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Impact on Sustainability ﬁb

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?

www.fib-international.org



Once upon a time someone said “cement contributes 8% of global CO, emissions” ... what happens next ...
nature
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TODAY'S CLIMATE
ditorial icl . :
natire > schionals > artcle Concrete is Worse for the Climate Than
CBS MORNINGS > Flying. Why Aren’t More People Talking
EDITORIAL | 28 September 2021 About It?

Our twice-a-week dive into the most pressing news related to our
rapidly warming world.

Concrete needs to lose its colossa o

June 24,2022

Cement industry accounts for about 8% of CO2
emissions. One startup seeks to change that. carbon footprint

Concrete will be crucial for much-needed climate-resilient construction. But the

R AT industry must set out its plan for decarbonization.
Concrete neeqs tolose its colossal Climate change: The massive CO2 emitter
carbon footprint CEMENT AND CONCRETE: THE  you may not know about

Concrete will be crucial for much-needed climate-resilient construction. But the cement E N v I R o N M E N TA I- I M PACT ' i

|ndustry must set out its plan for decarbomzatmn

Versatile and long-lasting, concrete buildings and structures are in many ways ideal for
climate-resilient construction. But concrete has a colossal carbon footprint — at least 8% of
global emissions caused by humans come from the cement industry alone?.

—i, . - - .

Contributor: Keegan Ramsden

Cement manufacturing now accounts for at least 8 percent of all
the world’s CO2 emissions. In comparison, aviation accounts for
about 2.8 percent of total global emissions, according to a 2020
report from the International Energy Agency.

Cement manufacturing (such as that at this plant in Russia) accounts for 8% of the world's carbon dioxide oy : - AP
emissions. Credit: Getty 8.0% ey F140% B’yl:fJ‘:yRodgcrs Concrete: the most
Concrete is a huge source of carbon Cement is the Sl ofa:olI:t so/; ocfhtheh worI:d‘s e destructive material on

- - - emissions, according to think tan atham House.
emissions. These researchers are working to ? Earth
Chatham House Report Each year, more

Johanna Lehne and Felix Preston than 4 billion After water, concrete is the most widely used

make it greener
Energy, Environment and Resources Department | June 2018 substanceonthe planvl But its benefits

(@ G I'he,.
ri June 23, 202: tonnes ofcement mask enormous dangers to the planet, to uardlan
» are produced, human health - and to culture itself

Mark Tutton, CNN

Portland cement is the most common kind, and is produced by baking lime in a kiln. Makmg Concrete Change accounting for A brief history of concrete: from 10,000
- i . . 2 . to 3D printed houses
More than 4 billion tons of cement were produced in 2021, contributing 8% of global Innovation in Low-carbon around 8 per cent Editor's pick: best of 2019, WeTe bringing
CO2 emissions, according to think tank Chatham House. With pressure on the ; back some of our favorite stories of the
. 5 @ . . Cement and Concrete Ofglobal Co; past year. Support the Guardian’s
construction industry to decarbonize, researchers around the world are looking for emissions journalism in 2020

ways to make concrete greener. by Jonathan Watts

Concrete: the most destructive material
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Technical Summary

CO, emissions (GtCO,/yr)
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(b) Historic emissions vs.
future carbon budgets
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Figure TS.3 | Historic anthropogenic CO; emission and cumulative CO; emissions (1850-2019) as well as remaining carbon budgets for limiting warming
to 1.5°C (>67%) and 2°C (>67%). Panel (a) shows historic annual anthropogenic CO, emissions (GtCO, yr=') by fuel type and process. Panel (b) shows historic cumulative
anthropogenic CO; emissions for the periods 1850-1989, 1990-2009, and 2010-2019 as well as remaining future carbon budgets as of 1 January 2020 to limit warming to
1.5°C and 2°C at the 67th percentile of the transient climate response to cumulative CO, emissions. The whiskers indicate a budget uncertainty of +£220 GtCO,-eq for each
budget and the aggregate uncertainty range at one standard deviation for historical cumulative CO, emissions, consistent with WGI. {Figure 2.7}

Source: https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
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Working Group Il contribution to the

