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Abstract

The first TBM introduced in Korea was the gripper TBM, which was applied to the
Gudeok Waterway Tunnel in 1985. In the initial stage of the introduction of the gripper
TBM, many applications were mainly focused on waterway tunnels (Tunnel Mecha-
nized Construction Design, 2008). Currently, the construction range of gripper TBM
in Korea is widely applied to not only waterway tunnels, but also subways, railway
tunnels, and TBM+NATM expansion. Overseas, gripper TBM is generally applied,
and even when NATM tunnel is applied, it is applied as an exploration tunnel because
of the excellent advance rate of gripper TBM and used as an evacuation tunnel after
completion. Due to the fast excavation speed, the application of the gripper TBM in the
rock section of weathered rock or higher can minimize the environmental and civil
complaints caused by creating a large number of work areas when planning long
tunnels or mountain tunnels. In this study, the work process of the general gripper TBM
was analyzed by analyzing the construction cycle and the gripper TBM with a diameter
of 2.6~5.0 m, which was applied the most in Korea. Downtime was investigated and
analyzed.

Keywords: Gripper TBM, Advance rate, Downtime

z 5

o]l A £Q4% TBM-2 Gripper TBMC 2 1985 19 =2 Ede] A-85]9]ch
Gripper TBM =%} 27[A7ol= =2 2H'E F4 0= 28 20| otk Tunnel
Mechanized Construction Design, 2008). A} =fLjoll4] 2] Gripper TBM 2] Al 3¢

Journal of Korean Tunnelling and Underground Space Association 393



Jinsoo Park - Ki-1l Song

+ TEHYEE EE0l1 A6k, AT HE, TBMH+NATM 2Hge]| o|=7|7k] ull$- theebA| A8+l Qi afe]oilA
= Gripper TBM 2] 2-8-2 w0 NATME]E A& A% Gripper TBM @] -8 =718 wzof| FAE A 2 &
851 97 Foll= TE R AHE T, w2 FAA R Qlstel Fale) ol o] QIEION Gripper TBMO] 48
© el ol Atoteld A2 A ] 4978 RHS o] MAJGR S0} RIRLEAE A4e} 84 glek. 2 o]
Al =ioflA 7Fd go] 21-8= 0 E 2178 2.6~5.0 m©] Gripper TBM O] H271&3} Al gAol 2 wAlsto] RF2I%l
Gripper TBM 2] 2FA78-& EA6101 E2%1E 300 m/month ©J6l2 27183 71530H Z2AE O] DowntimeS &
A} 2Es

220§ 121 TBM, 2718, theErd

1.ME

[

7| AISt=2A 5 ol 4] TBM (Tunnel boring machine) ] #%1/d5-& dl&ote A2 Al Z2HES] 7|71 Y
v 8= BAsk=t 3ol T-agt Higoltt. AZ 78 (advance rate)> TBM 359 8 SHA =M Al571=
S5kt E85]1, A 0B T FAH] oS0 o] 8=, o]t AEXE-2 TBM7H| 2] 7F5-E(utilization)
¥} =27%-8(penetration rate)—J .07 APgeh 4= Qlth(Lee, 2020).

AU © & TBM2 o-83t 7| Alet =2h2 2 712] 212 Zeloh= 4710 eehaig] o= aiuli=t, 2719
22 710 A 9 2] 52 Qs 2 AARto] TAYSHA Fltk(Farrokh, 2018). o]2?t X AATRS: ThEE}
(Downtime)©]2} 5FH, thEErY] o] S7Fete] whet AgH| o] 7F5-&0] ZAsHA H=t o= 371 & FAM[2 &
7H 25| Elok. d9HA 0 2 TBM O 7ha-a-2 A1 21 9 ] = IRt theerelofl et 5% n|TH el
50% O VA7IA] Akt 4= ek &4l Qlth(Jing et al., 2021). Z1AISF Al o] A0l 1ol theER]-S TBM
O 7Fg-goll 2132191 Y mlA7] whizell theEtlo] Ash= YQlES wAlskl o & F|Asket 4= Q=
kS HAllstojof it

