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1979 — 2020 EEERE

P BN S 5T E 1T 1AM 1990- 2013
SILMEERI\EERE 1989 - 1994
SItMBNREETIZESEIERK 1994 - 1998
oltmERAME RN EE _EESER 1998 - 2001

199 N_—&&EXME

2010 WEIAILA
HEZEABICHERNEESEES/EER/ETEA 1998 —

Mott MacDonald Ltd - Project Manager/Managing Director -
Taiwan 2001 - 2013

CAF - Project Manager/Consultant, Kaohsiung LRT 2014 - 2015
MMC-Gamuda JV Director, Kuala Lumpur MRT Line 2 2017-2020
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Definition

Applied Geology: The application of geologic principles to all manner of
works and natural conditions that could or would affect health, safety and
welfare

Engineering Geology: The application of geologic sciences to engineering
practice to assure that geologic conditions affecting the location, design and
construction of engineering works are recognized and adequately provided
for.

Applied Geology
- Ore Deposit Geology + Engineering Geology + Environmental Geology (or
Urban Geology) + Hydrogeology

- Ground Engineering (used in Europe, equivalent to Engineering Geology)
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James H. Williams 2016
US Geological Survey
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- Military geology




Development of Engineering Geology

- 1882 0. Mohr: Mohr’ s Circle
- 1925 Karl Terzaghi: Soil Mechanics - Theory of consolidation

- 197_Q. Zaruba & V. Mencl: Engineering Geology

- 1974 P.B. Attewell & I.W. Farmer: Principles of Engineering
Geology

- 1974 E. Hoek & J.W. Bray: Rock Slope Engineering
- 1980 E. Hoek & E.T. Brown: Underground Excavations in Rock

- Instrumentation & Monitoring (Observational approach)




1980-90

- Geological mapping in Sha" ar Descent Highway Project, Saudi
Arabia

- Slope stability
- NATM in tunneling
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- BAiA ~ BIEMMZEESE © Load cell ~ Convergency meter, Extensometer
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Geophysical exploration
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Pre-stressed
concrete piles
L=15m

$=50cm
Spacing=270cm




HhES = Geological Hazards
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HhES = Geological Hazards
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HhE W= Geological Hazards
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- Karstic limestone
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HhES = Geological Hazards

- REIKIFEEETE | EHIEDL]

2FeS, + 70, + 2H,0 > 2FeSO, + 2H,SO,
H,S0, + CaCO, + 2H,0 > CaSO, * 2H,0 + H,0 + CO,
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HhE W= Geological Hazards

- Ground subsidence induced by coal mining
- Ground subsidence induced by groundwater pumping
- Settlement induced by tunneling in soil

- Impact on buildings/structures
- Impact on utilities




HhE W= Geological Hazards

« Ground subsidence induced by coal mining
« Ground subsidence induced by groundwater pumping
- Settlement induced by tunneling in soil

- Impact on buildings/structures
- Impact on utilities
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Settlement induced by tunneling in soil

- Settlement curve defined by 3 parameters
- Ground loss volume, v (constant vs depth)
- Inflection point, i
- Maximum settlement, w

Assumption: Volume change =0




Settlement trough

V= W(max) exp - (x/i)?

= W(max) - 2.5i

i = (D/2)(Z/D)™ or
i=KZ




Settlement troughs at depth

Days after the Passing of the Head

Ground surface
R

Tail Passing
1

— ) ™ Point of inflexion

Settlement, mm
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|

{
i

Shield Advancing Tail Void 1 Consolidation

‘e . I oa
{ Prom Maie Taglor and Bomcemirdde, 1935)

Surface and subsurface setflement profiles - g Development of settlement above EPB tunnel in
UNITED KINGDOM National Report: Taylor -
( port: Taylor) Taipei (Moh et al, 1996)




Superimposition of settlement troughs
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Building/Utility safety assessment
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Figure 6.44 Prediction of ground deformation transverse to thecentre line of a tunnel driven in soil
heneath a major street in Newcastle upon Tyne (Section C on Figure 6.48).




