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VIUYAIDRIUVA DIADVIBNISIESUNIAVAU/AU NouMsyaLld: (Pre-support) Boadunisia
Taomsis Spiling Kéo Forepoling AadvAravmaluvA Av:rmsyatuducalU

GROUTED PIPE SPILING € ADIT TYPE "A"
Perforated Steel Pipes ®50mm; L=10m |

[See Note 3] GROUTED PIPE SPILING
raets Perforated Steel Pipes @50mm; L=10m

""" prepteetitl H vt

o

(=)

WM

-
o
un
. a| =

Befch =

I
INITIAL LINING 350mm o)
SFR Shotcrete Invert -+
™~
SHOTCRETE 75MM 10400
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l R
Sur Primary support Secondary support eserve
=
€25 shorterete Rock bt Rerorced mesh Steel rib Ach wall | Invert | giorcemend Deformation
rock
Thickness Length Ringx vertical Bar diometer Grd spocing WM Thickness | Thickness | Diometer
grode Posttion Position spacing Position Pasition Type ooy (cm)
(cm) (m) (m) (mm) fcm) (m) (cem) (cm) (mm)

| Mchwal | 12 | Arch wall 3 12x15 Arch ring [Ring Longitudnal #6  25%25 - - - 0 45 - 58
Arch wall 23

N, Arch wall 35 1.2x12 Arch woll |Ring Longitudinal #6 20%20 Arch wall 116 shaped steed 12 45 S0 - B 10
Invert 10
Arch wall %

Ny Arch wall 35 1.2x12 Arch wall |Ring Longitudinal 6 20x20 Arch wall |18 shaped steed 1 45x 50x 420 B~ 10
Invert 15
Arch woll 27

Vo Arch wall 4 12x1.0 Arch woll [Ring Longitudnal 93]  20x20 Ful fing [200 shaped st 0.8 50x 55x 5 1015
Invert 25
Arch wol 27

. Arch wall 4 1.2x1.0 Arch wall |Ring Longitudinal $9 20x20 Ful ring [I200 shaped stee{d 0.6 S0x §5x 28 10~15
Invert %
Arch wall 27

Ve Arch wall 4 1.2x1.0 Arch wall [Ring Longitodnal 43|  20x20 Ful ring [1200 shoped stel 0.6 55x 60x 428 1015
Invert 2%

Note: 1. Reserve a large value in deep—buried and soft rock tunnels, take a small value in shallow tunnels

and hard rock tunnels, and special geology can be appropriately enlarged.

The III-V surrounding rock arches adopt 22 hollow grouting anchors, the side walls adopt $22 mortar

anchors, and the large pipe sheds are set to cancel arch radial radial anchors.

The "x" in the table indicates reinforced concrete.

i
Ns:nsdJAuuIAY nsumszudin1is1y

Applicable conditions

[ | Grade III suounding rock general area
N, Grade Nsurrounding rock generd area

¥ Ny Grade IV Surrounding Rock Shallow Buried Section
V. Crade V surrounding rock general area

\ vy Grade V sumounding rocks shallowly biased
V. Grade V surrounding rock gravel land

Weathered Line ‘:;y
Disintegrated poorty I” g
Mixed with angular HN¢ 7
Pieces size GQ’W
mal.i’-|mm1lilﬁ'
DK.131440°

,___.M

ALY - swn.
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Juasumsnaasivuuu The 3 Steps Temporary Arch Working Method

nstiNduAtuNIwulakudamMwosgius:auatuMwcuIn WU Uszinniku Vb/Ve tulasons
noaswsalwAIwdogo WatWulaiosnwuovaluvA ua:UsoAumswonaiguavsuRU
DruuvNMsiviusantdu 3 Bu Us:noudde Upper, Middle, Lower Step Excavation

o [t9:0)
i Al

i it —,
X s
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Juasumsrioasouvu The 3 Steps Temporary Arch Working Method
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nstiNduAtuNIwulakudamMwosgius:auatuMwcuIn WU Uszinniku Vb/Ve tulasons
noaswsalwAIwdogo WatWulaiosnwuovaluvA ua:UsoAumswonaiguavsuRU
Drudonmisiivuoontdu 3 $u Us:noudde Upper, Middle, Lower Step Excavation

......

,,,,,

Shedd frome
| Steel frome nct shoan ful

L s g g e

- l
| Suppo .
a o ‘ nstruction Trestle =
1|
| 77 2222 w
iy e | 2 =
oD ety U S
TR
e www Maauf
: v <L
Turnel Bottom Jelisg 5
it Ach
nitid supeort

lemporary orch - ¢50Lock Foot Anchor Tl ]
LongSm 2 per noge

/
!l"

t Foot Anchor TRpe
Sm, 2 per noge

".\
\
ock Fool Anchor T th
ngdm , 2 per node i

o°°_,—— -0 0
o5 20
)

~Advonced small duct
oooooooo

7 ! e
2 ~Upper Step pnmory sup, N
/4 NS¢
Y \]
I|/thickness Smm ®50Lock FoohA Jhbe , Wall thickness Smm
Tuhnel \ LoagSm , 2 per node
cepteriine \
~Middle Step primary support | \
\
|
\
y foo or Jpbe , Wall thickness Smm
~Lower Step Primary support Longdm , 2 per node
f
‘ /
Roi level o A
/J ~orch filling concrete
nesy.omm @500 ock Fool r Jhbe  Wall thickness Smm
W Longdm 2 per node
~Primory support of arch ~Arch Secondory lining
AUl - swn. 18
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1 Convergence—Confmement Method (CCM)
5851AS1RBVAVUSING IBKIADIUFUWUSS:KI0USVAUAEU
NUNISyUADUDVRLULA

