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ABSTRACT

Purpose: The objective of this study was to improve the tunnel maintenance and monitoring technology
by establishing the maintenance, management, and monitoring standards for shield and TBM tunnels,
which had been applied more in recent years. Method: This study comprehensively analyzed and
compared the data and model simulations of Seoul Subway Lines 7 and 9 and Bundang Line, shield and
TBM tunnels in South Korea, tunnels in France and Japan, and Channel Tunnel in the UK. Result: This
study set maintenance and monitoring standards when there was no design estimate based on numerical
analyses such as section design and section analysis regarding the maintenance and monitoring section
of shield and TBM tunnels. Conclusion: It is necessary to determine safety by comprehensively consi-
dering not only each monitoring item but also the changing trend and correlation of all items and com-
pensation of the tunnel.

Keywords: Shield & TBM Tunnels, Management Monitoring Standards, Segment Concrete Lining,
Channel Tunnel, Tunnel Model Experiments, Results of Numerical Analysis
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ME

Bl H2 A WA, 224, EEl Al o g LEekal, FAlolle QlEE ), dakazt, 7| AEzk e 2 Uie, 714
Alofli= Shield B'@-3 = TBME| 2534 2 = 52K Woo et al., 2015).

ShieldEl'd-> A2 e5-S Aol Dof Yol 1 HjFellA EALe] F1E HR]otaA FshA Z2tskal SAlo 2=
SIERofA Eldete|d ATIHES AX|ol= -2 Tolal, TBM(Tunnel Boring Machine) E]'3-5 -2 =2l 4] B2 4]
27k2] Z71AN 2] Elo] Sl tit ZRP|AE WolH, dRtH o R P TBMY} AETBM O R ERItE Shield
TBMEE3 2 FHANES 2|3 4= Qs Ho7k o] F4r]o] 9= TBM= Uit

durzoz EW**MVH 74]2_ SAAET AR AIS R s, SAAISS = AN 22 84 5
< Hekslal A0 eF g S o2 Al Fe] oS ERlotal AV EHE £4 0 2 S=8E]H(Woo, 2017),
2 HE A2 oln] kg %%EOH tiste] B-8 SOl 220 2 FEo| ok Eolvt 24 o] fA e} s At
Ho|1l dA&2Q] oA MAk=E Algote] agHo]n FAHR FXE fAIEE ) 7ol AE FH R Sy
2AHWoo, 2013; 2021).

Eld fA1EEAS BRIV B4R T E Qo AISFEER 12} 7], 22t 715(F9)), 32F 71 WY
A 0 & JShH, Z[Hke] AF/gEeF oAl 2 9 Aol 52 alefsto] AAstofof Rt Woo et al., 2012).

1% =22 Shield @ TBME'9 9] FA1 2] AS Be)7 1 A 216l Al 27101 A% =W Shield ¥ TBM B A%
o 1 il *1511 0}14 924 9091?-9} 2J5Fd 754 7% 70387 9 70457, T 35 PISHAEE ASAIRE

o)

=
‘%‘ T BMEHPJ vﬂ%ﬂﬂ% J&ﬂﬂ% A< 551 HE fAREAS ZIe el 71ofstalAt <ttt

Lj Shield 2 TBM E{ide| QXIS B2 |E 24

MEX[5FE 954 90937 Shield E{d &M

2|54 95/ 9093 ShieldE]' 2 2] NI IHE 232 E glo]d-2 9170] 7.4m, W7 ©] 6.7m, F717}10.35m, 232 E A
Al 71273 (fa) = 45MPa, B FEE(f) )= 400MPao|™, A THE FH 2| E 2fo]d ] g2 9 ¥ <] 72]7]5-2 Table
13230, AIIHE 232 E gto] g o] g2 AR= 35T 3704 5 12077 A =gl o™, A IHE 232 E 2to|g o]
2 Y33 = 3k A= Tk Kim et al., 2007).
Table 1914 A|THE ZH2E gto]id o] -8 a7} Zdehz]ste] 22} T 7|52 32H71529] 80~100%, 12+ T 7|52 32
71522] 80%%E 02 A5t WHol| NI THE F3 2| E 2o]d o] g e 23 W] 7|52 3217152 39%, 13+ 7]
T2 3271559] 31%2] W2 gho & st F AjolE Ho|1 Qli= A0 2 A

o

MEX[6PE 734 9% 703351 Shield E{'d __FAJ,
25k 754 A7 703272] Shield 0] A THE Z32]E glo|yd

