171% SEL A CERE
A7) ETAH) e o) A 2 EE&(%) =9
e 863 94 769 89.1
A FEEY 46 2 44 95.7 8
WEHA LA
24 909 9% 813 89.4
SdEd 163 13 150 92.0
2to]d-g A SEEY 20 0 20 100.0 5
| 183 13 170 9.7
Y 52 2 50 96.2
A FEEY 8 0 8 100.0 4
24 60 2 58 96.7
SdEY 80 7 73 912
AL3EA FEEY 16 0 16 100.0 5
2A 9 7 89 92.7
EMA SdHYE 24 2 22 91.7 7
THHSHA e 81 0 81 100.0 1
3DHEESAA SdHY 12 0 12 100.0 1
H53oH E3Ed 160 0 160 100.0 1
e 1,435 118 1,317 91.8 2
ABEH) SREY 90 2 88 97.8 1
A 1,525 120 1405 9.1 -
FENSHE HHEE AIZ? P 12| W 2isE 2M

BRIEET STl FAEA] A% 124kmell = 3770 H'E S FHEE Q] 94 3.2Km o] H9t AAHEE, I
JOElE, 474 20.5Km ] 27 AHEl ot A Al A= AS71717E A= e, o] % 5t
el E2 FrdS ol Soto] BAE S AT B RAlE= ol o HEAsto] AREAl A Al |t
Bl 57 e E2 AN LE AL |7 S AR AR ACIARE B el -#A1 1A
SIth(Korea Railroad Corporation Gyeongju High-Speed Rail Facility Office, 2018; 2019).
BRIEET e Al571719] B A5 7124 == Table 42F 231 20061358 20081 3714] & 302717142
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oL
oz

Eem, 20189 128 ZAMHE 715 AlS71 7] At oF 10801A 128019, 378 2 2 24371, %

=52 80.5% % LFERSTH

Table 4. Current status of normal operation rate of Gyeongbu High-speed Railway long tunnels monitoring hardware

=L SoF ZIAFAFE.
9T ges Az R BET
Gi)) Al &FAGH ZA3M) RAF S 8(%) =9
=54 12 0 12 100.0 1
Ao 20 1 19 95.0 3
ojuo&
sotely gto]d-g-2A 20 1 19 95.0 3
4 A HEF A LA 20 2 18 90.0 5
(3,200m)
A 2 2 0 0.0 6
ek A 1 0 1 100.0 1
27 75 6 69 92.0 )
U A 26 0 26 100.0
ghoyd-g2| 56 8 48 85.7 2
dagd -
20 HAAAY-Z LA 10 10 0 0.0
(13,300m)
APHEH LA 11 11 0 0.0 3
AA 103 29 74 71.8 3)
H=44A 23 1 22 95.6 3
ghold-g-=A| 71 18 53 74.7 5
A8 18 4 14 77.8 4
+4Ed
16 HAAHY-ZEA LA 7 0 7 100.0 1
(20,500m)
AEA 1 1 0 0.0 6
HEFAH 4 0 4 100.0 1
27 124 24 100 80.6 )
A 40 A 302 59 243 80.5 -

G EY)

e EE A 2EEo] 2 A BRIEE 92.0%, SHEE 80.6%, YREE 71.8% &A= LERT:

R nEAE A AZ7)7E A A5 7| 2 A EE Table 59H 21, 37) e ol A2 H A7) 71 = 5850
2 500, 288, 2ol d- 33, At UERSIAL, XA, g2, APHHSIA|, A2 AT, & 30270
AE7NV7NS B 2E 72 24370, 7 2582 80.5% = LIERRAT

7S 3710 A E E RAER] AS71719) /S 252 80.5%01H, BHE @ Y A e g0l w2 e Be
B 92.0%, 2EY 80.6%, DaE 71.8% 242 LrERTE

=
=717] 85-FoNA A Zs-20] 2 SAle dHESE AR AEAAM 100%, TFHEU7] 98.4%, H-337

= [}
d327| 81.6%, LHUTHIA 69.6%, 2EA} AFAMSIA 0% Lekeit,
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Table 5. Overall status of normal operation rate of Gyeongbu High-speed Railway long tunnel monitoring hardware

