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The Building and Construc  on Authority (BCA) projects the 
total construc  on demand (ie the value of construc  on 
contracts to be awarded) in 2019 to range between SGD 
27 billion and SGD 32 billion, comparable to the SGD 30.5 
billion (preliminary es  mate) awarded in 2018.

The projected outlook is due to sustained public sector 
construc  on demand, which is expected to reach 
between SGD 16.5 billion and SGD 19.5 billion in 2019, 
contribu  ng to about 60% of the projected demand for 
this year. Public construc  on demand is expected to be 
boosted by major infrastructure projects and a pipeline 
of major industrial building projects.

The private sector’s construc  on demand is expected 
to remain steady at between SGD 10.5 billion and SGD 
12.5 billion in 2019, supported by projects including the 
redevelopment of past en-bloc sales sites concluded 
prior to the second half of 2018 and new industrial 
developments.

Last year’s total construc  on demand was within 
forecast, due to strong demand from ins  tu  onal 
building and civil engineering projects, con  nued 
posi  ve growth in the manufacturing sector and more 
private residen  al redevelopment projects from en-bloc 
sales in 2017 and the fi rst half of 2018. Total preliminary 
construc  on demand last year for the public and private 
sectors was SGD 18.4 billion and SGD 12.1 billion, 
respec  vely.

Forecast for 2020 to 2023
BCA expects a steady improvement in construc  on 
demand over the medium term. Demand is projected to 
reach between SGD 27 billion and SGD 34 billion per year 
for 2020 and 2021 and could increase to between SGD 
28 billion and SGD 35 billion per year for 2022 and 2023.

The public sector is expected to contribute SGD 16 billion 
to SGD 20 billion per year from 2020 to 2023 with similar 
propor  ons of demand coming from building projects 

and civil engineering works. Besides public residen  al 
developments, public sector construc  on demand over 
the medium term will con  nue to be supported by big 
infrastructure projects such as the Cross Island Line, 
developments at Jurong Lake District and Changi Airport 
Terminal 5.

BCA also expects private sector construc  on demand 
to gradually increase in the medium term, boosted by 
further growth in the other economic sectors.

Construc  on Output
Based on the contracts awarded in the past few years 
and the construc  on demand forecast for 2019, total 
nominal construc  on output in 2019 is projected to 
increase to between SGD 28 billion and SGD 30 billion, 
compared to the es  mated SGD 27 billion in 2018. This is 
supported by the improved construc  on demand in 2018 
following the 2015-2017 slowdown.

Innova  on to accelerate and transform the way 
we build
As we con  nue to push for the adop  on of advanced 
construc  on methods in both public and private 
sector projects to improve produc  vity and enhance 
infrastructure sustainability and maintainability, fi rms 
are encouraged to invest in technology and innova  on 
which will enable them seize future opportuni  es. 
To help fi rms do so, BCA will expand the Building 
Innova  on Panel (BIP) - an inter-agency pla  orm that 
accelerates the regulatory clearance of technologies 
that improve construc  on produc  vity - to cover any 
type of innova  on that can improve Singapore’s built 
environment. Such innova  ons can include advanced 
and sustainable building materials, technologies for 
green buildings and automa  on for construc  on.

The enhanced BIP will be implemented in February 2019 
and benefi t Singapore’s built environment by suppor  ng 
the innova  on eff orts of our fi rms. 

SINGAPORE’S TOTAL CONSTRUCTION 
DEMAND TO REMAIN STRONG THIS YEAR

Year Construc  on demand (Value of contracts awarded, S$billion) Construc  on Output
(Value of cer  fi ed 
progress payments, 
S$billion)

Public Private Total Total

2018p 18.4 12.1 30.5 27

2019 f 16.5 – 19.5 10.5 – 12.5 27 – 32 28 – 30

2020 – 2021 f 16 – 20 per year 11 – 14 per year 27 – 34 per year

2022 – 2023 f 12 – 15 per year 28 – 35 per year

p: Preliminary f: forecast

Break-down of construction demand. 
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Leading pump manufacturer Grundfos has announced 
the appointment of Mr Hideo Shirakawa to the role of 
Area Managing Director (AMD) of Grundfos East Asia 
with eff ect from 1 January 2019. 

In his new role, he will be responsible for leading the 
company’s business across Japan, South Korea and 
Taiwan, and spearheading opportuni  es for Grundfos’ 
development and expansion in East Asia.

Mr Shirakawa brings with him more than 30 years 
of experience in sales, marke  ng and business 
development, having held senior roles in a number of 
top organisa  ons in Japan. 

He joined Grundfos in 2012 as a Sales Director and has 
been serving as the General Manager of Grundfos Pumps 

KK Japan since July 
2013. According to the 
company, he con  nues 
to serve in this role 
alongside his new 
assignment as AMD of 
East Asia. 

Mr Shirakawa holds 
a Bachelor of Arts 
from Tokai University, 
Kanagawa, Japan, and 
a Master of Business 
Administra  on from 
Boston University, 
Massachuse  s, USA.

Mr Hideo Shirakawa. 
Photo: Grundfos

GRUNDFOS APPOINTS 

NEW MANAGING DIRECTOR FOR EAST ASIA 
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Engineers at the Massachuse  s Ins  tute of 
Technology (MIT) have built and fl own the 
fi rst-ever plane with no moving parts.

Instead of propellers or turbines, the light 
aircra   is powered by an “ionic wind” – a 
silent fl ow of ions that is produced aboard the 
plane that generates enough thrust to propel 
it over a sustained, steady fl ight.

Unlike turbine-powered planes, the aircra   
does not depend on fossil fuels. And unlike 
propeller-driven drones, the new design is 
completely silent. 

“This has poten  ally opened new and 
unexplored possibili  es for aircra   which 
are quieter, mechanically simpler, and 
do not emit combus  on emissions,” said 
Associate Professor Steven Barre   from MIT’s 
Department of Aeronau  cs and Astronau  cs. 

The results of his team’s research were published in the 
journal Nature in November 2018.

A/Prof Barre   expects that in the near-term, such 
ion wind propulsion systems could be used to fl y less 
noisy drones. Further on, this could also be paired 
with conven  onal combus  on systems to create more 
fuel-effi  cient, hybrid passenger planes and other large 
aircra  .

Inspired by the futuris  c aircra   in science-fi c  on series 
Star Trek, which he watched as a child, A/Prof Barre   
began looking for ways to design a propulsion system for 
planes with no moving parts about nine years ago. 

He eventually came upon “ionic wind,” also known as 
electro-aerodynamic thrust. 

This physical principle, fi rst iden  fi ed in the 1920s, 
describes a wind, or thrust, that can be produced when 
a current is passed between a thin and a thick electrode. 
If enough voltage is applied, the air in between the 
electrodes can produce enough thrust to propel a small 
aircra  .

The team’s fi nal design refl ects this, carrying an array of 
thin wires, which are strung along and beneath the front 
end of the plane’s fi ve-metre wingspan. The wires act as 
posi  vely charged electrodes, while similarly arranged 
thicker wires, running along the back end of the plane’s 
wing, serve as nega  ve electrodes.

Resembling a large, lightweight glider, the aircra   weighs 
2.3 kg. Its fuselage holds a stack of lithium-polymer 
ba  eries, which are able to supply electricity at 40,000 
volts to posi  vely charge the wires via a lightweight 
power converter.

Once the wires are energised, they act to a  ract and 
strip away nega  vely charged electrons from the 
surrounding air molecules. The air molecules that are le   
behind are newly ionised, and are in turn a  racted to the 
nega  vely charged electrodes at the back of the plane.

As the newly formed cloud of ions fl ows toward the 
nega  vely charged wires, each ion collides millions of 
 mes with other air molecules, crea  ng a thrust that 

propels the aircra   forward.

In mul  ple test fl ights across the 60-metre gymnasium 
in MIT’s duPont Athle  c Center, the team found that the 
plane could produce enough ionic thrust to sustain fl ight, 
with similar performance fi gures across each test.

“This was the simplest possible plane we could design 
that could prove the concept … It needs to be more 
effi  cient, fl y for longer, and fl y outside,” noted A/Prof 
Barre  . 

The new design is a “big step” toward demonstra  ng 
the feasibility of ion wind propulsion, according to Dr 
Franck Plouraboue, senior researcher at the Ins  tute 
of Fluid Mechanics in Toulouse, France, who noted 
that researchers previously weren’t able to fl y anything 
heavier than a few grams.

“The strength of the results are a direct proof that steady 
fl ight of a drone with ionic wind is sustainable,” said Dr 
Plouraboue, who was not involved in the research. 

A/Prof Barre  ’s team is working on increasing the 
effi  ciency of their design and produce more ionic wind 
with less voltage. 

The researchers are also hoping to increase the design’s 
thrust density – the amount of thrust generated per unit 
area – and design an aircra   with no visible propulsion 
system or separate control surfaces.

MIT ENGINEERS FLY FIRST EVER 
PLANE WITH NO MOVING PARTS

A general blueprint for the ionic wind-propelled aircraft. The system may be used 
to propel small drones and even lightweight aircraft, as an alternative to fossil fuel 
propulsion. Image: MIT Electric Aircraft Initiative
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The Mari  me and Port Authority of Singapore (MPA) 
signed two Memoranda of Understanding (MOU) for 
Addi  ve Manufacturing (AM), also known as 3D prin  ng, 
at the 6th Global AM Summit, held on 17 and 18 October 
2018 at Singapore Expo. 

The signing ceremony was witnessed by Dr Lam Pin Min, 
Senior Minister of State for Transport and Health, and Ms 
Choy Sauw Kook, Assistant Chief Execu  ve and Director-
General, Quality and Excellence, Enterprise Singapore. 

The fi rst MOU was signed with PSA Corpora  on, the 
Na  onal Addi  ve Manufacturing Innova  on Cluster 
(NAMIC) and 3D MetalForge to establish the world’s fi rst 
on-site AM produc  on facility for port applica  ons, while 
the second was signed with NAMIC and the Singapore 
Shipping Associa  on to collaborate on an AM Joint 
Industry Programme (JIP) for marine parts. 

The AM produc  on facility will be located at Pasir 
Panjang Terminal, where PSA is tes  ng port technologies. 
It will feature state-of-the-art 3D printers capable of 
producing equipment parts, as well as a specialised 
mari  me digital cloud supported by blockchain 
technology for more secure fi le transfers.  

In the long run, PSA will expand the scope of these 
services to the wider mari  me industry, including ship 
owners, to help build its business adjacencies. 

Mr Ong Kim Pong, Regional CEO (Southeast Asia) of 
PSA Interna  onal, said, “Within our mari  me sector, 

we foresee widespread adop  on (of AM) within the 
immediate horizon … Co-crea  ng new innova  ons, 
including digi  sing inventories, will create opportuni  es 
to raise mari  me produc  vity to the next level.” 

As for the JIP, it is focused on establishing the commercial 
viability, technical feasibility and regulatory compliance 
behind the use of AM for marine parts, and will bring 
together a comprehensive ecosystem of partners from 
across the value chain. 

This collabora  on will strengthen Singapore’s role as 
a hub for ship supplies, and provide the industry with 
clarity on the challenges, opportuni  es and poten  al test 
cases for the deployment of AM.

MPA AND PARTNERS SIGN AGREEMENTS 
FOR 3D PRINTING FACILITY AND APPLICATIONS IN MARITIME SECTOR 

(Le   to right) The MOU on addi  ve manufacturing was signed by: Mr 
Lim Siang Yong, Chief Opera  ng Offi  cer, 3D MetalForge; Mr Ong Kim 
Pong (PSA), Dr Ho Chaw Sing, Managing Director, NAMIC, and Mr 
Andrew  Tan (MPA). It was witnessed by Dr Lam Pin Min and Ms Choy 
Sauw Kook. Photo: MPA

ST Engineering’s Electronics sector announced a partnership 
with Cisco Security and IBM late last year to develop integrated 
cybersecurity solu  ons that safeguard the networks of 
industrial control systems, with the goal of enhancing the 
protec  on of cri  cal infrastructure networks for essen  al 
services such as energy, avia  on, mari  me and land transport.

The three-party collabora  on combines engineering 
capabili  es, technical exper  se in the network security space, 
and advanced analy  cs to develop an integrated and secure 
reference solu  on architecture.

Apart from helping companies and network owners counter 
cybersecurity challenges, it will provide a consolidated overview 
and analysis of cyber events to enable security teams to address 
incidents more collabora  vely.  

The three partners will also explore building a Centre of Excellence 
to demonstrate and promote the integrated cybersecurity 
off erings developed through the collabora  on, including 
cybersecurity training and industry cer  fi ca  on.

“In this fast-evolving threat landscape, cybersecurity needs 
to be an intricate part of any system or network design. We 
are confi dent that this unique and dynamic collabora  on 
will develop robust solu  ons to help companies secure their 
networks,” said Mr Goh Eng Choon, General Manager of Info-
Security, Electronics, ST Engineering.

According to a recent report by Cisco, companies across Asia 
Pacifi c do not address half of the legi  mate cyber threat alerts 
they receive. With the number of cyber threats increasing 
rapidly, the real challenge lies in what comes a  er the alert is 
received, and how many are actually inves  gated. 

“We need to remember that cyber criminals are constantly 
working together and are relentless in their pursuits of hacking 
networks and infl ic  ng damage on their targets. Defenders 
need to take a similar approach by collabora  ng more, sharing 
intelligence and ensuring they stay a step ahead of the a  ackers,” 
said Mr Stephen Dane, Managing Director of Security for Asia 
Pacifi c, Japan and China at Cisco.

ST ENGINEERING JOINS HANDS WITH CISCO AND

IBM TO SAFEGUARD CYBER LANDSCAPES
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Sustainable energy provider Sunseap Group is 
developing one of the world’s largest off shore 
fl oa  ng photovoltaic (OFPV) systems, to be located 
north of Woodlands Waterfront Park, along the 
Straits of Johor.

Supported by the Economic Development Board 
(EDB), the fi ve megawa  -peak (MWp) fl oa  ng 
solar system will generate about 6,388 MWh of 
renewable energy annually once completed. This is 
equivalent to powering about 1,250 4-room fl ats, 
with a reduc  on in greenhouse gas emissions of 
about 2,600 tonnes every year, over the next 25 
years and beyond.

Unlike most large-scale fl oa  ng PV 
systems, which are built on freshwater 
ponds, lakes or reservoirs, Sunseap’s 
latest PV project is sea-based.

Mr Frank Phuan, Co-founder and 
CEO of Sunseap Group, noted that in 
land-scarce countries like Singapore, 
the widespread use of PV systems is 
hindered by space constraints and 
limited roof space. 

The successful delivery of this project 
is important in opening up similar 
opportuni  es for sea-based fl oa  ng 
photovoltaic systems in Singapore and 
the region.

Sunseap has previously par  cipated in the world’s 
largest fl oa  ng PV test-bed in Singapore at Tengeh 
Reservoir. Results so far have shown that the 
fl oa  ng PV systems perform be  er than typical 
roo  op solar PV systems in Singapore, due to the 
cooler temperatures of the reservoir environment.

The fi ve-hectare (equivalent to the size of fi ve 
football fi elds) OFPV pilot in Woodlands is expected 
to be commercially opera  onal early this year. This 
builds on Sunseap’s experience with freshwater 
systems in reservoirs and is expected to produce 
similar benefi ts.

The off shore solar PV system pilot is located north of Woodlands Waterfront Park, 
along the Straits of Johor. Photo: Sunseap Group

SUNSEAP TO BUILD ONE OF THE WORLD’S FIRST AND

LARGEST SEAWATER FLOATING SOLAR SYSTEMS

To provide faster and more reliable bus journeys for 
commuters, LTA will trial a signalling priority system that 
facilitates green traffi  c signals in favour of public buses 
that are delayed due to traffi  c condi  ons or accidents.

Between November 2018 and April 2019, the “Smart Bus 
Priority System” will be tested on Services 98 and 99, 
which ply Jurong East Avenue 1 and Jurong West Avenue 
1 between Jurong Town Hall Road and Jurong West 
Street 42/52.

As part of the trial, each bus will be fi  ed with a Global 
Posi  oning System (GPS) tracker that transmits its 

real-  me loca  on to a back-end assessment system. 
As the bus approaches a traffi  c junc  on, the system 
will communicate with the traffi  c lights and priori  se 
movement of the bus, if required, by either extending 
the green signal dura  on or shortening the red signal 
dura  on.

System data collected during the trial will be analysed 
at the end of the trial period to determine whether the 
system can eff ec  vely complement exis  ng bus priority 
measures, such as bus lanes, B-signal at junc  ons and 
bus priority boxes, to improve bus journey  mes and 
reliability.

PRIORITY SYSTEM FOR BUSES 
LTA TRIALS NEW SIGNALLING
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Bentley Ins  tute Press, publisher of textbooks and 
professional reference works for the advancement of 
the engineering, architectural, construc  on, opera  ons, 
geospa  al, and other sectors, has released ‘Prac  cal 
Founda  on Design with STAAD Founda  on Advanced’.

Vinayak Trivedi, Vice President and Global Head for 
Bentley Ins  tute, said, “We are pleased to off er this 
long-awaited  tle from Bentley Ins  tute Press, authored 
by Apurba Tribedi whose vision was instrumental in the 
development of Bentley Systems’ STAAD Founda  on 
so  ware. Like all  tles in the Bentley Ins  tute Press port-
folio, this publica  on aims to deliver con  nuous learning 
to help both students and prac   oners in infrastructure 
professions to upgrade their technical skills and support 
their going digital ini  a  ves”.

