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Earth Pressure Balanced Shield Machine
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Tunneling with a earth pressure balanced shield
is done by filling a chamber with excavated soil to
take advantage of the plastic fluidity of this soil to
stabilize the face against the earth pressure of the
ground and discharging the soil by a screw
conveyor. The discharge of the excavated soil is
controlled to appropriately maintain the face earth
pressure. The matrix of the excavated soil is sandy
soil that produces internal friction. In soil where
plastic fluidity is not easily achieved using only
excavated soil, pressurized mud is injected in order
to raise the plastic fluidity on the cutting face,
maintaining a balance with the earth pressure. JFE
performs injection on the entire cutter head surface,
increasing the effectiveness of mixing pressurized
mud with the excavated soil.
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Slurry Shield Machine
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Tunneling with a slurry shield machine is done by
filling a covered chamber on its bulkhead with
pressurized bentonite, taking advantage of the
properties of this slurry to resist the earth pressure
and the water pressure of the cutting face, thereby
stabilizing the face, and using the circulating slurry
to discharge the excavated soil. Thanks to its face
stability characteristics, it can be used in all kinds of
ground, because it is applicable to a wide range of
soil types. JFE can provide the system best suited to
every application by selecting the shield diameter,
using either a hydraulic or an electrical power
source according to soil properties, and offering a
choice of three cutter drive mechanisms: center
support type, intermediate support type, or outer
support type.
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DPLEX Shield Method
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A DPLEX shield tunnels by supporting the cutter head on
the tip of crank-shaped rotating elements that are fixed to
multiple cutter rotation shafts, and when the rotation shafts
are rotated, the cutters excavate the ground by their parallel
link motion.

FEATURES

(1) Excavation at any cross section
By selecting the position of the cutter drive shafts,
rotation diameter, and cutter head shape, it can be
used to cut a cross section with any shape.

(@ Excellence in environmental conservation and
economic performance
The quantity of soil excavated can be reduced to
lower costs by selecting a cross section shape
rationally suited to its purpose and accounting for
restrictive underground conditions.

(@ Low electric power consumption & low costs
Thanks to the small radius of rotation of its cutters, it
can lower cutting torque and reduce output, using
less electric power to reduce costs.

(@) Long distance tunneling
Thanks to the small radius of rotation of its cutters,
the abrasion distance of its bits is short, reducing
friction on the bits, permitting longer distance
tunneling than in the past.
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Mechanical Shield Docking Method
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A mechanical joint shield machine is used to directly connect two
shields tunneling from opposite directions without supplementary
work such as underground soil improvement work. Ground water and
soil are prevented from entering the tunnel by inserting or receiving a
slide hood that is the connection mechanism to form a mechanical
connection.

FEATURES

(@) No vertical shaft
A connection use vertical shaft is unnecessary because the
connection is formed underground where it has no effect on
the surface. It can be applied in execution environments where
it is difficult to obtain land for a vertical shaft.
No supplementary work
(@ When forming a connection underground, it has been
necessary to execute supplementary works such as various
kinds of ground improvement to keep ground water and soil
out of the tunnel space, but because the front ends of the
shield machines are connected directly by a hood, such
supplementary work is unnecessary.
Safe and economical work
It is safe and economical, because even soil unsuited for
(@ ground improvement and other supplementary work does not
require improvement and it eliminates the need for a
connection use vertical shaft.
Permits deep tunneling
Because a connection can be formed without a vertical shaft
(@) and supplementary work such as ground improvement, it can
be used for tunneling in extremely deep ground where it is
difficult to construct a vertical shaft or execute ground
improvement.
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Gravel Shields
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A gravel stratum is the type of ground that is most
difficult to tunnel using a shield machine. Therefore, a
tunneling machine used in such ground must provide
extremely high performance.

A bit used to drill in gravel must have high abrasion
resistance and impact resistance. The gravel bit used to
meet these requirements uses the double insertion blade
method: inserting a super-hard tube inside the shank. And
the cutter head is protected by applying a back surface
abrasion prevention use bit and by building a hardened layer
for abrasion protection.