2. Finite Element Analysis (FEA)
38NMisAudcuIBvadtlay (numerical method) lagtdlUsunsuy
15U Phase?, Plaxis, Diana

3. Loosening Wedge Analysis
SsMisIBonaAmaasiku (331AskAdULaNgsUDvaUKRU (wedge)
Sou a 9luvA

4. worsaudnus:aunmisainaargnavnutulasvnisdunauniin
cnuuuoMmv Rock Mass Classification avowsu 3Snisoonluu
Q28 s:uU RMR rnSo Q-System dad

AU - br.bentley.com
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JuadUNStUdUMSUQD1:DIUVA
Msya1:ad835 Drill and Blast

Drilling . ~ g Charging
- =
Setting out for new round T ANPRREROR Blasting

Supporting

- Shotcreting

- Rock bolting

- Steel Rib installation

Ventilating

Scaling Mucking

24
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Drill and Blast nso TBM
WSsuNgUAUNUMSADASIV

A
g Drill & Blast
Other factors
- 1=
| Additional
Geology financial costs
Geometry
Environment
Project timelines
_I l >
1.5 4.5 :
Both methods I ExcavatLonISpngtt:(bm)d
-€ e
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Drill and Blast S TBM
wWSguULNgUNISNDASIY

Uodawoisan Drill and Blast
01 [eaite BINON 1SO
Bl AdWEaKEU fangugo Jdovina (Kuhda uudtduniv)
EMN dunuisudu chn31 TBM o
B AunuUS:YEND AULSOFONDIN AUATKINRIUVAEND
LI amwau/Au IKUNNURULDD IKUI=NUQU/KAusou
o[ Wans:nu Jusvdua:tipu 13godo (Fo0/usvduastiiouch
07 KEEENWN Uoond1 5 nu. uINNo1 5 nu.

I douthodioulsnu salws=1n31viJov salwwhluliJov
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N1SQS223amuuUgw
wssuinou CTM ua: TBM

Notes Conventional Closed-face TBM  Operational tunnel in
X Usually secondary parameter :

O Frequently important parameter Method | (urban areas) creeping ground
® Essentiel parameter, always monitored (low overburden in

B Essentiel parameter, always monitored when advance full face with pre-confinement urban areas

0. VISUAL INSPECTION (face & sidewall)

1 GEOMETRIGAL PARAMETERS ! |

Face extrusion (horizontal displacdement) [

Surface settlement o L

Surface rotation O O

Extrusion of the ground ahead of tunnel face (extrusion-meter) |

Displacement in borehole (extensometer, inclinometer) O ®) X
Convergence at sidewall o o
Crack monitoring O ®
Deformation of permanent lining X X ®

2. MECHANICAL PARAMETERS ] I
X

Force (arch base, anchoring rod, rock bolt, etc.) o
Stress in ground O
Stress in support /lining O X O

Monitoring and control in tunnel construction 30
International Tunneling and Underground Space Association (ITA) 201
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N1SQS223amuuUgw
wssuinou CTM ua: TBM

Notes Conventional Closed-face TBM  Operational tunnel in
X Usually secondary parameter Method (urban EIFEEIS) Creeping grour‘ld
O Frequently important parameter (|DW overburden in

@® Essentiel parameter, always monitored b

B Essentiel parameter, always monitored when advance full face with pre-confinement urban areas

3. HYDRAULIC PARAMETERS ___

Pumped out water rate O
Surface rainfall X X
Piezometric levels in ground ® o o

X

Temperature of leakage

4. OTHER PARAMETERS ___

Tunnel air temperature O

Tunnel air pressure X

Tunnel hygrometry X X @)
Date and time o [ ®
Vibration from blasting o

Monitoring and control in tunnel construction 3
International Tunneling and Underground Space Association (ITA) 201



Types of Instrument Equipment

Modified Tunnel Lining Design (2004)
Objective ______|instrumentation | Range | Resolution | _Accuracy
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Extrusion of ground ahead of face Increx probe 0.1 mm 0.01 mm +0.003 mm/m
Sliding micrometer 1m 0.01 mm 0.002 mm/m
Sliding deformeter m 0.01 mm 0.02 mm/m
Relative vertical movement Precise leveling pins installed on structures, any 0.1 mm 0.5~1.0 mm
settlement points, geodetic surveying targets in
structures or tunnel linings
Precise liquid level settlement gauges with LVDTs 100 mm 0.01~0.02 mm +0.25 mm
installed in surface structures
Borehole magnet extensometer any +0.1 mm +1~5 mm
Borehole rod or invar tape extensometers 100 mm 0.01 mm +0.01~0.05 mm
Satellite geodesy any to £50 mm to £+1 mm
Lateral displacement Surface horizontal invar wire extensometers 0.01% 0.001~0.005% 0.01~0.05 mm
Change in inclination Borehole electrolevels; 50 mm/m 0.05 mm/m to 0.1 mm/m
Electrolevel beams on structures and in tunnels; (to 175 mm/m) (to 0.3 mm/m)
‘tilt meters’
Horizontal borehole deflectometer +50 mm +0.02 mm +0.1 mm
Borehole inclinometer probes +53° from vertical 0.04 mm/m +5 mm/256 m

Change in earth pressure

‘Push-in’ total pressure cells

up to 1 MPa upto 0.1% FS up to 1.0% FS

Monitoring and control in tunnel construction 32
International Tunneling and Underground Space Association (ITA) 201

