il Rk

a0, AECOM

E-Mail: Morgan.Yang@aecom.com




b, 0 w‘am’%,_ »
! a3 ?E,e@ ‘ =

ARl |

_mzm
aemrﬁ eﬂ"mmaw

/7 == '_.,’
& et
s il
Fo I ¢
[ T

A=COM '

FF'%"& &iﬁﬁﬂiﬁ

E:Iqﬂiﬁ‘iiﬁﬁﬂiﬁﬁ
g =30 o
PRt ThEE
R=fAlnhEat
FRSRIpkhEE
1CEREtRTh Rt
FArhE R HEF
IFe3=Paitpy s
10 FAFaiphEE
11. BR=fAlpmhEs

© @ N@;pwN g




’ T
/
r

[EaRe= N E:':/ 1 .
Gl opporturty o

SUD-n IDI'I?T Lentre ~

Manufactgiring and \\
maodern servicg industries -
. Population 3 t 7 Million h

Great'ér,;B!éy Area (9+2\)\\\
/ | s

> Aréa: 50,000 kmA2

> E&pulatioh---: __66,34million ; \‘\\ N
> AGDP : USD1,400 billion (2016) .. @
; ! ~

L

Regional Population é'atchment: About 40 Million

Regional Centre

Legend :

@ Large Enconomic Centre

€Z7» SubRegional Cantre

F
-
# = 1 . MNew Development Aroa
,/ Mansha District e bl
7 A state-level new area focusing on automobile, . Sy
' petrachemical, port bogistics, machinery & - i

/’ equipment manufacturing and stiipbuilding : | _
7 industries. m Sub-regional centres ' H

’, T [nternaticnal manufacturing base
SN Ry p . ) Papulation: Abaut & Millicn j

N/ \ ) J [

Mational Financial Centre
Mational financial, logistics, trading and
international innovative cultural centre
Population: Abaut 11 Million

"

A
! \\.
L Sy ~ )
I N\ &y ., O
I} | & P ) )
i I inf " ra Qianhai Shenzllan—Hnﬂg Knng )
] o~ ] _§I ‘,"\\ _Modern Service Industry Coorperation Zone
| Sub-regional Centr& —~ ~—— ol / ' A hub of modem service industries including
I Environmentally friendly and™ — N\ / Fa financial, modern logistic, information services
) livable modal city T ! Wi and technaological services industries. A pilot
;; Papulation: About 4 Million .‘-'}t S T_-'ﬁ g{ Eﬁi:o;nﬂoihguggﬁ;ﬁon between mainland
e '-A-......-J--l- = ar
\J -.1_ . el =7
,' I Highsget;hnolglg};'!mt;: T~ .
I réstiucturing traditionalindustries=— _ =/~ ~ T
| '.r | Population: About 3 Millian = FL - ~ Population : Abcut 1 Willion
I T
\ f.— -
I ! -
] ! N
i I \ L1
F I h" i1 Northeast Lantau Leisure
1 I Y and Rﬂ:rcallur: Mode
I |1
: 1 Sub-regional Centre
1 \ Exemplary city on scienkific development,
I | Jhigh techmology and manudfacturing industry e
II. 1 Popdlation: Abau 2 Milliion Ganwray | ssurg, ) )
| I % .-l 4 . Husiness Node ?a‘lmn_allaclld International
I ] 3 - Urban Tourism Node nance e
i : % —
L]
; i
1 1
\ 1:i International Tourism &
] \ MICE Business Hub
1 Population: About 0.6 Million
1 \ Henggin Mew Area
1 Mew special econbmic mn_e_ufi‘th comme_ﬂ:ial,

2it.
ed.



e

|
=

3
v

aol

&
L
T
e
ot
i
il

—iERIRFRGBATH A IERASEEIR

Explore ultimate goals of GBA urban cluster Development
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Environmental
Sustainability
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Economic
Vitality
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Quality of
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Safe and efficient infrastructure for sustainable urban development
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. Kowloon Station

2018
West Kowloon Terminus

2013
Kai Tak Cruise Terminal

53

g Kong — Zhuha
facdo Bridge Link

2019
o Central Wanchai Bypass
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Global urbanization and GBA plan
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Trend and Opportunities arWzation in China

> Build up sustainable infrastructure A oS ﬂ" ‘ w_
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> Improve land use efficiency Ny L Q"‘%‘rﬁ%
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> Improve energy use efficiency
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> Elevate urban resilience and risk safety
management level
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Grand development plan of GBA
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Outline development plan for GBA
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Smart Cities
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52 ¥ #70.6 million

T Transport Hub Age
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Hong Kong
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One- hour 1nterc1ty trafﬁc c1rcle w1th1n GBA