32 9]
Y E AAV A E(fu) = 42MPa, B FEAE(L, )% 400MPa°|H, A ITHE

o] 7.2m, 7o) 6.6m, F77F0.3m, 2=
Foe|E goldo] AZp] 7|2 A5 e A
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Table 1. Seoul Subway Line 9 Section 909 of stress and displacement management criteria for segment concrete lining

a. Stress management standards for segmented concrete linings (Unit: MPa)

= 12} 7]5580%) 22} 7155(80~100%) 3%} 7]55(100%) H| 1
X _j_l:ﬂ ESH _ - =
f ° 14.4 14.4~18.0 18.0 SIS A A= s, = 04 £, =0.4x45=18.0
(MPa)
b. Criteria for crown settlement (Unit: mm)
T 12} 7155(80%) 22} 7155(100%) 32} 7155(100%) H|1
Hzlst s
) 19.9 25.0 25.0 o1&} Bld 52|54 A3H(19.9mm)
c. Criteria for inner displacement (Unit: mm)
T 12} 7155(31%) 22} 7155(39%) 32} 7155(100%) H|21
g1 A Y 2x]epd Az
() 7.8 9.7 25.0 o1 g 264 A7K7.8mm)

=SEA Aebd dER Ao d AS AR 2P (SMSCH, 2002)5 7IE 02 obs Afalld 71E2], 718 @) Al

A5l ey, =2 0 21%-9] oF 30% 2] A 9] 52 Afste] Aol AlSRt Atel Bl 24 ek = A%l
S AEEE 715 2kl eH, AR E 22| E Slolid ASEE] 752 Table 29 £t

Table 2. Seoul Subway Line 7 Section 703 of segment concrete lining monitoring management standard

AET=E 12} 7155(50%)  22F715(75%)  3AF715(100%) H| 31
W5 2] (mm) 8 12 16 Y 52514 A7K16mm)
AT SHmm) 8 12 16 B3 21514 AxH(16mm)
MTHE QIAE 17 H(tonf) 2.8 42 5.7 AE L] 518-4](5.75)
M IHE o] 25 ¥ (mm) 2 3 4 v A A TH4mm)

Table 204 U5 9] 2 3]st Wef7 | B'd pJelA Harade] 421614 2zt 71 2 44Q1 16mmE 32
g7|Fo 2 AAstglom, 221 Tal7|E2 32 W] 7|59 75%, 12 T 7S 34} J*EP]%J 0%ZEo & A5t
MTITHE QI QIS |72 AR E QIET9] 61823 5.7tonfE 32 7|50 2 AAstal o M, 22 e

7152 37 P71 75%, 12 )7 |52 321 7129 50%, 780 = skl

AITTHE o] 3-7-0] §19] ] 7|52 Al THE W= A9lo|A ThEoh=4mm 9h& 33 7 |20 & A6l o, 24¢

7|2 32 T2 7129] 75%, 121 Te)7 |2 321 e 7|29] 50%, #ho= A7 skalrt

MEX[GIE 724 Q3% 70438 Shield B2 24

2J5Hd 754 A% 70457 ShieldE o] M|THE Z3 2] E gtod2 @]70] 7.1m, W7°] 6.5m, F71710.3m, F72]
E A= (fu) = 48MPa, B FEA=(f,)= 400MPac]™, ShieldE|'2 €] 732 A E W] 7]5E2 Table 33 241,
AlS] A AL Table 49 2
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Table 3. Seoul Subway Line 7 Section 704 of shield tunnel building soundness management standards

w a4 71EA AT EWD A g =2
7 9l(w6) 1/500 1/1,408 1/500 ;Zz [
F|o 3 6 max) 40mm 5.931mm 40mm T 415
-5 51 dmax) 0.0038 0.0018 0.0038 Az sl
47 MY E(eh) 112,000 113,074 112,000 s

