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PROJECT
Tuen Mun–Chek Lap Kok Link, 
Southern Connection Viaduct Section 

LOCATION
North Lantau Island, near Tai Ho Wan
 
CLIENT
Highways Department, Hong Kong SAR

SUPERVISING OFFICER
AECOM

DESIGN
Arup Group Ltd., Tony Gee & Partners, YWL Engineering Pte Ltd.

PRECAST MANUFACTURER
Main Bridge Engineering Corporation, Zhongshan, China

CONTRACT VALUE
HK$8.66 billion

VIADUCTS
2,641 precast concrete viaduct segments
9,026 precast concrete parapets 
25,800m concrete barriers
109,000 m² asphalt

LAND WORKS
66 piers and 7 abutments
464 socket H piles & 112 bored piles

MARINE WORKS
43 piers & 24 seagull-shaped piers
180 bored piles

WORKFORCE 
200+ engineering staff
800 workers (including 200 direct Gammon employees)
Multinational team from Hong Kong, mainland China, Nepal, Japan, India, Thailand, the Philippines, Australia, South Africa 

RECOGNITIONS
Hong Kong Institution of Engineers Structural Excellence Award - Infrastructures and Footbridges Category – Grand Award 

Construction Industry Council Sustainable Construction Award - Contractor in New Works – Gold

Hong Kong Award for Environmental Excellence - Construction Industry – Gold Award
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The Lighthouse Club Health & Safety Awards - International Design for Safety Awards – Highly Commended

Construction Industry Council Innovation Awards (for K-Frame) - Construction Productivity – Second Prize

Chartered Institution of Highways & Transportation / Ringway Innovation Award (for K-Frame) – Highly Commended

THIS PROJECT 
EXEMPLIFIES HOW 
SEEMINGLY IMPOSSIBLE 
CHALLENGES CAN 
BE SURMOUNTED 
WHEN PEOPLE FROM 
DIFFERENT ENGINEERING 
DISCIPLINES COME 
TOGETHER.
THOMAS HO, JP
CHIEF EXECUTIVE 
GAMMON CONSTRUCTION LIMITED

© 2019 Gammon Construction Limited
 
All right reserved. No part of this book may be reproduced, stored in any retrieval system or transmitted 
in any form or by any means, electronic, mechanical, photocopying, recording or otherwise without the 
prior written permission of the copyright holder.
 
The contents of this book do not represent any views of the client(s).



004   TM-CLKL | LINK TO THE FUTURE LINK TO THE FUTURE | TM-CLKL   005

008 MESSAGE FROM OUR CHIEF EXECUTIVE

010  SCOPE OF THE PROJECT

  010  ABOUT THE SOUTHERN CONNECTION VIADUCT SECTION

   Main Structures

   The Contract

  013  ABOUT THE HONG KONG-ZHUHAI-MACAO BRIDGE

014  METHOD OF CONSTRUCTION

018  CHALLENGES AND SOLUTIONS

  021  DESIGN AND EQUIPMENT

  025  ROAD AND RAIL CONSTRAINTS

  029  MARINE VIADUCTS

  033  THE ENVIRONMENT

034  CONSTRUCTING THE VIADUCTS

  034  HOW THE SOUTHERN CONNECTION  

   VIADUCT SECTION WAS BUILT

  039  LAYING THE GROUNDWORK: DESIGN

   Gammon Innovation: Building Information Modelling

   Gammon Innovation: Photogrammetry

  047  PREFABRICATION AND DELIVERY

  053  WORKING AS ONE TEAM

   First steps

   Foundations

   Land Viaducts

   Temporary Traffic Arrangements

   Marine Viaducts

   HKBCF Viaducts

  090  JOINING THE BRIDGE

   Finishing Touches

097  SAFETY

103  THE ENVIRONMENT

109  THE SOUTHERN CONNECTION VIADUCT:  

 A NEW SYMBOL OF UNITY

END FOOTNOTES



006   TM-CLKL | LINK TO THE FUTURE LINK TO THE FUTURE | TM-CLKL   007



008   TM-CLKL | LINK TO THE FUTURE LINK TO THE FUTURE | TM-CLKL   009

Today, it is possible to travel by road from one end of the Pearl River Delta to the other 
in a matter of minutes, not hours, thanks to the Hong Kong-Zhuhai-Macao Bridge 
(HZMB), a true marvel of modern engineering and a testament to human ingenuity. 

For the past five years, we have been occupied with the construction of the Southern 
Connection Viaduct Section—the largest solo contract ever awarded to Gammon 
and a critical component of the Tuen Mun-Chek Lap Kok Link and HZMB. As the 
lead contractor, we were delighted to have been given the opportunity to work on this 
project and see it through to its successful conclusion in October 2018. 

In many ways, this project exemplifies how seemingly impossible challenges can 
be surmounted when people from different engineering disciplines come together. 
Many challenges were encountered from almost the beginning of the project to its 
completion. Among these were unavoidable delays in the programme, the complex 
geometry of the viaduct designs, and the need to work within tight geographical 
constraints next to an operating railway and one of Hong Kong’s busiest roadways. 

Fortunately, we had assembled a dedicated team of engineers, technicians and 
workers, all of whom were fully committed to meeting the targets that had been 
set. They are yet another example of the Gammon One Team approach of bringing 
together many skills and resources to overcome unexpected obstacles. 

The spirit of innovation at Gammon was also a contributing factor in the success of 
the project. During construction, we not only made use of established tools such as 
Building Information Modelling (BIM), robotics, 3D scanning and photogrammetry, 
we also developed new methods and equipment to address the challenges we 
encountered. As such, the Southern Connection Viaduct was an opportunity to hone 
and refine our engineering skills. It also proved that Gammon is capable of taking on 
any project, under even the most testing conditions and circumstances.

Now in operation, the Southern Connection Viaduct joins Lantau Island and the new 
Boundary Crossing Facilities. In addition to linking these areas, it is also a symbol of 
the closer ties that have been forged with mainland China and the economic benefits 
it will bring. 

We are proud to have taken part in such a critical infrastructure project and invite you 
to learn more about the journey we took to bring it into service. Most importantly, 
we hope you have the opportunity to take a journey on the bridge and enjoy the 
experience of a more convenient way to travel across the Pearl River Delta.

THOMAS HO, JP
CHIEF EXECUTIVE, GAMMON CONSTRUCTION LIMITED

MESSAGE 
FROM OUR CHIEF EXECUTIVE 

THE SPIRIT OF 
INNOVATION AT 
GAMMON WAS A 
CONTRIBUTING 
FACTOR IN THE 
SUCCESS OF THE 
PROJECT.



ABOUT THE SOUTHERN CONNECTION VIADUCT SECTION

The Southern Connection Viaduct Section of the Tuen Mun–Chek Lap Kok 
Link (TM-CLKL) connects the North Lantau Highway (NLH) with the Hong Kong 
Boundary Crossing Facilities (HKBCF) of the Hong Kong-Zhuhai-Macao Bridge, 
while also providing a second overland route to Hong Kong International Airport. 
With the completion of the Northern Section of the TM-CLKL, the Southern 
Connection Viaduct will further provide a direct route between the Northwest 
New Territories at Tuen Mun and Lantau Island as well as the HZMB. 

SCOPE OF THE PROJECT 

MAIN STRUCTURES
The Southern Connection Viaduct Section is a dual two-lane carriageway on 
both land and marine viaducts, joining the southern landfall of the TM-CLKL 
with the North Lantau Highway near Tai Ho Wan. It comprises the following:

 A dual 2-lane main marine crossing of approximately 1.6km across the 
channel between the southern landfall of the TM-CLKL and NLH.

 Five slip roads at the southern landfall of the TM-CLKL connecting a dual 
2-lane rural trunk road (the main marine crossing) with the HKBCF and the 
TM-CLKL Northern Connection Sub-sea Tunnel Section. 

 Four slip roads on North Lantau connecting the main marine crossing with 
the NLH. 

	 Modifications	and	realignment	of	sections	of	the	NLH	and	Cheung	Tung	
Road on North Lantau.

 Associated civil, structural, geotechnical, marine, environmental protection, 
landscaping, drainage, highway electrical and mechanical (E&M) works.

 Slope improvements, environmental protection and mitigation measures. 
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THE CONTRACT 
The design and build contract for the construction of this 
project amounted to more than HK$8 billion, the single 
largest contract for Gammon Construction at the time of  
its awarding in 2013. 