One-hour
Intercity

poe I Gfé:égf';:?l LS‘:inzlgn Hon? Kong
Three-hour living circle and 4 Wl KRR s Lﬁ‘d HQHQ.K:Q g 2
one-hour intercity traffic circle within \ tharcod - ) o ;
the Greater PRD Region

Traffic Circle 5 ¢ YT,
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Major transport infrastructure projects
in 13 Five-Year Plan, Guangdong
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Sustainable development, transformative Mobility and City Cluster Competitiveness.
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Engineering safety culture as a core competitiveness
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Landslide Risk increases due to population
Risk growth and slope works without
geotechnical control

| sms R B R L

+BA TS

=
=1

-=12 Months Moving Average

[e ]

——Monthly Average
— Safety Target (less than 0.75 after 1.4.2005) | |

ZafaiR HAME

(=)

Accident Rate
(No. of accident per 100,000 man-hrs worked)

LR R o 22 BB/ KR

Risk increases due to
slope degradation and

population growth
. — T
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1977 2010
| LPMP to reduce risk | LPMitP to contain risk
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» Time
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Sustainable urban development history of Hong Kong
1) TSR TR 2) NOFEER

AREA OF TOTAL URBAN OR
BUILT-UP LAND = 24.2%

SRR .| HK Population (Million)

Public Residential 14
Rural Settlement 3.2
Commercial / Business and Office 04

Industrial Land 0.6
Industrial Estates 0.3

» Warehouse and Open Storage 14
. Governmgnt. lns@i;utlonal and 23 |

Community Facilities
Open Space 2.3
Roads 3.6
Railways 0.3
Airport 1.2
Cemeteries and Crematoriums 0.7 |0

Utilities 0.7 |F
Vacant Land / 15 .
Construction in Progress .

Others

Grassland 17.7%

Reservoirs 2.3%

Woodland 24.7%
Fish Ponds / Gei Wais 1.5%
Mangrove and Swamp 0.4%
Badland 0.2%
Quarries 0.1%

Sveamsan ot 045 1950 1960 1970 1980 19902000 2010 2020 2030

Shrubland 23.5%
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BEE B ILEER R £ ZHEE Key strategies for reducing landslide risk in HK

&1L e bR S T B [
Overall landslide risk in HK
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ZERE
Slope safety system set
up by GCO/GEQ

e
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s BIFLERZ .
Clear squatters from hilly
terrain
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Educate the public to

take precaution
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1950
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LPM Information System
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Risk Trend '
P s
~7 Riskincrease due I::é\’/v x
: . .~ _.works if proper geotechmcal
Landsliderisk e control not implemented
| «/ el T > R _
mem=e ?" g '/. ......... .~--7 . “.—‘t}"\’."z"
[ 1 P iy e
‘ ! JLPMP
A * Riskincrease due to
ol slope degradation and
L | ©  population growth
— 1 AL LT S
: ............. - I LPMitP
.‘.-."llllll a'm
r “As Low As Reasonably Practicable” (ALARP) Zone
-~ > 1977 2010 Year'
- -

Slope Safety System-LPMP to reducerisk  LPMitP to ca‘&é ) &
RIS et 0 ALARP ISVEL it it b
Ref. “Landslide Risk Reduction through Works --35 Years of Landslip Preventive Measures
Programme and Beyond™
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Achievements of HK slope safety management

Number of Fatalities Each Year

160

140

120 T

100

80

60 T

40 +

20 T
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Fatalities resulted from Pre-GEO | Post-GEO
landslides affecting :
[ JOpen Spaces

M Roads
M Squatter Areas
M Buildings

<—— Sau Mau Ping

@ FERIERFNEREMIRR

Landslide Fatalities in HK

By early 1990s, there was significant
reduction jn fatalities caused by
landslides jand the proportion of
landslides affecting buildings had
drastically reduced.

Po Shan Road

La Salle Road —— Sau Mau Ping

Kwun Lung

=
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Cafeteria Old
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Accident Rate
(No. of accident per 100,000 man-hrs worked)

FAHRRS HIEVSEE AR Ascom =

OVERALL OUTPUT AND ACHIEVEMENT OF LPM PROGRAMME

O LPM $HETIER D&M

—
r

10
| In 1998, the GEO started to
s { ~=12 Months Moving Average implement a number of
8 | 4 — improvement initiatives and
| ~ Monthly Average measures to promote and enhance
‘ — Safety Target (less than 0.75 after 1.4.2005) Slte- safety. Since then, the overall
— accident rate of LPM contracts had

been significantly improved and
LPMIE+EAIRGHSEMERZRESET maintained at a low level, being
i well below the threshold figure (a
maximum accident rate of 0.6
accident per 100,000 man-hours
worked) set by the Development
Bureau,