Sixth Assessment Report of the
Intergovernmental Panel on Climate Change

Direct+indirect emissions by sector (59 GtCO,-eq)
\ ________________________________________________________________________
~
N == — - i Indirect
| | L
I nd UStry : Industry I Other energy
340/0 | 34% | 12%
—No — Cement (process only) 2.6% I — Petroleum
0.9 e == == e ——————— I ] — Waste 3.9% refining 1.1%
-No : — Cement (process Only) 2_60/0 : | - Chemicals 6.3% I —Cogl mining fugitive
~Rod == o om o o o o - - - - - - — Metals 7.8% I emissions 2.2%
== WaSte 3.90/0 I Other (industry) 13% l — Oil and gas fugitive
. L - . . . . . . .. issi 4.40/0
= Chem|ca|5 6.30/0 V4 —SrtnhIZ:l(Oen:ergy systems)
— Metals 7.8% o7 4
— Other (industry) 13% -0 5%
Figure TS.6 | Total anthropogenic direct and indirect GHG emissions for the year 2019 (in GtCO;-eq) by sector and subsector.

Source: https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
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Global CO2 emissions from cement production

Robbie Andrew! (®

i Show affiliations \

GCP-CEM: The Global Carbon Project CEMent-process emissions dataset
This is an update of the dataset documented in:

Andrew, R.M., 2019. Global CO2 emissions from cement production, 1928-2018. Earth System
Science Data 11, 1675-1710. https://doi.org/10.5194/essd-11-1675-2019.

Data in this release cover the period 1880-2022.

Note that emissions from use of fossil fuels in cement production are not included in this dataset since they are
usually included elsewhere in global datasets of fossil CO2 emissions. The process emissions in this dataset, which
result from the decomposition of carbonates in the production of cement clinker, amounted to ~1.6 Gt CO2 in 2022,
while emissions from combustion of fossil fuels to produce the heat required amounted to an additional ~1.0 Gt CO2
in 2022.




Global CO2 emissions from cement production

Robbie Andrew

GCP-CEM: The Global Carbon Project CEMent-process emissions dataset
This is an update of the dataset documented in:

Andrew, R.M., 2019. Global CO2 emissions from cement production, 1928-2018. Earth System
Science Data 11, 1675-1710. https://doi.org/10.5194/essd-11-1675-2019.

Data in this release cover the period 1880-2022.

Note that emissions from use of fossil fuels in cement production are not included in this dataset since they are
usually included elsewhere in global datasets of fossil CO2 emissions. The process emissions in this dataset, which
result from the decomposition of carbonates in the production of cement clinker, amounted to ~1.6 Gt CO2 in 2022,
while emissions from combustion of fossil fuels to produce the heat required amounted to an additional ~1.0 Gt CO2
in 2022.

Total world production of CO, in 2019 = 44 Gt CO,
Decomposition of carbonates 1.6 Gt CO, + fossil fuel for energy 1.0 Gt CO, = 2.6 Gt CO, (5.9% of total emissions)

Total world production of CO5-eq (or GHG) = 59 Gt CO,-eq in 2019 (IPCC: 2022 WGlIII Report)
CO,-eq emissions from cement 2 CO, emissions = 2.6 Gt CO,-eq (4.4% of total GHG emissions)

YYYYYY



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

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)

Sequestration:

Capture: Direct carbon capture, storage, and reuse

| Dematerialisation:  Higher strength, higher performance materials; efficiency gains. |
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Some Background to UNSW Research in UHPC

An investigation into the behaviour of Prestressed Reactive Powder Concrete Girders #

Subject to Non-Flexural Actions. Yen Lei “Jackie” Voo PhD 2004 (Supervisors: Foster, Qf'*:; ;i
A

Gilbert)

Post PhD formed a company DURA Technology (capitalisation US$15 million)

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 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)
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UHPC Prestressed Girders Failing in Shear

&
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An Investigation into the Behaviour of Prestressed
Reactive Powder Concrete Girders

Subject to Non-Flexural Actions

BT REERERENE

by

Yen Lei VOO

A thesis submitted to The University of New South Wales
in partial fulfilment of the requirement for the degree of

Doctor of Philosophy

SCHOOL OF CIVIL AND ENVIRONMENTAL ENGINEERING

THE UNIVERSITY OF NEW SOUTH WALES

26" May, 2004




UHPC - Applications — Impact Resistance

HSC Column - 3" Impact
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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
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420 metre KB-KT Bridge

