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A Design and Operation of EPBM Applied in Fort Canning
Boulder Bed of Singapore

Uk Young Kim*, Seung Hwan Noh, Sang Rim Noh

Abstract This paper introduces the design and operational considerations for TBM tunneling in boulder bed which
poses significant problems in terms of advance rate and machine wear. Managing these problems is difficult since
normal soil investigation techniques do not accurately predict the presence and frequency of boulders. This has
leads to considerable extra costs and delays during construction. In this paper, EPBM design and operational
parameters, cutter wear characteristics and soil conditioning method in soft ground condition were studied and key
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successes were highlighted for future projects in similar ground condition.

Key words Tunneling in boulder bed, EPBM design, Cutter wear, Soil conditioning

e 2ol AE9] vl 9l T, o w2 BabE Asjel 7E @A
G2 37 A FOR Qlste] ZeAE Aol Azat FFS nAE AHE AN HdPel B GO,
3% el Aol 48 ALE A g ESE 7R ZEA HEM(on

Eotl"‘] 2] ETBM_J pS| 7;“

E

e A Y Sel ol ] AAE] ohe 5 5hs 54, % 2 ohHo] SR Al
bAoAl el Bdy meAEd] vt w1 et

1. M E

BE3AllA Thd = e ‘3}% ok ANt & &
(Boulder Bed)-2 EARR} Qfuto v}

A B3t BEo) NS o5 4

o5 giokel TBMS ol EY
Fom AelA gtk ool wslel, 2
i) oV A4 5 At rm 1%@. Ern
TBMEWE o] 514 34k 2

Received: Aug. 21, 2015

Revised: Aug. 31, 2015

Accepted: Sep. 15, 2015

*Corresponding Author: Uk Young Kim

Tel) +82221542372, Fax) +82221540087

E-Mail) uykim@gsconst.co.kr

GRAN SEOUL, 33, Jong-ro, Jongno-gu, Seoul, 110-130,
Korea

AREEAAE A ARoRE EAfsH Br5o)
Algd Bx B4 ] Tl ARlE 2717} v of
Yok olo] & IoMe AVkEE =4AERE 334
(Downtown Line 3) C937 EEX“EOHH EQM] TBM
(ols} EPBM)< ©]&3l] 252 TRt AlRlE
Mo =M, I3 E6FS sH6h= JEZ“EOWJ
TBM H] A7 W Algo] =&o] H]leH 3l

21 Z2ENHE I

€937 ZRAEE oF 21 kmo] ol2& =A4EE 35
A(DTL3) AFFT2E % vER]E} 1.6 kmof| dfFsl= &
A2 A, ZEINY A7#ZHFort Canning Station) 17]4
o} 7HbEd 1704y, Lejar oF 1.3 kmo] A E Hd
2 o]RofXrkFig. 1). HY2 AZ9 dF 7ated




418 Arhme EEAY AHFol

SRR a < — Fo nning Station
a (228m)

]
[ ~ l',

Cut & Cover| WEST Tunnel
(105m) ; (520m)

Contract C937

-

S EPBMO| HA 3 AlF

EAST Tunnel
(790m)

. Bemcoolen Station

!
|

.

Fig. 1. Overview of C937 Project

Table 1. Characteristics of Fort Canning Boulder Bed

. . . Effective Angle of| Effective | Undrained Shear s .-
Design Unit Weight Friction Cohesion Strength Young’s Modulus | Permeability
Parameters 3 3
N o’ c Cu Eu E K
unit kN/m® Deg kPa kPa MPa MPa m/s
value 21 32.5 10 SNV<500 300 E/1.2 10*

YN=SPT blow count

»Eu=Undrained Young’s Modulus, *E’=Drained Young’s Modulus
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(a) cutterhead without grill bar

(b) cutterhead with grill bar

Fig. 2. Cutting wheel design considerations for tunneling in Fort Canning Boulder Bed
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Fig. 3. Variety of boulder conditions in Fort Canning Boulder Bed

Table 2. Cutter exchange record in FCBB

Bukit Panjang Bound EXPO Bound
| ) 1 st 2nd 3rd 1 st 2nd 3rd 4th Total
ntervention (planned) |(unplanned) | (unplanned) | (unplanned) | (planned) |(unplanned) |(unplanned)
Distance from previous | 5y | 743 | 756m | 1054m | 363m | 897m | 8.6m |6251 m
intervention
Center 16" 6 2 8 4 4 ) 40
(#1~16) (2/14)? (4/2) (0/2) (0/8) 0/4) 0/4) (6/34)
Cutter Face 16 2 4 4 16 ) 9 51
Exchange | (#17~32) (3/13) (1/1) (0/4) (1/3) (7/9) (0/9) (12/39)
Gauge 10 4 9 5 10 7 10 55
(#33~42) 3/7) (2/2) (0/9) (2/3) (7/3) (5/2) (4/6) (23/32)
Total 42 12 15 17 30 11 19 146

UTotal number of cutter exchange

2)(cutter exchanges from cutter wear/cutter exchanges from crack or breakage)
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(a) boulders

(b) broken ring

(c) flat wear (d) dented ring

Fig. 4. Various cutter damages by boulder
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