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MESSAGE
Message from the
Chairman, Health &
Safety Engineering
Technical Committee
With engineering and construction projects becoming increasingly more complex,
greater care has to be taken to ensure
safety in all aspects of a project and for
everyone concerned - from the workers
on-site to the wider community.
Engineers and other project team members are incorporating safety
measures in their decisions, star ting from the planning and design stages,
right up to their completion and moving beyond, to the operational stages
of commercial, industrial and infrastructural projects.
Yet, we do read about major accidents that occur due to one or more
of several reasons, including faulty design of equipment, their incorrect
installation, wrong or inappropriate use of the machines for tasks for
which they not designed and even poor maintenance and servicing of
operational and standby equipment. There have also been instances when
equipment failed due to severe weather conditions, causing heavy damage
and even fatalities.
In Singapore, there were nine fatal workplace accidents in January this
year, alone, which is a real cause for concern. Engineers must play their
par t in devising ways to prevent such avoidable loss of life.
Engineers and engineering expertise are also involved in the aftermath
of accidents, for search and rescue work, rehabilitation and provision of
temporary shelters, as well as in permanent reconstruction work. Innovative techniques and use of equipment have been known to assist significantly in rescue operations.
In confronting the ongoing challenge of ensuring safety of human life
and proper ty, the news that ISO 45001 has been approved as a Draft
International Standard is indeed most welcome.
Relevant to all industries and organisations of all sizes, the future
standard is expected to reduce workplace injuries and illnesses around
the world.
More than 70 countries are directly involved in the creation of this
impor tant document. ISO 45001 is expected to be published as an International Standard by late 2016 or early 2017.
Dr Goh Yang Miang
Chairman, Health & Safety Engineering Technical Committee
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IES UPDATE

Tribute to the late Er. Dr
Arumugam Vijiaratnam,
IES President 1972 – 1974
To his fellow
colleagues,
Er. Dr Vijiaratnam
was
both
an excellent
engineer
and administrator; he
knew what
he was doing and was able to execute
projects well. In the sporting arena, he
was a role model, for he played four
sports at a high level and had a successful career at the same time.
Words are barely enough to sum
up the measure of this man, who
passed away peacefully in his home on
18 February 2016, aged 94. Throughout his illustrious life, although Er. Dr
Vijiaratnam wore many hats, he still
managed to spend quality time with
his family members.
Born in Ipoh in 1921, he moved to
Singapore to complete his secondary education. He was later awarded

a government scholarship in 1950
to study civil engineering at Brighton
College of Technology in Britain.
Upon completing his studies, he
joined PWD until his secondment to
PSA in 1964, where he worked for
the next 17 years, rising to become
its chief engineer. Er. Dr Vijiaratnam
played important roles in the development of Changi Airport and Singapore's first container port at Tanjong
Pagar. For his outstanding service to
the nation, he was awarded the Public
Administration Medal (Gold) during
the National Day Awards in 1972.
Er. Dr Vijiaratnam’s passion for engineering shone brightly amongst the
engineering community in Singapore.
He was a part of the founding council
of IES in 1966, and served as a general member until 1970, when he was
elected Vice-President.
Two years later, he was elected
IES President and served in this capacity until 1974, when he stepped
down and remained on the Council

for another four years till 1978, briefly
heading the Civil & Structural Engineering Practice Committee during
this period.
Speeches on record in the IES archives show that he was extremely
concerned with ensuring that young
engineers had equal opportunities for
success, as well as the maintenance of
high professional standards amongst
IES members. In 1992, he was conferred the title of IES Honorary Fellow for his invaluable contributions to
IES and the engineering community.
Apart from these, Er. Dr Vijiaratnam was the first Pro-Chancellor of
NTU, Chairman of Tamil Murasu, and
served on the Presidential Council for
Minority Rights. He was also a member of the commission of inquiry on
the Hotel New World disaster in
1986. Adding on to this string of accolades are the ones he gained as a
sportsman, having represented Singapore in hockey, rugby, soccer and
cricket in his younger days.
Er. Dr Vijiaratnam is survived by his
son, three daughters, and eight grandchildren. His wife, Mdm Yogasoundary,
died in 2011, aged 86.
IES Council and Secretariat is
deeply saddened to learn of his passing and offer sincere condolences to
his family. TSE

Sharing insights on the world of
standards development
by Jo Ng
On 4th November 2015, more than
80 students from the Singapore Institute of Technology (SIT) attended a
talk on engineering and standards development in the domain.
Sharing their valuable knowledge
and experience were Mrs Leong-Kok
Su Ming, a director with the Building
and Construction Authority (BCA)
and Ms Jo Ng, Senior Manager from
the Standards Development Organisation at IES (SDO@IES).
Chaperoning the students were IES
Fellow and SIT Programme Director

for Sustainable Infrastructure Engineering Professor Simon Yu, as well as
Dr Zhou Yi, Chairman of the IES Student Chapter Committee.
Ms Ng presented to the students
about the National Standardisation Programme, where emphasis was placed
on the adherence to proper engineering standards. These standards would
not only aid domestic infrastructure
growth, but also have a positive effect
on the compatibility and interoperability of components, products, parts and
systems around the world.

Mrs Leong-Kok from BCA enlightening the students
with her vast experience.

Ms Ng speaking to the students about the work
of SDO@IES.

continued on next page

04

THE SINGAPORE ENGINEER February 2016

IES UPDATE
From a business perspective, standards ensure that products, services
or processes are cost-effective, commercially viable, reliable and safe. Ms
Ng also updated that in Jan 2015, IES
was appointed by SPRING Singapore
as a SDO to support the Building and
Construction Standards Committee.
Next, Mrs Leong-Kok provided
her perspective on Singapore’s experience in greening our built environment. She mentioned about
the use of standards to complement Singapore’s green building
regime and elaborated upon the
BCA Green Mark scheme, which
was launched in January 2005 as an
initiative to drive Singapore’s construction industry towards more
environmental-friendly buildings.
Mrs Leong-Kok also introduced to
her audience some of the incentive
schemes that were available to cur-

rent building owners to encourage
them to reduce the environmental
impact of their properties.
For example, a subsidies plan was
implemented to assist building owners with costs incurred during this
transition. The Green Mark logo was
awarded to buildings which were, or
successfully managed to, “go green”.

This was a form of recognition to
promote the energy efficiency of
these buildings to potential business
owners.
The talk ended with tokens of appreciation being presented to both
speakers as an acknowledgement
of the precious insights they shared
with the students of SIT. TSE

The speakers pose for a group photo together with SIT faculty. From left: Dr Zhou Yi, Ms Jo Ng, Dr Fadeyi
Moshood Olawale, Mrs Leong-Kok Su Ming, Prof Simon Yu and Dr Steve Kardinal Jusuf.
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IES Milestones and Stats
in Numbers, at a Glance
In this second instalment of the six-part series,
we look at some important IES statistics over
the years.

IES became a
full signatory of
the Washington
Accord in June

2006

5,565
The total number of IES members as at 31
October 2015. IES has come a long way
since starting with 116 founding members
50 years ago.

The Accord is an international agreement among
bodies responsible for accrediting engineering
degree programmes, and recognises that said
accredited programmes have met academic
requirements for entry to the practice of engineering.

The first IES Year Book
was published in

1972

800

engineers, climate change experts and professionals from
35 countries attended the second World Engineers Summit
last year. Hosted by IES since 2013, the biennial summit
has become an invaluable platform for the global
community to exchange insights and ideas to address
climate change.

Chapter

253
06

It contained records
of member details
and IES activities.
Today, its spiritual
successor is the IES
Directory.

of The Statutes of the Republic of Singapore, also
known as the Professional Engineers Act, was
legislated after an intensive lobbying effort from IES.
It came into force on 2 January 1971.
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185

A total of
courses, seminars and
workshops were organised
by IES Academy last year,
a far cry from the 6 courses
that the Continuing
Education Centre (IESA’s
predecessor) had when it
started in 1990.

13

The total number of
professional registries
that IES administers,
catering to the continual professional
development and management of a
wide range of industry practitioners.
The newest two are the Chartered
Engineer and Intellectual Property
Technology Consultant registries.

There are currently

12

8

Technical Committees in
IES that oversee activity
planning and knowledge
sharing within their disciplines.
Earliest records show that IES began
with 2 of these committees for Civil &
Structural and Mechanical & Electrical
Engineering.

The number of members of the Construction Industry Joint Committee, formed in
1997 by IES, Association of Consulting Engineers Singapore (ACES), Real Estate
Developers' Association of Singapore (REDAS), Singapore Contractors Association
Limited (SCAL), Singapore Institute of Architects (SIA), Singapore Institute of Building
Limited (SIBL), Singapore Institute of Surveyors and Valuers (SISV), and Society of
Project Managers (SPM).

3

Global engineering bodies that IES is a part of:
• ASEAN Federation of Engineering Organisations (AFEO)
• Federation of Engineering Institutions of Asia and
the Pacific (FEIAP)
• World Federation of Engineering Organisations (WFEO)
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IES teams up with partners
to promote and ensure the
relevance of engineering

(Standing, from left): Mr Clarence Sirisena, Deputy Chief Executive of SCS, Dr Balakrishnan, and Er. Khew look on
as Er. Chong and Prof Lim sign the MoU.

IES and Science Centre Singapore
(SCS) signed a Memorandum of
Understanding (MoU) on 22 January 2016 to intensify collaborations
in promoting science and engineering to the public, especially the
younger generation.
Held in conjunction with the launch
of SCS’s Tinkering Studio, the MoU
was signed by Er. Chong Kee Sen, IES
President and Associate Professor
Lim Tit Meng, SCS Chief Executive.
Dr Vivian Balakrishnan, Minister
for Foreign Affairs, graced the event
as the guest-of-honour and witnessed the MoU signing at SCS.
The MoU will commit both parties
to build upon each other’s expertise,
perspectives and networks to set
forth an exhilarating line-up of engineering-based promotional activities.
They will also cross-share expert resources to support and enrich each
other’s events as mentors and judges.
Some of these outreach events
include talks, forums, symposia, the
F1 in Schools programme, robotics
competitions and ‘Meet-the-Engineers’ sessions, as well as nationwide events such as the National
Engineers Day (NED) and the Energy Innovation Challenge (EIC). A
08

new engineering exhibition is also
slated to be held at SCS.
Both IES and SCS already enjoy a
fruitful partnership in engaging the
young in engineering, having jointly
organised the inaugural EIC in 2015.
“The synergy of IES’s expertise and
resources in engineering and SCS’s
rich experience in fun-filled exploration programmes will bring about a
new and elevated breed of activities
that will make engineering come alive.
“Our collaborative efforts will help
the younger generation appreciate
engineering as the fascinating, relevant
and rewarding career that it is and
spur them towards it as their choice
occupational specialties,” said Er. Edwin Khew, Deputy President of IES.

At the conclusion of the MoU
signing, Prof Lim commented that
the MoU was another step towards
making Singapore a nation of innovators, makers and tinkerers. He
also mentioned that he was looking
forward to the successful fruition
of the joint IES-SCS effor ts in the
days ahead, a natural progression of
the close-knit par tnership between
both par ties.
On the same day, IES also signed a
MoU with the Building and Construction Authority (BCA) to collaborate
and drive SkillsFuture initiatives. This
was jointly accomplished together
with the other member associations
of the Construction Industry Joint
Committee (CIJC), and reflects the
Institution’s commitment towards addressing challenges and maintaining
the relevance of the built environment’s engineers and workers.
Linked together by the MoU, IES,
as a CIJC stakeholder, will work together with BCA and provide support for various SkillshhFuture-related initiatives under the Sectoral
Manpower Plan.

To increase public awareness about the new
collaboration with SCS, Er. Dr Chew Soon Hoe (2nd
from left) and Prof Lim (4th from left) went on-air
on 28 January 2016 to talk about the MoU
and future plans.

Top representatives from the eight CIJC member associations and BCA pose for a group photo with Minister for
National Development Lawrence Wong (fifth from left) after signing the SkillsFuture MoU. Image from BCA.
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CTHub
The development won a Design and Engineering Safety Excellence Award (Merit), under the
Institutional and Industrial Category, at BCA AWARDS 2015.

The CTHub houses light industrial offices and production facilities. Image by ONG&ONG Pte Ltd.

CTHub is an 11-storey building that offers a total of
34,346 m2 of Gross Floor Area (GFA), mainly for light
industrial offices and production facilities. Part of the
project site, which is located at the intersection of Kallang Bahru and Kallang Avenue, lies within the Land
Transpor t Authority Reserve Zone.
The CTHub project is an addition and alteration project that seeks to rejuvenate the former Kallang Bahru
Complex (KBC) by capitalising on the redevelopment
potential of the additional 40% GFA offered under the
URA Master Plan 2008. From the onset of the project, the design development collaboration between the
owner-builder, architect and the engineers focused on
safety and sustainability especially in terms of retaining
as much as possible of the structural skeleton.
Prestressed construction was adopted for the construction of the new main floor, in view of its lighter
weight, robustness and buildable design. The key safety aspects in the design and construction include the
following:
• Parametric massing design for maximum reutilisation
of existing structure

• Engineering of foundation integration works
• Engineering of the construction interface between
the old and new structures
• Engineering of bi-directional concrete truss for
traffic safety
• Internal structural beam reconfiguration works
Parametric massing design
The project involved the rejuvenation of the former
nine-storey KBC, that generated 24000 m2 of GFA, into
a new 11-storey lifestyle hub, with retail and ramp-up
industrial spaces offering a total of 34,346 m2 of GFA.
Substantial amounts of quality time was spent on the
conceptual massing of the new build, with the objective
to simplify the demolition and construction strategy
whilst placing safety as the priority. Various parametric
studies were explored to determine the best strategy
for reutilisation of the existing concrete skeleton and, in
turn, for the new layouts and the means of access. The
final layout was achieved by reorienting the old building by 90° and repositioning the new access ramps to
be totally outside the former building footprint, so that
February 2016 THE SINGAPORE ENGINEER

09

COVER STORY
the regular grid was retained, as much as possible, for
the internal industrial spaces. The new massing was also
creatively positioned to avoid encroachment into the
LTA SURS reserve protection zone.
The demolition works were then sequenced in two
stages, to allow for maximum space usage for the new
construction that would take over the demolished
structures. The alteration works on the existing structural skeleton were kept to a minimum. As a result, it
was possible to retain almost 40% of the old building
floor areas to be par t of the new development. With
the retention, the overall cost of construction was significantly lowered as compared to that for a total new
build of similar scale.

The floor layout in the former KBC

This important collaborative direction dictated a
robust and sustainable solution down the line, that
enabled the overall product to be constructed safely
whilst also enhancing buildability and economy.
Engineering of foundation integration
works
At locations where new columns were erected in the
vicinity of the demolished old structures, the existing
piling foundations have been integrated with the new
piles via a load-sharing mechanism, for optimised design. The pilecap amalgamation details were considered
carefully by making use of the available information on
the geometrical constraints due to the location of the

Structural skeleton of retained KBC

Overlay of the former KBC footprint on the current CTHub’s new massing which
includes demolished areas (shown in colour)

3D ETABS model of existing KBC massing retained, relative to the overall new
construction

Typical plan of the retained floor areas

Plan of existing KBC massing retained, relative to the overall new construction
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existing pilecaps, in order to ensure that the construction works can be carried out in a safe manner.
The surface of the exposed existing pilecaps was
used as a temporary ear th retention system around
the excavated pit areas. In order to ensure that the
existing pilecap and column stability was not affected,
the existing structures were tied back in the two principal directions. During the construction, several site
visits were carried out to validate the viability of the
existing surrounding pilecap structures as a temporary
ear th retaining system and instructions were also given
for additional barricades to be provided for the surface
preparation works for the pilecaps.

Foundation part plan showing the integration of new and existing piles to support
new columns for efficiency

Integrated foundation pilecap rebar works in progress

Bent bars allow for the post-tensioned beam stressing pocket and lapping of
existing slab rebars with new ones.