T-girder UHPC girder
design design

o Baseline

UHPC Bridge

Bridge as 100°

HSC

Mass (tonne) EE (G)) EC (tonne) GWP (tonne)

NSC Bridge




B NSC box sect. O UHPC girder

Mass (tonne) EE (G)) EC (tonne) GWP (tonne)

UHPC box section
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Negeri Sembilan Bridge - 51.5 metres




Negeri Sembilan Bridge - 51.5 metres







Ultra High Performance Concrete
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100 metre Span UHPC Batu 6 Segmental Box Girder Bridge, Malaysia
150 MPa Concrete; very high levels of prestress (4x that of conventional construction);
light-weight; lighter foundations; lower carbon emissions in transport; etc.
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UHPC Segments for 100 metre span Box Girder Batu 6
Bridge crossing Sungai Perak - Malaysia
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100% assembled - before stressing







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

MW Steel Composite Bridge [J Dura Bridge

Dura Bridge

HSC Bridge as 100% Baseline

Mass (tonne) EE (GJ) EC (tonne) GWP (tonne)




Ulu Geroh Bridge - 25 metres

Location: Ulu Geroh, Kampar,
Perak, Malaysia

Client: JKR Kinta

Function: River crossing river to
indigenous community

Structure: Single span 25m x
3.5m UHPAC integral beam-deck
system.

Design Load: Full HA + 30HB
loadings (BD37/01)

Construction Period: 3 months.
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Ulu Geroh, Kampar, Perak, Malaysia




50 Metre Span Road Bridge

Total time from start of fabrication to completion of abutments 79 days!

) 120 L1 B Steel Composite Bridge

.T,{ 100 O UHPAC Composite Bridge
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Construction and Environmental Impact Assessment of
Langat River 105 Metre Span UHPC Composite Bridge

Jhen Shen Tan', Yen Lei Voo'?, Stephen J. Foster?, Balamurugan A. Gopal®, Hui Teng Ng'

1: Dura Technology Sdn. Bhd

2: Adj. Professor, Faculty of Science and Technology, Swinburne University of Technology, Victoria, Australia
3: Professor, Faculty of Engineering, The University of New South Wales, UNSW Sydney, Australia

4: Public Work Department of Malaysia

Bl Steel Composite Bridge 0ODura Bridge
Table 4: EE and EC of NSC 32/40, steel bar, UHPC-1.5%SF and o 140
NSC 50/60. %120 1o
_ SD EEF ECF EE EC &
Material S 100
(kg/m?®) | (MJ/kg) [(kgCO./kg)| (GJ/m?) | (kgCO./m?) E e
NSC 32/40 2350 0.88* 013" 2.07 289 ;"; i
Steel 7850 29.9* 2.59* 229 20332 - e e B
UHPC-1.5%SF 2420% 3.83 0.468 9.278% 11307 § 20 - -
NSC 50/60 23707 1.08 0.170 2.49% 405# % 0 ,
Source from: * [6]; # Table 5 s = B

Figure 4: Mass, EE and EC comparison
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UHPC Retaining Walls - 2009
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Eugen Brilhwiler, Herbert Friedl, Christoph Rupp, Hanspeter Escher

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

Bau einer Bahnbriicke aus hewehrtem UHFB

Weltweit erste Bahnbriicke aus UHFB auf einer Hauptlinie

Design and construction of a railway bridge in reinforced
UHPFRC — World's first UHPFRC bridge on a main railway line
On November 11, 2017, the world's first railway bridge built in re-
inforced UHPFRC on a main railway line lane was put in service.
The building project of the Swiss Federal Railways was realized
within a replacement project of a double-lane railway bridge of
short span at Sempach in the Canton of Lucerne, Switzerland.
UHPFRC is a novel cementitious fibre-reinforced composite ma-
terial of high strength and durability that provides ideal proper-
ties for application to structures of transportation infrastructure.
In addition to lower life cycle costs, the modular construction
method including a high prefabrication degree allows for shorter
construction time and thus reduced service restrictions. The
UHPFRC structure with a span of 6.0 m was equipped with a
monitoring system to capture the structural behavior due to train
crossings. First results of the measurements confirm the expect-
ed values that lie significantly below the calculated values. This

article describes the design, dimensioning, execution and moni- fiihrung (Dezember 2017)
toring of this novel bridge structure. Road underpass Unterwalden after construction (December 2017)