Prac  cal Founda  on Design with STAAD Founda  on Ad-
vanced follows a tutorial-based approach to help readers 
understand the fundamentals of founda  on design steps 
and processes. To help readers learn STAAD Founda  on 
Advanced quickly, the book provides detailed descrip-
 ons of all inputs and explana  ons of outputs.

Founda  on design is a crucial aspect of all structural design 
projects. However, founda  on design calcula  ons and 
reviews are typically manual and paper-based. Bentley 
Systems’ STAAD Founda  on Advanced strives to radically 
streamline founda  on design calcula  ons by integra  ng 
structural analysis data with all possible founda  on confi g-
ura  ons. For reviewers, the so  ware generates preliminary 
drawings and a very extensive step-by-step calcula  on sheet 
which includes all relevant design clauses and equa  ons. 

AVAILABILITY OF ‘PRACTICAL FOUNDATION DESIGN 

WITH STAAD FOUNDATION ADVANCED’ 
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Come March this year, transport operator ComfortDelGro 
will conduct trials of an autonomous shu  le bus service 
at NUS’ Kent Ridge campus. 

Held jointly with automo  ve distributor Inchcape 
Singapore, NUS and Toulouse-based EasyMile, the year-
long trial will be carried out using the EasyMile EZ10 
autonomous shu  le. 

The shu  le, which has a total carrying capacity of 
15 passengers, will run along a 1.6 km route in NUS 
between Heng Mui Keng Terrace and Business Link. 

According to ComfortDelGro, the trial is the fi rst of its kind 
in Singapore by a transport operator and is signifi cant 
because “it will be opera  ng in real mixed traffi  c condi  ons, 
alongside regular buses, cars and motorcycles”. 

A safety engineer will be on board the shu  le during the 
trial to ensure safe opera  on of the vehicle, as well as to 
provide engineering exper  se. 

The fi rst stage of the trial will focus on data collec  on 
for the shu  le’s mapping and naviga  on systems. Once 
the trial management team is sa  sfi ed that the shu  le 
is ready for commuter trials, passengers will be able to 
start boarding the vehicle. 

The EZ10 autonomous shu  le runs en  rely on electricity 
and integrates robo  cs and ar  fi cial intelligence 

technology to operate and navigate on exis  ng roadways 
with no addi  onal infrastructure. 

It has also an in-built access ramp for mobility challenged 
passengers. 

A similar trial is currently running in Forus, Norway, where 
it is running on a 1.2 km route on regular intervals in an 
area consis  ng of 3,500 companies and 40,000 employees. 
EZ10s have also been successfully deployed in France, 
Germany, Norway, Australia, Japan and California. 

The latest trial marks ComfortDelGro’s third foray into 
autonomous vehicles. Through its subsidiary, SBS Transit, 
it is currently par  cipa  ng in two ongoing trials – in 
Sentosa and Jurong Island – where it is assis  ng in data 
collec  on, opera  ons modelling and development. 

COMFORTDELGRO EMBARKS ON 
AUTONOMOUS VEHICLE TRIAL IN REAL TRAFFIC CONDITIONS 

CONSOVEYO INSTALLS AUTOMATED 

LOGISTICS SYSTEM ON JURONG ISLAND
Consoveyo Singapore, a part of Körber Logis  cs Systems, has partnered with a 
leading chemical special  es producer to provide intralogis  cs solu  ons in their 
expanding facility on Jurong Island. 

The project includes material fl ow planning and a logis  cs concept, as well as 
a highly customised, explosion-proof automated storage and retrieval system 
(ASRS) solu  on to service the new warehouse.

The client’s expansion plans called for new capabili  es to store more raw 
materials, fi nished goods, and work-in-progress (WIP) materials that are 
undergoing curing and se  ling processes. 

It was also looking to achieve higher throughput capacity, redundancy in its 
automated fl ow lines, and a larger storage volume within a rela  vely small footprint.

To fulfi l these requirements, Consoveyo delivered a 42-metre-high ASRS high-bay warehouse comprising four sets of double-deep stacker 
cranes, aisle racking, Rail Guided Vehicles (RGVs), high speed doors, conveyors, as well as a full suite of warehouse management so  ware. 

Together, the system off ered the user a total of 10,240 seamlessly connected, yet safely controlled and separated pallet loca  ons, from 
produc  on to storage areas.

Making use of a nitrogen-enriched iner  ng system and 12 sets of high-speed shu  er doors, Consoveyo designed a warehouse that 
allowed the client to safely host WIP materials while preven  ng safety hazards such as contamina  on, combus  on, and spoilage. 

To ensure the sustainability of the warehouse, all equipment were also fi  ed with power regenera  ve features.

In Consoveyo’s ASRS solu  on, RGVs service pallet 
loca  ons from produc  on to storage areas seamlessly. 
Photo: Consevoyo

The year-long autonomous shu  le trial will be conducted by 
ComfortDelGro, with EasyMile providing the vehicle and Inchcape 
Singapore funding it. Photo: EasyMile 
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BMT and Fenestra Malaysia have announced that they will 
be launching Venturi Asia, a new venture based in Kuala 
Lumpur, Malaysia, that will off er advanced wind tunnel 
modelling and environmental physics’ support to the civil 
construc  on, architecture, and the oil & gas sectors.

Venturi Asia is construc  ng a new boundary layer wind 
tunnel in Kuala Lumpur, that leverages almost three 
quarters of a century of experience in modelling air fl ow 
and op  mising high-performance engineering structures, 
in order to assist planners, architects and engineers. 

Said to be the only fully commercial facility of its kind in 
Southeast Asia, it will support the rapid urbanisa  on of 
the region, and bring wind tunnel tes  ng facili  es and 
environmental physics’ support to the doorstep of many 
of its clients. 

“This new tes  ng facility supports BMT’s new business 
model of harnessing a range of top-scale wind tunnel 
facili  es through partnering arrangements across the 
world”, said Sarah Kenny, Chief Execu  ve, BMT.  

“We are excited to be partnering with BMT on this new 
venture. Our experience in façade engineering has high-
lighted the need for sophis  cated quality-assured wind 
tunnel facili  es in the region”, said Masoud Moinfar, 
Managing Director, Fenestra Malaysia.

BMT is an interna  onal design, engineering and risk 
management consultancy, working principally in the 
defence, energy and environment, marine risk and insur-
ance, mari  me transport and ports and logis  cs sectors. 

Fenestra Malaysia is a façade engineering consultancy 
fi rm based in Kuala Lumpur. 

BMT AND FENESTRA MALAYSIA TO TEAM UP 

IN WIND TUNNEL VENTURE 
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SC Auto, a home-grown bus manufacturer, recently 
launched the SC Neustar, a new genera  on of buses that 
delivers a complete transport solu  on characterised 
by higher performance, greater effi  ciency, and be  er 
economics. 

The company also strengthened its posi  on as a market 
leader in the bus manufacturing industry in Asia by 
transforming its business model from a quality bus 
body builder to an Original Equipment Manufacturer 
(OEM). This a signifi cant step towards achieving the 
company’s ambi  ons to build on its capability to design, 
manufacture, and assemble its own products, from start 
to fi nish. 

Throughout the company’s transforma  on journey, since 
2014, SC Auto has invested a total of SGD 60 million to 
test and develop innova  ve automo  ve technology to 
build next-genera  on integral buses, expand its factory 
footprint in Singapore and Myanmar, as well as introduce 
automa  on processes to scale-up its overall produc  on 
capacity. 

Mr Tan Siow Chua, Chairman of SC Auto said, “Innova  on 
and passion are at the heart of SC Auto’s ambi  on to 
become a global leader in the bus and coach industry. 
With SC Neustar’s launch, we are set to reach our growth 
target of SGD 100 million in annual revenue in four years. 
As Asia’s fi rst and only integral bus OEM, the launch of SC 
Neustar demonstrates our unwavering commitment to 
pioneering new automo  ve technologies, underpinned by 
years of experience architec  ng and manufacturing high 
quality transporta  on solu  ons, and investment in R&D”. 

The SC Neustar 
The SC Neustar is designed with SC Auto’s proprietary 
Euro 6 chassis technology that has been developed 
through its R&D capabili  es and signature bus bodies. 
The bus has undergone extensive homologa  on tes  ng 
in Europe and is fully cer  fi ed, based on the Euro 6 
Emission Standard, a set of stringent standards adopted 
by European automo  ve makers to ensure buses meet 
exhaust and noise emission requirements, in order to 
reduce the carbon footprint of vehicles globally. 

Fully manufactured and assembled in Singapore, the SC 
Neustar is expected to have a lifespan of up to 20 years, 
off ering be  er economics through higher up  me and 
an extended opera  ng life. High performance is assured 
by the combina  on of the bus’s monocoque chassis 
construc  on and specially manufactured drivetrain for 
higher fuel effi  ciency, driveability and passenger comfort. 

Further, the SC Neustar’s lightweight design and build, 
using ferri  c stainless steel superstructures, off er be  er 
fuel savings and a lower cost of opera  on, compared to 
conven  onal designs. 

Expanded factory footprint 
In an  cipa  on of strong demand for the SC Neustar, 
SC Auto has doubled the area of its Singapore factory 
from 100,000  2 to 200,000  2, to provide the addi  onal 
capacity required for signifi cant business growth over the 
longer term. 

With  me to market becoming a major diff eren  ator, 
the newly expanded factory in Singapore and SC Auto’s 
factory located in Yangon, Myanmar, which is expected 
to commence opera  ons soon, are equipped with 
state-of-the-art automated systems. These include 
automa  c welding robots, 4.5 axis CNC precision 
machines, and automa  c wire harness manufacturing, 
yielding improved workfl ow produc  vity of up to 40%. 
The new facility is expected to increase SC Auto’s overall 
produc  on by fi ve  mes. 

Strong support from Enterprise Singapore
With strong support from Enterprise Singapore and 
leveraging the government agency’s extensive business 
networks, SC Auto is well posi  oned to advance its 
interna  onalisa  on strategy to scale up its business 
overseas. 

SC AUTO
LAUNCHES NEW BUS

The SC Neustar is expected to have a lifespan of up to 20 years, 
offering better economics through higher uptime and an extended 
operating life. High performance is assured by the combination 
of the bus’s monocoque chassis construction and specially 
manufactured drivetrain for higher fuel efficiency, driveability and 
passenger comfort. 
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BAUMA 2019 TO FOCUS ON THE DIGITISATION 

bauma 2019, the 32nd Edi  on of the World’s Leading 
Trade Fair for Construc  on Machinery, Building Material 
Machines, Mining Machines, Construc  on Vehicles and 
Construc  on Equipment, will be held from 8 to 14 April 
2019, at Messe München, Germany.

BAUMA 2019 VR EXPERIENCE
Digital innova  ons are increasingly shaping our everyday 
lives - including in the construc  on machinery industry. 
Thanks to virtual reality and augmented reality (VR/AR), 
users can now experience construc  on sites virtually 
and be part of the ac  on. It is not just an experience 
with decep  vely real sensa  ons and high entertainment 
value. VR and AR can be used to present products in the 
development phase, prototypes, or future scenarios and 
explain them in a completely new way. This opens up a 
whole host of new opportuni  es for companies.

With a digital construc  on site, the organisers of bauma 
2019 have created a pla  orm that enables exhibitors’ 
products to be experienced not only at the actual exhibi-
 on stand but at any loca  on. Companies at bauma 2019 

will be able to present themselves completely digitally.

It is a virtual experience with high added value for daily 
business, opening up completely new possibili  es for 
planning and development, but also for training and sales.  

Companies such as Doka (formwork experts), Trimble 
(measuring instruments specialists), GEDA (mechanical 
engineering company), Bobcat (construc  on machinery 
manufacturer), and uvex (manufacturer of protec  on 
and safety products) have already taken up the VR off er 
at bauma 2019.

THE CONSTRUCTION SITE OF TOMORROW
Digi  sa  on is gaining ground in the construc  on machin-
ery industry. More and more technologies are making 
their way into the industry. Cloud-based infrastructures, 
digital services por  olios and security solu  ons are ring-
ing in a paradigm change. 

It is possible to realise and automate construc  on proj-
ects more effi  ciently, faster and more cost-eff ec  vely 
without having to sacrifi ce quality. In order to achieve 
this, all stakeholders must, for instance, be perfectly 
connected with each other, and the processes must be 
handled electronically. Ini  al systems for these purposes 
already exist. They can be seen at bauma 2019.

Planning, implementa  on, monitoring and op  misa  on 
of construc  on projects are consequently running fully 
digi  sed. Construc  on site vehicles can now be controlled 
and managed by various technologies. For example, spe-
cial sensors register the direc  on of rota  on of concrete 
mixing vehicles and thus record the unloading process. 
And digi  sa  on has also made its impact on working 

at heights. Cranes at various loca  ons, for instance, are 
already controlled remotely from a central control centre, 
so that they can carry out their work ‘driverless’.

What is the poten  al of individual digital systems? At 
bauma 2019, visitors can discuss this issue with exhibi-
tors like Leica, Topcon and Trimble. These are just three 
of many diff erent exhibitors who are driving digi  sa  on 
in the construc  on industry with innova  ve products and 
who will be focusing on the topic at the bauma Forum. 

ELECTROMOBILITY AND DRIVERLESS VEHICLES
One major trend is already emerging. The construc  on 
machinery industry is increasingly op  ng for alterna  ve 
drives. In the future, there will no longer be one single 
typical drive system but instead an increasingly wide 
range of compe  ng drive systems on the market. Electro-
mobility and driverless vehicles in par  cular are seen as 
key future drivers. The world’s leading manufacturers will 
be showcasing their developments and discussing the 
opportuni  es and challenges presented by new technol-
ogy at bauma 2019.

Alterna  ve drives are the future
Producing cleaner, quieter and more effi  cient machinery 
is the future aim of electrifi ca  on, according to many 
manufacturers of construc  on machinery. In fact, more 
and more companies are already upgrading smaller 
machines in the lower power range with electric drives. 
There is also growing interest in hybrid vehicles. As such, 
systems, which can handle light work but then engage a 

OF THE CONSTRUCTION INDUSTRY
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combus  on engine where maximum power is required, 
are already under development.

Solu  ons to enable driverless construc  on machinery 
already exist in certain areas of the mining industry and 
other related areas. They are par  cularly suitable for use 
in quarries as the same routes are always followed from 
the actual quarrying site to the processing area. There are 
also future plans for excavators, which, for example, will 
be able to dig excava  on pits autonomously. Although a 
lot of preparatory work has already been done, driver-
less machines are not yet something which can be fully 
accomplished or implemented, due to the safety aspects 
involved at complex construc  on sites. The latest develop-
ments of leading manufacturers all around the world will 
therefore be under the spotlight at bauma 2019.

Networking and topics for discussion at bauma 2019
Will there only be autonomous and networked systems 
in the future? Are we now digitalising everything? Not 
everything that is technologically possible is also useful 
and cost-eff ec  ve. As such, exhibitors and trade fair 
a  endees will have the opportunity to ques  on aims 
and provide fi   ng responses, together. Within the 
bauma FORUM,  the thema  c group ‘Driverless Vehicles, 
Electromobility & Electric Drives and Zero Emissions’ will 
focus primarily on aspects regarding autonomous driv-
ing. Among others, the following companies have already 
signed up to take part: Hydac, Komatsu, Siemens, Wacker 
Neuson, Mecalac, and ZF.

In addi  on to the companies par  cipa  ng in the bauma 
FORUM, leading exhibitors in the fi eld of electromobility 
and driverless vehicles, including Doosan Bobcat, MAN 
Truck, Mecalac, Liebherr, Perkins Engines and Bosch 
Rexroth will also be present at bauma 2019. Exhibitors 
Komatsu, Deutz and Paus will be displaying products and 
solu  ons specifi cally for the mining industry.

Held every three years, bauma is held over a total exhibi  on area of 605,000 m2. At the previous event in 2016, bauma a  racted a total of 3,425 
exhibitors from 58 countries, and 583,736 visitors from 219 countries. 

IPAF Summit 2019 will be held in Dubai, UAE, on 
6 March 2019. Organised by the Interna  onal 
Powered Access Federa  on (IPAF), the summit 
will be held on the same day as IAPA 2019 
(Interna  onal Awards for Powered Access 2019). 

The theme of IPAF Summit 2019, which brings 
together representa  ves from across the 
powered access sector, to discuss the latest 
developments in the industry, is ‘Get Ready for 
Digitalisa  on’. 

The speakers for IPAF Summit 2019 have been 
announced.

Ma   Fearon, Genie President and Peter 
Schrader, Managing Director, Zeppelin Rental, 
are among the high-profi le names confi rmed. 

Having been added to the Summit programme 
for the fi rst  me in Miami, USA, in 2018, a 
special break-out session on mast climbing 
work pla  orms (MCWPs) has once again been 
scheduled.

IPAF  
bauma 2019, the 32nd Edi  on of the World’s 
Leading Trade Fair for Construc  on Machinery, 
Building Material Machines, Mining Machines, 
Construc  on Vehicles and Construc  on 
Equipment, will be held from 8 to 14 April 2019, 
at Messe München, Germany.

Dubai to host IPAF Summit 
2019 in March 
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Changi Airport Terminal 4 
Built on the southern end of Changi Airport, T4 consists 
of a three-storey, 25 m high Main Terminal Building and 
other airport facili  es, with a gross fl oor area of 225,000 
m2, including car parks, coach stands and taxi deck.