U T
7171 =c A S BAAEH) TR %) CCRcal
Hole]d 12 0 12 100.0
7= dgEd 26 0 26 100.0
THA FHEY 23 1 2 95.6 3
2A 61 1 60 98.4
i Hoteg 20 1 19 95.0
o E_ﬂ;ﬂ aS4Ed 18 4 14 77.8 4
27 38 5 33 86.8
EHoted 20 1 19 95.0
old  daEY 56 8 48 85.7
94 2HEd 71 18 53 74.6 >
| 141 27 120 81.6
Holeg 20 2 18 90.0
{;gj AxEd 10 10 0 0.0 ]
mopy  BAEY 7 0 7 100.0
24 37 12 25 69.6
g 2 2 0 0.0
AsA F4EE 1 0 0.0 7
| 3 3 0 0.0
opt  EHIEE 1 0 1 100.0
24 24 1 0 1 100.0 :
ApH AgEld 11 11 0 0.0
HeA 2 11 11 0 0.0 7
A% v4HE 4 0 4 100.0
ZAAHA 27 4 0 4 100.0 :
A (8% Al 302 59 243 80.5 -

SEHNEHE FOEE HZ 2 (9] Het ZiE s 24

SHNEELE = S5 @FoA A FF7A] A4 182.3kmo|H, o] o] Q= A 3270 E'E F 1871 EEell 74
T AISo] A8l oH, 1870 B'E T ¢74°] 1,000m o131 HHElE 10708 TV o2 AS71719 B 2 s-& 4=
ARSI, A A 14370 AlS71717F Al =l o] AA| 2= 338702 -5AFFoll 195717F 571 stoled] £6] 34 5 5
A7 EASH S A EE-2 48717 A A & th(Korea Railroad Research Institute of Science and Technology,
2017).
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FHEEE A A5eol w2 Ae BEEY, RYEE 100%, =FEd 81.4%, AATEd 25.8%0]H, SHdEE, #
S1EE, S=EE, AEHE, 2FE828HE, nEHE2 0% FHEE= 2 2fol5 B

Table 6. Normal operation rate of Honam High-speed Railway long tunnel monitoring hardware

g9 H99gm A L e
R Al EAGH BRSNS =41

shEdEld 1,160 28 28 28 0 0.0 5
Ziteld 3,027 31 31 23 8 25.8 4
Bo1gy 1,700 5 5 5 0 0.0 5
FEd 6,340 20 16 16 0 0.0 5
AZEd 7,240 15 60 60 0 0.0 5
e 4,300 24 86 16 70 81.4 3
HEd 1,360 0 48 0 48 100.0 1
neted 2,625 20 32 0 32 100.0 1
oFE2Eld 2,465 0 16 16 0 0.0 5
ntgEld 1,315 0 16 16 0 0.0 5
Al(1071 E'8) 31,532 143 338 180 158 46.7 -

]

ST YOI AB2 P12 gy 2fs 8 blw 24

AR S 270 e, R ESEE 37 T E S, 2 EISEE 1070 AU EE o AS717] A3z vl
& 712AL=E Table 78t 2o, 7P Zol| gt A1 B B4 AT o] 7HY 352 92.1% 2 UERAL, o3l
A G o] 7P W2 46.7% 2 HEREE=T W12 Als A AIS7 171 117, A7), 574, Aol 24 AtE A

[¢}
=M, 37 15EE e B E AS71719) A A5 B 83.4%E 3t

|t

_lt?r

&

Table 7. Comparison of normal operation rate of High-speed Railway long tunnel monitoring hardware

P! AZ717] = HAAFAPE

B o - - O o/o\ : o
HEs Aol Axds &ACH  AAREOE) ANEAEE%) w
TAFEISEE
o211 2015~
(&dH49 32,101m, 2 1,525 2016 120 1,405 2.1 1
SEEY 4,519m)
ARIEHEE
(E2rEd 3,200m, 2006~
ATHY 13 300m, 3 302 2008 59 243 80.5 2
27454 20,500m)
SHIEET
1ot 2011~
(EHH4 1,160m~ 10 338 2013 180 158 46.7 3
AEEd 7,240m)
A7 Al 15 2,165 - 359 1,806 83.4 -
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EAME HOENE HS571710) A HER 2