Table 4. Seoul Subway Line 7 Section 704 of shield tunnel monitoring management step-by-step countermeasures

T = el 5w a7z e

Level I FO Q4T Smm/day ©14} AERE 27}
Level 11 Ai 5= -5 10mm/day OF AR 7Y 5O ST A8
Level I1T 913 <= i e e M AFRF W 7RI A1

M 3371 5K Shield TBME{2 24

A1 357 §F35HA Shield TBMEI'E O] A THE FH 2| E 2o 217301 7.8m, W7d©] 7.0m, 57471 0.4m, £
EAAVIEIE(fa)E 45MPa, A FEE(f,) = 400MPac |, ZI2|E 5]-8-382 HH 5|88 U583 (f)2 0.4x
f 4 =18.0MPa, 3-8 23 (£,)20.13 |/, =0.87MPa, 5-& IS (v,)-2 0.08 /T, =0.54 MPa°]L}.

Shield TBME'd 2] S B AIE BE)7 52 Al 1THE Z3 2] E 2folde] thgh-§2] 7152 ¢lal, Table 59 o] $19]
2 & 719w o] 9137, Shield TBME'E S0 G52 M550 552 o[ F1L 9LOH, Table 67} o] A

EE71&HRl(JTTA, 1983) FHFsw 2AARE 72 stof thaat go] 4

ol
s
&

Table 5. Bundang Line 3 Section Han River Lower Shield TBM tunnel of segment concrete lining monitoring management

standard
Az TE 12} 7]% 22 71% 3271 o3
(YHHI 5571%) (80% ©]3hH (80~120%) (120% ©18)
g U5 9](mm) 12mm ©]3} 12~18mm 18mm © A}
L =] =
o 25 (mm/day) 2.8 o]} 2.8~4.2 oJ5} 4201 (Qi?}éﬂiﬁi%ﬁxf%a
- = 71E - =
s 2= = N Ovod . o ¢}
A5} A SKmm) 12mm ©]3} 12~18mm 18mm 15mm, B9 E3 Smm/day A8
2 (mm/day) 2.8 oJ5} 2.8~4.2 0|5} 42 oA

Table 6. Japan Tunnel Technology Association bedrock grade analysis data

T= a1 RFEF I RFE I ARFEEIV ARFEFV
2|+ 913 (mm) 43 53 15.0 26.0 68.0
H 014 (mm/day) 0.7 1.0 3.5 5.0 7.5
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Uf Shield X TBME{'2 SXIZE|IS Rap |z Baizm}

ATHE 23e)E sloldo] Eus] 9 ekt A% BelrlE

KA EAZINA R RO Wt 27151 9541 909 B2 754 70337 B 70487, A VA Bk S
oA Mg B 357 SS9 shield 2 TRMENE Al THE 232]E alolde] yizsgl 2 Ag-dsto] A
2 Perjag Qo Qe Table 77} 2T,

Table 7. Monitoring management standards for inner displacement and crown settlement of domestic shield and TBM
tunnel segment concrete linings (Unit : mm)

=5 12} 7] 22t 71& 32k 71%
TR | =S5
o B @ ) (@‘Q%—‘i) ol
9095+  HEHe 7.8(31%) 9.7(39%) 50(100%) -Ed 525127 H-8(7.8mm)
(el - ; ; . o P
e 6.7m) deHdst  19.9(80%) 25.0(100%)  25.0(100%) -E'd X527} 2-8(19.9mm)
K g3 s 8.0(50%) 12.0(75%) 16.0(100%)  -E'd $=x|s}4 27} A-8(16.0mm)
el _
( 6§m) ° Agst 8.0(50%) 12.0(75%) 16.0(100%)  -E'd Z=x|8 27} A-4(16.0mm)
=T 12.0~18.0 A EE Y| eH 5] Bazta Qe
LLERYC RS Y _T'_]?_:lo 12. 0 18.0(120°
R T W T kL gE
T ot -
(=1 12.0~18.0 LR e &E 5] B R eE g
Zt}2] & 0 0,
7.0m) ATHsE  12.0(80%) (80~120%) 180(120%) o) gy iz orer | 5mm)

