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2011 2019

High Speed Rail 13,000 kilometers 3 >30,000 kilometers | more than
Super Skyscraper half of the
300m+ 21 ) 79 _ world

Shanghai Tower Comac C919 Hong Kong—Zhuhai-Macau Bridge Beijing Daxing International Airport
2016 2017 2018 2019



How to address the challenges of

Megaproject Management?

VUCA ERA: From Complex to super Complex

Complexity in Object
ABME

NS TR R 2 Ambiguity in Cognition

sv U c A Uncertainty in Result

Volatitily in Process




Let’s have a journey to

Hong Kong-Zhuhai-Macao Bridge ﬂMB)
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Project Overview
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The total length: 55 km (34.2 miles) v
The width: 33.1 m (108.6 feet), two-way six-lane e;
Designed speed: 100km/h (62 miles/h) *
Designed service life: 120 years

Total investment: 115.43 billion CNY (16.3 billion &Sl)



Project Milestones
November 2009 " 9 g'l 2
August 2003

Feasibility study report
work Coordination Group

approved by
founded National Development and Reform Commission
2003 2004 2006 2009 2009

February 2004 December 15t", 2009
Initiating feasibility study Opening Ceremony b010

2016

2013 2011
May 2013

September 2016

{ ) January 2011
Bridge part mr.nersmnci Main Works
completion transportation an Commencement

installation of E1

2017

2018 2018

December 2017 February 2018 October 23th, 2018
Open to public handover and Opened to publlc .
Qualified completion acceptance Completion Ceremony |
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Project Origin

2003 Maintaining the long-term prosperity, stability and development of HongKong and Macao,
Supporting Guangdong Coordinated development

Key Measure

2015 National Strategy:
Development of Guangdong-HongKong-Macao Greater Bay Area il

Pilot Project
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Overview

Artificial
Island




Bridge
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Jiuzhou channel bridge Jianghai channel bridge Qinzhou channel bridge

16 km continuous steel box girder (span 110m)
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Bridge Overview




Artificial island

The “oyster” shape

Length: 625 m

Width: 225 m

Total area: 101,973 m?

Functions: tourism and supporting facilities

Eastern artificial island

=—

Western artificial island

The “oyster” shape

Length: 625 m

Width: 185 m

Total area: 97,962 m?

Functions: O&M and Escape Facility

"
((((






Tunnel

BERITR

Tunnel design solution 100 Qg le— 2=

1T
WEEK: 5664m ETHE: 307 \—

Length of the immersed tunnel : 5664m  Quantity of tunnel elements: 33 elements
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Maximum water depth of tunnel Length of a typical tunnel element : 180m  Closure joint: between tunnel elemenf £29
element immersion :44.5m and element E30
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Hongkong, Zhuhal & Macao Ports
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55km

’ The world's longest sea-crossing project to date




420,000 tons

(// world's largest steel bridge to date
& i

! Equivalent to
Weight of 60 Eiffel Towers



Unique but Complicated Scenarios

n One Country

) tssst E Two Systems

B Three Currencies
B Three Jurisdictions

B Three Technical Standards

B Three Autonomous Tariff Areas

B Three Parallel Local Governments
20



Examples of Key Challenge

B i
Busy waterway

hnical
B e standard More than 4,000 ships in daily transit

Choosing the highest one

120

Years Life

Complex natural conditions
38 typhoons during Construction period



Project Vision

P——

Build a world-class sea-crossing link
Provide best service to customers

Create land mark and nation card

_Objectives

=




Comprehensive Decision Process

The engmeermg feaS|b|I|ty study has a total of 6 bridge p05|t|ons in 3 categorles and 10 brldge routes

gomprehensive coordination and balance
Among land, Immigration & Fuganaﬁg
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Diversified Investment and Financing Structure

Zhuhai Link Road, 9.15, 90//0 Macao Port and Link Road, 1.1, 1% HZMB authority finds the

Central Government, 5, 5% remaining investment through
bank loans. During the
operation period, the loan will
be paid back by operation
benefits.

