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ABSTRACT

Continuous excavation technologies are developed to improve the excavation rate of shield
TBM. Continuous excavation is a technology that provides thrust to segments, excluding
being installed one, to reduce tunneling downtime. This paper investigated the prior technology
related to continuous excavation segments. The main technology was classified into helical
segment, honeycomb segment, and conventional segment methods. The helical segment
method has not been applied in actual construction yet, and the honeycomb segment
method has not succeeded in commercialization. The continuous excavation method using
conventional segments has been successfully demonstrated. The thrust force and operation
method of the thrust jacks for the semi-continuous technology were analyzed. Continuous
excavation TBM research is also progressing in Korea, and through the analysis of successful
cases, the need to develop independent continuous excavation methods has been identified.

Keywords: Continuous excavation, Shield TBM, Helical segment, Honeycomb segment, Semi-
continuous method
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(d) advance: thrust jack extrusion (c) stop: thrust jack contact

Fig. 1. Excavation and segment assembling process of shield TBM(Choi et al., 2022)
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Fig. 2. Operating method of continuous excavation TBM (Choi et al., 2022)
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Table 1. Research subject (Cho and Cha, 2023)

Classification Nation Search Database Analysis Section and Search Date Keyword
KIPRIS, espacenet,
K
orea (KR) Google patent
Japan (JP) KIPRIS, espacenet, Tunnel, continuous,
Google patent Analysis Section : Patents and ~ consecutive, semi, excavation,
Patent Application and USA (US) KIPRIS, espacenet,  Utility Model Publications applied TBM, tunnel boring machine,
Publication, Utility Model Google patent or registered by 2022.12.20 tunnel driving machine, shield,
Publication, Registered Patent, KIPRIS, espacenet, segment, honey comb,
Utility Mode Europe (EPO) Google patent Search Date : hexagon, lining, spiral, helical,
China (CN) KIPRIS, espacenet, 2022.12.18~2022.12.21 helix, thrust _iack, hydraulic
Google patent cylinder
KIPRIS, espacenet,
Germany (DE
y (D) Google patent
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Fig. 5. Cross-sectionally circular stud (DE 1229961 B, Kunststoffverarbeitung Voss, 1966)
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Fig. 7. Helicoidal mine tunnel lining (FR 2435599 A1, Dalmasso, 1978)
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Fig. 8. Design method of helical segment (DE 102009013527 A1, EP 2230380 A2, Herrenknecht, 2010)
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Fig. 9. Tunnel equipment for continuous excavation (US 2021-0032991 A1, Herrenknecht, 2021)
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Fig. 10. Helical segment conceptual diagram for TBM continuous excavation (US 10746022 B2, TopEng, 2019)
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Fig. 12. Honeycomb segment conceptual diagram for continuous excavation (JP 1998-068297 A, JFE Metal Products, 1998, CN
205618171 U, Southwest Jiaotong University, 2016)

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 5, 2023



Investigation of Prior Technology and Development Case for Consecutive Excavation Technique of Shield TBM < 307

3.2.2 RE 87 Al1HE $4

F2 521 Al TTHE SR E 2o i I 710 2 ARt MITIHES] iz HAfR] Rs AE s 7HA AL Sk 1A
2] H-2-S 27 A”SHA Fig. 1332 231(JP 1999-044195 A, THI Construction Materials, 1999, JP 1998-153097 A, Mitsui E&S
Holdings, 1998), 21 9H161A4] FA5HA Fig. 149} -2 FERS 7FITKIP 1992-057598 U, Taisei Corporation, 1990). A2
02 o ejjo]E HIAER 57 mofo] |t sERIRE HK(Fig. 13)= H'@AF o) dAliotaat 314 0] fguiek =2 of o]
gsl= dslgol Aedoh= Qb do] Alstel=2AlR o] Itk Fig. 152k 20| Hjgo] 2-8351H=-gH2 HPE*] af
5ol ©iAE 3 d5k=Hl, TBM Al THE: Bl 9] FAlelsat TBMFEe /F/AdE B3ofoF sk g, BRRIE=471E 5ol AL
HEES A2t 214 0 2 A7) -2 TBM 2%1% Al THE ] Pg/AdS $ds| gRokA] Zok= HOH gy

olo]| thh s 24 © 24| Fig. 1449 WAl2] F5-5 A obH BlRlE2 717t 7Fsslict. shA|gt, 2180
TIHE O] 2 Ho] FHavsto] S31AS el 2-8514] Fop| Bl Tl itk 01]——01 Fig. 140]4 F3180] F=21.& 7t
4= = T2 A 17Tl §lT, ZAANA-S S0 HEA] nlEE o] 927 ik AR FES AlQfotar S2Hellgt =85 7}
Sflof st =, S0 718 27t Ao Het. o] 74, F3A 718-80] 50% = 4F0] TBM 2%1/d5 AlskE A olk= w4
7RI, o] mhiel] Fu2 5715 Al TITHE HHAE AF8slol 9Fds] AEskA] FRt A o= A E

i)
p
ol
cL

o —
— —
7 e 17
— Ic f‘
L— la
— ~
1 I
¢ ke
| /
[[+]
L= P g

Fig. 14. Inclined stepped hexagonal segment (JP 1992-057598 U, Taisei Corporation, 1990)
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Fig. 17. Thrust force redistribution for semi-continuous advance of shield TBM (Wehrmeyer, 2022)
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