Farrokh (2018)-2 7]& - Rlof|A] W= H 2071=12] 8971 ] E'EA|F Ho]ElE ZAboto] 7]E9] ThR-Er]
A5 o] Avjet AA| edAlE HlofB7F 2 AT HAIE HolH o5 Hekslr| flof| AlgHlolE 9 A5
S E5f A2 theErY] o= S AAISISATY. Jing et al. (2021)2 4314 TBM E'E Al ZT|o]E S o]&5}0]
=27kE 9 7 E oS BREE TR o] E of8ste] Aatles dSske RES ARSI Ko et al. (2019)
2100997} o] Al B41-& Fol TBM @] 7H5-&, A5E7), TBM S5 2] TS o 2 of % 3l =4]
= 85kl o] & 59l 7HEs& oIS RE& sk ol2et 52 = 2] Al TlolHE o]85te] 7he&
& REg FAstget. T uiel sflele] Atz A trEm, = Gripper TBM S| THERY] 0 4o Tt
AR A= X3 vt Ik

wEbA] 2 Aol A= 217 2.6~5.0 m @] Gripper TBM Al H|O|HE ©]-8510] ThElelof| FF& vl &
& Aokl Gripper TBM Al-5ollA] ZF2Fo] AlgAtolE @a-50] XA ]| A= Fake 416k
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2. =LY Gripper TBM 3%t Gj|O|E{t{|O| A&

2 A+olA ARSE =11 13709] Gripper TBM @7 H|o|E] & o]-8-5to] F1=5 H|o|g{H|o]A=TBMS] 4]
B @, A 5, 19 U4, AR AjolZoll A AR5 Hlolel olol 3
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>

Table 1. Summary of gripper TBM database in Korea

No. Project TBM Dia. (m) | Construction length (km) Rock type (UCS, kg/cm?)
. . Andesite (400~1,500),
1 | \ 1 . .
A | Ulsan industrial water supply tunne 3.5 18.12 Biotitegranite (600~2,000),

construction Granitediorite (800~1,800), etc.

Seoul Subway line 5, section 5-21

B . 5.0 1.256 Granite (1,200~1,300)
tunnel construction
Yongdam d t .

¢ | Fonedatn cail walet conveyance 3.8 21.108 Andesite (800~1,500), etc.
tunnel construction

D | Bukak tunnel drainage construction 5.0 4.789 Granite (650~1,235)

E Metropolitan area wide area wate.r 5.0 3.97 Gneiss (600~1,200)
supply 5th stage tunnel construction
Mi i .

p | Miryang dam system wide area water 2.6 5.74 Granite (1,500~2,500)
supply tunnel construction

G | Water supply system adjustment 3.0 24 Granite (800~1,300)
project in the lower Han River

h .
p | Gangbuk Jeongneungcheon water 3.0 4331 Granite (1,000~ 1,500)

supply tunnel construction

I Han R¥ver51de standard rainfall 30 0.899 Gneiss (200~700)
extension work

Pohang wide area waterworks project Tuff (600~1,000),

! tunnel construction 33 4361 Andesite (800~1,600)

K i‘v’i(:f?uﬂ‘fzi;ﬁg:szx discharge 3.5 3.835 Andesite (800~1,600), etc.

L Baehu Ryeong road improvement 50 4.89 Granite (600~1,500),
construction Gneiss (600~800)

M Yongyeon-dong area natural )8 12.088 Granite (600~1,500),
flow-type manual tunnel construction Hwasun andesite (2,000~3,000)
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Cas Case 2 Case 3 Casc 4 Case 5
Granite Granite diorite Andesite Gneiss Tuff (25~3.0m) (3.0~35m) (3.5~40m) (4.0~45m) (45~50m)
Rock type TBM dia.