Engineering of the construction interface
For the interfacing of the new prestressed construction
with the adjacent existing structures, detailed studies
were carried out to determine the cleanest method of
joining the structures in a safe manner. In this regard, the
framing was configured so as to allow for the beams’
prestressing head to be located away from the existing
structures, to avoid the need to hack into the existing columns. The connecting bay to the existing floor
structures was created via a thickened slab system that
stitches into the existing beam surfaces via lapping with
the existing slab reinforcement.

Section showing pilecap integration details

Surface roughening and rebar drilling works in progress, with safety barriers

Design layout indicating interfacing of existing structures with new
prestressed construction

February 2016 THE SINGAPORE ENGINEER
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Internal structural beam reconfiguration works
Detailed engineering analysis was carried out to determine an efficient and cost-efficient method to increase
the headroom of the internal spaces by re-engineering
the structural beam sizes. This option was selected over
the alternative of rebuilding the entire bays. Sequencing
of the works was specified in a manner that was topdown, to optimise the propping works required. This
meant that the back propping was always suppor ted by
a floor that had not been altered. By doing so, the topdown strengthening works in these isolated locations
could proceed without affecting the new construction
that was stitching into the existing structures via an opposite bottom-up construction sequence. This allowed
for minimal logistics clashes on the same floor plate at
any one time, which resulted in safer construction work
and time savings. Frequent checks and site monitoring
were carried out to ensure that the works were proceeding in a safe manner. The false works to support
the works were also checked to ensure that they did
not compromise the integrity of the structural propping
in place.
Engineering of bi-directional concrete truss
A bi-directional concrete truss had to be designed, that
would carry a 'floating jewel box' protruding from below the third storey terrace - an architectural feature
of the development. The diagonal members were cre-

Detailed engineering section of the modification of the existing RC beams for
higher headroom

atively located to act in compression - capitalising on
the compressive strength of the reinforced concrete.
Structural redundancy was catered for via the bi-directional orthogonal formation of the perimeter framing
members, to add to the safety and robustness of the
overall frame configuration.
The 9 m long cantilevered box doubles up as a safety
feature, by enabling the elimination of the edge column that would otherwise create a potential traffic
safety issue for the driveway on the first storey. In all,
this innovative structure allows for safe traffic flow on
ground and enhances the architecture of the building.
Detailed engineering analysis was carried out to ensure
that the deflection of the tip was within tolerable limits
for the cladding panels and the LED assembly. This
design process was a synergistic design collaboration
between the structural engineer and the architect,
to create a solution that meets both functional and
aesthetic requirements.
Conclusion
The design of the project was a continuous process,
right from the start of the project till the completion of
the construction. During this period, the design was
fine-tuned with informed advice from the various
project stakeholders and site findings.
The CTHub project has demonstrated purposeful

Link placement in progress with propping and safe falsework access

Engineering plans and sections showing the bi-directional concrete truss
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collaborative team design via structural reutilisation, to
achieve sustainability in a redevelopment project. Detailed planning of the foundation integration works, the
thoughtful internal existing structural alteration works
in conjunction with the interfacing of the new build areas, and capitalisation of the trimmed skeleton for construction logistics handling, resulted in optimal material
utilisation on site and the shor test construction time,
thereby maximising productivity and safety. Regular
risk assessment and continuous site monitoring of
the works were carried out, together with the project stakeholders, to ensure the safety of the works
and to continuously validate the design assumptions.

Construction of the bi-directional concrete truss structure

PROJECT CREDITS
Qualified Person
Er. Aaron Foong Kit Kuen
C&S Consultant
KTP Consultants Pte Ltd
Builder
Chiu Teng Enterprise Pte Ltd
Developer
Chiu Teng @ Kallang Pte Ltd
Architectural Consultant
ONG&ONG Pte Ltd
All images by KTP Consultants Pte Ltd,
unless otherwise stated.

The ‘floating jewel box’, an architectural feature of the development, supported by
the concrete truss

The bi-directional truss made it possible to create a column-free driveway at the ground floor, thereby enhancing traffic safety.

February 2016 THE SINGAPORE ENGINEER
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Bauer machines in mine rescue operations
in China

On 29 January 2016, four miners were saved
through a vertical emergency shaft drilled by the
PRAKLA RB-T 90 deep drilling rig.

For 36 days, hundreds of rescue
workers fought for the lives of numerous buried miners in a gypsum
mine in the Shandong province of
eastern China. On 29 January 2016,
four of them were saved through
a ver tical emergency shaft which
was constructed with the help of
drilling rigs from the BAUER Maschinen Group.
The disaster in the gypsum mine
which buried 29 miners occurred
on 25 December 2015. Eleven of
them were rescued immediately,
though one died during the accident. Thirteen miners were still
missing. Four miners were able to
escape to an enclosed space and
signalled from there that they were
alive. During the very first days after the collapse of the mine, a small
supply hole was drilled so that food
and clothing could be supplied.

Apart from the PRAKLA RB-T 90 deep drilling rig two additional Bauer units were also in operation to drill the
emergency shaft - a BG 26 and a BG 38 (to the right of the image, in the background).

The necessary rescue equipment
was also sent straight to the mine.
The most important system was a
deep drilling rig, under the type designation PRAKLA RB-T 90, which
was designed and built in Germany
a few years ago for application in
China during mine collapses. Six
machines were delivered. The concept was developed in the Bauer
Equipment segment. No low-loader
is required. Instead, the unit is constructed on a trailer with four axles
and only needs a tractor rig. This
means that the machine can be put
into operation quickly. The China
Rescue Organisation holds the units
at various locations in the country,
in a kind of standby mode. When it
was required at the end of December, the drilling rig was ready for immediate use after a year on standby.
Two additional Bauer units were
also in operation to drill the emergency shaft - a BG 26 and a BG
38. With these, pre-drilled holes
were bored, before the RB-T 90 rig
drilled down more than 200 m. The
difficult nature of the geology posed
a large technical challenge for the
rescue mission, as the ground was
very unstable, due to the various
layers of material, different consistencies, water inflow and sink-holes.
At first, the hole could not be stabilised and in the end, casings had to
be used to suppor t the hole.
A large team from Bauer took
par t in the operations. Among the
team members were many specialists from Schrobenhausen, in Germany, where the BAUER Maschinen
Group is headquar tered, who were
involved in the development of the
RB-T 90 deep drilling rig.
All images by the BAUER Group.

A large team from Bauer took part in the operations.
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SS580:2012 Code of Practice for Formwork
and Some Related Issues
by Dr N Krishnamurthy, Structures and Safety Consultant, Singapore

Three events are of significance in relation to formwork safety in Singapore. They are:
• Implementation of SS580:2012 Code of Practice for Formwork in 2012 [Ref 1]
• Solutioning Session on Preventing Formwork Incidents, organised by Workplace Safety and
Health Institute (WSHI) and held on 28 March 2014 [Ref 2]
• IES Seminar on Formwork Safety, held on 29 September 2015
Having participated in all three of these events, the author wishes to share his experiences and
thoughts on these events and related matters.
A fourth related event, of considerable personal significance to the author, was the one-day
course on SS580:2012 organised by IES and held on 23 September 2014. The course was
developed and presented by the author, with Dr Gan Siok Lin, Director of WSHI addressing the
first batch of participants.
In addition, the Ministry of Manpower (MOM) came out with the two following circulars on
formwork safety:
• Circular on Safety Requirements for Formwork Structures, 31 January 2013 [Ref 3]
• Advisory For Professional Engineers On Formwork Safety, 18 January 2014 [Ref 4]
DEFINITIONS

Some definitions are presented below and illustrated in Figure 1.
‘Scaffold’ is the structure that
provides the working platform
for workers, their tools, and some
materials, to facilitate the erection
of the permanent structure like a
building or bridge.
‘Formwork’ is the mould into
which concrete and steel reinforcement are placed and allowed to
harden and cure. Once the concrete has gained sufficient strength

Figure 1: Scaffold and formwork structure terminology

to suppor t its own weight and other construction loads, the formwork
may be removed, unless occasionally it is left in place to constitute
par t of the permanent structure.
‘Falsework’ is the suppor t for the
formwork, transferring loads to the
base in the same manner that the
scaffold transfers the worker loads.
‘Formwork Structure’ is the combination of formwork and falsework.
In casual use, the term ‘formwork’
or simply ‘forms’ may be used to refer to the formwork structure.

CAUSES OF FORMWORK
FAILURES

In recent years, there has been a
spate of formwork failures, which
reinforces the need for stricter
compliance with SS580:2012 Code
of Practice for Formwork. Findings
of investigations into these and other failures are summarised below.
MOM'S 'OPERATION
CARDINAL'
This inspection exercise in 2012
highlighted a number of hazards
in formwork erection and use, as
shown in Table 1 [Ref 5].
WSHI SOLUTIONING
SESSION
The review repor t [Ref 2] by WSHI
in 2014, on this topic, details the
causes of formwork failures in Singapore. Table 2 provides a summary.
A total of 66 stakeholders attended the WSHI Solutioning Session, comprising par ticipants from
Formwork Suppliers, Main Con-
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No.

Observations

Remarks
• Missing or ineffective barricade/guarding

1

• Improper access on reinforced bar cages

Poor fall prevention/ protection

• Inadequate clearance height for fall protection
• Improper securing of life line to reinforced bar

2

Unsafe working platforms

3

Unsafe access & egress to formwork

4

No PE design & Certificate of Supervision
(COS)

• Unsecured metal decking used as temporary work platforms
• Improper and unsafe access/egress
• Poorly erected access/egress
• Formwork structure for casting beams of thickness ≥ 300 mm not
designed by PE
• Formwork not inspected by PE before casting
• Formwork shoring misused as a scaffold system

5

Formwork system used as scaffold

6

Poor site documentation system

• No or inadequate formwork documentations available

7

Poor supervision

• Lack of supervision by formwork supervisor

• System not type approved by MOM

Table 1: MOM findings from Operation Cardinal

Item

Factor involved

Deficiency

(a) Workers

Inadequate training
Inadequate understanding

1. Lack of
Competency

2. Lack of
Communication

(b) Supervisors

Insufficient number of supervisors

(c) Professional Engineers

Inadequate appreciation of loadings

(d) Project Managers

Lack of management experience

(a) Engineers & Architects

Lack of coordination during design

(b) Professional Engineers

Lack of coordination leading to incompatibility of formwork structure

Inadequate supervision

(c) All Stakeholders
(a) Materials

3. Poor Resource
Management

(b) Time
(c) Manpower

Lack of common forum for discussion
Lack of guidance in erection and contractual requirements
Illegal mixing of components from different systems
Improper installation in tight spaces
Insufficient time for PE to inspect
Lack of PEs to inspect
Lack of supervisors to stay and supervise a single job

Table 2: Causes of formwork failure

tractors, Formwork Contractors,
Formwork Supervisors, Formwork
Trainers, Project Managers, Professional Engineers, WSH Professionals, Architects, Academia and Government Bodies.
GENERAL CAUSES OF
FORMWORK COLLAPSE
Under-design and over-loading
In theory, formwork must be designed so that it will be strong and
stable under construction loads
which should include delivery of
16

cement bags, concrete and rebar
bundles.
A bundle of 20 numbers of 15 m
long 32 mm rebars weighing about
19 kN may be placed on formwork
designed for 1.5 kN/m2 plus a slab
load of 8 kN/m2 – which would certainly lead to collapse.
It will not be economical for the
formwork structure to be designed
to take the heaviest loading anywhere on it. The concrete and rebar
weights themselves, acting as live
loads on the temporary structure
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(which will become load-resisting
‘dead-load’ members in the permanent structure) are by themselves
quite heavy.
But often, heavier loads like cement bags and rebar bundles, and
pumps, vibrators or other erection
machinery would have to be placed
on the formwork. These will be as
heavy as or heavier than the concrete and rebar loads.
Hence, cer tain par ts of the formwork would have to be designated
as ‘heavy-load’ zones. Heavy loads
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must be placed only at these specially designed, designated zones,
spread over a wide area by means
of planks, placed on or close to extra suppor ts underneath.
These designated heavy-load
zones must be clearly marked on
the drawings as well as at site (as
with ‘H’ in Figure 2), to enable crane
operators to place the heavy loads
at the appropriate locations and not
inadver tently load the formwork
structure to collapse.
In practice, due to a lack of clear
instructions, the design may not
cover construction loads. On the
other hand, in haste or due to a lack
of understanding and control, heavy
loads may end up being placed at
locations not specifically designed
for the heavy loads. Collapse will
occur in both cases.

Figure 2: Heavy load zone marked 'H'.

Safe Work Procedure
At site, Safe Work Procedure (SWP)
may not cover alternative means to
keep loads within safe bounds. SWP
must specifically cover the infrequent and unusual tasks at site, as
follows:
• Prior arrangements made to open
bundles at ground level or on
strong bases and distribute them
on formwork, may not always be
followed.
- A designer may assume that a
bundle of rebars resting on a
formwork will be a uniformly distributed load. But the crane cannot deliver the rebar bundle on to
the formwork precisely flat so as
to ensure a uniform distribution
of total load.

- One end or the other may
touch the formwork first, when
at least half the weight amounting
to about 10 kN will be delivered
as concentrated load to the formwork, over-loading the temporary
structure, at least temporarily.
- To prevent this, the design and
related SWP must specifically
cover placement of heavy loads
on formwork.
• Formwork is most unstable and
at its weakest during concrete
casting and in the early stages of
hardening and curing. There are
rules for placement of concrete
on form-work, for height of drop,
and spread area.
- SWP must specifically address
this task.
• In multi-storeyed buildings, SWP
must also cover shoring of new
work above recently completed
work which may not have attained adequate strength, or may
not itself be adequately shored. In
such cases, the Engineer should
be consulted.
Buckling of compression
members
Many failures of formwork have
been traced to buckling failure of
slender compression members
which may include both vertical columns and inclined or horizontal struts.
Tall and slender compression
members buckle – that is snap into
a curved shape, shed load, and collapse – suddenly and without warning when loaded to their critical
value. The critical loads fall sharply
with increasing slenderness.
Often, the material remains elastic so that when the load is removed, the column may spring back
to its original shape.
Theoretical critical buckling stress
on a column is given by the Euler
Formula:
fcr = π2.E.r2/LE2 = π2.E/λ2 ≤ f y, where

λ is Slenderness ratio = (LE/r), LE
being the unbraced length, r being
the radius of gyration = √(I/A), I being the moment of iner tia and A be-

ing the cross-sectional area, E is the
Young's Modulus of Elasticity for the
steel, and fy is the yield stress for the
steel.
Practical values of critical load
Pcr(=A.fcr) fur ther depend on:
• End suppor t conditions
• Intermediate bracing
Figure 3 depicts theoretical and
practical stress levels in columns for
various slenderness ratios.

Figure 3: Euler, practical curves

Most permanent columns are designed to take 60% to 80% of permissible stress, while temporary
struts, being long slender elements
with no in-fills or moment resistance at the connections, can take
only 40% to 60% of the permissible
stress. These zones are shown as
shaded ovals in the figure.
While the ends of struts may be
free, pinned, or fixed, only the ‘both
ends pinned’ condition provides the
feasible and economical suppor t for
temporary structures.
The influence of intermediate
lateral bracing on column capacity
is indeed awesome, as depicted in
Figure 4. When one lateral suppor t
is provided, splitting the total height
into two equal par ts, the capacity
increases to four times. With two
lateral suppor ts dividing the height
into three equal par ts, the capacity
increases to nine times. Capacity increases as the square of the number of braced par ts into which the
member is divided.
What should be frightening is
the reverse argument. If a single
mid-height support is removed, the
capacity drops by 75% of designed
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value. If one out of the two intermediate suppor ts is removed, the
capacity drops by about 55%.
Higher strength materials (especially steel) lead to two penalties on
buckling. One, the higher strength
will naturally lead to smaller areas
which generally increase the slenderness ratio resulting in lower capacity. Two, yield strength of the steel
itself shows up as an adverse factor
in increasing the slenderness effect.
So, beyond a cer tain point (such
as 460 MPa), higher strength would
make the buckling situation worse.
Without going into details, the
following may be said about slenderness ratios:
• Hollow sections are better than
solid sections.
• Best to worst cross-sections: Circle → Square → Rectangle → 'I' →
'T' → Channel → Angle
• Unsymmetrical sections have a
strong axis and a weak axis (Figure
5), with quite large differences in
the radii of gyration about these
axes, so that the weak axis capacity may be many times smaller
than the strong axis capacity.

