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Technical Note

EOI-JLI *Il:TBM 7~I-|:||k|7;|| |.;°_|'
A= MIF 2tA | 7d0]] 2t
A2

7N A PN ARt - 2P
'Y3|Q, (RIS Ol

‘Y, (MRS UL

HIZ, (RN 2%

‘H)5|9l, (R)AR|5T o)

YR, (MRS RARY

The suggestion of tunneling information
and detail requirements for EPB shield
machine design

Ki-Hwan Kim'* - Hyouk Kim? - Seong-Cheol Kim? - Si-On Kang* - Cheol-Hwa Mun®

Director, Geotechnical Business Division, Sambo Engineering Co., Ltd.

2Senior Managing Director, Geotechnical Business Division, Sambo Engineering Co., Ltd.
3General Manager, Geotechnical Business Division, Sambo Engineering Co., Ltd.
4Assistant Manager, Geotechnical Business Division, Sambo Engineering Co., Ltd.

*Vice President, Geotechnical Business Division, Sambo Engineering Co., Ltd.

*Corresponding Author : Ki-Hwan Kim, kihwan@daum.net

Abstract

Recently, tunneling projects using shield TBM are increasing in Korea, but the infor-
mation of client for machine design and manufacturing considering the characteristics
of the tunneling phase is not formal, and it is difficult to optimized machine for suitable
tunneling works. This paper suggest as for reference the required terms that can be
used in Korea on the design items and detailed requirements for ordering of EPB shield
TBM based on overseas case study. It would be hope that the TBM user can request
the overall tunneling plan and required machine specification when ordering TBM,
and the TBM supplier can design and manufacturing that is clear condition and suitable
machine for the successful project, so that there are no residential civil complaints and
for safe tunneling as well, shield TBM tunneling method will be activated.
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Q=0 ZjAgHr o] Tt AFH| 2 4], A7FE 2 LTA (Land Transport Authority)”} 3553} Circle Line Stage 6
(LTA, 2016), %= Thames Water Utilities Ltd”} '#5=3}F Thames Tideway Tunnel (Thames Water Utilities Ltd,
2013), Ef=r MRTA (Mass Rapid Transit Authority of Thailand)”} ®5=3F MRT Orange Line (Thailand Cultural
Centre -Min Buri, 2017) Z2AE 9] QIAMY Aol 4] A|Aloh= EQFA A =TBM “gH] A&t AFFAIE Fig. 191
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GS-0-1

7130.GEN Empioyer's works Tunnelling - EPB tunnal boring machines.
GENERAL SPECIFICATION Empfay_er‘s works speciﬁcaFion I
APPENDIX O ;uar:;?‘:iell_ll:;g = EPB tunnel boring
SIXTII SCHEDULE
TUNNELLING
REQUIREMENTS FOR TBM
Clause No Title Page GS-0- List of contents A Design Requirements
1. SELECTION OF TUNNELLING METHODS .co.omvmoncs 1 Prsmmbsr Commcn
2. GROUND INVESTIGATIONS 1 T e 1 haitand
3 T130.GEN.O.1 General 1 ajoct; Thllaed
avvong). Comract E1
T130.GEN.0.2 Scope of supply 2
3 RISK ASSESSMENT. 3 7130.GEN.1 Design and site rt. 3 &) Tum. ctail
4 TUNNEL CONSTRUCTION STAFF AND PERSONNEL oo T130.GENA.1 Desig and MANUIBEAUIE ... oo
7130.GEN1 2 Health and safety 4
5 METHOD STATEMENT 5 7130.GEN13 Energy effiency
T130.GEN1.4 Site support, 7
6. TBM OPERATION MANAGEMENT AND CONTROL.... 7 T10.GEN2  TBM design
7 GROUND 16 TI30.GEN21 General ription.
. e FI30.GEN.2.2 Ground MOVEMENt ......ccovisims s ioniins . - .
8. TUNNELLING UNDER BUILDINGS / STRUCTURE TIS0GEN2S Matert i epo il 1o
7130.GEN2 4 Design methods and checking "
9. TUNNELLING UNDER ROADS / UTILITIES 17 TI30.GEN25 TBM body 12 2 Geologien
7130.GEN.26 TBM cutter head 1
10. DAILY RECORDS AND REPORTIN 18 7130.GEN27 TBM launching 12 R
7130.GEN.28 TBM removal 1 @)
11, TBM LAUNCH AND RETRIEVAL .. 130,68 ) A I ®
12, TUNNELLING SHAFT 20 7130.GEN.3.1 General requirements. 14 3. Tunnel Alignment (see details in Volume 2: Section 1
g 7130.GEN.3.2 Shield configuration 14 o = o
13, OPEN FACE EXCAVATION 2 TI30GEN33 Frontof TBM 14 TBME2 — 4 188m.
T130.GEN.2.4 TBM body 186
14, ADJACENT CONTRACTS AND/OR CUT AND COVER STRUCTURES....23 7130.GEN35 Tail skin grouting f @
7130.GEN.36 Cutter head, main bearing and sealing system 19 @
15, EQUIPMENT FOR THE ENGINEER..ccccernnsncsson 23 OCENAT. Man bamhg ’ ®
7130.GEN.3.8 Cutter head drive train 22 4. Scgment Linin,
16 USE OF EXPLOSIVES (BLAST"“.\ % 7T130.GEN.3.9 Main bearing sealing system ............... o —— 23 @ T
17, TIMBER AND STEEL LEFT IN TUNNEL EXCAVATIONS... 2 7130.GEN.3.10 Removal of excavated materil e 24 @ o
(a) Circle line stage 6 (b) Thames tideway tunnel (c) MRT orange line