The terminal has a 68 m Ramp Control Tower to enhance 
the ability of air traffi  c controllers to manage aircra   
movements in the apron and taxiways around the 
terminal.

The terminal has 21 Fixed Gangways, with 17 contact 
stands for narrow-body aircra   and four for wide-body 
aircra  .

Construc  on commenced in early 2014. Completed in 
about three years, the T4 project involved over 4,000 
workers at the peak of its construc  on works.

The building has received the Green Mark GoldPLUS and 
the Design And Engineering Safety Excellence Award 
from the Building and Construc  on Authority, and the 
Structural Steel Excellence Award for The Most Inno-
va  ve, Effi  cient and Produc  ve Use of Steel in the Built 
Environment from the Singapore Structural Steel Society.

T4 adds a capacity increase of 16 million passengers per 
annum to Changi Airport, bringing the airport’s total 
annual handling capacity to 82 million passenger move-
ments per annum, which will help to support the growth 
plans of all airlines.

A new travel experience
T4 is the fi rst terminal at Changi Airport to off er end-
to-end Fast and Seamless Travel (FAST) for depar  ng 
passengers.

With the extensive use of technology, including facial 
recogni  on so  ware, FAST re-defi nes the passenger’s 
travel experience, enhances opera  onal effi  ciency and 
raises produc  vity. Passengers enjoy the fl exibility of 
checking in at their own convenience, without having to 
wait for counters to open. 

CHANGI AIRPORT TERMINAL 4 DEFINED 

An Award Winner in the BCA Design and Engineering Safety Excellence Awards 2018, under the Ins  tu  onal 
& Industrial category, at BCA AWARDS 2018, the project successfully addressed several challenges.

BY INNOVATIVE ENGINEERING DESIGN AND SAFETY SOLUTIONS

An exterior view of Terminal 4. Image by Changi Airport Group (Singapore) Pte Ltd.

The Departure Hall at Terminal 4. Image by Changi Airport Group 
(Singapore) Pte Ltd.
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MAIN ENGINEERING CHALLENGES
Tight construc  on schedule 
The project involved the construc  on, within a  me-
span of 37 months, of fi ve blocks which have diff erent 
func  ons, including the Main Terminal Building. The total 
Construc  on Floor Area (CFA) was 376, 000 m2. There 
was also the requirement for early structure handover, to 
facilitate the installa  on works on Baggage Handling 
System, in order to meet the Airport Baggage System 
tes  ng and commissioning schedule. Also included were 
other ancillary works like pedestrian overhead bridge, 
vehicular overhead bridge, road works and external 
works (drainage, landscaping etc) for Terminal 4. 

Site constraints
The construc  on of the proposed Finger Pier and Gang-
way structures within the Airside, with live aircra   park-
ing stands, required strict security clearance and compli-
ance with strict working regula  ons, as well as fulfi lment 
of the Airside opera  onal needs and the achievement of 
shorter aerobridge interfaces. 

Complexity in design 
Contribu  ng to the complexity of the design, were the 
following:
• A  ght headroom for services and extensive hanging 

Baggage Handling System at LM1, supported from the 
Level 2 structure. 

• A large column-free space at the Main Terminal Build-
ing with a roof span of 60 m at the Departure Check-in 
Counter area and a 18.5 m can  lever roof at the Level 2 
Departure Kerbside Drop-off , to achieve a spacious and 
column-free environment. The structural systems were 
designed, taking into account the need for versa  lity due 
to future changes in the use of the space.

• A long-span, transfer fl oor on the 2nd storey Airside, 
in view of the restric  on on columns below the Bus 
Holding Driveway and Arrival Immigra  on Hall.

• Structural robustness as an Airport Security requirement.

From the start of the preliminary structural design, the 
project team set out to produce a solu  on that would 
facilitate the speed and ease of construc  on on-site, and 
could be constructed safely by u  lising technologically 
advanced off -site precast concrete and prefabricated 
steel construc  on.

SAFE DESIGN PROCESSES AND SOLUTIONS 
The following are some of the innova  ve design solu-
 ons adopted for the Main Terminal Building, to over-

come diffi  cul  es in design and construc  on:

The full precast system approach 
Precast beams with RC planks are used for the Level 2 
Departure Hall area, in view of the extensive hanging 
support loca  ons for the Baggage Handling System 
support frame, services, client requirements for future 
addi  ons and altera  on works, speed of construc  on, as 
well as quality assurance.  

The precast design approach eliminated propping and scaf-
folding, and minimised formwork. Precast beams were de-
signed to be supported on corbels. Precast RC planks were 
designed to span 5 m, without the use of props. Advanced 
precast mechanical beam shoe connectors are used to con-
nect the bo  om of the precast main beams to the top of 
the precast columns, ensuring suffi  cient robustness of the 
structural frame, to meet Airport Security requirements.

Prefabricated steel truss 
Long-span, column-free spaces are required at the Main 
Terminal Building Departure Hall and Departure Kerbside 
drop-off . In order to achieve this, a 60 m large-span roof 
structure at the Departure Check-in Counter area was 

The use of precast concrete and prefabricated steel construc  on 
contributed to the speed and ease of construc  on as well as safety, on-site. 

“The team made use of the 
superior strength-to-weight 
ra  o of structural steel, 
together with innova  ve and 
safe engineering solu  ons to 
overcome the challenges faced 
for Terminal 4. The outcome 
is a robust structural system 
which maximises buildability 
and produc  vity”. - Er. Jessica 
Lim, Project Director, Terminal 4 and Director, RSP 
Architects Planners & Engineers.
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designed, with a 18.5 m can  lever roof at the Departure 
Kerbside. The  support condi  on of the roof trusses was 
designed with pinned and roller supports, to reduce hori-
zontal reac  on forces from the long-span trusses to the 
1 m diameter precast columns. 

The innova  ve addi  on of ‘knee braces’ between trusses 
at the roof level provides the lateral restraint for the 
con  nuous truss bo  om chord in compression at the 
supports. The use of repe   ve simple, plane-frame, steel 
roof trusses, with a secondary beam system, served to 
simplify the detailing and allowed off -site prefabrica  on, 
which speeded up erec  on and enabled work to proceed 
across parallel fronts simultaneously, thereby achieving 
the construc  on schedule.

Prefabricated steel volumetric design and construc  on 
The design approach for the fi xed gangway structure was 
to embrace the philosophy of Design for Manufacturing 
and Assembly (DfMA), from the onset of design. Repe  -
 on of architectural grid and module size, and standardi-

sa  on of structural steel members, allowed for extensive 
modularisa  on, prefabrica  on and off -site assembly, 
thereby improving produc  vity and safety as well as 
minimising the impact to exis  ng aircra   parking stands 
within the Airside. Prefabricated steel volumetric design 
and construc  on was adopted for the fi xed gangway 
structure, where two levels of steel beams with metal 
deck were prefabricated and installed directly between 
supports, to meet the 4.5 m service road headroom 
requirement, as well as minimising loads on the Main 
Terminal Building support. 

Hat First construc  on methodology 
While the use of precast and prefabricated steel construc-
 on technology is not ground-breaking in isola  on, the proj-

ect team adopted a holis  c and game-changing, advanced 
Hat First construc  on methodology, for the Main Terminal 
Building, through the combined use of extensive precast 
concrete and prefabricated steel construc  on.

Precast concrete columns were installed directly on 
pilecaps, followed by installa  on of the Level 2 precast 
concrete beams / planks with insitu topping, and installa-
 on of steel roof trusses and roofi ng. This achieved a wa-

ter-  ght condi  on for early commencement of fi nishing 
works, services installa  on, and early structure handover 
for installa  on of the Baggage Handling System. 

With the adop  on of Hat First construc  on methodology, 
the project team was able to achieve a 14-day construc-
 on cycle for Level 2 and roof steel truss installa  on, 

for each 70 m x 15 m bay, with all erec  on works for 36 
bays completed within 15 months. The high construc  on 
produc  vity, quality, site safety and economy achieved 
are testament to the successful implementa  on of the 
Hat First construc  on strategy.

QUALITY APPROACH IN DESIGN
3-D ver  cal and lateral load analysis
3-D ver  cal and lateral load analysis was carried out for 
all building structures, to determine the eff ects on bored 
piles, maximum lateral dri  , inter-storey dri   and vibra-

Advanced precast mechanical beam shoe connectors are used to connect 
the bo  om of the precast main beams to the top of the precast columns. 

Prefabricated steel volumetric design and construc  on was adopted for the 
fi xed gangway structure.
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 on. The design results were of paramount importance 
to co-ordinate the cladding, curtain wall connec  on 
specifi ca  ons, detailing and human comfort. Consider-
a  ons for both construc  on stage loading and service 
loads for precast structures were included in the design. 

The close co-ordina  on from design to specifi ca  on and 
to shop-drawing produc  on, fabrica  on and installa  on 
ensured that the fi nished product performs well during 
the service life of the building. The structural drawings 
and details for the project were specifi cally documented 
to comply with the requirements of the code as well as 
comprehensive and customised specifi ca  ons provided 
to achieve the design intent, for example the use of pot 
roller bearings for the roof truss roller support.

DESIGN FOR SAFE INSPECTION AND MAINTENANCE

Future opening provisions for addi  onal 
check-in counters
Provisions for future openings were incorporated on 
Level 2 for addi  onal check-in counters, as part of 

future expansion. The loca  ons for these future open-
ings, between precast beams, have been designed as a 
lightweight composite steel system, to facilitate future 
addi  on and amendment works during opera  on. 

Maintenance catwalks and Building 
Maintenance Unit
Extensive maintenance catwalks have been incorporat-
ed throughout the roof structure, which can be easily 
accessed for periodic building maintenance. 

Hanging Building Maintenance Unit tracks were incorpo-
rated into the design for the removable gondola system 
and installed on the roof level. This facilitates safe curtain 
wall maintenance as well as future building inspec  on.

CONSTRUCTION QUALITY AND SAFETY
Building Informa  on Modelling 
The use of Building Informa  on Modelling (BIM) for Ter-
minal 4 was essen  al for enabling collabora  on among 
diff erent project partners, to be  er manage project risk 

With the Hat First construc  on methodology for the Main Terminal Building, the project team was able to install the precast columns directly on 
pilecaps, followed by installa  on of the Level 2 precast beams/planks with insitu topping, and installa  on of steel roof trusses and roofi ng. This enabled 
the commencement of fi nishing works, services installa  on, and early structure handover for installa  on of the Baggage Handling System.  



COVER STORY

22 THE SINGAPORE ENGINEER
January 2019

and enhance decision-making. This facilitated the plan-
ning and sequencing of construc  on works, minimised 
abor  ve work on-site, and improved produc  vity and 
safety. 4D BIM simula  on of the overall site sequence 
was developed to monitor the overall site progress with 
the master programme. In cri  cal,  me-sensi  ve areas 
and where there were erec  on challenges, virtual design 
and construc  on was adopted for the design, detailing 
and implementa  on of construc  on documenta  on. 

Mobile hanging pla  orms
The showpiece for Terminal 4 is a 300 m long Central 
Galleria with a fl oor height of 20 m, which allows a clear 
view of the Level 2 Departure Transit Zone and Level 1 
Baggage Claim Area. To minimise high staging works, the 
main contractor installed an innova  ve, mobile hanging 
pla  orm system (magic carpet) from Japan, on the roof 
steel frame, which allowed hanging pla  orms to move 
along the en  re Galleria Skylight area, for ease and 
speed of skylight glazing and facade installa  on works. 

In recogni  on of the excellent results achieved, in terms 
of produc  vity and safety, when working at heights, the 
use of the magic carpet system for Terminal 4 Galleria 
Skylight façade received a Workplace Safety and Health 
(WSH) Award in 2015.

Supervision and inspec  on
The site supervision team included two Resident En-
gineers and fi ve Resident Technical Offi  cers. From the 
beginning, the site staff  were briefed on their roles and 
du  es by the Project Engineer. 

Together with the contractor, a standard list of inspec-
 on forms, checklists and procedures were discussed 

and established for implementa  on. For all new works 
which required a procedure for implementa  on, method 
statements were submi  ed and these were checked, 
reviewed and approved before work started on site. A 
comprehensive inspec  on test plan was submi  ed to the 
QP for approval. 

For the safe fabrica  on and erec  on of structural steel works 
and precast elements, a comprehensive tes  ng and inspec-
 on regime is vital, at the fabrica  on yard as well as at the 

site, during erec  on. Site staff  and an Independent Tes  ng 
Agency (ITA) conducted checks on the structural steelwork at 
the fabrica  on yard and during erec  on on site. 

PUBLIC SAFETY
The extensive use of precast concrete and prefabricated 
steel, with composite fl oor construc  on reduced the 
amount of on-site cas  ng works, resul  ng in the reduc-
 on of noise and waste generated, thereby minimising 

adverse impact on the neighbourhood.  

The project site access and part of the external works 
site area were closely connected to the Airport Boule-
vard which serves Terminal 1, 2 and 3. There was limited 
site access through the Airport Boulevard Underpass 
which is closely linked to exis  ng SATS building. The  m-
ing and delivery route for the transporta  on of precast 
beams and steel trusses were carefully selected so as to 
minimise disrup  on to traffi  c.

The control of traffi  c was of paramount importance for 
public safety. Safe pedestrian walkways and hoardings 
with overhead shelters were erected all around the site. 
At per  nent points, the necessary traffi  c control sign-
boards were installed to warn and guide pedestrians and 
road users. At all  mes, a traffi  c controller was sta  oned 
at each gate to ensure the smooth fl ow of traffi  c in and 
out of the site.

PROJECT CREDITS

Project
Changi Airport Terminal 4

Qualifi ed Person
Er. Lai Huen Poh

Civil & Structural Consultant
RSP Architects Planners & Engineers (Pte) Ltd

Builder
Takenaka Corpora  on

Developer
Changi Airport Group (Singapore) Pte Ltd

Architectural Consultant
SAA Architects Pte Ltd

All images by Takenaka Corpora  on, 
unless otherwise stated.

The innova  ve, mobile hanging pla  orm system (magic carpet), on the 
roof steel frame, allowed hanging pla  orms to move along the en  re 
Galleria Skylight area, for ease and speed of skylight glazing and facade 
installa  on works. 
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INTRODUCTION
The fundamentals of building design, par  cularly those 
related to structures that defi ne architecture, are based 
on an integrated approach that considers science, 
applica  on of science (engineering), produc  ve use of 
space, conserva  on of natural resources, and long-term 
value. Sustainable architecture is founded in engineering 
concepts that are innova  ve whether the structure is 
implicit in the architecture or explicitly expressed.
The world is facing dire challenges of climate change 
and the deple  on of natural resources as a result of 
unsustainable popula  on growth and industrialisa  on. 
Simplicity, structural clarity, and sustainability not 
only defi ne a visual quality for buildings, but also form 
the guiding principles for tall building design. It is the 
development of these three principles that leads to 
responsible design and construc  on of towers that 
can impact climate change and reduce demands on 
resources.

Concrete creates opportuni  es where a more specifi c 
response of material to applied loading is possible. This is 
largely possible because the obstacles for placement are 
typically limited to the weight of the material, forming 
geometry, control of rela  vely benign temperatures, and 

shrinkage etc. Posi  ve advancements have been made 
with the use of concrete, providing effi  cient responses to 
structural demand with some structures exhibi  ng the 
material’s ar  s  c possibili  es.

DR FAZLUR KHAN - EARLY INNOVATIVE TALL 
BUILDINGS IN CONCRETE
In the early 1960s, 
Dr Fazlur Khan 
(structural engineer) 
and Bruce Graham 
(architect) developed 
concepts of the tubular 
frame, in some cases, 
combined with a 
reinforced concrete 
core and some  mes 
not. The Brunswick 
Building in Chicago 
(completed in 1964) is 
an excellent example 
of a tubular concrete 
frame combined with a 
concrete shear wall core. 
The building provides 

INVENTING CONCRETE SYSTEMS 
FOR STRUCTURES OF THE FUTURE

by Mark P Sarkisian, Partner, Skidmore, Owings & Merrill LLP, USA
Inven  on is essen  al to off se   ng accelerated deteriora  on of environmental condi  ons and the 
deple  on of natural resources. Concrete is the world’s most important building material because of 
its universal availability and construc  on applica  ons. The material is used for structures of all scales 
and within the last several years has been successfully used on some of the tallest and most complex 
structures in the world.

Skidmore, Owings & Merrill’s Dr Fazlur Khan was important to the development of tall buildings 
constructed in concrete. He was instrumental in designing concrete systems for tall buildings that 
were not only well integrated with architecture but replaced structural steel that tradi  onally was the 
material of choice. 

A  er Khan’s un  mely death in 1982, SOM con  nued to carry on the tradi  on of inven  ve concrete 
structures. The ideas have included post-tensioned concrete perimeter frames, three-dimensionally 
tapered post-tensioned framing, reinforced concrete screen frames, and a complex tower form / lamella 
structure.

The combina  on of strategically using concrete along with structural steel have led to crea  ve structures. 

In looking towards the future, using density op  misa  on techniques to remove material in concrete 
systems or introducing strategically placed steel elements will lead to inven  ve solu  ons. Applying 
op  misa  on principles for tall building frames to horizontal framing or shear wall systems will also 
lead to inven  ons that will impact even conven  onal structures.