Zhuhai Port, 6.58, 6%

Hong Kong Link Roa
22.79, 22%

MSAR Government

1.98, 2% |

| GDP Government, 2, 2%
HKSAR Government,

6.75, 6%
Main part of the bridge is jointly invested by
three governments using the "government full
capital" in accordance with the principle of equal
economic benefits and expenses.

Three ports and three link roads are invested by
three governments respectively

Unit: Billion CNY

The total investment of whole project , including Bridge — Artificial Island-Tunnel (main bridge), link roads and ports, is 115.43 billion CNY( 16.3 billion USD);

The total investment of Bridge-Tunnel, the main body of HZMB in the sea, is 38.12 billion CNY (5.38 billion USD). 24



Systematic and Dynamic Organization Strategy

: : |
~———— Provide staff, policy support, or sct up by . | 2 s ! HZMB Task Group
the front institutions = | Central Government :
| '
. ) ) o . ﬂ| e e s e s 1 (e Responsible for resolving controversial decision-making issucs,
— The time period of the organization within s I | I | especially those related to the legal conflicts, investment
the same color box - : | DB Gémaroni : 1 conflicts and environmental protection conflicts, etc.
| 1 N
I I
<— ' Mandgemint relationsitip hstwosn uppor - 1! HKSAR Government | i | HZMB Joint Working Committee
and lower levels a (B 1 ; . 4 2
1| | — o e e e o
P! ¢ oo 1 ! ' gL . -
jm————— P MSAR Government " | i A permanent institution, authorized by the |
I ' Describe the function of the organization . L.' L | | Agreement among the central government :
1 |  within the same color box e e e ol e Tt e % : and the three governments; I
| WELESESEN, | 2 2 | Supervise the HZMB Authority; :
I I i®  The evolution of the HZMB Pre- '
i._ Coordination Group |
- - . — . - — . . — . —_— . v— . v —
2003 2004 2005 2006 = 2007 2008 2009 2040 2011 2012 2013 2017
@ D P ¥y ) ' { ) > <) 'S O.....................H
p ~ Nt N N d Nt N e ; :

|
.- The State Council of the | . National Development and
O | People’s Republic of China I . Reform Commission
| ! T ——
l I 4 | I Ministry of Transport of the l % : ; -:
| l * i I People’s Republic of China te Responsible for the construction, operation
*- | ® i and related decision making of Hong Kong- |
*. GDP Government HKSAR Government MSAR Government : 3 Other Government Departments 1 /',h“h""Mmm“ Bridge project; : :
I : " I and Institutes i:_ Communicate with the higher authoritics. |
_________________________________________ 4 ‘ v - —— . ——— ——— —— ————— ]
= * Experts Group HZMB Authonty
I ( HZMB Pre-Coordinating Group ) I
. . . Provide decision

support in terms of o ol o———_—_—_ —
Responsible for the feasibility study of Hong Kong-Zhuhai-Macao Bridge; I technical solutions,
Responsible for the project bidding and the contract signing; construction programs

1
'
. - - - ! - Y
Organize the joint meetings of the three governments; | and other major issucs,
'
|}

Supplier

Responsible for organizing thematic studies. scientific demonstrations, communication and coordination
meetings with experts from the relevant fields at home and abroad.

- —————



Organization Governance System

Responsible for resolving controversial decision-
making issues, especially those related to the legal
conflicts, investment conflicts and environmental

protection conflicts, etc.

Permanent institution, authorized by the agreement
among the central government and the three local

governments

Authorized by three local government, responsible
for implementation and operation management of

HZMB project

HZMB Task Group
(Central Government)

HZMB Joint Working Committee

(Three Local Governments: GDP, Expert Group

Provide decision support in terms
of technical solutions, construction
programs and other major issues.