Department of Rail Transport



Types of Instrument Equipment

Modified Tunnel Lining Design (2004)
Instrumentation

Monitoring and control in tunnel construction
International Tunneling and Underground Space Association (ITA) 201

| Range | Resoluion | Accuracy

w@* NSUNISTUAINIISII

Department of Rail Transport

Change in water pressure Standpipe piezometers any +10 mm +10-20 mm
Pneumatic piezometer (pore pressures are balan- 0-20 bar 0.01 bar 0.5% FS
ced by applied pneumatic pressures); + 0.02 bar
Electronic (vibrating-wire type) piezometric
Sensors

Crack or joint movement Telltales +20 mm 0.5 mm +1 mm
Calliper pins/micrometer, or mechanical strain up to 150 mm 0.02 mm +0.02 mm
gauges
Vibrating wire jointmeters up to 100 mm up to 0.02% FS up to 0.15% FS

Strain in structural member or lining  Vibrating wire strain gauges up to 3000 pe 0.5~1.0 pe +1~4 pe
Fibre optics to 10,000 pe 5 pe 20 pe

(1% strain)

Tunnel lining diametrical distortion Tape extensometers across fixed chords up to 30 mm 0.001~0.05 mm +0.003~0.5 mm
3D geodetic optical leveling (‘retro’ or ‘bioflex’) any 0.1~1.0 mm 0.5~2.0 mm
targets, leveling diodes or prisms
Strain gauged borehole extensometers installed 100 mm 0.01 mm (0.5 pe) +0.01~0.05 mm
from within tunnel (3000 pe) (£1~10 pe)
Convergence system +50 mm 0.01 mm +0.05 mm

Lining stress Total pressure (or ‘stress’) cells 2-20 MPa 0.025~0.25% FS 0.1%~2.0% FS

Lining leakage Flow meter any 1 litre/min 2 litre/min

Vibration Triaxial vibration monitor/seismograph 250 mm/sec 0.01-0.1 mm/sec 3% at 15 Hz

33



a@w NSUNISTUAINIISII

Department of Rail Transport

chukuvnaadvuazmsaacv aunsaiasIdia

Instruments

Position Installation

In compressible layer where
Piezometer consolidation is anticipated or below Not shallower than depth of excavation
base of potential uplift structures

At most critical location, generally mid-
Inclinometer span of excavation boundaries or near
sensitive structures

At various depth in compressible layer or expected
sensitive locations

Vibrating Wire Strain Gauge On selected strut members Web of steel member

Load Cell On selected strut members Axial

Pressure Cell On selected retaining wall Wall surface in contact with soil

Along excavation boundaries and
Surface Settlement Point critical sections perpendicular to
excavation boundary

At 5m to 10m spacing and according to existing
site condition

On surface of structural member after complete

Building Settlement Point On selected columns of structures .
removal of paint and plaster

Heave Gauge Center and edges of excavation At excavation level

Extensometer Within anticipated stress influence zone Various depth zones

On surface of structural member after complete
removal of paint and plaster
On surface of selected structure On surface of structural member after complete
members removal of paint and plaster

Tiltplate / Tiltmeter On selected columns of structures

Crackmeter

Vibration Sensor At sensitive structure location Fixed or portable Aun SK. Kong 2003 34
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Description OR16 OR17 OR18 OR19 IVS121VS131VS14 TN16 TN17 TN18 Total
1 SS  Surface Settlement points a1 121 67 209 107 36 75 266 125 351 1,448
2 BS Building Settlement points 52 51 44 81 27 32 32 129 78 112 638
3 ST  Structure Settlement points 8 10 9 2 5 7 4 26 24 31 126
4 TPS Target of prism 47 55 53 - - - - 68 45 73 327
5 INC Inclinometer in diaphragm wall & soil 6 6 6 - 2 2 2 - - - 30
6 IEX Combined inclinometer/extensometer 2 2 2 - - - - 2 4 6 20
7 VP1 Vibrating wire piezometer single point 6 6 6 - - - - - 6 10 42
8 VP2 Vibrating wire piezometer multiple points (two points) 2 2 2 - 2 2 2 - 4 4 12
9 VP3 Vibrating wire piezometer multiple points (three points) 2 2 2 - 2 2 2 - 3 4 17
10 LOC Load cell - - - - - - - 3 - - 3
1" VST Vibrating wire strain gauge with thermistor 4 4 5 - - - 5 - - - 18
12 VSG Vibrating wire strain gauge in diaphragm wall 24 24 24 - 8 8 8 - - - 120
13 TCG Crack Gauge (Tell-Tale Type) 9 16 5 24 - - - 55 24 56 189
14 TLP Bronze tilt meter plate 6 14 3 14 - - - 94 45 53 239
15 TLS Tilt Sensors 10 10 12 10 - - - - - - 42
16 RE1T Single point rod extensometer = - - - - - - 2 - - 2
17 RE3 Multipoints rod extensometer (three points) - - - - - - - 2 6 6 14
18 CB Convergence bolts - - - - - - - 22 16 6 44
19 RTF Real-time automatic system - - - - - - - 1 - - 1
20 PC Pressure cell - - - - - - - 12 12 12 36
21 VM  Vibration Monitoring instrument - 1 1 1 - - - 18 19 - 40

sou (Total) 385 780 3,426
ALY — swu. 36
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1. Surface Settlement Point (SS) 3. Structure Settlement Point (ST)
msaaanmsmaaunauaowu!namem nsaa:‘inmstn5auc‘|';>uaotnsoa§1olné'tﬁ'ao
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2. Building Settlement Point (BS) 4. Target Prism (TPS)
clsaa:mmsmaaunauaommsusomtnamem as2d3amstaasuadudvlasvasiv 3 NAMY
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5. Inclinometer in Diaphragm Wall & Soil (INC) 7-9. Vibrating Wire Piezometers (VP1-3)
As223aMmsiAaduaunUISIV assd3ausvauthtdau

Measurement S h . 3
Horizontal Ground
Movement ?