- To increase the weak axis capacity, one or more intermediate
suppor ts may be provided to resist buckling about the weak axis
(as shown in Figure 5).
Inadequate bracing for
falsework
Another major cause of formwork
failure is lack of or inadequate bracing against instability and sway. Instability is due to buckling of long,
slender compression members discussed in the previous sub-section.
Sway is the lateral shifting away
from the original designed position
under ver tical and/or horizontal
loads, again causing collapse. The
following points should be read
with reference to Figure 6:
(a) As mentioned in the previous
sub-section, tall slender columns
buckle and collapse.
(b) Columns under horizontal or
eccentric vertical loading tend to
sway sideways, unless prevented
from swaying.
(c) Buckling and sway can combine
to collapse one or a set of columns.
(d) Buckling capacity may be increased by providing lateral support
at intermediate points along the
length of the column. This support
may be provided externally from existing permanent structures or other
guys and anchors as at A and B in
Figure 6(d). This external support
system will also prevent side-sway.
(e) Lateral support against buckling may also be provided internally
by diagonal bracings as at C and D

in Figure 6(e). This internal diagonal bracing system will also prevent
side-sway, in the rows of panels with
diagonal bracing.
(f) Internal diagonal bracing may
take many forms, with the common characteristic that the diagonals must be in opposite directions
in adjacent panels and/or adjacent
rows.
(g) An alternate arrangement to (f).
(h) Diagonal bracing in opposite
directions may be used within the
same panel as at A, especially if adjacent panels or rows cannot be
braced. It is recommended that at
least one diagonal bracing such as
BC, or preferably a pair of diagonals
run from the bottom of one end
to the top of another end, crossing
two or more bays. The crossings of
such long diagonals with horizontal
or ver tical members may be connected for greater stability.
(i) All diagonals sloping in the
same direction is not recommended.
(j) Often, it is wrongly assumed
that horizontal bracings can both
improve buckling capacity and prevent sway. As shown, even with horizontal bracing ABC, the columns
can buckle and sway because these
are possible by the braces ABC simply shifting horizontally to the location A’B’C’ without any change in
length, and hence without introducing any new forces.
It is not necessary to brace all
panels or even all bays or rows. Every second or third (or other num-

Figure 4: Intermediate bracing

Figure 5:Weak axis support
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Figure 6: Buckling and side-sway in falsework, and ways of addressing them.
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ber) bay or row may be braced, but
the shears from the bays or rows
with no bracing must be taken at
the braced bay or row.
When a bracing is omitted or removed for any unavoidable reason,
a competent person must check
and confirm that this action does
not introduce any instability in any
bay or row. If it may be required,
alternative bracings or external suppor ts must be provided to prevent
the instability.
Unsymmetrical sections will need
more bracing about the weak-axis.

MAIN FEATURES OF
SS580:2012 WORKING
GROUP

In April 2010, the Working Group
for Code of Practice for Formwork
was constituted by the Technical
Committee with the following composition:
Dr Ting Seng Kiong (Convenor)
Er. Chong Chin Hin
Mr C Kirubakaran
Ms Lee Guek Hoon (served until 23
June 2011)
Ms Koh Chin Chin
Er. Lim Chong Sit
Dr N Krishnamur thy
Er. Tan Chong Lin
The work was completed by the
latter half of 2012, and the Code
was approved in November 2012.
FACTOR OF SAFETY 2.0
SS280:5012 replaced CP23, the
earlier Code of Practice. One of
the significant differences between
the two codes is the increase of the
Factor of Safety to 2.0 from the average of 1.5 which was being followed according to BS5950 in use
at the time. To justify this increase,
we must analyse the differences between temporary and permanent
structures and between formwork
structures and scaffolds.
Permanent versus temporary
structures
There is a common myth, or at least
the common practice, that scaffolds and formwork structures are
temporary, not a line item in client

charges, and hence do not need and
cannot afford as much attention or
investment as the permanent structures that they help to build.
Nothing could be fur ther from
the truth! Time and again, it has
been proved that temporary structures deserve at least as much consideration, in terms of design and
safety, as permanent structures, and
often even more. The argument will
be along the following lines:
Unlike permanent structures,
temporary structures
• do not have assured or well-prepared foundations
• are not designed as well or in as
much detail
• are not used – or even seen – by
the ultimate customer
• have often built-in compromises
in quality and strength
• are put together at site from numerous components
• most components of which are
already used and some are damaged
• are erected generally by less
skilled temporary workers
• are not checked as rigorously or
as frequently
• are not inspected as meticulously
• are not supervised as strictly
• are not maintained as well
• do not have their faults rectified
as promptly or fully
• are the first to be compromised
in terms of safety when time or
budget presses hard.
That is why temporary structures
need more care, more supervision,
not less!
Scaffolds versus falsework
Even among temporary structures,
one must distinguish between scaffolds which are designed for work
platforms and falsework which is
intended to support formwork for
concrete and reinforcement. The
latter needs even more care than

scaffolds, for the following reasons:
• Scaffolds are generally for workers and tools while falsework is
for formwork and concrete casting
loads.
• Scaffold live loads are of the order
of 1.5 to 2kN/m2, while falsework
live loads are mainly concrete and
rebars weighing 26 kN/m3, which
even for a 300 mm depth slab
works out to 8 kN/m2.
• Scaffold work is generally dry, static work, while falsework is subject
to wet, dynamic work of concrete
casting and vibration, with very
hazardous materials which will set
hard within a shor t time.
• Scaffold erection is relatively better organised and more visible
at all times than falsework which
involves more components and
variable sizes, more adjustments
and actions, and components hidden from view.
• Scaffold failures may generally be
localised while formwork/falsework collapse can be massive and
progressive.
Applicability of Factor of
Safety
The increased Factor of Safety,
termed ‘Safety Load Factor’ to encompass both working stress and
ultimate strength approaches, applies to any and all analysis and design of formwork structures. Specifically, it mandates as follows:
• Factor of Safety of 2.0 for yield
stress in working stress method
• Load factor of 2.0 for all loads
and loading conditions in ultimate
strength method
• Ratio of failure or permanent deformation load to worst case service
load to be 2.0 in any component or
assembly test, with all testing conforming to the following:
- Testing shall be resorted to only
where no approved codes exist for the particular structure or
component to be used, and where
the structure or component is
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too complex for practical generic
analysis.
- When site commissioning tests
are required, a validation cer tificate issued by a testing laboratory
accredited by the Singapore Accreditation Council (SAC) or their
Mutual Recognition Agreement
(MRA) Par tner shall be acquired
before formwork erection can
commence.
- In any case, the structure or
component shall demonstrate a
Load Safety Factor of 2.0 at structural or functional failure.
- For proprietary or contractorproposed formwork structure, or
components, the prototype structure or component, as complete
in all respects similar to erection,
use, and dismantling conditions at
site as possible, shall be tested to
no less than twice the worst combination of service loads.
- Erection, alteration, use, and dismantling of test components shall
be done by personnel as similar to
those available at site as possible.
- Testing shall be conducted under
controlled conditions in an approved testing facility.
- A cer tificate and repor t shall
be issued with all details, including how superimposed loads were
simulated.
- Stress, deflection and sway histories shall be included.
- Test results may not be accepted
if some valid theoretical analysis
shows that the structure or component may not be able to take
loading as claimed.
- Proration to 2.0 when any other
code is used in the absence of
applicability of SS580, where the
factor is less than 2.0 in the other
code
- Certification of the Factor of
Safety for proprietary formwork
products, and proration to 2.0 if
the product's Factor of Safety is
less than 2.0.
Thus, whatever product is used in
20

formwork structure and whichever
analysis, design, or test procedure
is used to suppor t its validity, there
shall be a reserve of 100% between
the worst service load and failure or
permanent deformation load.
During the IES Seminar on 29
September 2015, a well-known
manufacturer of formwork components made a presentation on how
the company was addressing the
requirements of the new code. The
author hopes all manufacturers and
suppliers will follow suit!
STABILITY IN SS 580:2012
To address the many deficiencies in
formwork stability, SS580 includes a
number of stipulations and guidelines, as follows:
Resistance to horizontal
actions
The formwork structure shall be
designed for safety, to ensure stability against overturning, uplift, sliding
and side-sway, taking into account
the sequence of construction under
the action of the most adverse load
combination. There shall be a minimum Factor of Safety of 2.0 against
over turning and sliding.
In the absence of sufficient information on horizontal forces, horizontal forces equivalent to 2.5% of
the applied ver tical loads considered
to act at the points of application of
the ver tical loads on the formwork
shall be provided for.
When horizontal deflection exceeds 0.15 % of the height of falsework or other tolerance specified
by the designer, the P-Δ effect of
ver tical forces shall be taken into account. These horizontal forces shall
be transferred to a completed par t
of the permanent structure or sufficiently strong anchors.
Bracing for stability
Bracing shall be provided primarily to transfer horizontal forces to
ground. Even where horizontal forces are transferred to anchors at the
formwork level, bracing may be nec-

THE SINGAPORE ENGINEER February 2016

essary to stabilise connections and
reduce unbraced strut lengths.
Bracing shall be provided as necessary in all three planes of the
formwork structure - longitudinal,
transverse, and horizontal, as displayed in Figure 7.
• ABCD is the longitudinal plane for
bracing, and LD is a diagonal brace
in it.
• CDEF is the transverse bracing
plane, and MJ is a diagonal brace
in it.
• GHJK is the horizontal bracing
plane, and NJ is a diagonal brace
in it.
Falsework braces should be able
to resist a minimum of 2.5% of axial
force in the braced strut. For system
formwork, documentation should
include all bracing.
Temporary bracings may have to
be designed and provided during
erection and dismantling, to cater
for unbalanced forces and to prevent excessive displacement or collapse.
Diagonal braces for multiple
bays
Where bracings span more than one
bay, the shears in the bays covered
should be collected cumulatively
and transferred to end anchors or
the ground, with all crossing points
being properly clamped.

Figure 7:Three bracing planes
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Braces intended to stabilise multiple bays shall be inclined between
30° and 60° to the horizontal, and
shall preferably be in pairs, with
each pair being inclined in the opposite direction to the other, to
provide for change in the direction
of applied forces.
SS580 suggests that there shall
be a minimum of one pair of braces
approximately for every 2h of vertical suppor ts, where ‘h’ is the height
covered by the brace, in metres.
For example, if h is 4 m, one pair of
braces may be used for every eight
suppor ts.

DESIGN
CONSIDERATIONS

For steel, SS580 has adopted the
EuroCode, along with the Singapore National Annex. However,
there is one impor tant stipulation
in formwork design, that all load
factors (which are widely variable
in EuroCode for permanent structures) shall be taken as 2.0.
DESIGN LOADS
Allowance for heaping of wet concrete = casting layer depth
If concrete heaps to greater
depth = Average Depth in 1 m2
Live loads for personnel = 0.75
kN/m2 over areas not occupied by
concrete being cast, machinery, or
equipment
Total imposed load i.e. wet concrete, personnel, machinery etc, not
less than 1.5 kN/m2..
Horizontal loads
• Lateral load of concrete dumping,
wind etc not < 1.5 kN/m of floor
edge, or 2.5% of total ver tical load
• Lateral concrete pressure on
form, p = w.H, where H is smaller
of the depth of formwork or of
concrete casting above the cold
joint. The CIRIA formula that was
in CP23 has been omitted because of the difficulty of controlling the parameters and because
the formula was not applicable
above 30° C. If someone wishes
to use the CIRIA formula, they

will have to demonstrate compliance with all requirements including the temperature criterion.
• Wind loads, to be as per SS CP14
In addition to the primary compression and bending checks, the
code requires checking and satisfactory compliance of shears and
deflections of the components.
DESIGN LIMITS
lf and where this code does not
cover any aspect of structural analysis or design of the formwork structure or any of its components, the
relevant SS EuroCode and corresponding Singapore National Annex
shall govern.
Where this code differs from SS
EuroCode or Singapore National
Annex, this code shall prevail.
Where no guidance is available
from this code or the SS EuroCode
and Singapore National Annex, and
some other code is used, and the
Safety or Load Factors in that code
are less than 2.0, such factors shall
be upgraded to 2.0.
Any and all proprietary or manufactured items used in the formwork structure shall satisfy the criterion of Load Safety Factor of 2.0
in actual use. The author suggests
the following method to upgrade to
the 2.0 Safety Factor requirement
for a proprietary product.
Example of the use of a
proprietary product with
SS580
Suppose we want a section to carry
10 kN/m over a 3 m span. Let us
say we have been using Company
ABC’s section ‘T120’ which proposes, according to its catalogue, that
it be used for a 3 m span for load
of 10.5 kN/m. Now on enquiry, the
company may cite the Safety Factor
against failure – with proper documentation – as 1.8.
To modify its use to comply with
SS580, we may pro-rate the Factor
of Safety from 1.8 to 2.0, by modifying the load capacity by the ratio
1.8/2.0 = 0.9, that is, reduce the
load by (1– 0.9) i.e. 0.1 = 10%.

