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INTRODUCTION

Welcome to the Special Issue bfalaysian Construction Research Journal (MCRJ) in
conjunction with TheSlobal Congress on Construction, Material and Structural Engineering
(GCoMSE)2017 This special $sueis a platform foresearchers and engineers to share their
knowledge and experiences in creating sustainable and environmental friendly world for the
present andhe future. As we all know that this world is borrowed frifra next generation
and in other for us to enguthat it is well lookedhfter. Thereforesustainable in construction,
material and structural building are important keys to reduce direct impact on the
environment. Sustanability in construction buildiagd structural engineering are the
optimization of construction activities in way that does not have harmful effects on resources,
surroundings and living ecosystem.

This Special Issue of Malaysian Construction Research Jainerake which i5 Gr e e n
Technology for Gl obal Awareness and a Bett
world for future generation to continue their responsibility to make it a better place to live.
This theme was divided intB major areas which areonstructon, material and structural
engineeringThese maj ors demonstrate the cornerst
and structural research in promoting new ideasetbpments andinovations that focuses
on newcurrent problems.

This Special Issue oMalaysian Construction Research Jounsasignificance to the
academics and the professionals with research wiorksonstruction sustainabilityoy
introducing the reduction usage of natural materials and increasing the use of recycled and
sustainable marials. By this efforts, pollution and negative environmental impacts can be
reduced. This initiative must be followed and well planned towards the sustainable
construction and environmern addition, this special isuedso bringsopportunity for all
authorsto share ideas as well as stimulating awareness of this importantfieleforethis
Special Issue of Malaysian Construction Research Journal are consist of 20 selected papers
by the conference committee and expert reviewer from the papers teubanithe GCoMSE
2017.
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Editorial

Welcome from the Editors

Welcome to theSpecial issue of Malaysian Construction Research Journal (MIGRJ)
The Global Congress on Construction, Material and Structural Engineéring editorial
team would like to extend our gratitude to all authors and reviewer for theiibetions and
valuable commentsThe purpse of this special issue is to share their knowledge and
experiences in creating sustainable and environmental friendly world for the present and the
future. It is hope that the readers will find beneficial information from this special issue
edition. Twenty (20) papers are discussed in this issue.

Abdellah et al, determined benefits of NZEBs practices through preliminary
investigation among architects. ®eal existing energies works of literature and pilot studies
by using sembtructured interviews were conducted. The findings reveal that, although the
term ONZEBs design strategiesd is not beir
Malaysia, somegreen practices related to the design stage of construction has been carried
out. The findings are also encouraging in increasing awareness, practices and implementation
of NZEBs design strategies by the practitioner in Malaysia.

Mohamed Sulzakimin etal., carried out a comprehensive review on FSM within the
context of Malaysian public universities and sustainability from relevant databases by
examining the possibility of reducing incidents that could lead to expending unbudgeted
resource to rehabilitaty property destroyed by fire on campus, in addition to limiting risk to
life and interruption of academic and business activities. Several types of research had been
conducted on FSM, nevertheless very few consider édidgtducation Institutions (HEI)
holistically. The paper reveals that FSM is critical to preventing fire disaster in buildings. It
identifies the need for an investigation into the implementation of FSM to developing
effective FSM framework for assisting facilities managers and other stdkehto preserve
the university buildings against fire risks.

Hageem Hassan et al.investigated the suitable waste materials to be used in
solidification/stabilization (S/S) technique using palm oil fuel ash and quarry dust. In this
research, differeqgercentages d¢talm Oil Fuel AsfPOFA) and quarry dust (0%, 10%, 20%,

30% and 40%) are used to replace the Portland cement and sand respectively. The results
indicated that 10% of POFA and 20% of quarry dust are the best percentages to be
incorporated ir5/S matrices. The 10% replacement of POFA recorded a considerable value
of density ranging from 1500 kgfrto 1660 kg/m3.Meanwhile the compressive strength 10%

of POFA achieved the strength of 22.60 MPa. Besides that, 20% replacement of quarry dust
in naural sand recorded a value of density ranging from 2080%g/@147 kg/m with the

highest strength is 24.91MPa.

Nurain lzzati Mohd Yassin et al, presented an overview of the performance of
sustainable concrete masonry containing industrial waste as cement replacement which
exposed to high temperature. Based on previous researches, the performance of these
sustainable concrete have been investiyatéerms of its residual compressive strength and
physical properties at elevated temperature. Large numbers of research on pozzolanic
concrete at elevated temperature have been condutgdpozzolanic concrete have better
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performance than OPC conarett temperature less than %00 In terms of physical
properties, surface cracks and discolouration of concrete has been observed. Studies show
that, surface cracks on pozzolanic concrete were less than OPC concrete. Meanwhile, for
discolouration impactt was observed that, both OPC and pozzolanic concrete have similar
changes in colour where the colour of concrete became lighter as the firing temperature
increased.

Faisal Sheikh Khalid et al, establishedustainable material properties for sand cegmen
composite brick containingRecycles Concrete AggregatiRCA) and Polyethylene
Terephthalat¢PET). This study replaces the fine aggregates with 25%, 50% and 75% of
Recycled Concrete Aggregat®CA) and 0.5%, 1.0% and 1.5% of waste PET in the
production of brick. The best compressive strength was recorded at 24.9 MPa for brick
contains 75% RCA and 0.5% PET. Meanwhile, an increment of RCA contents in brick
increased the water absorption dniti al Rateof Suction(IRS) percentages compared to a
normal brick. As a result, the use of RCA and PET in the production of sand cement composite
brick has provided better strength with tolerable results on water absorption and initial rate of
suction compad to normal bricks.

Mohamad Syamir Seninet al., investigated the changes of the properties for rubber ash
cement mortar with respect to different content of rubber ash as cement and as sand
substitution and filler. Cubic specimens were produced byngdb0% volume rations of
rubber as fillers, sand replacement and cement replacement into M30 quality cement mortar.
The physical and mechanical tests were conducted at the end of day 7, 14 and 28. Tire rubber
ash is more suitable to be used as sand rapkte It also works as an alternative to cement
replacement and fillers. The compressive strength of the mortar specimen reduced when
rubber ash was added in the cement mortar where reduction of dmmsityed At the early
stages, better compressiveesiyth for tire rubber ash used as fillers however at 28 days the
use of tire rubber ash as cement replacement had the strongest compressive strength.

Bassam. ATayeh et al, investigated the performance of cement mortar contalBiags
Powder(GP) as gartial substitution for cement. Portland cement was partially replaced with
10%, 20% and 30% GP. The unit weight and compressive strength of the cement mortar after
a curing period of 7 and 28 days were measured. Although the compressive strength of the
cement mortar decreased, its unit weight had no significant change and remained equal to
those of the control samples. Therefore, GP can be considered as a viable replacement for
cement and is thus an economical construction material

Mohd Khairy Burhanudin et al., conducted a study to determine the strength of concrete
containingCoal Bottom AsHCBA) as cement replacement material. The original CBA were
sieved passing 150 um sieve size then ground for 20, 30, and 40 hours using ball mill machine.
The normé concrete were designed for grade 30 based on Department of Environmental
method (DOE). The concrete were produced by replacement level of cement 10%, 20% and
30%. The fresh concrete were tested using slump cone to determine the workability of
concrete.tlis found that slump height was decrease with increasing the replacement level of
CBA. Besides that, from the result, 20% replacement level of cement with 30 hours grinding
time contributed high compressive strength compared to others. The presence af CBA
cement as a binder was improves the strength of concrete.
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Utilizing powder waste produced from asphalt batching plant so called Asphalt Dust
Waste (ADW) was an alternative solution to reduce this waste material that cause pollution
to surrounding duping arealsham Ismail et al, evaluated the optimum percentage of ADW
as filler in coarse aggregate and the effect of ADW as cement replacement in develops Self
Compacting Concrete (SCC). According to the results obtained, utilizing ADW as filler and
cenment replacement in develop SCC was benefit for high workability, stability and
segregation resistance in fresh state conditions. As conclusion, the utilization of ADW for the
production ofselfcompactingconcrete is perfectly possible and also potentigdijucing
amount of cement in concrete mixture with high workability

This research had been conductedNily Mohd Zaini Nik Soh et al., to explore the
suitable proportion of Sodium Hydroxide (NaOH) treatment for Oil Palm Empty Fruit Bunch
(EFB) fibre to increase the compatibility of cement with EFB fibre. The fibre treated with
NaOH has shown a significant different on the hydration teatpes for EFB fibrecement
mixed compared with the untreated fibre. The higher NaOH concentration, the greater
hydration temperatures obtain. Besides that, the increment NaOH concentration applied, the
rougher EFB fibre surface is observed with lesdarasbody remain. The tensile properties
of individual fibre treated with NaOH (0.4%, 1% and 4%) has shown significant increment as
compare to the untreated fibre

Teddy et al, conducted a study on differei8ulphate Reduction BacteriggRB)
concentration (0%, 3%, 5% and 7%) and water cement ratio (0.4w/c, 0.5w/c and 0.6w/c) in
term of compressive strength and water penetration. Test results indicated that the best SRB
concentration to be mixed in bamncrete was 5% while 0.5w/c for water @ratio. Both
values enhanced significantly the compressive strength and reduced porosity and water
penetration of bieoncrete. These improvements were due to deposition on the SRB cells
within the pore of the concrete cube as cured in chloride watsulR of this study
demonstrated the role of SRB induced calcium carbonate precipitation in improving the
concrete structure cured in extreme condition in term of compressive strength and water
penetration.

From previous studies, the strong acid leachiegtment was carried out to remove
metallic impurities inCoal Bottom AsHCBA). The usage of strong acid could significantly
hazardous to human and environm#&faihya et al, conducted a study on the leaching process
by replacing the usage of strong acid with citric acid which acted as weaker acid. Experimental
result shows that the acid leaching treatment has potential to be used in reducing metallic
elements in CBA under dptum solution temperature of 4@D with 4% acid concentration
at 60 min reaction period. The characteristic of CBA was also determined by comparing the
SEM, particle distribution, specific gravity, water content and setting time of raw CBA with
treated CBA

Interlocking Compressed Earth Brick (ICEB) are cement stabilized soil bricks that allow
for dry stacked constructioM.M. Zamer et al., usedUreolytic Bacteria (UB) in this study
as a partial replacement of limestone water with percentage of 1%, 3%8arithrichment
process was done in soil condition to ensure the survivability of UB in ICEB environment.
This paper evaluates the effect of UB in improving the strength and water absorption
properties of ICEB and microstructure analysis. The results #avaddition of 5% UB in
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ICEB indicated positive results in improving the ICEB properties by 15.25% in strength,
14.72% in initial water absorption and 14.68% reduction in water absorption.

Mohamad Azim Mohammad Azmi et al., investigated the addition afement and
bagasse ash in contaminated landfill soil in term of its engineering properties such as the
Atterberg limit, specific gravity, linear shrinkage and soil compaction. Tests were conducted
on three different groups of soil samples: landfill seiltlae control sample, samples which
contained cement only (5%, 10%, 15% and 20% of cement) and samples which contained a
mixture of cement and bagasse ash (BA) (2.5% cement + 2.5% BA, 5% cement + 5% BA,
7.5% cement + 7.5% BA and 10% cement + 10% BA). Tdditian of cement and bagasse
ash increased the optimum moisture content and reduced the maximum dry density of soil.
As conclusion, the use of cement and bagasse ash in this study improved the engineering
properties of contaminated landfill soil.

Lightning Protection SysterfLPS) plays a vital role to protect the structure by dissipate
the lightning current to underground safely. New installation method of LPS has implement
in Malaysia which to embed the lightning protection cable in a concrete stridtgtaqqgim
Abdul Rahim et al., carried outa studyto determine the naturdlequencyof additional
reinforcement concrete beam by using impact hammer test. The results shown that the natural
frequency of additional reinforcement concrete beam has slightly decreases &keofstri
electric current. From the results also found out that the location of lightning protection cable
to attach in the concrete beam will influence the natural frequency of concrete beam.

Shahrul Niza Mokhatar etal., explored the impact damage of re@irded concrete beams
subjected to low velocity impact loading at the ultimate load range. In this study, an impact
tests is carried out on reinforced concrete beam consisting Modified Artificial Polyethylene
Aggregate (MAPEA) as the replacement of coarggregate. There are twelve beam
specimens of size 120 mm x 150 mm x 800 mm are categorized into three groups which
denoted adlormal Reinforced Concre{®RC), reinforced concrete with MAPEA concrete
block infill (RCAI) and reinforced concrete with 9% of AREA as a coarse aggregate
(RC9A). The result of the laboratory test showed that the RC9A beams produced less crack
and low value of residual displacement.

Composite slab usually consists of corrugated steel deck and concrete tbppiefore
Zainorizuan Mohd Jaini et al., introducedfoamed concrete as concrete topping to reduce
the selfweight of composite slab. More focus was given on the effect of thickness toward the
natural frequency, damping ratio and energy dissipation of composite slabofipesite
slab was cast with the size of 840mm width, 1800 length and five different thicknesses range
between 75mm to 175mm. Foamed concrete was deliberately designed for the density of
1800kg/n with the utilization ofRice Husk Ash(RHA) as partially sad replacement and
Polypropylene Meg#esh (PMM) as fiber reinforcement. It was observed that the natural
frequency decreases with the increment of thickn@s® damping ratio and energy
dissipation indicate a significant increment correspond to thensskof composite slab.

Ma Chau-Khun et al., presents a critical review on the stafeheart of the current
research development on gemsioning steel straps confinement. The paper was started with
highlighting the features of such confining tecjue, then an extensive description of the
connection clip systems was presented. The experimental and numerical investigations
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performed on stedtrapped concrete structures were discusBeid. paper also coverede
potential usage of prensioning stel straps confinement in increasing the bond properties of
confined concrete and as a repajriachnique of damaged concrete.

Shahrin Mohammad etal., presents a study on the development of a nonlinear numerical
analysis that is capable of simulating the cuséaiic semrigid behaviour of structural steel
frames under variable loadings for reliable design. The beam element shape functions with
semirigid connections are formulated and the overall stiffness matrix is derived. The theory
to solve the nonlinear analysis is also presented. The developed procedures also revealed the
complex finite element calculations in order to identify the structuralopeance of
nonlinearity for steel structures. The major modifications that include the revised solution
procedure, the variable load pattern capability, the egtaic connection model, the
modification of input data to cater for initial imperfectiomsldhe inelastic constitutive model
for steel are presented. From the results, the modified procedures are capable to predict the
behaviour of the structural steel frames under varying loading conditions with various
connections configuration and matepabperties.

ConcreteFilled Double Skin Steel Tubul@€FDST) columns were often used in outdoor
construction where fire is not a main concern. Therefore, this series of res&asadfah
Salwa Mohd Zuki et al., deals withthe behaiour of ConcreteFilled Double Skin Steel
Tubular(CFDST)columns after fire exposure, residual strength and method of repairing fire
damaged columns. This particular paper focused on the effectiveness of Hybrid Fiber
Reinforced Polymer (FRP) repairing thed. It was found that by using Hybrid FRP, the
ultimate strength at failure of repaired specimens greatly increased when compared to fire
damaged specimens to the extent of exceeding the control specimens. In addition, FRP is also
effectively confined timner outer steel tubidan thicker outer steel tube.
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INVESTIGATING BENEFITS OF NET ZERO ENERGY
BUILDINGS (NZEBS) FOR HEALTHCARE BUILDINGS:
PRELI MI NARY FI NDI NGS FROM ARC|
PERSPECTIVE

Roy Hazli Abdellah?, Md Asrul Nasid Masrom, Goh Kai Chen, Sulzakimin Mohamed and
Norpadzlihatun Manap

1Department of Construction Management, Faculty of Technology Management and Business,
Universiti Tun Hussein Onn Malaysia, 86400 Parit Raja, Johor, Malaysia

Abstract

In recent years, Net-Zero Energy Buildings (NZEBs) concept has received incrementing

attention especially since European Union Parliament are progressively moving towards

regulation in which a | | new buil di ngsEntead gy® M®BuéaddliywggZeby 20:
context of Malaysia construction industry, the government has a significant concern about

energy consumption and the negative impacts of inefficient of energy usage. Although this

concept provides promising benefits, however, previous studies found that the benefit of NZEB

is still doubtable to the Malaysian construction industry, particularly for healthcare buildings.

The NZEBs concept implementation is crucial in healthcare building as it seen as a key part of

the needed transition towards sustainable energy efficiency as well as co? emissions control in

its energy dimension. This paper aims to determine benefits of NZEBs practices through

preliminary investigation among architects. Several existing energies works of literature and

pilot studies by using semi-structured interviews were conducted. The findings reveal that,

although the term ONZEBs design strategiesd is no
industry in Malaysia, some green practices related to the design stage of construction has been

carried out. The findings are also encouraging in increasing awareness, practices and

implementation of NZEBs design strategies by the practitioner in Malaysia. It is envisaged that

the paper will provide a basic knowledge for future research in NZEBs design strategies

practices for healthcare buildings construction in Malaysia.