6. Combined Inclinometer/Extensometer (IEX) 10. Load Cell (LOC) .
QSDDDQn'\SIHaBUQDUB\)WUZUllUDS'\Ulla-O\) CISDDHDUFI:nUlnSElO?un1£luua-n1usa\)SU

He=

i Measurement
- Horizontal and Vertical Ground
I .

X | e Movement

H=

A1 — swu. 38
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1. Vibrating Wire Strain Gauge with Thermistor 13. Crack Gauges (Tell-Tale Type) (TCG)
(VST) asadiannuasgatumeu Qs2D3asDusS1dddvUNuU

12. Vibrating Wire Strain Gauge in Diaphragm 14. Bronze Tilt Meters Plate (TLP)
Wall (VSG) asad3anounseauav D-Wall ms3anugvudvlasvasiv (Manual)

I

A1 — swWu. 39
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15. Tilt Sensors (TLS) 18. Convergence Bolts (CB)
30AWIDYVUDVIASVEASIV (Manual/Automatic) AS223aMSIAADUAINTIKINUUDVHUVDIUVA

)

nnnnn

Measurement
Tilt of Structure ' Measurement
i/ T et ac Mdomanc between pairs of reference points
16-17. Single/Multiple Point Rod 19. Realtime Automatic System (RTS)
Extensometer (RE-1, RE-3) StUUADUAUMSASIDIauUU Realtime

asI23amsiAdsudousvwulunudav = oy

| » =
| ’ ) = N a

Measurement

Vertical Ground Movement

Real-time auvtomatic system ﬁU'l —_ SWU. 40
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20. Pressure Cell (PC) 21. Vibration Monitoring Instrument (VM)
ASODIaAdULASTAlUUDAADUNSQ assdianmsduaztnouvaviasvasiv

' SYSCOM | )

WA3000C
i) N

Database Management Software
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Building Settlement tns‘)n-‘ssnIWW"zmnua"uaau

» Ground Surface Settlement

Extensometer
Sensors nns:oaontnsoaswatuon

Convergence Blots
Structural Settlement
Crack Gauge (Tell-Tale Type)
* Rod Extensometer Single Point
»" Rod Extensometer Multiple Point
* TiltSensor
@ Target Prism
A Piezometer Single Point

A, Piezometer Muitiple Point
@ Tiltmeter Plate

AU — swu. 42
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as>d3an Intervention Shaft

Building Settlement
Ground Sueface Settlement
® Extensometer

® Indinometer
Structural Settlement

o Crack Gauge (Tell-Tale Type)

® Tiltmeter

* TiltSensor

@ Target Prism

A Piezometer Single Point

A Piezometer Multiple Point
Rebar Strain Gauge

%, Strain Gauge With Thermistor

Building Settlement
Ground Surface Settlement
@ Extensometer

= Inclinometer
Structural Settlement

A, Piezometer Single Point
&, Piezometer Multiple Point
Rebar Strain Gauge

'
® A
A
@
3 a: 'y
’ &

ooy ®» ¢ ¢

eoe 8 ,o9nd .
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| Tunnel design |

[Monitoring implementation details [=—Site investigation and data research

Tunnel constructionf

Immu and Engneering Satety Evaluation HJM atmo l-n——l theoretical onalysis ]

Yes

environment and safety
eet the requirements

speciol requirements

IMius‘l design porameters and propose change design auqqesionsl

t

|Report'nq supervision, owner, design oqencyl

hange desigrt

T'.mnelT

1
central

line

—

\
\ Rl el l"
T o

Full section method measuring point layout

Three—step method measuring point layout

ﬁ@i ﬂSUﬂ'\SUua.Jn‘IJS'lJ
w Department of Rail Transport

e ——

Step method measuring point layout

Legend A Vaulting point measuring point

< Peripheral convergence point
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TasvmissalwAd WSOV
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19 a.a. 2568 15:22:15 | A, L ,
JRKESTEN | Ty A =F S Q. a‘s‘"m
5n 18180 Wgs L s L f_"‘; A9nMER 18180
3ww|ﬂ1‘y]g| / ‘ / 7 i & ﬂ ‘“* :ﬂi”l"ﬂﬂlnﬂg :

nisasdoialag Total Station
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AWOtuNMISAasIdIaQ

Measuring sect

Measuring frequency | Deformation speed (mm/d) e

-

2times /d >3

1 time/d ] 1105
| time/2~3d 05101
ltime/3d | 0.210 0.
1 time / week <0.2 \ -,

Note: B is the maximum excavaya

mdth of the tunnel.
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Al and Machine Learning
msus:gnalsnumsyad1:aluvA

(o) asav30A1NaIUVA Realtime 02 Wssuisunugudayaisuw
AS2D3aACA AWULDDDINMISYALD: Al ua: Machine Learning nimstJsgutngu
2lUVA WIURUNSTIOSODIAUA:LEULLDS Jayanasdo3aldoinmsyatozAugudoya
dva AGadvua:asoo3a Realtime TAsoNsdUa AWUL