Then, the maximum load that
can be placed on section over a
3 m span will be 10.5×0.9 = 9.45
kN/m, which is < 10 kN/m required
– which is not good.
Note that this is the same as reducing the load capacity by 10%, i.e.
10.5×0.1 = 1.05, giving again, 10.5–
1.05 = 9.45 kN/m – which is not
good.
We now have to choose the next
higher section, say ‘T130’, whose capacity may have been listed as 12
kN/m in the catalogue, for which,
the SS580 adjusted capacity will be
12×0.9 = 10.8 kN/m, > 10 kN/m –
which is acceptable.
This is also the same as increasing the service load by the ratio 2.0/
the cited value 1.8, that is, take the
design load as (10.0×2.0/1.8) that
is, 11.1 kN/m. Again ABC’s 'T120'
value of 10.5 kN/m will not suit, but
‘T130’ with 12 kN/m will.
An alternative would be to reduce the suppor t spans to bring
up the Safety Factor to 2.0. But this
would involve the nature of the
loading. For instance, the reduction
would be (1.8/2) i.e. 0.9 of span for
concentrated load, but (1.8/2.0)2 i.e.
0.81 for uniformly distributed load.
GENERAL DESIGN
PROCEDURE FOR
COMPRESSION MEMBERS
The code stipulates that the following shall be assumed and implemented unless the contrary can be
proven and implemented:
• All compression member ends are
pin-ended and fabricated to be displacement-free at supported ends.
• All connections are pinned and
non-moment-resistant.
As in SS580, there is no distinction between working stress design
(WSD) and ultimate strength design
(USD) approaches, a designer may
use either of the following methods
and arrive at the same answer :
• WSD: Take the worst case service
load as the design load P, and determine a cross-section which will
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not be stressed more than the
limiting stress value (f) of half the
yield stress, or
• USD: Take twice the worst-case
service load as the design load
P, and determine a cross-section
which will not be stressed more
than the limiting stress value (f) of
yield stress.
To be on the safe side, stick
throughout to one or the other
method in any single project!
Design of compression members
is generally an iterative process and
not a one-shot solution, simply because the critical buckling stress depends on cross-sectional properties
which will be known only after design. The usual procedure is as follows, keyed to Table 3:
• Assume a star ting stress value between half and one-third of limiting stress value, say ‘f ’.
• Find area ‘A’ required as (P/f), and
select a section which would give
the required area.
• Find the critical buckling stress fcr
for the chosen section.
- With rolled steel sections, the
section width and depth ratio, the
component length to thickness
ratio, whether strong or weak axis
bending, and the material yield
stress, will influence the limiting
stress. These are addressed by
means of Table 3 which will direct
the user to use one or the other
of five curves, corresponding to
five ‘imperfection factors’ which
enter the formulae on which the
curves are based.
- SS580 provides three options
for finding the critical buckling
stress fcr, namely (i) Formulae and
coefficients, (ii) Char ts for the five
different imperfection factors, and
(iii) Tables from which intermediate values may be interpolated.
- Find the Slenderness Factor ‘λc’
(lambda) from the formula, select
the curve which applies to the
22

section chosen, calculate, or from
the par ticular curve in the char t,
read off the Critical Stress Ratio
‘χc’ (Xi).
- Then, the critical stress fcr = χc.fy.
• If fcr is more than 2f in the WSD
approach or more than f in the
USD approach, the chosen section is safe. If the difference is too
much, a smaller size may be tried.
• If fcr is less than 2f in the WSD approach or less than f in the USD
approach, the chosen section is
unsafe, and a larger section must
be tried.
• The process is continued until a
section's capacity matches or just
exceeds the design load.
• Some finesse, learnt by experience, may be used to reduce the
number of iterations.
- If you assume 80 MPa as permissible stress and the actual
limiting stress turns out to be 20
MPa, there would be no point in
repeating the cycle again with 20
MPa, because we know that the
result will shoot up. So a wiser
move would be to take something
between 80 MPa and 20 MPa for
the second try, say the average of
50 MPa.
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- Rather than blindly checking the
stresses and revising the section,
it would be wor thwhile to check
the load capacity from (A.f) because a little shor tfall in the stress
may be compensated by a larger
area.
- Likewise, it is not just the area
that influences the limiting stress.
The key factor in buckling is the
radius of gyration r [=√(I/A)]. So,
in every revision, check if you can
retain the same A with increased
r, as for instance from a pipe with
larger diameter but thinner wall
thickness.
- When nearing convergence, it is
better to give up the stress-check
approach, and simply choose the
next bigger or smaller section. You
will never get the exact capacity
you need and will be invariably
picking a section as close to but
somewhat more than required
capacity.
• Considerable savings may be
obtained by trying to place additional lateral supports to ver tical standards as long as enough
working clearance (say 3 or 3.5 m)
is provided at the base level for
workers to move around with
materials and tools.

Table 3: Buckling curves applicable to various sections in compression
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GENERAL DESIGN
PROCEDURE FOR BENDING
MEMBERS
Bending members, especially of
thin-walled metal sections, have an
additional complication of lateral
torsional buckling (Figure 8) which
will involve a bending capacity calculation as follows:

Although the expression is ‘frightening’, all the terms are known and
sectional dimensions are tabulated.
The general procedure for design
is quite similar to that for compression members, with a similar table
and set of five curves (this time
grouped as rolled and welded sections) or coefficients available as
shown in Table 4.
DESIGN FOR NON-STEEL
MEMBERS
Members of wood, plastic, aluminium or any other non-steel material
shall be designed by applicable Singapore Standards or other relevant
codes/regulations, or shown by generic methods or tests to be satisfactorily designed.
All such designs shall be demonstrated to have a Load Safety Factor of 2.0 against collapse under the
worst design loading. If any code
adopts a Factor of Safety less than

Figure 8: Lateral torsional buckling

2.0, its formulae, char ts, tables etc
shall be pro-rated to give a Factor
of Safety of 2.0.

ing forms or table forms, scaffold
regulations in force will apply to
the working platform extensions.

SPECIAL CASES FOR
DESIGN
Special attention shall be paid to
design and erection of formwork
components by the Engineer in the
following cases:
• Cantilever spans
• Heights exceeding 9 m
• Slabs thicker than 300 mm or as
per regulation whichever is more
stringent
• Beams exceeding cross-sectional
area of 0.5 m2 or as per regulation whichever is more stringent
• Columns or walls exceeding 2 m
in height
• Formwork structure in two or
more tiers
• Layer casting of concrete, for
which, unless the sharing of subsequent layer loads by suppor ting
columns is justified by calculations, the entire layer load shall be
borne by the formwork structure
• Working platforms for formwork,
designed and erected independently of the formwork and the
reinforcement on it
- However, where working platforms form par t of integrated
formwork systems such as climb-

KNOW YOUR MATERIAL
Both designer and fabricator must
know what the strength of the
formwork material is so that a Factor of Safety of not less than 2.0 can
be obtained.
Par ticularly in wood, the designer
must specify and occupier must receive the particular grade of wood
chosen. Many users do not know
the strength of the grade of timber
they are using.
Table 5 shows that timber
strength (according to BS5268) can
vary from 2.8 MPa to 20.5 MPa. It
illustrates how dangerous it would
be to use a grade that is two classes
lower than designed, and conversely,
how wasteful it would be to use a
grade that is two classes higher.
Developers and contractors
must insist on specifying the grade
to designers and receiving that
grade from the vendors.
As already mentioned, chasing
high strength steel may not always
be good. Higher strength will mean
less material, but it will also reduce
buckling capacity.

SAFETY
CONSIDERATIONS

SS580 provides extensive guidelines
on safety, highlighting many items

Table 4: Lateral torsional buckling curves applicable to various sections
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• Provide adequate shoring or reshoring.
• Avoid using a prop directly on top
RISK ASSESSMENT
SC1
2.8
of another prop.
On the matter of Risk Assessment SC2
4.1
(RA), which is very critical for form- SC3
• Ensure that adequate temporary
5.3
work structures, SS580 refers to the
bracings are in place while setting
SC4
7.5
Code of Practice for Risk Manageup the formwork.
SC5
10.0
ment [Ref 6].
• Ensure that anchoring of the system
12.5
However, MOM, in its Circular SC6
formwork can be visually ascertained.
of 2013 [Ref 3] lists the items that SC7
15.0
• Ensure adequate provision for latshould be considered, among oth- SC8
17.5
eral pressure on forms.
ers, as follows:
SC9
20.5
• Control lateral pressure on forms
• Formwork structure erection, alterTable 5:Timber strength
by ver tical rate of concrete placeation and dismantling procedures
ment by adjustment of slump, type
MODULAR AND SYSTEM
• Base suppor t capacity
of vibration, admixtures etc.
FORMWORK
• Formwork structure stability
Persons involved in erection of • Regulate horizontal sequence and
• Placement of rebar
rate of placing concrete to avoid
these systems shall be trained in safe
• Concrete casting
unbalanced loading on the formerection, alteration and dismantling
work structure.
of the system, as well as inspection
• Working at height
criteria
such
as
defects
precluding
• Control loadings that may cause
• Monitoring of formwork
use of certain materials and compovibrations and shock.
• Formwork leakage
nents. System formwork suppliers
• Prevent premature removal of
• Formwork structural failure
shall provide documented instrucsuppor ts.
• Settlement of formwork structure tions and training on erection, use,
transfer, alteration and dismantling • Comply with recommendations
• Repair of formwork structure
of manufacturers of components
of the formwork system.
• Emergency escape route
and keep within limits set by the
The training should include, but
• Emergency response plan
designer.
not be limited to, the following:
SAFE WORK PROCEDURES
• Maximum loadings that can be ap- • Ensure proper field inspection by
formwork supervisor to see that
Safe Work Procedures (SWP) shall
plied to various areas of the form,
form design has been properly
be written soon after RA. Apar t
with areas of heavy loadings and
interpreted and implemented by
from method statements for routine
the material storage specifically
the formwork erectors.
work, SWP should include responsidesignated on drawings and the
bilities of all stakeholders, Personal
• Ensure that formwork compoactual formwork
Protection Equipment (PPE) to be
nents, not designed by analytical
• Restricted access areas and proused and emergency measures.
methods or not cer tified as safe
cedures for erection and removal
SWP should cover all anticipated
by suppliers, are validated for use
of edge protection
activities during the work, particularby testing.
ly the infrequent and unusual ones. • Emergency evacuation procedures for those required to work • Ensure that interactions between
They shall be strictly followed and all
formwork, falsework and permaon the form.
PPE should be correctly worn all the
nent structure are taken into actime the workers are carrying out SAFE FORMWORK
count in planning and construction.
their tasks.
CONSTRUCTION RELATED
• Provide safe means of access, adeTO DESIGN
WORK AT HEIGHT
quate edge protection, perimeter
Work at height is unavoidable in Safety aspects shall be considered
containment screening etc, to enmost formwork activity and special and controls implemented at every
sure a safe work zone.
safeguards shall be implemented to stage in the life-cycle of the formavoid accidents such as falling from work structure, including planning • Provide temporary catch platforms as fall arrest for fall distancheight. All criteria should be checked and inspection, and during construces shor ter than required for body
and all requirements fulfilled as in the tion. Some common measures for
harnesses.
Code of Practice for Safely Working good construction practice to enat Height [Ref 7]. A fall prevention sure safe formwork design, in addi- • Disallow any field repair of modular
plan must be prepared and followed tion to those already mentioned, are
or system formwork components
by the occupier of the workplace.
as follows:
without manufacturer's approval.
that can go wrong and suggesting
solutions.
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• Provide cable-guided or suppor ted systems with integral free-fall
breaking devices.
• Disallow use of form panels such
as from wall or column formwork,
for purposes other than those for
which they were designed for, such
as ladders, walkway bridges etc.
• Ensure specific industrial standards are observed for hydraulic
and electrical equipment used for
operating system formwork.
• Ensure rotation of workers, rest
periods, and other safeguards
against fatigue and Musculo-Skeletal Disorders (MSD) due to repetitive work.
SAFETY-RELATED
CONCERNS IN FORMWORK
ACTIVITIES
Among the many hazardous activities and situations in formwork
erection, use, alteration and dismantling, the following deserve special
attention:
• Movement of vehicles at the entrance to and within the site
• Movement of large and heavy objects, involving cranes, fork lifts etc
• Manual handling of heavy objects
conforming to relevant regulations limiting the load to be lifted
by a worker on a regular basis
to 25 kg
• Ergonomic hazards in general,
which may lead to MSD
• Working at height, for which various measures for fall prevention
such as edge protection, and work
restraint should be adopted first
rather than fall arrest measures
such as body harness, or catch net
• Working in confined space, in tunnels or other areas where natural
light and ventilation are not available, for which various measures
such as toxic gas and oxygen deficiency checks and rescue systems
should be implemented
• Storage and handling of hazardous materials such as:

•
•

•

•

- Chemicals used in formwork
erection and oiling
- Cement, which is corrosive to
the skin and damages eyes and
lungs
- Abrasive or sharp-edged objects
Noise leading to Noise-Induced
Deafness (NID)
Unsafe acts and unsafe conditions
arising from extensive human intervention and the simultaneous
interaction of many trades, requiring strict and often continuous supervision at every stage of
erection, use, alteration, and dismantling of formwork structures
When various types of works by
steel fixers, plumbers, electricians,
and other trades are ongoing,
strict segregation of the formwork construction zone and the
zone for other trades
Impact of vehicles / machinery
adjacent to formwork structures

CONCLUSION

Formwork structures have been in
the news in recent years for the
wrong reasons, with reports of numerous collapses, injuries and fatalities. The new Code SS580 may
not solve all the problems but will
hopefully eliminate the risks of under-design, over-loading, and inadequate workmanship and supervision, as causes of the accidents.
Formwork design by the EuroCode should be much simpler than
for permanent structures, although
it may be marginally costlier than
earlier. However, the increased cost
will be spread over multiple uses of
the components, and in due course
will pay off in improved safety, with
consequently decreased expenses
and compensation as well as disruption of work from accidents.
One last piece of advice: An unwritten but irrevocable law is "Ignorance of the law is no excuse". What
this implies is that if after an accident, the investigation reveals that
it happened due to the violation of
a law or laws that were required

to be followed, the responsible
person(s) cannot plead ignorance
of those laws as a reason for their
not implementing them.
In practical terms, it means that
although SS580:2012 is one of the
few standards for which one has
to pay, it would be wise to buy a
copy, at a cost of S$36, and circulate it to those who must deal with
formwork design, erection, use, or
dismantling, so that any violation
cannot be hidden behind administrative lapses.
(More information on the author
and his work can be obtained from
www.profkrishna.com).
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Large-scale project on minuscule footprint
Aquis Plaza shopping centre is located at the hear t of the pedestrian
zone in Aachen, Germany. In terms
of architectural features and urban
development, the mega-project is
carefully integrated into the character of the organically developed city
centre. Its high-quality construction
and elegant design ties into the surrounding historical structures.
Coordination of various works
in confined spaces was one of the
greatest challenges in the project.
There was virtually no room for
storage and only one road to access the 100 m x 200 m area in the
imperial city. On peak days, it accommodated up to 20 trucks carrying building materials, concrete
and formwork. So, this was a great
achievement, in terms of logistics,
for building contractor Ed. Züblin
AG, the General Contractor for the
turnkey shopping centre.
For the project, it was impor tant
to find a formwork partner with a
product portfolio that allowed for
realisation of the extraordinary features of the job. At the same time,
the ability to procure large volumes

of formwork just just when required
and with the shor test-possible lead
times was crucial. Moreover, lack of
space required that par t of it be
pre-assembled. The decision was
made to select Doka as the singlesource formwork supplier.
City centre more vibrant with
shopping centre
The shopping centre is situated in
a triangle formed by the borders
of three countries - Germany, Belgium and the Netherlands - with a
catchment area population of 1.2
million. According to the Hamburgbased ECE Contractor, it is an ideal
location. The retail space includes
29,200 m2 distributed over three
levels. A car park with 600 parking
spaces is available on the two upper floors. It is accessed by an intricate, spindle-shaped parking ramp
and connected to public roadways
through a tunnel. The 3rd and 4th
upper levels accommodate apartments. This project, with its shopping mall, is characterised by organic
shapes such as the overhangs of the
false ceiling to the large-scale glass

roof. In other words, there is vir tually no right angle in sight. Rather, with
its curved shapes, the entire body
of the structure is nestled against
the buildings along the streets of
Aachen’s historic centre.
Complicated shapes and
heavy loads
For this project, on the region’s largest construction site, cast-in-place
building construction was combined with the use of (semi) precast members.
The project went through several phases. The first step was to lay
the foundation. Then came completion of the base plate that extends
across 15,000 m² and is up to 100
cm thick. The next task was building an ‘access dam’ into the interior
of the structure. It had to be freely
accessible to vehicles throughout
the entire period of construction. In
other words, it served as the lifeline for the logistics for the entire
cramped site.
Doka’s project engineers planned
and calculated a structure equal
to the task. It was 9.0 m high and

The entire body of the structure with its curved shapes is nestled against the buildings along the streets of Aachen’s historic centre. Image by Züblin.
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spanned across 7.0 m. The heavyduty suppor ting system DokaShore
bridge formwork came into play
here. It is composed of high-capacity columns and system beams
from the modular system SL-1. Its
type-tested columns absorb individual loads up to 430 kN. Above this
base suppor t, jobs could be done
safely and on time. Underneath the
construction site, traffic could move
freely.
The building interior features
some large and curvy open storeys.
They were bridged by components
from the modular system SL-1. Loadbearing towers up to 9 m high were
set up on the profiles of their SL-1
beams. They served to shore up the
40 cm thick floors of the next levels. Some Staxo towers were backstayed so they could safely absorb
higher horizontal loads, as well.
With its rugged steel frames, Staxo
100 is designed for great shoring
heights and high loads. It unites high
load capacity and safety, in every
situation. Many experts acknowledge that the equipment is highly
adaptable to different layouts. This is
where the basic frames with 0.90 m,
1.20 m, and 1.80 m in height, come
in. The distance between them can
be set anywhere from 0.60 m to
3.00 m. Easily adjustable screw jack
heads and feet allow for exact, variable height adjustments.
In many areas, the floors had to
be continuously supported through
to the basement. This was a result
of the building's par ticular static engineering. As a result, a fairly large
quantity of load-bearing Staxo 100
towers was required.
Doka's solid web beams were
used in the superstructure. Depending on the load, either H20
beams with blue ends were selected or the new I tec 20 composite
formwork beams, with grey endreinforcement. Both beams weigh
nearly the same. However, due to
their par ticular design, the compos-

For the ‘access dam’, Doka designed a 9 m high and 7 m wide solution, with the heavy-duty supporting system,
DokaShore, used for bridges. Image by Züblin.