Keywords:Net zer o energy buildings; Heal t hcare buil dir
INTRODUCTION

Net-Zero Energy Building$NZEBS) is a concept that uses renewable energy technology
to produce a mix of renewable electricity and other renewable heat resources like biomass and
solar to generate as much energy as they consume (Aetalii2014). Similarly, Sartorét
al. (2010) emphasized that NZEBs is conceptually a building with a lower of energy demand
and are balanced by the-site generation of electricity, or other energy carriers, from
renewable sources. Moreover, another stydillrnitzki et al (2011) and/osset al (2011)
highlighted thatNetZero Energy BuildinggNZEBSs) are typically a gridonnected building
with very high energy performance. On the other hand, NZEBs are buildings with the concept
of costoptimal in whichensuring the minimum cost of the estimated economic life cycle of
the building, by taking the package of efficiency measures.

Despite todaydéds buildings energy consumpt
concept practices enable to develop a ndtwbiclean domestic energy assets. The timeline
for the implementation of NZEBs according to the Energy Performance of Buildings
Directive (EPBD) recast is illustrated ingkre 1.
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Figure 1. Timeline for NZEBs implementation according to the EPBD recast. (D6 Agost i no

et a

As highlighted in Figure INZEBs has gained much attention in 2010 through EPBD
recast. Based on the recdstiropean Union Parliamehtd agreed to set the targets for all
members of Parliament to regulate a regulatiotheir counties that all new buildings are
NZEBs in 2020. Thus, NZEBs has been seen as one of important concept that need to be
address and implement in every country. Besides thatNEZEBs implementation in
healthcare buildings akey partof the neded transition towards sustainable energy efficiency

as well as (Cg emissions control in its energy dimension. Accordinyltobgensterret al

(2016), the healthcare buildings have high electricity consumption as the result of the
extensive use of varieumedical equipment, mechanical ventilation of building, lightings, and
sterilization. Besides that, some of the countries have shown that healthcare buildings are
considered as one of the most endrdgnsive commerciadector buildings. For instance,
healthcare buildings in the United States are considered as onembghéntensive users of

total energy among the building types where the high electricity consumat®udsie to the
continuty of services and the utilizations variety of complex apfibices inenergyintensive
equipment such as medical imaging equipment (USEIA, 2016).

I n

t h

e context of
energy consumption in building sector as the energy consumption in the coairaacti
residential building had an increase of 2.7% and accounts for up to 14.4% in 2013 as compared
to 11.7% in 1993 (Suruhanjaya Tenaga, 2015). Additionally, Saidal (2011),analysed

the energy use, energy savings and corresponding emission aadiuoti the energy using
equipment in a public hospital in Malaysia. The authors reported that around 19,311 MWh of
energy consumption for the hospital in 2008. Besides that, for thesenenergy breakdown

for the hospital, the authors found that lightinses a major fraction of total energy
consumption comprises of 36% and followed by medical equipment which accounts for 34%.
The findings also showed that the energy intensity of the hospital is 234 kWh/m.

Mal aysi ads

constructi

In response, the aim of this paper is to prefiadings based on an exploratory study of
perspectives in
Malaysia. An emphasis is given on the NZEBs benefits through NZEBs design strategies
since the literature finds there anany possible ways of design strategies to achieved NZEBs.

This paper intends to fill gaps in our understanding of benefits that can be gained from NZEBs
concept in Malaysia healthcare buildings through NZEBs design strategies and necessary to
recommend a&ys for constructions practitioners to design a healthcare building according to
NZEBs concept while maintaining quality in the delivery of health services.
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LITERATURE REVIEW

The objective of this section is to review the Malaysia healthcare prd@etdopments
as well as an overview of sustainability in construction. Moreover, the existing NZEBs
definitions framework will be reviewed in this section as it is important to be clear and
understand for this paper. Besides that, this section will ajgaiaxhe principle of NZEBs
and the NZEBs adaptation in healthcare building design.

MALAYSIA HEALTHCARE PROJECT DEVELOPMENT

I n general, the total health expenditur e
increasing trend from RM8,303 million in 198y RM44,748 million in 2013 (MoH, 2015).
From this trend, it i s i ndicating t hat t

exponentially over sixteen years. Even though there is a breakdown of several types of
expenditure, but most of this expenditisespent for curative care whereby curative care
services provided by hospitals includepatient, oupatient, daycare services with minimal

home care services in which consuming 61 percent of the total expenditure as illustrated in
Figure2.

6% 4%

Public Sactor
Expenditure:
52% of TEH

{RM23,253 million)

B Curative Care B Capital Formation
B Admin HQ & Health Insurance B Education & training of health personnel
Prevention & Public Health All Other Functions

Figure 2. Public sector expenditure by functions of health services, 2013
(Malaysia Ministry of Health, 2015)

Furthermore, based on tAenth Malaysia Plan (10MR 2011-2015), there are four
strategies that need to be implemented in order to support one of the trust in 10MP which is
to achieve the quality of life of an advanced nation. The four strategies invaiged.
Establish a comprehems healthcare system & recreational infrastructure, 2. Encourage
health awareness & healthy lifestyle activities, 3. Empower the community to plan or
implement individual wellness programme (responsible for own health), 4. Transform the
health sector toncrease the efficiency and effectiveness of the delivery system to ensure
universal access. Based on those strategies, Kag&esult AreagKRA) were identified
which comprising health sector transformation towards a more efficient and effective health
system in ensuring universal access to healthcare, health awareness and healthy lifestyle and
empowerment of individual and community to be responsible for their health (MoH, 2012).
Therefore, The Country Health Plan: 10th Malaysia Plan 20056 has higldhts several
physical healthcare development projects that will need to be implemented in order to achieve
KRA (MoH, 2012).
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As a matter of facts, since 2007 until 2014, the development progress of healthcare
buildings projects in Malaysia is consistenegyyear although, for the past four years, the
allocation budget for the healthcare project development is decreasing in 2014 as compared
to 2011. However, as compared to 2010, there is an increase of 2 new hospitals in 2014.
Moreover, up to 2014, thereeal33 government hospitals and 9 special medical institutions
which comprise of 35,318 beds and 4,942 beds respectively (MoH, 2014). Overall Bed
Occupancy Rate (BOR) for MoH hospitals and Institutions in 2014 was 71.79%. Besides that
in theTenthMalaysi Plan (10MR 2011-2015), the government has approved an allocation
of RM21.98 billion in 2014 to be allocated for MoH which consists of RM20.49 billion for
the Operating Budget and RM1.49 billion for the Development Budget.

The initial allocation for e development budget that has been approved by the
government for MoH in 2014 was RM 1.662 billion which includes constructing new
hospitals, upgrading existing hospitals, facilities and others (MoH, 2014). However, the
allocation was reduced to RM1.498libn due to warrants restrictions. MoH has spent
92.90% of the adjusted development budget allocation, or equivalent to RM1.389 billion
which comprised of 71 new MoH programs. Based on 71 new MoH programs, it is involved
in 67 physical projects and 4 ngphysical projects (MoH, 2014). Moreover, for the physical
projects, Public Works Department (JKR) will handle 53 projects while JKR Sabah and JKR
Sarawak will handle 4 projects and 3 projects respectively. The remaining 4 projects will be
handled by the Bgineering Services Division (ESD) of MoH (MoH, 2014).

Therefore, it is important to consider the healthcare buildings sustainability in the long
term. Some of the challenges including low building performance and high energy
consumption for Malaysian higacare buildings need to be address in order to ensure the
sustainability of healthcare buildings can be performed and thus the KRA in which to support
the health sector transformation towards a more efficient and effective health system in
ensuring univesal access to healthcare could be achieved.

OVERVIEW OF SUSTAINABILITY IN CONSTRUCTION

Recently, there is a growing attention given towards sustainability in construction or
sustainabledevelopment. Generally, sustainability can be described as thef usgural
resources whereby these resources are in such an equilibrium condition that do not attain
deterioration, depletion and noanewable point and these resources able to be used for the
next generationsy(é | ®&d@za k 20k5). In addition, the tar sustainable development can
be defined as improving social, economic and environmental conditions by increasing the
quality of life of people and allow them to live in a healthy environm@ntif et al.,2015).

In other words, sustainability enables pkoto foresee a continuous development without
take it for granted of the resources that were used in order to prevent resources depletion for
the next generations.

In general, sustainability has three main components namely environmental, economic,
and social as illustrated ifrigure 3. For thesustainabilityof construction, it is directly
involved in the environmental aspects of sustainability. Moreover, the NZEBs concept in
constructions will enable to support the environmental aspect.
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Figure 3. Three Spheres of Sustainability (Zealand, 2011)

The concept of environmental sustainability can be described as the transformational
changes for the built environment, whereby the energy consumption levels are reducing and
natural resource depletipnoblems are able to overcorW¥gng& Zhou, 2015). Besides that,
sustainable resources are dependent on their ability to rineemseles Furthermore, it is
essential to consider the rates of renewal of resources and the rates of resources for clearance
of contaminants are not exceeding when determining usage level of natural resources (Patel
& Chugan, 2013). Additionally, environmental sustainability involves the subjects®fi( ma z
& B a k Z0k5);

Protection of aliveness and diversity on the earth,
Conservation ofife-supportsystems,

Sustainable usage of renewable resources,

Being saving in using unrenewable resources,

Minimizing harm to the environment and living things, and
Protection of cultural and historical environments.

=A =4 =8 -8 -8 -9

Therefore,inordefr 0 overcome the increasing concer
to address environmental considerations in both developed and developing countries, NZEBs
is beneficial to apply for healthcare buildings design since it able to improve sustainability i
the construction industry

UNDERSTANDING NZEBS DEFINITION
Initially, there are four main primary definitions of NZEBgor the earliest definition and

classification of netero energy buildings (NZEBs) can be found in s¢iedy by Torcellini et al,
(2006),in which theauthorshadaddressethe four main definitiongs
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1 Net Zero Source Energy A source ZEB produces at least as much energy as it usgean a
when accounted for at the source. Source energy refers to the primary energy used to generate
and deliver the energy to the site.

1 Net Zero Energy Costs In a cost NZEB, the amount of money the utility pays the building
owner for the renewable energy the building exports to the grid is at least equal to the amount
the owner pays the utility for ¢henergy services and energy used over the year.

1 Net Zero Site Energy- A site NZEB produces at least as much energy as it uses in a year
when accounted for at the site.

1 Net Zero Emissions A netzero emissions building produces at least as much emidsamns
renewable energy as it uses from emissimmuglucing energy sources.

According to the four definitionas highlightedibove, ishowed thaNZEBsis a concept
that can represent bdings thatis a grid-connectedwhere thebuildings able to produces
energy fromvarious types ofenewable souresa n d t h e ehangy todsunmptoére
equal with its energy productiaturing the period of one yearhis view is supported by
Sartoriet al (2010)thathighlighted NZEBs is theoretically a building with a lower of energy
demand and arequalby the onsite generation of electricity, or other energy carriers, from
renewable sourceBl the same veimanother study by Kurnitzldt al (2011) andvosset al
(2011) emphasized theZEBs are characteristically a groadnnected building with very high
energy performancerlhus, it showed thathere is a large volume girevious studies
describing the role ofenewable sourcemward NZEBs andesulting a lower of energy
demand in buildings.

Concerning that the pathwayad\ZEBis given by the balance of energy efficiency and
energy supply, hence the criteria on energy efficiency and energy supply are important to the
definition framework (Sdori et al, 2012). As illustrated inigure4, the graph displayed that
the NZEBs underlines the priority of energy efficiency as the path to success. Similarly,
Buildings Performance I nstitute Europe (BP
Zero-Energy Buildings (NZEB) In PolandTowad s A Definiti on And R
specified that the government of Poland has to support the energy efficiency measure in order
to successfully implementing NZEBs (BPIE, 2015). Hence, it shows that energy efficiency
measure has a significant part in NZEBgl this measure should not be overlooked.

To conclude, based on the developed NZEBs definition framework, it is understood that
NZEBs represent buildings that are connected to the electricity grid and the total usage of
energy is equal to the total 6omnsa oveethe gene
course of a year. Besides that, NZEBs are buildings with high energy performance and are
optimally efficient. Other than that, it is importantrialisethat energy efficiency plays an
important role towards NZEBs implementation success.
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Figure 4. Graph represents the balance concept of NZEBs (Sartori et al., 2012)
EXISTING REVIEWS ON NZEBS CONCEPTS

Since 2008, the participation of several countries through an international collaborative
research initiative IEA SHC Task 40/ ECBCS Anfle2 fiTowar ds Net Zero
Buil dingd has been working to establish an
and international definitions framework (Marseahl.,2011). Even though itis a challenging
task to determine if a building isuly NZEB, but Buildings Performance Institute Europe
(BPIE) (2011), in the study towards a successful implementation of nearlyEdergy
Buildings introduced that there are three principles and approaches for implementing NZEBs
as illustrated in Figurd, which are the first principle of energy demand, second principle for
renewable energy share and third pipte for primary energy and G@missions.

First
Principle { AEnergy Demand

Second
Principle { ARenewable Energy Share

_Third { APrimary Energy and CO? Emissions
Principle

Figure 5. Principles in implementing NZEBs

For the first principle which is energy demand, it is essential teddsedhat there are
a variety of ways to approach energy demand reduction with much different of academic
disciplines Gorrell 2015). Furthermore, socgEconomic aspects mostly damied the
energy demand sid&¢hmidt& Weigt, 2013). Therefore, it is important that the boundary in
the energy flow related to the operation of the building which consists of energy demand
guality and method to assess corresponding value should belg defaned (BPIE, 2011).
According toSchmidt& Weigt (2013), several aspects such as efficiency of markets, the
performance of business and design of products, including choices, behaviors, practices, and
lifestyles of consumers need to be considereorder to achieve a change on the demand
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side. Besides that, buil dingds energy deme
electricity needed for space cooling, space heating, domestic hot water, and lighting should
also include the distribution antbsage losses within the building (BPIE, 2011).

For the second principle which is renewable energy share, the application of renewable
energy technologies has a lot of benefits and potentials in providing energy services with
reducing the emissions of loair pollutants and greenhouse gases as well as protecting the
environment. According to Panwat al (2010) in the study of renewable energy gadgets to
meet out energy needs and mitigation potential of greenhouse gases, the authors highlighted
that thedevelopment of renewable energy system potentially to resolve the presently most
critical tasks such as improving the reliability of energy supply, solving problems that relates
to the local energy and water supply, improving the standard of living assvigltreasing
the level of employment of the local population, and implementation of the obligations of the
countries with regard to fulfilling the international mutually agreements relating to
environmental protection.

Therefore, BPIE (2011) statedstimportant that the boundary in the energy flow related
to the operation of the building where the calculation and measurement of renewable energy
share are clear and method to assess this share including the sum of energy needs and system
losses shouldbe clearly defined. For instance, the application of hybrid power generation
system which involves the combination of two energy resources which are the wind and solar
energy is an effective solution to generate energy and this hybrid power generatom syst
has better efficiency for energy generation than the conventional energy resimgokes{
Rakhonde2015).

For the third principle, that is primary energy and.@missions are crucial to being
considered in the implementation of NZEBs. Accordingavadska®t al (2017), primary
energy can be generally defined as the total energy consumption in the form of natural
resources to produce final energy in the fornelettricity or district heating. Furthermore,
the consideration of primary energy use is important, as it will reflect the NZEBs concept. For
instance, 13 Member States in the European Union have included a numerical target of
primary energy use to applyith NZEBs definition in practiceBoermanset al.,2014).

In addition, the role of primary energy as a performance indicator is significant as in the
Directive 2010/31/EU on the energy performance of buildings (EPBD), it is stated that the
energy perfanance of a building shall include an indicator based on primary energy factors
(PEFs) Recast 2010). MoreoverBruni & Sartoet al (2013) pointed out that these of
primary energy as performance indicator able to provide a measure eh@s3ions beseb
energy consumption, and the authors added that the current Italian building regulations use
primary energy as the indicator.

Therefore, it is important that the principles of NZEBs are clear and methaxbéss
shouldbe clearly defind. Besideghat, clear national rules should be available on how to
account for the net export if the generation of renewable energy is greater than the energy
consumptions during a balance period.
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RESEARCH METHODOLOGY

The objective of this section is to explaime methods that were used for this paper
comprised of research design and interview data collection procedures. This paper reviewed
an existing literature relating to NZEBs in order to gain an understanding as well as insight
into previous studies. To am® the quality of this paper. A literature review is important to
provide insight into ways in which the researcher can limit the scope to a needed area of
inquiry (Creswell, 2013). Besides that, the sainiictured interviews were conducted with
archite¢s in order to explore their understanding on NZEBs as well as to explore the
sustainable practices in the context of Malaysian construction industry. The summary data
gatheing process is illustrated in Figube

[ Research Design J

A i
L ) !
: Reviewing literature Conducting semi- :
' review structured interviews !
§ / :

]
’ > v <
e ) i

. — .

E Research aim and Information i
| objectives gathering '
i § J - J o
--------------------------------------------------------------- ]

Figure 5. Data gathering process
INTERVIEW DATA COLLECTION PROCEDURE

A semistructuredinterview was chosen for this study since thisra limited literature
on the NZEBs practices or sustainable practices for designing healthcare buildings in
Malaysia context. Thus, these interviemesreconducted to focus on getting anderstanding
of this aspect. In addition, despite simply rely on studies from other countries, the interview
sessions thatavebeen conducted are important to ensure that all sustainable practices in
Malaysia are capture.he i ntervi ews sessions amifersi mpor
than the other countries. The difference in terms of locality aspect, cultural aspect or
governance aspect sholld takerinto consideration. Hence, by directly asking the architects
who are involved in Malaysian construction industry, sustainable practices that may only
appl to Malaysia context can be identified.