03 MmamsaiamwssaiSnenddvkn
Al mManNisadaniwsstudnandnvrkin "' 3?"'-_?’.5:
yovaluvA AMaMstiAdIULIvUSVUDVAU/RU : B |
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Al and Machine Learning
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01 cwundudasane 02 WuAWISONMSYQID:
Al S1As1zKaNIWSSTUSNeILUU Realtime Al lauauu:uu:)m\)ﬁmm:autumsqolm:
NMtKkawisn Take action Tdogvnunoon SnNvauisaUs:udanaanIwsstisngn
BouwuAIWUananycndsaguiuaviu [dDe1vsdALSDd MMsya1:RIUvA

awrsamidsouu

03 WuAIUWLUSITUNISYQIDI:

ADUAUAFANIYNISYQLDI:aD8 Al
ua:s:uuasna MIKNsya:LLUEIINGOLTU

04 v>9Us:noamisme
Al sogthauisnaadutolaon3snisunuaviu
Athuzaw uasUshgamidetumsaiduns \
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ddaghvmsunh Al ntstumsyaw:aluva
Autonomous Tunnel Boring Machine : ATBM

01 uh Al nistumuriaasvaluvAsalwwh

IAsvnisnodasivosalwwhares KVMRT SSP Line 2
tultovnNoarauldos viLatse

02 Us:gnals Al sounu Sensors asdd3a

dadv Sensors n31$ousameiu TBM
QasdoJauuu Real time

03 Al voguuviviMms:=viutuviuviIvus:inn
- VIUADUAUKDDI:DAOLUUA (Auto Steering)
- VIUADUAUDASINISLDI: (Excavation Rate)
- VIUADUAUAISa:aNecivAa (Slurry Control)
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HE ‘ Fé | F0

Sensor 1

3.66 bar

Sonsor /

3.84 bar

sensor 3

3.88 bar

Waorking chamber ol

PSS e

3.80 bar
1160
0
100
1885

Real screw
Comeyor

3.65 bar

E ‘r 3.49 bar |' 0.00m

f 3.80 bar f\i ’

86 mm

123 bar

167 hd'

93 mm

e-i-O

-

‘Autonomous

Component B

ad F1 Fa
- — Cutting wheel
F2 F4 Acvane
= - ! )0 MNm 0.0 rpm ‘ 0 Dar 0.000 kNm
Keyboard
I = _ l ‘
Releases Advance b e s | R
AP I o f— 2 /
— Auto 3.49 bai
Maode
o’ 9 bar —h
88 bar 1309 mm 101 bar 2900 Sonsol 5
P
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128 bar 128 kar
o D Q09,4
Sensor 4
144 par f
- = 3.87 bai
m 1290”]"] 14 mmm
Speed Thuuest fod C# Penetration
45202 kli Tomt “Crew
————————————————— — s o i S22 L comveyor
Shield a ticuladion I 3.98 bar
Group D Group A ———
132 mm ! Bi-c mponent

ot A

a1 [ 3.9bar | 0l/min 0.1 bar | 0 l/min

99 bar :
t Fosce lnl.nllunl.ullnnr
Total " ‘,m:'.",“‘ —J flt | a2 3 0 bar 01 e 01 bd[ 0 /min
e U Tl Iy tervention -~ - L* g
12412 kN 2. .. | 3.7 bar | 0l/min_ [ 0.0 bar 0 I/min
— Hed A4 | 3.6 bar [0 I/min 0.2 bar | 0 l/min
113 mm 145 mm
42 bar 2 ba e J ‘ Sizer
=== Sizer left Sizer rigl

NISUNTAI "uﬂz?‘tumsumm-atu

Tus 1

speed | | 0. N 0.0 rpm

TunneIBonn

&

s

Releases

Regrouting

0.0 bar

g Machlne JATBM)

Pulling fe,

Shiold articiation sk

Tall skm aticulation
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AUTO STEERING
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us. taUuszyusounukudeMmuningddovuaiamnuanasmsidovnu
auawmaoinmsnaasivaluva asulassgo avi .

1. asd>daaumsindaduudvHUuvRIuvALa:KNRD (face) thtnalAev real time Nda

2. I51ASDV3a multipoint extensometer AadvikiipdasdaudVAIVVATUUSIOIMU overburden cih
wwathlavayavavmsinasuduuuisgalny uatstumsiidhs:iv

3. ioumsufuavmutAiinisnunou3Smsniviudgviduvdaua:iunssiSng1aguUs:d1KuNvIU

— - (-]

4. tumsujuaviuandumsmu method statement Tastawr:usuiiaEsY

5. nscuwun fault zone d>=d@viiMsnunaU3SMsMVIULA:ISMSAamu (monitoring)
WA WaoaAadvNUANUMITNIVSSUSNYINWU

Nod KUDYVIUNDMSADAMUMSHDASIVDTIIVASIUUSIVDEWDISUN

unasmsavnanivdjuacsiv
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AMamsaicmuKsuvvIunND:v1auaautusuInG

unaaNnsnmMviucudluvA

1. SAonsssaunAlA (Tunnel Geotechnical Engineer)

S1AS1ERASSTUSNEN US:LTUADIULEYDNIDSSTUINEN
- ground settlement, Fault zones
- Numerical Modeling Finite Element 18u Phase?, Plaxis

2. 5A2NSIASVASIVRTUVA (Tunnel Structural Engineer)

N1VIUSOUAUSADNSSSTUlNATADDNUUUTASLASIVRTUDA
- Immg segment, reinforcement
- AudTU usvns:M, usvda, usvauduua:uin ATASLaSIVADVSU