Some Staxo towers were back-stayed, so they could
safely absorb higher horizontal loads, as well. Image
by Doka.

ite formwork beams can handle
around 80% higher loads. This saves
on equipment and, above all, hours
of work.
Ideas speed up the construction workflow
On levels with apar tments and car
parking spots, floor heights are up
to 3.0 m only, with floors 25 cm
thick. These floors were formed
in with the par ticularly adaptable
Dokaflex 30 tec floor formwork.
The I tec 20, heavy-duty, composite formwork beam was used as a
primary beam in this system. This

Due to the special statics of the building, in many
areas, the floors had to be continuously supported
through to the basement. Image by Doka.

meant that significantly fewer floor
props were needed as they were
spaced further apar t. Dokaflex 30
tec can be used to suppor t pre-cast
floors. The same goes for forming in
complete cast-in-place concrete areas in infill zones.
Work up there involved pre-cast
columns, column heads and floor
panels. Docking heads were bolted to the pre-assembled columns
while they were still in the horizontal position. Then the crane would
lift the columns into position and
it was only a matter of hooking in
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Pre-cast column heads resting safely on two I tec 20 composite formwork beams, shored up by two Staxo 40s. Image by Doka.

the adjusting struts which were automatically secured with the gravity
pawl. There was no need to climb
up a ladder to tighten screws. In this
way, the reinforced concrete columns could be placed and plumbed
quickly and easily from the beginning. Crane time was significantly
reduced. The same technique was
used for setting up hollow walls.
Even the 20 cm thick 2.5 m x
2.5 m column heads weighing 3.0 t
are pre-cast members. They rested
safely on two I tec 20 composite
formwork beams, shored up by two
Staxo 40s. This structure ensured
the ease and speed with which the
column heads could be plumbed
and aligned. Elaborate bracing was
no longer necessary. A gap of approximately 3 cm separated them
from the adjacent pre-cast floor
panels. It allowed for tolerances
when producing the pre-cast members and was formed from below.
Partnership-oriented
co-operation
For the project, Doka provided not
only mature technology but also
technical consulting, static calculations, pre-assembly on site and suppor t from formwork instructors.
28

Another impor tant component
was the orderly return of rented
materials. Here, the formwork to
be returned was assessed jointly.
However, the site conditions did
not permit on-site acceptance. Thus,
acceptance took place at the Doka
storage site. Doing so required
fewer site staff and it also reduced
rental time. During the construction
phase, contractor Ed. Züblin took
advantage of the customer por tal
myDoka. It could be used any time
to access project and site-specific
data, conveniently, from a PC or tablet at the office or on site. myDoka
offers easy management and guarantees confidentiality of data as well
as an optimal interface to the Doka
team.
The Aquis Plaza project is a continuation of the partnership-oriented
co-operation enjoyed by Deutsche
Doka and Ed. Züblin AG for many
years. In the past, the two companies
collaborated successfully on several
large-scale projects, including the
CityGate Stuttgar t, the College of
Applied Sciences Düsseldorf-Derendorf and the European Central
Bank (ECB) in Frankfur t/Main.
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PROJECT CREDITS
Project
Aquis Plaza

Location
Aachen, Germany
Start of construction
January 2014
Completion
Autumn 2015
Building Owner
ECE, Hamburg
Contractors
Ed. Züblin AG, NRW Office
Products used
Staxo 40 load-bearing tower
Staxo 100 load-bearing tower
DokaShore heavy-duty
supporting system
Sl-1 load-bearing tower
Dokaflex 30 tec timber
formwork
I tec 20 composite formwork
beam
H20 timber formwork beam
Services
Ready-to-use Service
Formwork Instructor Service
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Repairing a bridge over a river in the US
The solution is to use fibre-reinforced polymer composite materials.

Originally built in 1964, the flume bridge was repaired in 2014, using products from Mapei.

Jacksonville Electric Authority (JEA),
created by the City of Jacksonville
in Florida, USA, to serve the city
and surrounding communities, provides electricity, water and sewerage services, while protecting the
area’s natural resources. One of the
generating plants owned by JEA,
the Nor thside Generating Station
(NGS), repor tedly uses natural gas,
fuel oil, coal and petroleum coke to
attain more than 1300 MW of peak
electric capacity.
As par t of a project to maintain
NGS, Mapei was asked to propose
a repair solution, using FRP (fibrereinforced polymer) composite materials, for strengthening the bridge
beams and pile caps on the flume
road bridge that spans Nichols
Creek and links the generating station to raw-material barges from
the Jacksonville Port Authority.
Deterioration over time had
caused the bridge beams to twist,
and they needed structural reinforcement. The project was challenging due to the extent of the
damage in the concrete structure,
difficult access to the repair area,
30

an aggressive environment, low
clearance between the repair area
and the water, and environmental
regulations.
Mapei products at work
The project consisted of repairs
and structural strengthening of 63
beams, each measuring 0.6 m x 0.6
m and 4.57 m long. Repairs were
also made to 64 pile caps, each
measuring 1.52 m x 1.52 m and
0.61 m thick, 15 of which had to be
reconstructed due to the extent of
deterioration. The first step in the
repair process was the removal
of deteriorated concrete and the
cleaning of corroded rebar that was
exposed.
The rebar was then coated with
PLANIBOND 3C which acts as a
corrosion inhibitor and as a bonding agent for repair materials. In areas where there was no exposed
rebar, PLANIBOND EBA was used
as the bonding agent. In areas
where deterioration was less than
10 cm deep, the concrete repairs
were made with PLANITOP X and
PLANITOP XS mor tars. For those
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caps and beams that had extensive deterioration, PLANITOP 15
mor tar was used, which is well suited where high early strength and
flowability are required.
Once repairs to the beams and
pile caps were complete, the second
phase of operations commenced,
involving structural strengthening
with Mapei’s FRP system.
CARBOPLATE E 170 pultruded
carbon fibre plate was applied in
four locations along the length of
each beam - one strip along the inside face, one strip along the outside face and two strips along the
bottom.
Next, MAPEWRAP C UNI-AX
carbon fibre fabric was applied in
19 mm-wide strips, in stirrup fashion, at 61 cm centre-to-centre intervals, along the full length of the
beam. Then, the entire beam was
encapsulated with MAPEWRAP C
UNI-AX 300. For the 64 piles, two
layers of MAPEWRAP C UNI-AX
300 were wrapped around the circumference of one end, and one
layer was wrapped horizontally
around the entire pile.

PROJECT APPLICATION

Structural strengthening was carried out using the MAPEWRAP SYSTEM.

PROJECT DATA
Repairing the concrete piles with products such as
PLANITOP X and PLANITOP XS.

The epoxy system used for setting
CARBOPLATE E 170 and MAPEWRAP C UNI-AX 300 included
MAPEWRAP PRIMER 1, MAPEWRAP 12 and MAPEWRAP 31.
MAPEWRAP PRIMER 1 twocomponent epoxy primer was used
as a seal coat for consolidating and
priming the concrete substrates.
MAPEWRAP 12, a two-component, slow-setting, thixotropic epoxy grout was used as an adhesive
for the CARBOPLATE composite
system.
MAPEWRAP 31 two-component, medium-viscosity epoxy adhesive was used for impregnating the
MAPEWRAP system fabrics using a
‘dry system’.
As a final touch to the system,
MAPEFLEX P1 SL was used as a
joint sealant for expansion joints on
the bridge deck, and PLANITOP 15
was used to restore the edges of
the joints.
All the above-mentioned products are manufactured and distributed on the US market by Mapei
Corp, except for MAPEWRAP C
UNI-AX, MAPEWRAP PRIMER 1,
MAPEWRAP 12, and MAPEWRAP
31, which are also available on the
international market.

Project
Repair of Flume Road Bridge in
Jacksonville, Florida, USA
Client
JEA
Year of Construction of Bridge
1964

MAPEWRAP C UNI-AX

MAPEWRAP C UNI-AX is a
mono-directional carbon fibre
fabric characterised by a high
modullus of elasticity and high
tensile strength. It is suitable for
repairing reinforced concrete
elements damaged by physicalmechanical action, for the
confinement of axial loaded or
bent concrete elements and
for seismic strengthening of
structures in earthquake zones.
MAPEWRAP C UNI-AX may
be laid using both a wet system
and a dry system.

This editorial feature is based
on an article from Realtà
Mapei INTERNATIONAL no
54, which, in turn, was taken
from Realtà Mapei Americas,
no 21, the in-house magazine
published by Mapei Americas.
All images by Mapei.

INTERVENTION BY
MAPEI

Period of the Intervention
2014
Contribution by Mapei
Supplying fibre-reinforcedpolymer (FRP) products for
structural strengthening and
concrete restoration products
to repair pile caps and beams
Concrete Repair Contractor
Premier Corrosion Protection
Services Inc
Mapei Distributor
Premier Corrosion Protection
Services Inc
Applications for Mapei
Products
Concrete repair - Planibond
3C*, Planibond EBA*, Planitop
X*, Planitop XS*, Planitop 15*
Structural strengthening
- MapeWrap Primer 1,
MapeWrap 12, MapeWrap 31,
Carboplate E 170*, MapeWrap
C UNI-AX, Mapeflex P1 SL*
[*These products are only
manufactured and distributed
on the US market by Mapei
Corp (USA)]
Websites for further
information
www.mapei.com
www.mapei.us
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Education and research with a focus on the
industrial sector

The educational programmes developed by the University of Newcastle, Australia, have been
delivered from Singapore, since 2002.
In 2006, University of Newcastle in Singapore (UON Singapore) was established as a whollyowned entity of the University of Newcastle, Australia. UON Singapore has continued to deliver and
expand both full-time and part-time programmes. Strong partnerships with leading local institutions
provide UON Singapore’s diverse range of local and international students access to a broad variety
of professional networks, when they graduate.
Further, UON Singapore’s researchers work with world-class organisations in Singapore and
beyond, on research projects, research seminars and faculty-specific collaborative projects.
RESEARCH ACTIVITIES AT UON SINGAPORE
Dr Charles Lee and Dr Kavitha
Palaniappan are full-time staff at
the University of Newcastle in
Singapore, and are lecturers in
the Bachelor of Environmental
and Occupational Health and
Safety (BEnvOHS) programme.
They are also actively involved
in multi-disciplinary research.
Dr Charles Lee
Dr Charles Lee has more
than 25 years’ experience in
environmental research, education and consulting in North
America and in countries in the
Asia-Pacific. His research activities cover areas including environmental sustainability, environmental waste management,
Dr Kavitha Palaniappan
environmental health, and biotechnology solutions for industrial waste treatment. Dr
Lee has research collaborations with institutions and
universities in Singapore (A*STAR), China (Chinese Research Academy of Environmental Science) and the US
(Stanford University’s Center for Sustainable Development and Global Competitiveness). He is frequently
invited to review research papers in top-tier journals
such as Bioresource Technology, IWA’s Water Science
and Technology, and Environmental Geochemistry and
Health. Dr Lee currently serves as an Associate Editor
for the International Journal of Environmental Pollution
and Remediation.
Dr Kavitha Palaniappan’s research activities cover
subjects such as the prevalence of psychosocial illnesses
and their impacts on society, the economy and country;
toxicity of nanomaterials; exposure measurements and
hygiene requirements for nano titanium dioxide; exposure to nano silver in mattresses and bedding and their
health effects; and associations between seasonal pat32
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terns, climate variables and dengue risks in Singapore.
She is also a member of the NanOsing Consortium, a
multidisciplinary collaboration of prominent leading research and consultancy groups in Singapore, who are
dedicated to developing and applying multidisciplinary
science for the assessment of the health and environmental risks of nanotechnology in the country.
Current project on the psychosocial well-being
of migrant workers
UON Singapore won a research grant from the Singapore Workplace Safety and Health Institute in May 2014
for a project on ‘Workplace Safety and Health in the Singapore Construction Industry: Assessing the Nexus between Mental Health and Productivity’. The main objectives of this project are to determine the prevalent rates
of mental health illnesses in a representative cross-section of construction workers in Singapore, to estimate
the consequences of such illnesses on workers’ general
health, safety and productivity, and to determine suitable
intervention strategies to solve the mental health issues.
Improving the psychological well-being of workers
would increase the overall productivity of the construction sector in Singapore, through a decrease in accidents,
sick leave and related costs; higher retention of experienced workers; and improvement in worker attitudes
and skills. These intervention strategies can be extrapolated to other industrial sectors, as well.

UON Singapore’s research team with the Deputy Director of Workplace Safety
and Health Institute as well as the Health & Safety Manager, Safety Officers,
Subcontractors and Supervisors of the construction company involved in the study.

ENVIRONMENT, HEALTH & SAFETY EDUCATION
STUDYING TO BECOME AN ENVIRONMENT,
HEALTH AND SAFETY PROFESSIONAL
Mr Brar Govind Singh is a young and energetic individual who takes pride in every new journey that he
embarks on. He is currently studying for the BEnvOHS
degree, while doing his National Service.

UON BACHELOR OF ENVIRONMENTAL
AND OCCUPATIONAL HEALTH AND
SAFETY PROGRAMME
The UON Bachelor of Environmental and Occupational Health and Safety (BEnvOHS) degree enjoys a tremendous reputation in Singapore and the Asia-Pacific region. It is the first
established undergraduate programme in Environmental, Health and Safety (EHS) offered in
Singapore.
More than 1,000 students who have graduated are working in senior positions in key sectors of the government, such as the Ministry of
Manpower (MOM) and the National Environment Agency (NEA) as well as in prestigious
multinational companies spanning across all the
industrial sectors - oil & gas, pharmaceuticals,
chemicals, electronics and aerospace.
The main reason for the success of the flagship programme is that it is focused on the industrial sector. All 16 courses covering three
disciplines in E, H and S impar t crucial knowledge as well as impor tant real-life industrial applications. Concepts learnt in the classes are reinforced with field studies in an industrial setting.
This combination of theory and applied industrial knowledge distinguishes UON as a preferred
choice for students who are embarking on an
EHS career.
The BEnvOHS degree is run by UON Singapore through its leading par tner, PSB Academy.
Highlights of the degree include:
• Recognition of the degree as a requirement by
Singapore’s Ministry of Manpower in its qualifying criteria, in applications for the position of a
Workplace Safety & Health Officer
• Accredited by the Institution of Occupational
Safety and Health (IOSH)
• Established degree offered in Singapore since
2006, that encompasses the disciplines of Environment, Health and Safety (EHS) - making it
the first mover in the market.
The BenVOHS programme runs in Par t Time
mode, with three intakes a year (in January, May
and August).
More information may be obtained from
psb-academy.edu.sg/UONBEnvOHS.