Mor eov er ;toftahcee off freecteh o d o ftindertakéenear this seudysThevi | |
selections of places for interviews was decided by interviewees, and each of interview took
approximately 30 to 60 minutes to complete. All sessions are recorded for the purpose of
transcription as well to ensure that theadiataccurate. Besides that, all information that has
been obtained from the interview sessions are screened and compared with the literature
review in order tdind similarities and disparities.
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Furthermorethe authors used the concept of saturatiomderato determine the suitable
sample size for the interviews. This decision was based upon recommendations by Mason
(2010) to avoid ending up with repetitive and unessential information which does not
contribute to the research. Besides that, the amoohtmformation obtainable from
interviewsdo not necessarily increase just because more data was obtained (Mason, 2010)
and the authors further claimed that researchers generally use saturation as a guiding principle
during their data collection towardstdemining appropriate sample sizes. Therefore, the
authors decided to choose 3 interviewees to be interviewed for this paper. The interviewees
were assigned codes as RP,and R3. Besides that, to ensure the quality of the interviews,
all respondents refyed to be active in Malaysian construction industry and had direct
involvement in the buildings projects located within Malaysia. The key profiles for the
intervieweesareshown in &blel.

Table 1. Key profiles for interviewees

Item R1 R2 R3
Position Architect Architect Architect
Organization Consultant Consultant Developer / Client
Experience More than 5 years More than 5 years More than 5 years
As for the interviews, the objective of

opinionson design and practices of NZEBs based on the Malaysian construction industry
context as well as to identify the benefits of NZEBs

FINDINGS AND DISCUSSION

In order to identify the benefits of NZEBs, the practices that support this concept are
crucial tobeng identified. Based oheachet al (2014) there is a growing interest in NZEBs
as many NZEBs demonstration projects showed that the goal of this concept is achievable.
However, the need to identify NZEBs approaches is crucial in order to enable broad
replication ofNZEBs, especially in a althcare building.

Furthermore, all interviewees indicate that there are various of ways to achieve
sustainability in construction since construction sustainability is too wide and different
architect will haveits own different of sustainable practicdmit then all practices will be
based on the same principles which are to increaseégiendent i renewable sources as
well as to protect the environment (R1, R2, R3). Similarly, according to Aaleak{2013)
in the study on close inspection of ttedevant design strategies and relative performance
indicators of the eight case studies, the authors stated that there is no standard approach for
designing NZEBs. HowevelHabashet al (2014) highlighted that it is important for architects
or engineer$o havespecific design guidelineand strategies in order to popularize NZEBs.

Even though there are still no specific design strategies in achieving NZEBs design, but
based orLu et al (2015) there are several common design elements and some cerisensu
designing NZEBs. The design elements that support NZEBs is important to be identified since
theadaptatiorof NZEBs in buildings will ensuring the high performance in buildings can be
achieved as well as to support the use of renewable energy ftingsil
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Generally, according to Aelenet al (2012) andLu et al (2015), there are three main
steps of alesignapproach that can be applied in designing NZEBs which are the first design
approach is passiveapproach that focusesh reducing energy demand. The second design
approach is the use energy efficiency system, and the third design approach is renewable
energy system which is needed to generate renewable energy as well as to offset in large
measure the energy demand. The doation of this threalesign approach is also crucial to
be taken in designing healthcare buildings since these approaches able to succeed in reaching
the desired energy performance as well as NZEBs target.

Passive approacheseone of the key element wh designing NZEBs as this approach
will affect directly to the energy needs for the buildings mechanical and electrical systems,
and also indirectlyffect the renewable energy generation (Aleigenl.,2013). Similarly,
Scognamiglicet al (2014) alschighlighted that the passive approach plays a significant part
in the NZEBs design. Besides that, the improvement of energy consumption of a building can
be achieved through passive design strategies as buildings are constructed that react to the
environmat, hence it is possible for a building to achieve high environmental quality
(Hootman, 2012).

Furthermore,Habashet al (2014) stated that architects have an important role in
controlling aspects of @assivedesign when designing NZEBs. Similarly, sorof the
intervieweeshave highlighted that an architect is responsible to ensure some elements of
passive approach should be carried out in order to suppatistenabilityof construction.
When designing a healthcare building, an architect has toamdhe standard specification
and requirements thaavebeen set by the government. However, an architect can propose
some sustainable materials to be applied when designing the healthcare building§®i(R1)
design and build projects, an architscenouragedo applysome sustainable elements into
passiveapproachesuch as materials selections andumber ofrentilationfor the buildings.

(R2).

One of the most important aspects of passive design strategies is maximizing the amount
of naturaldaylight into a building and reduce the amount of energy requires for artificial
lighting in a building Aksamijg 2015).This strategyis important for designing buildings,
especially healthcare buildings since these types of buildings is operatinguoastin24
hours a day and required a huge amount of artificial light to provide services to patients.
Besides that, it is important to control passive design strategies in a building as this approach
will influence the energy performance of a building sashnatural lighting, heat gain,
shading, and envelope conductioRabashet al.,2014; Omranyand Marsonq 2015). In
addition, Aleineiet al (2013) stated that the passive design strategies in buildings should be
appropriately orientating building towds solar heating maximization when buildings are
dealing with heating challenges.

Moreover, according to Thalfel@t al (2013) when designing NZEBs, facades/ea
strongimpact on heating, cooling and artificial light in the building needs as weahas
daylight. Thus, it is important teealisethat the passive heating soluticare essential to be
studied along with passive cooling solutions in order to prevent overheating in a building
(Aleinei et al.,2013). Therefore, it is important to considaspive approach while designing
NZEBs as it will enable maximisation of natural daylight and the amount need of artificial
light in the building needs wilbe reducedhence it will create a pleasant environment.
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Besides that, the energy required for hagticooling and lighting the healthcare buildings
can be reduced through passive approach, thus this dagpmoachabléo support the
principles of NZEBs and the benefits that can be gained from NZEBs is where the energy
demand for buildings can be reeuac

In regards to second design approaches which is the utilisations of energy efficiency
system, it is important taealisethat the pathway towards NZEBs is reducing energy demand
by means of energy efficiency measures (Saetoai.,2010). Besides tt, energy efficiency
has a significant part to act as a parameter that indicates the reduction level of energy
consumption ircarryingout a related task (Parameshwaearal.,2012). Generally, energy
efficiency canbe improvedby several design strategies including airtightness to avoid
infiltration and mechanical ventilation systems with heat recovery to provide air conditioning
and indoor air quality (IAQ)Rarboliniet al.,2017). However, the selectiontafh-efficiency
technologies is also crucial in the improvement of energy efficiency in a building. One of the
intervieweedas indicated the importance of energy efficiency system in healthcare buildings

As an architect, we have emphasized the importance of energgreffianeasure for this
healthcare building since thimeasurds much easier to be applied rather than the passive
approaches and these measures do not retates/ hygienic condition requirements (R1)

There are various energy efficiency technologieg tan be applied in buildings. For
instance, the use of low power lighting, energy efficient electrical equipment such as washing
machines and dishwashers with a warm water connection are strategies in planniregexh eq
energy balance (Musall &oss, 202). Similarly, based on Maassen (2017), healthcare
buil dingbébs energy demand can be significant
factor in buying medical equipment, besides the proper use of electricity.

Moreover, in relation to the availdiby of energy efficiency technologies in Malaysia,
thereareno problems to obtain the technologies since Malaysia is one of developing countries
(R2, R3). However, theostof this technologies is quite high and for that reason, most of the
developers & not fullyutilisedthe application of energy efficiency technologies in buildings
(R3). Similarly, based oWogel et al (2015) which investigated barriers that prevent energy
efficiency adoption in multifamily buildings in Sweden and authors proposedval
categorization framework for barriers to energy efficiency in buildings.

The results showethat barriers related to contextual levarlethe most significant to
prevent energy efficiency adoptionhe contextualevel is characterizedy the rulesand
regulations that influence technological design and market development. In addition, as stated
by interviewes R2,The local authorities will reject the proposal of purchasing some energy
efficiency technologies form the architect if the cost is hagh (R2) Thus, based on the
findings and the arguments, energy efficiency measure in a building is vital towards designing
a healthcare that achieved NZEBs since eneegliction, as well as energy savings in
buildings, can be achieved. Moreover, by iroging the energy efficiency of the various
incorporated building systems, it whlelpto reduce building’s energy demand (Sawbal.,

2012). It shows that NZEBs can provideeductionin bath primary energy as well as GO
emissions.

For the third design approaches whafe renewable energy system, the necessity of
renewable energy systems is vital towards NZEBs since these systetguired to reduce
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and as well as to offset the thermal energy need in buildings. Moreover, dg$\JitiBs is

not only achieved by reducing the energy consumption of the building with passive design
methods or the application of energy efficient system in buildings, but NZEBs shoulealso
designedvith the balances energy requirements between actarmg production techniques

and renewable technologies in order to achieve the NZEBs objective (Kolekats2011).

For designing a healthcare building, it is important to consider renewable technologies as
part of the building since it able to raxuthe dependency of noenewable sources especially
past literature had shown that the energy consumption of healthcare buildings is high. Besides
that, the utilization of renewable energy systems in buildings can be a critical need and
solutions againgglobal warming and environmental pollution (Kebal, 2013).

Furthermore, most of theountrieshave already promoted the application of renewable
energy systems in buildings through enforcement, regulation, tangentive,and fund
provided in thecountries (Winkelet al.,2011). However, in the context of Malaysia, the
interviewees agreed that there iaek of enforcement and target set by the government even
though theres some government efforts to promote renewable energy systems in Malaysia
(R1, R2, R3). One of thimtervieweeshas highlighted thafThe governmenhas provided
some incentives to promote the green concept in construction such as tax exdroptoey,
the enforcement is not executed strictly and thusutifisation of renevable technologies is
not widely used (R2)

With respect to renewable energy systems, there are a lot of benefits that can be gain from
these systems and several studies have demonstrated the benefits of these systems. For
instance, Phuangpornpitak & TidQl3) studying the integration of renewable energy in a
smartgrid system and they concluded that renewable energy system is one of incomparable
option to generate energy since these systems able to provide a clean energy resource.
However, they suggested that some issues such as the design, sizing, and tlity sifiitabil
system in terms cost for energy generation need to be addressed in order to ensure that it can
be used thoroughly and commercially.

As a result, since renewable energy system is crucial towards NZEBs and there is a lot of
benefits that can beaged through these systems, this design approach should be applied
appropriately when designing a healthcare building. Besides that, policies and guidelines that
havebeen provided by the government should be along with enforcement in order to ensure
thata | | g o v e r rsand tatgdisscandod dctoerv&terefore, through the application
of renewable energy technologies to support NZEBs, it indicates that this concept can reduce
the dependeay on nonrenewable energy and thus, a greener environmenbeachieved.

The simmary of NZEBs practices and benefiteshown in Table2.

Table 2. Summary of NZEBs practices and benefits

NZEBs

practices Literature Key points from interviewees NZEBs benefits

Passive Ferrara et al. (2015); i We have taken i nt Reducing

approaches Ascione et al. (2016b); passive elements before preparing energy demand
Becchio et al. (2015b); architecture plan. 0 Reducing
Rodriguez-Ubinas et al. neit i s und e n ivea tlebign  primary energy
(2014); elements plays a significant part in and CO,

Barbolini et al. (2017) architecture. o (R3) emissions
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NZEBs Literature Key points from interviewees NZEBs benefits
practices
Energy Gaitani et al. (2015); iAs an architect, Reducing
efficiency Dalla et al. (2015); developer some energy efficiency system primary energy
technologies Buonomano et al. (2015); for buildings. o (R1)andCO;
Ascione et al. (2016a) Al f we dondét have a emissions
can widely use energy efficiency in
buildings to save el
Renewable Kurnitski et al. (2011); féeven though the mc Increasing
energy Becchio et al. (2015a); but we are still put our efforts to increase  renewable
systems Tian et al. (2015): the utilisation of renewable energy energy share
Mohamed et al. (2014); technol ogies i n bui |l Reducing
Ajla Aksamija (2015) primary energy
and CO,

emissions

CONCLUSION AND RECOMMENDATION

The NZEBs concept is gaining significant since it is a realistigisa for the mitigation
of CO,emissions. The adoption of this concept into Malaysian healthcare buildings is vital
because of the energy consumption for this buildings is high and this concept able to support
the government initiative in Construction Industry Transformationrarome (CITP) 2016
2020 which one of strategic thrust thegtieksto transform the industry is environmental
sustainability. However, NZEBs concept in Malaysian construction industry is still
considered new andrieedgo be exploredBut, the previous stigs on NZEBs able to give
aninsightinto design and practice of this concept and thus, it givesinderstandintp be
exploredbased on Malaysia context. This paper is comprised of a comprehensive existing
literature review and through sestructuredmterviews with architects in Malaydidataims
toexploret he architectés opinions on benefits
practices of NZEBs in Malaysian construction industry confiexe. findings showed that by
the adaptation of NZEBsoncept in Malaysia healthcare buildings, benefits that can be gained
through this concept are it helps #duce energy demand for healthcare buildingduce
primary energy and CQOemissionsfor healthcare buildings, anidicrease the renewable
energy shrefor healthcare buildingddowever, the authomecommend that by increasing
the number of sample size, it will produce any significantly different findings. Besides that, it
is also recommended that this paper need to fuithgstigatein order to gé more
comprehensive findings as well as reflect manghe Malaysia context. Further, this paper
provides some sustainable design and practices as basis for further investigation
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Abstract

Fire Safety Management (FSM) is essential in ensuring the safety of building occupants from
the fire as well as property protection. Recently, there had been a reduction in annual budgetary
allocations to public universities in Malaysia due to some economic tensions. This situation had
left many institutions in question with the options of scaling down their expenses as well as
sourcing for other means of meeting up with the shortfalls in allocated funds. Hence, it affects
the sustainability of the building itself. This paper aims at examining the possibility of reducing
incidents that could lead to expending unbudgeted resource to rehabilitating property destroyed
by fire on campus, in addition to limiting risk to life and interruption of academic and business
activities. Several types of research had been conducted on FSM, nevertheless very few
consider Higher Education Institutions (HEI)s holistically. This study was carried out through a
comprehensive review of the literature on FSM within the context of Malaysian public
universities and sustainability from relevant databases. The paper reveals that FSM is critical
to preventing fire disaster in buildings. It identifies the need for an investigation into the
implementation of FSM to developing effective FSM framework for assisting facilities managers
and other stakeholders to preserve the university buildings against fire risks. Implementation
of effective FSM is beneficial in several ways including reduction of property insurance
premiums, business continuity and promoting an efficient and sustainable work environment.

Keywords: Fire safety; FSM; Malaysian public universities; Sustainability
INTRODUCTION

Buildings are among the most important investments for any Higher Educational
Institution (HEI) which serve as meeting point for students, teachers and the communities
(Nadzim and Taib, 2014). Malaysian government and prieaggnisationsmade huge
invesiments running into billions of Ringgits in constructing these structures and the facilities
within them. The number of HEIs including Universities and Collggddicly and privately
funded is evident for the expenditureStudyMalaysia, 2015)For instancg located in
Malaysia are over 500 tertiary institutions comprising 20 public universities, over 70 private

universities, 33 polytechnic§,2 communi ty col |l eges, 27 teac
about 403 collegeéStudyMalaysia, 2015; Ahmad, 2013jEls provide students and the
entire institutionsd community with an env

and academic succesbklassanain, 2008)It is thereforeessentialto adequately protect
buildings from fire destruction, as well agtlfe of the users through appropriate Fire safety
management (FSM) implementation (Nadzim and Taib, 20E®&M encompasses the
combination of or coordination of some activities or programs to avert destruction from fire
(Nadzim and Taib, 2014). Suegemasinclude escape routes provisions and maintenance,
fire prevention measures, staff training, and fire drill training, ldtward and Kar&aitri,
(1999)descri bed FSM as Aithe application by
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information,and practies to the task adnalysing evaluating and controlling fire safetyo
Pickard (1994 psserted that fire safety strategy for a specific building requires management
policies and procedures for tpéan to efficiently function Fire safety strategy shoule la
continuing process such that fire safety systems are regularly checked and maintained.
Usually, fire takes place without warning allowing building occupants limited tinwtier

reactto escaper suppress the fir€salleh and Ahmad, 2099

Effective FSM requires identifying all the potential risk associated with the premises and
efficiently undertake an assessment of the adequacy of the measures provided or needed to
resist thethreat(T h e Scottish Government 6 s torBt® Heérc e, (
Majesty Fire Service Inspectorate for Scotland, 20@8so, the concept of sustainable
developmentvas firmly embeddeavithin the environmentanovementbut still has social
andeconomicvalues in sustainable use of natural resouttt@®splies that sustainability &
vast area covering topics frormconomicsto social and the issues relating to ecological
sustainability. While all business enterprises can make contributions towards its sustainability
attainment, the ability to make a diffecenvaries by sector ammfganisatiorsize where the
role of business in contributing to sustainable development remains unl{Mi@dmed and
Wee, 2016Mohamed et al2016).Giventhat,sustainable development is a decent business
in itself; it createc hances for suppliers of 6green c
environmentally safer materials and proceseses.nce, f i rms t hat -inves
efficiency and engage themselves in social delhg.