Effect of consolidation

TUNNELLING IN SOIL

distance from tunnel centre line, m
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Figure 6.15 Transverse surface settlement distribution: Grimsby Array A (after Glossop, 1980;
Glossop and O'Reilly, 1982).
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Figure 6.16 Transverse surface settlement distributions: Grimsby Array BI (after Glossop, 1980;
Glossop and O'Reilly, 1982).
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Geological Hazards
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HhEE K= Geological Hazards
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- EZ&8Consolidation:
SbEEIC LRI (paper drain)
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Panama Canal (Mudrock)
London Clay (Heavily over-consolidated clay)
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Swelling of mudrocks

Memoir of the Geologicd Sactety of Ching, No. 9

4 O: Undisturbed sample
® 4 B! Remoulded sample
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Chuay. Progressive Swelling in Mudrocks
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HhEE K= Geological Hazards

- EAZS T FHES
- BEZConsolidation:
SbEEIC LRI (paper drain)
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fEZARSwelling:
Panama Canal (Mudrock)
London Clay (Heavily over-consolidated clay)
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Residual strength of mudrock
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EE Ground Improvement

Colloidal Silica
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Surface level
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ACTUAL TBM ARRIVAL

Groundwater and soil enters
block

I

Ground water and
soil enter station
box

Grouted tail void fails due to water pressure
A/
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L Groundwater and soil

Enters block
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HEE & Geological Resources
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TEMEERUN

- QA: Quality Assurance mER:E
- VE: Value Engineering BB TTZ

- BLEERIEIRIE ¢ VE-1997/8 BEE S RIILESE)
- IV&V: Independent Verification and Validation &1 5

=24 EEY EF) 2
SR

. Risk Assessment and Management [& & MG EEETE

L S

- Construction safety i TZ =

- Operational safety B5EZ £




TEMEERUN

. QA: Quality Assurance mER:g
. VE: Value Engineering BELTZ

- B EERIEIRIE - VE-1997/8 BIEESRIILES)
« IV&V: Independent Verification and Validation &1Lk

FaEdENEE
- Risk Assessment and Management & & G EEE TR
- Construction safety i T Z=
- Operational safety 8% %




Major Accidental Events in Taiwan and Overseas

1994(April) TRTS-CH221: Excessive ground subsidence during
segment replacement in the interface of bored tunnel and
vent shaft

1994 (Oct)  Heathrow Express Rail Link: Collapse of a NATM tunnel

1994(Nov)  TRTS-CN252: Ground loss induced by piping in deep
excavation of an underground station

1995(April)  TRTS-CN261: Ground loss during TBM-launching
1995(July)  TRTS-CN262: Excessive ground loss during TBM-docking

TANEEB Suei-shan Tunnel : Series of accident during TBM &
NATM tunnelling

2002(Aug,Nov) THSRC-Hu-ko Tunnel: Ground loss during NATM
tunnelling

2003(Feb)  TRTS-CD266: Ground loss during TBM-docking

2003(May)  KRTC-LUOOA4: Excessive ground loss during TBM-docking 44




Major Accidental Events in Taiwan and Overseas

2003 (July)

2003(Aug)

2003(Aug)
2004(April)
2005 (Dec)

2007(Jan)
2008(Nov)

Shanghai Metro 4: Tunnel collapse during the excavation
of a cross-passage

KRTC-001: Ground loss induced by piping due to
defective diaphram wall during the excavation of an
underground station

TRTS-CK570C: Flooding due to a gap btwn the river bank
and a pump station

Singapore LTA-MRT Circle Line: Collapse of 33m deep
excavation of a cut-and-cover tunnel

KRTC-LUOOQ9: Excessive ground subsidence during the
excavation of a sump inside a cross-passage

Sao Paulo Metro-Linea 4: Collapse of a NATM tunnel

Hanzho Metro - Line 1: Collapse of 16 m deep excavation
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Joint Code of Practice for Risk

Management of Tunnel Works
in the UK

Prepared jointly by
The British Tunnelling Society \
The Association of British Insurers

- Discussion at ICE, London in July, 200
the "JCoP for the procurement, Desig
Construction of Tunnels and Undergr
Structures in the United Kingdom”

- Jointly produced by Association of Brj ———
Insurers and British Tunnelling Societyrevoo—

- Pre-requisite for insurance




International Standard

ISO 3100:2009 Risk Management

- Principles and Guidelines, supported by “Practice
standard for project risk management” 2009
published by Project Management Institute




Kuala Lumpur MRT Line 2 Project

- Design & Build Contract by MMC-Gamuda JV
- Underground section

Length: 13.5 km

No of stations: 11

No of crossover: 1

No of shafts/portals: 8

No of TBMs: 12




FEATURES
ALREADY
EXPOSED in
Chan Sow Lin
excavation.

