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Key Talking Points
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‘Bottom-up’
Industry-Driven
Research Model

Focusing on
transiation from
laboratory to site

2

Case Studies &
Technology
Translation

CTIL’s collective
efforts made in the
three AR & | Pillars
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Why SIT and
CTIL?

Marry applied
research and
industry’s best
practice. Build

talent pipelines
through AR & |
upskilling
programmes.




URBAN SOLUTIONS

Challenges in Construction Industry Tackling embodied carbonisthenext ~ AND SUSTAINABILITY

step of the green building journey = = socieniseimimiteas
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Without considering the upfront emissions from construction, the world

could burn through its remaining carbon budget as the global

population swells. Eco-Business asks Lisa Bate, chair of the World Green

Building Council, for her thoughts on how to address the problem of

embodied carbon. ST, 2 Jan 20
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sustainability and climate change S Tmemm—————
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Hold on or fold up: Singapore's
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WOH HUP

BUILDING WITH INTEGRITY

A Platform for Applied Research

CTIL provides a platform for Singapore-based

construction companies and SIT researchers to
carry out applied research and develop innovative
and cost-effective construction technologies for
building structures and sub-structures.

Start-Up Grant

Woh Hup (Private) Limited provides a S2M start-up
grant to set up CTIL and supports its operation over
an initial period of 5 years (2021 -2026).
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Construction Technology Innovation Laboratory
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Breaking New Ground
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Woh Hup - SIT Construction Technology Innovation Laboratory (CTIL) provides a
platform for Singapore-based construction companies and SIT researchers to
collaborate and develop innovative technologies for building structures and sub-

structures with societal and economic impact.

VISION * To advance construction technologies for
building structures and sub-structures through
innovation

* To develop innovative and disruptive construction
MISSION| technologies through applied research.
* To translate innovative technologies from laboratory
to site.

To provide specialized training and support talent\r \¥,

* WHK development
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Top-Down v.s. Bottom-Up AND SUSTAINABILITY

R&D CONGRESS 2023
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“Top-Down’ Agency Driven Applied Research  ‘Bottom-Up’ Industry-Focus Applied Research
Aim for knowledge creation & building capability Aim for test bedding & actual application

Higher Success Rate of Adoption
Tailored to the industry needs

\ Encourage to ‘Think \
Outside The Box’

Lower Success Rate of Adoption \ |
May not be practicable for everyone
No One-Size-Fits-All




Three Pillars of Collaboration and Activities

Proof of Concept

Prototyping

Demonstration and Test-
Bedding

Living lab

And more....

Industry Partnerships

Access to Labs

Consultancy and Advice

Commercialization
platform

URBAN SOLUTIONS
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Student attachments

Postgraduate Training
(Industrial
Master/Doctorate)

Professional Training
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Collaboration and Activities AND SUSTAINABILITY

R&D CONGRESS 2023
BUILDING SUSTAINABLE, RESILIENT, AND LIVEABLE CITIES OF TOMORROW
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BCA BETA Research based training to )

promote new technology

Co-Funding

Alliance based training to drive
SIT IM/ID enterprise transformation

Training @

Other Fund Sources

< R&I Projects

Students and engineers )
p—— involved to support
Addre§s_|ng Fod | Applied / | innovation & transformation )
Critical Needs Research l
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Facilitating scaling up, test
................ bedding and
commercialization
° \, J
S 'L Academies &
Professionals
| Showcase
SIT
Industry Partners Showroom. Demo
Steering Committee Seminars, Workshops, Events
Rls and Overseas Collaborators e




CTIL Focus
Areas

New Technology Creation, Test Bedding
& Translation, Technology Adoption

URBAN SOLUTIONS
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Prioritizing Our Efforts

Securing the quality of welds (HAZ)

Solid-liquid boundary — Heat-affected zone (HAZ)
Grain growth zone
Recrystallized zone
Partially transformed zon
ne:

Welding $S690Q in Controlled Environment

/ Note: HAZ is shown in exaggerated size

Base
metal

Jein X
Weld fii i 7
metal

Base
metal

Base metal: f, = 690 N/mm? o Joi

T
I ]
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Conventional labour intensive 40% lighter S690 built-up king posts Sensor box
installation of king posts Source: DPM Heng Swee Keat’s Facebook

URBAN SOLUTIONS
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Fabrication of the 15t S690 King Post in SG

GP5 and Frame and actuators adjust

EVroscope the fine position throughout
Pluge-in | the installation
column \ ¥

_ S Lnstal]atlon The plunge-in column
Soi \ rame in the final position
™
- 1

Concrete
pile

Positioning and verticality control system
(under development)
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Prioritizing Our Efforts AND SUSTAINABILITY

R&D CONGRESS 2023
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* P4: High Performance Pre-Engineered Steel
Concrete Composite Beams for Sustainable

Construction
Aim: To reduce embodied carbon and improve construction productivity in modern

industrial building construction with high-performance steel concrete composite beams.
‘ Y High strength C55/67 _ . =
jL