Figure 1: The Brunswick 
Building, Chicago, IL, USA. 
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open, column-free work spaces for offi  ce use and also 
a largely column-free lobby. A deep reinforced concrete 
transfer girder is used to span between widely spaced 
columns at the street level. The system includes early 
considera  ons of the lateral load sharing between a 
s  ff  central core rela  ve to a tubular frame. Khan and 
Graham eliminated redundant materials, stripping the 
cladding from the building and exposing the structure.

The tubular frame was further developed in the 
43-storey Dewi  -Chestnut Residen  al Tower in Chicago 
(completed in 1965) based on the concept of force fl ow 
and recognising that the most effi  cient structures should 
be composed of conceived fi bres that are subjected 
to tension and compression only where the perimeter 
of the structure was used to resist lateral and gravity 
loads, while reducing bending in structural components. 
Here again redundant materials were eliminated - such 
as addi  onal mullions for windows at the exterior wall 
and the interior concrete frames which make the space 
less effi  cient - which in turn reduces the overall quan  ty 
of material required to resist load. With this design 
approach, Khan’s goal was to design a structure to 
resist gravity loads and propor  on it to not require any 
addi  onal material for imposed lateral loads due to wind 
or seismic condi  ons. His aspira  on was to have as li  le 
impact on the environment as possible by using the least 
amount of materials necessary for the structure.

Khan recognised that 
the most effi  cient 
tubular form was one 
that consisted of a 
completely solid shell 
at the perimeter of 
the structure. In this 
instance, all fi bres 
within the shell would 
be either subjected 
to axial tension or 
compression. He 
also recognised the 
prac  cality of the 
tall building and the 
need for views and 
light within interior 
spaces. The closed 
form shell developed into closely spaced columns and 
horizontal frame members geometrically arranged to 
minimise bending. The concept could be applied to any 
major construc  on material and later was used in many 
structural steel steel tubular frames.

Khan and Graham developed three elegant designs that 
demonstrate propor  oned structure with the fl ow of 
force. The exterior columns in the 52-storey One Shell 
Plaza, Houston, Texas, USA (1971), were propor  oned 
to resist gravity loads and control rela  ve creep 
deforma  ons between the core and exterior columns. 
Reinforced concrete columns were enlarged towards 
the outside of the building rather than the inside. The 
reinforced concrete spandrel beams in the perimeter 
tubular frame were designed with variable widths in plan 
to match the column depths. Spandrel beam depths, also 
propor  onal, decreased over the height.

Instead of introducing a depth transfer girder system for 
some tower columns above the lobby space at the base 
of the 26-storey Two Shell Plaza, Houston, Texas, USA 
(1972), Khan and Graham created a natural load path of 
reinforced concrete arches where deep spandrel beams 
carry ver  cal loads through shear. Face dimensions of 
columns remain constant over the height of the building.

Figure 5: Dewi  -Chestnut 
Tower, Chicago, IL, USA.

 Figure 2: Floor Plan - The Brunswick Building.
Figure 4: Dr Fazlur Khan’s Conceptual Tube System. 

Figure 3: Floor Plan - Dewi  -Chestnut Tower, Chicago, IL, USA.
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The fi nal example of fl ow is illustrated in the 21-storey 
Marine Midland Bank where reinforced concrete column 
sizes gradually increase as load is distributed to just 
a few columns at the lobby level. Perimeter tubular 
spandrel beams increase in depth in an upward manner 
in eleva  on. The columns and beams near areas of load 
transfer increase in dimension both in and out of plan. 
Column face dimensions are almost impossibly thin over 
the height of the building - par  cularly at the top of the 
building at the mechanical penthouse. Columns were 
removed from the corner. Graham conceived of the 
architecture as a demonstra  on of how a building should 
land on its base.

It seems appropriate that Khan’s last major building design 
was comprised of reinforced concrete and was in Chicago. 
The residen  al building, Onterie Center, used many of 
the ideas previously developed by Khan and Graham in 
both concrete and steel. The structure includes a tubular 
concrete frame with ‘panels’ infi lled in concrete to form 
diagonal bracing. This braced tubular frame concept 
was most notably used on Onterie Center’s neighbour 
just a few blocks away, the John Hancock Center. The 
combina  on of the rec  linear concrete tubular frame 
and the diagonal concrete bracing resists both gravity 
and wind loads. As was included in the Dewi  -Chestnut 
building, the en  re exterior frame consists of exposed 
concrete without cladding.

MANAGING LOAD - THE NEXT GENERATION OF 
CONCRETE SYSTEMS

Post-tensioned Perimeter Frames

A 45-storey offi  ce tower in Chicago had a design 
challenge - create a perimeter frame that was consistent 
in geometry over the height of the tower while requiring 
load transfer above an integral 11 storey parking garage 
below. Columns on the west face of the tower needed 
to transfer from a 14   3 inch spacing to a 28   6 inch 
spacing and columns on the south face needed to 
transfer from a spacing of 12   6 inch to a spacing of 50 
  0 inch while not introducing a deep transfer girder.

The system conceived to transfer the load was one that 
introduced post-tensioning into the perimeter frame 
at each level with a parabolic cable drape with the low 
points of the drape at the loca  on of the columns that 
required transferring. Loads were carefully balanced at 
each level so that no tension would be introduced into 
columns below. Loads were incrementally transferred at 
each level allowing the transfer system to include typical 
depth girders without the need for deep transfer girders. 
The perimeter frames serve a dual purpose of also 
resis  ng lateral loads due to wind.

Figure 6: One Shell 
Plaza, Houston, TX, 
USA.  

Figure 8: Marine 
Midland Bank, 
Rochester, NY, USA.

Figure 7: Two Shell 
Plaza, Houston, TX, 
USA. 

Figure 9: Drawing of Structural Concept and Stress Field for In-fi ll 
Panels, Onterie Center, Chicago, IL, USA.

Figure 10: Finished Photograph and Reinforcement for In-fi ll Panels, 
Onterie Center, Chicago, IL, USA.

Figure 11: 500 West Monroe Finished Photograph and Post-Tensioned 
Perimeter Frame, Chicago, IL, USA.
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Screen Frames
The Gemdale Plaza project in Beijing, China, consists of 
two high-rise reinforced concrete offi  ce towers, one 100 
m tall and the other 150 m tall, and a retail podium along 
Chang-an Boulevard, Beijing’s principal thoroughfare.

The architectural design for the towers envisioned the 
use of sun screens for shading purposes on the south and 
west facades of the towers. The sun screen expression 
was inspired by tradi  onal oriental screens. Ini  ally, the 
structural lateral system of the towers was conceived of 
as a core-perimeter moment frame system, with columns 
spaced at 6 m on centre and girders at every fl oor. The 
sun screens, however, yielded an interes  ng possibility: 
to serve dual func  ons as the architectural aesthe  c and 
shading devices as well as structure; thereby elimina  ng 
redundancy and adding rentable space to the plans. The 
concept of ‘screen frames’ was thus born. 

The fi rst challenge was to ra  onalise seemingly random 
screen members into a pa  ern that could serve as 
moment frames. This was achieved by crea  ng a regular, 
mul  -storey mega-frame of primary members that carry 
the gravity loads of the tower as well as provide lateral 
resistance, and then using secondary ‘infi ll’ members 
within the mega-grid to provide lateral s  ff ness only. This 
resulted in a screen frame system with mega columns 
at 9 m on centre and mega girders every three storeys. 
Floor framing was laid out so that gravity loads from the 

fl oor framing were directed only to the mega columns of 
the screen frames, allowing the frames to be pulled away 
from the edge of the fl oors and crea  ng a ver  cal gap 
between themselves and the exterior glazing. The frames 
on the north and east facades, subject to less direct 
sunlight, had conven  onal moment frames with columns 
at 6 m on centre and girders at every fl oor. 

Once the screen frames were ra  onalised, the next step 
was to ‘tune’ their lateral s  ff ness to match those of the 
conven  onal frames on the opposite faces of each tower 
to minimise torsional irregularity.

In order to keep gravity loads in the mega columns 
from straying into the secondary lateral s  ff ening infi ll 
members of the screen frames, delayed pour joints were 
introduced where the infi ll members connected to the 
mega-frame members.

This migra  on of loads would occur as a result of 
progressive elas  c shortening and creep and shrinkage 
shortening of the mega columns rela  ve to the infi ll 
components if they were built at the same  me but 
without special measures (eg delayed pour construc  on) 
being taken. These connec  ons were only fi nalised a  er 
the towers were topped out and dead loads were largely 
in the primary mega-frame members.

This considera  on signifi cantly reduced shear force 
demands on the mega-frame girders reducing 
reinforcement quan   es and also reduced forces in 
general in the infi ll members allowing them to be as 
slender as possible.

Mathema  cally Generated Tapered Post-
Tensioned Floor Framing Systems
Six identical Research and Development (R & D) 
building modules are arranged in two lines off-set on 
either side of a central hub containing amenity spaces 
such as the main entries, classrooms and cafeteria 
in the Huawei Technologies Corporate Campus in 
Shanghai, China. The overall aesthetic is built around 
the simple, elegant, repetition of coated exposed 

Figure 12: Screen Frame Concept and Central Core / Perimeter Frame - Gemdale Plaza, Beijing, China.

Figure 13: Finished Photographs and Floor Framing Diagram - Gemdale 
Plaza, Beijing, China.
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concrete components. Each typical R & D module 
comprises two rectangular five storey building bars 
separated by a sky lit atrium but linked together by 
the atrium roof trusses. In earthquakes that exceed 
the 475 year design event, a specially designed fuse 
linkage at the apex of the roof trusses shears, allowing 
the two bars to respond as separate, simpler building 
modules, thereby minimising damage.

Material effi  ciency and integra  on are exemplifi ed in the 
typical 60   span profi led post-tensioned beams used 
in the R & D modules, and in the ar  culated long-span 
cafeteria roof beams that contain the MEP ducts, lights 
and diff users.

The use of profi led post-tensioned beams for the typical 
fl oor framing led to greater effi  ciency and a material 
saving of 20%. The beams within the R & D modules 
span the 19 m width of each bar and are spaced 4.5 m 
apart. The curved profi le of the beams is mathema  cally 
defi ned to closely match the gravity load bending 
moment diagram. Similarly, the width of the beams 
varies in plan, with the wider cross-sec  on occurring 
at the ends to achieve the required shear capacity. 
Penetra  ons through the mid-span of the beams are 
closely coordinated with the mechanical, electrical and 
plumbing services to ensure that the loca  ons of these 
systems are controlled within the architectural and 
structural design.

Columns along the length of the modules are at 9 
m centres, yielding 19 m by 9 m structural bays that 

maximise fl exibility in an  cipa  on of future changes 
in research and technology. Cast concrete roof truss 
elements incorpora  ng steel pinned connec  ons at the 
R & D buildings unify the mul  ple buildings into 
a complex with a consistent and las  ng iden  ty. 
The trusses are designed to ‘fuse’ with primary 
components capable of separa  ng at their apexes in 
major earthquakes, breaking the modules linked across 
the atria into smaller, simpler, stable structures with 
can  levered trusses and thereby reducing any poten  al 
damage.

Tapered Shear Wall Core Systems and Lamella 
Structure at Lobby
The design premise for the 415 m-tall Al Hamra Tower 
in Kuwait, is a fl uid response to force fl ow while 
providing an integrated response to the harsh desert 
sun. Punctuated reinforced concrete, engineered to only 
allow indirect sunlight into building spaces, is used at 
the south façade while resis  ng both lateral and gravity 
loads. This hyperbolic parabola form is integrated into a 
regular closed form shear wall core to resist self-imposed 
twist due to the structure’s own weight. Parametric 

Figure 14: Huawei Building Sec  on 

Figure 15: Completed Huawei building, Shanghai, China.

Figure 17: Typical Post-Tensioned Framing System Under Construc  on.  

Figure 18: Reinforced Concrete Linking Trusses. 

Figure 16: Eleva  on of Typical Post-Tensioned Framing.
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modelling was used to defi ne the shape of the walls and 
used directly for self-climbing formwork systems.

A regularly spaced structure frames the west, north, 
and east faces, designed to accept maximum daylight 
and best views. A regular column grid is designed 
for a repe   ve offi  ce module. The south façade was 
reinforced with complex varying geometries to allow 
force fl ow over the height of the tower while allowing for 
angular cuts in the wall system.

Parametric modelling was used to defi ne the base of 
the tower where the structure fl ared outwards from 
the straight face above and was designed to create a 24 
m-tall lobby space. The modelling was used to defi ne 
the geometry for the non-linear buckling analysis of 
perimeter columns and was later used to defi ne the 
geometry of the formwork system. The primary load 
bearing columns were braced three-dimensionally with 
fl ared bracing both in the plan of the façade and within 
the tower spanning from the exterior frame to the 
interior shear wall core. The lamella structure includes 
a combina  on of structural steel and concrete at the 
perimeter frame and all-reinforced concrete for the 
framing over the lobby space.

Figure 19: Tower building and views, Al Hamra, Kuwait.

Figure 20: Light Transmi  ed through the South Façade (le  ) and Shear 
Wall at South Façade (right).

Figure 21. Parametric modelling of formwork systems and Lobby lamella structure construc  on.

Figure 22: Al Hamra Tower, Framing Plan Illustra  ng Nature Twist Under Gravity Load, Completed Building and the Building Under Construc  on.
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ADVANCEMENTS IN CONCRETE TECHNOLOGY FOR 
THE TALLEST BUILDING IN THE WORLD

A spiralling ‘Y’ shaped plan was u  lised to shape the 
structural concrete for Burj Khalifa, Dubai, UAE, to 
reduce the wind forces on the tower, as well as to keep 
the structure simple and foster constructability. The 
projects includes a 828 m-tall, 280,000 m2 (3,000,000  2) 
tower and a 185,000 m2 (2,000,000  2) podium structure.

The structural system can be described as a ‘bu  ressed’ 
core, and consists of high performance concrete wall 
construc  on. Each of the wings bu  resses the others 
via a six-sided central core, or hexagonal hub. This 
central core provides the torsional resistance of the 
structure, similar to a closed pipe or axle. Corridor walls 
extend from the central core to near the end of each 
wing, termina  ng in thickened hammer head walls. 
These corridor walls and hammer head walls behave 
similar to the webs and fl anges of a beam to resist the 
wind shears and moments. Perimeter columns and 
fl at plate fl oor construc  on complete the system. At 
mechanical fl oors, outrigger walls are provided to link 
the perimeter columns to the interior wall system, 
allowing the perimeter columns to par  cipate in the 
lateral load resistance of the structure. Hence, all of the 
ver  cal concrete is u  lised to support both gravity and 

lateral loads. The result is a tower 
that is extremely s  ff  laterally 
and torsionally. It is also a very 
effi  cient structure in that the 
gravity load resis  ng system has 
been u  lised so as to maximise its 
use in resis  ng lateral loads.

Each  er of the building steps back 
in a spiral stepping pa  ern up the 
building. This causes the tower’s 
width to change at each setback. 
The advantage of the stepping 
and shaping is to ‘confuse the 
wind’. The wind vortexes never get 
organised because at each new  er 
the wind encounters a diff erent 
building shape.

The centre hex reinforced concrete core walls provide 
the torsional resistance of the structure similar to a 
closed pipe or axle. The centre hex walls are bu  ressed 
by the wing wall and hammer head walls which behave 
as the webs and fl anges of a beam to resist the wind 
shears and moments. Outriggers at the mechanical 
fl oors allow the columns to par  cipate in the lateral 
load resistance of the structure. Hence, all of the ver  cal 
concrete is u  lised to support both gravity and lateral 
loads. The wall concrete strengths ranged from C80 to 
C60 cube strength and u  lised Portland cement and 
fl y ash. Local aggregates were u  lised for the concrete 
mix design. The C80 concrete had a maximum specifi ed 
Young’s Elas  c Modulus of 43,800 N/mm2 at 90 days. 
The wall and column sizes were op  mised using virtual 
work / LaGrange mul  plier methods resul  ng in a very 
effi  cient structure.

High performance concrete is u  lised for the tower, with 
high modullus concrete specifi ed for the columns and 
walls. The concrete mix was designed to provide low 
permeability / high durability concrete. One of the most 
challenging concrete design issues was ensuring the 
pumpability of this concrete to reach the world record 
heights of the tower, which necessitated that concrete be 
pumped in a single stage well over 600 m. Four separate 
basic mixes were developed to enable reduced pumping 
pressure as the building gets higher. The maximum 
allowable aggregate size decreased with building height, 
requiring no more than 10 mm aggregate above Level 
127. A horizontal pumping trial was conducted prior 
to the start of the superstructure construc  on in order 
to ensure the pumpability of the concrete mixes. This 
trial consisted of a long length of pipe with several 
180° bends to simulate the pressure loss in pumping to 
heights over 600 m in a single stage. The fi nal pumping 
system u  lised on site employed Putzmeister pumps, 
including two of the largest in the world, capable of 
concrete pumping pressure up to a massive 350 bars 
through a high pressure 150 mm pipeline.

The walls were formed using Doka’s SKE 100 automa  c 
self-climbing formwork system. The circular nose columns 
were formed with circular steel forms, and the fl oor 
slabs were poured on MevaDec panel formwork. Wall 
reinforcement was prefabricated on the ground in 8 m 
sec  ons to allow for fast placement. Three primary tower 
cranes were located adjacent to the central core, with 
each con  nuing to various heights as required. High-
speed, high-capacity construc  on hoists were u  lised to 

Figure 23: Tower 
rendering, the Burj 
Khalifa, Dubai, UAE.

Figure 24: Typical tower plan.