O

Table 704 A&215Fd ShieldB'd AITITHE 2tolid 9] AlSe]7]|e tii= oA B et #2o)A AE
7o 2 Ar o] zatol= glony, 12} Tefr|e2 exlohA ATl A ER] 2] 31~80% M, 22 TE]715-2 39~100%
e, 32k T 7|52 100% S -85l Qs Ao =L

251 924 90957 19w A SR Stk o 2 ' mefjEat el A0 2 HdsA Axt eldete|d o
2 U] 9 Hidskge] 25mmE 7|0 2 shglom, A5k 7541 7035 1JH e X R 2Ho & EE4A]
Ayt el 2told 2] 2E el @ HWskF 1emme 7w o2 2853k

HobA 32 174514 Shield TBM E'9-2 RMRAISG7}F30~35, Q7te] 4.25~9.652 78 9 A7} tha gk ko3t
A= RSOl I-IVelH, sdshA|eld HelS ZRtoto] RFHER1 e -8 28510 Table 717} o] YEE'E
7193 2R} B oA ATHE A-goto] ATIHE 2o]d <] XE ARt HelE TS Aol

B34 357 514 Shield TBM E1'd 9] 12} ] 71552 80% oI5k, 221 T 7152 80~120% B, 32+ TE) 7152
120%<1 18mmE A-83F 712 iHsgo] Ml 74 L HLIF2 15mme] 1, dRFEHo] IVl 749 259152 26mm

= ol5 #to] thef Hatatel 20mm A2 WR|7Ee = At 2l o= A F Sl

ATAE 2ol 9] AlE H2)71E

AE25H 924 90952724 70357 2 70451, EF4 357 RS HEA EE 5] Shield 2 TBM E'E A|TITHE

A
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efolide] $2 A% wel71Ee 9ok Helohd Table 87} ZOR, 124 Tl 7150 213014 Aviel A 50~60%
B9, 27 1712 80% ), 37 Tel |2 100% S AE51 gl Ao Bl

Table 8. Domestic of segment concrete lining monitoring management standard

ST ASTE 12} 71% 22k 71 3271 H| 1
= 14.4 14.4~18.0 18.0 -Hd S5 At Ae
95 HYEA(MP
95T BEAMP2) (0.6 fea) (0.8 fca) (1.0fca) 318 U3 fru=0.4 fck=0.4 X 45=18.0MPa
-E'd Ao At A8
L 2.8 42 5.7 AITIHE Bhold-e we7|E gl
© ofiE(tons)  (0.5p,) (0.8p,) (1.0p,)  -SIAEZo o1 15552 45% 5521
57E A8
7045
- - - - AH|IHE gloly 28 I 7] Qs
R ]l gtolyg -3 27]& $

9| Shield I TBM Efdo| SXIZR|IS Ma|7|Z 24

mA XIEH(Chatalet) XIoFE oREL 241
At Aok SAAe] A Al FATALA] Axte] oA lRE A4 0 2 Tsl] S A RAIAE ol 886

= i
e|ASe] A=l om, 22 2lokd A E o WEE2 12m, WE=ohe Sm= AS7 | 15m FEf HIAME
107120 A28, gePEdls S48 1sme #5mmE HE7|Ees AAshal qlom, HigE=R Aklstd

0.0003(5/15,000)2 2-85F1L Qli= A 0 =2 24 =k

2= Mo|ZKSeikan) B =4
Alolzt %ﬁﬂ g2 &780] 11.1m, W32 9.7m, FAK= 0.7mo]™, ‘41%’-?‘3%’43* 712l 47 10molA] £3mmE