As a design and build contract, the entire programme 
became the responsibility of Gammon Construction, with 
the design details determined by third-party consultancy 
firms	commissioned	by	the	Company:	Arup	Group	Ltd,	 
Tony Gee & Partners (TGP) and YWL Engineering Pte Ltd. 

Gammon’s in-house engineering consultancy, Lambeth 
Associates, handled the temporary works and development 
of	new	tools	and	methods	to	meet	the	specific	requirements	
of the project. 

ABOUT THE HONG KONG-ZHUHAI-MACAO BRIDGE
The	Hong	Kong-Zhuhai-Macao	Bridge	has	special	significance	
as	it	is	the	first	major	cross-boundary	infrastructure	project	
to be carried out jointly by the governments of Guangdong 
province, the Hong Kong SAR and Macao SAR. 

At approximately 55 km in length, the HZMB is the world’s 
longest bridge-plus-tunnel sea crossing. Its opening marks 
the beginning of a new era of cooperation in the Greater Bay 
Area, while providing far more convenience for travellers by 
cutting the travel time between Hong Kong International 
Airport and Macao from 4 hours to just 45 minutes. The 
HZMB also reinforces Hong Kong’s importance as a logistics 
hub serving the region, mainland China and the world.

Additionally, the HZMB creates new opportunities for the 
tourism,	financial	and	trading	industries	as	well	as	other	
commercial	activities	that	benefit	the	local	economy.	
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The Southern Connection Viaduct Section of the TM-CLKL is an example of balanced cantilever 
segmental construction, a “method of bridge construction used for bridges with … spans ranging from 
50 to 200m. The bridge can be either cast-in-place or precast.”1 

Balanced cantilever segmental construction was the ideal choice for the Southern Connection Viaduct 
project as this method is particularly suitable for “irregular and long span lengths, congested project 
sites, rough and water terrain, rail crossings, and environmentally sensitive areas.”2 

Gammon made the decision to precast the major elements of the viaduct system in mainland China, 
rather	than	in-situ,	as	the	marine	environment	posed	significant	safety	and	environmental	risks.	By	
choosing the precast approach, it was possible to avoid most in-situ formwork and reduce working at 
height and material wastage, while minimising the risk of adverse environmental impacts such as the 
spillage of concrete into the sea.

In addition to the more than 2,600 viaduct segments, precasting was also used for the pile cap shells, 
parapets and retaining wall panels, all of which were manufactured in Zhongshan and shipped directly 
to the site for assembly. 

METHOD OF CONSTRUCTION BALANCED 
CANTILEVER 
SEGMENTAL 
CONSTRUCTION 
WAS THE IDEAL 
CHOICE FOR 
THE SOUTHERN 
CONNECTION 
VIADUCT.
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GAMMON CHOSE  
THE PRECAST 
METHOD OF 
CONSTRUCTION 
FOR SAFETY AND 
SUSTAINABILITY
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Even as an engineer with more than 30 years’ experience 
building bridges and viaducts, KF Tam, the Contracts Manager 
for the project, found the Southern Connection Viaduct to be 
especially challenging. 

“In the early stages, we had to work together on how to erect 
the segments safely, decide which methods to adopt for 
different	sections	and	what	kinds	of	equipment	to	use,”	says	
KF. “The project has 10 viaducts—some are marine, some go 
across the MTR railway, some cross the North Lantau Highway, 
some on top of the HKBCF Island—all with different methods 
of construction. Given the tight programme schedule, there 
was no margin for error.” 

CHALLENGES 
AND SOLUTIONS
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DESIGN AND EQUIPMENT 
One of the greatest challenges of the project was precasting 
the 2,641 segments that went into the construction of 
the viaducts, each of which varied in size. According to 
the Senior Project Manager in charge of viaduct design, 
Bernard Rooney, “The precast segments had originally been 
designed	in	such	a	way	that	each	segment	would	require	
a minor adjustment of between 20mm to 35mm. Even 
such a very small adjustment would have resulted in a loss 
of productivity in the casting yard, extending the time in an 
already very tight programme.”

To resolve this problem, Gammon worked with the designer 
to come up with an enhanced design. The revised plan 
included a standard segment measuring four metres in 
length. Billy Wong, head of BIM at Gammon, says, “The 
design team helped to standardise the geometry, which 
resulted	in	a	significantly	reduced	number	of	casting	yard	
moulds, from 813 to just 35. This allowed for a huge saving in 
both setup time and production cost.”

In addition to making changes in the design, Gammon 
also	came	up	with	innovative	new	equipment	to	assist	
with the lifting and erecting of the viaduct segments. One 
example was a new device called the K-Frame, developed 
by Ted Lawton, Senior Engineering Development Manager 
at Lambeth Associates. It proved particularly useful for lifting  
segments in the constrained marine viaduct environment. 

Another device, the Travelling Lifting Beam, was designed 
to erect segments that were too heavy to lift by a 
launching gantry. Developed inhouse by Gammon, this 
device was produced at the Company’s Pristine steel 
manufacturing plant. 

For the marine viaduct pile caps, match casting with precast 
pile cap shells was used rather than the conventional in-situ 
formwork casting method. Max Ko, Contracts Manager on 
the project, says, “In the tender stage, we came up with the 
idea of match casting, which meant we did not need to do 
any falsework on site. This method is not only more accurate, 
but also more environmentally friendly as there is no wasted 
timber or steel, or debris in the marine environment.” 

THE DESIGN 
TEAM HELPED 
TO STANDARDISE 
THE GEOMETRY, 
WHICH RESULTED 
IN A SIGNIFICANTLY 
REDUCED NUMBER 
OF CASTING YARD 
MOULDS.
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ROAD AND RAIL CONSTRAINTS
One of the most critical challenges was having to work over 
and adjacent to the North Lantau Highway (NLH) and the 
Airport Express Line (AEL) of the MTR. 

The	NLH	is	one	of	the	five	busiest	high-speed	roads	in	Hong	
Kong. In addition to the very real concerns this presented for 
the safety of workers, stakeholders wanted reassurance that 
construction would not block the highway at any time.

SY Yu, Executive Director, who was responsible for the 
project from tender to execution and the main liaison with 
the client, says that “this was the most critical concern of 
stakeholders. They wanted a guarantee that we would not 
stop	traffic	along	the	NLH	for	any	reason,	as	it	is	the	only	
overland route to Hong Kong International Airport.” 

Gary Kwong, the Senior Project Manager in charge of 
temporary	traffic	arrangements,	mentions	that	one	of	the	
greatest fears of stakeholders was a repeat of the Kap Shui 
Mun Viaduct closure in 2015. Back then, a barge collided with 
the	viaduct	shutting	down	all	road	traffic	to	the	airport	for	
hours	and	causing	thousands	of	passengers	to	miss	flights.	

As	a	consequence,	Gammon	had	to	work	within	very	
strict guidelines. Works were closely monitored during 
construction and completely shut down during festive 
seasons such as Christmas, Easter and Chinese New Year 
when all road lanes had to be kept open. 

“We had many restrictions and many stakeholders,” Gary 
says. “We had to do a lot of public relations, including 
regular meetings with stakeholders such as government 
departments, the utility companies, Police and local villagers.” 

CC Hau, Executive Director at Gammon, adds that the project 
had the greatest number of stakeholders of any project 
Gammon has undertaken. “Soft skills were very important. 
Communication	was	the	key	to	gaining	their	confidence.”	

ONE OF THE 
MOST CRITICAL 
CHALLENGES 
WAS HAVING TO 
WORK OVER AND 
ADJACENT TO  
THE MTR.
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Safety was also an issue during the land works. To protect 
workers on the hard shoulder of the NLH, Gammon invested 
in a special type of metal barrier brought in from Europe 
for this project. Along with the comprehensive Temporary 
Traffic	Arrangements,	these	barriers	helped	to	ensure	that	
no serious accidents occurred on the TM-CLKL land viaduct 
over	the	five	years	of	the	works.	

More information on safety and Gammon’s Zero Harm 
Commitment can be found on page 97.

Great care also had to be taken near the Airport Express 
Line, as the viaducts run close to and across this railway line. 
To avoid disruptions to train service, MTRC insisted that work 
could only be carried out at night, typically from around 
1:30am to 4:30am when trains stopped running. What’s 
more, no object used for erecting the segments could come 
closer than within a three-metre radius of the overhead line.

Ricky Ng, the Project Manager responsible for the launching 
gantry work over the MTR, says, “The most challenging 
working area was Viaduct A, where we had only a one metre 
buffer zone for moving the segments. Because there was 
such a narrow working space, we had to use a laser meter 
to monitor the height of segments above the overhead line 
whenever we delivered a segment.” 
 