3. NIUGJDU'IIUIOW'I-O'IU (Specialist)

- wmunumsaoans TBM AdUs:auniscd
- Dnansmsosnm zsauu150 TBM
- wwaamtgmumsnaasw\)aiuon'loatumsaoonsna

4. QIBYIIYSIASIRTDYA/UunuiUs:Gud
(Data analyst/Engineer/Artificial Intelligence)

- wawadoyasstudnyn ua: monitoring
(real-time monitoring, loT sensors, Al prediction system)
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- W.S.U. ADIWUanane 01820u0Jg ua:anmwiuoadoulunisniviu w.A. 2555
- NNNS:NSOVMKUAUIAsTHILUMSUSKISDaMsua:aildumsaundIuUanany
D1820UJg LazdaNmwidadoulunisNvIuLNgINUADUDINIA W.A. 2562

tucihods:inAinnKBISDVAIIVUADONEY
tualuvAalaglaw:

dansSgowsm
- 29 CFR 1926 Subpart S — Tunnels and Shafts in Compressed Air
- 29 CFR 1926.800 — Underground Construction
glsJ
- Directive 2004/54/EC on Minimum Safety Requirements
for Road Tunnels
- Commission Regulation No 1303/2014 safety in railway tunnels
uAuIM
- Ontario Regulation 213/91 (T Section tlaw:dnSualuon)
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Aoshvnnruuonuhautdlucivus:inc
dansSgosm

29 CFR 1926.800 — Underground Construction

(5) Rescue teams.

N —
(i) On jobsites where 25 or more employees work underground at one time, the employer shall - "1“”"‘]96“‘)1 un"utuatuvﬁln unD." 25 AU
v 2

provide (or make arrangements in advance with locally available rescue services to provide) at

least two 5-person rescue teams, one on the jobsite or within one-half hour travel time from the D:C‘ia‘)ﬁ Rescue Team Do“uDuIlj ﬁaﬂﬂj'l 5 nu

entry point, and the other within 2 hours travel time.

il B il B b | | wibdl
(ii) On jobsites where less than 25 employees work underground at one time, the employer shall llHCIUU'IUlC'ISUUWSDU“KU'I\)'IU WSDUUDUIKHD

provide (or make arrangements in advance with locally available rescue services to provide) at

L]
B el —
least one 5-person rescue team to be either on the jobsite or within one-half hour travel time Innunnlnnl"m
2

from the entry point.

(ili) Rescue team members shall be qualified in rescue procedures, the use and limitations of
breathing apparatus, and the use of firefighting equipment. Qualifications shall be reviewed not

less than annually. ' = ﬂStﬁN:Uﬁﬁﬁ\)'lUtljﬁ\) 25 ﬂu d-a“US:a-‘u
(iv) On jobsites where flammable or noxious gases are encountered or anticipated in hazardous Rescue Team a.:‘)“a-‘ lla:c‘ia“u-‘ﬁo" a-“)-‘u

quantities, rescue team members shall practice donning and using self-contained breathing

apparatus monthly. n1£’zu l3a1.(lj lﬁu 30 u1ﬁ

(v) The employer shall ensure that rescue teams are familiar with conditions at the jobsite.

(2) A minimum of 200 cubic feet (5.7 m3) of fresh air per minute shall be supplied for each employee

underground. - mnuoamwu:maauuucn!umsmmuZuaIuon

(3) The linear velocity of air flow in the tunnel bore, in shafts, and in all other underground work areas

shall be at least 30 feet (9.15 m) per minute where blasting or rock drilling is conducted, or where luu nmn1wa1n1 nu ucr‘ “.HDHD"D l.l.a..auq

other conditions likely to produce dust, fumes, mists, vapors, or gases in harmful or explosive
guantities are present.
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Directive 2004/54/EC on Minimum Safety Requirements for Road Tunnels

Article 4
Administrative Authority
(-] L) B w—ll [ :
muualhnnusainAtuarMmweglisy Aaviomsdaav
1. Member States shall designate (an) administrative authority(ies), hereinafter referred to as "the u ~ - ' e
Attt . KubaviudMuaulasansainsualuvAlagiawi:
ministrative Authority", which shall have responsibility for ensuring that all aspects of the safety L]

of a tunnel are assured and which shall take the necessary steps to ensure compliance with this

Directive.
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COMMISSION REGULATION (EU) No 1303/2014 safety in railway tunnels

4.2.1.5.2 Access to the safe area

This specification applies to all tunnels of more than 1 km in length.

(@)

(b)

Safe areas shall be accessible for people who commence self-evacuation from the train as well as for the
emergency response services.

One of the following solutions shall be selected for access points from a train to the safe area:

(1) Lateral andfor vertical emergency exits to the surface. These exits shall be provided at least every
1 000 m.

(2) Cross-passages between adjacent independent tunnel tubes, which enable the adjacent tunnel tube to
be employed as a safe area. Cross-passages shall be provided at least every 500 m.

(3) Alternative technical solutions providing a safe area with a minimum equivalent safety level are
permitted. The equivalent level of safety for passengers and staff shall be demonstrated using the
Common Safety Method on risk assessment.

Doors giving access from the escape walkway to the safe area shall have a minimum clear opening of
1,4 m wide and 2,0 m high. Alternatively it is permitted to use multiple doors next to each other which
are less wide as long as the flow capacity of people is demonstrated to be equivalent or higher.

After passing the doors, the clear width shall continue to be at least 1,5 m wide and 2,25 m high.