BACKGROUND OF STUDY

FSM is concerned wh lessening the potential of harm to life and damage to properties
resulting from the occurrence of fire in buildingSafadian Wood Council, 200&anni
Anibire and Hassanain, 2019)he importance of FSkh relation tomodern large or complex
structuredas been identified for several years, though, the challenges arbgd¢htmoughly
addressedThe growing complexity obuildings, as well as sophistication of the fire safety
systems,places more responsibility on managemgrdt has been traditionigl essential
(Porter, 1990Q) Protecting buildings from thére can be tackled from two perspectives.
Namely Building design, arBuilding operation /managemef®amliet al.,2013).Although
fire safety priority is very low during the building design process, it is included to satisfy
minimum requirements for building regulatiomsid recommendation of the insurance
company (Mydin, 2013). Therefore, if an efficient management team is pacia jol operate
a property, such property woulse safe from théire even if poorly designed. However, a
well-designed building that is natin by efficient management team may likely have issues
with fire safety during the building lifecycle. Many of theajor disasters including fires
which happened in recent decades wraracterisedby a failure of management, whether
before or during thosacidencesAn examplewvas the 1987 fire at King's Cross underground
station, LondonConsequentlyconsiderabl@mphasis has been placed on the importance of
management in safety as well as focusing on both corporate and individual liability in this
respect(Porter, 199Q)Apart from that, sustainable development is a process of change in
which exploitationof resouces, theinvestments direction, the orientation of technological
developments and institutionate all in agreement and enhancegtesent and prospects of
meeting human needs and aspiratidins reflected on many Governments around the world
when they take on sustainable development on the agenda for the development project
(Masrom et al2017; Mohamed et al2017).Organisations around the globe that incorporate
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sustainable practicesstrengthen theiorganisatioalgoal s can i ncrease sh
and build better international market share.

PROBLEM STATEMENT

Campus Firewatch (2011) stated that no fewer than 146 people perished in campus fire in
the UnitedStatesbetween 2000 and 2011. These comprised of botbampus and off
campus fire incidences. Several injuriesre sustainednd property loss worth $9 million
were reporteqUnited States Fire Administration, 201The impact of fire fatality on HEIs
campuss could beseveredue to the homogenoumsat ur e of st waheemihgs 6 po
age ancexperience (Taub and Serveggib, 2008) Furthermore, substantial fire loads such
as books, papers, andatimer document n | ect ur e r dElucaidnfinstitugoas i n
(HEDs could contribute significantly to fire sever{tgong, 2009)

Research had shown thewme fireincidenceoccursi n  t er t i a rbyildingn st i t |
(Mowrer, 1999) The cost of the incidents to the HEIs from both financidl jpublic image
perspectivegould besubstantial (Bubka, Mary Ann, and Coderre, 20Iese incidents
take place especially among students in hostels while they are attending classes or during
siesta Hassanain, 2008 Numeroudire incidents mainly osmall-scaleoccur oncampuses
without being reported. Report from the United States Fire Administration (USFA) indicated
that an average 1700 fires were recorgledrly in the United States of America (USA
(United States Fire Administration, 200The aboementioned figure increased by over
100% in the USFAO6s report lverdreceuateth udiveGi and
houses in 2009. The campus fires usually occur during September and October when schools
are starting reshacademic sessionhichleadsto estimated fatalities of five peo@eanually
(United States Fire Administration, 2011).

In the United Kingdom, two campus fire incidentsre recordeih 2001(Times Higher
Education, 2001a, 2001b)he first one occurred in the main campus of the Gitiversity
London and destroyed College Building on 25 of Mage result of the fire investigation
exposed that the firstarted from an office of a member of staff. The affected building was
grade lllisted building accommodating five academic departments, the school of journalism
and computing as well asthe vicchancel | or 6s office. The sec
November 2, 2001. The fire attacked a 100 years old Bower Building at the Glasgow
University, Scotland destroyingh.D.work of ten Botany students. It took two yeargaory
outrestoration work on thdamageduilding at the cost.5 poundand GBP 3.5 million for
the equipment. The buildingas openeébr use in2005(University of Glasgow, 201 Times
Higher Education, 2001b). Furthermore, on September 12, 28&4(GlaxoSmithKline
Carbon Neutral Laboratory for Sustainable @istry at the Nottingham University, UK was
destroyed by fire attributed to ahectricalfault. The GBP 20 million structure which was at
theadvancedtage of completiowas razed entirelglown (British Broadcasting Corporation
(BBC), 2015 Nottinghamshire and City of Nottingham Fire and Rescue Authority
Community Safety Committee, 201%)ther examples of a fire incident in HEIs include a
clubhouse fire at Nelson Mdala Metropolitan University South Africa in October 2016, the
University of Jos Nigeria Library fire on October 10, 2016. The hostel fire at International
Islamic University of Malaysia (IlUM), 2014, Dewan Tunku Canselor (DTC), of Universiti
Malaya (UM) among others are more exampl@di, 2003; Nottinghamshire and City of
Nottingham Fire and Rescue Authority Community Safety Committee, 2015; Sadiqg, 2016;
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Spies, 2016)Theneed for HEIs to protect students, employees, and physical facilities cannot

be ovestated because i f a disastrous | oss ensues
reputation, posing a risk to future admissions, financial strengths, and endoyBheiks,

Mary Annand Coderre, 2010).

Report from the Fire and Rescue Department of Malaysia (FRDM) indicated a steady
increase in fire incidents from 2000 to 20(Sulaiman, 2008; Salleh and Ahmad, 2009;
Rahim, 2015)For instance, in 2006 FRDM attended to 18,913 fire calls, and 20,225%n 200
Fire occurrences in 201®ere 29,848 which was 11% higher than the relatively stable
statistics from 2009 to 2012. From 2013 to 2015, fire incidents recorded were 33,640 for 2013,
54,517 for 2014 and 80,183 2015 (Salleh and Ahmad, 2009; Rahim, 20Rghim (2015)
also conveyed théire-relateddeath doubled between 2011 to 2012 that is, from 72 deaths in
2011 to 152 in 2012 and then to 165 in 2013. The cost implication of damagesfirerim a
2013 is about 20 billion Malaysia Ringgit (MYR 20 hilt), which was an increase of MYR
874.31 million from 2012(Department of Statistic Malaysia, 2013; Fire and Rescue
Department Malaysia, 2014The main causes of fire include arson, cooking, smoking,
electrical sources, and other unknown sourcesthi® Rahim (2015)called for more
investigative efforts to obtain useful information for developing precautionary strategies in
Malaysia.

No doubt enormous investments made in the education especially in the higher education
sector is in line with fulfilling aet target of creating an attractive environment, conducive for
learning and academiexcellence lassanain, 2008}t is, therefore,duty bound on all
stakeholderso zealously guard various infrastructure against fire destrudtia@ccordance
with building world-classhigher education institutions, Malaysian government spent more on
education compared to other sectors,ifetance Musa (2003yeportedthat about 27% of
the National budgetvas spenbon education. Such gesture allows for training ofman
resources that shall tackle future challenges in various sectors eéahemy(Kaur et al.,
2008) However, in recent time, the fund allocation to public universities is dwindling due to
some challenging economisituation (Hse, 2016; Malay Mail, 2016. Therefore,
necessitating payingonsiderablattention to protecting buildings from all form of disasters
including fire.

Figure 1 illustrates the aim and objectives of the research from which this review paper
was derived



MCRJ Special Issue Vol. 4 | No. 2 | 2018 24

AIM: To develop a framework for implementing effective fire safety managen
forhighereducati on institutionso6 b
RO1: Investigate current ROS5: Develop and
practices in fire safety validate a framework
management fo for effective
university buildings in Data m?ntagfemem of f!{e
Malavsi safety for university
alaysia Analyses buildings in Malaysia
RO2: To determine key RO3: Examine the RO4: Determine the
factors contributing to users/occupdg effectuser s/ od
effective management g perception on, awareneg perception on,
f|re safety for un|vers|ty4\ Of, and attiude tOWard, awareness Of, and
buildings in Malaysia fire safety in Malaysian| attitude toward, fire
_l/ Higher Education safety on effective of
Institutions (HEls) FSM in HEIs

Figure 1. Diagrammatic representation of research aim and objectives
DISCUSSION

The substantialeffort had alsobeen madeat internationalisingMalaysian higher
education with a resultant saving of about RM4 billion annually. RM2.5billion is the amount
that couldbe savedf Malaysian students decide not to study abroad and take advantage of
provisions made in Malaysian universities and other higher educations, whereas RM1.5
billion in net revenueealisedfrom over 50000 students from variocsuntries Kaur et al.

2008) Malay si a had al so set the tar gethbiggeft bec
education exporting country, and therefore making plans to accommodating about 200,000
international studentsHiughes, 2015)This projection doubled the aspiration in the 9th
Malaysia plan for attracting 100,000 students from overseas by Rauddt al2008) Given

these strides, research relating to the ma
buildings becomes imperative especially asstructurehastotal immunity against fire
occurrences (Bmachandran, 1999; Rahim, 20Jevious research concerning management

of fire safety in buildings had dealt with other types of building/structure such as karaoke
establishmentLui & Chow, 2000) oil and gas(Santosreyes andBeard, 2001) non
residential higkrise buildings (Chow, 2002; Tharmarajan, 200Q7)esidential higkrise
buildings(Yatim, 2009) Nursing home¢Moore, 2012) Hotel buildings (Chen et a2012),

Heritage buildinggSalleh and Ahmad, 2009 assenger terminatéoward and Kar&aitri,

1999) and airport terminal§Chow and Ng, 2003)enclosed shopping centréSreeman,

2010) Cruise Vessel ConstructigRaisanen, 2014nd hospita{Ong andSuleiman, 2015)

However, few of these studies hakplicitly looked at tertiary education buildings
holistically. Though Kong (2009)studied possible implementation of performabesed
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design for fire safety provisions in higher education institutesdidenot emphasize the
strategies for fire safety magement adoptedn addition, there are research covering
st udent s(Grifih, 201%; iHasganain, 2008; Sasmibire and Hasanain, 2015;
Agyekum et al.2016)and other publications dealing with cafetdfiassanain and Hafeez,
2005) and library (Khalid, 2013; Hassanain antishwal, 2005) This research seeks to
investigate the implementation dife safety management implementation Malaysian
Higher Educational Institution€HEI) to developing a framework for effective fire safety
management faall building types and occupancies in the institutions.

Statistical surveys in different parts of the world established that fires occur regularly in
buildings with costly consequencé3hen et al2013; SanniAnibire and Hassanain, 20115
In the UnitedKingdom (UK), the direct cost of thire was estimated & billion GBP in
2003. Also, the Health And Safety CommissiofHSC) approximated the annuahlue of
health and safety failure as 18billion GRRurness and Muckett, 2007Mhe United States
Fire Administration reported that about 118 deaths related to campus finedragvitnessed
from theyear2000 to 2015 in the United States of America (USA). 80% of those incidents
occurred in offcampus housing due to the followingtias (U.S. Fire Administration, 2015)

A Careless disposal of smoking materials
A Missing or disabled smoke alarms;

A Lack of automatic fire sprinklers; and

A Alcohol consumption.

According to the guidance jointly producedbyh e Scot ti sh Gander nme
Community Safety Directorate, HM Fire Service Inspectorate for Scotland (20(8)
obligation of arorganisatiod s management to fire safety is
safety standards in bui | déomerindiee salety.Dublinup h ol
Fire Brigade (2012¢onsider FSM as eritical factor which must be present to forestall fire
disaster in buildings such as large shopping malls. Accotdibgiblin Fire Brigade (2012)
andthe British Standards Institutiogf2017) FSM structure should make provisions for the
following:

A Clear lines of duty, authority, accountability, and resources;

A Replacementsf absentees with specifiasks and

A An emergency services liaison officers to call for supplying informationetdiria and
rescue services.

FSM encompasses the whole lifecycle of the building emotudesthe following
constituentgDublin Fire Brigade, 2012)

A Day to day operation of the building;
A Changes of building

A Change of use; and

A Unit in disuse

Similarly, Tsui and Chow (2004)utlinedthe objectives of FSM components to include:
Maintenance of fire safety measures and fire prevention, staff training, emergency action plan,
and amassessmermn building alternative. FSM programmes consist of inBpe, education,
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and training, fire suppression, emergency service, evaluation of fire probability, fire
prevention, report and record keeping, as well as communicgfialimotra, 1993; Chow,
2001) The following benefit cae accomplishedhenan effecive FSM is developed and
implemented Chow, 2001)

A Reduction of property insurance premiums;

A Continuity of business operatipn

A Enhancement of public images and customer service
A Promote an efficient work environment;

A Quality gainrealisation and

A Influence arorganisatiorprofitability.

For theabovestatedbenefits tdbe realisedthe fire safety managesbould comeup with his
responsibilities amdicatedby the Dublin fire brigade, thus:

A Awareness of fire safety features and their functions

To monitor general maintenance and building/refurbishment;work

To maintain register of fire certificates and compliance for all buildings/ refurbishment
works,

Fire safety risk assessmegnt

To be present at the commencement of building occupation; and

A To liaise with fire authority and seek advice

A
A
A
A

The person appointed as a fire safety manager is responsible for total control and daily
building safety management. The appointed fire safety manager should be practically
knowledgeable to direct firefighterto affected areas in buildings during emergency
especially in complestructuregfChow, 2001)Hence, Fire safety practices and awareness is
essentiabs adequate knowledge of fire, cause, prevention, suppression and the provision of
properfirefighting equipment aremportantto be available and handled adequately by the
appointed person in any building.

CONCLUSION

This research seeks to investigate the implementation of fire safety management strategies
in Malaysian Higher Educational Institutions (BlEo having sustainability aspects. The
paper highlighted FSM ascaitical factor in preventing fire incidents and destructive effects
on human and properties. FSM identifies all probable risk associated with the universities
built facilities and providenecessary measures to resist the threat. The work also creates a
space for researdhto detail understanding of fire safety management practices, and current
implementation strategies of FSM principles among Malaysian universities. Therefore, a
frameworkfor effective fire safety management for all building types and occupancies in the
institutions shall be developed and validated on completion of the research.
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Abstract

This research was conducted to investigate the suitable waste materials to be used in
Solidification/Stabilization (S/S) technique. For that reason, palm oil fuel ash and quarry dust
have been selected to be used in S/S matrices. These wastes have national issues in recent
years due to the increasing amount caused by population and industrialization growth in
Malaysia. In this research, different percentages of Palm Oil Fuel Ash (POFA) and quarry dust
(0%, 10%, 20%, 30% and 40%) are used to replace the Portland cement and sand
respectively. The investigation included determination of heavy metal concentration and
chemical composition of POFA and quarry dust. Other than that, the respective samples were
also examined for its mechanical properties such as density and compressive strength. The
results indicated that 10% of POFA and 20% of quarry dust are the best percentages to be
incorporated in S/S matrices. The 10% replacement of POFA recorded a considerable value
of density ranging from 1500 kg/m3 to 1660 kg/m3.Meanwhile the compressive strength 10%
of POFA achieved the strength of 22.60 MPa. Besides that, 20% replacement of quarry dust
in natural sand recorded a value of density ranging from 2080 kg/m?3 to 2147 kg/m? with the
highest strength is 24.91MPa. The results show a possibility of POFA and quarry dust for
cement and sand replacements in improving the S/S matrices as a medium to treat wastes.

Keywords: Solidification/stabilization; Palm oil fuel ash; Quarry dust; Waste utilization
INTRODUCTION

Solidification/Stabilization (S/S) is a quick and inexpensive technique in treating the
waste by converting immobilizing contaminants into a less soluble or a less toxic form and
encapsulating them by a creation of a durable matrix with high structwegfitgtNavarroe
Blascoet al, 2013) S/S is one of the techniques by mixing the wastes with some solid
addictive materials like fly ash, cement, lime, cement kiln dust, sulfur, clay and some
combinations of them (WriglgndNoordhuis,1991). Apart from that, S/S also undergoes in
exchange lte waste into easily handled solid with reduced hazards from volatilization,
leaching or spillage. This technique used to prevent or minimize the release of hazardous
compounds from the finished asphalt road base into the environment by producing a solid
mixture, improve handling characteristics, decrease the surface area for contaminant transport
and bonded the contaminate into a-baxic form (Tuncaret al, 2000).

Among various types of binders, ceméatsed systems are the most widely used, due to
its relatively low cost, wide availability, and versatil{tyaletakisandSoultana, 2016)The
S/S method also offers the possibility to reuse the solidified waste for construction purposes,
such as building blocks and concreféshnsoret al, 2016; Kadiret al, 2014a; Kadiret al,
2016). It also provides minimum energy consumption compared to thermal or ottierdse
Other advantages provided by the S/S method are the possibility to treat the contaminated
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waste insitu rather than exitu especially for the massive quantities of petroleum sludge, thus
eliminate the transportation cost. Also, only simple equigraad materials are needed for
its execution.

The application of binders can increase absorption thus helps in improving their
immobilization and prevent the detrimental effects on binder hydration such as combining the
use of cement and active carboral@vell et al, 2009).Lampriset al.(2009)found that the
Portland cement with the addition of high carbon power plant fly ash (HCFA) significantly
reduced the leaching of PHCs. Besides, an advantage of applying S/§ueshsithat some
hazardous heavy metals in wastes can be immobilized into the matrices.

This paper aim is to evaluate the composition and mechanical properties of palm oil fuel
ash and quarry dust in S/S matrices. The present research has been unttenalestigate
the possibility of using palm oil fuel ash and quarry dust as a partial replacement material for
cement and natural sand respectively. It is envisaged that the outcomes of this research will
enhance the potential use of palm oil fuel asth guarry dust as a viable alternative material
in the production of S/S matrices.