MEEAHE 56,75 M ATHE AIE7 |7 |Q] MAL RH=g 2
AEEAIELE 5,6,754 A BRI 1471 FHEE SAME st AI571719 48 258 @ 71245 s

Table 83} 2o ™, A2]7|17-& 1995 EHE 1996 H0] A =]9).omH, AZ7]7]1%= & 591717 A2 ]9 J &S HH
2o -5 A 54.7%, -5 A 27.4%, EXA 9.5%, =4 *74] 6.4%, F-A14 2.0%0]ct.
A4 Ak ZF5-2-2-85.8%0 W, AIE7171H A} 2582 7H U0 94.7%, S04 91.7%, EXA] 89.3%, A2

27 87.7%, 2Ho1d-327) 83.0%2] A 2 LFERGTE.

Table 8. Normal operation rate of Seoul Metropolitan Railway Lines 5, 6 and 7 long tunnel monitoring hardware

T A H]2(%) EAH) SN B 2 E5E(%) A Eesl
ESA 56 9.5 6 50 89.3 3
=594 38 6.4 2 36 94.7 1
HAIZEA 162 27.4 20 142 87.7 4
2to]d-g- &4 323 54.7 55 268 83.0 5
FARAIA 12 2.0 1 11 91.7 2
AGER) 591 100.0 84 507 85.8 -

M

MEEAIEE 92 FCHEE AIS2 12| B4 Zise &M
AEEAEE 984 FA EAIA A 1470 e ARl tigh A5 71712 47 258 T 7122 8= Table
99t Zrom, 2717122006 1H-E] 2008 ol A= S0, AlS717]= %5 655717 A E] AL, 7 HlES B 2oy
A 44.9%, A8 A 22.6%, DEE'G ] A TTHEZEA| 11.1%, B9 =797 10.1%, A 220 ZADE
524 8.6%, EUA 2.7%°]tHWoo, 2019).
A A 2Fs-a-2 85.2%01H, AI571718 44 282 EUA 94.4%, 2Hold-3 27 91.8%, H--8-214] 89.2%, 1M
TAA 80.3%, IATIES] ZIBE-SEA| 73.2%, DEHE ] A THESHA 61.6%2] <oA= LHEITE

Table 9. Normal operation rate of Seoul Metropolitan Railway Lines 9 long tunnel monitoring hardware

5 A H-&(%) =LA SN B 2 E5E(%) s &9l
ESMA 18 2.7 1 17 94.4 1
=E59A 66 10.1 13 53 80.3 4
HAISEA 148 226 16 132 89.2 3
2fo]gd-g &4 294 449 24 270 91.8 2
MIHE-S=EA 73 11.1 28 45 61.6 6
ZIHEZEA 56 8.6 15 41 73.2 5
A6FF) 655 100.0 97 558 85.2 -
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MBEAEE 5,6,7,92 BLiEE AS017|2) e 22 Hlw 24
AEEAAE 56,754 1470 el D7 A AR 954 147] el d o] AS717] B/ 258 viu g 7124t
B Table 107 220, ASEAEE 56,754 FHel o] 85.8%, A LA AT 9041 HTHEEo] 85.2% 2 FAeH 3k
Fom, 27) EAERE LAl el A1571719) 738 258 Bt 85.5%F E AT

o

Table 10. Comparison of normal operation rate of Seoul Metropolitan Railway long tunnel monitoring hardware

oy Ayl AZ7) 45 BT
- B Aol AAde 290N AARS0N A A58(%) =9
NETEAAEE 56,754
(F'3A 1.500-2.500m) 14 501 1995~1996 84 507 85.8 1
MEEAEE 984
(27 2.300-3.300m) 14 655  2006~2008 97 558 85.2 2
A7 A) 28 1,246 - 181 1,065 85.5

DEHE S EAEE FOHE2 AS2 212 8 2SS HluEM

5L Bl EAPELE e AS717]9] A8 2EE Bl e Y 7| 2 A R Table 117 200, 4 2Fg-80] =2 &
A SABEIEEE e o] 92.1%, AeiAEE 56,7941 FHEE0] 85.8%, AatAlEE 9241 e do]
85.2%, ARIAEE FEE0] 80.5%, SEIEEE FEld o] 7P e 46.7% 2 LERITE