Bild 3 StraRenunterfiihrung Unterwalden nach Abschluss der Bauaus-

https://www.zkg.de/en/artikel/zkg_First German_railway_bridge_with_ UHPC-3562139.html
HEIDELBERGCEMENT AG

First German railway bridge with UHPC

All HeidelbergCement
AG/Steffen Fuchs

Using Ultra High Performance (fibre-reinforced) Concrete, or UHPC, made it
possible for a railway bridge to be built over the Durnbach River within a few
days. With a comparably light pre-fabricated component, replacing only the
superstructure and maintaining the historic abutments was possible. This
avoided any long periods of new construction. During construction of the
innovative pre-fabricated component, the UHPC compound “Effix PLUS” from
HeidelbergCement was used.



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,
Malaysia
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Conforming NSC design: 2-spans of
approximately 40 metres each

Alternative design: 1-span of approx. 80
metres (requiring 1 less pier).

Assessment on Concrete Structure Environmental Performance Potential
(CSEPP) of Ultra High Performance Concrete Composite Bridges

Yen Lei Voo'??, Hui-Teng Ng', Jhen Shen Tan', Stephen J. Foster*

v Sdn. Bhd., Malaysia

inburne University of Technology, Victoria, Australia
ring, Monash University Mah\, ia

, The University of New South Wales, Australia
vooyenl el@dura com.my

! Dura Tech

% Adj. Professor, Faculty o IS cience and Technol
3 Adj. Associate Profes

“Professor, School « t(mlandln\l

@ NSC Box Girder Bidge =~ OUHPC Composite Bridge
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Flexural Behaviour

T875-F-B1

4000
3500
3000
2500
2000

A: i IHtimate-Moment.
wirtinita

Ty rrrryrrrryrrrryrred
‘(-
M
2
e
C
=
s
=
s
-
-
I

Applied Moment (kNm)

1500 ; Cracking Moterit
1000 Fofloeo EVDT-5-(0m)
0E -
(y | | | 20 | | | 40 | | | Gi() | | | 8P | | | 1()0 | | | 1220

Net Vertical Deflection (mm)




3

o
L .'.
- = i et I s
o Sk ¢
.
I

s Critical diagonal | fe '
Bl shear crack
. ]

YYYYYY



Fracture Surface
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Fibre Orientation State i1s Three Dimensional!

 Much like the state of stress, fibre orientation state
IS also three dimensional!

 |sotropic, 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.

I e o e M | i
b el [T
g —

T /7

* Fibre orientation measurements and corrections _ P
: . . : S ey &y

are made In terms of the orientation factor, which e S

is a 1D parameter. I

We need to more fully understand the 3D fibre

orientation state and incorporate in design? _
3D rendering of tomogram of a SFRC cored

specimen
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Technical Paper

Gledrius Zirguils” Norwegian University of Science & Technology
Oldfich Svec
Mette Rica Geiker
Andrzej Cwirzen

Terje Kanstad

Variation in fibre volume and orientation in walls

experimental and numerical investigations
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Fig. 8. Results of numerical simulations of fibre orientation in the FRSCC wall. The directions of the X and Zaxes in the vertically and horizontally sawn
beams and the names of sawn beams are indicated.
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X-ray MicroCT on UHPFRC

2% straight fibres: 13 mm long 0.2 mm diameter

10.00 mm




Core Analysis: Bukit Merah Dam Bridge Girders

(c) (d)

Fig.5 Coring: (a) location on the web, (b)
zoomed view, (c) global coordinate system, and (d)
fibre orientation measured with respect to the co-
ordinate system =




Core Analysis: Bukit Merah Dam Bridge Girders

10.00 mm 10.00 mm




Core Analysis: Bukit Merah Dam Bridge Girders
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Annex CA8.1
Commentary on Annex A8.1 — Fibre-reinforced concrete
(FRC)

CA8.1.1 General
The Annex covers design requirements for normal strength to ultra-high performance concrete (UHPC)
with steel fibres. Material requirements for UHPC are given in Annex U of CSA A23.1.