FEATURES

(1) To prevent reduction of tunneling speed necessary to
crush the gravel, the shield discharges the gravel in
its original dimensions as much as possible.

(@ When it is difficult to discharge gravel in its original
form, it is crushed by a disk cutter.

(@) Disk cutters can be arranged effectively.

@The disk cutter shapes can be flat, semi-dome, or
dome according to the ground conditions.

(5 To prevent abrasion and damage, the cutter bits are
double blades or those constructed so they can be
easily replaced.

(6) The cutter disk and material around the slit are
protected from abrasion by imbedding super-hard
chips or by building a hardened layer.
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Gravel bit attachment diagram

To boost the abrasion resistance of gravel bits, protection is
provided by, in addition to double insertion blades, back
surface abrasion prevention use bits.

They are attached in vertical direction on the sides of spokes
so that they can be replaced easily, permitting their
replacement from inside the chamber.
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Composite-ground-dedicated Shields
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JFE provides two types of shield machines for composite
ground: a type that tunnel by crushing layers of hard rock
and large boulders and another type used to tunnel
sedimentary ground.

These machines have been used to tunnel through granite
strata with unconfined compressive strength in excess of
2,000kgf/cni.

FEATURES

(1) Good crushing effects by installing disk cutters
matched to the characteristics of the location of the
dome type cutter head.

(2) Replaceable disk cutters and cutter bits inside the
chamber.

(@) Generation of large drive force and large torque by
supporting the cutter drive unit by a large diameter
three shaft roller bearing.

(@) The admixture injection to the cutting face available
on the entire surface of the cutter head.

(5 Simple execution of sharp bends and direction
control by applying articulation mechanism and
dome type cutter head.

(6) Attachment of a rolling prevention gripper to improve
drilling of hard rock layers.
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Long-distance excavation Shield
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ILoy A earth pressure balanced shield with diameter of

7.16m provided to construct a sewer system in

Singapore has been used for long distance tunneling

| of 7.7km (world's longest earth pressure balanced

P —— \;,W,-W\t S tunnel) in old alluvium (hard alluvial decomposed
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weathered granite) that is extremely abrasive. In
order to execute long distance tunneling in such
S'PorelBIEFrREE FKEDTSS-TO2 ¢ 7 160 E highly abrasive soil, the cutter bits were two-

EEE%&” w 9 t‘.‘ w I\ directional cutting comb bits with high abrasion

resistance. And to simplify replacement during

The sewer system DTSS-T02 ¢ 7160 EPB tunneling, the cutter bits were rectangular and fixed
manufactured for the Singapore Environment Agency in place with bolts. Peripheral bits and center
|ong distance cutter bit cutters are usually difficult to replace, but their

replacement is further simplified by using bolt
anchored types with a divided structure. Disk
cutters can be installed on the cutter spokes to
respond to changes in soil quality (boulders and
blocks of granite).

To speed up tunneling, the cutter system torque
is increased and the cutter motor is inverter
controlled to vary the cutter rotation speed,
permitting tunneling suited to soil quality. To
further reduce execution time the main shield
machine has a telescoping structure that permits
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Long-distance high speed tunneling technology
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Shield machines are now being used to bore tunnels between 2,000m and 3,000m and even longer to lower with the high cost of
constructing vertical shafts and respond to the difficulty of obtaining land for these shafts.

The cutter bits on a shield tunneling machine must be replaced when, in an extremely long tunnel, the bits suffer great abrasion that
exceeds their abrasion limit. Cutter bits are replaced by various methods: constructing a vertical shaft, improving the ground to replace them
at the cutting face, and using special equipment, but these are high cost, dangerous, and time-consuming methods.

The shark bite method is a replacement method that permits cutter bits to be reused several times like shark teeth. New cutter bits can be
inserted into the cutter spokes one at a time from the inside, and worn down peripheral side cutter bits can be pushed out into the ground and
replaced. This method is economical and simplifies the work, by allowing simple measures to deal with not only abrasion, but with fluctuations
of the soil quality in the ground being tunneled. And only that part of the center bit that has suffered from abrasion can be pushed out and
reused.