Ricky’s team also prepared kinematic drawings showing 
each step the launching gantry would take for erecting the 
segments, as well as a detailed monthly programme for 
reserving track possession. 

As a result of all these preparations, no major case of 
debris falling onto the track was reported, and the works 
progressed smoothly throughout the duration of the project.

Additional information on the land works for the Southern 
Connection Viaduct Section can be found on page 74.
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MARINE VIADUCTS
Constructing	the	marine	viaducts	had	their	own	equally	
challenging constraints. These included working within 
the height restrictions of the nearby airport, avoiding 
disturbances to the Chinese white dolphins, and ensuring 
the	free	passage	of	marine	traffic	through	the	200-metre	
navigation channel. 
 
One of the most complex tasks was arranging delivery of 
the precast segments from Zhongshan to the construction 
site. “We had to keep at least 110 metres open for marine 
access through the navigation channel,” says Jonathan 
Yuen, the Project Manager in charge of the marine 
segment erection. “The area was very limited, and there 
were so many barges on site, making the logistics for the 
segment erection very complicated.”

Careful planning was essential. “After the segments were 
delivered to Hong Kong, we had to arrange where they 
would be stored—on a barge or on land,” says Jonathan.  
“We also had to monitor the constantly-changing tides so 
the barges could travel into the area as the tugboats would 
not have been able to manoeuvre at low tide.” 

The use of AutoCad was a great help in planning the 
logistics as it enabled Jonathan’s team to analyse the paths 
where the barges could go with great accuracy. Additionally, 
daily	meetings	were	held	in	the	marine	site	office	for	
planning the logistics each day and the night before the 
start of each shift. 

Another issue was safety, as many vessel crews were not 
used to safe practices such as wearing lifejackets, especially 
the foam variety which they said was uncomfortable in 
hot weather. To ensure the crews would wear lifejackets, 
Gammon	invested	in	a	self-inflated	type	despite	its	much	
higher cost. 
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Also of concern was the likelihood of severe storms, which 
would affect the entire project but especially the marine 
operations. CY Lau, Divisional Safety Manager, points out 
that “all marine transportation was halted when typhoon 
signal number three was hoisted. We would monitor the 
typhoon track very closely, and if it came close to Hong 
Kong we would start towing vessels to the typhoon shelters.” 

In preparation for a typhoon, Gammon held regular storm 
planning sessions and drills. When Typhoon Mangkhut—the 
strongest typhoon since the start of record-keeping—hit 
Hong Kong in mid-September 2018, Gammon was fully 
prepared and no major damage or injuries were reported. 

Please see page 82 for details on the marine works for the 
Southern Connection Viaduct Section.

IN PREPARATION FOR 
A TYPHOON, GAMMON 
HELD REGULAR STORM 
PLANNING SESSIONS 
AND DRILLS.
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THE ENVIRONMENT 
As the area around the project site was the habitat of several 
protected species, Gammon built many sustainability and 
environmental measures into the project right from the beginning.

Of particular concern was the marine environment and the 
Chinese white dolphin. To protect the dolphins, Gammon 
employed a specialist to monitor their movements, set up a 
250-metre exclusion zone around the site, and restricted certain 
construction activities during the peak calving season of May 
and June. 

Further information on the steps taken by Gammon to protect 
the environment can be found on page 103.

GAMMON 
BUILT MANY 
SUSTAINABILITY 
AND 
ENVIRONMENTAL 
MEASURES INTO 
THE PROJECT
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Balanced cantilever segmental construction is widely 
recognised	as	a	fast,	efficient	and	cost-effective	method	for	
building bridges and viaducts. For the Southern Connection 
Viaduct Section of the Tuen Mun-Chek Lap Kok Link, the 
construction process involved erecting hollow concrete box 
girders, or segments, that had been precast in Zhongshan, 
China in parallel on piers. The works were mainly divided 
between the land viaducts and the marine viaducts 
crossing over the navigation channel to the new Hong Kong 
Boundary Crossing Facilities. 

HOW THE SOUTHERN CONNECTION  
VIADUCT SECTION WAS BUILT: 

1.	 Design	prepared	by	third-party	design	firm;	onsite	
data collected with 3D laser scanning to determine 
constructability.	Design	is	refined	and	approved	by	client.

2. Viaduct segments are prefabricated in the casting yard at 
Zhongshan, China. 

3. Completed segments are delivered by barge to the site, 
erected or stored nearby.

4. Piles, pile caps and piers are installed. 

5. For the land viaducts, precast segments are erected, in 
pairs,	on	the	piers	using	a	variety	of	lifting	equipment,	
such as launching gantries, cranes and lifting frames. 

6. For the marine viaducts, precast segments are erected, in 
pairs, on the piers from the barges. 

7. Stressing tendons up to 150mm in diameter are inserted 
and anchored to join the segments. Grouting is applied 
to protect the tendons against corrosion and create a 
bond with the surrounding concrete.

8. The deck voids (the space inside the bridge segments) 
are completed.

9. Finishing touches, such as street lighting, landscaping 
and	traffic	aids,	are	applied,	and	the	TM-CLKL	Southern	
Connection Viaduct Section goes into service.

CONSTRUCTING 
THE VIADUCTS
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LAYING THE GROUNDWORK: DESIGN
Like all design and build projects, the Southern 
Connection Viaduct began with a design commissioned 
by Gammon as the main contractor. But unlike many 
such projects, the viaduct underwent several revisions 
before	receiving	final	approval.	

Bernard Rooney, the engineer manager in charge of viaduct 
design, provides some background on the design and build 
approach to construction projects: “In the past, the design 
would usually have been commissioned by the client then 
handed over to the contractor. For a design and build 
contract such as this, however, Gammon took all the design 
responsibility, working hand-in-hand with the specialist, 
Freyssinet, and the three selected bridge designers.”

In line with this approach, Gammon studied the methods, 
design and constructability of the project at the tender 
stage	after	receiving	the	Employer’s	Requirements	(ER)— 
a set of rules that indicate how the project should be 
constructed. 

According to Bernard, “Ove Arup, the permanent works 
designer for the entire project, had come up with an 
initial	design	that	followed	the	Employer’s	Requirements	
(ER) document. Their design package, which covered 
the foundations, piers, portals, and segments, then 
went to all the relevant stakeholders, including the 
Highways Department, Electrical and Mechanical Services 
Department, MTR, Airport Authority of Hong Kong, and 
many others. After commenting on the design, they would 
give their approval to proceed to the next stage. 
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“But it was at this stage, when the project got underway 
and we really started delving into the construction methods 
and various constraints, that we saw the need for additional 
changes,” he says. Among these were concerns about the 
complicated geometry of the bridge, the location of the 
bridge columns, the many variations in the segment design, 
steel	mould	formwork,	and	whether	the	lifting	equipment	
was up to the task of erecting the segments. 

Senior Innovation Manager, Andy Wong, adds, “All the 
iterations made the design works extremely challenging. 
We needed consent from all the stakeholders, which 
normally would have taken four to six months. But in this 
case, it took much longer. Even more challenging, there 
could be absolutely no hold-ups in the approval process as 
construction had already started.”

In the meantime, Bernard Rooney and his team had come 
up with a simple solution. “We took out the piling works 
and submitted just these and the pile caps to obtain the 
green light for the site works. This also meant we had more 
time to develop the methods to match the challenges of 
the project, while also being allowed to proceed with the 
construction of the foundations.” 



042   TM-CLKL | LINK TO THE FUTURE LINK TO THE FUTURE | TM-CLKL   043

GAMMON INNOVATION:  
BUILDING INFORMATION MODELLING

Building Information Modelling (BIM) was used extensively 
on the Southern Connection Viaduct as a tool for improving 
the constructability of the viaducts and the detailed 
design for prefabrication of the segments, as well as for 
coordination and communication among all project staff.

In addition to identifying potential construction issues, BIM 
played a critical role in analysing the project’s design and 
information, determining how many segment types would 
be	required,	and	designing	the	tools	and	lifting	equipment.	
Billy Wong, Head of BIM, says, “The BIM model contained 
the data needed for generating fabrication details, spatial 
coordination, the method statement, visualisation and, last 
but not least, marketing.”

BIM was also used to show every single step of the 
construction	sequence	to	frontline	supervisors	and	
workers, acting as the ‘single source of truth’ for project 
communication, from the early design phase to 
manufacturing and assembly. “This resulted in a 99% 
improvement during engineering design change and 
validation	efficiency,”	says	Billy.	
 
