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Impact on Sustainability
• In March 2023, the Intergovernmental Panel for Climate Change (IPCC) released its

sixth synthesis report (AR6) outlining challenges associated with climate change.
• It is recognised that “human activities … have unequivocally led to global warming,

with average global surface temperature reaching 1.1°C above 1850–1900 in
2011–2020”

• The solution lies in climate resilient development through a combination of
adaptation and actions to reduce GHG emissions.

• These goals cannot be delivered without ready and speedy uptake of disruptive
technologies and alignment of these with societal needs.

• How ready are we? Do our codes and practices support this?



Once upon a time someone said “cement contributes 8% of global C02 emissions” … what happens next …



Source: https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/

Historic emissions

Whatcapacity isleft tolimitwarming



Source: https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/



Total world production of CO2 in 2019 = 44 Gt CO2Decomposition of carbonates 1!6 Gt CO2 + fossil fuel for energy 1!0 Gt CO2 = 2!6 Gt CO2 (5!9% of total emissions)



Total world production of CO2 in 2019 = 44 Gt CO2Decomposition of carbonates 1!6 Gt CO2 + fossil fuel for energy 1!0 Gt CO2 = 2!6 Gt CO2 (5!9% of total emissions)
Total world production of CO2-eq (or GHG) = 59 Gt CO2-eq in 2019 (IPCC: 2022 WGIII Report)
CO2-eq emissions from cement � CO2 emissions = 2!6 Gt CO2-eq (4!4% of total GHG emissions)



Ways to achieving a low carbon building industry
Substitution: Replacement of a higher carbon material with a lower one that gives the same

or improved performance.
Reuse: Adaption and reuse of existing infrastructure assets
Sequestration: Embedding carbon dioxide in the environment (terrestrial sequestration), within

geological formations (geological sequestration) or in materials used in the
building and infrastructure construction (industrial sequestration)

Capture: Direct carbon capture, storage, and reuse
Dematerialisation: Higher strength, higher performance materials; efficiency gains.



Some Background to UNSW Research in UHPC

Short-term and time-dependent flexural behaviour of steel fibre-reinforced
reactive powder concrete. Robyn Warnock PhD 2005 (Supervisors: Gowripalan,
Gilbert)

An investigation into the behaviour of Prestressed Reactive Powder Concrete Girders
Subject to Non-Flexural Actions. Yen Lei “Jackie” Voo PhD 2004 (Supervisors: Foster,
Gilbert)
Post PhD formed a company DURA Technology (capitalisation US$15 million)

An Investigation into the Behaviour of reactive Powder Concrete Columns. Adnan Malik PhD 2007
(Supervisor: Foster)
Behaviour of high-Strength and Reactive Powder Concrete Columns Subjected to Impact. Luan
“Ryan” Huynh PhD 2011 (Supervisor: Foster)
Non-destructive methods for determining fibre distribution and orientation in SFRC and UHPFRC
structures. Lakshminarayanan Mohana Kumar PhD 2023 (Supervisors: Foster, Aboutanios)



UHPC Prestressed Girders Failing in Shear



UHPC – Applications – Impact Resistance

HSC Column – 3rd Impact RPC Column – 3rd Impact





Types of UHPFRC Bridges
Type 1: Integral beam deck

Type 2: Composite UHPFRC beam
� in-situ NSC deck

Type 3: UHPFRC box girder

Type 4: U trough girder



Cross-section of KB-KT Bridge



420 metre KB-KT Bridge



Manong Bridge, Perak (2018-2019)



Lambor Bridge, Malaysia



Negeri Sembilan Bridge – 51.5 metres



Negeri Sembilan Bridge – 51.5 metres





Ultra High Performance Concrete

100 metre Span UHPC Batu 6 Segmental Box Girder Bridge, Malaysia150 MPa Concrete; very high levels of prestress (4x that of conventional construction);light-weight; lighter foundations; lower carbon emissions in transport; etc.