The way in which the emergency response services access the safe area shall be described in the emer-
1

mruanasgiuawdasanemetualuva
salw wu mukilwmetualuva ua:mnuuali
dovii Safety Area matualuvAldudu
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according to Marcel

w The types

of safety culture Simard

Employee involvement

Managerial invelvement
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msvalhil Safety Audit ua: Inspection SoununndaJaii
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Weekly Site Inspection

SIN Date Responsible Location Before Picture Description After Picture Corrective Action Target Date
Open
Lam Takong Tunnel doMuusoduuaudo i dmaussduldnndaviian
1 05-Jun-24 Contractor Exit ikl e 05-Jun-24
nug‘lid‘m%‘miﬁum‘ nav
2 | 05-Jun-24 Contiadiis Lam Takong Tunnel viudianuanatu a13anh sy Slope t‘.:lum.atausmm 05-Jun-24
Arch Wall Wisawdunsmsedasail Wuvinaoviu
wmwilnunn
- o 13 o o >
3 | 05-Jun=24 ol Lam Takong Tunnel "idi Barricade ilaofu 1’ammam‘fmaaaumﬂe_-ﬂa‘la 05-Jun-24
Enfrance wauua fasAunisanuanla
_—— o odanuidniiuvnsuia
4 | 05-Jun-24 Contractor a"“‘goe" Lifunesnwaadathse iaumdnuazdadondu 05-Jun-24
Entran wiilaudu
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NISOLAS nmmmnnunasuuaodmm (Root Cause Analysis)
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MsUS:LITUAIULESVNSAUKADTUVAEY (Risk Assessment)
InsomsrioasivaluvAudNIKan

Muak Lek tunnel nsk assessment and countermeasure table

. The possibility of a risk The possibility of o risk Residual risk
Chainage Length couse of risk " - " Adwonce support L - 7 - "
Mo. reck Mud gueting, waoler queting Collapse Lorge deformation Mpgd gushing, woter gushipg  Collopse lLarge deformation managernent
I measures
Stort End tm) Probabity level [Risk level Probobily sl Risk bevefFrobobily lew) Risk lavel Probabiity kevel (Risk hevel Probobilty leve| Risk leved Probobilly lvel Risk lewel megsures
fmestare mired witn Do mefiod, o He 2 Strengthen monilcring
1 | DE131+300 | D131 +350 50 v infreguent low oy high may hisgi | the oy segses, aed do the danaEnfrequent low fraquentimoderateinfrequ deral
e, fp-siecny weathered memsures end femporery sugpor messurement
fvestone mied with ¥ cordil i) mexarement
7 |DK1314350 | DK131+380 | 30 W o, kpesioeng infrequent | low oy high may high *mm.:;ﬂ infrequent | low  [nfreq noderateinfreg oderots g:’hm' "
fressione: mined with . . N fending conduit_ three—slen \emporry | Strenglhes: monitoring megsurement
fi it h h " i nir ter nfr !
3 | DK1314+380 | DK131+405 5 W - infrequen low may hig| may igh et infrequent low L voderg qui rate ol i
fmestone mived with Extremely . o] Extremely . o Strengihes monioing measrement
4 | DK131+405 | DK131+475 70 v o, wnlikely low pocosionamoderatenfrequent  low leoding condul | fhree-slep melhod unilkely low  [nireg noderabegnfrequent]  low o X
ivesione mived with Extremely Extremely L | Srenglbes menoning metsmemen!
7 1 inf [ inff [ infrequent nfrequen
S |DE1314+475 | DK1314985 | 510 m o, weck wnilikely low infrequept low infrequent low Bench cut method unlikely aw & low low - . i
fimestonn mined with ) ) . . i Srengihes monioring megawerent
oceasionamoderat ) omndul method noderatejnfr Amodenatel™T L
& |DK1314985 | DK1324205 | 220 N e, meck occosiormicderate infreguent low leadig  Tree—sdep infrequent @ ratel 1ITEquEs low " i
7 |DK132+205 | DK132+485 | 280 v o, weck frequent | high | may high | may high ”HM:;‘ infrequent froderatenfreq noderatelMrequento st o ek
fimesstone mived with k. Strenglbes mondoring meraurermend
& |DK1324485 |DK1324765 | 280 N o, ek infrequend] low | BBEE | low | infrequesboderate] kedig cndil, free-sep methed | infrequent | low  [nfrequenimoderateMfrequentl gy e
fmestone mieed with X X feoding conduil_ thrve—slen \amporeryl . . . b i Stresglbes moniloring megswement
9 | DK1324765 | DK132+810 45 v p— frequent high | frequent] high | may moderate e infrequent noderat : noderabe ™ MEIUE S nderate - )
10 | DK1324810 | DK1324060 | 150 v o, weck frequent | high | frequent] high | may modetnl:ewﬁ -:M'#‘ﬂwn infrequent froderateinfreq noderateinfreg oderate 9::““ i
" i deratejnir e nfr ober
11 | DK1324960 | DK133+025 65 v e, meck frequent high |frequent] high | may moderate: et infrequent fno L odera qui rate wd i
freshone mived with o P—
12 | DK1334025 | DK1334115 90 N o, meck infrequent  low occasioral low infrequent low kading condil | ree-slep melbed | infrequent low  nfreg noderabegnfrequent!  low - .
13 |oK133+115 | DK133+38s| 270 | m red v ety | tow |infrequeft low | infrequept | Bench cut method | oY | i low  fo | * "
e, eck unlikely infrequent low | infrequent low cul unlikely ow  |nfrequent|] low  fnfreguen ow o .
fmesstonn mined with ) . . . 1 l Srenglhes monioring magawore!
14 | DK1334385 | DK1334#625 | 240 v e, weck may moderatd cccasiongmoderats infrequent low leading oondul, Bree—slep methed | infrequent moderatejnfre noderateinfrequent|  low o .
15 |DK133+625 | DK134+485| B60 m o, meck infrequent low | ocoasiongmoderats infrequent low Bench cut method | infrequent law  jnfreg noderatgnfrequent  low = .
fesione mived with Extremely Strenglbes mondoring megsurermesl
4 i infi i ¥ condiil method il reguend] nfreguen
16 | DK134+485 | 0K1344585| 100 N — Extremely unlikeiy infrequept low infrequept low eading , ree-slep unlikely low (=l low egu low ” .
imesstone mined with . . fending conduit, Hhroe—sien demponony| “Srengihen montoring mearemert
weathared 1 " inf rindenatejnr noder nfr 1
17 | DK1344+585 | DK134+610 25 v — may moderate| may high | infrequent low o infrequent | ] = low - N
18 | DH134+610 | DK134+650 | 40 v - may moderate| may high | infrequent low #mhdl;i:-ﬂq infrequent fmoderateinfreq noderateinfrequent  low g::hm "
fresore mived with Tper—cul. mefhed, o The ir. [r———
18 | DK134+650 | DR134+765| 115 rrui,h.l'pfiwn may moderate| may high | infreqguent low o thrc'qa::.ul bw:'nfrequanl moderatelnireg noderateinfrequent|  low
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Han1sAIIVAsUNATUSHIU
Surrounding | Construction Method Tunnel Risk Assessment
No. Tunnel %23 DK oy
rock Joneddn Mud water Large
Collapse ) ) Karst Treatment
gushing deformation
Three Step temporary : 2 : o
1314350 to 1314416 V A Tiwu Ly laiwu
inverted arch method
. T 3 1314416 to 1314475 \Y Three Step Method A Taiwu " Laiwy
1 glAINaNMIAEn : ,
1314475 to 1314560 Il Step Method Giwy Tiwy A Laiwu
$ ; : DK.131+4560 to
1314560 to 1314572 \Y Three Step Method " Tsiwu A
DK.131+570
Three Step temporary L ) :
1344650 to 1344585 Vv N Tainy an DK.134+600.4
inverted arch method
' _ DK.134+565.8,
1344585 to 134+496 \Y Three Step Method A Tiwy A
2 QlAInNVMAN 8N DK.134+500.4
Three Step temporary : : : q e
1344496 to 13444635 V ’ A Ty # Laiwy
inverted arch method
134+463.5 to 134+430.6 \Y Three Step Method g Tiwu i lamu
B =
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msuUs:iiuaIudgvnsaitnduvnal (Risk Assessment)
InsomsrioasivaluvAudNIKan