OVERVIEW OF PALM OIL FUEL ASH AND QUARRY DUST

PalmOil Fuel Ash(POFA) is a byproduct of the palm oil industry produced in massive
amounts approximately 4 million tons per year (@adHameed, 2009). Recently, POFA is
used as a partial replacement for ordinary Portland cement in conventional concrete and the
purposseis to enhance strength and durability of concréenfchirapaet al.2007;Mazenan
et al, 2017; Abdul Awal and Hussir2011; Chindaprasintt al, 2008 Ismail et al, 2011;
Malhotra,2002. Some works have utilized POFA as supplementary material insmikh
other aluminesilicate materials to make g@mlymer cement paste or mortars. The reaction
product, formed according to a patgndensation process, exhibits a network structure that
could evoke that of organic thermoset polymers.

The beneficial effects of POFA as a cement replacement concerning to its mechanical
properties and durability have been widely discussed. For example in a study by Atriffin
(2013) has stated that low calcium fly ash blended with POFA was used to produce geo
polymer cement and so compressive strength of up to 28 MPa was obtained. Also, a geo
polymer binder was fabricated from a ternary mix of slag, palm oil fuel ash and rice husk ash;
however, a small content of POFA was used in the binder (Karim, 2013)hén study
presented by Mijarshkt al.(2013), treated POFA was activated to produce thepgbaner
binder. Supplementary materials such as silica fume, calcium hydroxide and alumina
hydroxide in addition to the alkaline activator were also used to serdee efficiency of
treated POFA in the production of gpolymer products.

Apart of that, the combination of ultrafine palm oil fuel ash and ground blast furnace slag
(GGBS) was used to investigate the compressive strength and microstructurgaf/gesy
binder. Islamet al.(2014) also examined strength development for apgdymeric binder
from ground granulated blast furnace slag and palm oil fuelldghstudy revealed that the
binder with the binary mix of the low content of POFA and GGBSeae the highest
compressive strength.
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A similar observation was made by Tangchiragiagl. (2007) and Chindaprasiet al.
(2008) who suggested the use of POFA up to 10% of binder mass due to its low pozzolanic
reactivity. Hence, to enhance tpezzolanic reactivity POFA must be ground to produce
smaller particleige. Chindaprasirt et al. (20P8Iso in his research found that the compressive
strength of POFAncorporated mortar having a median particle size of 7 um (3% retained on
a 45 um sieveto have higher values than control mortar due to the filler effect of finer particle
size.

On the other hand, the use of adequate industrial or agricult@iodycts such as
quarry dust for partial cement replacement is an environmentally friendhothef disposal
of large quantities of materials that would otherwise pollute land, water arfithaigranite
cutting industry produces large amounts of wastes which are solids (generated during
extraction) and sludge (generated dutirsgnsformation proesses) (Het al.20@2). Granite
fines are often referred to as quarry or rock dust, and this residue represents less than 1% of
aggregate production or between 1% and 2% by mass of the total aggregate crushed in
quarries, according to Abukerh and Faidi€011).

A study conducted biramanet al. (2011) evaluate the suitability of quarry dust as a

partial substitute for sand in higitrength concrete (HSC) containingeaihusk ash (RHA).

The findings of the research indicate that even though quarry dust inclusion as partial
replacement of sand results in some minor impacts to the workability of fresh concrete, it can
be compensated by a good mix design and by the usmipErplasticizer. The mixes
containing 20% quarry dust were chosen as the optimum mix design for both grades of
concrete. Incorporation of quarry dust into concrete mixes does improve some workability
properties of the mixes.

Medinaet al.(2017) assesses the viability of designing new blended cement ichwhi
10% or 20% of the clinker is replaced with quarry waste by analyzing the effect of its inclusion
on the chemical, rheological, mechanical and microstructure properties of the end product.
The later age change in the pore structure of the new mortaicehtdy the slow pozzolanic
kinetics of this supplementary cementitious material (SCM) translates into a narrow
difference in the mechanical performance between these and conventional mortars.

On top of that, the quarry industry produces millions of tasfegastes in the form of
guarry dust was increasing yea(Basharet al., 2016) These wastes are dumped in the
factory yards and hence reuse of quarry dust might help in reducing the overuse of mining
and quarrying. Hence, the use of these quarry dust could result in significant cost saving in
regions where limestone filler is not available, and it is an efficiemtafisa material that
would otherwise be a waste prod(®thankosketal., 2017)
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MATERIALS AND METHODS

The experimental program presented in this paper was done at Universiti Tun Hussein
Onn Malaysia and Kolej Kemahiran Tinggi Mara located in Batu Pahat, Johor, Malaysia. The
details of the experimental workised are described in the following sections.

Materials

The primary raw materials used in this research were Portland cement type Cem Il / B
32.5R according to Malaysian standard IS 1971, 2014), palm oil fuel ash, quarry dust,
river sand andegular tap water. Also, Portland cement in this researchgeaéral purpose
use green label cement. It is manufactured by grinding calcium sulphate as a setting regulator
with Portland cement clinker and other carefully selected secondary constitngetsareful
and stringent quality standards monitored by Lafarge Malaysia.

Palm oil fuel ash (POFA) was collected from Plantation Company located at Kluang,
Johor, Malaysia (Figure 1). POFA for this research procured from industry is a waste of oil
palm dry biomass which was burnt as a fuel at the temperature of 800 °C to 1@3&FPC
procuring the ash, it was oven dried at a temperature of 105 °C for about 24 hours to remove
moisture and further, it was sieved by using 90 um sieve to eliminate unburned fibers and to
improve its fineness, as particle size plays a crucial rop@bhzolanic reactivity. Hence, to
enhance the pozzolanic reactivity POFA must be ground to produce lower particle size as
suggested bifroehonget al.(2011) The process involving palm oil fuel ash is summarized
in Figure 2.

Figure 1. Palm oil fuel ash at plantation mill located in Kluang, Malaysia
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Collection of palm oil Palm oil fuel ash was Oven dried at a Sieved by using
fuel ash from stored and preserved temperature of 105 90um sieves to
plantation mill in secured tank upon °C for about 24 hours eliminate unburned

receiving to remove moisture fibers

Figure 2. Palm oil fuel ash process before being used

Using quarry waste as a substitute of sand in construction materials would resolve the
environmental problems caused by the lasgale depletion of the natural sources of river
and mining sands. In addition, quarry waste can be a profitable alterndgtieentatural sands
when the overall construction cost increases due to the transportation of sands from their
sources.Quarry dust wastes were obtained from Bina Kuari Sdn Bhd located at Kedah,
Malaysia. Upon testing, quarry dust was dry first to makeisigén a dry condition (Figure
3). The quarry dust waste was dried and placed in the oven®&. i¥fger drying, quarry dust
waste was grinded and crushed to make it easier in the sieve process as well as to eliminate
impurities.

Figure 3. Quarry dust waste after grinding process

Mix proportion

Two types of S/S matrices were produced in this research, each of matrices were used to
study both the effect of palm fuel ash replacement in cement and to investigate the effect of
qguarry dust replacement sand. As such, the investigation begins with replacement of palm
oil fuel ash (POFA) to cement with 10%, 20%, 30%, and 40% respectively. The S/S mortar
was tested in comparison to the control mix that had a ratio of 1:2.75 of cement to fine
aggregatesMeanwhile w/c ratio of 0.485 which is in accordance with the ASTM C109
standard for compressive strength testing of hydraulic cement mortars. Next, the same
percentages will be used as a sand replacement by using quarry dust which is 10%, 20%, 30%
and 40%respectively. Mix proportions are shown in Table 1 and Table 2.
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Table 1. Details of mix proportion for palm oil fuel ash replacement

Fine Aggregates

Percentage of Binder (kg) (1:2.75 wt binder) .
Samples POFA (kg) Water to binder
ratio (%)
replacement (%)
Cement POFA Sand Q(;Jarry
ust
A (Control) 0 7.893 0 21.706 0 0.485
B 10 7.104 0.789 21.706 0 0.485
C 20 6.314 1.579 21.706 0 0.485
D 30 5.525 2.367 21.706 0 0.485
E 40 4.736 3.157 21.706 0 0.485
Table 2. Details of mix proportion for quarry dust replacement
Fine Aggregates
Percentage of Binder (kg) (1:2.75 wt binder)
quarry dust (kg) Water to binder
Samples replacement ratio (%)
(%) Cement POFA Sand Q(;Jarry
ust
A (Control) 0 7.893 0 21.706 0 0.485
F 10 7.893 0 19.535 2171 0.485
G 20 7.893 0 17.365 4.341 0.485
H 30 7.893 0 15.194 6.512 0.485
I 40 7.893 0 13.024 8.682 0.485

During casting process, materials were weighed accordingly to their mix proportions.
Firstly, the dry materials were mixed in a rotating pan mixer for 2 min to avoid segregation.
Tap water was poured gradually to the respective mix samples. After abiyttbe samples
were transferred into moulds with size 180L00 x 100 mm3 for casting. Samples were
compacted layer by layer into the moulds and the top of the surface were flattened evenly.

Test program

Characterization of main composition and heavy metals in raw materials such as palm oil
fuel ash, quarry dust and cement is an important parameter to determine the components exist
in the materials. Chemical composition and heavy metals characterizaimn XisRay
Fluorescence (XRF) has been widely used and this method is fast, accurate and non
destructive with a minimum of sample preparation. To get the result, sample preparation needs
to be done by preparing the pressed pellee density of all experiental samples was
conducted according 8S EN 123907:2009. Cube samples with size 20000x 100 mn%
that has been cured for 7, 14, and 28 dagee used in this test. Meanwhile, compressive
strength test in this research were in accordance with AGT0® which is a standard test
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method for compressive strength of hydraulic cement mortars. The cube samples with an
average of three samples for each proportion were tested using a compression testing machine
of 2000 kN capacity with 0.75 kN/s of loadingesat Total maximum load indicated by the
testing machine and the compressive stremgsults were calculated usingjiationl as

follows.

Q6 - (1)

where fm= compressive strength in MFAa total maximum load in Ibf or [N], ana= area
of loaded surface fror [mn¥].

RESULTS AND DISSCUSSION
Chemical Composition and Heavy Metal Characterization

The chemical compositions of the materials are shown in Table 3 and Figline 4.
results indicated the higher percentage of chemical compo#&itid®OFA, quarry dust and
sand are silica (Si¥p which is 46.31%, 53.00% and 51.80% respectively. Meanwhile
calcium oxide is the highest composition of Portland cement with 53.30%. On the other
hand, the lowest concentration of chemical composition fdtdPal cement and quarry dust
are titanium oxide with 0.23% and 0.51% respectively. Besides f that, potassium axije (K
shows the lowest percentage of natural sand with is 0.3% meanwhile for POFA,
concentration of magnesium oxide (MgO) with 0.2% showddkvest value.

Table 3. Chemical composition of raw materials

Chemical Formula Concentration (%)
composition POFA PORTLAND CEMENT QUARRY DUST SAND
Calcium oxide CaO 1.09 53.30 2.35 0.58
Potassium K,0 2.81 1.07 5.05 0.30
oxide
Titanium TiO, 0.66 0.23 0.51
dioxide
Ferric Fe,O3 4,76 3.14 4,52 0.39
oxide
Sulfur trioxide SO; - 3.26
Silicon dioxide SiO, 46.30 12.6 53.00 51.80
Magnesium MgO 0.20 1.16 0.80
oxide
Aluminum Al,O3 22.00 2.79 11.70 7.30
oxide
Sodium oxide Na,O 0.45 0.19 1.75
Highest SiO; CaO SiO; SiO;
(46.30) (53.30) 53.00 (51.80)
Lowest MgO TiO, TiO, K;0O
(0.20) (0.23) 0.51 (0.30)

From the results, it has clearly seen that the most dominant of concentration in raw
materials is calcium, silica and alumina. These chemical compositions that also known as C
S-H gel are the main materials that could enhance performance of the S/Sswhidde its
pozzolanic reaction. The abundance of silica in POFA will generate a viable combination to
create a good performance of S/S matrices. In depth, utilization of POFA improves resistance
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to chloride ion penetrationChindaprasirtet al, 2008; Awal and Hussin 1999%nhances
resistance to acidic environment (Tay, 1990) and sulphate altstckapitakkuket al, 2007).
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Figure 4. Bar chart of raw materials against concentration (%)

Based on Table 4, it shows that there were 11 major elemeheagy metals exist in
materials such as POFA, Portland cement and quarry dust. The highest values for Fe are
recorded highest element recorded in quarry dust (416 ppm) and Portland cement (296 ppm)
respectively. Other than that, Ba recorded the secondstighement in quarry dust and
POFA with 389 ppm and 360 ppm respectively. Other than that, elements or heavy metals
such as Cu (12 to 52 ppm), Pb (7 to 62 ppm), Zn (11 to 151 ppm), V (43 to 84 ppm), Ni (4 to
17 ppm), Cr (9 to 69 ppm) and As (6 to 37 p@am® observed from the raw materials. Besides
that, there were some heavy metals were not detected such Mn (POFA), Ba(Portland cement),
Fe (POFA) and Cd (all raw materials).

Table 4. Heavy metals concentration of raw materials

Heavy metals Formula Concentration (ppm)
concentration POFA PORTLAND QUARRY DUST  SAND
CEMENT
Copper Cu 6 20 12 52
Lead Pb 19 60 62 7
Zinc Zn 34 132 151 11
Manganese Mn - 7 6 -
Vanadium \Y 60 84 43 -
Nickel Ni 8 17 14 4
Barium Ba 360 - 389 24
Chromium Cr 12 69 16 9
Ferum Fe - 296 416 -
Arsenic As 16 37 6 6

Cadmium Cd - - - -
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Effect of density of palm oil fuel ash and quarry dust replacement in S/S
matrices

The density values of palm oil fuel ash replacement and quarry dust replacement in S/S
matrices are given iRigure 5 and Figure 6 respectively. The values for control samples are
in the range of 2100 kgfto 2260 kg/m. From Figure 5, it shows that density of the different
percentages of POFA with%, 20%, 30% and 40% are much lower than the control samples.
The lowest values of the density are recorded by 40% replacement of POFA ranging from
1380 kg/mi to 1430 kg/m®. Meanwhile, the 10% replacement of POFA recorded a
considerable value of density ranging from 1&@0m° to 1660kg/m?respectively. From the
observation, it shows that higher percentages of POFA replacements will decrease the density
of the S/S samples. This hypothesis supporte@diytandGomez (2016)hat used oil palm
fiber reinforced mortar utilizing palm oil fly ash as a complementary binder. It has been found
that the mortar mix is slightly lower than the contnaik due to POFA has lower density
replacing the cement particles.
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Figure 5. Density of different percentages of POFA with 0% (control), 10%, 20%, 30% and 40% at
different ages (7, 14 and 28 days)

Similar trends of density are observed from quarry dust replacement in S/S matrices. It
shows that density of the quarry dust samples recorded slightly lower than the control samples.
20% replacement of quarry dust in natural sand recorded a value @y danging from 2080
kg/m® to 2147 kg/m?. Meanwhile, the lowest was obtained from 40% of quarry dust
replacement samplegth average of 207Rg/m? to 2087kg/nr.
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Figure 6. Density of different percentages of quarry dust with 0% (control), 10%, 20%, 30% and 40%
at various ages (7, 14 and 28 days)

Effect of compressive strength of palm oil fuel ash and quarry dust
replacement in S/S matrices

The results of compressive strength test of palm oil ash and quarry dust replacement at 7
days, 14 days and 28 days in triplicate samples are shown in Figure 7 and Figure 8. It can be
observed that compressive strength develops over curing time.

By refaring to Figure 7, the compressive strength of different percentages of palm oil
fuel ash with 0% (control), 10%, 20%, 30% and 40% of various S/S matrices ages (7, 14 and
28 days) were presented. As expected, control sample without POFA and quarry dust
replacement showed the highest value of compressive strength at each tested days. On 28
days, the highest compressive strength was achieved by control sample with 27.75 MPa
followed by 10% of POFA (22.60 MPa), 20% of POFA (18.13MPa), 30% of POFA (11.62
MPa) and 40% of POFA (9.35 MPa).The development of compressive strength for POFA
replacements was slightly slower than control samples. It can be seen from the difference of
strength at 7 days to 28 days. In comparison to the control sample, the compremsjih str
of palm oil fuel ash replacement decreased 21.4%, 36.93%, 59.58% and 67.48% for 10%,
20%, 30% and 40% of POFA respectively. It indicated that higher value of POFA replacement
influences the decreasing on the compressive strength compared to @npielss Addition
of POFA produces tiny voids in between the particles that result in a wide spread of void size
and thus lower the mechanical strength. Tay and Show (1995) suggested using oil palm ash
sieved through a 150 um sieve to be used as a replatem@ment and discovered that only
a 10% replacement level showed a minor reduction in compressive strength than the control
mix for compressive strength exposed to 1 year of curing indicating the presence of a
pozzolanic reaction. Hence, to increasepbzzolanic reactivity, OPA must be ground to
produce finer particle size material.

Other than that, all the samples were above the landfill disposal limit regulatory which is
higher than 0.34 MPa at 28 days as suggestedrbet al. (2008) However, only 10% of
POFA replacement in S/S is above comparative mortar limit of 20 MPa on 28 days.