What’s more, BIM helped with logistics planning, answering 
questions	such	as	how	many	prefabricated	components	
can	you	pack	onto	a	barge?	How	do	you	best	fit	a	certain	
number of curtain wall panels into a container? Or will a 
particular	crane	have	sufficient	lifting	capacity?	
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GAMMON INNOVATION: PHOTOGRAMMETRY 
As	defined	by	the	American	Society	of	Photogrammetry	
and Remote Sensing, photogrammetry and 3D scanning 
is “the art, science, and technology of obtaining reliable 
information about physical objects and the environment 
through the processes of recording, measuring, and 
interpreting photographic images and patterns.”3 

The	Southern	Connection	Viaduct	Section	was	the	first	time	
that photogrammetry had been implemented on an actual 
project by Gammon, starting with the use of 3D scanning to 
collect site data. This not only increased productivity by up 
to 95% in time and cost savings, it was also much safer than 
having surveyors record each point on a site. 

Photogrammetry also helped to record the as-built 
environment	and	monitor	the	quality	of	workmanship	and	
accuracy of the precast segments. “On a trial test of one 
segment,” says Billy, “we wanted to see two things. First, to 
see if the workmanship of the segment was good enough 
to ship it to Hong Kong. And, second, whether the virtual 
model for the ducts accommodating the tendons that tie 
the segments together would be properly aligned.

“With the 3D digital twin models generated by 
photogrammetry, we were able to ensure the segments 
were	accurately	cast	for	a	perfect	fit.”	
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PREFABRICATION AND DELIVERY
The use of precast viaduct components in the Southern 
Connection	Viaduct	is	one	of	the	first	examples	of	BIM	
and Design for Manufacturing and Assembly (DfMA) by 
Gammon for a construction project. 

In many viaduct projects, the design will call for casting 
components on the project site. But for this project, 
Gammon made the decision to go the precast route as it 
offers a number of advantages. For one, it has a much lower 
impact on the marine environment, as there is less material 
wastage and a reduced possibility of loose concrete falling 
into the sea. 

Another	benefit	of	using	the	precast	method	was	safety,	
since precasting meant less exposure to working at height. 
According to CY Lau, Divisional Safety Manager at Gammon, 
precast rather than in-situ casting cut down 90% of human 
behavioural risk as the focus was shifted to engineering risk, 
which could be better managed.

Additionally, the precast approach is more time and cost 
efficient,	as	the	process	is	standardised	under	strictly	
controlled factory conditions. For the Southern Connection 
Viaduct, the viaduct segments were precast by MBEC in 
Zhongshan, China using 32 different segment moulds. 
Some segments, which measured up to 11 metres in height, 
were the tallest of any construction project in Hong Kong. 

Other precast elements included the shells for the pile caps, 
the parapets and reinforced earth retaining wall panels.
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COORDINATION 
AND JUST-IN-TIME 
DELIVERY WERE 
CRITICAL ELEMENTS 
IN THE PROJECT.



050   TM-CLKL | LINK TO THE FUTURE LINK TO THE FUTURE | TM-CLKL   051

Once the precast elements were completed, they were sent 
to	the	site	on	barges.	Timing	was	essential	as	the	sequence	
of	precasting	had	to	match	the	construction	sequence.	KF	
Tam, the Contracts Manager, says, “The logistics were very 
difficult.	The	order	of	the	casting,	the	order	of	shipment	
and the order of erection all had to be carefully planned. 
Coordination and just-in-time delivery were critical as there 
were few places on site to store the segments. That’s why we 
had a dedicated logistics team in place.” 

As deliveries were being made, all teams communicated 
very closely on where to put the completed segments and 
how to plan the alignment of the barge. In most cases, the 
segments would then be erected from the barge or stored 
at a location nearby.
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WORKING AS ONE TEAM
Although construction of the Southern Connection Viaduct 
had been underway since 2013, by the end of 2017 everyone 
involved in the project was preoccupied with one overriding 
issue: how to bring the works programme back on schedule. 
The delay in the programme was due to a number of 
factors outside the control of Gammon, including the 
initial time needed to work out the most effective design 
for the viaducts. SY Yu, Executive Director, says, “This was a 
very complicated design and build project. The layout, the 
spans and the aesthetic appearance of the bridge were all 
decided and could not be changed. We had to work within 
those restrictions.” 

There was also an entirely unforeseen development in the 
reclamation works for the Hong Kong Boundary Crossing 
Facilities (HKBCF). On the land being reclaimed for the 
HKBCF, concerns about the rate of the settlement of the 
seawalls and temporary support structures had caused the 
sequence	of	the	viaducts	works	to	be	reversed.	

To get the project back on track, Kennedy Cheung, Director-
Civil, was appointed to head the project in August 2016 
following the departure of the previous director. At the time 
of his appointment, only 540 viaduct segments had been 
completed and there were still more than 2,000 left to do. 

Kennedy’s task seemed hopeless. Shortly after assuming his 
new role, the client told him that the Southern Connection 
Viaduct would never be completed on time. 

Gammon’s new project director, however, did not share this 
view. Kennedy believed that with the right motivation the 
project	could	be	finished	within	the	deadline,	despite	the	
tight time constraints. “My job was to get everyone to act 
together as one team to overcome the challenge.” 
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Transparency and the willingness to face problems head-on 
were also critical. “First, when something goes terribly wrong, 
you have to be honest with the Executive Committee and 
say that drastic changes need to be made. If we did not 
deliver, especially for a client as important as the Highways 
Department, our reputation would be gone forever.” As SY 
Yu points out, “The Gammon name had been instrumental 
in winning the bid.”

Andy Wong, Senior Innovation Manager at Gammon, agrees. 
“Communication and collaboration were very important. 
Decisions had to be worked out together, but at the same 
time one person needed to make bold decisions. Leadership 
was the key to getting the project done on time.” 

MY JOB WAS TO 
GET EVERYONE 
TO ACT TOGETHER 
AS ONE TEAM TO 
OVERCOME THE 
CHALLENGE. 
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FIRST STEPS 
At the beginning of the project, Kennedy decided drastic 
measures	were	needed	in	terms	of	the	plant,	equipment	
and people. 

Working with the operations team and the bridge specialist, 
Freyssinet,	they	selected	the	most	suitable	equipment	
for erecting the many segments that would make up the 
viaducts. This involved determining the size of the segments, 
their weight, the erection methods, and logistics for getting 
the segments onto the site.

Equipment	needed	for	the	project	included	launching	
gantries, lifting frames, a travelling hanger beam for lifting 
the segments, one 450 tonne crane barge and one 500 
tonne crane barge for the marine viaducts, as well as many 
other	types	of	lifting	equipment	not	anticipated	in	the	
tender stage.

Where	existing	equipment	was	not	suitable	for	a	particular	
job, as was the case in the congested marine environment, 
the	entire	team	came	together	to	find	solutions.	In	one	
example of Gammon innovation coming to the fore, the 
whole marine viaduct team developed a donut-shaped 
pontoon system for carrying the viaduct segments into the 
navigation channel where the water was too shallow for the 
barges	to	enter.	This	enabled	the	segments	to	be	floated	
into position and lifted into place by the lifting platform.
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THEY SELECTED 
THE MOST SUITABLE 
EQUIPMENT FOR 
ERECTING THE 
MANY SEGMENTS 
THAT WOULD MAKE 
UP THE  
VIADUCTS.
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Lambeth, Gammon’s inhouse design team led by veteran 
engineer Ted Lawton, developed a dynamic lifting frame 
for erecting viaduct spans and segments on the navigation 
channel where normal launching gantries could not 
operate. This K-Frame, named for its resemblance to a 
capital letter ‘K’, was based on the ingenious idea of a sliding 
piston similar to those of traditional balanced beam scales 
found in Hong Kong’s wet markets. It proved especially 
useful	for	viaduct	sections	with	tight	curves,	as	it	required	far	
fewer movements to place each segment into position. 

When in operation, the K-Frame was capable of erecting 
spans up to 200m long and handling segments weighing 
up to 240 tonnes. Segments were delivered from the back 
span,	forwarded	through	the	K-Frame,	rotated	and	finally	
lowered into position at the front of the deck, all within a 
very tight space. 

The K-Frame was critical to the success of the Southern 
Connection	Viaduct	project	and	will	likely	find	applications	
on future Gammon projects where space is limited. In 
recognition of this innovative device, Gammon received a 
Construction Productivity Award, second prize, from the 
Construction Industry Council Hong Kong. 