(@) (b)
Fig. 1. Number of data according to rock type and TBM Dia.
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Farrokh (2018)=TBMA]-5<l| ¢lo] thElS] @42 Table 22} o] 127122 A oJgt v} Qlek. 1#u} o]zt
TH-EFY] Q4= Gripper TBM 225 ofu]2} Shield TBM 2! Double shield TBM 2] th-EFY] QA4 T3 L 31E| o]
o™, =] Gripper TBM O] TheE1Y] 8 4= E'd @4mit} tha 2ol & Hol= 215 SRlsirh

Table 2. Downtime categories identified in different tunnel projects (Farrokh, 2018)

1 TBM, Tpom TBM breakdowns times

2 BU, Thy Back-Up breakdowns times

3 Cutter, T Cutter inspection/change time

4 Support, Ty, Support installation time (planned)

5 Regrip, T, Resetting times of TBM after each excavation stroke

6 Transport, Ty Times related to muck transportation and unloading

7 Maintenance, T,, | Routine maintenance of cutter head, TBM, and back-up

8 Ground, T, Downtimes related to unfavorable ground conditions (additional or supplementary support)

9 Probe, T, Probing times for ground exploration

10 Utility, T, Line extension times

11 Survey, Ty Times for changing surveying stations and checking tunnel direction

12 Other, T, Unclassified times

=] 137} Gripper TBM €] B|o|E19] 124] 23, Gripper TBM2 ©]-83t ASALIE 84 ZF210] AZHd|o]E]

S 2RI 5 gl om, o]zt Hlo[efHo] AclA TBM @RHITH Al ALl S 8 45 ThE A 71551 Y3l A
AL SISIE R I A1 o1 0 SIS ol riper TBMS] K711 5 2141

BAJo]2 oA AHEE A7HS Helssct,
B AT ABAI 2L % 107]0] @4 Helslic. HalH AEAo] 2 4 TBME] 27, Resetting,
#E10] A7/ me, TBMO) A7/, TBM 4], $240], 3} /)24, -edae, B1d 17, 7Iete] 10714
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g5t
1*/\}013 94 5 23 (boring) T Resetting ] 74-¢-, TBM | AEIS| =7} HAshH 2 22kt uff 4 Q%
Aotk Gripper TBM Q] 74-%- =%, Resetting, Regrip2] Y-S 5ol =2, Z12]H o|F, Z12]1 z|H2Ee] 54
7t ‘?JE.—FJ 24 %ﬂg Z1sy OH’% ResettlngJ F= resetting} regrip= ZEoto] A2 o]—O:1 om o] =72 84

7] EH Kokl %‘r—% 718 =o X*X*ﬂ = U278 9] AJHE A s, viiel] oJsf 2 7|ElE wAlst

L QAR A% @Yol B, WA, B ko] FEOZ Uiro] ARES 712519k 2] FHI Shield
TBM?} 2o Back loading "4+& Aeakar 9171 whiol] 8.6 5, 710] 2hu|= sl iR 2.0] o] 27}
5517] Whe] Ae|AA TS LA A4S A gAte] Waslel A77w HutE Aash) He oj) 4wk A
Zholct

TBM ] 4/ a-= 7|9 P2l el E st g2o] East Fiol #28AlE 2517 s 285
L ARV Sfolale, TBM Al |0 2 919 -elAlzh 3 Asolo] e o] u] 5 Fge] 5o ol
o] HIE O] =9 [0 2= Carrier roller, belt ¥ a5 40|t} 5]
Carrier rolleri=Z1£524Q1 2138-5 -FA|soF sh= FE50 & Sl upd Al i 7t S/t Fgo ' 47149
Eof &8 Fo ME A4S mAslor 8 4 9ick
A A e e g T ofE e Deck 10 8
oo} 417510} BlEle olahe Asloln], Auje] 47 L A7 oo,
AR 7] 2 ) 27 9 eelof 24 2 tel] Sl AR5 AR ololelo, 24
Aoz 2Ake] @ 9 Akl 1o] dhe A Z1Salck
2T R4k YN0 2 TBM AR BHL ek s 5o, 3mee s Bk olu) @7
ARIAE 7 914 B Refelol Bk o] £
B 72 AL o] ofgh AN 5 7] 17 2 U 750 2]A) A7]0] BRT 8401 Shield
TN 24 0o} ot A0S o 0T, Open TBME] A9 AT o122
E, S2E, A EA o2 B7J6l] wfEo] Shield TBMC] H]
A5 1€} Qi @ oA 1ol S b 5 mlslol Selsich. el A 2
Bonloking ¥ 5o Soa 4ol it
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Table 3. Geological and field characteristics