Figure 25: Tower Construc  on and Completed.
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transport workers and materials to the required heights. 
A specialised GPS monitoring system was developed 
to monitor the ver  cality of the structure, due to the 
limita  ons of conven  onal surveying techniques.

The construc  on sequence for the structure included 
cas  ng the central core and slabs fi rst, in three sec  ons; 
the wing walls and slabs following behind; and the wing 
nose columns and slabs following behind these. Concrete 
was distributed to each wing u  lising concrete booms 
which were a  ached to the jump form system.

CONCLUSIONS AND THE FUTURE
A pioneer of new structural systems, Fazlur Khan 
conceived of concrete structure designs that 
simultaneously address a structure’s response to force 
fl ow while crea  ng a highly effi  cient structure by placing 
material precisely where it is needed to resist load. 
Masterful examples of his work are illustrated in the 
Brunswick Building, Dewi  -Chestnut Tower, One and 
Two Shell Plazas, and the Marine Midland Bank building. 
His last building, the Onterie Center built on previous 
knowledge set the stage for future innova  ons.

Inven  ve uses of concrete in the 500 West Monroe 
Tower, the Gemdale Plaza, and the Huawei Technologies 
Corporate Campus expand on Khan’s innova  ons. With 
the scale and complexity of the Al Hamra Tower, the 
project was one of the most advanced examples of using 
digital parametric modelling to describe and ul  mately 
construct the 415 m-tall tower with its complex lamella 
structure at the building lobby.

The 828 m-tall Burj Khalifa created the opportunity to 
develop the most sophis  cated opera  on to-date for 
moving concrete over extreme heights. This process made 
it possible to place material from the base of the tower to 
over 600 m in height, enabling the use of concrete in ultra-
tall structures without the need for secondary batching 
and/or pumping sta  ons along the height of a structure.

It is possible that the limita  ons on forming techniques 
are the single greatest obstacle in crea  ng concrete 
structures that result in the most fl uid and effi  cient 
response to load. Forming systems to-date are largely 
limited by the material type used which centres on 
wood. Alternate systems including those of synthe  cs 
such as plas  cs or fabrics will lead to more fl uid 
structures. Reinforcement limita  ons must also be 
addressed, and the prefabrica  on of systems with 
complex geometries is also needed. Advancements in 
pumping systems will lead to greater fl exibility on the 
placement of concrete and perhaps most importantly the 
use of pressurised systems where concrete proper  es 
could be enhanced, concrete matrices densifi ed, and 
advanced highly effi  cient structures created.

Structures in concrete where systems provide 
opportuni  es for combined technology represent the 
future. Perforated concrete structural wall systems 
will not only create beau  ful interior spaces but could 
provide spaces for power genera  on or even combined 
systems that control structural behaviour through 
aerodynamics and air foils.

Another opportunity for a novel design methodology 
is applying op  mised material analysis concepts to fl at 
plate PT design. This advanced applica  on of analysis 
and design leads to reduced material quan   es. 

While the use of topology op  misa  on analysis to 
obtain the PT layout is crea  ng new opportuni  es for 
fl at plate slab design, what is perhaps equally important 
is the poten  al for this approach to apply to shear wall 
core lateral systems. Post-tensioning in these core wall 
systems increases resilience, controls damage, and 
reduces occupancy down  me following a major seismic 
event. Using post-tensioning in columns is a novel idea. 
This would allow for increased confi nement at beam-
to-column joints and appropriate placement for post-
tensioning to resist lateral loads. The layout of tendons 
will map natural force fl ows.

The ul  mate goal would be to reach essen  ally elas  c 
systems when subjected to extreme loadings. This could 
be accomplished by combining op  mised layouts of 
post-tensioned tendons with mechanical devices similar 
to Pin-Fuse Seismic Systems. These systems would focus 
hinged areas on areas that result in best performance.
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According to Flowcrete Group Ltd, the two main types 
of resin fl oors are polyurethanes (PUs) and epoxies. 
Selec  ng the right type of resin fl oor is vital for 
contractors, architects and facili  es managers.

Each fl ooring system has diff ering proper  es suited to 
par  cular uses and choosing the wrong solu  on can 
result in costly repairs or even complete fl oor failure, 
over  me. 

While both are called resins, epoxy and PU fl oors 
have diff erent proper  es. Admi  edly they do share 
similari  es, such as being two-component systems 
(comprising a resin and a hardener). When brought 
together, the two components undergo a process of 
stoichiometric curing to form a solid layer. In both cases, 
this results in a seamless, impervious coa  ng that can be 
applied quickly in large quan   es, but they are two very 
diff erent types of materials with specifi c characteris  cs 
and uses.

The main diff erence between these two types of 
materials is in the molecular structures which determine 
how the two components of each material system fuse 
together during the curing process. There are mul  ple 
types of components that can be used and that will vary 
the end result slightly, but essen  ally PUs have a higher 
cross-linked density than epoxies, making them the 
harder-wearing of the two.

Thanks to this, PU systems have long been associated 
with strength, durability and resilience when faced with 
a variety of tes  ng condi  ons, such as heavy foo  all, 
physical impacts, extreme temperatures and corrosive 
chemicals. 

PU systems are therefore well suited to industrial 
facili  es, where the fl oor is likely to face a long list of 
challenges on a daily basis. For example, just a hand 
pallet truck, when fully loaded, could weigh in excess 
of 1 t which puts a vast amount of pressure through 
its wheels and onto the fl oor. The robust nature of PU 
systems means that they can survive the abuses of 
industrial opera  ons for a very long period of  me.

Epoxies, on the other hand, are much more rigid in terms 
of structure and cannot tolerate intense heat as well. To 
exemplify this, some epoxy coa  ngs are heat-resistant 
to temperatures up to 65° C, whereas PU systems are 
available that can tolerate 120° C. 

The superior chemical resistance of PU fl oors has made 
them popular in the food & beverage industry, where 
corrosive acids and by-products are found in large 
quan   es. This means that fl oors that can stand up to 
chemical a  ack from organic acids as well as sugar, malt, 
caus  c soda and powerful cleaning agents are required. 

At this point, it might seem like PU is the superior op  on, 
however what they give in durability they take away 
in versa  lity and aesthe  cs. Epoxies can be very easily 
adapted for a wide variety of environments and are 
available in a much wider range of colours, styles, eff ects 
and decora  ve op  ons. 

Unless there is a specifi c challenge or requirement for a 
PU, there will more than likely be an epoxy fl oor that is 
up to the task at hand, and which can do so in bright and 
glossy tones, gli  ering light refl ec  ve surfaces or mul  -
toned swirling shades.

This gives designers the crea  vity to install unique 
fl oors that convey the interior design scheme. This is a 
par  cularly good way to represent a brand iden  ty or 
specifi c aesthe  c, or to infuse the environment with the 
desired vibe. This has made epoxies a go-to fl oor for 
large-scale commercial venues such as shopping centres 
and airports, as well as in less heavy-duty industrial 
spaces, or for customer-facing processing zones that 
need to look good as well as be func  onal.   

With epoxy systems, it is possible to produce crea  ve fl ooring designs.

SELECTING THE RIGHT TYPE OF 
RESIN FLOORING FOR BUILDINGS

A leading product manufacturer looks at two op  ons.
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PU systems also tend to be thicker and heavier than 
epoxies, which is great for absorbing impacts and 
thermal shock, but if weight and space are issues, then 
epoxies off er a thinner and lighter op  on. 

Just to confuse issues further, when talking about PU, 
it is important to bear in mind that there are a few 
diff erent types. There are full PU ‘liquid vinyl’ type fl oors 
which are great for crea  ng so   surfaces underfoot due 
to the elas  c nature of PU. However, more common are 
PU deck coa  ngs used for car parks and PU concrete 
systems which are the most failure-resistant type of resin 
fl ooring available.

PU concrete is often found in challenging industrial 
facilities, as it is great at withstanding punishing 
impacts, extreme temperatures, heavy loads, harsh 
chemicals and the like. It can also be customised 
with anti-slip aggregates and anti-bacterial additives, 
and it is highly adept at dealing with rising moisture. 
As already mentioned, it is just not very pretty, and 
unless it has an aliphatic coating it is not particularly 
colour-stable. 

In summary, it is not so much a case of which one is 
be  er, as it is really about which one is be  er for a 
building in ques  on. 

(Flowcrete Group Ltd provides seamless industrial and 
commercial resin fl oor, wall and coving solu  ons as well 
as other specialist coa  ng technologies.

The company supplies seamless fl ooring solu  ons such 
as decora  ve seamless resins, waterproof car park 
deck coa  ng systems, seamless resin terrazzo, durable 
an  microbial fl ooring, fast curing systems, corrosion 
protec  on and self-levelling underlayments).

PU fl oors are thicker, stronger and more resistant, compared to epoxy 
fl ooring.

Due to the hygienic and reliable fi nish that it provides, PU fl oors have 
become popular in the food & beverage industry.

BASF has co-founded a global alliance of nearly 30 
companies to advance solu  ons that reduce and 
eliminate plas  c waste in the environment, especially 
in the ocean. The Alliance to End Plas  c Waste 
(AEPW) has commi  ed over USD 1.0 billion with the 
goal of inves  ng USD 1.5 billion over the next fi ve 
years to help end plas  c waste in the environment. 
New solu  ons will be developed and brought to scale 
that will minimise and manage plas  c waste. This also 
includes the promo  on of solu  ons for used plas  cs 
by helping to enable a circular economy.

Understanding where the plas  c waste originates 
from is key. Research by the Ocean Conservancy 
shows that plas  cs in the ocean predominantly 
originate from li  er on land. Most of the plas  c waste 
is spread through rivers and can be traced back to 
10 major rivers around the world, mainly in Asia and 
Africa. Many of these rivers fl ow through densely 
populated areas which have a lack of adequate waste 
collec  on and recycling infrastructure, leading to 
signifi cant waste leakage. The AEPW will ini  ate 
ac  ons where they are most needed. This will include 
projects that contribute to solu  ons in four key areas:
▪ Infrastructure development to collect and manage 

waste and increase recycling.
▪ Innova  on to advance and scale up new technologies 

that make recycling and recovering plas  cs easier and 
create value from post-use plas  cs.

▪ Educa  on and engagement of governments, 
businesses, and communi  es to mobilise ac  on.

▪ Clean-up of concentrated areas of plas  c waste in the 
environment, par  cularly the major conduits of waste, 
such as rivers that carry land-based waste to the ocean.

The alliance is a not-for-profi t organiza  on that includes 
companies from across the global plas  cs and consumer 
goods value chain: chemical and plas  c manufacturers, 
consumer goods companies, retailers, converters, and 
waste management companies. The alliance will work 
with governments, inter-governmental organisa  ons, 
academia, non-government organiza  ons and civil 
society to invest in joint projects to eliminate plas  c 
waste from the environment.

The following companies are the founding members 
of the Alliance to End Plas  c Waste: BASF, Berry 
Global, Braskem, Chevron Phillips Chemical Company 
LLC, Clariant, Covestro, CP Group, Dow, DSM, 
ExxonMobil, Formosa Plas  cs Corpora  on USA, 
Henkel, LyondellBasell, Mitsubishi Chemical Holdings, 
Mitsui Chemicals, NOVA Chemicals, OxyChem, 
PolyOne, Procter & Gamble, Reliance Industries, 
SABIC, Sasol, Shell, SUEZ, SCG Chemicals, Sumitomo 
Chemical, Total, Veolia, and Versalis (Eni).

BASF co-founds global 
alliance to end plas  c waste
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A  er just three years of construc  on, the world’s biggest 
airport (measured by passenger numbers) was opened 
on 29 October 2018, ini  ally with two runways which will 
expand to three, by 2019, and by the end of the project, 
by 2028, to six. 

The İstanbul Yeni Havalimanı, which is the offi  cial name 
of the New Istanbul Airport, is also the biggest infrastruc-
ture project in the history of Turkey. 

İGA, a consor  um of the fi ve leading Turkish contrac-
tors, Cengiz, MAPA, Limak, Kolin and Kalyon, opted for a 
Wirtgen Group fl eet, comprising over 50 machines and 
plants, to work on the airport job site. To be precise, 
Benninghoven asphalt mixing plants, Vögele road pavers 
and Hamm compactors and tandem rollers for soil and 
asphalt compac  on were used on the job site. Wirtgen 
slipform pavers were used to produce a number of con-
crete taxiways.

WIRTGEN SOIL STABILISERS AND HAMM 
COMPACTORS 
The earthworks for the new airport was a major project 
in itself. On this 9,000 ha (22,240 acre) site, the challenge 
was to create a base with a high load-bearing capacity. 
The machines which took on the job  included three 
Wirtgen soil stabilisers of types WR 240, WR 200 and WR 
2500 and 10 Hamm 3516 compactors with an opera  ng 
weight of 16 t. 

Once the WR machines had reliably stabilised the 
ground, the non-cohesive soils of gravel and crushed 
stone were compacted with ease by the Hamm Series 
3000 machines. They off ered a winning combina  on 
of high centrifugal force and sta  c linear load. Strip by 
strip, the machines compacted the soils which had been 
placed by trucks and spread by graders with a dumping 
height of 30 cm to 40 cm, and laying the basis for high 
quality infrastructure. A key advantage of Hamm tech-
nology for earthworks is the three-point swivel joint de-
veloped by the company. It provides for good all-terrain 
mobility, suppor  ng safe manoeuvring, even on rough 
ground. It also off ers good driving comfort, since jolts are 
eff ec  vely dampened.

BENNINGHOVEN ASPHALT MIXING PLANTS 
A glimpse at the fl eet of vehicles highlights the massive 
scale of the airport project. Over 3,000 modern trucks 
were used, with many of them transpor  ng asphalt mix. 
The high-quality asphalt mix for the runway construc  on 
was produced by six Benninghoven mixing plants, one 

each of types TBA 3000 and TBA 4000, and two each of 
types ECO 3000 and ECO 4000, with mixing capaci  es of 
240 t/h and 320 t/h. This corresponds to up to 1,680 t 
per hour, depending on the type of asphalt produced. 
The mix for the surface course consisted of a stone mas-
 c asphalt with polymer-modifi ed bitumen. The material 

is used for surfaces which are subjected to heavy stresses 
and consists of a mix with a high propor  on of stone, 
polymer-modifi ed bitumen and stabilising addi  ves 
for the bitumen. The composi  on is balanced so as to 
ensure las  ng resistance to deforma  on, producing sur-
face courses which are robust, safe for traffi  c and have 
a long service life. All Benninghoven plants can handle 
such challenging manufacturing processes, including 
the transportable TBA asphalt mixing plant and the ECO 
containerised plant.

HELPING TO MEET THE INFRASTRUCTURE
REQUIREMENTS OF THE WORLD’S LARGEST AIRPORT

Advanced equipment was deployed for earthworks, asphalt paving and concrete paving for the New 
Istanbul Airport in Turkey.

Once a Streumaster tandem-axle trailer, towed by a John Deere tractor, 
had precisely pre-spread the binding agent, the Wirtgen WR 200 used 
its milling and mixing rotor to mix it homogeneously with the soil. The 
work was ini  ally performed by three Wirtgen soil stabilisers which 
were later joined by two WR 240 machines, when addi  onal units were 
requested for the project.

Hamm rollers were used for compac  ng the water-bound base/cement 
treated base.
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ECO creates fl exibility
The Benninghoven ECO is a suitable choice when asphalt 
mixing plants are required on temporary sites, as in 
Istanbul. It combines Benninghoven technologies with a 
high standard of produc  on, all within compact con-
tainers, guaranteeing maximum mobility and fl exibility. 
ECO plants can be operated as sta  onary units, but can 
also handle rapid changes of loca  on without diffi  culty. 
Since all main components are designed in ISO standard 
container dimensions (20   or 40  ), they are also easy 
to transport by truck, ship or rail. Meanwhile, these 
plants with fi xed op  ons guarantee op  mum mix quality. 
Another posi  ve feature of the ECO model, as with 
all Benninghoven plants, is the maintenance-friendly, 
high-quality and long-life components.

VÖGELE PAVERS 
A total of 12 Vögele pavers were in opera  on, laying 
down asphalt for the runways and a number of taxiways. 
In addi  on to the latest ‘Dash 3’ genera  on of SUPER 
pavers (three SUPER 2100-3 pavers), some of the paving 
teams also worked with predecessor models (three SU-
PER 2100-2 and six SUPER 1900-2 pavers). These pavers 
have already completed many thousands of opera  ng 
hours and are proof of the longevity and reliability of 
Vögele technology. The machines are involved in the 
construc  on of the fi rst three of a total of six runways, 
comprising a 29 cm base course, a 12 cm binder course 
and a 4 cm surface course.

Asphalt paving over a surface of 2.2 million m²
The fl eet of 12 Vögele pavers is equipped with extending 
or fi xed-width screeds of types AB 600 TV or SB 250 TV. 
The AB 600 extending screeds have a basic width of 3 m 
and can pave at widths of up to 9.5 m when fi  ed with 
bolt-on extensions. On the airport job site, the Highway 
Class pavers SUPER 1900-2 operated with the AB 600 TV 
extending screed at a width of 7.5 m. The SUPER 2100-2 
and SUPER 2100-3 pavers are also in the Highway Class 
and operate with SB 250 fi xed-width screeds. Their basic 

The Benninghoven ECO is a suitable choice when asphalt mixing plants are required on temporary sites, as in Istanbul.