THE K-FRAME 
WAS CRITICAL TO 
THE SUCCESS OF 
THE SOUTHERN 
CONNECTION 
VIADUCT.
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FOUNDATIONS 
One	of	the	first,	and	most	important,	tasks	of	the	Tuen	Mun–
Chek Lap Kok Link project was constructing the foundations 
for the 3.8 km of viaducts. Ensuring the integrity of these 
structures was especially critical as they carry the entire load 
of the viaduct superstructure and must be able to support 
their weight. 

At the same time, the team faced the enormous challenge 
of	completing	the	works	as	quickly	as	possible,	as	the	
programme had been delayed due to changes in the 
original design. 

As CC Wai, Executive Director – Foundations, Construction 
Service, describes it, “All of the other works depended on our 
team completing the foundations, and we were asked to 
open many work fronts to speed up the programme.” 

In addition to the time pressure, the Foundations team did 
not have a clear picture of the ground conditions. “When 
we	first	tendered	the	project,	we	had	some	information	on	
the ground conditions,” CC Wai says, “but it was not that 
substantial.” 

Having this information was essential, as the piles that 
make up the viaduct foundations needed to be positioned 
securely in the ground, normally on bedrock, or “rockhead” 
as it is known in engineering geology. However, unlike most 
civil projects that cover a relatively small area, the geological 
conditions in a viaduct project are often much more diverse. 

On Lantau Island, in the navigation channel and on the 
Hong Kong Boundary Crossing Facilities (HKBCF) Island, 
the rockhead varies considerably. This is even more true 
on Lantau Island near Tung Chung, which is located on a 
number of fault lines. 
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THE SEABED’S 
ROCK PROFILE 
RANGED FROM 
AROUND 15M 
TO 100M IN 
DEPTH.

CC Wai says, “We found that the rockhead is only 40 or 50 
metres deep in some areas, but only 20 or 30 metres away 
it can get down to more than 100 metres. This meant we 
had to plan earlier in order to complete the foundation 
work on time.”

After a more thorough geological survey had been 
completed, the original foundations design had to 
be revised and approval obtained from the Highways 
Department. Once approval was granted, site works got 
underway	in	October	2013.	The	team	first	set	up	four	survey	
stations to ensure the alignment would be correct then 
constructed a jetty for logistics handling and the piling 
platforms	for	the	five	viaducts.

The project team also worked closely with the civil team 
to	sequence	the	works	and	determine	the	number	of	
work fronts and platforms, as well as other details of the 
construction programme. 
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MARINE FOUNDATION WORKS
In the navigation channel, work began on 28 February 2014 
with the drilling of piles that extended to 100 metres or 
more below the surface of the seabed. 

The marine foundations work was carried out by crawler 
cranes	and	piling	equipment	on	temporary	steel	platforms.	
To reduce the amount of on-site fabrication and welding 
works over water, all of the marine platforms were built off-
site	in	Mainland	China.	This	example	of	DfMA	significantly	
reduced the need for on-site resources and the safety risks of 
working	over	water,	as	well	as	the	impact	on	marine	traffic	
and the sensitive ecological environment. 

To protect the marine environment, all drilling works were 
suspended during the dolphin calving period from May 
to June. Desilting facilities were also set up on barges, 
and water for drilling was recycled to keep its usage to a 
minimum. 

In order to achieve cost savings, the foundations team 
worked with the main civil team to create a platform design 
that could be used for purposes other than building the 
foundations, such as the construction of pile caps and piers. 

As	there	was	a	high	variance	in	the	seabed’s	rock	profile,	
which ranged from around 15m to over 100m in depth, a 
special piling method was adopted. It included the use of 
telescopic casings and concrete mixes designed to avoid the 
potential	quality	problems	that	arise	over	a	long	concrete	
setting time.
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HKBCF FOUNDATION WORKS 
The island that had been built with reclaimed land for the 
HKBCF was a particularly challenging environment for the 
foundations team.

As CC Wai explains, “The newly reclaimed land on the 
HKBCF contained a lot of soft mud, which caused 
movements from just a few millimetres to hundreds 
of millimetres in the ground and surrounding wall. To 
overcome this challenge, we built an outer casing before 
putting in the pile to allow for some gap that would 
accommodate the soil movement. We also had to do some 
strengthening works by incorporating more steel into the 
piles or making the piles bigger.”

In	some	places,	the	deep	rockhead	made	it	difficult	to	install	
normal	piles.	To	ensure	the	piles	were	securely	fixed	in	place,	
the team used friction piles that do not rest on the rockhead 
but	are	equally	as	strong.

The concept behind friction piles is to use and transfer the 
friction between the pile and the surrounding soil to support 
the superstructure, thereby reducing the depth of the pile. 
In the foundations industry, “they are typically used for large 
structures, and in situations where soil may be subject to 
excessive settlement.”4

A series of tests was then carried out on the reclaimed land 
to verify the design and workmanship of the completed 
friction piles using the kentledge ballast system, a system of 
weights used for determining the load bearing capacity of a 
foundation.

On the HKBCF Island, this was particularly important for 
establishing the friction value of the design for the friction 
piles that support the viaduct. In this case, the load tests 
used 5,000 metric tonnes of concrete and steel—more than 
1.5	times	the	design	load	as	specified	by	the	Building	Code	
of Hong Kong. It was also the largest kentledge test ever 
conducted in Hong Kong.

The kentledge test took about one month to complete and 
revealed that the design depth of the friction piles should 
be extended to ensure stability in the soft ground conditions 
of the HKBCF Island.
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LAND	FOUNDATION	WORKS,	NORTH	LANTAU	HIGHWAY	(NLH)
For CC Wai’s team, the Lantau side of the project was 
comparatively much simpler. The only real constraint was 
ensuring	the	works	did	not	affect	road	or	rail	traffic	on	the	North	
Lantau Highway and MTR railway lines running next to the 
project site.
 
“We had to work according to very tight controls on the 
settlement and the vibration, as well as limitations on crane 
movements,” says CC Wai. 

Several methods were used to minimise ground disturbances 
during piling, such as the use of grouting between the piling 
area and railway tracks for the ground improvement works. A 
Closed-air Loop Drilling System was also adopted. With this 
method, exhaust air during drilling was returned to the ground 
surface	and	muffled,	and	water	was	used	to	flush	out	the	
drilling cuttings to the ground surface. 

To monitor for settlement along the affected tracks, the team 
employed a variety of monitoring instruments along the railway 
alignment, including a state-of-the-art Automatic Deformation 
Monitoring System. This system allowed measurement and 
analysis to be done in real time, every few minutes, to ensure 
the level of the tracks had not settled. 
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THE STRENGTH OF GAMMON 
After the main foundation works were completed in 2017, 
CC Wai and his team would occasionally return to the 
site for further instrument monitoring. As the project had 
started in 2013, this was the longest time he had spent on 
a foundations project, which typically lasts only two years. 

The long duration of the Tuen Mun–Chek Lap Kok Link 
project also gave CC Wai’s team the opportunity to know 
their colleagues from other Gammon departments and 
divisions better. 

“We worked together very well and all went in the same 
direction,” CC Wai says. “There was a lot of collaboration 
among Foundations, Civil, E&M and Lambeth, which 
designed the steel platform and analysed the ground 
conditions. Having one team for a project of this size is a 
real strength of Gammon’s—because we know the people, 
we	can	work	together	more	efficiently	and	offer	savings.”	

WE CAN WORK 
TOGETHER 
MORE 
EFFICIENTLY 
AND OFFER 
SAVINGS.
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LAND VIADUCTS
To build the land viaducts, Gammon’s design team, 
temporary	works	team	and	operations	team	first	had	to	
determine	the	sequence	of	the	works	and	how	to	install	the	
viaduct segments accurately and safely.

Another early challenge was the location of the 
underground utilities along the North Lantau Highway. 
Causing any damage to the existing electrical power or 
water supply to the local area, including Hong Kong Airport, 
would have been a public relations disaster. Gammon had 
to be absolutely certain where the existing utilities were 
located before the piling works could begin.

However, this was not as easy as one might think. “Since 
the as-built records weren’t always available or up to date, 
and	with	limitations	on	the	number	of	Temporary	Traffic	
Arrangements allowed at any one time, we had to spend 
significant	time	and	resources	obtaining	the	alignment	and	
level of these utilities,” says Bernard Rooney. 

To erect the viaduct segments, Gammon used a 200m 
launching gantry—the longest in Asia—for certain sections. 
In	many	instances,	however,	this	equipment	wasn’t	capable	
of erecting the heavier segments. And because the gantry 
is	so	long,	traffic	had	to	be	diverted	every	night	to	move	it	
into position.