MCRJ Special Issue Vol. 4 | No. 2 | 2018 41

Figure 8 shows the cagmessive strength of different percentages of quarry dust as a
partial sand material in S/S matrices. The strength at 28 days for quarry dust replacement is
recorded at peak from 20% of replacement with 24.91 MPa followed by 10% of quarry dust
(23.75 MPa),30% of quarry dust (22.84 MPa) and lastly from 40% of quarry dust (13.80
MPa). It indicated that 20% of quarry dust replacement in sand is the most suitable to imitate
control compressive strength. To be compared to the control sample, the compressitie str
is decreased with by 10.23%, 14.44%, 17.69% and 50.28% for 20%, 10%, 30% and 40% of
qguarry dust respectively. These fluctuated of compressive strength are strong because fine
particles may seal voids in the paste and act as precipitation sitee forditation products,
thus strengthening the paste. This phenomenon is known as filler effect. However, if large
amounts of fines are added in concrete, the bigger aggregate grains are further separated by
the smaller particles and the filler effect iswedd (Vogt, 2010).
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Figure 7. Compressive strength of different percentages of palm oil fuel ash with 0% (control), 10%,
20%, 30% and 40% at various ages (7, 14 and 28 days)
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Figure 8. Compressive strength of various percentages of quarry dust with 0% (control), 10%, 20%,
30% and 40% at different ages (7, 14 and 28 days)
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CONCLUSION

As a conclusion, this research is an attempt to study the feasibility of palm oil fuel ash
and quarndust replacement in S/S matrices. From the results, it shows that compared to the
control samples, the best percentages of POFA and quarry dust replacement are 10% and 20%
respectively. The results showed that, even though the strength was below thah contr
samples, the replacement of POFA and quarry dust are still acceptable considering the
replacement criteria such as cost reduction, waste utilization and waste immobilization in S/S
matrices. These findings have been approved according to its compdsia@omparable
compressive strength during the curing period and also acceptable density. Replacement
method could decrease the enormous quantities of palm oil and quarry dust disposal towards
the environment. In addition to that, this study providesstasable solution by minimizing
the treatment cost by utilizing palm oil ash to replace cement as well as quarry dust replacing
sand providing low cost materials for S/S method that may lead to construction applications.
Thus, a proper sustainable asafe way of reusing such waste materials as in this research is
useful towards the environment and sustainability for development purposes.
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Abstract

This paper is an overview of the performance of sustainable concrete masonry containing
industrial waste as cement replacement which exposed to high temperature. These industrial
waste or also known as pozzolanic materials have been widely used due to their characteristic
which could act as the binder in concrete. By replacing cement content in concrete this could
make concrete more sustainable due to less carbon content. Based on previous researches,
the performance of these sustainable concrete have been investigated in terms of its residual
compressive strength and physical properties at elevated temperature. These parameters are
important factor that could contribute to the structural stability and valuation of serviceability
state of structure. Large numbers of research on pozzolanic concrete at elevated temperature
have been conducted. Among pozzolanic materials used were fly ash, palm oil fuel ash,
volcanic ash, silica fume, blast slag furnace and etc. As general according to previous research,
pozzolanic concrete have better performance than OPC concrete at temperature less than
500°C. In terms of physical properties, surface cracks and discolouration of concrete has been
observed. Studies show that, surface cracks on pozzolanic concrete were less than OPC
concrete. Meanwhile, for discolouration impact, it was observed that, both OPC and pozzolanic
concrete have similar changes in colour where the colour of concrete became lighter as the
firing temperature increased. From this review it can be conclude that these industrial wastes
are good in enhancing the sustainable environment as well as improving the fire resistance
performance of concrete masonry.

Keywords: Industrial WastePozzolanic MaterialsConcrete MasonryElevated Temperature
INTRODUCTION

Sustainability is widely known as the most paramount factor in construction industries all
over the world (Brizga et al2014). In UK for instance, the government are forecasting all
the new domestic and commercial building to be zero carbon rated by 2016 and 2020
respectively (Alwan et gl.2015 Khalid et al., 201y, Meanwhile, in Malaysia, the
implementation of sustainbbconstruction and green building has been introduced in the
Malaysia Construction Industry Master Plan (2@085).

One of the main concerns in construction industries is the large consumption of cement
in the production of concrete. The usage of camehonly diminishes the natural resources
such as lime stone yet it has contributed to the high emission of carbon dioxide and other
greenhouse gases (GHGs) (Rehan and Nehdi, 200&il et al, 2016; Ramzi at al2016.
Accordingto Rahmanetg 2014), there is scientific rep
carbon dioxide emission was contributed by the cement production in industries. As well as
stated by United Nation Environment Programme (UNEP) that one third or world carbon
emission comtbuted by the building sector. Therefore, researchers have investigated the best
alternative to overcome this problem.
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Based on several research that have been conducted, researchers have found that large
number of industrial waste such as fly ash (Batai, 2006), silica fume (Chen et g2010),
bottom ash (Arenas et a2011) have good potential as cement replacement. This is because
these industrial wastes have a pozzolanic characteristic which high in amorphous silica
dioxide (SiQ) and aluminim oxide (AkOs). Pozzolanic characteristic own thjs industrial
wasteenable these materials to act as the binder in the concrete.

It has been proved that about 10% to 20% replacement of cement by pozzolanic materials
gave better strength than normahcete (Awal and Hussin 2011; Lim et,&013; Rahman
et al,2014; Kroehong et gl2011; Islam et al2016). Due to this, researchers have extended
their research on fire resistance impact of pozzolanic concrete. This is because fire resistance
is one @ the vital parameter in determining the performance of building materials.

The effects of fire towards building materials such as concrete have been widely
investigated. Ordinary Portland Cement (OPC) in the concrete has been proved to be one of
best mégerials in concrete which could resist the impact of fire towards concrete (Phan, 1996).
However, based on previous research it shows that there are changes in the physical and
mechanical performance of concrete that exposed to elevated temperatureingctmrd
Ranjbar et al(2014) these changes have been observed when this concrete was exposed to
temperature more than A@ This is because, at this stage, one of chemical composition of
OPC which is calcium hydroxide will decompose into calcium oxideveatér. The loss in
strength is due to the dehydration of the calcium hydroxide and rehydration of calcium oxide.
Due to this problem, researchers have extended their research on improvisation of the concrete
or masonry unit perfonance at elevated temptnae.

Large number of research on the effects of high temperature towards concrete containing
pozzolanic materials has been conducted. Based on the findings, it shows that pozzolanic
materials in concrete give a significant impact towards the physial nagchanical
performance of concrete at elevated temperature. The following sections present a brief
review of previous research on the pozzolanic concrete at elevated temperature.

EFFECTS ON RESIDUAL COMPRESSIVE STRENGTH

Residual compressive strengghdefined as the strength of specimen after being exposed
to heating and cooling process. This parameter has been investigated in order to determine the
performance of specimens towards fire resistance (Ahn,&0dl6). Abundant of research
have shown a&ignificant effect on residual compressive strength of pozzolanic concrete at
elevated temperature. Among pozzolanic materials that have widely used in the concrete are
fly ash, silica fume, blast furnace slag, volcanic ash and palm oil fuel ash. Bas=garch
conducted by Tanyildizi and Coskun (2008), fly ash has been used as the cement replacement
in the concrete. The percentage of cement replacement was varied from 0% to 30% by weight.
Meanwhile, the temperature exposed wa2@00C, 400C and 80°C. From the findings,
it shows that, at 20C the residual strength of concrete with 10% of fly ash is 98.34% of its
original strength. However, concrete with 0% of fly ash has a residual compressive strength
97.95 of its original strength. This showsththe existing of fly ash in concrete has helps in
proving the residual compressive strength at elevated temperature. This is due to the formation
of tobermorite which formed at high pressure and temperature.
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A year before, similar research has beerdaoted by Aydin and Baradan (2007), where
they have studied the effects of fly ash concrete when subjected to elevated temperature.
However, in this research, the replacement of fly ash were higher which about 20% to 60%.
As shown in Figure 1, it was obsed that, all specimens gained strength when exposed to
30C°C. Concurrently, the specimens show slightly decreased in strength when subjected to
600°C. Yet, the strength at this temperature was higher than strength at normal temperature.
They have concludkthat, the strength gained was due to strengthened hydrated cement paste
during evaporation process which |l eads to
gel layers which moving closer to each other. In a meantime, a significant fall in stneagth
been observed when specimens subjected ®RCIODNetheless, a positive effects shown by
concrete containing 60% of fly ash where the residual compressive strength was increased.
This clearly proved that fly ash could improve the fire resistancesindhcrete.
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Figure 1. Relative residual compressive strength (Aydin and Baradan, 2007)

Earlier research on fly ash concrete was conducted by Xu(20all). The replacement
percentage was 25% and 50%. In this research, it was found that, the strfefigthsh
concrete only increased when subjected to°@58nd the strength started to fall when
subjected to temperature 480 This probably because the fly ash used wascalsium
(class F) fly ash. Therefore, less formation é5€l gel were formed.

Based on Awal and Shehu (2015), the performance of concrete containing high volume
of palm oil fuel ash (POFA) exposed to elevated temperature was observed. In their research,
the replacement of cement by POFA was 50%, 60% and 70%. At temperaturé@fafio0
POFA concrete shows significant increase in residual compressive strength. On the other
hand, the OPC concrete loss its strength from 44.4Mpa to 42Mpa. Increase in strength
probably due to the increase in the binding properties of calsilicatehydrate (GH-S) gel
in the concrete. POFA concrete continue in gaining the strength when expo%edhes
due to the formation of extra&H gel. However, there were significant fall in strength which
exposed to temperature more than®@ he effecof temperature on residual compressive
strength of concrete is illustrated in Figure 2.
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Figure 2. Effect of temperature on residual compressive strength of concrete (Awal and
Shehu, 2015)

In research conducted by Ranjbar et al. (2014), POFA hasuedras the replacement
of conventional binder in geopolymer concrete which contains low calcium of fly ash. POFA
was replaced the fly ash from 25% to 100%. All specimens were subjected to temperature up
to 1000C. According to the findings, it shows thadt the residual strength of specimen was
decreased as the percentage of POFA increase. However, despite the decreasing in strength
due to high POFA content, it also shows that the residual strength was increased when all the
specimens were subjected tonfgerature from 30C to 500C. Deterioration of specimen
could be seen after it was subjected to°80&nd 100€C.

Another research on POFA concrete at elevated temperature has been investigated by
Ismail et al. (2010). Where in this research 20% of P@GBR# been replaced the OPC. The
temperature range was P@0to 800C. At room temperature, the strength of OPC concrete
was 45Mpa and POFA concrete was 41Mpa. Nevertheless, the strength of OPC concrete was
decreased as the temperature increased. The staiRDFA concrete was slightly decreased
at 100C. However, the specimens keep gaining the strength when subjected@oaB@0
500°C of temperature. There were several factors that probably contributed in the strength
gaining process which are the existe of change in thermal strain, fineness of POFA used
and the hydration of uhydrated cement. Finally, all the specimens were deteriorated when
subjected to temperature greater than°800n Canada, a research has shown a positive
impact of volcanic asim concrete at elevated temperature. In this research, the percentage of
volcanic ash used was 5% to 20%. The exposed temperature @€a2@8C, 400C, 600C
and 800C. It was observed that, volcanic ash concrete gained strength °at 260 the
higheststrength gained was 20% volcanic ash concrete where the strength was increased
about 14% from original strength. It was found that, the strength of concrete was decreased
about 4% to 15% of original strength at 400However, volcanic ash concrete hatidre
performance than OPC concrete. The concrete strength was decreased as the temperature
increased. All specimens were deteriorated aP@Qfue to decomposition of-&H gel.

Other than that, the loss in strength of concrete exposed to higher tengprahably due
to the coarsening of the pore structure (Khandaker and Hossain, 2006).

For research conducted by Saridemir et28116), two types of pozzolanic materials have
been used in the production of concrete which are ground pumice (GP) andatne{ak4).
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In this research, they have compared the performance of normal concrete with concrete
containing GP and concrete containing GP and MK. In general, it was found that, all
specimens were lost the strength as the temperature increase. At terepdra@@C, there

was ho significant lost in strength in normal and pozzolanic concrete. In fact, there was
slightly increase in strength for concrete containing 20% of GP. At this temperature, 20%GP
concrete has highest formation 682H gel. The stren@itcontinues to lose as the temperature
increase to 50C. However, it can be seen that, the strength of pozzolanic concrete at this
stage was higher than normal concrete. Meanwhile, &C780 specimens show significant

lost in strength due to the disagfration of GS-H gel and increased in macro cracks.

According to previous research, majority of the research on pozzolanic concrete was
focused on one type of pozzolanic materials. Different research has been conducted by Poon
et al. (2001), where in thiresearch the performance of high strength concrete at elevated
temperature with different types of pozzolanic materials was conducted. Pozzolanic materials
used were silica fume (SF), flay ash (FA) and blast furnace slag (BS). From the results as
shown n Table 1, it shows that, fly ash and blast furnace slag concrete gained strength at
200°C due to the for €-H gel. However, strength of silica fume concrete was slightly
decreased. Meanwhile, at 2400 the strength of fly ash concrete and blast furnkapwgere
slightly decreased yet the strength was higher than normal concrete and silica fume concrete.
It was found that, the structure of silica fume concrete was denser compared to other type of
concrete. Denser structure causes splitting of concrbighatemperature. Therefore, this can
be conclude that, silica fume is one of the pozzolanic materials that could not contribute in
fire resistance of concrete.

Table 1. Residual compressive strength of concrete with different types of pozzolanic materials
(Poon et al., 2001)

Compressive Strength (MPa)

Mix 20 200 400 600 800
HS-CC 91.3 88.0 (96%) 81.5 (89%) 53.0 (58%) 21.9 (24%)
HS-SF5 106.1 105.5 (99%) 98.7 (93%) 55.2 (52%) 22.3 (21%)

HS-SF10 119.9 117.7 (98%) 104.3 (87%) 52.8 (44%) 19.2 (16%)
HS-FA20 96.6 110.2 (114%) 92.9 (96%) 59.8 (62%) 27.0 (28%)
HS-FA30 102.8 124.6 (121%) 100.7 (98%) 68.9 (67%) 32.9 (32%)
HS-FA40 107.7 131.5 (122%)  112.2 (104%) 61.4 (57%) 32.3 (30%)
HS-SF+FA 123.9 135.3 (109%) 116.5 (94%) 63.2 (51%) 23.5 (19%)
HS-BS30 111.9 126.7 (113%) 108.5 (97%) 59.3 (53%) 30.2 (27%)
HS-BS40 115.5 133.3 (115%)  114.9 (100%) 70.5 (61%) 33.6 (29%)

EFFECTS ON PHYSICAL CHARACTERISTIC

Physical characteristic of concrete at elevated temperature could be observed by the
formation of crack on the concrete surface and the changes in colour of concrete. Following
section discuss the changes in physical properties of pozzolanic concrebeaftexposed
to elevated temperature.
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Surface Cracks

Crack will be formed when concrete subjected to high temperature. When concrete
subjected to high temperature, several transformations will be occurred such as moisture
evaporation, internal vapoyoressure, aggregates expansion, cement paste contraction and
chemical decomposition(Shahidan et al.,2016) Usually, at the early stage, this
transformation unable to cause any formation of crack except the rate of heating is extremely
high (Peng et 812008 Shahidan et gl201]). Research conducted by Ismail et al. (2010) has
shown the impact of temperature rise on the formation of cracks on POFA concrete. 20% of
POFA has been replaced the OPC content. From the findings, it shows that no formation of
crack was observed on both OPC and POFA concrete &€ 0@ 300C. However, haw
line cracks were started to appeared atG@hd became significant at 8@0 Hairline crack
at 500C was due to development of adequate vapour pressure and the pragsmeion
and contraction which cause cracks in both OPC and POFA concrete. From this research, it
was found that there was no significant different between OPC and POFA colmcother
research by Tanyildizi and Coskun (2008), there was significaférelift in physical
properties of OPC and fly ash concrete at elevated temperature. It was found that, the cracks
started to appeared when subjected td@0R also can be seen that, the formation of cracks
decreased as the percentage of fly ash incregisdte same time it was increased as the
temperature increased. Similar observation was found by Ahn(20&6) where the addition
of fly ash enables to reduce the formation of cracks. It can be conclude that fly ash could
improve the physical propees of concrete when subjected to high temperature.

As well as fly ash, volcanic ash also has been proved as one of the pozzolanic materials
that could improve the physical properties of concrete at high temperature. According to
Khandaker and Hossain @), about 5% to 20% of volcanic ash has been replaced the OPC
in concrete. From the observation, the cracks were started &.300dth of cracks was
increased as temperature increased in a meantime it was decreased as the percentage of
volcanic ash in@ased. For OPC concrete, it was found that, there was one or two major crack
in the middle of specimen. Meanwhile, for volcanic ash concrete, there were only minor
cracks and no major cracks were obserfemn et al(2001) in their research has provedtth
silica fume is not good to be used as fire resistance materials. It was found that, at early stage
firing, hairline cracks were formed at silica fume concrete surface. This is because the
structure of silica fume was denser than other concrete whidlly asdh and blast slag furnace
concrete. Dense structure was results from vapour pressure formed by the evaporation of
bound water. At final stage of firing, which at 83) OPC concrete shows major cracks
however no splitting occurs. For fly ash and bklag furnace concrete, only minor cracks
were observed and for silica fume, the concrete was splitting. Figure 3 shows all the surface
cracks patterns of different concretes at°800
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Figure 3. Surface cracking of concrete at 800°C (Poon et al.,2001)
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However, different outcome has been determined by Saridemir et al. (2016), when
concrete with ground pumice (GP) and metakaolin (MK) did not show any significant changes
on the surface when it waxposed up to 50C temperature. The crack was observed when
the specimens were exposed to@adn this research, it shows that, the existing of GP and
MK did not contribute any impact towards formation of crack on concrete. It shows that, the
formationsof cracks increased as the temperature increased where similar observation has
been made by Akcadzoglu (2013). The formation of cracks was the contributor of reduction
in residual compressive strength. This explained the significant reduction in residual
compressive strength of concrete when exposed to very high temperature.