Fig. 1. Required specification for EPB shield TBM
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Table 1. Invitation to Bid (ITB) document’s contents

Details for TBM tunneling information

Geo- Equip
Div i ifi- . . } -
techm.cal Risk Type Speleﬁ Segment Manage Ope ment Docu
baseline cation ment ration . ment
quality
report
Circle line O O O O O O O O O
Thames tideway tunnel O O O O O O O O O
Bangkok metro @) @) @) O O @) O O O

) .
Seoul subway corporation Depend | Depend

line 9 (Seoul City Urban
) O x x on on x x x x
Railway Development, tenderer | tenderer
2009)
Incheon international
airport 2nd passenger Depend | Depend
terminal connection O x x on on X x x X
railway (Korea Rail tenderer | tenderer

Network Authority, 2012)

3. EY4 2 =TBM FH|EA|S 28t E{E2 27 252 Al

Al oFo] Al Haste] G S YRR AISlelokd HAqhe] 7HEA2] A Table 2
% FE0 2L A, ARl e B2 F TR, EE Al
A

et K, AR, ATIHE 3zl vt FHet 2 Bl 2 AT o 7Hs et 17185l Hiet 78
H

Table 2. Tunneling information for shield machine design (for reference)

S . Client/
General project information en Remark
Contractor
1-1| Project name | OO~OQO project O
Project . . - Launching,
1-2 location OO city OO ~ QO city OO (OO km) @) ival
@ Shield TBM tunneling : Shaft#1 (Sta.) ~ Shaft#2 (Sta.)
. @ Tunnel type (metro/road, single/twin tube, etc)
Shield TBM . . oy .
13| tunnelin ® Tunneling environment (closed building around O m etc) O - Design report
u & @ Alighment : Tunnel lengths, Max vertical slope £ O%, - Alighment
information . .
Min plane curve radius O m
® Required machine Qty’s
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Table 2. Tunneling information for shield machine design (for reference) (continued)

i
General project information Client Remark
Contractor
(® Ground condition/strengths, Geology property .
1-4 'Geology' @ Over burden, Min soil cover depth O i Geote;chmcal
information baseline report

® Water level, Max water pressure

@ Type : RC, Steel, SFRC
@ Outter diameter : O mm
Segment ® Inner diameter : O mm O
information | @ Width : O mm

® Separation : O+O Key

® Weight : A-piece O ton/each, B-piece O ton/each, K-piece O ton

(@ Shaft information : Height, Depths, Inner diameter

- Segment design

- Depend on
P ly: OkV .
1-6 | Others @ OWET SUPPLY © .. VAN project
® Required project conditions ..
. . conditions
@ Inspection, Reporting plan
ot HR-E F5] Ale o =M 2|2 0] FH|E A 9 AlRrslal, 2@ ol Q7= ARt AR
mpefel 4= glo Bz 24T tf-go] 7Fsshal, QEASHA Hid-sAE ka4 Sle 2 o= wekent

1 Z, TFAEH7H Ao & BedR2 (O), BRA AN E= AlARR} Hofstofof she Afta (A)

% QI E A ste] Aol A 7 2uteor & G NSRS 242
B 5 Qs sjolofsiet. Bde] GAlu AETBM A877) 21 % AT S]mS 95k F00] 0 72
29 A5 AR 5 B, ARARFHL: 2H W, A FH 19 5), §d0] BEUHORE AIHE

= o
J W7, e17d 9 &, e AL Q= AH|tir 5= AAE 2aot ol
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Table 3. Suggestion as reference of detail requirements terms for EPB shield design (for domestic projects)

Client/

Requirement specification for EPB shield TBM
Contractor

1 EPB shield TBM

All brand new

Geology condition

Excavation diameter (mm)

Cutter head rotation speed (rpm)

Max. advance speed (mm/min)
Maximum thrust (kN)
TBM Total length (main body, backup gantry)

1.1

General overview Total weight (main body, backup gantry)