Mr Singh is very confident
that the qualifications that he
will acquire from the UON,
especially the BEnvOHS degree, will provide him with a
solid foundation to star t the
journey in the EHS industry.
In his first year of studies at
UON Singapore, Mr Singh reMr Brar Govind Singh
ceived the ‘Best Undergraduate Performance’ Award for obtaining the highest cumulative GPA scores. He topped the cohor t and also
won the Institution of Occupational Safety and Health
Award (IOSH Award). This award is given to the top
first year BEnvOHS student, to encourage all students
to be actively involved in the EHS profession, besides
excelling in their academic pursuits. Both awards were
presented at UON Singapore’s first Awards and Appreciation Night in 2015.
Mr Singh explains why he chose this par ticular field
of study, the advantages of being a student at UON Singapore, and what he hopes to achieve after completing
his degree.
Question: What made you opt for the Bachelor of Environmental and Health and Safety programme? Why did
the course interest you?
Answer : Several things come to mind - selecting the
programme that excites me; the university that delivers
such a programme; its par tners in Singapore, its values
- especially its engagement; and its vision of ‘being a
global leader with its commitment to equity and excellence and to creating a better future for its regions
through a focus on innovation and impact’.
Selecting the course again can be attributed to many
factors - the degree is recognised by MOM; the UON
values; and most impor tantly, the vision. Choosing to
pursue this degree really gives me a good feeling - that
I have made the right choice.
Q: What made you choose the route provided by a private education institution (instead of a local university),
to further your education?
A: What made the choice easier was that UON is the
only university that offers a degree programme in Singapore that covers both Environmental and Occupational Health and Safety (EOHS). Another impor tant
consideration was that it is accredited by the Institution
of Occupational Safety and Health (IOSH) and recognised by MOM.
An appreciation of PSB, with its humble beginnings
and its mission of upgrading the knowledge and skills of
Singapore’s workforce, appealed to my parents. For me,
selecting a programme offered by UON in par tnership
with PSB Academy was an almost immediate decision.
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Q: In what ways has this course added value to your
personal development and career opportunities? How
has it built your character?
A: My father, who is a Health, Safety, Security and Environment (HSSE) professional with a multinational
company, was par tly responsible for my selection of
this programme. He has instilled this behaviour of always being aware of the situation around us and doing
a mental risk assessment. Both the Environmental and
Health and Safety fields require one to be aware of
the environment, the impact of our activities on all our
stakeholders and managing the risk that these activities
may impose on the people that may be impacted.
This programme has made me appreciate what my
father has always preached to the family. It has made me
more aware of the environment, the hazards and the
associated risks of the activities around us.
Q: What do you think is the major benefit in pursuing
this course?
A: The degree provides me with the appreciation and
the need to be aware of our surroundings and the impact of our activities on all our stakeholders and other
people. The degree also provides me with the knowledge and the tools to make a difference both in terms
of our environment as well as the health and safety of
all the interested par ties.
Q: What do you think will have the greatest impact on
the industry in the near future and how can you and this
course contribute to the industry?
A: The impor tance of information is paramount - people need to be aware of the impact of their activities
on the surroundings and their neighbours, how they can
be good citizens, and how companies can be good corporate citizens by protecting both the environment and
the health and safety of the people that are involved in
their activities.
Q: How do you manage your time? Any tips or words of
wisdom for new students?
A: Prioritising goes a long way - focusing and setting objectives are key. These objectives are time-based, shortterm and task-orientated. This allows me to achieve my
goals that I set for the week, month and module. Sometimes, I would set timers on my internet usage to limit
social networking to 15 minutes a day. When those 15
minutes are up, the sites would be blocked.
Q: How do you stay inspired every day as a student?
What do you do to make you study hard, stay motivated etc?
A: If you wait for inspiration to star t, you will not get
much done. Inspiration does not come every day and it
is very inconsistent. Throughout the degree programme,
I had to discipline myself to stick to my timetable in order to get my work done. I have tried many things and
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am always willing to change my approach if I realise that
it is not working. For example, to ensure that I remain
focused on my objectives, I used to write inspirational
quotes and post them in strategic locations in my room,
to bring me back on track and to get myself focused,
whenever I start to deviate from my objectives.
Q: Was there anyone who motivated you through the
challenges of completing the course?
A: My parents, classmates and my lecturers all played a
very big par t in motivating me.
I would like to specially mention two particular lecturers - Dr Kavitha and Dr Charles Lee, who had the
most positive impact on me, second only to my parents.
They inspired me to push myself to ensure that I gave
my best.
Dr Kavitha amazed me with the amount of passion
she had for teaching. She even managed to inject humour into a science-heavy module which otherwise
would have been a dry module to some. She definitely
made me want to do better for the module.
Dr Charles always asked interesting questions during class. I was motivated to answer them so I always
did extra research before classes. It was just my luck
that the research I did helped me in some way during
the exams.
Q: How would you describe your experience in pursuing
the programme at PSB Academy?
A: It is a very positive learning environment and a good
experience, overall. The facilities were great and I really
appreciate the online tutor, where I could recap on the
earlier lectures. The course was well organised and everything felt smooth.
Q: What other activities do you engage in, for leisure?
A: Improvisational classes at the Improv Company. It
keeps my creative juices flowing and definitely gives me
a break from the hectic weekdays.
Q: What do you think are good traits to have as a student and why?
A: I think students need to be disciplined, as you can easily and very quickly star t to procrastinate. To overcome
this challenge, I decided to keep a log on how much
time was being wasted with very little being achieved. It
sure was an eye-opener to me.
If a student can be disciplined, can set clear objectives
and goals and allow minimal distractions and procrastination, I am sure he or she will do well.
Q: Where do you see yourself in the next five years?
A: I see myself playing a key role with an organisation,
in areas of Environment, Occupational Health & Safety,
to help Singapore achieve its Vision Zero, which was
developed to instill the mind-set that all workplace
injuries and health issues are preventable.
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Competitiveness of UK contractors in the
Singapore rail sector
by Bon Jovi Ramos Sabug, Laing O’Rourke Centre for Construction Engineering
& Technology, University of Cambridge and Prof Low Sui Pheng, Department of
Building, National University of Singapore

In order to meet the Construction 2025 target of increasing construction trade exports by 40%
by 2025, UK contractors need to take advantage of opportunities in foreign markets.
Singapore’s rail sector is a good case in point, where there is a strong pipeline of rail projects
planned for completion until 2030. Despite strong historical ties between Singapore and the UK,
British contractors have little presence in the sector and are outnumbered and outperformed
by their indigenous and foreign competitors. Therefore, UK firms need to make further efforts to
gain and sustain a competitive advantage over their competitors in the sector. The purpose of
this article is to present the most significant competitive advantages and disadvantages of UK
contractors in pursuing their construction export business in Singapore’s rail sector. Using the
ownership advantage paradigm, significant results were collected from 10 very senior industry
experts through surveys and in-depth interviews.This research found the most significant ownership
advantages to be coming from (i) the firm’s name and reputation and (ii) information, knowledge,
technology and research & development. The major ownership disadvantages were identified to
be (i) lower pricing of competitors and (ii) lack of home government support. The study can help
to trigger a roadmap for UK contractors to develop key competitive strategies in improving their
market position in the sector.
INTRODUCTION
In the Construction 2025 strategy
paper, the UK Government and
construction industry have set targets to increase UK construction
trade expor ts by 40%, by 2025 (HM
Government, 2013). To achieve this,
UK contractors need to take advantage of oppor tunities in high growth
foreign construction markets. Singapore’s rail sector which comprises
the Mass Rapid Transit (MRT) system is a good case in point, where
the market is matured, fast-growing
and has an open-door policy for
foreign direct investments (FDI).
As an illustration of this sector,
Figure 1 shows a train just about to
pull into the Eunos MRT Station.
The rail sector is highly attractive
because of its strong construction
demand and massive pipeline of
MRT projects planned for completion until 2030. Since construction

began in 1983, over S$58.8 billion
(LTA, 2015a) has been invested to
expand Singapore’s MRT network.
As par t of the Land Transpor t Master Plan (LTMP) 2013, Singapore’s
MRT lines are expected to double
from 178 km to 360 km over the
next two decades (LTA, 2013).

The UK has strong historical ties
with Singapore. Since the time Sir
Stamford Raffles founded Singapore
in 1819, the presence of UK-owned
contractors has been felt. Riley,
Hargreaves & Co Ltd and Howar th
Erskine Ltd were among the British pioneers responsible for build-

Figure 1:Train pulling into Eunos MRT Station
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ing Singapore’s physical landscape in
the late 19th century (Low, 1996).
In 1984, a year after the commencement of MRT construction
projects, total building work contracts awarded amounted to some
S$7.63 billion. Of this amount, notwithstanding the historical ties, UK
contractors managed to win only
S$364.1 million or 4.77% of the total (Low, 1996).
Despite the British legacy and
the significant amount of rail oppor tunities in the past, present and
future, there is little presence of UK
contractors in Singapore, to-date, in
this sector.
This is reflected in Table 1, in
which the UK was ranked 9th highest in estimated market share, with
2.4%, based on MRT contracts
awarded between 2005 and 2015.
Based on the estimates presented
in Table 1, the UK has been outperformed and outnumbered by a significant margin in the current competitive environment, par ticularly by
rivals from China, Japan, Singapore,
Singapore company-foreign company Joint Ventures (JVs) and South
Korea. The explanations for these
results depend on the nationalities
of the contractors in question and
their competitive advantages. In order to contribute towards improving UK’s construction trade exports
to meet the Construction 2025 target, UK contractors need to make
fur ther effor ts to gain a competitive advantage over their competitors and to achieve a higher market
share in Singapore’s rail sector.
In theory, competitive advantage
plays a crucial par t in a contractor’s
performance in foreign markets.
The success, survival and growth of
a firm’s international business depend on its ability to gain and sustain a competitive advantage over
its indigenous and foreign competitors in any host-country environment. A thorough understanding of
the sources of competitive advantage and disadvantage is therefore
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Rank

Nationality of
contractor

No. of
firms

Value of contracts
awarded (million)

Market
shares
%

1

South Korean

8

SGD 5,254

22.9%

2

Japanese

6

SGD 3,856

16.8%

3

Singaporean

7

SGD 3,332

14.5%

4

SingaporeanForeign JV

7

SGD 3,237

14.1%

5

Chinese

3

SGD 2,601

11.4%

6

Foreign JV

4

SGD 1,693

7.4%

7

Australian JV

2

SGD 858

3.7%

8

Austrian

1

SGD 671

2.9%

9

UK

1

SGD 544

2.4%

10

Italian

1

SGD 423

1.8%

11

Singaporean JV

2

SGD 379

1.7%

12

French

1

SGD 67

0.3%

Table 1: Estimated market shares of MRT contracts awarded between 2005 and 2015. Source: BCA (2015)
and LTA (2015b) press releases between 2005 and 2015.

essential for UK contractors pursuing construction contracts in Singapore’s expanding rail sector.
One of the most significant research contributions in this area is
Dunning’s (1979) eclectic paradigm
which explains the key factors influencing the internationalisation
of firms. The eclectic paradigm suggests that for FDI to take place, firms
must satisfy the following three necessary conditions:
• The firm holds ownership (O)-advantages over its competitors in the
host country.
• It is more profitable to exploit the
firm’s ownership advantages in a
foreign location (L) rather than in
the domestic market.
• O-advantages are internalised (I) by
the firm rather than externalised
by means of selling or licensing to
other firms.
Although all three factors remain
crucial because they are interdependent with each other (Seymour,
1987), O-advantages are the most
impor tant factors and are especially
necessary to underpin a contrac-
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tor’s initial FDI (Dunning, 1988)
into a foreign market. The sources
of O-advantages are derived from
a firm’s intangible assets (Dunning,
1985), which can be distinguished
into three types, namely, firm-specific, transactional and country-specific. Dunning (1993) also pointed
out that the shift in impor tance
between firm-specific and countryspecific advantages and transactionbased advantages is strongly linked
with the economic development
of the host-country. Therefore, the
subject of O-advantages of international contractors presents a key
area for fur ther research, especially
in the context of UK firms competing in Singapore’s rail sector.
This present study adopts Dunning’s (1979) model and examines
the international competitiveness
of UK contractors in Singapore’s
rail sector, on the basis of O-advantage factors. This study has the
following objectives, namely, (i) to
briefly review existing literature
and explore how different research
studies elsewhere analysed the Oadvantages of UK contractors in

CONSTRUCTION CONTRACTING
foreign markets, (ii) to identify their
most impor tant O-advantages and
disadvantages in pursuing FDI in the
sector and (iii) to critically appraise
the results against key findings from
the literature review. The purpose
of this study is to bridge the gap in
current knowledge with respect to
the competitiveness of UK contractors in the rail sector and to serve
as a preliminary study necessary to
trigger a strategic roadmap for UK
contractors to gain a better competitive position in the market.
COMPETITIVE ADVANTAGES
There are a few studies investigating the O-advantages and disadvantages of contractors pursuing FDI
in foreign markets, notably from
Seymour (1987), Mansfield (1988)
and Cuervo and Low (2003). Key
findings from the above literature
were reviewed, based on the level
of impor tance and relevance to
UK contractors and the Singapore
market. This resulted in the identification of four major competitive
advantages and disadvantages which
are thematically analysed, based on
the three major determinants of Oadvantage factors, namely:
• Firm-specific: technical expertise
and reputation
• Transactional: low pricing of competitors
• Country-specific: home government support
Technical expertise and
reputation
Evidence cited in Seymour’s (1987)
work highlighted that the firm’s
reputation and technical expertise
were major sources of O-advantage
for UK contractors in the Middle
East, relative to both indigenous
and other foreign competitors. Interestingly, Cuervo and Low (2003)
had similar findings in their study of
Singapore transnational contractors
competing in ASEAN (Association
of Southeast Asian Nations) markets. Therefore, UK contractors are

encouraged to utilise their technical
expertise and reputation as a key
product differentiator against competitors offering similar services
(Hymer, 1976).
Because reputation, past experience and technical expertise are
embodied in the firm’s name (Seymour, 1987), clients tend to prefer
a highly reputable contractor as a
further guarantee of quality assurance. This is evident in the current
bidding mechanism used by the client in Singapore, the Land Transpor t Authority (LTA), that involves
a prequalification process and a
price-quality method to evaluate
tenders (LTA, 2015c).
Low pricing of competitors
The emergence of contractors
from newly industrialised countries
(NIC), par ticularly China and South
Korea, has led to much fiercer competition for firms in the global construction market (Low et al, 2003).
Yang and Lu (2013) highlighted
that firms belonging to the NIC
group were able to offer cheaper
labour and complete construction
packages at lower and aggressive
prices, giving them a competitive
edge against contractors from the
advanced industrialised countries
(AIC). This was evident in Mansfield’s (1988) study, which observed
that Chinese and South Korean
contractors were undercutting their
competitors through lower costs in
labour, services and overheads.
Home government support
The lack of home government
suppor t was identified as a major
disadvantage for UK contractors
(Seymour, 1987). In theory, home
government support is a countryspecific advantage that has a major
influence on the performance of a
firm’s international activities. Interestingly, the attitudes and political
stance of the home government
do influence the level of direct and
indirect suppor t given to contractors pursuing FDI (Seymour, 1987).