Discolouration of Concrete

Heating process of concrete could affect the colour of the specimens. The colour of
concrete changed as the temperature increased. The effect of highatenepéowards
discolouration of specimens was investigated extensively (Abdulkareem, 20a#).
According to Ismail et a[2010), for OPC concrete, the colour was change from normal grey
to whitish-grey as the specimens subjected to eleviatberature. At the same time, for
POFA concrete, the concrete colour was changed from black (at room temperature) to light
grey (at 80€C). The dark colour was started to change when exposed to temperature of
30C°C. From this observation, it could bengfin the preliminary assessment of damage
caused by fire hazards. Due to this, the intensity of fire can be figure out.

Another observation on POFA concrete has been made by Awal and Shehu (2014). For
this research high volume of POFA has been usedadtnoticed that, the colour of POFA
concrete was change from black to light black at’@0@\s the temperature increase, the
colour keeps changing to light grey and eventually became brownish grey@t B&8ed on
the observation, they have concludeattthe change in colour could be linked to the chemical
transformation during heating process. Due to high contentGgFePOFA, this iron oxide
has oxidized when subjected to temperature greater thai€.250us this process has
contributed in colouchanges.

Similar observation was identified by Ranjbar et al. (2014) where the colour of POFA
was darker or black before exposed to high temperature. As the POFA content increased,
darker colour was observed. In addition, it also shows that, coloUEARoNcrete turned
lighter when subjected to high temperature. The effect of elevated temperature towards
discolouration of concrete is shown in Figure 4.

Figure 4. Effect of temperature on discolouration of concrete (Ranjbar et al., 2014)
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For concrete with fly ash as the cement replacement, it was found that, the colour of
concrete did not show any changes up t0°@00The change in colour started to change at
400°C, where straw yellow was appeared on the surface. Meanwhile, % 89 colou
turned to off white (Ismail et al2010). The findings of this research was similar to earlier
research conducted by Li et al. (2004) where the stray yellow and off white were appeared on
concrete at 40@ and 80€C respectively.

Parallel to observatioby Saridemir et al. (2016), where discolouration of concrete was
observed when specimens were exposed to elevated temperature. The specimens become
lighter as the temperature higher. This is research, normal concrete and pozzolanic concrete
show changem colour when exposed to temperature ®a&nd75CC. The discolouration
was due to the oxidized zones in the matrix.

CONCLUSION

This paper has reviewed several previous researches on concrete masonry containing
pozzolanic materials at elevatenperature. Among parameters that have been focused are
residual compressive strength and physical properties of concrete after subjected to elevated
temperature. Following are conclusions thatldde made based on the review.

Industrial waste has gooplotential as cement replacement due to their pozzolanic
characteristic which could act as the binder in concrete. Therefore this could minimise the
consumption of cement in production of concrétevas found that, pozzolanic materials
could improve theresidual compressive strength of concrete when subjected to high
temperature. However, it also shows that majority of pozzolanic concrete loss the strength
when subjected to temperature greater thafiGdde to the disintegration of&H gel.

Fly ash las been identified as one of the best pozzolanic materials that could improve fire
resistance performance of concrete or increase the residual compressive strength at elevated
temperature duetthe formation of tobermorité\s the percentage of fly ashcirrased, the
residual ompressive strength increasédkeanwhile, silica fume was found to contribute in
reduction of residual compressive strength of concrete due to its dense structure that could
cause splitting of concrete at high temperature.

Pozzolait also could reduce the formation of cracks on concrete surface. There were no
major cracks were alerved on pozzolanic concrescolouration of concrete was observed
when concrete were exposed to higher temperature. Pozzolanic concrete has darker colo
than OPC concrete. It can be seen that, dark colour of pozzolanic concrete turned to lighter
colour as the temperature was increased.
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Abstract

Brick has become one of the most important materials in the construction industry, which it is
used for outer and inner walls of the buildings. As human population increases, the growth of
the construction industry also increases to fulfil their living needs and it leads to the depletion
of natural resources, environmental degradation and energy consumption. These problems
pressure the industries to develop products and materials that are more environmental friendly
as a solution. The aim of this study is to establish sustainable material properties for sand
cement composite brick containing recycles concrete aggregate (RCA) and polyethylene
terephthalate (PET). This study replaces the fine aggregates with 25%, 50% and 75% of
recycled concrete aggregate (RCA) and 0.5%, 1.0% and 1.5% of waste PET in the production
of brick. The best compressive strength was recorded at 24.9 MPa for brick contains 75% RCA
and 0.5% PET. Meanwhile, an increment of RCA contents in brick increased the water
absorption and initial rate of suction (IRS) percentages compared to a normal brick. The best
mix ratio was the mix design of brick of replacement of 25% RCA and 1.5% PET. In a
conclusion, the use of RCA and PET in the production of sand cement composite brick has
provided better strength with tolerable results on water absorption and initial rate of suction
compared to normal bricks.

Keywords: Mortar brick, Concrete blockConcree aggregatePlastic fiber
INTRODUCTION

The consumption of natural resources such as sand in brick production resulted in
resource depletion, energy consumption and environmental degra(@tekir et al.2013;
Sheikh Khalid et a).2017;Zamir et al, 2017 Azmi etal., 2017. Currently, an increasing
interest in environmental issues is pressuring industries to develop products and materials that
are more environmentally friend(Mazenan et 812017) Therefore, various attempts were
made to use waste mateiialbrick production. The use of wagielyethylene terephthalate
(PET) and recycled concrete aggregates (RCA) from demolition wastes as a replacement of
fine aggregates in the production of sand cement composite brick has been considered as one
of the mostustainable materials to be added in the brick produ¢@bahidan et al2018)
Therefore, the combination of both materials will promote new sand cement brick market
opportunities, which are also favourable to the environment.

There are several remehers have studied the utilization of RCA wastes in concrete.
According to Mirjana et al. (2010), a test was carried out on recycled aggregate concrete. For
concrete age of 28 days, the authors claimed that the highest value of 100% RCA with water
cementratio 0.5 was 45.66 MPa. According to Kou et al. (2012), a test was carried out to
determine the properties of concrete with low strength of grade recycled aggregates. The
results showed that the compressive strength of the concrete containing withatiev gr
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recycled aggregate were lower than that of the natural aggregate. This may be attributed to
high water absorption of lograde recycled aggregate incorporating with concrete.

Neno et al. (2014pvestigated the performance of mortars by replacing nagaral with
fine recycled concrete aggregates. The authors stated that the strength of mortar contains fine
recycled concrete aggregate was higher than control. These results may be caused by some
factors such as the sharp in its edge particles, more ptraausand and concrete particles
have high specific surface. Therefore, the bond with the cement paste of the mix is better
(Neno et al.2014 Senin et al 2016. Furthermore, RCA have greater cohesion between
particles and strength due to Aoydrated cement as RCA will complete its hydraulic
reactions and set when in contact with water during mixing.

Based on Ismail and Yaacob (2010), this research aimsstowdir the potential of
recycled fine aggregate produced from demolition waste as a substitute for natural sand in
brick. The result from the test concluded that the replacement of natural sand at levels of 50%
and 75% by fine recycled aggregates showed gdfects on compressive strength. However,
the result is slightly lower in flexural strength as the volume of recycled aggregate exceeds
50% which is due to the high proportion of coarse aggregate in recycled aggregate that make
the bricks more porousaksal et al. (2017) conducted an experiment by replacing natural sand
aggregate with recycled concrete aggregate by weight for 55%, 65%, and 75% of production
the sand cement brick. The brick with replacement by recycled concrete aggregate at 55%
replacemat provided the highest compressive and flexural strength as compared to other
percentage replacements and control specimens. The authors claimed that, for replacement
more than 55%, the strength of the brick was decreased for compressive and flexyth, stre
respectively.

For the experimental tests of concrete by Kou et al. (2012), the difference of RCA volume
in size of less than 50mm was used as a replacement of natural aggregate. It showed that, the
compressive strength of the concrete with 100%@ARs 35.7% at 28 days which was lower
than the natural aggregate concrete. However, the splitting tensile strengths of concrete made
with 20% and 50% RCA were higher than natural aggre@atethe other hand, PET is a
popular package for food and npackage products that commonly used to package soft
drinks, water, juice, peanut butter, frozen foods and many other prodentarf et al.2016;
Saika and de Brito, 2012). Plastics consumption nowadays has become an integral part of our
life. However, it isr eported a worl dés annuall consum,
approximately 10 million tons, which represents approximately 250 mildihes (Frigione
et al., 2010jrwan et al, 2013).

Therefore, some efforts have been made to explore the potenti@ste in concrete
besides it gives benefits to the environment. Different studies have been done on the usage of
PET of different tensile strength, volume of fiber and water/cement ratios (Irwan2€1:;

Khalid et al. 2017). Batayneh et al. (200iidsed with the ground plastics and glass to replace

up to 20% of sand aggregates in concrete mixes. The author revealed that the ground plastics
and glass waste materials could be reused successfully as partial substitutes for the sand or
coarse aggregaen concrete mixtureélbano et al. (2009) analysed the influence of content

and particle size of waste PET bottles on the concrete behaviour at differenrtevagst

ratio. Similar findings were found where the increased volume proportion and pesirtéct

PET waste decrease the compressive strength, splitting tensile strength and modulus of
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elasticity of the concrete composite. The results signified the inclusion that PET reduce the
structure strength and stiffness which give a promising featureewhgh strength is not
necessaryirwan et al, 2013)

The use of waste PET particles as the partial substitution of an equivalent 5% weight of
natural sand in concrete was also investigated by Frigione (ZDi®substitution however
limited only to he fine aggregate fraction by 5% weight for particles in the fraction of 0.1 to
5mm which possessed similar grading curve to that substituted naturaRsanadevi and
Manju (2012), also worked on the research of PET fiber as fine aggregate in condrete an
result got revealed that an increase in compression and tensile strength. In the analysis of tests
done, the compressive strength started to increase and it is been observed till 2% replacement
of fine aggregate by PET bottle fibers and then the conipeestsength gradually decreases.
An experimental of addition of irregular PET fibre at 1% and 1.5% of volume fraction
decrease the strength at about 5 to 6.4%, whereas 0.5% volume fraction IPET fibre exhibited
an increment in concrete strength at 0.5%vdh et al.2014). The authors claimed that high
content PET fibre increase the possibility of fibre balling during mixing and casting.
Ak-a®°zogélu et al. (2010) researched on the
as a lightweight aggregain the mortarThe authors reported that the compressive strength
of the mixtures containing both sand and PET were higher than the mixtures containing PET
without sand. However, porosity ratio of mixtures containing PET and sand aggregate
together werdiigher than mixtures containing only PET. It also refers that the use of PET
results in an increase in the shrinkage. Oliveira et al. (2011), carried out research on recycled
PET fiber reinforced mortar, following the experiments of adding fraction of Rrigle in
dry mix mortar about 0%, 0.5%, 1.0% and 1.5%. The authors found that it was significantly
improving the flexural strength of mortars with a major improvement in mortar toughness.
The maximum volume of PET fiber for a desired workability was 1\%®%6ch is the best
performance of the mortar.

Reis et al. (2011) also reported there was a significant improvement ipgadstlexural
behaviour of mortars using PET waste from beverage containers as partial replacement (by
weight fractions of sand 5%40%, 15% and 20%) of sand in mortar. It is also observed that
addition of shredded PET waste decreased the dry density of polymer mortars, fracture
mechanics were altered by shredded PET and materials appeared to be more ductile. In this
study, a seriesfgohysical, strength and durability tests were performed to determine the
performance of brick containing RCA and PET as sand replacement materials. The specific
gravity, density, compressive, water absorption and initial rate of suction (IRS) test bave be
conducted to determine the best mix proportion of RCA and PET contains.

EXPERIMENTAL

The experimental works are the sequence of operations that has been used for the study
to be completed. This study investigated in terms of physical and mechbrocgjit specific
gravity, density, compressive, water absorption and initial rate of suction (IRS) tests.

Materials used

RCA was produced from the crushing of concrete cubes with a strength class of G30.
RCA was sieved with a maximum size of 5mm after crushing it by a crushing machine. Waste
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PET obtained from the PET plastics. The process started by collecting the mineral wa
bottles. Then, these bottles were processed in a granulator machine to obtain the standard size
of fine aggregate. The irregular shape waste PET was sieve approximately or less than 5mm
which made it is physically similar to size of fine aggregateguréi 1 shows the irregular

shape wast@®rdinary Portland Cement (OPC) was used in this study. Natural white sand was
used as fine aggregates and this sand has passed the size sieve of 5mm.

Figure 1. The irregular shape waste PET

Mix proportions

Theratio of 1:3 was used as mix ratio of cement tosand which is in accordance to BS EN
9982. The ratio was the most suitable mix proportion for mortar and it is stronger than it was
necessary for most uses (Oliveira et2011). The sand cement compositebwas designed
according to the standard in order to exceed the require strength which is 7 MPa (MS
76:1972). The design mix was prepared according to BS-3628ign method. The optimum
design mix used to produce sand cement composite brick with&®%and 75% of RCA
and 0.5%, 1.0%, and 1.5% of PET waste as fine aggregate replacement. The details of mix
proportion are given in Table 1.

Table 1. Mix proportion of sand cement composite brick

. . . Cement Sand RCA RCA PET PET

Mix Designation (kg) (kg) (%) (kg) (%) (kg) wi/c V\(ls;()er
Normal 1.613 0 0 0 0 0.6

RCA 25-PET 0.5 1.201 25 0.5 0.0017

RCA 25-PET 1.0 1.193 25 0.354 1.0 0.0035 0.6

RCA 25-PET 1.5 1.185 25 15 0.0052

RCA 50-PET 0.5 0.463 0.798 50 0.5 0.0017 0.278

RCA 50-PET 1.0 0.790 50 0.709 1.0 0.0035 0.6

RCA 50-PET 1.5 0.782 50 15 0.0052

RCA 75-PET 0.5 0.395 75 0.5 0.0017

RCA 75-PET 1.0 0.387 75 1.063 1.0 0.0035 0.6

RCA 75-PET 1.5 0.379 75 15 0.0052

The brick moulds were formed according to the scale f#n76: 1972 and BS 3921
1985which stated 215mm length x 103mm width x 65mm height for 1 unit of normal brick
as illustrated in Figure 2. The curing process was to produce better sand cementteomposi
brick consist of RCA and PET waste and also to prevent the brick from hydrating. In this
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study, the method of curing was aired curing process as shown in Figure 3. This process was
conducted to allow the bricks cure under atmospheric temperatureuition of the curing
process in this study was 7 and 28 days.

65mm 1

2]5,"”7

Figure 2. Size of unit sample Figur 3. Air curing

Specific gravity test

Specific gravity test is the ratio of the weight of the unit volume of aggregate to the weight
of an equakolume of distilled water at a stated temperature. The test was conducted on the
RCA, PET and fine aggregate to determine its characteristics. A specific gravity test was
conducted according to ASTM C128.

Compressive strength test

Compressive strength tifie specimens was conducted in accordanB&st60731:1981
and he test procedure was carried out using the compression testing mathiae
specimens of bricks were tested for each test. Control bricks and the brick containing recycled
concrete aggrede and PET were tested for the compressive strength at the age of 7 and 28
days.The collapse load was recorded, which is the strength of the sample and the average
compressive strength of the three specimens were recorded.

Water absorption test

Water dsorption test was carried out to measure the ability of brick to allow water to pass
through it. The standard used in this study follows the BS 3921:1985. Water absorption in
percentage by mass after 24 hours immersed in clean water at temperatur@©f(BiGtze
4) can be calculated using following Equation 1.

Figure 4. Water absorption test
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o (1)
where:

W= Water absorption in %

M= weight of dry brick (g)

Mz= weight of wet brick (g)

Initial rate of suction (IRS)

IRS test was conducted by measuringdbiestant mass brick to heating at AD%or not
less than 48 hours (BS 3921). Then, brick was removed from the oven andato@eth
temperature. The brick was weighed and dry massas recorded. After that, 2 steel bars or
rod were placed at the bottom of the container approximately 100mm apart to form a platform
for the brick. The water level inside the container shoulddmeitadmm. The preveighted
brick were placed on the bar and the water level was observed closely using measuring gauge
to ensure the depth of immersion was maintained at 3x1mm through 1 minute as shown in
Figure 5. IRS kg/rhcan be calculated using theltaling Equation 2.