The cutter bits that are pushed out and left in the ground can be recovered if a recovery device is attached.

(3% This system was jointly developed with Penta-Ocean Construction Co., Ltd.)
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Simultaneous execution of shield boring and segment assembly
Telescopic linking of the front and back parts achieves high speed

This shield machine is divided into front and back parts so they can be propelled separately,
permitting the front part to continue to bore the tunnel while the back part is used to assemble the
segments.

HEEE - FHIZERSET This permits simultaneous shield tunneling and segment assembly, sharply reducing construction
Simultaneous boring and assembly time.

If boring time is represented by A and assembly time by B, conventional tunneling time is A + B,
but with simultaneous execution, the tunneling time is A(B)*+C, permitting a sharp reduction in
tunneling time.

* Whichever is larger A or B
C is the time reduced by the telescope part (It is much shorter than A or B)
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OPtions devices
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Deep tunneling test
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This test was performed to confirm the water pressure resistance under high pressure

of cutter seals used for shield tunnel machines. Two levels of urethane 4-layer lip

seals were used as the cutter seals.

Grease was automatically supplied between the seal lips in order to maintain pressure,

lubricate the seals, and cool the sliding parts of the seals. The cutter seals used were

the same size as those used on a ¢ 6m grade shield machine, and the test was done by
opposing the two layers and injecting pressurized water between them. The water pressure was varied within a range up to 3MPa, and the
test was observed to see if water leaked at each water pressure and to monitor the rise of the temperature of the sliding parts and grease
supply pressure.
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At pressure of 3MPa, the cycle-operating for 40 minutes - resting
for 20 minutes-was repeated three times. The test confirmed that
leaking did not occur and the peripheral sliding surface
temperature remained far below the allowed temperature of
cutter seals.

(DMax. water pressure: 3MPa (@Rotation speed: 0.78 min™
(@Cuitter seal sliding diameter: external circumference 3,112mm,
internal circumference 2,248mm

F— LY —)UiitEKERER High water pressure resistance testing of tail seals

AREERTS — VIR SN AT — VS — VOB E COM K E a5 572
DIAT 725D TT o
TN —IIEZTANY T T —Va3B L S —VIIZIZ T — Vv — V7Y A (5
REEEDDMEAEA D LT 7=V ) REMELF T, ) ZWYADLEHT, T — V7)) ZH )
FEAZEEZ T — VNS TEEAZITITE T 1.5MPa?® &K EICT 2155 — )V
ZEITHLDTY,

This test was performed to confirm the water pressure resistance under high pressure
of tail seals used for shield tunnel machines.

Three levels of wire brush seals were used as the tail seals, and tail seal grease (highly
viscous and containing fiber, below called "tail grease) was applied between the seals
at the same time as an automatic tail grease injector was used to replenish the grease
between the seals, achieving sealing that can withstand high water pressure of

1.5MPa.
B BRX{+ Test conditions B EBER Testresults
OFAKE 1.5MPa JKE1.5MPaT00mmDHEEEFTLN, & — )L L Y DiRKE(IL. BiEL
@1 A > F44E:2000mm (B4R, R50m., Bi&EL)) T AL FDBFEN. ERELVROMDEI A DHEEEE
OHELEEEE : 4em/min KL T ZLED /20D £ICHETREICKEBOENZED
bDTLI,

(DMax. water pressure: 1.5MPa Boring was done for 900mm at water pressure of 1.5MPa
(@External diameter of segment: 2,000mm (straight, R50m, or  revealing that although the quantity of water that leaked from the

irregular segment) seals was a little larger in the case of an irregular segment than
(®Boring speed: 4cm/min. in a case of straight and R50m segments, in both cases the

quantity was not large enough to obstruct tunneling.
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Characteristics of mechanisms

EXEFRESE Drive mechanism

By — NV roh v ¥y FEREBEREIZ R LT3
FEFIC T o FETH, EESFGERTY =V FEIC X
> TIHRED = BINTE F9,

There are three categories of cutter head drive mechanisms
used by mechanical shield machines. The type most
appropriate for each tunnel can be selected according to
working conditions and the shield diameter.