Therefore, contractors who are
given higher levels of direct support through financial and technical
assistance are generally more competitive in foreign markets. Evidence
cited by Seymour (1987) and Mansfield (1988) shows that contractors
from France, Japan and South Korea
benefitted from this arrangement
and were able to expand their FDI
extensively through the access of
government subsidies, bilateral aid
and favourable loan conditions.
Meanwhile, UK contractors have
limited financial suppor t from the
UK government for any up-front activity due to its laissez-faire attitude
(Mansfield, 1988), which puts UK
firms on the back foot when competing against government-backed
contractors. As a result, there is an
inability for UK contractors to participate widely in tenders of high
volume, par ticularly in Singapore’s
rail sector. A cursory review of
public domain information suggests
that Gammon-Balfour Beatty JV has
par ticipated in only eight out of 59
MRT tenders for the Downtown
and Thomson Lines (BCA, 2015a
and LTA, 2015b).
RESEARCH METHODOLOGY
Existing studies related to the topic
were primarily devoted to analysing
the competitiveness of UK contractors in foreign markets at a macro
level. So far, no single study has taken a micro perspective to examine
the O-advantage factors of UK contractors in a specific foreign sector.
Hence, this article seeks to bridge
the gap in existing knowledge by
identifying the most important advantages and disadvantages that UK
contractors have in relation to securing projects in Singapore's rail sector.
This current study adopts similar
approaches by Seymour (1987) and
Cuervo and Low (2003) in using
Dunning’s (1979) model to identify
and evaluate O-advantages. As par t
of the field work investigation, responses and inputs from a sample
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group of 10 very senior industry
practitioners formed the basis of
the findings and conclusion. Information was gathered through surveys and formal in-depth interviews.
The selection criteria for the sample
group included the following:
• Respondents and/or interviewees
must be at a senior management
or director level
• They must have at least 20 years of
experience in MRT projects
• They must have worked either for
a UK contractor or a related government client in Singapore.
These stringent, purposive, selection criteria to ensure robustness and subject-matter know-how
therefore constrained, to some
extent, the population base from
which the sample was eventually
drawn. This was however necessary
to ensure that the results collected
were relevant and credible in the
context of this research. During the
questionnaire surveys, respondents
were requested to rank a list of Oadvantage factors identified in the
literature (Cuervo and Low, 2003),
based on the levels of impor tance,
which were calculated using the
mean impor tance rating (MIR). Subsequently, semi-structured formal
in-depth interviews were conducted with the respondents to understand the rationale for their choices.
COMPETITIVE ADVANTAGES:
FINDINGS
Based on the results presented in
Table 2, the most impor tant Oadvantages were identified to be
coming from (i) the firm’s name
and reputation and (ii) information,
knowledge, technology and research
& development (R&D) capability,
which are analysed fur ther below.
Firm’s name and reputation
The above results share similarities with key findings from Seymour
(1987) and Cuervo and Low (2003),
which suggest that UK contractors
38

Ownership advantage factors

MIR

Rank

1. Information, knowledge, technology and R&D capability

3.9

2nd

2. Firm’s name and reputation

3.8

1st

3. Management and organizational capability

7.4

8th

4. International experience capability

6.5

6th

5. Business development capability

12.3

13th

6. Stakeholders' commitment to client’s needs

6.0

3rd

7. Organizational competence

6.5

6th

8. Flexible production and work systems

7.5

9th

9. Personal relationship advantages

8.6

11th

10. Size of firm advantage

8.8

12th

A. Firm-specific advantages

B. Transactional advantages

C. Country-specific advantages of the UK construction industry
11. Facility with languages for international business
communications

6.1

4th

12. Technical infrastructure

6.2

5th

13. Legal and property rights are protected

7.9

10th

14. Physical infrastructure

13.5

14th

15. Ample supply of skilled and productive workers

15.0

15th

Table 2: Competitive advantages relating to ownership factors

are perceived to be as reputable
as Singaporean contractors in the
rail sector. The result is not surprising considering UK contractors
are globally renowned for having a
good reputation in health and safety,
strong financial clout, technical and
management exper tise and international experience (UKTI, 2015).
This is especially important in Singapore’s rail sector because the LTA
perceives reputation as a guarantee
of quality assurance. A director
from Company A emphasised that
“the LTA prefers contractors who
can provide cer tainty in delivery
with no or less risk involved”.
In this context, Low and Abdul
Aziz (1993) highlighted the importance of presenting a unified global
marketing image to clients and providing them with a consistent range
and level of service.
Information, knowledge, technology and R&D capability
A majority of the respondents
viewed UK contractors to be mar-
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ket leaders in rail construction,
par ticularly in asset renewal and
maintenance of existing rail infrastructure. This is suppor ted by the
UK’s strong exper tise and experience in maintaining the UK’s oldest
running rail network, the London
Underground, since it opened in
the mid-19th century (TfL, 2015).
A director from Company B highlighted that “UK contractors are
world-class in terms of technical superiority and experience in the rail
industry”.
This finding is similar to Seymour’s (1987) key finding which
suggested that UK contractors had
a technological knowledge and expertise advantage compared to indigenous firms.
COMPETITIVE
DISADVANTAGES: FINDINGS
As shown in Table 3, the major
O-disadvantages were identified
to be (i) lower prices from indigenous and other foreign contractors and (ii) the lack of home

CONSTRUCTION CONTRACTING
Ownership disadvantage factors

MIR

Rank

Protectionist government policies of host country

5.0

5th

Lower pricing from indigenous and foreign contractors

1.6

1st

Lack of home government support

1.7

2nd

Lack of flexibility in commercial approach

3.6

4th

Lack of cultural fit and integration

3.1

3rd

Table 3: Competitive disadvantages relating to ownership factors

government suppor t, which are
fur ther discussed here.
Lower pricing from
competitors
Lower pricing from local and other
foreign contractors has been identified as a major competitive disadvantage, especially in the work by
Seymour (1987), Mansfield (1988)
and Cuervo and Low (2003). According to the evidence cited from
the above literature and interview
responses, contractors from China,
Japan, South Korea and Taiwan were
perceived to have lower and aggressive prices in tendering. Moreover, a
manager from Company C argued
that “contractors in Singapore have
lost the artisan way of building and
are much more focused in winning
the tender rather than selecting the
best contracts and understanding
how best to deliver the project”.
Hence, Seymour (1987) emphasised that contractors need to differentiate themselves against the
competition and not solely on price,
which ties in with the views of two
directors from a related government agency, both of whom stated
that “MRT contracts are not necessarily won by the lowest price”.
This appears to be evident in the
recent awards of MRT contracts to
Gammon for the Mayflower station
and associated tunnels, which were
won in spite of its tender being only
the third lowest in price, in comparison with other Singaporean and
Chinese contractors (LTA, 2015c).
Conversely, a majority of the respondents perceived UK contractors to have higher costs due to

expensive overheads and risk premiums. However, there seems to
be little evidence to support this
insight due to the non-disclosure of
tender price breakdowns of MRT
contracts awarded.
Lack of home government
support
A majority of the respondents highlighted the lack of financial assistance from the UK government to
suppor t UK construction exports.
In particular, a director from Company D stated that “UK contractors do not get the same level of
government financial suppor t, compared to the Japanese and South
Korean firms who are dominating
the market”.
This is similar to the findings
presented by Seymour (1987)
and Mansfield (1988), in which it
was noted that the Japanese and
South Korean governments played
key roles in expanding their construction trade expor ts overseas
through direct and indirect support.
Therefore, to overcome this, it was
suggested that the UK government
needs to provide some level of suppor t to UK contractors through tax
subsidies and access to loans, grants
and/or bilateral aid, as appropriate.
Correspondingly, this finding
does not completely mesh with Cuervo and Low’s (2003) study, where
Singapore transnational construction corporations (STCCs) considered the lack of home government
suppor t to have less impor tance.
This is because the Singapore government has also adopted a laissezfaire approach to managing the lo-

cal construction market. Conversely,
STCCs viewed the following Oadvantage factors to be significantly
impor tant: (i) firm’s name and reputation, (ii) stakeholders' commitment to client’s needs and (iii) protection of legal and proper ty rights
(Cuervo and Low, 2003). Similarly,
STCCs viewed the following O-disadvantage factors to work against
them: (i) smaller size of Singaporean
firms, (ii) reducing home market demands and (iii) competitors having
better knowledge of their country
and clients (Cuervo and Low, 2003).
CONCLUSION
Research on competitive advantages of international contractors has
been prolific. The literature review
provided an understanding of the
underlying factors influencing the
major competitive advantages and
disadvantages of UK contractors operating in foreign markets. As a result, advantage factors such as technical exper tise, reputation, home
government suppor t and pricing
were identified to be the most important among researchers, namely
Seymour (1987), Mansfield (1988)
and Cuervo and Low (2003). However, their studies were focused on
cer tain markets and time periods,
that have since evolved.
In the context of Singapore’s rail
sector, the most important competitive advantages of UK contractors appear to come from (i) the
firm’s name and reputation and (ii)
information, knowledge, technology
and R&D capability. Correspondingly, the most significant disadvantage factors include (i) lower prices
from indigenous and other foreign
contractors and (ii) lack of home
government suppor t.
One limitation of this current
study is that the empirical findings
presented were all collated in Singapore, in addition to the small purposive sample of responses, albeit
involving respondents and/or interviewees holding very senior man-
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agement positions, with more than
20 years of relevant experience and
with inside knowledge of the Singapore rail sector. It is hoped that
the next phase of this study can be
extended to other respondents/interviewees who similarly meet such
stringent sampling criteria but who
are physically located in the UK. In
so doing, a more complete picture
of the competitiveness of UK contractors in the Singapore rail sector
can be derived.
The limitations of this study include two other key areas that need
fur ther investigation, which are the
location (L) and internalisation (I)
advantage factors. Nevertheless,
this current study opens up oppor tunities to those interested in
pursuing fur ther research on the
topic, to comprehensively embrace
all three (OLI) advantage factors. In
the meantime, key findings from this
current research can serve to provide preliminary inputs to trigger a
roadmap for developing competitive strategies for UK contractors in
the Singapore rail sector.
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bauma booked to capacity once again
bauma 2016, the 31st Edition of the World’s Leading
Trade Fair for Construction Machinery, Building Material Machines, Mining Machines, Construction Vehicles
and Construction Equipment, will be held from 11 to
17 April 2016, in Munich Germany.
Organised by Messe München, Germany, bauma
2016 will occupy all 605,000 m2 of space at the trade
fair centre.
Various innovations in formwork technology
Speed and profitability are some of the main success
factors in the construction industry. This is also one of
the considerations for formwork experts who are tackling these challenges and they will again present a large
number of products and innovations at bauma 2016.
A new development from Peri, a formwork and scaffolding technology company based in Weissenhorn in
Germany, is aimed at foreign markets with a colder climate. For this purpose, Peri combined its proven Maximo wall formwork system with optional, easy-to-mount
heating modules. Heating ensures that concreting work
can be carried out even at low temperatures since the
hydration process is not inhibited.
Another innovation which Peri will present at the industry meeting point in Munich is a new core automatic
climbing formwork which was specially designed for
high-rise building cores with medium to large dimensions. New hydraulic units supply the power to climbing
hydraulic cylinders which produce a hoisting capacity of
40 t. Due to this high load-bearing capacity, large concrete placing booms can also be raised and supported
during operation.
One key factor for greater efficiency is the ideal formwork removal time. Doka, a formwork specialist from
Austria, has been offering the Concremote service for
this purpose, for some time now. The development of
the compressive strength and heat of hydration in the
concrete during construction is measured in real-time.
Formwork removal times, after-treatment times and
the earliest point for prestressing can be derived from the
strength development of the concrete. Doka will present
a further development of the system at bauma 2016.
The new ‘Concremote plug.In’ is integrated directly
in the ceiling system of the formwork and automatically provides information on the correct time for
formwork removal.
Speed is also vital in many regions of Latin America,
Southeast Asia and the Middle East, especially when inexpensive housing has to be built for large numbers of
people. Doka has developed Doka OneGo, a monolithic formwork system, as a solution to this challenge.
In this system, which will be presented during bauma

2016, walls and ceilings are concreted in one cast. According to the company, the application area of Doka
OneGo ranges from one-family houses and apar tment
complexes through to multi-storey residential buildings.
Friedr. Ischebeck GmbH of Ennepetal, Germany will
present a new 30 kN prop with an external aluminum
tube and a tubular steel threaded spindle at bauma 2016.
The special aspect of this prop is a quick adjustment
nut not normally found in steel props. Thanks to the
special external aluminum tube profile, the new prop
also features the option of elevation and reinforcement
with aluminum stiffening frames.
Based on the model in other industries, the construction industry is also increasingly striving to create a
chain, which is continuous as possible, from planning and
construction through to the operation of buildings. The
key phrase here is Building Information Modelling (BIM).
For example, the manufacturer Paschal from Steinach,
Germany, is heading in this direction with its already
tested formwork software Paschal-Plan light (PPL). It
suppor ts the planning and implementation process for
concrete structures throughout the entire construction
period. According to the company, the practical experience of Paschal itself and many other users has been
included in the adapted version that will be presented at bauma 2016. One new feature, for example, is
the ‘ceiling formwork’ module. In-situ concrete ceiling
formwork and filigree ceiling suppor ts can be produced
automatically with this module. The shoring system is
also dimensioned based on the calculation in DIN EN
12812. According to Paschal, 3D models can be produced quickly and easily using the ‘Design’ module.
With just one click, users can generate a cross-system material list from the parameters in the 3D model.
The ‘Warehouse’ model can be used to administer the

Visitors waiting to enter bauma 2013, the previous edition of the event.
Image by Messe München.

February 2016 THE SINGAPORE ENGINEER

41

EVENTS
entire stock of formwork and machines transparently on both a building site and in a building yard.
Companies showcase latest trends in
construction machinery
One of the current market requirements for the most
diverse types of construction machinery is efficiency even in small spaces.
‘Compact’ is an oft-used keyword here. Among its
cold milling machines, therefore, German manufacturer
Wir tgen is also offering a ‘Compact Class’. Its existing
range of machinery has now been supplemented by the
W 150 CFi front loader. The company claims that the
new product combines the advantages of small milling
machines, such as maneouvrability, one-man operation
and flexibility, with the front loader principle and the
productivity of Wirtgen’s large milling machines.
According to the company the W 150 CFi, with a
working width of 1.5 m and a milling depth of up to 330
mm, is particularly suitable for larger construction sites
where space is limited, such as in city centres. When
manoeuvring under these conditions, the machine’s
sophisticated visibility concept in combination with its
camera system is said to be helpful.
The two new EZ80 and EZ53 excavator models from
manufacturer Wacker Neuson are also designed for work
in confined spaces. As so-called ‘zero tail’ excavators, they
have no rear overhang. According to information provided by the company, they can achieve high levels of
excavation performance even in hard-to-reach places.
The smaller EZ53 model, with an operating weight of
around 5.3 t, is claimed to be one of the most powerful
excavators in its class. According to Wacker Neuson, the
larger EZ80 model, with an operating weight of around
8 t, impresses with low fuel consumption.
It is not only in city centres but also during handling
operations that space can be restricted. With the new
edition of its Pick & Carry 730 rehandling excavator,
Lower Bavarian manufacturer Sennebogen is launching
a machine aimed specifically at timber handling. With
a tail swing radius of 2.76 m and a width of 3.30 m, it
is designed to be very compact and, at the same time,
highly stable. With a working radius of 10.5 m, the excavator achieves a working load of up to 4.2 t. Also, owing
to the 360° rotatable upper carriage, it can always be
driven forward out of sor ting lanes, thus eliminating the
need for complex manoeuvring.
There is a continuing expectation for modern construction machinery to help speed up production processes on construction sites. This is where automatic
controls integrated at the factory, which are finding
their way into increasing numbers of construction machines, come into play. Thus Caterpillar and Zeppelin,
for example, are showing a new assistance function
with semiautomatic shovel control for chain excavators
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at bauma 2016. Using the ‘CAT Grade with Assist’ system, the driver references his shovel cutting edge to a
known height spot, enters a height offset and can begin
to prepare the fine level automatically with centimetreperfect accuracy. Throughout the process, the shovel is
carried along at a constant cutting angle. As the driver
cannot press the shovel cutting edge under the set level
in automatic operation, he avoids digging too deep. This
saves unnecessary additional excavation of material and
follow-up work. According to the manufacturer, Assist
displays its strengths specifically in situations where it
is difficult for the driver to estimate the height, for example, in canal construction or building pit excavation.
Komatsu Europe is also assisting drivers with automatic solutions. In Munich, it is introducing the new
D85EXi/PXi-18 dozer with intelligent machine control. Using this equipment, both the rough cut and the
fine levelling can be carried out in automatic operating
mode. The system senses and controls the load adjacent to the blade and automatically optimises the penetration depth of the blade. In contrast to the retrofit
solutions available on the market, this technology too
is integrated into the machine back at the factory. According to Komatsu, dozers equipped with intelligent
machine control can achieve substantially improved operating efficiency - especially if an accurate final fine
level has to be guaranteed.
For drivers, automatic controls also mean increased
comfor t. In general, working comfort in the cab and
the process awareness resulting from it are increasingly becoming the focus of attention for construction
machinery manufacturers. In the experience of British
manufacturer JCB, the CommandPlus cab in its wheeled
loader flagship 457, which has been optimised in terms
of comfor t and visibility, has proved ideal in practical conditions. This is why the company has now also
equipped its medium-range machine segment with it.
At bauma 2016, four more wheeled loader models featuring the cab, in which the B-pillars are placed at the
same width as the rear, will be on show. This results in a

A view of the interior exhibits at bauma 2013. Image by Messe München.
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large interior with very good visibility thanks to a panoramic front windscreen. ‘Command Driving Position’ is
the name given by JCB to the driver position with its reengineered pedals, an adjustable steering column and
seat-mounted hydraulic levers. Full-colour LCDs show
the operator screens of the loader and act as a monitor
for a rear-view camera.
In order to intelligently combine new developments
in a visionary cab, last year, independent OEM suppliers
and scientists banded together to form the ‘CAB concept cluster’. Together, they designed the ‘genius cab’.
The model cab is claimed to set standards in terms
of safety, intuitive handling, driver comfort, maintenance
and design. Not only will it be on show for the first
time at bauma 2016, it has also been nominated for the
bauma Innovation Award in the ‘Design’ category. The
award recognises research and development teams of
companies and universities, who make practical, cuttingedge technology for the construction, building materials
and mining industries, ready for the market, while keeping the environment, resources and human beings very
much in mind.
In the ‘Components’ category of the bauma Innovation Award, a new high-strength fibre rope for lifting applications, that Liebherr has developed together
with Austrian rope manufacturer Teufelberger, has been
nominated. It is said to be up to 80% lighter than steel
ropes and, in addition, has a longer service life. Due to
the reduced weight of the rope, working loads can be
increased with no change in the gross vehicle weight.
Fitting and removal is also simplified, as the fibre ropes
can often be fitted by hand and without auxiliary reeving winches on the crane. Fur thermore, lubrication of
the ropes is no longer required. At bauma 2016, Liebherr is presenting the rope, which is about to be
launched onto the market, in a technology pavilion at
its stand, in the open-air exhibition ground.