Where it was not possible to use the launching gantry, 
Gammon employed a shorter crawler crane, as well as the 
Travelling Hanger Beam or K-Frame developed by Gammon 
for restricted working environments. 

The front line supervisor for this work was Ming Wong, Senior 
Superintendent Segment Erection, or Master Wong as he 
is known to his colleagues. “Every night, crews and foremen 
were briefed on the method of lifting,” he says. “We also had 
to check the lifting gear carefully and make sure with the 
safety	team	that	this	gear	had	a	valid	safety	certificate.	
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“We had 12 to 15 launching machines on site at all times,  
and each launching machine was used in a two-day cycle  
to lift one segment," says Master Wong. 

Working during night-time hours was particularly 
challenging, as works above carriageways could only take 
place during a very short time period, starting from 1:30am. 
“At the beginning, we were limited to one segment erection 
per night,” says Senior Project Manager Benny Lam. “But 
later we were able to push for two segments per night and 
finally	three	per	night.	To	get	approval	for	more	than	one	
segment erection, though, we had to show a very detailed 
rundown on how we would lift each cantilever span, with a 
contingency	plan	for	different	scenarios	so	that	traffic	could	
resume	as	required.”	

Another concern was the proximity of the works to the MTR 
tracks. Bernard Rooney says, “We had to work close to and 
across the Airport Express Line, so all construction methods 
and	sequences	had	to	be	thoroughly	reviewed	to	ensure	
there would be no incidents.“

This	also	required	working	at	night,	but	within	an	even	
shorter period of time. Ricky Ng, Project Manager for the 
launching girder work over MTR, says, “Since we could only 
work at night, the timing for each task was critical.” 

Maintaining close communication was essential for building 
trust. “For each day’s operations, we needed to break down 
each critical activity and its time frame then pass this 
information on to MTR and other relevant parties at 9:00 
pm the night before,” says Ricky. 

Additionally, Ricky’s team would submit a monthly 
programme to MTR to let them know if part of the track 
needed to be reserved for track possession. For the operation 
of the launching gantry, highly detailed kinematic drawings 
were prepared showing all the steps involved, each of which 
had to be followed precisely according to the exact amount 
of time estimated and with a cut-off time as a contingency. 

Working	next	to	the	MTR	tracks	also	required	protections	

WORKING 
DURING 
NIGHT-TIME 
HOURS WAS 
PARTICULARLY 
CHALLENGING.
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THE LAUNCHING GANTRY 
WAS ALSO USED FOR 
THIS SECTION OF THE 
VIADUCTS AS IT WAS 
LONG ENOUGH TO SPAN 
THE WHOLE MTR AREA.

Working	next	to	the	MTR	tracks	also	required	protections	
over the normal standard, including safety measures such 
as a railing for people working at the edge of their work area 
and a net to catch any falling objects. 

The launching gantry was also used for this section of the 
viaducts as it was long enough to span the whole MTR area. 
Every night, it had to be parked and unparked on the live 
track, which meant only a limited number of segments 
could be installed during that period.

In comparison, installing the parapets (the barriers on each 
side of the viaduct) was much more straightforward, despite 
the challenge of crossing the carriageways and MTR tracks. 
Time was again very short as the parapets could be installed 
only after all the segments had been erected and all the 
tendons stressed. Yet in just three months, during the peak 
of construction from April to June 2018, Benny’s team was 
able to install around 3,000 precast parapet panels and cast 
over 11km of in-situ parapets.
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TEMPORARY TRAFFIC ARRANGEMENTS
Well before construction started on the Southern 
Connection Viaduct, Gammon recognised that a project of 
this	magnitude	would	inevitably	affect	road	traffic	on	the	
North Lantau Highway. As this roadway is considered a “red 
route” (i.e. very important) by the Highways Department, 
every precaution was taken to minimise inconvenience to 
road users. 

For	this	reason,	Gammon	set	up	a	traffic	management	
team of 10 people, whose sole responsibility was to 
arrange	Temporary	Traffic	Arrangements	(TTAs)	whenever	
construction encroached on the roadway. Situations that 
required	a	TTA	included	moving	or	siting	a	large	crane	onto	
the public road, delivering the viaduct segments by trailer, 
and identifying utilities and existing services. 

Approval for a TTA had to be obtained from the Transport 
Management Liaison Group (TMLG), which comprised staff 
from	Gammon,	the	Supervising	Officer	and	stakeholders	
such as the Police, and the Highways and Transport 
departments, among others. This group met on a monthly 
basis	to	review	all	TTA	requests.	

The person in charge of all TTAs at Gammon, Gary Kwong, 
says, “Other than the planning, the biggest challenge of this 
project was satisfying all the stakeholders.” 

In	addition	to	meeting	the	requirements	of	stakeholders,	
Gary	had	to	prepare	contingency	plans,	arrange	traffic	
diversions, and inform the public about a TTA going into 
effect and the reduced road speeds. 

Gary’s job was not always an easy one. “We had a lot of 
difficulties	at	first,	as	the	TMLG	didn’t	have	much	confidence	
in us back then. But as the project got underway, and the 
TTA arrangements grew, we showed that we were capable of 
handling	the	traffic	diversions	safely.	Over	the	entire	project,	
we	had	only	minor	traffic	incidents	and	no	serious	accidents.”	

STAKEHOLDERS 
WANTED 
REASSURANCE 
THAT THE HIGHWAY 
WOULD NOT BE 
BLOCKED AT  
ANY TIME.
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MARINE VIADUCTS
One	of	the	most	difficult	challenges	of	building	the	marine	
viaducts was to plan the logistics for the barges delivering 
the precast segments from Zhongshan, as these vessels 
had	to	compete	with	existing	marine	traffic.	Project	
Manager Jonathan Yuen, an engineer whose specialty is 
marine works, says, “We had to plan for the order of the 
casting,	the	shipments	and	the	sequence	of	the	viaduct	
erection very carefully.” 

To ensure the viaduct segments were shipped in the right 
order, Jonathan’s team would meet each day at the site 
office.	During	these	meetings,	they	would	consider	the	
progress of the segment fabrication, the segment erection 
sequence	and	berthing	locations	for	the	barges	before	
making	a	final	decision	on	the	logistics	plan.

A Marine Management Liaison Group (MMLG) was also 
formed to ensure the works proceeded smoothly and 
safely. During regular monthly meetings with the Marine 
Department, Civil Aviation Department, adjacent project 
contractors and relevant stakeholders, the MMLG helped 
to coordinate the marine works and make certain they did 
not affect the operations of nearby marine facilities or Hong 
Kong International Airport. 

Working within the Airport Height Restriction (AHR) was 
particularly challenging, as there were more than 230 
operations that exceeded the AHR. For each marine pier, 
Jonathan’s team had to apply for an exemption permit 
for lifting the segments, and work could only proceed 
when the Airport South Runway was closed, from 2:00am 
to 7:14am. Special permission was also needed from the 
Marine Department to divert marine vessels during the 
lifting operations. 

Even with these constraints, the team was able to make 
good progress. “At the peak of construction, we were 
able	to	achieve	five	operations	in	one	night	using	two	
heavy lifting crane barges and other associated lifting 
equipment,”	says	Jonathan.
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Deciding	which	equipment	to	use	for	the	works	was	
another challenge. To erect the longer bridge spans, some 
of which were 200m in length, Gammon could not use a 
launching gantry. “For these taller segments, we had no 
choice but to use the marine barge,” says Master Wong. 
“But for the shorter segments, we were able to use other 
equipment,	such	as	the	Travelling	Hanger	Beam	developed	
by Gammon. 

The Gammon team also employed innovative methods for 
the marine works, such as match casting the shells for the 
pile caps. Contracts Manager Max Ko explains: “Using the 
conventional method, we would have to do the falsework 
first,	ensure	it	is	watertight	by	sealing	it,	and	then	weigh	it	
down before doing the pile cap. This is a time-consuming 
and not very safe process.

“In the tender stage we came up with the idea of match 
casting with the precast pile cap shells, then joining all the 
pieces and making sure they all match perfectly,” he adds. 
As a result, there was no need for any falsework, which made 
the process more environmentally-friendly and saved a lot of 
time. It also enabled crews to work in completely dry, well-
protected	conditions.	“This	was	the	first	time	this	method	
had been used in Hong Kong and set a new standard for 
this type of construction.” 

Innovation came into play again on the viaducts’ signature 
seagull piers, which mimic the graceful motion of these 
birds	in	flight.	From	a	constructability	perspective,	however,	
they presented a special challenge as they were extremely 
complicated to build. 