PEAZFY1L T
Intermediate Support
Mechanism \

HEE#@MA7 Y S
Rotary wheel bearing

faloEzs]
Mid-support

By Iy FeHAROTFHHTHLZTWEDT, v ¥
— v 7 NEJEHBEF, MBoERZb o TwEd, ik
FIRRICHE Ly /AMEDOYG AT S 2 S/ VR L F 9,

A type in which the cutter heads are supported by a number
of support columns, it combines the benefits of both the
center shaft and peripheral support type. It is suitable for
medium and large diameter shields, and when it is used for
small diameter type, the support columns are installed in the
outermost part.

Hnysny R hy SERBRBEE—S

t ‘Jg —_— :J v 7 I\ ijﬂe' i JHydrauIic o e
4 )

Center Support
Mechanism

\ * &z
Metal bearing

T —2v TR\ RZAMT UV
Center shaft Thrust bearing

vy =T x 7 bFATIEIBENICY Y TIVT, =R
DIER D /NS SHMAIHED RS, BEEMFIC X - TIEE
DOFIRZE 5T F 5. F/AOFKICELTWES,

The center shaft type is mechanically simple, the extension of
its seals is small and it is mechanically efficient, but its
diameter is restricted according to soil quality conditions. It is

suitable for medium and small diameter tunneling.

hyonyE  hySEBEAEE—S
Cutter head Hydraulic motor for cutter

2 v
Outer Support
Mechanism

BEEEAT Y > S
Rotary wheel bearing

3032 +588 Peripheral support

MRS v Ny R TLIFLTVWDHDT, A v
gy ROMPEIE VA, ¥ — VEIEED R F v /3 —
D LM RO 720, THOMNFICHEREZEL T,
HRROZIC#E L T E 9,

Because the cutter heads are supported by the periphery of
the machine, its cutter head is very rigid, but because the seal
extension is long and its chamber is a sealed cylinder, it must
be operated carefully to prevent adhesion by soil. It is suited
for medium and large diameter tunneling.

IL 77X, 7 A Y MVEONY B Y ZICHWA SO

B E L, 7 A Y M HER, TE
WKLo TERTL2OZBETLHOTY, &
TA Y MOERS B EMITIFII TR &7 L,
HEHEMRTHZLS B E¥, ThzEPikds
7o, BT UTEMLE I,

A roundness maintenance device corrects
deformation of segments caused by their self
weight and earth pressure. If a segment is
deformed, it cannot be assembled and it cannot
remain perfectly round. This device is installed
as necessary to

prevent this problem.

T, WBEIEAEL200° D00 NE#HIP = H b, EFEN I N—TE
BERIC e 5 TWE T, 280 % 75 7 RU/DOLEIN & D IR
72y MWL, MR RFICZCHHINE T,

An erector, a device used to handle segments during segment
assembly, normally rotates in a range of 200° to the left and to the
right, and can cover the entire periphery of the segments. The
pantograph type is used for relatively light segments for small
diameter tunnels, and the gate type is often used for medium and
large diameter tunnels.

N5 TSTH
Pantograph type

1 75
Gate type
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PifRE

Articulation Device

TS

HWFICBIT 52—V FLETORE T, VHLGRFEFD
WL, XV EWEOHTIRD SR TWET, Sl
Wi LI IEEZ OO0 L SHH D 9% KEHED
BMRICXDEEETICDKRELEELI R E T, JFED
SHEHPFNEIINSICER A28, T 57200 M%
B oA E B L., S/ A Cti Tl §E 2
B EMmL TS,

D REMZERL. —BPIINT, XKEFHTBZERER

LTW%,

@ Y= RYvyFid, ARDLY vy FERAL. %R - —
[CEEETNTLDDT, HIFNRETEEI X N RITNIC KD RIBEEDRS
HADERMICHITSND, Minimizing Outbreak by Articulation