The en  re fl eet of 12 Vögele pavers worked ‘hot on hot’, as a result of 
which, the seams are be  er protected against water penetra  on and 
can withstand stresses for longer periods of  me. Following behind 
were the Hamm tandem rollers.
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width is 2.5 m, but this can be extended to 13 m, using 
fi xed and hydraulic bolt-on extensions. On the job site, 
the working width is 12 m. In this confi gura  on, the 
tracked pavers work ‘hot to hot’, consistently mee  ng 
the high demands on both quality and produc  vity, as 
they pave the 3,750 m or 4,100 m long and 75 m wide 
runways and a number of taxiways - a total area of 2.2 
million m².

HAMM TANDEM ROLLERS 
A total of around 20 Hamm Series HD+ and HD tandem 
rollers were used to compact the vast asphalt surfaces. 
They ensure rapid compac  on and high area outputs, 
thanks to the large drums. The kneading eff ect of the 
GRW 280-10 and GRW 15 rubber wheeled rollers guaran-
tees good surface sealing. With so many Hamm rollers in 
ac  on, visibility was a key factor for effi  cient working and 
the avoidance of accidents. To that end, Hamm rollers 
have good all-round visibility, thanks to a large operator’s 
pla  orm or the large, all-round glazed panoramic cabin 
that ensures a clear view of the working area directly 
around the roller and the surrounding area on the job 
site. This visibility ensures the quality of the compac  ng 
work and a high level of safety.

WIRTGEN SLIPFORM PAVERS 
When it came to producing concrete taxiways, the İGA 
consor  um elected to use slipform pavers from Wirtgen. 
Ini  ally, two SP 500 models with dowel-bar inserters, one 
SP 25 and one TCM 95 texture curing machine were used 
for the concrete paving work. They paved taxiways with a 
depth of 40 cm and a width of 2 m to 6 m. However, the 
technology was well received and the customer ordered 
a further ‘machine set’, comprising an SP 500 – one of 
the last concrete pavers of this type manufactured – and 
a TCM 95 from the Wirtgen brand headquarters in Wind-
hagen, Germany. 

The SP 500, which has been a genuine Wirtgen 
triumph, is being replaced by the new SP 60 series. 
The slipform pavers in this series have proven their 
capabilities in inset and offset applications and can 
be equipped with a range of options, including a 
dowel-bar inserter. This was the case for the three SP 
500 machines in Istanbul. Dowels were inserted at 
intervals of 38 cm to 50 cm, thus ensuring the correct 
height of adjacent slabs.

TCM 95 TEXTURE CURING MACHINE 
The Wirtgen TCM 95 texture curing machine is the ideal 
‘co-pilot’ to accompany the SP 500 mid-range concrete 
paver or the new SP 60 and even the SP 90 series. The 
texture curing machine is equipped with an automa  c 
spraying and brooming system. Once the surface has 
been broomed to the desired texture, the spraying 
system applies dispersion to the fresh concrete surfacing 
to retard the evapora  on of curing moisture, preven  ng 
stresses and the cracks this can cause. The TCM 95 is 
equipped with four wheeled chassis and covers working 
widths of up to 9.5 m.

The taxiways in the apron area are being paved in concrete. Three 
Wirtgen slipform pavers have ensured that the surfaces can handle the 
high concentrated loads from wai  ng aircra  .

At the New Istanbul Airport, the integrated spraying system of the 
Wirtgen TCM 95 texture curing machine is spreading a dispersion on 
the concrete surface. It prevents premature drying of the concrete 
surface and edges.

PROJECT DATA

Project 
Istanbul Yeni Havalimanı (New Istanbul Airport) 

Site Area
9,000 ha / 22,240 acres

Runways:
1 + 2 by 2018 (3.750 m + 4.100 m long, 75 m wide)
3 by 2019 (3.750 m long, 75 m wide)
A total of 6 by 2028

Terminals
3

Passenger Volume
150 to 200 million passengers/year

Freight Volume
Around 6 million t
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The new Hard Rock Hotel in Florida, USA, said to be the 
fi rst-ever guitar-shaped building anywhere in the world, 
is scheduled for comple  on in 2019. Standing 125 m tall, 
and looking like two guitars set back-to-back, the hotel 
will have 638 rooms. The mo  f is a favourite of Hard 
Rock Cafe Interna  onal Inc, but this is the fi rst  me the 
company has ventured to build a structure resembling 
the actual musical instrument. Ver  cal slats along the 
tower’s centreline suggest strings, and horizontal divid-
ers are reminiscent of a guitar’s frets. 

The new complex will house the hotel plus a hard-rock 
concert hall, sea  ng 6500, and incorporate its very own 
TV studio and broadcas  ng centre. It will also boast a 
wellness area and spa, with a fl oorspace of just over 
31,000 m², along with restaurants and retail facili  es 
covering 5600 m². The casino will have a new poker salon 
measuring 1672 m² and 3000 new slot machines.

The original Hard Rock Cafe (HRC) was opened on 14 
June 1971, on London’s Old Park Lane, in the premises of 
a former Rolls Royce dealership, by American entrepre-
neurs Isaac Tigre   and Peter Morton. HRC is a chain of 
themed restaurants, hotels and casinos operated by Hard 
Rock Cafe Interna  onal Inc. There are now more than 
170 outlets in over 50 countries worldwide.

Climbing at the touch of a bu  on 
Doka’s Super Climber SCP self-climbing formwork and 
working pla  orm is ideal for projects like this. Any fl oor 
plan can be formed quickly and fl exibly, with this modu-
lar formwork system, for high-rise cores. At the touch of 
a bu  on, high-performing hydraulic cylinders climb the 
wall formwork and working pla  orm to the next pouring 
sec  on, in a single li  . The company’s large-area form-
work, Top 50, is also used on this project.

One of the main ad-
vantages of working 
with Doka’s Super 
Climbing System is 
that the pump is 
included in the sys-
tem, avoiding extra 
work and unneces-
sary movements. 

As well as confi gura-
 ons with anchoring 

to the structure on 
both sides (as in 
sha  s), there is also 
an extended solu-
 on which makes 

it possible to transfer the forces on one side only. This 
makes it easy to use the system where there would not 
otherwise be enough walls, or where there are openings 
in the opposite walls. 

For even faster cycle  mes, the reinforcement opera-
 ons can also be carried out above the pla  orm. The 

system makes it possible to suspend working pla  orms 
that reach deep down into the sha  s, enabling the crew 
to start carrying out fi nishing jobs while the concre  ng 
works are s  ll underway. Also, the Super Climber SCP 
off ers a high level of safety for the en  re jobsite. Fully 
enclosed workspaces enable work to proceed in safety 
and without adverse eff ects from inclement weather. 
There is plenty of space on the pla  orm for se   ng down 
reinforcement and site equipment.

HARD ROCK HOTEL IN FLORIDA
FORMING THE

Proven formwork systems give the guitar-shaped building its unique contouring.

Construc  on work is proceeding on the Hard Rock Hotel & Casino, in 
Florida, USA. Image by Doka.

The structure is designed to look like two guitars set back-to-back. Images by Klai Juba Wald. 
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INTRODUCTION
We have been managing assets for several decades 
without major concerns and issues, so why do we need 
to adopt the concept of asset management?”

This is a typical ques  on that asset owners, operators 
and managers raise, when the subject of asset 
management is introduced to them for the fi rst  me. 

It is true that cri  cal public infrastructure assets 
in Singapore have been managed and maintained 
professionally and effi  ciently, by qualifi ed engineers 
and technical personnel. However, concerns and 
ques  ons may arise when a cri  cal asset fails or there is 
a major disrup  on of a component or system, resul  ng 
in a failure by the organisa  on to achieve and fulfi l 
the expecta  ons of stakeholders. The organisa  on 
may realise that the failure of the cri  cal asset or the 
system disrup  on may not come simply from a specifi c 
equipment or system-related issue, but rather from an 
organisa  on-wise broader systemic issue of managing 
risks, performance and costs of the infrastructure asset.

To address these issues, this ar  cle introduces the 
concept of asset management, star  ng with the 
defi ni  on and going on to explain the global trends in the 
industry and the key ingredients, based on the Technical 
Guide on Asset Management of Infrastructure Assets, 
dra  ed by the Asset Management Technical Commi  ee 
of the Ins  tu  on of Engineers, Singapore (IES).

ASSET MANAGEMENT
Asset management is simply an organisa  on-wide, 
whole-life management of a physical asset or an asset 
system, to fully realise its value, through an integrated 
mul  -discipline approach. For a more formal defi ni  on, 
Interna  onal Standard ISO 55000:2014 defi nes 
asset management as ‘the coordinated ac  vity of an 
organisa  on to realise value from assets’, and as further 
explained,  ‘realisa  on of value will normally involve a 
balancing of costs, risks, opportuni  es and performance 
benefi ts’ [1].

There can be diff erent perspec  ves on and explana  ons 
of asset management, by diff erent industry prac   oners. 
However, it is widely and generally agreed that asset 
management has to add the structural frame and 
ac  vi  es, for an organisa  on to achieve its objec  ves 
and the intended value for the assets.

Evolu  on of asset management has taken place in 
diff erent industries. For example, Building Informa  on 

Modelling (BIM) has been iden  fi ed by the Building and 
Construc  on Authority (BCA) as a key technology to 
improve produc  vity and the level of integra  on across 
various disciplines in the en  re construc  on value chain. 
As BIM will maximise whole-life value and minimise 
whole-life costs and risks of as-built infrastructure assets, 
asset management of as-built infrastructure assets may 
be enhanced by the adop  on of BIM technology.

The context
Singapore’s Smart Na  on ini  a  ve requires the support 
of infrastructural and other physical assets. The country 
is embarking on many complex, public infrastructure 
asset system projects, such as Changi Airport Terminal 5, 
Tuas Mega Port, new MRT lines and renewal of exis  ng 
MRT lines, NEWater and desalina  on plants, Deep Tunnel 
Sewerage System Phase 2, the Transmission Cable Tunnel 
project etc. It is essen  al that all these infrastructure 
projects are managed to ensure sustainable, safe, 
cost-eff ec  ve and reliable opera  ons throughout their 
design lives. To manage these infrastructure projects, 
there should be well-designed asset management 
decision-making processes, driven and supported by 
asset management informa  on systems and knowledge, 
with clear criteria based on risks and their mi  ga  on, to 
achieve the objec  ves of organisa  ons which are either 
the asset owners or asset managers. 

Decisions at diff erent stages of the asset life-cycle, in 
response to ques  ons, such as ‘what are the key criteria 
for design parameters?’, ‘when and how should the 
assets be operated and maintained?’, ‘which assets or 
asset components should be replaced fi rst?’ etc, are 
driven by the business or corporate objec  ves of the 
organisa  on and the governing regulatory framework. 

Three key ingredients of well-designed physical asset 
management are:

• A well-tested management system structure that 
provides line-of-sight vision for asset owners to make 
appropriate asset management decisions, based on 
performance, demand and cost objec  ves, throughout 
the life-cycle of the infrastructure asset systems.

• A technical quality assurance framework for con  nuous 
improvements in the technical quality of asset-related 
ac  vi  es and processes, to support the strategies, ap-
proach, implementa  on and line-of-sight vision in asset 
management decision-making.

QUALITY ASSURANCE OF
ENGINEERING SYSTEMS WITHIN INFRASTRUCTURE ASSETS

by Asset Management Technical Commi  ee, IES 
Eff orts are underway to complement established standards with prac  cal implementa  on concepts.
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•  The se   ng of relevant Key Performance Indicators 
(KPIs) for the infrastructure asset and asset manage-
ment, such as quality of supply, fi nancial, safety, legal, 
customer sa  sfac  on etc, at diff erent stages of the 
asset life-cycle.

While there are interna  onally recognised and well-
tested management system standards, and the se   ng of 
KPIs is a well-established management prac  ce adopted 
by senior management of organisa  ons, what is lacking 
is a technical quality assurance framework for each of 
the public infrastructure asset systems and the asset-
related technical ac  vi  es and processes necessary 
throughout the life-cycle of the public infrastructure 
asset systems.

TECHNICAL GUIDE ON ASSET MANAGEMENT OF 
INFRASTRUCTURE ASSETS
In response to this need, the Asset Management 
Technical Commi  ee, IES, decided to develop a Technical 
Guide on Asset Management of Infrastructure Assets, 
with the objec  ve to complement established asset 
management standards with concepts for  prac  cal 
implementa  on of asset-related technical ac  vi  es 
and processes. This will support the technical asset 
management system to meet the required level of 
service reliably and safely, and in the most cost-eff ec  ve 
manner, in Singapore, at present and in the future. 

The technical asset management proposed in the 
technical guide focuses on the following seven areas:

Asset life-cycle management
Asset life-cycle management covers planning, designing, 
opera  ng, maintaining and renewing / re  ring the 
infrastructure system, with asset life-cycle thinking, in 
terms of risks, operability, maintainability, reliability 
and safety, at diff erent stages of the asset life-cycle. 
It is to be noted that embedded within infrastructure 
assets, are diff erent categories of assets which have 
diff erent life-cycles - for example, buildings, mechanical 
systems, electronics and control systems. Integra  ng 
the management of these diff erent life-cycle rates 

holis  cally, as a total infrastructure asset, is more 
complex than the tradi  onal life-cycle management of a 
single system.

Risk management and mi  ga  on
The risk management system covers risk iden  fi ca  on, 
registra  on, mi  ga  on, avoidance etc, at all stages in the 
asset life-cycle. As the infrastructure asset is made up of 
many sub-systems, the inter-dependency between sub-
systems yields added risks which may not be present in 
the sub-system itself.

Technical competence management
The technical competence management system is 
established to ensure sustainability in the maintenance 
of the asset management system, for reliable and safe 
opera  ons of the assets, in a cost-eff ec  ve manner.

Technical knowledge management
The technical knowledge management system 
is established also to ensure sustainability in the 
maintenance of the asset management system, for 
reliable and safe opera  ons of the assets in a cost-
eff ec  ve manner.

Asset data quality and analysis
The principles of data quality and analysis seek to assist 
asset management decision-making, especially with IoT 
and big data analy  cs.

Opera  ons and maintenance
The adop  on of appropriate opera  on and maintenance 
strategies and processes ensures reliable, safe and cost-
eff ec  ve opera  ons.

Condi  on and performance assessment
The condi  on and performance monitoring of 
infrastructure asset systems throughout the asset life-
cycle facilitates quick decision-making on mi  ga  on 
measures before problems surface.

Figure 1: Key ingredients of well-designed asset management.
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ASSET MANAGEMENT SYSTEM STANDARD
As men  oned above, good asset management should 
include a well-tested management system structure that 
provides line-of-sight vision for asset owners to make 
appropriate asset management decisions throughout 
the life-cycle of the infrastructure asset. Good asset 
management will require a strong technical asset 
management founda  on, as proposed above. 

The Asset Management Technical Commi  ee, IES, has 
completed the overarching Technical Guide on Asset 
Management of Infrastructure Assets. However, this 
technical guide is not intended to replace the need for an 
asset management system which provides comprehensive 
line-of-sight vision for all the stakeholders, par  cularly the 
asset owners, to meet their expecta  ons and needs. There 
is therefore a need to look for a suitable management 
system structure that is well-developed and structured in 
a way that it facilitates the use of this technical guide to 
enhance the processes and ac  vi  es.

Similar to ISO 9001 Standard on quality management 
system, ISO 50001 Standard on energy management 
system, ISO 22000 Standard on food safety management 
system, ISO 31001 on risk management etc, the 
Interna  onal Organiza  on for Standardiza  on (ISO) has 
developed ISO 55001 Standard on Asset management - 
Management systems - Requirements, in 2014. ISO 55001 
is now becoming popularly recognised and accepted, 
worldwide, as the standard for a well-established asset 
management system that can be implemented for line-of-
sight vision of asset management. 

The ISO 55000 series of standards has three publica  ons:

• ’ISO 55000:2014 Asset management - Overview, princi-
ples and terminology’ provides key terms and defi ni-
 ons, such as asset management  which is defi ned as 

‘coordinated ac  vity of an organisa  on to realise value 
from assets’. It further elaborates in the notes, that 
‘realisa  on of value will normally involve a balancing of 
costs, risks, opportuni  es and performance benefi ts’ 
and ‘ac  vity can also refer to the applica  on of the 
elements of the asset management system’.

• ’ISO 55001:2014 Asset management - Management 
systems - Requirements’ provides requirements to 
fulfi l ISO 55001 cer  fi ca  on as an ISO standard. The 
main diff eren  ator between the ISO 55000 series of 
standards and other ISO standards is the inclusion 
of the Strategic Asset Management Plan (SAMP) in 
the ISO 55000 series. This document describes ‘how 
organisa  onal objec  ves are to be converted into asset 
management objec  ves’.

• ’ISO 55002:2014 Asset management - Management 
systems - Guidelines’ provides guidelines for the appli-
ca  on of ISO 55001:2014.

DEVELOPING THE TECHNICAL GUIDE FURTHER
Although the ISO 55000 series of standards provide an 
overview and requirements for implemen  ng the asset 
management system, they only describe ‘what need to 
be implemented’, but do not provide elabora  on about 
the quality of technical ac  vi  es and how to implement 
these ac  vi  es. In addi  on, they do not address specifi c 

issues concerning the types and numbers of assets 
and their cri  cality to the opera  ons and maintenance 
as well as risks of asset failures, the capability of the 
technical and opera  ons workforce etc.