AA7451al §) 2 M(Maeda et al., 1992), HEEZ AFSHH 0.0003(3/10,000)S A-8513L Q= 2 02 BAE| QL) it
AE WEH H ] 72 80 H | ZF 671 211 F 48071 =11 57 7:‘?% OF-E 1~2mme] HeP7FSA =L, X
6H F|o AP 2.2mm, H|H 5552 3.5mmE B'd SRERAL 23} ol A5 k] o8]

o4z} TabAo| {=l(Channel) E{ £M
Adeld 22AL R F ETH ASAHE Aote] Ze7iAE A THE ZA2E AR Alof| G218 A5~
= 2|51 2™ (Moore et al., 1996), SA5- BB Hof| tiol] A5 21} E41S AAGITE B2 9] A THE gold
] 972 5.6m, W72 4.8m, F7k= 0.4mo]H, A5 B e A THE 2o]d o] §A 82| AlS 2= Table 99+ 217,
ASALE AAER 2folH Fig. 12+ Lt
ASA e} AA oA A ZI 2 E glo]d -§22 AN AE-82 o] 271HE] AlS HHd 300 o] Aol Xt
3.82MPa H<9]o|m, Yol A= of&-8-2o] g 1.28Pa S Holort 23 Algo] A3 A7 3002

|
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ol

o2 Zgt=lo] Xt 12.24MPa2 =W 23 ES] & PAF=(T A £, = 0.63 /1 = 0.631/40 = 4.0MPaE 37|
Zafsto] Aok FH 2 E gloldof| fFo] SR AT, T3l 5 T HA| ZAE 2lold -§22 eHoA ef5-8E0] A
= 747 3009 o Aell= 2H 2.93MPac ], YHoA = 5-820] X[t 6.12MPaE Koot A Algo] Al At
A 300¥ o] 5= Fd 14.79MPa 2 F2A5H Z71= ek

FIE glo]d o] o= B HTke o) 9 2mm7} A4-5td=d] ZHAE] Al3E A7 300 Lol 2.0mmollA]
5.2mm, 7% 3904oi=5.2mmelA] 7.2mmE FASHA A5kl o™, T ULt Xt 9.8mm 7t ST o=t

rol

Ir

oH

45301 31 300K 2 2mel 4.3, 4 909 e 8 2 B4 371 2
BBl A1 g Beick

S E gtolgof @IS B 390Ul A1 HAE'E HhEolA B =), o] w MteH o] ZaHE
HO] QI-gE2 9.43MPa, T2 7.2mm7t Aot oW, 95 FUEA| QHe] 2

I E gtold 4E-32L2 3.01MPa, HHO| U532 14.02MPa, T W= 8.3mm 7} 571510 =] A1 Al
= P71 23 E ol o] & (| Al SHMMPa(ZE)FIAE A IHHE AA|7|57 5% 40~45MPa)2} $19]

Table 9. Maintenance monitoring results of Channel tunnel land part auxiliary tunnel segment lining

) DFAE AL E 2ol -§E(MPa) 9] (mm)
i AHO FEIPUR) . 3% U
AP Hg QHBP Sikabrs s T iy

0 0 0 0 0 0 0 . . 4
30 2.55 1.28 217 472 ()13 11 o

60 3.06 0.92 237 535 ()14 12

90 3.17 0.83 245 5.46 ()14 1.5 .
180 3.49 0.54 2.69 5.82 (1.7 1.8 =
270 3.8 02.6 2.93 6.12 (1.8 2.0
300 433 (0.51 331 9.94 (2.0 22 Re
360 6.12 (91.35 3.19 10.45 (5.2 43
390 7.65 (9.43 3.01 14.02 (7.2 83 ;
450 7.90 (10.83 3.06 1427 (8.3 9.0 Odm,.  480m  04im
540 841 (1173 3.19 1453 (9.0 96
630 8.67 (-)12.24 3.65 14.79 (-9.2 9.8 (875 BEE)

|

9. 1—_§(+)7 o]x]-( -) Hol. _7]—(4_) 71-/\
-2 Al RINSTH(90.7.15), RTSEJJ( 90.10.2)
- 23 eI AL)  05,/F, = 05140 = 40N/mm? = 4.0Mpa
- AEZ3d 3900l B Aol A F G (1782 9.43MPa, HH2] 7.2mm)