@ HINY—IVERBKERRZLTED. RFEHAE
LIEOTHY—IVEDETIFELIEL. » )
@ EWMICERE L TLELDTEZEMEN R, Al Front body %R Rear body

—)URI+vw+ Shield jack

Articulation Mechanism

When a shield tunnel is executed in a city, it must include
sharp curves because of restrictions imposed by location
conditions. Tunneling sharp curves is itself difficult, but the
increased volume of soil that is removed causes serious road
surface settlement. The articulation system for sharp curves
from JFE overcomes these problems thanks to its
articulation mechanism that allows it to bend at an angle as
appropriate as possible to the curvature while minimizing
the quantity of soil produced.

FEATURES

(1) High operability is achieved by a large angle of
articulation with only a single articulating connection.
(2 Because its shield jacks are high eccentricity jack that
are fixed to its back cylinder, it can apply force
linearly on a segment even when in articulated state.
() Sealing performance does not decline because the
articulated shield machine surface is spherical, even
when its articulation angle is large. BE#RBF During straight tunneling
(@) Extremely safe without mechanical connection

HyFAYR Cutter head  FHTTvYF Articulation jack

rh$7B% During curve tunneling
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DESCO=Detaction System of Collapse

Detection System of Collapse (DESCO)

=)V FEEORAER, VP THEICI D AF > 7L — L LD
WCZERBRASEL AT LD FTHMET 2 L HBILTORKICRD F
To CNZRIET 2 I E AL, EROFTESE, Rz #H LR
TN FH8 A

JFEDRI%E L 7:DESCOIE. Z Dhi ¥4 % AR A S Ol E TS
57T, IO 72 DRI TV Y A A THERIK Z A
TEET,

DESCOW . I KT D 2 TS H Y. Tidh v ¥~y FilfED A+
7L — MCREEBRMBERET S HRT, Tidh v &y FAEFIC
BWAERT. By FAy FORRCEEPHELETE 5 HTT,

OIREFE

Pk e L OBLAFREOEXFH LTI ) bOT, ZOBLAN

\CEEE T CERUSH 2K, = OB & BEERD,S. oK

J& 7 & A7 AT O IO ZAL CIRKBOTIR A MAIT 2 b DT,

PRARIE B O v P CELL F 3 A9E#ET0~300m ¥ T

WexFd,

@D FEEARAIA DD, V—IU RIEER BTN TEE T,

@ k&ML DBEEE U EFRT 2AREOTHLEEE T &1
Fole< b FtHh, Fle. BERLHEIERANEEDST. K
(L&D, SHAESORREEDHEEZ FH .

@ AvIAY RICIIBEEIRUIFBIEIT T, fhDSTEERE(IHS T
MEBTEFT,

During tunneling by a shield machine, gaps form between the skin plate
and the ground when soil collapses at the cutting face, and if such a gap is
not discovered it can cause ground settlement. To prevent this, measures
must be devised to detect a collapse and fill the resulting gap.

DESCO that has been developed by JFE is a method of detecting a collapse
by applying a current with an exploring electrode. Because it is a non-
contact method, it can be used to continuously detect a collapse in real
time during tunneling.

There are two DESCO modes, mode I with fixed electrodes installed on
the skin plate beside the cutter head and mode II with electrodes installed
around the periphery of the cutter head so it can detect the entire
periphery as the cutter head rotates.

@Exploration principle

A system that uses the difference between the electrical properties of
slurry and ground, it forms an electric potential distribution by passing a
current through these two electrically different layers. Based on its
electric potential distribution and the current passing through it, the
system detects the shape of the slurry layer by searching the fluctuation of
an apparent specific resistance from the perspective of the slurry layer.
The exploration depth varies according to the distance between the
electrodes, but its standard measurement range is from Omm to 300mm.

FEATURES

(1 Continual measurement by a non-contact detection method during
shield tunneling.

(@ No disturbance on the ground because of a method that takes
advantage of the current properties of slurry and ground. And
unlike ultrasonic and elastic wave methods, the measured signal is
not dampened or otherwise effected by the slurry.