The Asset Management Technical Commi  ee, IES, 
therefore believes that the proposed technical guide 
will help to close this gap. It will func  on as a ‘how-
to’ guide for engineers and technical personnel, that 
highlights the key considera  ons in ensuring the quality 
of technical ac  vi  es carried out throughout the life-
cycle of the public infrastructure assets, in order to meet 
the required level of service reliably, safely, and in the 
most cost-eff ec  ve manner. However, applica  on of this 
technical guide will largely depend upon the industries, 
asset types and the organisa  ons involved.

The Technical Guide on Asset Management of 
Infrastructure Assets, in its current dra  , therefore 
intends to complement and align with respec  ve 
sec  ons of the ISO 55001:2014 Standard, to provide 
overarching implementa  on guidance on technical 
requirements, with considera  ons and notes, which are 
tailored to public infrastructure assets in Singapore, in 
order to allow enhanced assessments and reviews of the 
asset management processes and execu  on capabili  es 
covering the en  re value chain of these assets.

The Asset Management Technical Commi  ee, IES, seeks 
feedback and advice from other IES members, experts 
and experienced asset managers of public infrastructure 
assets, for further development of the technical guide. 
The commi  ee is also looking for case studies in 
diff erent infrastructure sectors, to provide more in-depth 
understanding on the clauses in the technical guide, in 
order to benchmark asset management prac  ces and 
benefi t from lessons learned from past mistakes. 

REFERENCES
[1] ISO 55000:2014 Asset management - Overview, principles 
and terminology.
[2] ISO 55002:2014 Asset management - Management systems 
- Guidelines for the applica  on of ISO 55001.

Figure 2: Key elements of asset management with the line-of-sight [2].
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INTRODUCTION
The ar  cle covers not only the principles rela  ng to 
classroom pedagogy, but also the adapta  on to diff ering 
cultural impacts from and on students. In the fi nal 
analysis, the aspira  ons of academics all over the world 
are the same, but we must accept and celebrate the 
diff erences in the various cultures and sub-cultures.

While the ar  cle focuses on technical educa  on, 
peripheral non-technical concerns will also be 
men  oned, to support the analysis. 

ASEAN AND ITS POTENTIAL DOMAINS OF 
INFLUENCE
ASEAN, the Associa  on of South East Asian Na  ons 
was formed in 1967, with fi ve states as members, and a 
vision of living together in peace, stability and prosperity, 
in a community of caring socie  es and in a partnership 
to achieve dynamic development. Today, ASEAN consists 
of 10 na  ons - Brunei Darussalam, Cambodia, Indonesia, 
Laos, Malaysia, Myanmar, Philippines, Singapore, 
Thailand, and Vietnam. 

ASEAN is right in the middle of a region that also includes 
India, China and Australia.

For many decades, however, for some reason, ASEAN’s 
and in fact Asia’s technical links have been with the West, 
mostly North America and Europe, rather than amongst 
the Asian na  ons, whilst also skipping the Middle East. 
ASEAN members have also had more planned interac  on 
amongst themselves than with the other na  ons in Asia.

COLLABORATION VERSUS COOPERATION
Interac  on between na  ons may be by collabora  on or 
coopera  on, and we must keep the diff erences between 
the two types of interac  on in mind, here. There are 
many defi ni  ons of the two terms. Most of them agree 
that in both collabora  on and coopera  on, people 
work together to achieve the same target. Yet, there are 
diff erences in their func  oning.

To avoid confusion, ‘collabora  on’ can be defi ned as a 
shared ac  vity between near-equals as partners in the 
venture, and ‘coopera  on’ can be defi ned as a shared 
ac  vity between unequal contributors, with some giving 
more and others receiving more. As a real-life example, 
two companies in a joint-venture can ‘collaborate’ on a 

new mega-project, but contractors and sub-contractors 
in a project must ‘cooperate’ for the common good.

By these defi ni  ons, basically, for many decades past, 
certain Asian countries (and more par  cularly, some 
ASEAN members) have been ‘coopera  ng’ with the West, 
in the sense of having received technical assistance and 
guidance from the West under some broad agreements, 
rather than sharing resources or exchanging knowledge 
or materials, as partners, as should have been the case, 
if there was collabora  on. As and when Asia (or ASEAN) 
contributes as ‘partners’ in shared goals, together with 
other coopera  ng na  ons, the rela  onship between 
these na  ons may be considered as ‘collabora  on’.

India’s experience with coopera  on and 
collabora  on 
During the 1950s, which was soon a  er India got 
independence from the Bri  sh, in 1947, the country 
received a big helping hand, when many advanced 
na  ons in the West established industries and 
educa  onal ins  tu  ons in India, including the following 
Indian Ins  tutes of Technology:
1958 - IIT Bombay, with Russian collabora  on
1959 - IIT Kanpur, with American collabora  on
1959 - IIT Madras, with German collabora  on

A  er the establishment of these educa  onal ins  tu  ons, 
India itself has developed more IITs, as well as Regional 
Ins  tutes of Technology (RITs) on these Western models, 
with great success. IIT graduates are sought a  er by 
academia and industry the world over!

Even currently, collabora  ve and coopera  ve schemes 
con  nue to develop and func  on: 
• The scheme of ‘Indo-US Collabora  on for Engineer-

ing Educa  on’ is aimed at assis  ng the crea  on of 
good quality engineering talent that can help develop 
solu  ons to global challenges facing humanity, in areas 
such as energy, environment, health and communica-
 ons, by improving engineering educa  on and re-

search, through four pillars of educa  on:
 - Learner-centric teaching  
 - Research excellence
 - Outcome-based quality supported by accredita  on
 - Innova  on and entrepreneurship

BETWEEN EAST AND WEST
TECHNICAL ACADEMIC INTERACTION 

by Dr N Krishnamurthy, Consultant, Singapore
An overview, based on a wide and deep, cross-cultural academic and 
industry experience in several countries, is presented. 

Dr N Krishnamurthy 
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• Likewise, the American Society for Engineering Edu-
ca  on, involving academic and business leaders from 
leading US and Indian universi  es, plans to make engi-
neering educa  on and research more relevant to global 
social needs and aspira  ons of the new genera  on of 
youth.

• The Interna  onal Commi  ee on Engineering Educa  on 
and Innova  on will promote the Interna  onal Decade 
for Engineering Advancement, to cul  vate a new gen-
era  on of youth that is able to improve wealth genera-
 on as well as enhance the quality of life, worldwide.

A few decades earlier, the US and other European 
na  ons had a large edge over Asia in laboratory and 
computer facili  es, but the disparity has been mostly 
evened out by now.

Moreover, while in earlier decades, India has been 
generally at the receiving end of technical exper  se, 
even during the ‘exchange’ programmes, in recent 
decades, India has shown its competence in a number of 
scien  fi c areas, such as space technology and so  ware 
development, where it has contributed to the progress 
of Western and certain Asian coun  es. 

TRANSNATIONAL EDUCATION
For all the iden  ty of goals and similarity of contribu  ons 
in the academic arena, many a   tudinal and mo  va  onal 
diff erences may be found between the Western and 
Eastern teaching systems and student involvement. 

‘Transna  onal educa  on’, that is, educa  on across 
na  onal boundaries, has been amplifi ed and accelerated 
by on-line (computer-based) and distance educa  on 
programmes, which are experiencing unprecedented 
growth globally, in both scope and scale. 

Transna  onal educa  on is of three kinds:
• Asian students studying in Western or Australian uni-

versi  es
 This has been going on for decades and is now increas-

ing. The majority of foreign students (earning more 
than two-thirds of engineering PhDs from USA univer-
si  es) are from India and China. Australia hosts the 
highest propor  on of foreign students, at one-fourth of 
its enrolment.

• Foreign universi  es establishing campuses in Asian 
regions

 This is rela  vely new, but increasing at a fast rate. China 
is one of the top 10 host countries for higher educa-
 on, with about 1,400 foreign ins  tu  ons currently 

off ering higher educa  on programmes there, and with  
the majority of these being Australian.

• Asian students enrolling in on-line courses run by 
foreign universi  es

 This is also rela  vely new, and its popularity is increas-
ing at a fast rate. Regions with well-developed higher 
educa  on infrastructure are shi  ing from tradi  onal 
classrooms to on-line educa  on which come in many 
fl avours.

In open educa  on or free access programmes, educa  on 
resources and free (or low-priced) classes are off ered 
on-line. Massive Open On-line Courses (MOOCs) are quite 
popular, but have been losing steam in the past few years. 

Open universi  es are gaining in popularity from wide 
and free opportuni  es for higher educa  on. Economies 
of scale have allowed the open university concept to 
become fi nancially solvent easily, while conven  onal 
higher educa  on ins  tu  ons are facing fi nancial 
constraints. 

However, recent reac  ons from employers of on-line 
graduates indicate concerns, even complaints, on 
defi ciencies and inconsistencies arising from lack of face-
to-face guidance.

By and large, transna  onal educa  on programmes off er 
great promise for expanding access to higher educa  on 
for individuals throughout the world, with far fewer 
geographical and geopoli  cal barriers than tradi  onal, 
face-to-face, college and university programmes. 

Basically, for many 
decades past, certain 

Asian countries (and 
more particularly, some 
ASEAN members) have 
been ‘cooperating’ with the 
West, in the sense of having 
received technical assistance 
and guidance from the West 
under some broad agreements, 
rather than sharing resources 
or exchanging knowledge or 
materials, as partners, as should 
have been the case, if there was 
collaboration. As and when 
Asia (or ASEAN) contributes 
as ‘partners’ in shared goals, 
together with other cooperating 
nations, the relationship between 
these nations may be considered 
as ‘collaboration’.
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When properly designed and carefully implemented, 
transna  onal educa  on programmes can greatly assist 
developing na  ons in expanding their intellectual 
infrastructure. These programmes also hold the poten  al 
to increase the preparedness of students in many 
na  ons, to work collabora  vely within and beyond their 
increasingly globalised socie  es.

ASIAN ACADEMIC COLLABORATION AND/OR 
COOPERATION
Most Asian na  ons receive technical and academic 
educa  onal (and other) resources from technologically 
advanced na  ons, such as USA, UK and other countries 
in Europe, and to a smaller extent, from Australia 
and Japan. While Japan has not been too proac  ve in 
contribu  ng to ASEAN’s educa  onal ac  vi  es, Australia’s 
academic interac  on with Singapore and other Asian 
na  ons is quite visible and increasing.

Academic coopera  on with the West by ASEAN might 
have been quite appropriate during the stages of 
development, when basic strengths and skills were 
being built up. Culturally, however, some interna  onal 
authori  es have referred to this one-way transfer of 
technical knowledge as ‘Educa  onal Imperialism’ or 
‘Academic Neo-colonialism’.

While this is unavoidable and not necessarily bad for the 
outcome, those who have been deeply involved for many 
years in such knowledge transfer can indeed affi  rm that, 
to some extent, ASEAN and Asia have had to contend 
with imbalances in cultural orienta  on of study materials 
and other academic resources, with no similar regional 
alterna  ves available.

The benefi ts of transna  onal educa  on programmes 
must be weighed against the risks of the so-called 
educa  onal imperialism. For instance, what could be the 
poten  al impact of transna  onal educa  on providers 
being mostly from English-speaking na  ons? 

Reasons for one-way infl uence
What could be the reasons for this one-way traffi  c of 
technical educa  on in earlier eras?

• In many modern technological areas, the West (plus 
Australia and Japan) has been leading in recent 
decades, and to catch up, the East has had to look 
towards these technically advanced nations for co-
operation. 

• For effi  cient transfer of technical knowledge, Asia’s 
academic programmes and pedagogical methods must 
also parallel those of the West, which requires changes 
in our indigenous systems. 

• Most innova  ons in the transfer of technology are 
ini  ated by and based in the West. 

• Most of the required documenta  on is in the English 
language, pu   ng na  ons not suffi  ciently familiar with 
technical English, at a disadvantage – although this 
gap is fast being closed. It must be admi  ed here that 

adop  ng English for educa  onal purposes has greatly 
assisted many na  ons in developing robust transna-
 onal partnerships. 

TRAINING RESOURCES
Technological academic training for students in Western 
countries is o  en diff erent from those for students in many 
Asian countries. Hence, text books, published ar  cles, 
and training tools available from the West are not always 
synchronous with Asian views and comfort zones. 

In spite of sincere a  empts by Western authors to 
include Eastern thought, those who have not ‘lived in’ 
and personally experienced the region they wish to 
reach, o  en miss the point. 

There are, of course, rare excep  ons of reverse fl ow of 
knowledge from and about Asia, such as through Nobel 
Laureate, Prof Amartya Sen who has been instrumental 
in awakening the West to the strengths of Asian cultures.

American and Bri  sh books, and English versions of 
European books also have their own language quirks! 
Colloquial phrases and idioms, metaphors and analogies 
used have li  le or no part in the experience of many 
Asian students. With most teaching resources coming 
from the West, case studies and examples are based 
mostly on Western incidents, refl ec  ng their ways of life 
and daily experience, requiring the Asian students to 
understand the language nuances and cultural aspects 
before they can solve problems.

A main reason for the dominance of Western academic 
resources in Asia is partly the fault of Asian na  ons, 
in that we in Asia are not as free or eff ec  ve, as the 
West is, in the communica  on, dissemina  on, and 
documenta  on of technical informa  on and knowledge, 
both among ourselves as well as with other na  ons. 

This may not be a major problem in engineering and 
math-based courses, but can cause considerable 
diffi  culty in other technical courses requiring descrip  ons 
and abstract ideas.

A par  cular problem has been no  ced in senior-level 
individual projects. While in group projects, Asian 
students manage to meet the project report standards 
quite well, they fumble in individual essays and 
presenta  ons on descrip  ve and abstract material. 

Many industries in Asia are now mul  -na  onal and 
looking for a  ributes such as good communica  on skills 
and interna  onal experience, when hiring engineering 
graduates. In the classroom, however, it is not an easy 
task to spread this emphasis on communica  on skills!

It has been the experience of teachers that, in classes 
a  ended by students from many Southeast Asian 
countries, while the teaching and assessment were all 
in English, students tended to think in their na  onal 
languages and they even sit together in class so they 
could chat freely with their country-mates.

As for their Western experience, most students knew 
only superfi ciali  es of the Western world such as 
cellphone use and pop music, but not much of the 
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historical origins of Western technology or the mindset 
of Westerners which made them so confi dent and 
innova  ve. 

What we might need is a ‘bridging’ course to infuse into 
the students be  er regional communica  on skills, and 
more knowledge-based interna  onal ‘experience’.

CONSTRUCTIVISM
Distance learning programmes and other pedagogical 
methods from the West are dominated by 
‘Construc  vist’ approaches to teaching and learning, 
used in the West. 

According to ‘Concept to Classroom’ [1], ‘Construc  vism’ 
is a theory based on observa  on and scien  fi c study 
about how people learn. It says that people construct 
their own understanding and knowledge of the world, 
through experiencing things and refl ec  ng on those 
experiences. When we encounter something new, we 
reconcile it with our previous ideas and experience, 
maybe changing what we believe, or maybe discarding 
new informa  on as irrelevant. 

There are benefi ts in construc  vism, in the Western 
academic ambience, and even in mainstream universi  es 
in Asian countries, where the student pool evolves 
together from entry level to gradua  on [2]. 

But the situa  on is diff erent in courses, in Asia, a  ended 
by students coming from diff erent backgrounds and with 
very li  le in common. 

There are many diff erences among students, in the 
largely culture-based percep  ons of ‘good’ and ‘bad’, 
‘acceptable’ and ‘forbidden’. The diff erences are not only 
between students from the two hemispheres but also 
between students within the same region. Such cultural 
diff erences would surface on certain topics, as can be 
observed while teaching in Asia to Asian students. 

Further, Asian students would do well in deriving 
equa  ons, applying formulas, and lis  ng bullet points 
(exactly as in the source) on technical ma  ers. But they 
fared badly in wri  ng sentences of their own, to describe 
something, or give their own opinion on anything. 

To them, the English language was a major barrier for 
non-mathema  cal and non-scien  fi c topics, even in 
engineering courses.

Basic diff erences in thinking and mo  va  on
In general, Western students would be more serious 
about the process than about the end result, while 
Eastern students behaved in quite the reverse manner 
and felt more ‘pressured’. They would want to get to the 
correct result, somehow, even to the extent of ‘reversing 
from the answer’!

A Westerner would start from A, and ‘try’ to reach B, 
experimen  ng with diff erent paths, viewing scenery en 
route and not caring about when he reached B, or even 
if he reached B! An Easterner would fi nd out the shortest 
and fastest path from A to B, and launch headlong on 
this fi xed path, come what may.

Western curricula are generally quite fl exible and off er 
a wide variety of choices, including many abstract 
‘humani  es’ topics. Eastern curricula are generally quite 
rigid, with fi xed concrete, ‘scien  fi c’ choices, although 
recently more versa  lity is being injected.

Western students are more independent, fi nancially and 
emo  onally, than their Eastern counterparts, and freer 
to choose their pathways. This has a great bearing on 
their diff erent academic experience.

In addi  on to the language itself, we must consider the 
impact of culture on learning in transna  onal educa  on 
programmes. 

In English-speaking na  ons, the home of most of 
the transna  onal educa  on providers, presenta  on 
of informa  on is explicit - almost all meaning being 
conveyed in words. In Asian na  ons, presenta  on of 
informa  on is implicit, with meaning conveyed through 
gestures and other social cues, as much as in actual 
words, with language already being a problem.