370 D& AT GHEE A571719] A A8 Wal-2 83.4%0 19, 271l EAE L A A HEE AIE 71719 2/ 2
5& W2 85.5%S Ko Waks IA) = Ao R vehon, 14 37 At AP 270 A S Rt 57 el 0
e AS71710] S AeE Bk 84.2%E B,

o

Table 11. Comparison of normal operation rate of High-speed Railway and Seoul Metropolitan Railway long tunnels
monitoring hardware

2 3 AS7171 % A=
B R L)) AAEE ERACH BRRECH Y AER =S
L AEEA 2 1,525 2015~2016 120 1,405 9.1
T4
e ; | 3 302 2006~2008 59 243 80.5 4
A 10 338 2011~2013 180 158 46.7
AAGA A 15 2,165 - 359 1,806 83.4 -
MEEAEE
_ 14 1 1995~1 4 ) 2
A 56754 59 995~1996 8 507 85.8
= = _ < 14 655 2006~2008 97 558 85.2 3
95 A
2AN =4 28 1,246 - 181 1,065 85.5 -
A(57] Al 43 3411 - 540 2,871 84.2 -
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28

2 =E2 1EH e BAEE e Al57]7]9] B 258 AP Slel nadE e d 37 A1) A
VEAL | FRIEAE S nEAE el EAPEE AEld 27] L) AREAIEE 56,754, ASEAEE 954
o g Bdd A5717]0] 44 AFs-aS wAote] Fiedolld AREAS S B9 728 o de)rle i 1A
AT 71e Eel 71ofslarat 78 st o, A7-Adte thet A

= o 1
Ae FEEE 97.8%, EFEE 91.8% A 2 UERAT A3 AS717] 8FFolM 8 2Fsac] w2 A

S, FHRASHA, IDFLEHA 100%, 755U 96.7%, Bl S et B 02.7%, =

(2) AF&EAE 37 FHEE AS7]712] A 2582 80.5%0 |0, e 9E A 25-80] L& A= Eoted
92.0%, = JE'd 80.6%, YA 71.8% A= UENTE A2 AlS717] 8&FolA 8 2580l =2 oAle
RS AR AEAHA 100%, TFHTUA| 98.4%, D824 86.8%, 2told-3=1A| 81.6%, ATHHUIEHSLIA
69.6%, XA AFARIIA 0%2 LR

() TEIEAE 1070 FHE 'S AS717]19) A 2582 46.7%2 B2 774 v|s)] A 25-g0] Ags] W
LERTh el dE 44 2Fe-go] =2 oAl B, BOTEE 100%, e ' 81.4%, ZATEIE 25.8% o],
SPAEY, F-818d, 948, AgHE, o828, T EHE2 0% = e dHE & 2fo|E Bt

(4) A=A 56,704 A-SAT AR A 1471 HiE Dol tiRt AS71719] A3 2Fs-a-2 85.8%°1H, X H A
Z717] 5EFOIA 4 AE80] =2 Al IS 94.7%, FARAIA 91.7%, EAA 89.3%, H-e=A
87.7%, 2told-3-217) 83.0%2] =4 2 LrERT

(5) AREAAEE 954 1AZAL EAIZ S 1471 el dell thet AlS7]712] A4 2a-8-2 85.2%°1H, AXH AlS7
7] 6570l A A AE80] B2 A= B 94.4%, 2Hod-82A] 91.8%, HE-SEA 89.2%, IFHEEAA
80.3%, HIATZE0] EI | EZ A 73.2%, HEE D] AIHESEA 61.6%2] <412 LrERITh

(6) 1EAEE D AR e 'S AlS7)7]9] A AR50l 2 Al SABHIEEE e 0] 92.1%, A=
A 5,6,754 el 0] 85.8%, A2 TAIAE 954 e d 0] 85.2%, HH114H E HTHE'E0] 80.5%, S
VEAHLE e o] 7P W2 46.7% 2 UFESITH

(7) 370 1EHEE LA FEld Al571712] 4 2He-& B2 83.4%°1H, 271 EAEE A AHEd AlS7]719]
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