(@) Electrode is only attachment to the cutter head. Other measuring
instruments can be installed behind them in the shield body.

EEREEM

Fixed type detection electrode

\

TEKHEIERBEEEHAIY X T L
Automatic slurry specific
resistance measuring system

OERTURE

Rotating type detection electrode

\ ity o X
Relay box

EEEEI FRRERE
Current electrode type detection
system of collapse

(DESCO-11)

OVEa1—%88 Computer unit
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SABIS=Segment Automatic Building Intelligent System

Segment Automatic Building Intelligent System (SABIS)

BE. D=V FFBOPTHSEBANITEEBDD, 7 X2 bD
FZ T TOEZ A MV OEEMEZRL LT, EHBY—V R
BOREITH Y T A FFICT — IV FEXSKOLOMEIH 5]
T, HEMVEBEIZLERITROEEEWZ I, JFEEZ DL
7 A v b BB EEE [SABIS| 2R3 L % L7,

XY P AN Y AT 4 [SABIS] 2@t 77 % ¥ b #kab4G >
AT 2@t 7 XY MEBHRDMT.TY A7 2RIV - F v ML
i AT L —D=ZDOSRERE N TwEJ,

MEOBREZMNIML72CM ST AT AL o TET XY FDOR.T
CAVEEBDNIET ZUEED 2L 2 ), —O/EEITEIREIC WS —
ANDF RV —F —CREPOFMEHEICEBTE L X H 2D F L,

D) BEHEIIDX 1 > EEDMBRDEE(ICIE. MBOILIFAME
EIE#EZE. RITTHD. BICI LV IYREREZEERTEI A b
D> JDEEEEFTICTE. NERDHIHZSZICLTLD,

@ MILE - Fv hDEEEBEMEL. BT XY MEIIHICIEZEED
NEZNEEBFEZEICEETED,

@ LTI A bDIEFEHHE R T L. (fIBRD VR T LAEDRERD
959 hR—ILZF|B UcR UIAHFXDIBFFRE CTH D . T2
E(CEFTED,

CRAR T A 7 2 I FERRTHL & L FBASE)

Segment assembly is the shield machine tunneling step that requires
the most manual work. Fully automated shield tunneling will not be
achievable until segment assembly is automated. An automated shield
assembly system is particularly necessary now that shield machines are
being used for large diameter tunneling. JFE has developed the segment
automatic building intelligent system (SABIS)

The segment automatic building intelligent system (SABIS) consists of
three systems: 1) segment transport and supply system, 2) segment
positioning and assembly system and 3) nut and bolt supply and
tightening system.

Thanks to these systems with their unique added functions, workers no
longer have to intervene in segment assembly, a single operator can
now safety and reliably control this series of operations from an
operating room.

FEATURES

@Simple position control: The positioning device that is the main
step in automated assembly is equipped with an original erector
direction correction mechanism that keeps the rotating surface
of the erector constantly parallel to the connection surface of the
already installed segment ring.

@ Safe operation: By automating the supply of bolts and nuts, the
system can be operated safely without the need for worker
intervention during segment assembly.

@Safe and reliable system: Both the transport system and the
positioning system can hold segments safely and reliably with
the screw-in type holder that is equipped with a conventional
grout hole.

(:kThe system was developed cooperatively with the Hazama Corporation)

3—4>2JYU2Y Yawing ring
EvF5Ur% Pitching ring

hEElU>2  Rotating rini
EyFUIREERE
Pitching adjuster /
IV UHEEE BEBAE—Y
Yawing adjuster Rotation motor
/ — Vb - >y EEERE Bolt/nut supplier
¥
ILo%E—L Erector beam
MIVb-FuhEfERE Bolt/nut tightener
~— TIAVMERE#EE Segment holder

A5A4R7—L Slide arm

FF#7”—/L Elevator arm

BHEE 70—

Automatic assembly flow chart

#EIZRRA (BT 1)
Start of assembly (completion of boring)