HZMB Authority

(Project Legal Agent)

The HZMB Authority is named The HZMB Administration Bureau too

in Chinese “BEEAXHFEERR"
26



Multi-level Project Management System

LEVE L ONE General Outline

............................................................................................. HZMB/PMS/01

[ Quality Management ][ HSE Management
| (HZMB/PMS/02-01) (HZMB/PMS/02-01) ‘
LEVELTWO .................................. [ Schedule Management ][ Information Management |
, (HZMB/PMS/02-01) (HzMB/PMS/02-01)
Investment Management ][ Innovation Management
(HZMB/PMS/02-01) (HZMB/PMS/02-01)

Quality Management System Implementation Measures
HZMB/PMS/03-01

Technology Management Implementation Measures
HZMB/PMS/03-02

Quality Management System Detalls
HZMB/PMS/G-01

A




Ultimate pursuit in Lean and Smart Construction

Factory-standardization and Assembly, Benchmarking manufacturing processes and standards
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the world's largest steel bridge deck
The world's largest intelligent board unit assembly welding line

500,000 square meters
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Girders 1600t-3500t
Lift with floating cranes
4000t, 3200t, 3000t, 2500t and 2200t




Extreme construction progress

It pioneered the technology of rapid island Formation of deep inserted steel cylinder

2 artificial island Construction Period: /7 month
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Extreme construction progress

20+ ocean carriers, capacity
in 70,000 to 90,000,
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The most complicated project: Island Tunnel Engineering

A prolonged battle of 4,000+ professional Engineers and talented worker
7 years of "Tightrope walking".

~— T 3

6.7km
World's Longest Highway Immersed Tunnel




The world's only deep immersed tube tunnel

Buried depth of immersed tunnel
44.5 meters

Single section immersed pipe weighing

80,000 tons

38



Settlement of immersed tunnel

The accuracy of the immersion tube to the close joint reaches

39
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Prefabricated formwork for immersed pipes,
designed by Pari, Germany

40




The world's largest immersed tube prefabrication plant
Located at Guishan Island, Zhuhai, 7 nautical miles from the tunnel




Social Responsibility-the case of Chinese White Dolphin Protection
CWD is one of the highest-level mandatory protected wild life, 80%

of CWDs live in the Pearl River Estuary area, the HZMB is located in re ::""w ey
the heart area of protection and buffering. T |l e | R L. L.

L L

https://www.hzmb.org/Home/Reminder/page/article_id/152.html
https://www.hzmb.hk/schi/green_dolphin.html

Organezation
management system

l_’

Institutional guarantee
system

Zero casualties 1

Technical support
system

http://zh.southcn.com/content/2017-07/07/content_173946755_3.htm

Management

abjective; zero
casualties for
Sousa Chinensi

1

—

Emergency
management system

I

Training and education
system

L

1
Process monitoring

system

The habitat not moving

—

Preliminary study of Chinese white dolphin protection management in the

construction period of HZMB main bridge project. Transactions of Oceanology
and limnology, 2016. (In Chinese)

42



Major Mitigation Measures

Compressor on
Rubber Tyre or
Isolation Pad)
Non-dredging methods for Underwater percussive Drilling piles into rock formations Offshore equipment silencing Maritime v.essels follow
reclamation piling strictly prohibited was stopped during the breeding predetermined route
season

w

v y e
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s
Grab

YR
Y-shaped Funnel
WAinw

Oversized Casing

The most advanced

construction technology Non-stop Tracking and control area strictly restricted ~ Continuous education and training \Slzsesee(ils"mit of Maritime

and method application Monitoring 43



Global Resources Integration and International Cooperation

H#AChodai
A BaNce

N st CEC

A ndegson Asphalt

: “éﬁglML MOM
rd

A TS BELHS (1978) "
altf Trinidad and Tabago (197¢ SEE

EE
)

e

\ #; .