Multiple caves
and cavities were
unearthed during
excavation.
Extreme Karst
condition exhibit
very variable
combination of
black organic
material infills to
highly weathered
rock.

Cavity acsts | ]




Geological Conditions

7] Deep Soil Mixing
,gDSM)

—— o _ Pilac ISRPY-
) 1s @ s 8o @ - Jet Grout Pile

| Between Station
_& Entrance

! CHAN SOWLIN
| STATION r
(o

Ground Investigation:

1. Soil Investigation

2. Drilled Holes for Curtain
Grouting Surrounding
Station Perimeter (2m
to 4m spacing c/c)

3. Bored Pile Drilled Hole

4. Microgravity Survey

5. Borehole Televiewer

6. Rock Mapping on Rock
Face




Geological Conditions

Deep valley cutting
across Chan Sow Lin
Station footprint
shown by
microgravity survey
(in blue) and SI
data/piling

ax:':o.npaq

record/gromfng

ybnos

, 3D VOXLER E
MODEL I . " , " 18

0516~ NW 000§~

Microgravity Survey & Voxler Rockhead Model




Site Plan

MRT CHAN SOW LIN
STATION

LRT CHAN SOW LIN
STATION

r

Slurry r.f

Length

Width

Depth

Entrance

Linkway to
LRT

No. of
Floors




Station Configuration
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Example of What Could Go Wrong

il 0 A

Example of
localized rock
slip due to
unforeseen rock |
joint behind
exposed rock
face.

Despite
extensive soil
investigation
and geophysics
work were
carried out, the
risk is still 5
unpredictable in st
karstic ‘
limestone.




Mitigation Measure

| 1 FCM 3 MU L JURE MW MU IUmE o LM (DT WINCna) |
gl T
5]_ | f
.

N Proposed 2 Level
Sealed Space Structural Completion
of Station Box

Sealed Space

Structural Completion
until
Meotesurse Level Slab

vel

concourse  slab,  the
remaining  rock  face
height is still approx. 20m.

CSLS Box
Cross Section




Mitigation Measure

1st Reserve 2nd Reserve

CTPIC »

Ground Level

Rockhead Level
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FL of Concourse §
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Debonded Length.._

Approx. 25m

Approx. 40m

Approx. 38m




E 223 2015 >>> fixHF] Carbon Neutral 2050-70
>>> #XEEBEIR Green Energy (20% - 2025)
- 1972 8 KB FRET [NEs5R] &+ AEMR

- 2019 EtiEE 71355 Offshore wind farm : Fi5#&JKTT
Pl EFR&E

- Kuroshio Power Plant: S8 AS 5 ZIRFREEM 2013
- EIA (Environmental Impact Assessment) IRiEss &5
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BB kg Kuroshio Power (Pilot) Plant (Chen 2013)




Kuroshio Power Plant - Turbine

main pontoon
tail stabilizer

connecting A"
linkages

watertight nacelle

rotors <




Kuroshio Power Plant - Construction




Kuroshio Power Plant - i BE A E 2 E/EEK A2
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" #Z Maritime Engineering

- Site characteristics: Sediments, Landslide at seabed, Faults, etc.
- Site investigation: Morphology, Geology, Hydrology, Ecology, etc.

- Tools of site investigation: Ships, Geophysical exploration,
Sampling

- Design & Construction: Anchoring, Structures and Installation of
turbines

- Operations & Maintenance: Monitoring of the environment

KIZE > ShEbE > SR




FEEEIR >>> kFl] 2050-70

- %’Eﬁ—?@ﬂﬁé‘é@ Offshore wind farm (Floating type) : #i&
HXIKTTLA ERRAR

- RFAZE Kuroshio power plant: NTU Lecture Professor

Falin Chen 2013
- RIREE >>> Wlim T IE BB - =Y ~ FZFR ~ [ig@)

- 2[R >> AR ~ T /A
-IKEIR
-BYELEH




PEER BT (=)

- BIiT1L ~ B¥ZE © 1981 IBM-5150 PC >>> Wintel
- GIS/BIM (Building Information Model)

q

- A #E548 - 32 (Drone scanning/survey)

- B£32 A (Robotics) : Sampling/Anchoring at seabed
(>50m deep)

- &2 (Remote control) : e.g. Automatic TBM operation
- HER D IEIRED (Geophysical exploration)




Digital scanning
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