Elevatian{ my
330 Tunnel center chainoge DK133+032.5 .
320-] A, T
3104 = Length =
300 + =
290 pac] =
2804 é * Qs
270 @ g
=4 =
260 2 2
250 E :..:
240-] - \\ =
230 g f R z
2201 s . \ / S
210+ 5 ‘f !
2001 ® / ] A —
190 E { L7 4 D
w7 ; Npt) e/ A— [ A———
7] H 1 11 1] 1] 75 {m_l_'l
i 77
405 DK134+585
k131 +475 DK131+985 DK1324205 DK 1324485 DK132+4765 DK1334025DK133+115  DK1334385  DK1334625 DK 1344485 DK1344765
Grafle of surrounding fock I m v v 1 v N m 1y m v v
limestone limestone limesione mived with marl | weok  imestone mixed | limestone mined fmesion: |[mestone mived with N N imestore . -
. . . . I . . [ limestone mixed with marl, weok weothered, mixed [mestone mixed with
Engineering gealogy mixed With | 1 ecione mived with mixed with weglhered. The cofchment ardo is with marl, weok | with marl, weok ied "M“ Thege mivd it massive structure, rock is complete, with  marl | fully~stiong
ﬁﬁ_ weak wegthered marl, weak lorge ond there ore many kofst  Loosors weathered o, meak fragmented Mosaic structure mm‘lwk
weathered frocire zones and weok intefloyer [weot
Hydrogeology ‘weler inlon56.50m d et ilon36507 o] waler ifloe533507(d  uuer nfow 385.68m bt now 35.13m ke indlow 597 ‘| wiler i in oy seoson 1184 50m 7 wier ofiow 107m 4 | ke ilow 205 74|
Mud qushig, water qushingrirequnt ( lowdremely uniikely( lowdxtrernely unlikely { low ) dccosional { mederatel) frequent( high) | infrequnt( low) | frequent( high) jnfrequnt(| infrequnt{ low ) exfremely unlikely ( lowey { moderate)
Forecast risk level|  Collopse i derch infrequnt{ low) decasional ( moderatel) — may { high ) accosional ( low) | frequent ( high ) gccasional { lowpinfrequnt ( | i fte ) occasional { moderate ) may( high}
Lorge deformation i v infrequnt { low) nfrequnt ( low may( high) ipfrequnt{ moderatd may { maoderote ) fnfrequnt { low infrequnt { low) nfrequnt { low
The [construction methaiopen cuf melte FTeE S Bench cul method | tree-step melhod| " or P ISR | thrce—step method | "o ortP el 8ro et sEponh cut method | three—step method Bench cut methad Ivee-sibp methodfrer-ios,
Adonce: supporl meodure pipe shed+ leading condiit | leoding condui leoding conil mﬁ.{ long/shart 4mu|eudiu bdfbg oo
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