_l
P

_E

Aded ZYAAE ZHE 2o o] F AU Al -5 H ¥19] H| W AR Table 107} 20, of 7|4 QLAY Al 2
T2 E o]y o] Mo 4532 o= ZohhA)| U4 14.02MPa2 A7 |4 E £,=40MPa 2] 35% % 5]-8-3-8 A4
HOo = SMISHA £,70.4 £4=0.4x60=24MPa®] 0.58f.,.7} Hlct. X[t Q1788 HAHA] 11.73MPa f, = 0.63+/fck
=4.0MPa®] 2.93,% Z Zt= UER=t] oli= AIEAE TeAE glold o= QIR BRI 34| ZH8H 2o s
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=ae|setoly S2in wel
(mm, MPa )
15 15 /‘(W
12 n H =3 =
" 7 .
/ F/A*/ﬂ — A Fclelw
6 6 ——— 4
/-/ 232l | —A— Henge
3 3 ztold 58
00 T\S—-@—G\e——e_:\\x (o | 7o Tasene
_3 _3
: \A —— FIEUU
o \S\e\n
9 9 \\\ o o —Oo— mehue
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Fig. 1. Stress and displacement monitoring gradient of Channel tunnel land part auxiliary tunnel segment lining

T_.% Lﬁl-‘

HAE v A Al AFolA 7.2mm, T WEolA 8.3mm7F FAEo] BEWHO 27F0] 4.8mE FAHPES
0.0015(0.72/480)°]™, S W $1= 8.3mm=E S~ HHIE-2 0.0017(0.83/480) 2 S-Z|HAFEV} H]S=51 e Q)
om, ZAEO] FMAYE 0.0032] 58%7FWYH A o2 A=t

A d o] ZHRE ol TPAAE A|TITHE 522 12| FA o, -e|uete] tiiRe] ZH2E gtold
Sel el 0l A A9 B9 7.2-8 3mSR G AL Aol ghe Ao
THHET
Table 10. Comparison of stress and displacement at the occurrence of cracks in precast concrete linings

melj e ZHE 2ol SE(MPa) #9](mm)
2 o = zohy -
T2 HAHO) = SYHARC) P Zonpz H] 11
Q| kil oA ikl
360! e 7 6.12 -1.35 3.19 10.45 5.2 43 =il Z}é 4.8m
0.15f, 0.35f; 0.08f 026f,  €=0.0011 €=0.0009 -=F°I'd F710.4Im
- fu=40MPa
7.65 -9.43 3.01 14.02 7.2 8.3
3002 FAHAY A] -£=0.63/f,, =4.0MPa
0.19f 2.35%; 0.08f 0.35f €=0.0015 €=0.0017 SFHFEZ(¢) 0.003
woq IR 8.41 -11.73 3.19 14.53 9.0 9.6  .ZJupA A WOl
BAE FEEA 0211, 2.93f, 0.08f4 036fsx  €=0.0019 €=0.0020 7.2~8.3mm
-UE - B - A -
=2| Shield 3! TBME'E FX[22[HIZ 227 1E 244E0t
ATHE 2IE Solde] thas) L AHstAS BerIE
A A AsPEE Y, A FH s D Ao EY, F=at ZEAS AEshs AEEHE O ATIHE gteld A
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0.00212 232 E o] HFE<1 0.002
mzj0} ol

S

=0
=
11—

T A 2] e 4.8m 2] AH|2 B Dol FA Sl 0]

sHASEEIE2

[e] R
HPASE A7} Sl o, A EHAY 7 QIR 4~5Smm=E HPE-20.00100]1), FEEAY Al=7~8mm=E H1FZE0]0.0017 &
9~10mm= ¥y
=ik

oA

B2 Bdad AREY

o
= Uiet =e] 9] g FFE 2o tigh &
e
A EA(Lee, 1998)=20f|A]

= #7152 22g@sHd Table 113 &tk
F9) A IHE 2A2IE ol JA} LFAS A
L7} sl Rt QY & T A oA H RS
o} e 570] 2k Bk B B BT B E ol do] A9l L ALY
A= S 15mT £5mme]™, HPE-20.0003= 285k Q= A 0= 24
Table 11. Monitoring management standards for inner displacement and crown settlement of oversea tunnel segment
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Table 12. Concrete lining generation displacement by tunnel model experiment
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Table 13. Shield and TBM tunnel maintenance monitoring management standards
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