The Annex covers axial, flexural, and shear design models and gives design guidance for specific
applications. Several aspects of Section & have not been altered in the Annex. Refinement of models
and addition of models may be considered in future editions of the Code

The Annex is intended for steel fibre-reinforced concrete only. Where synthetic fibres are permitted,
this is specifically indicated in the Annex clauses.

similar to the scope of Section 8, the Annex only covers provisions for steel prestressed or non-
prestressed reinforcement.

CA8.1.3 Abbreviations and symbols

CA8.1.3.1 Abbreviations

The following abbreviations apply to the Commentary of this Annex:
CMOD — crack mouth opening displacement

TSUHPC — tension-softening UHPC

CA8.1.3.2 Symbols
The following symbols apply to the Commentary of this Annex:

f = value of the sample population, MPA

fo = concrete stress in the extreme compression fibre in flexure, MPa

fr = strength corresponding to the tension force divided by the area between the crack tip and crack
mouth in the TSFRC inverse analysis, MPa

far = residual flexural strength to determine link slab crack control requirements, MPa

fe = post-cracking tensile design strength, MPa

foro = lower tolerance limit on the 10% fractile of the sample data, used as characteristic value when
determining the fibre efficiency factor ;r experimentally, MPa

he = depth of tensile FRC stress block, mm

ke parameter in TSFRC inverse analysis

Mm =
factored flexural resistance when &, for TSFRC or y¢ &, for THFRC is reached at the extreme
tension fibre of the member before the ultimate compressive concrete strain &, has been
reached at the extreme compression fibre, N-mm

My =

factored flexural resistance when ultimate compressive concrete strain e, is reached at the
extreme compression fibre of the member, N-mm
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Introduction

Advancements in the science of concrete mate-
rials have led to the development of a new class
of cementitious composites called ultra-high
performance concrete (UHPC). UHPC exhib-
its mechanical and durability properties that
make it ideal for use in new solutions to press-
ing concerns about highway-infrastructure
deterioration, repair, and replacement."? The
use of field-cast UHPC details that connect
prefabricated structural elements in bridge
construction has captured the attention of
bridge owners, specifiers, and contractors
across the country. These connections can be
simpler to construct and can provide
more robust long-term performance than
connections constructed through conventional
methods.® This document provides guidance
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Abstract Reactive powder concrete (RPC) with
dense microstructure are found to perform poorly at
elevated temperatures due to a build-up of pore
pressure that causes explosive spalling. This paper
presents the results of an experimental investigation of
the behaviour of six RPC mixes containing hybrid
steel and polyvinyl alcohol (PVA) fibres, following
exposure to high temperatures up to 700 °C. Residual
compressive strength, static elastic modulus and
ultrasonic pulse velocity measurements were carried
out for all the RPC mixes. A mix containing hybrid
steel-PVA fibre is proposed as suitable for high-
temperature applications based on these results. Fur-
ther tests were conducted for the mix at a hot state
using a specially designed furnace-loading frame
assembly. The hot-state elastic modulus, free thermal
strains (FTS) and transitional thermal creep (TTC)
were measured at the hot state. Residual compressive
strength results for all the mixes indicated an initial
increase in strength up to 300 °C, followed by a drastic
drop. No apparent changes in elastic modulus and
ultrasonic pulse measurements were observed till
300 °C, after which both dropped sharply. RPC
containing only either steel fibres or only PVA fibres

S. Sanchayan (59) - S. J. Foster

Centre for Infrastructure Engineering and Safety, School
of Civil and Environmental Engineering. The University
of New South Wales, UNSW, Sydney. NSW 2052,
Australia

e-mail: sri_sanchayan@yahoo.com:
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showed some form of instability, which was explosive
in some cases. RPC with no fibres was also susceptible
to explosive behaviour; however, the addition of
hybrid fibres seemed to have beneficial effects. A mix
containing equal volumes of steel and PVA fibres
occupying a total fraction of 2 % by volume was found
to give the best results. The FTS of that mix was
similar to that of siliceous aggregate concretes, and the
TTC was significant above 250 °C.