UHPC Segments for 100 metre span Box Girder Batu 6
Bridge crossing Sungai Perak - Malaysia





100% assembled – before stressing





100 m span box girder Batu 6 Bridge - Sungai Perak -Malaysia



Location: Ulu Geroh, Kampar,Perak, Malaysia
Client: JKR Kinta
Function: River crossing river toindigenous community
Structure: Single span 25m x3.5m UHPdC integral beam-decksystem.
Design Load: Full HA + 30HBloadings (BD37/01)
Construction Period: 3 months.

Ulu Geroh Bridge – 25 metres



Ulu Geroh, Kampar, Perak, Malaysia



50 Metre Span Road Bridge
Total time from start of fabrication to completion of abutments 79 days!









UHPC Retaining Walls - 2009

25 kPa Surcharge Loading

Conventional RPC – DURA®

Environmental Impact Calculation



https://www.zkg.de/en/artikel/zkg_First_German_railway_bridge_with_UHPC-3562139.html

https://onlinelibrary.wiley.com/doi/epdf/10.1002/best.201900010

https://www.zkg.de/en/artikel/zkg_First_German_railway_bridge_with_UHPC-3562139.html
https://onlinelibrary.wiley.com/doi/epdf/10.1002/best.201900010


Crossing of RTS Link using UHPC design - Singapore
Lead consultants: AECOM (Southeast Asia)Designers: Jurutera Perunding Riz,MalaysiaManufacturer: DURA Technology, MalaysiaConforming NSC design: 2-spans ofapproximately 40 metres eachAlternative design: 1-span of approx. 80metres (requiring 1 less pier).





EAST



Flexural Behaviour



EAST

Critical diagonalshear crack

P = 2800 kN



Fracture Surface Load-deflection



Fibre Orientation State is Three Dimensional!
• Much like the state of stress, fibre orientation state

is also three dimensional!
• Isotropic, planar, and unidirectional fibre

orientation states are all special cases, as in the
case of stress.

• Yet, isotropic or other simpler fibre orientation
states are assumed during design.

• Fibre orientation measurements and corrections
are made in terms of the orientation factor, which
is a 1D parameter.

42
3D rendering of tomogram of a SFRC coredspecimen

We need to more fully understand the 3D fibre
orientation state and incorporate in design?



Norwegian University of Science & Technology



X-ray MicroCT on UHPFRC
2% straight fibres: 13 mm long 0.2 mm diameter



Core Analysis: Bukit Merah Dam Bridge Girders



Core Analysis: Bukit Merah Dam Bridge Girders



Core Analysis: Bukit Merah Dam Bridge Girders



Standards and Guidelines



Technical Notes and Theses



Design for Shear

https://onlinelibrary.wiley.com/doi/epdf/10.1002/suco.202300738

Crack slidingmodel

Web crackingmodel

https://onlinelibrary.wiley.com/doi/epdf/10.1002/suco.202300738


Design for Shear

https://onlinelibrary.wiley.com/doi/epdf/10.1002/suco.202300738

https://onlinelibrary.wiley.com/doi/epdf/10.1002/suco.202300738




Behaviour of Steel–PVA UHPC under High Temperatures



Behaviour of Steel–PVA UHPC under High Temperatures



Behaviour of Steel–PP UHPC under High Temperatures

Residual Compressive Strength Residual Elastic Modulus

Constituent RPC-SF RPC-3!0PP RPC-4!5PP
Cement 1 1 1
Silica Fume 0.25 0.25 0.25
Sydney Sand 1.1 1.1 1.1
Superplasticiser 0.062 0.062 0.062
Steel Fibre 0.172 0.146 0.13
PP Fibre - 0.004 (3 kg/m3) 0.005 (4.5 kg/m3)
Water 0.17 0.15 0.15



Spawned Literature on UHPC under High Temperatures

DURA Fire Testing



Conclusions• UHPC's superior strength and durability compared to that of traditional
concrete have enabled the creation of longer, slimmer, and more
visually appealing bridges, enhancing both aesthetic and structural
aspects.

• While challenges such as limited professional expertise and the need for
standardized practices remain, the advantages of UHPC, particularly in
constructing bridges in remote locations, are clear.

• Increased educational and policy efforts are needed to maximize the
potential of UHPC in bridge construction and wider infrastructure
developments.

• Better understanding of the in-place material, specifically the
orientation and distribution of the fibres and their impact on strength.