No. | TBM Dia. (m) | Construction length (km) | Advance rate (m/month) Geological and field characteristics
A 35 18.12 301 Passed through the Dongnae Fault zone, the
largest fault in Korea and a small fault zone
B 5.0 1.256 279 TBM+NATM
C 18 21.108 201 Ex1stence of small fault zone and excessive
inflow of groundwater
D 5.0 4.789 320 Rock conditions are good
E 50 197 206 Advance speed decreased due to the
appearance of some coal areas
P 26 574 785 Fault zone and the appearance of extremely
hard rock
G 3.0 2.4 374 Rock conditions are good
H 3.0 4331 344 Rock conditions are good
I 3.0 0.899 )57 Severe weathering of gneiss, poor stability
of the tunnel face
J 3.5 4361 335 Rock conditions are good
K 3.5 3.835 328 Rock conditions are good
L 5.0 4.89 351 Rock conditions are good
M 2.8 12.088 322 Rock conditions are good

3. Gripper TBM CI2EIY 24 2 M
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% it o= Mo o] B o] ke @akge] Hla) 1.5 o4 KelLks Zlo] 91210 2 Azt

2 Qo] he @l Hlol BHe BRG] %9 BE 4ol glof thE @] vlal e Alzto] 24
918} 4 I, olefgt ARHE Fig, 30 1} Bl o] Aol Sk F1ssie
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Table 4. TBM construction cycle time

Tunnel projects A B C D
Cycle factors A-1 A2 A-3 B-1 B-2 C-1 C-2 C-3
TBM Dia. (m) 3.5 3.5 35 5 5 3.8 3.8 3.8 5
Construction length (km) 8.054 | 7.5935| 24725 | 0.628| 0.628| 7.042| 7.364| 6.702| 4.789
Boring (hr) 3,596.0 | 3,325.0 | 1,284.8 | 312.7 | 293.0|3,162.7 | 3,616.7 | 3,016.7 | 2,439.0
Resetting (hr) 7793 | 613.7| 1662| 627| 557| 611.8| 810.0| 566.7| 580.6
Cutter inspection/change (hr) | 1,907.2 | 1,607.3 | 432.6| 173.8| 150.8 | 1,640.5|1,763.3 | 1,466.7 | 813.2
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Table 4. TBM construction cycle time (continued)