“All the segments were of different shapes and heights,” says 
Andy Wong, Gammon’s Senior Innovation Manager. “Although 
our fundamental task was not to change the appearance of 
the bridge, we were able to make some small amendments.” 

INNOVATION 
CAME INTO PLAY 
ON THE VIADUCTS’ 
SIGNATURE 
SEAGULL  
PIERS.
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HKBCF VIADUCTS
In the original plan, the construction of the marine viaducts 
joining the Southern Connection Viaduct to the Hong Kong 
Boundary Crossing Facilities (HKBCF) would have been the 
first	to	proceed.	But	owing	to	the	movement	of	the	seawall	
on the HKBCF Island and the lengthy design approval 
process,	the	entire	sequence	of	works	had	to	be	revised.

This presented several challenges to the team responsible 
for the HKBCF viaducts. Heading this team was Project 
Manager Kenneth Cheung, who took over the project in 
June 2017 after the design had been revised and the piers 
on the HKBCF Island were installed.

“On	past	projects,	we	would	be	very	confident	in	the	design	
and the site conditions,” says Kenneth. “But this project was 
very dynamic so we could not afford to be complacent. It was a 
very challenging but interesting project for me as an engineer.”

Prior to his start, the HKBCF Island had moved laterally so 
the piers had been changed to accommodate any future 
movements. Similarly, additional bearings were installed—
the largest Kenneth had ever seen—that allow the bridge 
to move along the top of the pier as well as the bored piles 
under the ramp. 

When Kenneth’s team began work, erecting the segments 
proved to be a challenge because of the limited storage 
space and congested working environment. “Each segment 
had	to	be	lifted	three	times,	between	delivery	and	the	final	
erection. From the barge to the jetty, from the jetty to the 
storage location, and then from the storage location to the 
viaduct where it was lifted into place. This meant the cost of 
erecting one segment was double or triple the normal cost.

“What	made	the	job	even	more	challenging	was	the	difficult	
geometry of the viaducts. We had to be extremely precise 
and monitor every segment to ensure it matched perfectly. 
Just 2mm was enough to throw the alignment off.”

THIS PROJECT 
WAS VERY 
DYNAMIC SO 
WE COULD NOT 
AFFORD TO BE 
COMPLACENT.
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Another	challenge	was	choosing	the	right	equipment.	
Kenneth says, “In the original planning, we believed we 
could	reuse	most	of	the	equipment	that	had	been	designed	
specifically	for	this	project,	such	as	the	K-Frame	and	
Travelling Hanger Beam.” 

But	this	was	not	the	case,	and	new	equipment	had	to	be	
brought in to catch up with the programme, including a 
600 tonne crawler crane that was capable of lifting the 
heaviest viaduct segments, as well as another two 400 
tonne cranes. 

Kenneth and his team also had to hire new workers, 
including extra banksmen to guide the eight or nine large 
cranes working together in close proximity so they wouldn’t 
collide. “At the peak of construction, we had 150 to 180 
people working on the island, including direct employees 
and subcontractors.” 

With	the	extra	manpower	and	equipment,	real	progress	was	
achieved. At the peak of construction, Kenneth’s team was 
able	to	erect	five	segments	per	day	as	opposed	to	just	two	
per	week	during	the	most	difficult	period	early	in	the	project.	

“The performance of our direct labour force was brilliant,” 
says Kenneth. “The works went more smoothly than I 
expected,	and	we	never	had	any	clashes.	It	was	definitely	
one of the highlights of my career.”

This sentiment is echoed by CC Hau, Executive Director, who 
says, “This project was very complex, one which involved a 
team of highly experienced and committed staff.  With the 
dedicated efforts of the entire team, Gammon was able 
to complete the TM-CLKL successfully and open it to the 
public in October 2018.”

THE 
PERFORMANCE 
OF OUR DIRECT 
LABOUR FORCE 
WAS BRILLIANT.
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JOINING THE BRIDGE
Once the viaduct segments had been erected, they had to 
be	joined	together	to	form	the	finished	viaduct.	This	is	the	
basic concept behind the balanced cantilever segmental 
construction method, in which the segments are erected 
in alternate pairs at the opposite ends of the cantilevers to 
keep the structure in balance.

Brian Ho, Gammon’s Senior Project Manager, was tasked 
with supervising Freyssinet, the stressing and specialists 
subcontractor.	“On	a	single	pier,	we	first	erected	one	
segment at the top, the pier head, then the other segments 
from that, one by one, in pairs, on either side of the pier 
head to form a T-Span section.

“We	did	the	same	at	the	subsequent	pier	until	they	met	at	
the centre. After two of these spans had been completed, 
we did another stressing—a span tendon stressing—to stress 
the two pier span sections together.”

After	the	installation	of	the	first	pair	of	segments,	tendons	
were used to join and stress all the segments, the most 
critical task in segmental erection. Every tendon was 
comprised of 10 to 20 strands of 15mm thick steel then 
combined to form cables of up to 150mm in diameter.

The exact number of tendons and the right amount of 
prestressing force were determined by the engineers in 
the early design stage of the project. They also calculated 
how strong the cables should be and the amount of force 
needed for stressing the tendons.

Where the cables extended from the holes in the deck, jack 
wedges were used to stress these cables and wedges with 
teeth installed to lock them securely into position. As the 
cables hold the bridge together, it was vitally important that 
they be strong enough. 

TENDONS ARE 
USED TO JOIN 
AND STRESS 
THE SEGMENTS 
TOGETHER, THE 
MOST CRITICAL 
TASK.
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FINISHING TOUCHES
In	the	final	stage	of	a	bridge’s	construction,	there	are	still	a	
number of tasks that must be performed before it can go 
into service. 

Most of these take place in the deck voids, the hidden 
spaces inside and under the deck of the bridge. On the 
Southern Connection Viaduct, the deck voids house the 
permanent pre-stressing tendons, which are enclosed and 
protected with cement. It is also where the power cables 
supplying electricity for the bridge lighting system can 
be found, along with cables for the CCTV cameras and 
communication services. 

Other services include permanent maintenance platforms, 
access points for maintenance crews, and interior drain 
pipes for collecting and discharging rainwater. 

Project Manager Jack To, who was in charge of the deck 
voids, says the next step was to install bearings between the 
piers and the segments to accommodate any movements 
of the bridge. For this reason, steel plates that open and 
close according to the expansion of the bridge were also 
installed. “These plates are necessary, because bridges move 
according to the temperature,” explains Jack. “They can 
move from 15mm up to 100mm, depending on the weather.

To protect against lightning strikes, Gammon provided earth 
pits for grounding the land viaducts and embedded copper 
tape connectors in concrete every two to three piers. “It 
would be very dangerous if you were driving a car during a 
thunderstorm without this protection,” says Jack. “To ensure 
the effectiveness of the earth pits, we used a device to 
measure their resistance, which had to be lower than that  
of a human being.” 

BRIDGES CAN 
MOVE FROM 15MM 
UP TO 100MM, 
DEPENDING  
ON THE  
WEATHER.
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The most challenging aspect of their work, however, was 
time. As Jack points out, they could only begin work after 
the	viaducts	were	completed	and	had	to	finish	it	quickly	in	
order to make way for the deck works. He and his team of 
about 25 people also had to deal with the heat, which could 
reach uncomfortable levels inside the closed environment of 
the deck void during the summer months. 

“This was a really challenging project,” Jack says. “In early 
2016 when we began work, I didn’t think it was possible to 
complete the bridge on time.” 

Yet Jack and his team not only met the deadline. According 
to one maintenance group familiar with the entire HZMB 
project, they also did a much better job on the deck void 
than any of the other contractors working on the HZMB.  
“I am really proud of the efforts put in by my team,” says Jack.
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While safety is considered to be vitally important on every 
construction project in Hong Kong, Gammon is known for 
its	unique	approach	based	on	the	Zero	Harm	strategy	of	its	
parent company, Balfour Beatty. 

According to CY Lau, the Divisional Safety Manager for the 
Southern Connection Viaduct, “Gammon is a bit different 
from other construction companies when it comes to safety. 
We believe in engaging with a project from the design 
stage, instead of when accidents happen, and taking a 
proactive rather than reactive approach.” 

From the beginning when CY joined the project, safety was 
the highest priority. In addition to carrying out Dynamic 
Risk Assessments to embed the idea of risk in frontline 
supervisors,	Gammon	held	regular	pre-work	briefings,	tool	
box talks, lunch box meetings and on-site training sessions to 
communicate the Company’s safety messages to all workers. 