TI XY MBI BRIETAY
Reading the segment assembly target locations

ILI5HEIEE
BRI X MESEETA
Measuring the joint surface of the already installed segment
Erector direction correction

TIXY MEIBBUBEEE
BEER U X SAEETA
Measuring the interior surface of the already installed segment
Segment assembly automatic position correction

»

=% 5 s
S mson i pe || Eomawyr | [F0T LR
assembled part 9 P a segment

L

o
>

BRI, MR AR e
TIXY REENEY ~
Setting the segment pad

Opening holder and
withdrawing the transporter

TIAY MBS
I 5iEsHiuEED
Erector holder position rotation
Holding a segment

Z(FRAIRE
Withdrawing the pad

TIXY h—RIUBERD
Primary segment positioning

TIAY RIRUBRD
Secondary segment positioning

IV b F MEEHEE
Bolt/nut supplying and tightening

IO YERER. B8 ‘

Opening and withdrawing the erector holder

#EIIEBS J R
SJ extension of the
assembled part

KEIXV RNETH?
0 Segment K completed?

YES

B I % T
Assembly completed
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JFE SHIELD TUNNELLING MACHINE

JFE IVIZ7VU00 #Hatt

ERERS
T230-8611 #EEMBREXKRLEIZT H1HH TEL 045-505-8961 FAX 045-505-8966
http:www jfe-eng.co.jp

J F E JFE Engineering Corporation

Machinery Sales Dept.
2-1,Suehiro-cho,Tsurumi-ku,Yokohama 230-8611 Japan Tel:++81-(0)45-505-8961 Fax:++81-(0)45-505-8966
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Overseas Offices
Hong Kong : JFE Engineering Corporation Hong Kong Office TEL: 852-2810-0604
Unit 3517, 35/F,West Tower, Shun Tak Centre, 200 Connaught Road Central, Sheung Wan, Hong Kong FAX: 852-2810-4262
Yangon : JFE Engineering Corporation Yangon Branch TEL: 95-1-650966/7
c/o MiCasa Hotel, Room 8, 17 Kaba Aye Pagoda Road, Yankin Township, Yangon, Myanmar FAX: 95-1-650964
Shanghai : JFE Engineering Corporation Shanghai Office TEL: 021-5882-7667

24F-C, China Development Bank Tower, 500 Pudong South Rd., Pudong, Shanghai, China postal code : 200120  FAX: 021-5882-7099
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Bangkok : JFE Engineering & Construction (THAILAND) Co., Ltd. TEL: 66-2-632-6751~8
2 Silom Center Building, 17th Floor, Room 1701 Silom Road, Suriyawong, Bangrak, Bangkok 10500, Thailand FAX: 66-2-632-6761~2

Jakarta : P.T. Permiko Engineering & Construction TEL: 62-21-7253012~4
Parama Building, Ground Floor JL. K. H., Achmad Dahlan 69 A-B, Kebayoran Baru, Jakarta 12130, Indonesia FAX: 62-21-7253015
Kuala Lumpur : JFE Engineering (M) Sdn. Bhd. TEL: 60-3-2166-2121
Unit C-13A-5, Block-C, Megan Phileo Avenue, 12 Jalan Yap Kwan Seng 50450, Kuala Lumpur, Malaysia FAX: 60-3-2166-2525
Singapore : JFE Engineering (S) Pte Ltd. TEL: 65-6734-2482

1 Scotts Road, #21-05 Shaw Centre, Singapore 228208, Singapore FAX: 65-6734-1186
Manila : JFE Techno Manila, Inc. TEL: 63-2-635-7467~9
23rd Floor, Wynsum Coperete Plaza, 22 Emerald Avenue, Ortigas Center 1605 Pasig City, Metro Manila, Philippines FAX: 63-2-635-7470
Al-Khobar : JFE Engineering Saudi Arabia Co., Ltd. TEL: 966-3-882-6406
Al-Bustan Compound Office Complex P.O. Box 31775, Al-Khobar 31952, Saudi Arabia FAX: 966-3-882-6579
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