'S >
T —

1995
1996 |
1997
2010
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Systematic risk management as a core of PM
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Risk management based engineering innovation
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Controllable risk, Higher quality
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Establish a risk management based project control system

AECOM BXEEBEES
Managing AECOM Projects

BRI BRI ERAE BT
Programme management [ | Project control Project control
and control plan handbook
Z2EBEEAZL

Safety/Risk Management
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Crucial to elevate engineering safety/risk management in China

W27 AW HAJIFE S T ESER Vol27 No4
2008 %4 H Chinese Journal of Rock Mechanics and Engineering April, 2008
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Risk Management system for whole engineering process

s fES ; AREE
VIB I | 2 7R [ T =
B B +
——  EE KR
+
AR CGERRD RBIEAE M? "
+ o .
——— miH AR e ; HE BB ITR B E%
s s | & ST AR SO ST - ! AR Tin
Er IR | T A R 1 i g } :Eﬁﬁﬁk/$n%1cﬁ En
AR ARG SR 1 3 A B R ; A 25 BEbR A 17 6048 - Il/uwﬂﬁ
D OREAT IR A BT 7 R DL Y DA A B R ST
; R R Ay T B £ 56 B g 7 B it
§ R HE A AR T R R S PR 11 T ) A A R
L R AE RS R 2 R Y R DR S i £ L) 1 R
R 7 R AT IR R R T AR A RE ! o ot
AR T I ARy ST P R ; <%ﬂ@%5@%%
' + |
. Y 4 B PR SR 3K B £ ) I ——
— 5 _ EmERS S
i ; | | A
BT B
BRI LEREE T BT PREY
1 HE R S AR e TR ) R R L T A e 7 SR B TR TR Ak~
; . TR B it P B P
B At 0 R L = R ; A E 2 5 [ VAR B U VP A
5 +
I Bt K 28 i 45
i v 7 T I P B 0 3
+
AT SR B 78 YR e




R - RS

EA N =]

Risk management system - risk register

Risk Register
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Risk management system : ALARP principle
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ALARP: As Low As Reasonably Practicable
(Cost benefit type criteria — developed in UK and widely used)
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Systematic risk management
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Systematic risk management handbooks
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Risk Mitigation
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Regularly Update Risk
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Risk management database
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Create values for whole Iife cycle

Project Management

Integrated Planning
and Engineering
Solution
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HZMB Main Bridge

22.9km bridge +
6.7km tunnel

wEOF

Zhuhai-Macao BCFs

BRIBEIE
Zhuhai Link Road
14km
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ng Kong-Zhuhai-Macao Bridge Projects
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Tuen Mun -
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Hong Kong Port
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Hong Kong Link
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Subsea tunnels are highly complex, high-risk engine

g projects. The causes and effects of risks are dynamic in nature

and involve multiple stages, different perspectives and a wide range of people. Such projects therefore need to adopt
a risk-management model covering the whole process, all perspectives and all-party participation in a scientific and
systematic way. This paper discusses a whole-process risk-management concept for subsea tunnels that was adopted for

the 6-7km immersed tunnel section of the recently opened £1-8

1. Introduction

Tunnelling works face many uncertainties and unknowns,
mainly due to the highly variable and unforeseen nature of
ground and hydrogeology during the process of planning, design
and construction. In addition, long construction periods, high

costs, and multiple interfaces
make tunnelling particularly risky.

Subsea tunnel engineering, either by immersed-tube or tunnel-
boring-machine construction methods (Yang, 2009, 2009b), is
a complex process that includes alignment and section selection,

ion Hong Kong-Zhuhai-Macau Bridge project in China.

correlation to each other and with potentially significant influence
on the later stages. This feature determines that risk management
needs to be a dynamic process focusing on understanding, among
all partics involved, of how the risks are caused, evolving and could
properly be managed at every stage. In addition, no risks associated
with technical interfaces and management segmentations should be
ignored.

The allocation of risks to different stakcholders of a project is
mainly in the form of contract agreements (Likhitruangsilp and
Toannou, 2009). Effective communication, coordination, feedback
and negotiation among the project planners. owners, designers,
engineers, and other help to clarify the

feasibility and design,

and operation. Every
part of the process involves risks and, while these can be managed,
minimised, shared, transferred or accepted, they cannot be
overlooked or ignored.