Segment dimension (OD, ID, W, separation)

Maximum operating pressure (bar)

Installed power (kW)

Minimum horizontal curve radius (mm)

Maximum vertical slope (%)

O|O|O>|O|O|ID B> |OI>|B>|O|0]0

Estimated heaviest transport component (less than OO ton)
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Table 3. Suggestion as reference of detail requirements terms for EPB shield design (for domestic projects)
(continued)

Requirement specification for EPB shield TBM

Client/
Contractor

1.2

Cutter head

Shape

Opening ratio (%)

Cutting tools (disc cutter, bit cutter, scraper etc)

Quantities of foam, Bentonite and polymer port

Wearing detection

Copy cutter, Over cutter if required

1.3

Main drive

Drive type (electric or hydraulic motor)

Minimum main bearing diameter
(over 50% of front body diameter, mm)

Main bearing life (over 10,000 hrs)

1.4

Shield body

Type (active PR passive articulation)

Front shield diameter (mm)

- Earth collapse detector

Middle shield diameter (mm)

Tail shield diameter (mm)

- Rows of tail shield seal brushes

- Tailskin installation clearance (mm)

- Emergency tailskin sealing

- Tail shield grouting excluder

1.5

Man lock

Chamber Qty, Capacity, Working pressure

1.6

Screw conveyer

Type (shaft, ribbon, etc)

Diameter (mm)

Max size of particle (mm)

Max discharging capability (m*/hr)

1.7

Segment erector

Pick up method (mechanical, vacuum)

Lifting force (safety factor 2.5) (kN)

1.8

Segment feeder

The number of segment on feeder (O piece)

1.9

Segment crane

Type

1.10

Belt conveyer

Belt width (mm)

Transfer capability (m*/hr)

Muck weighing system

Muck volume scanner

Thrust system

Max. thrust speed (mm/min)

Max. thrust force (kN)

Cylinder stroke (mm)

OO B>|OIB|> BB |IO|> OB |OI0|0O|O|O|0|> B> o> 0|0 O |0 |>|>|>(D>| D>
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Table 3. Suggestion as reference of detail requirements terms for EPB shield design (for domestic projects)

(continued)
Requirement specification for EPB shield TBM Cocnl'fizﬁtor

Type (active PR passive articulation) O

1.12 | Articulation system Total thrust force (kN) A
Cylinder stroke (mm) YAN

Gantry Qty A

1.13 | Back up gantry Tracking type (rail, rubber wheel) O
Backup towing cylinder stroke and Qty YAN

Type (TAC, E-TAC) O

1.14 | Double liquid grouting system Injection capacity (m*/hr) A
Storage tank capacity (m”) A

1.15 | Foam injection system Injection capability (liter/hr) A
1.16 | Bentonite injection system Injection capability (m*/hr) YAN
1.17 | Industrial compressed air systems Sl.lpply aTT pressure (b.ar) 3 =
Air compressor capacity (m’/hr) YAN

1.18 | Active face control system Volume of bentonite tank (m?) YAN
L19 Industrial water supply and Water supply - rated temperature (28°C) AN
cooling system Type of cooling system (inner and outter circulation) A

1.20 | Gear oil system Amount of gear oil (liter) A
1.21 | Tailskin grease system Depend on TBM supplier YAN
1.22 | The HBW sealing system Depend on TBM supplier YAN
1.23 | Main drive (EP2) sealing system | Depend on TBM supplier YAN
1.24 | Dewatering system Sewage tank capacity (m’*/min) YAN
1.25 bP:ZZf;l; Elree:liit;rﬁt:?nd Depend on TBM supplier YAN
1.26 | Ventilation system Flow of ventilation (m*/hr) O
Primary (high) voltage (kV) O

Secondary (low) voltage (V) O

Lighting voltage (V) O

1.27 | Electrical system Valve control voltage (V) A
Frequency (Hz) VAN

Length of cable in the storage box (m) A

High voltage cable cross-section (mm) @)

1.28 | Guidance system Systemn namme =
Accuracy (2 sec) A

1.29 | Monitoring system Camera Qty AN
1.30 | Data logging system Output format YAN

620
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Table 3. Suggestion as reference of detail requirements terms for EPB shield design (for domestic projects)
(continued)

. . . Client/
Requirement specification for EPB shield TBM en
Contractor
1.31 | Communication system Telephone Qty A
1.32 | Lighting system Specifications (W) VAN
1.33 | Fire extinguishing system Portable extinguisher YAN
o CO,/CO/O,/CH4 O
1.33 | Harmful gas monitoring system —

portable monitoring sensor AN
1.34 | Probe drill Diameter of drilling bit (mm) YAN
. . Inspection time : O times at factory O

2 | Factory inspection - -
Inspection attendance : O persons / time O
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