/

15 overseas companies involved
Total contract value exceeds 300 million CNY 44




Global Resources Integration and International Cooperation

= SNBSS = EHRIEE gmpTEiteTORE
. m  Sino-foreign joint = Design Cross Island Tunnel DB
#leigit (DD) a ERELES Review Contractor
%EEJZQ(COWI) m  Domestic Leader n  EL&ERRS 2R (AECOM)
RERER (ARUP) BiHEasE CO,, m Construction . I%?EE@(((:(I\)IZ\Q;
- m  Design Consulting Sy, Consulting =67
BELERZT (CD) \ Review “Ctio,  w iETEERT IRERRIET
HAKK (Chodai) — s CM Consultine  Bridge deck pavement
HESGSR (Halcrow) h . s construction
BEBLIAE (Anderson) SRR IntiRERISE
n  PIMERSIET Key Supply (Aeschlimann AG)
= Sino-foreign MEIEE
joint Steel Consulting
s 2EESHRS &S tHAgCEC
m  Project Lifecycle KB AT E MR
Consulting Key Supplier
[ x mRmme BEPER| 27
m  Domestic leader HIRELE
g s " SUEREEEES KT BIARIS ST
nERE. HEEPE = QA/QC Consulting Service S
immersed tube tunnel &
. . IO Eess .
Bridge Consulting »  EHASHIRS Technical Advisory Services EHERESIEMI
=RE TSR (TEC) RERGFZERN

BREEEEEAT TIML MOM
HERSERRER (T.Y.Lin) BEBREEEAT] © (Mott mac donald) 45



Learning, Inheritance & Innovation
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Golden Gate Bridge o .
SITAH re-

URITID BraTes M aNinrTA

Gateshead Millennium Bridge

EEA-RERTER
The Tube
{S5thEk

First and Second Severn Bridge

BEX—. =
Avonmouth Bridge

TESFERAH

Millau Viaduct
EEKEKF

Chesapeake Bay Bridge
HIRE R iR

Amsterdam metro
E=FBHS itk
Wijker tunnel
E — [Q'; =

Great Belt Fixed Link

AEXNRISHF
@resund Bridge - ¢ ;

[EENBIRALR %0 i

/

MPNSILIA

Bosphorus Bridge
S—EEFE S
Fatih Sultan Mehmet Bridge
B EEEmAL

g S

w
- —

Tuas Second Link
MBEEE
Mass Rapid Transit
FRhnisthekLe

St. Petersburg dam
BEPHEREESIHHKIR

Busan-Geoje Bridge
HEZWEFEE
Diamond Bridge

["BXF

Tokyo Bay Aqua-Line
BAFFSanEs
Irabu Bridge

MERREBAN
Tokyo Gate Bridge

FREITAH
Rainbow Bridge

FRRFAIF

Tsing Ma Bridge
BEEDKAN
Stonecutters' Bridge

ERRRMACHE
Cross-Harbour Tunnel
£TithitgIEhEiE
Eastern Harbour Crossing
FXBHE

Governador Nobre de Carvalho Bridge
B YK
Friendship Bridge
RiEXHF
Sai Van Bridge

AN
p
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Megaproject Management Model

Focusing on Focusing on
powerful control balancing control and interaction
High
Detail
Complexity
Internal and Content
Low
Management
] Low Dynamic High )
Focusing on . Focusing on
Complexity

Systematic approach Interaction management

47



The 213t Century will be the century of complexity.
— Stephen Hawking

There are always simple beauties
behind complexity.

Ideas thus made up of several simple ones put together,
| call Complex; such as are Beauty, Gratitude, a Man, an
Army, the Universe.

—— John Locke

48



Conclusions

Life-cycle
Viewpoint
Implementation

Management
rule
making

Knowledge &
Innovation
Management

Implementation

Strategy
Planning

Investment &
Financing
Arrangements

Vision &
Mission
Identification

Legal
Compliance
Satisfaction

Partnering
Culture
Cultivation

Organization
Governance
Design

Social

Responsibility

Fulfillment

World-class
Resources
Integration

Change
Management &
Response

Industry
Rethinking &
Disruption 49
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Not to solve imaginary problems,

But to meet and respond to true challenges in real world.

---- Share with you and me
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