Gammon also had a Lifting Operation Approval Form (LOAF) 
that	had	to	be	filled	out	to	manage	the	thousands	of	lifting	
operations that took place every day. Near-miss reporting 
was another feature of the work. Master Wong says, “The 
most important thing was safety. We explained to everyone 
what we were doing before every shift. If there was one 
mistake, we would stop work.”

One of the more dangerous aspects of the project was 
working next to the North Lantau Highway, where the speed 
limit was 110 km/h—the highest in Hong Kong. To ensure 
the safety of workers, Gammon erected Zoneguard® steel 
barriers as well as regular water barriers along the hard 
shoulder of the road. Capable of withstanding impacts 
of over 100 km/h, these special barriers are much more 
expensive than the usual barriers but were thought to be 
worth the cost because of the extra protection they provide. 

The safety team also had a hand in the design of the special 
mechanical	equipment	developed	by	Ted	Lawton	and	his	
team at Lambeth. “Even though we are not trained engineers, 
over the years we see and investigate a lot, which has given us 
insights into projects others might not have,” says CY. 

Working with Lambeth, CY’s team produced guidelines 
for	the	safe	operation	of	equipment	developed	in	the	
workshop and suggested safety features and methods for 
using	that	equipment.	

SAFETY
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DESPITE SOME 
CULTURAL 
DIFFERENCES, 
EVERYONE 
LEARNED  
FROM ONE 
ANOTHER.
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Although well used to working on land-based projects, CY 
found the marine environment especially challenging as 
it was new to him and his team. “The land safety standard 
was always much higher than the marine standard,” he says. 
“People were used to old practices on marine vessels such as 
not wearing lifejackets in hot weather.”
 
Recognising that it was the foam in standard life jackets 
that made them so hot during the summer months, CY 
recommended	purchasing	self-inflated	lifejackets,	which	are	
cooler and more comfortable but cost nine times as much 
money. Add in the mandatory $300 to $400 needed for 
having them checked each year, and these lifejackets ended 
up being far more expensive than the standard ones. 

Gammon was eventually able to have the marine crews 
comply with the Company’s strict safety standards, which 
were so thorough that the Labour Department made 
reference to the project when producing their new 
guidelines for working over water. 

Another challenge was communication with the labour 
force, many of whom originated from countries as diverse as 
Thailand, Nepal, Australia, France, the UK, and South Africa. 
Despite some cultural differences, everyone learned from 
one another and came to understand what was expected 
of them. “The turning point for safety was when we became 
one team,” says CY. “The one team mentality changed 
everyone’s thinking, including top management. People 
communicated a lot more, more regularly, and received 
clearer direction.” 

With greater communication that was not only top down but 
lateral, Gammon gained additional resources to bridge gaps. 
“By not thinking in silos, they became proactive in safety and 
would assume responsibility for other work areas,” CY says.

GAMMON IS 
KNOWN FOR 
ITS UNIQUE 
APPROACH 
BASED ON THE 
ZERO HARM 
STRATEGY.
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The Environmental Impact Assessment (EIA) for 
the	Southern	Connection	Viaduct	identified	several	
environmental challenges associated with the project site, 
which contained a number of species of high ecological 
value. Of particular concern was the Chinese white 
dolphin—a “vulnerable” species on the IUCN Red List of 
Threated Species. 

To	fulfil	the	requirements	of	the	EIA,	Gammon	assembled	
a	five-member	environmental	team,	who	reported	to	
the	project’s	Supervising	Office.	The	client	also	had	an	
Independent Environmental Checker (IEC), who checked 
the project’s environmental performance in parallel with the 
Gammon environmental team. 

The environmental team was led by Senior Environmental 
Engineer Roy Leung, who had been attached to the 
project since the tender stage. “One of our jobs was to 
perform the Environmental Monitoring and Audit (EMA) 
tasks	as	required	in	the	EIA	to	ensure	compliance	during	
construction,” he says. 

“To protect the dolphins, we set up a 250m exclusion zone 
around the marine works and appointed dolphin observers 
to watch for dolphins approaching the project. After dark, 
when visual observations could not be made, we used a 
PAM (passive acoustic monitoring) system that helped us 
identify the dolphins by their distinctive calls.”

If a dolphin entered the exclusion zone, the marine works 
would cease until it went away. Fortunately, there was 
only one occasion when this was necessary. In January 
2014 when marine works were not yet fully underway, four 
Chinese white dolphins swam into the exclusion zone and 
all works were stopped until the following day.

Additional measures to protect the dolphins included 
banning underwater construction during the peak calving 
season of May and June, minimising underwater noise and 
vibration through the use of acoustic decoupling pads, 
restricting boat speeds and assigning designated travel 
routes	for	marine	traffic.

THE ENVIRONMENTTHE 
CONSTRUCTION 
WORKS 
THEMSELVES 
WERE MADE AS 
ENVIRONMENTALLY 
FRIENDLY AS 
POSSIBLE.
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In addition to protecting the dolphins, Gammon’s 
environmental team arranged to have coral transplanted 
away from the construction site. They also extended the 
protection	zone	of	the	Site	of	Special	Scientific	Interest	
(SSSI) at Tai Ho Stream to cover all of Tai Ho Wan in order to 
restrict	effluents	discharged	during	construction.	In	addition,	
they clearly demarcated the habitat of a turtle species 
identified	in	the	EIA	and	restricted	construction	work	in	this	
area during the rainy season.

To protect trees around the site, the construction area was 
redesigned in order to minimise the number of trees felled. 

The construction works themselves were made as 
environmentally friendly as possible, starting with the use of 
the pre-casting method to reduce waste. Any construction 
waste generated was recycled, including broken concrete 
which was collected and later transformed into road bricks. 

Gammon also adopted the modularisation construction 
method wherever possible, including steel moulds for 
column construction and steel marine platforms that could 
be re-used multiple times.

FSC timber was used across the entire site as well as green 
concrete, which emits less carbon, for concreting the 
bored pilings. 

TO PROTECT  
THE DOLPHINS, 
WE SET UP A 250M 
EXCLUSION ZONE 
AROUND  
THE MARINE 
WORKS.



106   TM-CLKL | LINK TO THE FUTURE LINK TO THE FUTURE | TM-CLKL   107

To reduce Scope 1 carbon emissions, grid electricity was chosen in place of on-site 
diesel generators and B5 biodiesel for all construction plants, except for vessels. 
The project was also a trial site for ULSD Ultra-Light Sulphur Diesel (0.005%)—
which	has	100	times	less	sulphur	content	than	the	statutory	requirement—for	
marine vessels in accordance with Gammon’s sustainable procurement policy.

Dust suppression was achieved by watering the project site eight times per day 
and through the use of a water sprinkler system. Although noise was not a major 
issue because of the site’s location far from residential areas, works were carried 
out during statutory hours and in full compliance with all the conditions of the 
Construction Noise Permits.

The environmental team also undertook a programme of regular community 
engagement. Citing one community relations programme by his team, Roy says, 
“We helped a local village renovate a historical watch tower, a grade 2 historical 
building. Even though this cultural heritage site was outside our site boundary, we 
did it to create goodwill in the local community.” 
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THE SOUTHERN 
CONNECTION 
VIADUCT: A NEW 
SYMBOL OF UNITY

The completion of the Southern Connection Viaduct Section 
of	the	Tuen	Mun-Chek	Lap	Kok	Link	marks	a	significant	
milestone, not only for Gammon Construction but for the 
people of Hong Kong. 

For Gammon, the Southern Connection Viaduct represents 
a tremendous engineering achievement. In particular, 
the	development	of	new	construction	equipment	and	
methods for this project highlights Gammon’s spirit of 
innovation and demonstrates how the Company is capable 
of pulling together and acting as one team to overcome any 
challenge.

For the Hong Kong travelling public, the Southern 
Connection Viaduct opens the way to Zhuhai and the 
Macao SAR by road, a journey that can now be taken in less 
time than ever before. 

More importantly, the TM-CLKL symbolises the beginning of 
stronger connections within the Greater Bay Area and the 
mainland of China with a bridge that has put Hong Kong on 
the world map.

At Gammon, we take enormous pride in this achievement 
and encourage everyone to enjoy the seamless new travel 
experience made possible by the Southern Connection 
Viaduct and the Hong Kong-Zhuhai-Macao Bridge. 
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THE TM-CLKL 
SYMBOLISES 
THE BEGINNING 
OF STRONGER 
CONNECTIONS 
WITHIN THE GREATER 
BAY AREA AND THE 
MAINLAND  
OF CHINA
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