In general, cranes continue to be a rich field for new
developments and refinements. Accordingly, among
other products, the American company Terex, which
specialises in lifting and materials handling solutions,
is showing its new ‘Boom Booster kit’ for the Superlift
3800 crawler crane, at bauma 2016.
The welded steel structure consists of up to seven
sections, each 12 m long, for direct mounting onto the
crane. The Superlift 3800 crane can thus achieve a maximum hook height of 174 m and, in this configuration,
lift loads of up to 80 t. In the opinion of the manufacturer, the upgraded multifunctional crane is especially
well-suited for the construction of large wind turbines
where lifting heights of more than 140 m are required.
Last year, German manufacturer Wolffkran opened a
new branch in the US. To coincide with its expansion,
the Heilbronn company developed US versions of its
two luffing cranes, the Wolff 355 B and 700 B. At bauma
2016, Wolffkran is showing the smaller 355 B US model.
To adapt to American specifications, its boom can be
provided with an optional auxiliary hoist. The electrical system and method of construction have also been
modified to conform with the regulations of the new
target market.
bauma 2016 will be the first large specialist trade
fair attended by Manitowoc Cranes as an independent
company. Among the innovations it has announced is
the MDT 389 tower crane. The new development is
the largest of a new range of topless cranes from Potain, which are all equipped with the Manitowoc crane
control system (CCS). The CCS is a new operating
system that is set to be available in all new Potain
tower cranes in the foreseeable future. According to
the company, CCS offers its users a high degree of
comfor t and flexibility, especially ergonomic operation
and improved lifting capacity.

The display of cranes in the outdoor area of bauma 2013. Image by Messe München.
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Highly automated precast production at SEF
SpaceHub
SEF SpaceHub, the first Integrated Construction and Prefabrication Hub (ICPH) to be awarded under a public tender by the Building and Construction Authority (BCA),
was officially opened on 23 September 2013.
Located in Kaki Bukit, SEF SpaceHub comprises a fivestorey precast concrete components production factory,
four-storey office, seven-storey dormitory, three-tier precast components storage structure with fully automated
storage and retrieval system, and a concrete batching plant
with underground aggregate storage facility.
SEF SpaceHub is capable of producing more than 25
types of components, including columns, beams, planks,
walls, facades, staircases, household shelters and prefabricated bathrooms.
Integrated Construction and Prefabrication
Hubs
BCA had worked with various government agencies to
formulate a masterplan for the development of multi-storey ICPHs, with land set aside on a longer 30-year lease
term for production of precast and prefabricated components together with other related construction activities,
all housed within a multi-storey complex. This will help to
intensify the use of land.
The longer lease land proposed under the masterplan
would attract firms to invest and achieve higher productivity with the application of automation and mechanisation
in these hubs, while raising their production capacity to
meet the demand for precast components.
With the development of ICPHs, the landscape of the
precast sector in Singapore will progressively transform,
with highly automated precast production, as opposed to
the current situation of mostly open precast yards. This
would lead to higher construction productivity.

Automated multi-tier precast storage rack system with storage capacity for more than 100 trailers
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Automated concrete placement and compaction

Automated smoothening machine

Automated concrete curing chamber
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Dassault Systèmes and National Research
Foundation collaborate to develop the Virtual
Singapore Platform
Dassault Systèmes, a world leader in 3D design software, 3D Digital Mock Up and Product Lifecycle Management (PLM) solutions, recently announced a cooperation with the National Research Foundation (NRF),
Prime Minister’s Office, Singapore, to develop Vir tual
Singapore, a realistic and integrated three-dimensional
(3D) model with semantics and attributes in the virtual
space. Advanced information and modelling technology
will allow Vir tual Singapore to be infused with static and
dynamic data and information.
Virtual Singapore is a collaborative platform with a
rich data environment and visualisation techniques that
will be used by Singapore’s citizens, businesses, government and research community to develop tools and
services that address the emerging and complex challenges Singapore faces. This project will build upon Dassault Systèmes’ 3DEXPERIENCECity to create a dynamic, 3D digital model of Singapore and connect all
stakeholders in a secured and controlled environment.
The model will employ analytics and simulate modelling
capabilities for testing concepts and services, planning,
decision-making, researching technologies and generating community collaboration.
With images and data collected from various public
agencies, including geometric, geospatial and topological information, as well as legacy and real-time data such
as on demographics, movement or climate, Vir tual Singapore users will be able to create rich visual models
and realistic large-scale simulations of Singapore. Users
can digitally explore the impact of urbanisation on the
city-state and develop solutions that optimise logistics,
governance and operations related to environmental
and disaster management, infrastructure, homeland security or community services.
“Singapore is the most advanced city in the world,
in terms of leveraging technology to plan and manage
its transformation over the next decades, and its government’s forward-thinking vision of becoming a Smart
Nation parallels our own mission to harmonise product,
nature and life through 3D universes”, said Mr Bernard
Charles, President & CEO, Dassault Systèmes.
“Cities are some of the most complex ‘products’ created by humanity. Through more efficient and accurate
predictions of future experiences within these cities, using state-of-the-art tools and applications, we can better anticipate national resource planning or provision
of services, and contribute towards a more sustainable

quality of life. We hope to see other cities echo Singapore’s exciting initiative", he added.
Dassault Systèmes’ 3DEXPERIENCECity, powered
by the 3DEXPERIENCE platform, provides a scalable,
single unified hub to represent, extend and improve the
real world and manage data, processes and people of
sustainable cities. 3DEXPERIENCECity addresses architecture, infrastructure, planning, resources and inhabitants through vir tualisation, simulation and collaboration
capabilities.
Research, innovation and enterprise are central to
Singapore’s development as a knowledge-based economy and society, as it helps to provide solutions to improve people’s lives, create job oppor tunities and enter new industries. Virtual Singapore was launched in
December 2014 as par t of Singapore’s Smar t Nation
drive. The Vir tual Singapore platform is expected to be
completed by 2018.

A 3D model of an area in Bishan that allows consistent and accurate merging of
multiple sources of data, providing an independent reference for Singapore and all
the players involved.

Screenshot of Virtual Singapore which provides a 3D-platform for agencies to
collaborate, model, simulate and anticipate.
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Autodesk enhances InfraWorks 360 to help
accelerate the move to BIM
Autodesk, a leader in 3D design, engineering, and enter tainment software, recently announced that it is
enhancing its Autodesk InfraWorks 360 product by including new Road Design, Drainage Design and Bridge
Design modules at no additional charge and without
separate subscription.
These advanced capabilities were previously found separately in vertical Autodesk application modules. By including these features in the core InfraWorks product, users
will no longer need to purchase modules individually.
“We are constantly working to expand the capabilities of InfraWorks 360 and help customers improve
their project workflows. By integrating more functionality into the core InfraWorks 360 product at no additional cost, we are lowering the barriers to adoption for
customers and helping them to accelerate their move
to BIM for infrastructure”, said Mr Gianluca Lange, Head
of Sales for Architecture, Engineering and Construction,
Autodesk ASEAN.
InfraWorks 360 is Autodesk’s next generation ‘BIM for
Infrastructure’ offering that enables parametric modelling
in a spatial context. It offers customers the benefits of
maintaining a BIM workflow through planning, design, construction and operations of infrastructure assets.
Many customers worldwide have leveraged the power of InfraWorks 360 to optimise their project delivery
process. Among them are Parsons Brinkerhoff; VHB; David, Evans & Associates; SCODI (China); Soethe Cursino
(Brazil); and others.

FINALCAD offers mobile platform for
construction projects
Building Information Modelling (BIM) is pushing back
boundaries in the design, construction and operation of buildings, and joining forces with the Internet
of Things (IoT) for an increasingly connected and
smarter way to construct and maintain buildings.
FINALCAD, from Knowledge Corp Group, is a
mobile platform that helps all construction stakeholders to access and update information during
the implementation of building projects. FINALCAD
brings the benefits of BIM to the field as well as predictive analytics.
FINALCAD can be used to check the structural
works of construction projects with the help of
posters and drawings provided by the app.
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AutoCAD Civil 3D users are also now able to attach
InfraWorks 360 to their traditional CAD-based workflows and improve their productivity through enhanced
BIM workflows. The seamless interoperability between
InfraWorks 360 and Civil 3D provides customers an
oppor tunity to fuse BIM’s contextual visualisation capabilities with detailed CAD design in their projects.
Existing users of InfraWorks 360 simply need to update their version of InfraWorks 360 to gain access to
the complete package. New subscribers to InfraWorks
360 will also immediately have access to all the capabilities available within the InfraWorks 360 portfolio.
Interested users can access a free 30-day trial of InfraWorks 360 via Autodesk.com.

Rendering of the E16 Highway in Norway, created in InfraWorks 360 by COWI,
an Autodesk customer. COWI is using a 3D model to support the project for the
Norwegian Public Roads Administration. Image by COWI.

Construction engineers can conveniently use
their smartphone or tablet to make checks on site,
without having to go back to the office. A document can then be produced immediately on site.
Since 2011, FINALCAD has helped more than
5,000 projects in 25 countries and keeps on advancing the digital transition of the construction industry.
FINALCAD has helped projects of all sizes in
Southeast Asia. Customers include Shimizu Corporation, Daewoo Engineering & Construction, and
Total Bangun Persada, with projects across Singapore, Malaysia and Indonesia.
The company now has an official subsidiary in
Singapore called FINALCAD South East Asia Pte
Ltd which recently signed its first contract with
Woh Hup, a leading local construction company.
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A patented permanent polymer formwork for
walls and columns
The Dincel Construction System (DCS), from Australia,
uses a patented permanent polymer formwork for walls
and columns. When filled with ready-mixed concrete, it
creates cost-effective, strong, durable and maintenancefree structures. DCS is lightweight, safe and simple to
use, and the product has a number of characteristics
that make it versatile and desirable in a range of construction projects.
DCS can be installed with no need for cranes, scaffolding or other special equipment and reduces construction time via its fast-snapping installation technique.
It allows the construction of the building skeleton
without interference from services and fit-out trades,
with no formwork removal and reduced wet weather
delays, while minimising the risk of injury to workers.
A study by the Swinburne University of Technology
in Australia concluded that DCS offered significant energy- and CO2-savings over traditional construction
processes.
DCS is also fully waterproof, as tested by the Commonwealth Scientific and Industrial Research Organisation, Australia’s federal government agency for scientific
research. This eliminates the need for additional waterproofing treatment and makes it suitable for use in the
construction of water tanks or barriers, or in basement
situations below the permanent water table. It will
not crack or corrode, even when exposed to seawater,
waste water, petroleum or other chemicals.
It is environment-friendly, non-toxic, and free of volatile organic compounds, heavy metal stabilisers and plas-

ticisers. The system is suited to the worst bushfire conditions with flammability and smoke ratings lower than the
threshold set by the Building Council of Australia.
DCS will not crack or deteriorate from exposure to
water or pests, making it maintenance-free with a minimum 100-year lifespan, and it is 100% recyclable. DCS
is termite-proof and able to withstand ear thquakes and
hurricanes.
DCS is suitable for private residences, villas, townhouses and multi-storey
apar tments, as well as
commercial
buildings.
The system was awarded an Innovation New
Product Award by the
Master Builders Association in 2009. It has been
used in more than 2,000
projects in Australia and
is currently specified by
more than 800 Australian engineers.
Dincel has already received Singapore Green
Building Council’s green
product certification. It
is now aiming to obtain
recognition for the high
productivity and buildWith DCS, construction time can be
ability achievable with the
reduced by employing a fast-snapping
product.
installation technique.

A wall made with DCS.
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BCA estimates S$27 billion to S$34 billion worth of
construction contracts to be awarded this year

Prospects for Singapore’s construction industry

The Building and Construction Authority (BCA) projects the total construction demand or the value of
construction contracts to be awarded this year, to be
between S$27 billion and S$34 billion, with about 65%
driven by public sector demand.
If the forecasted estimates this year are met, this
will be the highest propor tion of construction demand
from the public sector since 2002. Last year, the total
construction demand was approximately S$27.2 billion,
with public sector projects accounting for slightly more
than half of the demand.
Review of construction demand and output in
2015
The total construction demand last year fell short of
BCA’s earlier estimates of S$29 billion to S36 billion,
due to the rescheduling of a few major public infrastructure contracts such as MRT projects from the
four th quar ter last year to early this year.
On the other hand, the total construction output or
progress payments made for the work done in 2015,
remained high at about S$35 billion, due to the strong
construction demand in the preceding two years. This
contributed to about 4.7% of GDP last year.
Outlook for 2016
Construction demand from the private sector this year
is expected to slow down from previous years, due to
less favourable economic conditions and an increased
supply of completed private housing projects and offices. However, this is suppor ted by a higher construction demand from the public sector, largely due to an
increase in civil engineering demand.
Key projects this year include the ramp-up in the
Home Improvement Programme for HDB flats, the
construction of the new National Cancer Centre,
State Cour ts’ new building at Havelock Square, JTC’s
Integrated Logistics Hub, PUB’s water reclamation and
48

THE SINGAPORE ENGINEER February 2016

sewerage projects, Changi Airpor t’s 3-runway system
(package 2), improvement works to the Kranji Expressway and Pan-Island Expressway, and the remaining contracts for the Thomson-East Coast MRT line.
BCA expects the total construction output this year
to moderate to between S$32 billion and S$34 billion,
par tly due to the lower construction demand last year.
Forecast for 2017 to 2020
The average construction demand is expected to be
sustained between S$26 billion and S$35 billion in
2017 and 2018, and S$26 billion to S$37 billion in 2019
and 2020. BCA estimates public sector construction
demand to be between S$16 billion and S$20 billion
annually from 2017 to 2020, with about 60% of the
total demand coming from building projects and the
remaining from civil engineering projects.
Civil engineering construction demand is expected
to remain strong beyond 2016, due to major infrastructure works including the construction of new MRT lines,
the Nor th-South Expressway, associated infrastructure
works for Changi Airpor t Terminal 5 and phase 2 of the
Deep Tunnel Sewerage System.
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