This may not be such a major problem in mainstream, 
local universi  es, where even students from other 
na  ons soon get integrated with the local students 
and manage quite well. But problems arise in the 
local campus of foreign universi  es when (a) The 
university a  empts to enforce, in the host country, 
the same resources, assessment system etc as at its 

A main reason for the 
dominance of Western 

academic resources in Asia is 
partly the fault of Asian nations, 
in that we in Asia are not as free 
or effective, as the West is, in the 
communication, dissemination, 
and documentation of technical 
information and knowledge, both 
among ourselves as well as with 
other nations.

This may not be a major problem 
in engineering and math-based 
courses, but can cause considerable 
diffi culty in other technical courses 
requiring descriptions and abstract 
ideas.
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home campus, and (b) Courses are aimed at part-  me 
professionals who work all day and study to get a 
degree, in their ‘free’  me.

The concept of working professionals taking part-
 me courses is defi ned by a lack of uniformity in the 

background of the students. In many instances, the 
mo  va  on was exclusively on ‘somehow’ managing to 
get the pass grade (or even 1% less, because nobody 
would fail an adult for a shor  all of 1%), rather than on 
learning the subject to improve themselves.

In the US, by and large, partly due to students being 
‘self-driven’ and partly because of the continuous 
assessment process, students come to learn, and 
would quit rather than ‘suffer’ the course, or crib and 
whine about how tough studying was, after long and 
hard hours of work.

Quality concerns of transna  onal educa  on
Percep  ons of quality of on-line and other distance 
educa  on programmes vary signifi cantly throughout 
the world. In the US, most academic leaders perceive 
outcomes in on-line programmes as the same as or 
superior to those from face-to-face programmes. 

Quality control measures in US are fairly robust, with 
 ght regula  ons on the quality of programmes within its 

states. In sharp contrast, educa  on leaders elsewhere 
express concerns about the low quality and ques  onable 
accredita  on of foreign transna  onal educa  on 
providers, par  cularly the ‘for-profi t’ ones.

Overall, this gap is so apparent that transna  onal 
educa  on, as a means of building academic competence 
in developing na  ons, is o  en viewed scep  cally and 
even disparagingly. 

Quality control also seems to correlate with na  onal 
development. Already, na  ons such as India and 
Australia appear to be benefi   ng well. China seems to 
prefer tradi  onal brick and mortar universi  es.

Obstacles to interna  onal experience
The alterna  ve to actually studying and working in 
foreign lands is to put all engineering graduates through 
a rigorous, immersive ‘briefi ng’ course on selected 
foreign cultures, off ered by mentors who themselves 
have the mul  -cultural experience. Such a course goes 
beyond just addressing the technical content. 

There will be diffi  cul  es in impor  ng and adjus  ng to the 
transfer of technical knowledge from Western countries 
into ASEAN and Asia, in general.

Parkinson [3] noted the following obstacles for 
par  cipa  on in interna  onal experiences:
• Diffi  culty in scaling
• Nega  ve impact on  me to graduate
• Nega  ve impact on fi nances
• Lack of faculty incen  ves
• Unclear outcomes assessment
• Rigid curriculum structure

CONCLUSION
We need interna  onal coopera  on and collabora  on, 
and yes, there are many things ASEAN members (in fact 
most of Asia) have to learn from the West, in engineering 
and technology.

But for sustained outcomes and mutual interna  onal 
respect, it must be ‘two-way’ exchange.

• Let us certainly learn the techniques and receive the 
products of advanced technology from the West. But 
let us also learn the principles behind the technology, 
and the materials and processes behind the products 
- like learning to fi sh rather than keep receiving gi  s 
of fi sh!

• Let us also try to give something in return for the ‘gi  s’ 
we get!

• Let us remember with pride the vast technical 
knowledge and exper  se that Asia gave the West in 
earlier eras.

• Let us now support and encourage innova  on in Asia 
and its member na  ons.

• Let us develop our own training materials for our 
own academic and professional needs.

• Let us interact more within ASEAN and also facilitate 
interac  on between ASEAN and the rest of Asia, to 
develop all countries in the domain.

• Let us inspire ASEAN and ASIAN youth towards more 
self-reliance! 
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[This ar  cle is based on a presenta  on made by Dr N 
Krishnamurthy, within the track on Interna  onal Collabora  ons, 
at the ASEAN Engineering Deans Summit (AEDS) which 
addressed the theme ‘Fostering Excellence in Engineering 
Educa  on’.

Organised by IES, together with Singapore University of 
Technology and Design (SUTD), and held from 12 to 14 
November 2018, at Resorts World Sentosa Conven  on Centre, 
Singapore,  AEDS was part of the conference programme for 
the 36th Conference of the ASEAN Federa  on of Engineering 
Organisa  ons (CAFEO 36)].
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ON 8 November 2018, IES and Singapore Discovery 
Centre (SDC) jointly held an industry seminar on the future 
of engineering in Singapore,  tled ‘The Future We’re 
Building: An Engineering Talk’. 

Open to both IES members and the general public, the 
seminar featured keynote addresses from a panel of 
speakers with extensive experiences in both the public and 
private sectors. 

Held at SDC itself, IES President Professor Yeoh Lean Weng, 
as well as several Council Members, were amongst the 
invited guests. 

A  er a brief welcome from the Centre’s Execu  ve 
Director, Mr Lowrence Chua, a 3D short fi lm (Dream Big: 
Engineering Our World) was screened. 

Celebra  ng the human ingenuity behind various 
engineering marvels, such as the Great Wall of China and 
solar-powered cars, the fi lm highlighted the signifi cance 
of engineering and shone the spotlight on engineers 
worldwide and their drive to create be  er lives for people.

Through the fi lm, which is currently showing at SDC, the 
Centre hopes to inspire future engineering innovators, as well 
as mo  vate students to pursue an engineering educa  on.

Leading the keynote speeches next was Mr Danny 
Lee, Council Member and Deputy Chairman of the IES 
Aerospace Engineering Technical Commi  ee. 

Currently the course chair for two engineering diploma 
programmes at Singapore Polytechnic, he spoke on the 
topic of drone technologies and their applica  ons, and 
elaborated on proper drone opera  on in Singapore. He 
also showcased to par  cipants the mul  -disciplinary 
nature of Unmanned Aerial Vehicle projects.

Following him was Mr C K Vishwakarma, a veteran 
program manager and business strategy expert who 
specialises in technology-related fi elds.  

He pointed out that the advent of advanced technologies 
such as ar  fi cial intelligence, robo  cs, and the Internet of 
Things has changed the nature of skills demand and the 
trend will con  nue.

In the face of this development, he called for an emphasis 
on humanising technologies and their impact to create a 
liveable, sustainable world. 

The fi nal speaker was Dr Victor Sim, Principal Engineer 
(Sustainable Urban Solu  ons) at Surbana Jurong. Also an 
IES Council Member, Dr Sim shared his own experiences 
with par  cipants, using the United Na  ons’ Sustainable 
Development Goals (SDG) to frame the context of his 
presenta  on on Engineering with Passion and developing 
technological solu  ons that address problems faced by 
socie  es, environments and economies. 

Par  cipants were then given the opportunity to pick the 
speakers’ brains at a Q&A session moderated by SDC 
Deputy Execu  ve Kelvin Koh. 

With various ques  ons being raised, such as the prospect 
of engineering careers in Singapore, the poten  al shi  s in 
various engineering disciplines, as well as their impact, the 
session was certainly a lively one! 

It was defi nitely an inspira  onal and enriching half-day for 
both the prac  cing and aspiring engineers who a  ended 
the seminar.

The keynote speakers, together with IES Council Members and members of the SDC management team, pose for a photo. (Le   to right) Mr Kelvin 
Koh, Mr C K Vishwakarma, Mr Danny Lee, Mr Mervyn Sirisena (Vice President, Educa  on Group, IES), Mr Lowrence Chua, Er. Seow Kang Seng 
(Vice President, Manufacturing Cluster, IES), Dr Victor Sim, Mr Hovman Goh (Assistant Execu  ve Director, Educa  on and Marke  ng, SDC), and Ms 
Soo Hui Wah (Director of Educa  on, SDC)

Par  cipants enjoying the screening of Dream Big: Engineering Our 
World at SDC’s iWERKS theatre.

IES UPDATE

OF THE  FUTURE
WITH IES AND SINGAPORE DISCOVERY CENTRE



46 THE SINGAPORE ENGINEER
January 2019

The 36th Conference of the ASEAN Federa  on 
of Engineering Organisa  ons (CAFEO 36) took 
place from 12 – 14 November 2018 at the Resorts 
World Conven  on Centre on Sentosa.

Hosted by IES, which chaired AFEO last year, the 
conference saw more than 1,000 engineering 
professionals from over 20 countries gather to 
exchange ideas and solu  ons along the themes 
of “Engineering Rail Connec  vity” and “Fostering 
Excellence in Engineering Educa  on”.

It was held in associa  on with LTA and co-organised 
with both SMRT Corpora  on and the Singapore 
University of Technology & Design (SUTD).

On the fi rst day, delegates from various AFEO 
working groups and commi  ees updated each 
other on the latest developments in their 
countries, and discussed methods to advance 
engineering within ASEAN. 

A welcome dinner was hosted in the evening, 
providing an informal atmosphere within which 
to forge new bonds and catch up with old friends. 

Each par  cipa  ng delega  on, plus special guests 
Hong Kong and Japan, also put up a short song 
and dance segment celebra  ng mul  culturalism 
and diversity.

The opening ceremony happened on Day Two, 
with Mr Teo Chee Hean, Deputy Prime Minister 
and Coordina  ng Minister for Na  onal Security as 
the guest-of-honour. 

Highligh  ng the importance of a  rac  ng young 
people to join the ranks of engineers, DPM Teo 
noted that confere nces like CAFEO “show our 
young people that engineering is exci  ng, it is fun, 
and you can change … (the) living environment and 
bring a be  er life to your fellow ci  zens”.

He exhorted those present to rise up to the 
challenge of crea  ng new engineering solu  ons 
to benefi t ASEAN.

CAFEO 36 Highlights
A  er a brief intermission, the conference 
began proper, spli   ng into the Singapore Rail 
Technology Conference (SRTC) for discussions 
on Engineering Rail Connec  vity, and the ASEAN 
Engineering Deans Summit (AEDS) for Fostering 
Excellence in Engineering Educa  on.

Dr Lam Pin Min, Senior Minister of State for 
Health and Transport graced the opening of 
SRTC. Organised by IES and SMRT, the conference 
promoted the exchange of knowledge gathered 
from local and interna  onal rail development, 
management and maintenance case studies, with 
a special focus on prac  cal solu  ons. 

For AEDS, Ms Indranee Rajah, Minister in the 
Prime Minister’s Offi  ce and Second Minister 
for Finance and Educa  on was the guest-of-
honour. Co-organised with SUTD, the summit 
facilitated discussions on new pedagogies, as 
well as outcomes-based engineering educa  on 
and accredita  on, so as to transform ASEAN’s 
engineering educa  on landscape.

The same day, AFEO also presented the 
Dis  nguished Honorary Patron Award to Tun 
Dr Mahathir Mohamad, the Prime Minister of 
Malaysia, at Shangri-La Hotel

This is the most pres  gious AFEO award and it is 
conferred on heads of state and governments in 
recogni  on of their substan  al and outstanding 
contribu  ons to the engineering profession, 
AFEO, as well as the ASEAN Community.

Other notable events that took place were the 

AT CAFEO 36

DPM Teo (7th from le  ), together with the AFEO Heads of Delega  on and Er. Ong Ser Huan (8th from le  ), in a show of 
ASEAN solidarity during the opening ceremony.

ENGINEERS SHARE  KNOWLEDGE AND
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Women in Engineering Summit, as well as the presenta  on 
of the ASEAN Engineering Register cer  fi cate to more than 
400 recipients.

Signing of the Singapore Declara  on
On the fi nal day of the conference, the Singapore 
Delega  on was signed by all the AFEO delega  on heads. 

A CAFEO prac  ce, the Declara  on sets out the coming 
year’s goals, objec  ves and strategies for all signatories.

This year’s Declara  on commi  ed the federa  on to 
promo  ng railway and transporta  on connec  vity, 
sustainable urban solu  ons, and injury-free workplaces, 
as well as sharing project knowledge, developing start-up 
incubators and working towards excellence in engineering 
educa  on.  

Closing Banquet and IES 52nd Annual Dinner
In the evening, the Closing Banquet for CAFEO 36 took 
place, a  ended by Mr Zaqy Mohamad, Minister of State 
for Na  onal Development and Manpower, together with 
nearly 1,700 conference delegates, IES members and 
industry guests.

It was an extra-special celebra  on, since the banquet 
was jointly held with the IES 52nd Annual Dinner, where 
outstanding engineers, both local and regional, were feted. 

In recogni  on of their professional competence, 
IES presented Chartered Engineer cer  fi cates to 10 
outstanding local transporta  on engineers who have made 
signifi cant contribu  ons in their prac  ce. 

These Chartered Engineers will form part of the Assessm 
ent Panel to cer  fy more engineers in accordance with 
established competency standards.

The Life  me Engineering Achievement Award 2018 was 
presented to Er. Chang Meng Teng, in recogni  on of his 
outstanding leadership and the profound impact of his 
contribu  ons to the engineering industry and community.

The top honour accorded to engineers in Singapore, Er. 
Chang was the sixth to receive the award. 

An electrical engineer by training, he devoted his career to 
Singapore’s infrastructural development across the public 
and private built environment sectors. 

Apart from playing key roles in the development of power 
distribu  on networks when he was with PUB, Er. Chang 
spent 20 years as Managing Director of Squire Mech 
Pte Ltd, having been involved with mul  ple residen  al, 
commercial, and industrial building projects. 

In his acceptance speech, Er. Chang expressed his gra  tude 
to his fellow PEs, clients and peers for their support 
throughout his career, while expressing his hope that the 
younger genera  on of engineers would be able to carve 
out new possibili  es for the future.

“Er. Chang is an exemplary engineering leader who has 
made signifi cant contribu  ons to the built environment. 
IES hopes that his achievements will inspire our young 
engineers to deliver innova  ve solu  ons, contribute to the 
well-being of our economy and improving our quality of 
life,” said IES President Professor Yeoh Lean Weng. 

Other awards presented at the dinner were the ASEAN 
Outstanding Engineering Achievement Awards, given to 
24 awardees for making signifi cant contribu  ons to the 
advancement of engineering within ASEAN, and the AFEO 
Honorary Awards, which were presented to 87 individuals 
for rendering exemplary service to the profession. 

Furthermore, Mr Muhammad Hudzaifah bin Sulaiman 
from NUS and Mr Mohamed Taufi k Rahim from Temasek 
Polytechnic received the 2018 IES-Yayasan MENDAKI 
Scholarships for achieving excellent academic results. 

This annual award is given to ter  ary Muslim students 
to encourage and support them in furthering their 
engineering studies or pursuing an engineering career. 

A  er handing out the awards, Prof Yeoh passed the 
AFEO fl ag and chairmanship of the federa  on to Dr Ir. 
A. Hermanto Dardak, President of Persatuan Insinyur 
Indonesia (PII; Associa  on of Engineers Indonesia). 
The loca  on of the next C AFEO, which will be held in 
September this year, was revealed to be Jakarta. 

Bringing a close to three days of learning and friendship, 
the fi nal act of the evening was a lively and boisterous 
Dance of the ASEAN Na  ons, led by the young engineers 
from each delega  on.

Er. Chang receives the Life  me Engineering Achievement Award 
statue  e from Mr Zaqy, as Prof Yeoh looks on.

IES UPDATE

Smiles all round as the energe  c young engineers take the stage towards the end of the evening.
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TO be  er prepare the engineering workforce for a Vola  le, 
Uncertain, Complex and Ambiguous (VUCA) future ahead, 
IES, the NUS Faculty of Engineering, as well as its School of 
Con  nuing and Lifelong Educa  on (NUS SCALE), signed an 
MOU to collec  vely help engineers stay relevant amid the 
technical disrup  ons in a fast-evolving job market.

The three par  es will work together to iden  fy the areas of 
exper  se for the engineering jobs of tomorrow, and develop 
appropriate training courses or programmes to further 
grow their capabili  es. They will also partake in knowledge-
sharing with one another, engaging profi cient individuals 
from NUS and IES as teaching fellows or course instructors.

The IES Young Engineers Commi  ee (YEC), together with their counterparts from The Ins  tu  on of Engineers, Malaysia 
(Southern Branch)’s Young Engineers Sec  on, as well as students from Singapore Polytechnic (SP), spent one Saturday (29 
September 2018) learning about diff erent aspects of engineering through visits to Jurong Rock Cavern and the SP Aero Hub.  

JTC Group Director Teo Tiong Yong and Deputy Director Loh Yew Pong hosted the visitors and took them on a tour of 
the Cavern’s facili  es and its control room. The par  cipants learnt about the diff erent phases of the project, from ini  al 
planning to construc  on and then opera  on. 

The SP Aero Hub visit was next. Mr Danny Lee, Chairman of the IES Student Chapter Commi  ee and Advisor to the IES-SP 
Student Chapter led everyone around the Fab Laboratory, Advanced Robo  cs & Intelligent Control Centre and Aero Hub. 

The participants were impressed with the facilities available for future young engineers to hone their craft.

NEW MOU
SIGNED WITH NUS 
TO FUTURE PROOF ENGINEERING WORKFORCE

YOUNG 
ENGINEERS 
COMMITTEE
ORGANISES VISIT TO FUTURE PROOF 
ENGINEERING WORKFORCE