[_ green concrete slab (165 mm)
apprOX|mater 5500 kg/m il il
optimization

BU 600x140/200x99 kg/m
S$460

Y wou nup m WEINVRDT

1100

Photo by Woh Hup: Prof. Chiew and Asst/P Zhao
supported Woh Hup during DPM’s Visit on 13 Feb 23

SLS limit (L/360, 20 mm) Concrete Crushing Concrete Slab failure Buckling of steel

, 11.4m height, live load

* 3200

. 2800 » s '\ ----------------------
zgz :lensl:e Element (FE) Analysis
o —— Analytical (EC4 Approach)
Photo by Prof Yang Bo: testing of full scale Vi Span pefectn (o)
HPCB at Chongging University
* 60% lighter * 10% higher productivity * 5-10% cheaper * 40% less embodied carbon
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Prioritizing Our Efforts

Carbonation of RCAs

£

waste

Cross-section
after cutting

RCA after 4 hr carbonation
(8.3 < pH <10)

W Control [@20% RCA

W 10% Treated RCA % 20% Treated RCA (1.4%)

Compressive Strength (MPa)

Strength of CRCA Concrete (C55/67)
(1.4 wt% CO, uptake)

— exceed virgin concrete by 5.8% at 28 days

Local demolishing

- P5: Waste Valorisation in Concrete
Production via CO2 Sequestration

CO2 Sequestration and Waste

Valorisation in

Carbonation of RCA

/

ready mixed concrete

’

CO2 mixing into c

»

225

46%
less
CO2e|

Embodied Carbon - kg COZe per m3
o
8

ALLIANCE
CONCERTE
SNCALCnE

CEM1-RMC CSURMC

Embodied Carbon Concrete Mixtures

Coming to market soon!

ent
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ALLIANCE  [SUBI jr st ot
CONCRETE w i
SINEACCLE i

Your Project, Our Pride

Mixing with carbonated water/solutions
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50

40
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20

€O, Uptake (De-Aired Tap Water)

91.2 | 49.3

4
45.3
39.9 . 40.0
365387
30.1 305 l

22.623I52§0 I

3-DAY 7-DAY 28-DAY
mCONTROL  mRCA RCA-GGBS  mCSURMC

Control: Commercial C32/40
CW: 50% GGBS + 0.6% CO2 mixing

- 30% higher 3-day strength
- Comparable 28-day strength

170 mm sump to ensure pumpability
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Alignment with the refreshed BE ITM 2025

Integrated
Digital
Environmen
t

Improve
productivity,
quality and

efficiency

BE
Automation

Improve
productivity,
reduce the
reliance on labors

Sustainable
Urban
Infrastructu

re
Critically urgent to
address the
sustainability and
climate change
challenges:
= Post Covid
Decarbonisation
- Coastal
protection

Smart
Inspection

Improve
productivity,
efficiency and
safety

URBAN SOLUTIONS
AND SUSTAINABILITY
RSl T

4TH - 5TH OCTOBER 2023

Smart
Approval

Improve
productivity and
efficiency



Change the Way to Build URBAN SOLUTIONS
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Design for manufacturing and assembly (DfMA)
* A key strategic thrust to raise construction productivity (Construction Industry
Transformation Map).

 Buildings are designed for ease of off-site manufacturing and efficiency of on-
site assembly.

Construction

Conventional labor- Industry High-productivity and efficiency
intensive construction site Transformation DfMA construction site

Traditional

High performance steel/steel-concrete composite structures

Rapid
=7 Urbanisation

Climate
Change

Prefabricated prefinished volumetric
construction (PPVC) for student hostel container depot
@NTU JTC logistics hub @Gul
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How to make Construction more Sustainable?

(1) Tackling the embodied
carbon (a.k.a. eCO,, CO,e, CO,eq)

WGBC: New developments and major
renovations to reduce and compensate
embodied carbon emissions by 2030

Annual Global CO, Emissions

“. Other “\‘
. 27% BuILDING

Transport .
0 BUILDING
y 4 6 /o CONSTRUCTION
' (2.3 GT) INDUSTRY
Other .“. v ," o OTHER
Industry b v
7% CONSTRUCTION

(2.4 GT) INDUSTRY

© Architecture 2030. All Rights Reserved. Data Source: IEA (2022), Buildings, |EA, Paris

Building Construction industry and Other Construction Industry represent emissions
Jrom concrete, steel, and aluminum for buildings and infrastructure respectively.