Tunnel projects A C b
Cycle factors Al | A2 | A3 | B-1 B2 | C-1 c2 | €3
TBM inspection/lubrication (hr) | 244.8 | 273.3| 136.8 11.5 10.8 | 2233 | 291.3| 290.0| 3893
TBM maintenance (hr) 2,853.312,386.8| 5883 | 1883 | 164.6|1,899.9 23945 |1,711.0| 439.1
Back-up (hr) 7439 | 1,256.6 | 220.9 80.6 69.7 | 1,126.3 | 1,400.0 | 1,554.2 | 687.8
Transport-related (hr) 1,048.7 | 1,151.7 | 406.4 | 187.0 | 155.3|1,045.0 | 1,346.5|1,066.7 | 531.0
Operation shift (hr) 2,678.6 12,023.4 | 4269 | 148.6| 1314 1,6493 (2,114.8|1,498.3 | 1,092.9
Support installation (hr) 2,717.0 | 2,714.3 | 484.1 | 2753 | 207.5]2,366.7 |2,687.5|2,133.3 | 1,529.0
Other (hr) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0| 4735
Tunnel projects E F G q I I K L M
Cycle factors
TBM Dia. (m) 5 2.6 3 3 3 3.5 3.5 5 2.8
Construction length (km) 397 | 5.136| 2.0269 | 4.331| 0.899 | 43612 | 3.835 4.89 | 12.088
Boring (hr) 2135.0 | 2335.8 | 832.4| 2437.8 | 425.0| 2312.9 | 2266.3 | 3095.9 | 11244.8
Resetting (hr) 408.3 | 502.1| 165.3| 3082 | 113.3| 3429 | 2957 | 284.4| 1049.7
Cutter inspection/change (hr) 6733 | 907.5| 219.8| 5546 180.2| 606.8| 814.8| 1225.1 | 1383.4
TBM inspection/lubrication (hr) | 335.0 | 429.8 654 | 4727 332 | 140.6 | 246.0| 1744 1317.6
TBM maintenance (hr) 360.0 | 1639.0 | 1122 441.5| 1633 | 6394 | 436.8| 268.7| 1787.5
Back-up (hr) 7842 | 850.3| 260.6| 6558| 159.5| 684.1| 5122 | 327.8| 998.6
Transport-related (hr) 526.7| 760.0| 160.7 | 753.4 82.0| 562.3| 4019 417.8| 742.8
Operation shift (hr) 720.0 | 1161.7| 318.2| 1090.8 | 166.3 | 1125.1 | 751.3 | 1104.9 | 2216.3
Support installation (hr) 1630.0 | 1714.8 | 1107.0 | 599.5| 715.1| 1225.5| 976.8 | 1336.9 | 8744
Other (hr) 463.3 | 530.0 8.8 | 236.6 58.0| 176.8| 307.0| 122.0| 940.1
12,000
BA-1 WA-2
A-3 B-1
mB-2 m(C-l
10,000 F :I()‘—Z :%3
uF uG
H I
J K
8,000 L M
)
: 6,000
E
=
4,000 F

Borring Resetting Cutter inspection/ TBM inspection/ TBM maintenance
lubrication

change

Back-up

Transport-related ~ Operation shift

Construction cycle factors

Fig. 2. Construction time by open TBM cycle factors

Support

installation

Other
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Tunnel length (km)

A B c D E F G H
Tunnel project

~
=
<

Fig. 3. Tunnel length according to tunnel project

Table 5. Correlation coefficient (tunnel length - cycle factors)

Classification R
Boring 0.894
Resetting 0.962
Cutter inspection/change 0.868
TBM inspection/lubrication 0.771
TBM maintenance 0.800
Back-up 0.783
Transport-related 0.789
Operation shift 0.931
Support installation 0.634
Other 0.434

TEbA] 12 Aol A= ARSARO1ES] BE 8A-E0] AR Z12F0] B A0 & LHro] Z341 8] (Normalization)
THO 2] ZFZYO] AlgALO|E 8404 | km G AR AKRE Alteho 244 234431 Bl w7t 7 FsshA] A elstod
Fig. 40l A|5}5Ich
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Fig. 4. Unit construction time by open TBM cycle factors
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£ H2Ed 84 s ERI.

2. TiF-Eo] Aol 2olli= Bl E gt 45 Fo] AHEHAIE Hol= Ao g Ao, Aels ol &

7ol ofgt Fd2 Al LISHAH. Gripper TBM AlEARRIZ01A4 1 km &AM 71 Bl HQ = she 84e
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Boring © & WERF O™, th2-EFY] QA F-= Support installation, Operation shift, TBM maintenace <22 1+
ERTt wbA Gripper TBMOIA] Th2ERI ] 7 - F-S 0| x|= Ay Ao |2 Q4= Support installation
1 702 FAE| QI o]2fet o]f4=2.6~3.5 mO] B'd T70] A 74U Bt B v Bk 919k B 4]
O] x| Bl 8o 47 gt A o= HEH.

3. 9 275300 moll 3 PR o] AR Ho|U A RS A RS S EAsEAY
A7 2] F3t 2| Sho] ol whE 78U B ZFAFark ke oot e AT 2| A1 Z 0 2 FAFE|LOom, A
73U 0] ST 27&0] Aotel= A7 ARSI Gripper TBM O] @572 Fo gt ofHk7to]]
A 231&0] #E5HA 300 mE He A 0= ARSI O W, o= NATMZ rRRE7 [x] &= 2] BA 2] of] g Al

Zh el 8- A 4 9] R o8 E ik

—_
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