Keywords Reactive powder concrete - UHPC - Steel
fibres - PVA fibres - Elevated temperature - Fire

1 Introduction

Concrete technology is constantly evolving, raising
the limit of concrete compressive strength. In the
1990s concrete with compressive  strengths  of
200 MPa, and greater, and with improved durability
were developed [1]; these concretes are in a class
known as ultra-high-performance concrete (UHPC).
Much of its improved mechanical properties and
durability characteristics are due to its dense and
homogeneous microstructure, and the presence of
steel fibres. RPC uses low w/c ratios, in the range
0.17-0.21. The dense microstructure is achieved by
optim
porating fine particles such as silica fume and/or silica
flour. Such packing density optimization at lower

i
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Behaviour of Steel-PVA UHPC under High Temperatures

Fig. 4 Exploded cylinders, after heated to approximately 400 °C. a RPC-SF mix and b RPC-P mix
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Behaviour of Steel-PP UHPC under High Temperatures

Constituent

Cement

Sydney Sand
Superplasticiser
Steel Fibre

PP Fibre

Water

0.25 0.25
1.1 1.1
0.062 0.062
0.172 0.146

i 0.004 (3 kg/m?)
0.17 0.15

1.6
14
1.2
1.0
0.8
—o— RPC-SF .
N
0.6 —@— RP(C-4.5PP =
N =a
—4— RPC 3.0PP N
0.4 .. . =
—e— RPC-SF25 ... L
...... o:.. -~ e
0.2 ««@«RPCSF50 e P |
0 —e. RPC-SF75
20 100 200 300 400 500 600 700

Temperature

Residual Compressive Strength

0.25
1.1
0.062
0.13
0.005 (4.5 kg/m?)

0.15
1.2
- -
1.0 — -~
S
é 0.8
~
€3]
~ 0.6 «=—RPC-SF
@ et RPC-4.5PP
= 04 —8—RPC-3.0PP
—0— RPC-SF25 .,
0.2 - B~
.. @« RPC-SF50 L EEETTIPS oy
i —e- RPC-SF75
20 100 200 300 400 500 600 700
Temperature

Residual Elastic Modulus

UNSW

SYDNEY



Spawned Literature on UHPC under High Temperatures

{

High temperature behaviour of hybrid steel-PVA fibre reinforced reactive powder concrete
Authors  Sriskandarajah Sanchayan, Stephen J Foster

Publication date  2016/3/1 o
Total citations  Cited by 131

Journal Materials and Structures
Volume 49
lssue 3
Pages 769-782

Publisher  Springer Netherlands

. materials MPY

Article

Effect of Fibers on High-Temperature Mechanical
Behavior and Microstructure of Reactive

Powder Concrete

Muhammad Abid !2, Xiaomeng Hou ">*(, Wenzhong Zheng !'2 and Raja Rizwan Hussain 3

ENGREERNG

Engineering Structures
4 5 Volume 185, 15 April 2019, Pages 122-140
ELSEVIER

Comparative fire behavior of reinforced RPC and

NSC simply supported beams

Xiaomeng Hou * ® & B, Pengfei Ren * ®, Qin Rong ¢, Wenzhong Zheng * ©, Yao Zhan  ©

2016 2017 2018 2019 2020 2021 2022 2023

Construction and Building Materials MATERIALS
Volume 205, 30 April 2019, Pages 321-331 -

ELSEVIER

Creep behavior of steel fiber reinforced reactive
powder concrete at high temperature

Muhammad Abid * ®, Xiaomeng Hou * ¥ 2 B, Wenzhang Zheng * !, Raja Rizwan Hussain & Shaojun Cao* ¥,
Zhihao Lv> P

Solid State Phenomena Submitted: 2017-11-23
ISSN: 1662-9779, Val. 272, pp 208-213 Revised: 2017-12-14
doi:10.4028' www.scientific.net/SSP272.209 Accepted: 2017-12-14
© 2018 Trans Tech Publications, Switzerland Online: 2018-02-28

UHPC Reinforced by Hybrid Fibers and its Resistance to High
Temperature Loading
RYDVAL Milan"®, CITEK David'®, KOLISKO Jifi'© and PAVLIK Zby$ek?¢
'Klokner Institute — CTU in Prague, Solinova 7, 16608 Prague 6, Czech Republic
“Faculty of Civil Engineering — CTU in Prague, Thakurova 7, 16628 Prague 6, Czech Republic
*milan.rydval@cvut.cz*, "david citek@cvut.cz, iri kolisko@cvut.cz, “paviikz@fsv.cvut.cz

B UNSW

S SYDNEY



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 impbpact on streneth. = "%