The sophisticated  project-management and  mandatory
administrative approval processes of today’s

rights and obligations of risks, thus facilitating the allocation of
visks to their corresponding bearers (Bai et al., 2014).
The proactive and full of
should be ensured to create a favourable environment for the
comprehensive and effective implementation of whole-process risk
More risk is the

projects all play a role in controlling engineering risks. Quality

assurance, . contract design
and construction spcclﬁcn“ans and project insurance each play a
part in improving project safety. mitigating risks and preventing

only way to create project values collectively.

Figure | shows the risk management concept, procedure and
system for engineering according to the Code of Practice for
Risk Mnnagﬁmzm af Tunnel Works by the International Tunncl

Downloaded by [ University of West London] on [17/10/18]. Copyright © ICE Publishing, all rights reserved.

Civil Engineering

Whole-process risk of subsea tunnel
Yang WW, Tsang CK, Cai YX and Hu YM

Duciment. | ————————

Document - e

o2 . nt quideline of construction
Document , <

level 3 Risk-management handbook for construction
Document

level 4] ]

Risk Risk analysis Risk-control | Risk-measure
identification and contingency | implementation
and register assessment plan record

Figure 12. Risk: control doc ion and
database system used on the HZMB tunnel project

Maldonado-Fortunet F and Molina-Bas Ol (eds)). ASCE, Reston, VA, USA,
Pp. 2422-2431, hitps://doi.org/10.1061/9780784479827.241
Chapman MR = Organisation. n The Rules of Project Risk
tion Guidelines for Major Projects. Ashgate
Pubiishing, Famham, UK, pp. 45-68.
Eskesen SD, Tengborg P, Kampmann | and Veicherts TH (2004) Guidelines
for tunnelling risk management: International Tunneilmg Asso(lauaﬂ

2.

19Q3): 217-237, htps idoi org/10.1016/; st 2004 01 00|

Hanna AS, Swanson JR and Aoun DG (2014) Proper sk allocation during
construiction: differing site conditions. Journal of Legal Affais and Dispute
Resolution in Engineering and Construction 6(4): 04514003, httpsz/doi.
org/10. 106mASCE)LA|943417o 0000146.

i Tunnel Insus d ITA Tunnelling
Assodiation) (2012) A o of Pactee for sk Management of Tunnel

 The International Tunneling Insurance Group, London, UK.

LiP, Song E, Lin M, Liu X (2018) Mechanical behavior of the semi-rigid

immersed tunnel structure based on the Hong Kong Zhuhai Maczo Bridge
project. of the ITA-AITES Worid Tunnel Congress 2018,
Dubai, UAE, DXB ~ Oral 803.

k Allocation in Standard Forms

Planning and [l] Designand J§ Analysisand J}§ Construction
tunnel section a8 modelling detailing scheduling

Operations ll Construction
Rehabilitation and an
maintenance handover

Figure 13. Whole-life-cycle concept for design, construction and
management of an immersed tunnel project

of General Condmons for Tunneling Contracts. In Building a Sustainable
Future (Ariaratnam ST and Rojas EM (eds). ASCE, Reston, VA, USA, pp.
1250-1259, https2/doi.org/10.1061/41020(339)127.

LiuZ, Ly Y and Yang WW (2010) The practical examples of risk management
of large tunnel projects: from Hong Kong to mainiand China. Tunnel
Construction 30(suppl 1): 8-14.

Morris M, Yang MWW, Tsang CK, Hu AYM and Shut DSC (2016) An
overview of subsea tunnel engineering in Hong Kong. of the
Institution of Givil Engineers — Civl Engineering 169(6): 9-15, https/doi.
0rg/10.1680/cien. 15.00073

Ning J and Yue Y (2018) Study of operation window management and

rocess for floating fion and immersed

tunnel segment. Tunne! Construction 38(2): 316-320.

Wit H, Kuiper R Li Y, Su QK and Chen Y (2018) An innovative design
corcept for the immersed tunnel of the Hong Kong Zhuhai Macao Bridge
project. Proceedings of the ITA-AITES Worid Tunnel Congress 2018,
Dubai, UAE, DXB~ Oral 880.

of immersed tube tunneling techniques.

7. Conclusions

Subsea tunnel projects are generally of high risk because of
hostile underwater environments and uncertain ground conditions.
Furthermore, risks keep evolving and accumulating as the projects
progress.

For a subsea tunnel project, risk management should be viewed
as a dynamic process implemented from the beginning to the end
and embrace all perspectives and all parties involved.
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Case 1: Risk management, Islands and IMT, HZMB
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Case 1: Schedule management, HZM Macao BCF
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Case 2: Schedule management, HZM Macao BCF
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CAse2: Schedule management, HZM Macao BCF
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Case 2: Schedule management, HZM Macao BCF
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CAse2: Schedule management, HZM Macao BCF
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