(2) Reduce input of virgin
materials

Non-metallic minerals

0 Biomass 9 Fossil fuels e Metals

2011 value 2011-2060 projected increase
A A

Sand gravel & crushed rock
Limestone

Bituminous coal

Structural clays

Grazed biomass

Wood & timber

Iran ores

Other crops

Other non-metallic minerals
Straw

Copper ores

Cereals

Construction is responsible for
50% of resource consumption
- expected to double by 2060

Other crop residues

Crude oil

Natural gas

Other metals
Vegetables & fruits
Tin ores

Gold ores

Other coal

Coking caal

Other fossil fuels

Other biomass

"

10 15 20 25 30 35 40 45 50 55

Gigatonnes

Source: OECD HIGHLIGHTS (2018). Global Material
Resources Outlook to 2060. Economic drivers and
environmental consequences

URBAN SOLUTIONS
AND SUSTAINABILITY
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(3) Improving

Prodygtivityo 41 kg co./kwh
» Diesel = 3186 kg CO,/tonne

Q Integrated Planning and Design

@ Drive collaboration across value chain to
enable better planning from the onset, and
optimise building design for downstream
construction and maintenance

——= Create a conducive enwvironment for
collaboration and regulatory submissions
through common data standards, with a
data-rich Bullding Information Modelling model
that is used acrass the project lifecycle

Advanced Manufacturing and Assembly

Automate fabrication in factories to improve
productivity, quality and work environment

o Drive co-location of synergistic construction
activities {e.g. aggregate storage, batching
plants, precast plants) to optimise land use
and streamline logistical processes

Sustainable Urban Systems

Accelerate our decarbonisation efforts to
support our net zero aspirations, and create a
more sustainable and liveable built environment

Streamline operations and improve maintenance
of buildings enabled by Integrated, Aggregated
and Smart Facilities Management

OPERATIONS & MAINTENANCE

Source:

BCA (2022). Built Environment Industry Transformation
Map (ITM). Building a world-class and resilient sector.
BCA (2021). Green Mark 2021 Carbon Technical Guide.
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Technology Readiness Level — Translation Speed

o | o o

Production

Full-scale
development

Exploratory
development

Technology
development

Actual system, proven through successful mission
operations

Actual system completed and operationally qualified
through test and demonstration

System prototype demonstration in an operational
environment

System/ sub-system model or prototype
demonstration in a relevant environment

Component and/ or basic sub-system validation in
relevant environment

Component and/ or basic sub-system technology
validation in laboratory environment
Analytical and laboratory studies to validate

analytical predictions

Technology concept and/ or application formulated

Basic principles of technology observed and reported

N

J

URBAN SOLUTIONS
AND SUSTAINABILITY
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|

Trial and test bedding

Deployment and

{

{

(knowledge creation)

( f of value) commercialization
proof of value (ASAP!)
Applied research Industry’s Critical
(proof of concept) Needs
|
|
Fundamental research Capability building
for future

18



Why SIT and CTIL?




Professional Faculty

* 11 students taken in 2020
* 14 students taken in 2021
* 17 students taken in 2022
* 11 students taken in 2023

8 months’ Capstone Project
8 months’ IWSP

Work
Supervisor

CAPSTONE
PROJECT

fficer

Integrated Work-Study Programme and Industry Capstone Projec

URBAN SOLUTIONS
AND SUSTAINABILITY
R&D CONGRESS 2023

BUILDING SUSTAINABLE, RESILIENT, AND LIVEABLE CITIES OF TOMORROW

4TH - 5TH OCTOBER 2023

- Showcase IWSP posters from Woh Hup

students
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URBAN SOLUTIONS

Manpower Upllftlng AND SUSTAINABILITY
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Industrial Masters and Industrial Annual CTIL Technical Seminar for

Doctorate Programme (IM/ID) disseminating the research findings

* Designed to develop talent pipeline at
postgraduate level

* To equip professionals with applied research skills

* Facilitate the test bedding and accelerate
technology adoption

Mr. Chua Guan Feng

8 years working experience before joining IM

Research topic: High performance pre-

engineered steel-concrete composite beams

for sustainable industrial buildings

Ms. Cong Yuxiao

10 years working experience before joining IM
Research topic: Zero cement geopolymer
concrete for sustainable coastal protection

SINGAPORE
INSTITUTE OF
TECHNOLOGY
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Concluding Remarks

* CTIL's modus operandi revolves around a ‘'Bottom-Up' approach,
which provides a much-needed platform for industry partners to
share expertise to develop capabilities to address key industry
challenges. It also re-introduces and reinforces the value of
collaboration not only among supply chain partners but also among
government agencies, institutes of higher learning and industry
players; marrying research with skills to create practical solutions
for the BE sector.

* Deep involvement of practicing engineers in the applied research
projects facilitate the trial and test bedding and eventually
accelerate the translation of technology from laboratory to sites.

* The 12-month long Integrated Work-Study Programme and Industry
Capstone Project allow students to horn their technical skills and
gain new knowledge at workplace, and eventually build up talent
pipeline for the companies. The Industrial Master and Industrial
Doctorate Programmes also give current employees of companies

URBAN SOLUTIONS
AND SUSTAINABILITY
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fg i

an opportunity to upgrade themselves and review the current ~

practice in the companies.
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