Water

Figure 5. Initial rate of suction test
"0t QN Q@EEYO OO QY ——— 2

where:
Mi= weight of dry brick(g)
M= weight of wet brick (g)
A= net area of contact surface of brick with water #nm

RESULT AND DISCUSSION

The overall results of material testing of composite brick from the experimental works
are presented, analysed and discussed in detail igetiiwn. The material testing of bricks
are focused on its physical and mechanical properties which are the specific gravity of
materials, density of brick, compressive strength, water absorption aatiraig of suction
(IRS) tests.
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Specific gravity

Referring to Table 2, it shows that the specific gravity for PET was lower as compared to
RCA and fine aggregate. The specific gravity of fine aggregate was 2.30 while for RCA and
PET were 2.22 and 1.09 respectively. The lower value of specific gidVitET shows that
PET was lighter than that of natural fine aggregates and recycled concrete aggregate. From
the Table 2, it also indicated that the water absorption materials for recycled concrete
aggregate was higher than PET and fine aggregate. Sfiniliamgs on the performance of
recycled aggregate concrete by Shi et al. (2015), the authors founded the water absorption for
RCA was higher than natural fine aggregate. This was due to the large quantity of hydrated
cement paste in the demolished coreeatd the migration of water absorbed by the aggregate
to the paste around particles of aggregates, which influence the volume of water and pores in
the paste.

Table 2. Specific gravity and absorption of FA, RCA and PET

- Weight of aggregate (g) Water absorption Average Specific
Material . =‘_‘” L (%) (%) gravity
SSD (A) Oven Dried (B)
Fine 1 500 490 2.04 2.15 2.30
Aggregate — 2 500 489 2.25 ' ]
1 500 485 3.09
RCA 2 500 484 3.31 320 222
1 500 495 1.01
PET 2 500 296 0.81 1.05 1.09

Bricks density

The density of brick specimens was calculated by dividing the weight with the volume.
Density was calculated to determine the density of hardened composite bricks after 7 and 28
days. The results for all densities of the samples are shown in Table 3.

Table 3. Density data for bricks specimen

Weight Density
No. of RCA PET (kg) Volume (kg/m?)
Batch (%) (%) 7 Days 28 Days (m?3) 7 Days 28 Days
1 0 0 2.91 2.88 2078.57 2057.14
2 0.5 2.88 2.83 2057.14 2021.43
3 25 1.0 2.83 2.83 2021.43 2028.57
4 15 2.86 2.86 2135.71 2085.71
5 0.5 2.96 2.92 2150.00 2064.29
6 50 1.0 2.95 2.94 0.0014 2085.71 2100.00
7 15 2.92 2.88 2107.14 2064.29
8 0.5 2.99 2.92 2114.29 2042.86
9 75 1.0 2.93 2.90 2078.57 2071.43
10 15 2.93 2.86 2078.57 2042.86
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FromTable 3, it shows that a few samples reduced their weight at 28 days. For normal
bricks, the weight differences are about 0.03kg between 7 days and 28 days. For RCA 25%,
the reduction of weight can be seen when the PET volumes is 0.5% and 1.5%. While, the
weight of 1.0% of PET increased about 0.01kg. The huge reduction of weight happened for
the mixture of RCA 50% with PET 0.5% and PET 1.5%. For RCA 75%, the weight slightly
reduced for 0.5%, 1.0% and 1.5% of PET. Each dimension of bricks were calculatad and
average volume obtained is 0.00B4mhereafter, the densities were calculated using the
recorded weight for each specimen.

The value of densities is shown graphically in Figure 6. It shows that the density of normal
bricks was 2078.57kgfhfor 7 days and 2057.14kg/#for 28 days. The lowest reduction of
density was the brick content with 25% of RCA and 1.5% of PET slightly reduced by 1.7%
for 7 days and 2.1% for 28 days compared to a normal brick. Meanwhile, the mix designation
brick of 75 % RCA and.5% PET indicates an increment of 2.9% (7 days) and 2.1% (28
days) compared to a normal brick. Figure 7 shows that increasing the PET contents as sand
materials replacement reduced the density of brick. The brick contents 1.5%PET presented
the lowest desity among the mix designation of brick. The high volume of RCA with lower
content of PET presents higher density compared to normal brick as shown in Figure 7.
However, mix design content high volume of RCA and PET presents significant results to
reduce he density of brick compared to normal brick.

2200.00 - =7 days 28 days

2150.00 ~

2100.00 ~

2050.00 ~

2000.00 ~

Density (kg/rd)

1950.00 -

1900.00

Normal RCA 25RCA 25RCA 25RCA 50RCA 50RCA 50RCA 75RCA 75RCA 75-
PET 0.5PET 1.0PET 1.5PET 0.5PET 1.0PET 1.5PET 0.5PET 1.0PET 1.5

Figure 6. Density of Composite Bricks for 7 and 28 Days
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Figure 7. Density of Composite Bricks according to RCA content at 28 Days
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According to Oliviera et al. (2011), density and moisture contenhatresignificantly
altered by incorporation of PET fibers in volume or size. The hardened mortar density results
showed that the addition of fibers causes a small decrease in density. These means that
partially substituting sand with PET and RCA may prodligiter bricks. However, the
volume content of RCA incorporating in concrete needs to be determined (Lim, 2009).

Compressive strength

Compressive strength of bricks was tested at age 7 and 28 days. The investigation was
done on the twelve (12) typestwick samples which contain 25%, 50% and 75% RCA with
an addition of 0.5%, 1.0% and 1.5% of PET. Consequently, similar findings also agreeable.
The average compressive strength for each percentage of the waste in the bricks is tabulated
in Table 4.

Table 4. Compressive strength of brick specimens
Compressive Strength (MPa)
RCA PET 7 Days 28 Days

(%) (%) Standard Standard
Strength Avg. Deviation Strength Avg. Deviation
13.9 15.4
0 0 14.8 13.10 2.16 12.8 14.10 1.30
10.7 14.1
7.8 10.9
0.5 8.3 7.17 1.54 7.9 8.70 1.89
5.4 7.4
21.0 19.5
25 1.0 16.3 17.53 3.08 20.0 19.30 0.82
15.3 18.4
21.3 19.8
15 22.8 23.50 2.62 25.6 24.20 3.47
26.4 26.0
21.0 24.6
0.5 21.3 20.60 0.85 17.9 22.20 3.76
19.7 24.2
21.1 21.9
50 1.0 18.5 20.20 1.50 21.8 22.20 0.61
21.1 22.9
21.8 22.1
15 21.2 21.60 0.32 21.0 22.20 1.25
21.7 23.5
22.8 22.0
0.5 21.9 22.20 0.55 25.5 24.90 2.57
21.8 27.0
19.8 21.7
75 1.0 16.8 19.60 2.71 24.6 23.70 1.73
22.2 24.8
19.3 23.9
15 20.2 19.50 0.67 25.3 23.60 1.87
18.9 21.6

From Table 4, a standard deviation was calculated to indicate the improvement of strength
for the composite brick matrix. Alsd,clearly can be seen that the value of strength started
to decrease as the ratio of RCA and PET as sand replacement increased at 7 days of curing
age. But, the strength of composite brick on 28 days shows that the strength starts to increase
as the reglcement of waste is increasing. For a better understanding, the result is shown
graphically in Figure 8.
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Figure 8. Compressive strength for 7 and 28 days

From Figure 8, all the samples achieved the strength more than the minimum strength for
both 7 and28 days in BS 60%2:1981 which stated that the compressive strength of bricks
should not be less than 7 N/mm2. It obviously shows that some samples for both curing age
achieved high strength from the normal brick. The sample with RCA 25% with PET 1.5%
exhibit the second highest strength whereas RCA 25% with PET 0.5% achieve only 7.17 MPa
which has lower strength rather than a normal brick. Nevertheless, the specimen with RCA of
25%, it shows the strength increased in line with the increment of PET valuth&%o, 1.0%
and 1.5%However, the strength for both curing age started to decrease for bricks containing
50% and the increasing volume of 0.5% and 1.0% of PET also reduced the strength of the
composite brick. In contrast, the drastically reducedti@ngth was shown above similarly
be drawn in the studies conducted by Poon et al. (2002) which conducted a study on RCA and
reported that the replacement levels of 25% and 50% in bricks and blocks had little effect on
the compressive strength of specimelowever, the authors mentioned that high level of
replacements of these materials reduced the compressive strength significantly.

The increasing pattern of compressive strength is seen in samples containing RCA 75%
for both curing ages of 7 and 28 dayke addition of 0.5% PET and 75% of RCA gave the
highest strength among the other samples. The reduction of strength was shown when the
volume of PET increased from 1.0% to 1.5% for RCA 75%. In addition, the highest
percentages of increment strength fatays and 28 days among other samples were 17.30%
and 17.37% respectively for 75% of RCA with a volume of PET for 1.0% and 1.5%. The
overall result showed instability in compressive strength of bricks when RCA and PET were
added. Similar studies have alsen conducted by Ismail & Yaacob (2010) that the addition
of recycled fine aggregate can successfully increase the compressive strength of bricks. Even
with 100% of natural sand was replaced with recycled fine aggregate, the obtained results
showed simir strength to bricks with natural sand. Dina et al. (2012) studied the compressive
strength of solid cement bricks containing crushed brick aggregates where the results
indicated that the strength gradually decreased by increasing the content of cricksed b
The reduction of strength using recycled concrete as a substitution to the natural sand can be
explained by the parameters of watement ratio, water absorption of RCA and ratio of
replacement (Sheikh Khalid et,&017).Moreover, the results sk in Figure 8 revealed that
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only a certain amount of PET fiber increased the strength with an addition of RCA of 25%,
50% and 75%. The trend of this study having the same pattern with the studied conducted by
Irwan et al. (2013) which stated the good bogdetween aggregate and binder as increase

in PET content may result a decreasing in the strength of materials. The study also agreed
with the conclusion made by Ismail et al. (2008) where the decreased trends attributed to the
decrease in adhesive stg#m between the surface of the plastic waste and the cement paste.

Figure 9 illustrates the relative compressive strength of all types of samples for both
curing age. The relative compressive strength, defined as the ratio of the compressive strength
of the composite brick containing RCA and PET as sand replacement to that of the
conventional sand cement brick. From Figure 9, percentage of average compressive strength
for increment is in the range of 33% to 80% for 7 days and 36% to 77%. However, there is
reduction of ratio for samples with 25% RCA and 0.5% PET from a normal brick for both
curing age.
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Figure 9. Relative percentage of compressive strength compared to normal brick

The highest percentage difference from normal brick was the RCA 25%. %6 PET
of 79.39% at curing age of 7 days. The relative compressive strength for RCA 25% with PET
0.5% showed a reduction from normal a normal brick where the normal brick achieved a
higher strength rather than the specimen. Based from the overallsrebtdtined, the
replacement of RCA and PET showed higher relative percentages of compressive strength
compared to a normal brick similarly to that of Ismail & Yaacob (2010) which exhibited about
70% difference of brick containing waste of RCA with normatib

Water absorption

Figure 10 shows the evolution of water absorption from 7 to 28 days for all mixtures. The
results illustrated that the water absorption increased with the replacement percentage of fine
aggregate by the RCA and PET wastes for altumes. The results indicated that the sample
with brick contents of RCA25% was less permeable when compared to brick containing 50%
and 75% of RCA. The highest water absorption coefficients were obtained in sand cement
composite brick with RCA75%PET1.5%amples with 75% of RCA absorbed more water
than the samples containing 50% and 25% of RCA. This finding was in agreement with
previous studies conducted Byavo et al(2015)and Oliveira et al. (2011) where the addition
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of RCA in mixtures increased the percentage of water absorption. The increased in water
absorption was due to the increment in the porosity of the bricks containing RCA and PET
and the poor bonding between cement paste and polymer pellets. The presgacksoh

the bricks also contributed to the increment in water absorticem be summarized that the

water absorption of sand cement composite bricks with recycled fine aggregate and PET
significantly affects the increased water absorption charaatesfsbricks. From the results,

only bricks with 25% RCA and 1.5% PET showed less permeable compared to control brick.
Thus, one would expect the density to decrease and the water absorption to increase as the
RCA and PET content is increased.
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Figure 10. The average water absorption of sand cement composite bricks with RCA and PET
Initial rate of suction (IRS)

According to the results in Figure 11, brick content of RCA 25% PET 0.5% gives the
lowest value of initial rate with 0.41 kgffimin at 7 daysA similar trend was observed for
the bricks containing RCA 25%PET 0.5% at 28 days with 0.45%gim Samples produced
using 75% of RCA showed greater initial surface absorption than did samples containing 50%
of RCA contentThus, sample with RCA75% wemore porous than RCA 50%, therefore
more water penetrated in the sample from their poheseby increasing the initial surface
absorption rate. Nevertheless, the initial rate values of RCA and PET mixtures were found to
be satisfactory. As illustrated Figure 11, the conclusion that was drawn from the test showed
that the initial surface absorption of brick increased with an increment in replacement
contents. As explained previously, this can be attributed by the higher water absorption rate
of RCA conpared to the fine aggregate. A higher concentration of RCA results in greater
initial surface absorption. These findings were in agreement with the studies conducted by
Fan et al. (2016). In addition, further study needs to be conducted as the IRS duagnot
specific standard for the study of potential fine aggregate to be replaced with RCA and PET
in bricks.
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Figure 11. The average initial rate of suction of sand cement composite brick

CONCLUSION

From the results obtained on the physical properties testing, it is clearly shown that the
RCA and PET are suitable to be used as sand replacement in composite brick. It was found
that the specific gravity for sand is much higher than RCA and PET witlhieo&2.865 that
can be explained that there is an absence of mortar in sand.

Composite brick shows that there are some samples that increase and reduced their size
which may be influenced by materials content and density of the constituent materials.
However, overall average shows all specimens had a uniform size and surfaces are similar
with natural sand cement brick. Other than that, the density of composite brick exhibits the
higher density than normal brick for both curing age of 7 and 28 days &CA contents
increase. It can be discussed that the high percentage of RCA (75%) can increase the strength
of the bricks rather than 25% and 50% of RCA. However, the lower volume fraction of PET
is seen to be suitably added when the volume of RCA isthigiwhenever the high volume
of PET is used.

The results illustrated that the water absorption and IRS increased with the increases in
replacement percentage of fine aggregate by the RCA and PET content for all mbhiges.
was due to the increasetime porosity of thédoricks containing RCA and PET and the poor
bonding between cement paste and polyrResm the results, only brick containing 25%
RCA show less permeable compared to a normal brloé.best mix ratio was the mix design
brick of replacerant 0f25% RCA and 1.5% PET.
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Abstract

The utilization of industrial waste products in cement paste has attracted attention both with
the energy crisis in the 70s and the rise of environmental consciousness. Most cement paste
properties can be improved by incorporating different kinds of industrial wastes. In this study,
the changes of the properties for rubber ash cement mortar were investigated with respect to
different content of rubber ash as cement and as sand substitution and filler. Rubber ash was
produced from the pyrolysis process. The cement paste is postulated to be a potential material
especially for construction applications which are subjected to impact such as crash barrier,
bridges and roads. Cubic specimens were produced by adding 10% volume rations of rubber
as fillers, sand replacement and cement replacement into M30 quality cement mortar. The
physical and mechanical tests were conducted at the end of day 7, 14 and 28. Tire rubber ash
is more suitable to be used as sand replacement. It also works as an alternative to cement
replacement and fillers. The density of the mortar specimen decreased with the presence of
rubber ash. The highest reduction in density occurred when tire rubber ash was used as sand
replacement. The compressive strength of the mortar specimen reduced when rubber ash was
added in the cement mortar. At the early stages, tire rubber ash used as fillers had better
compressive strength however at 28 days the use of tire rubber ash as cement replacement
had the strongest compressive strength.

Keywords: Rubber ashPyrolysis; Mortar; Cement; Density, Compressive strength
INTRODUCTION

Many countries face major environmental issues related to solid waste management
around the world. Previous studies have indicated that waste tires constitute a significant
portion of norhazardous solid waste materiédd-Akhras and SmagdR004) All over the
world, the amount of waste rubber has gradually increased over recent years because of the
increasing use of rubber productsT o p - u and200Ba A Gade mumber of
automobile, truck and offoad tires are discarded all over the world every year, and only a
small proportion is either retreaded or burnedoroduce energy. In most countries, the
majority of discarded tires are either shredded and then landfilled or stocfakbahi and
Clark, 1996) An estimated 1000 million tires reach the end of their useful lives every year.

The increasing amouwff waste tires worldwide make the disposition of tires a relevant
problem to be solved. One of the most crucial environmental issues all around the world is
the disposal of the waste materials. Accumulations of discarded waste tires have been a major
cone@rn because the waste rubber is not easily biodegradable even afteparioddandfill
treatment. However, material and energy are alternatives to disposal of the waste rubber.
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Other researcher propose to use it as fuel material or as raw materialsbef goods
(Sukontasukkul and Tiamlon2012 Sheikh Khalidet al, 2017. Recycle of used rubber
conserves valuable natural resources and reduces the amount of rubber entering landfill
(Youssf et al.2015)

Application of recycled rubber particles as alternative aggregates in concrete have
received significant attention over the last two decades this is due to the massive quantities of
scrap vehicle tires that have already accumulated and the increased Enuolugition
estimated to be one billion tires produced worldwide in 2044ll and Najim 2014) At
present enormous quantities of sime already stockpiled (whole tire) or landfilled (shredded
tire), 3000 million inside EU and 1000 million in the (BacheceéTorgal et al,2012) These
stockpiled res are dangerous because they pose a potential environmental concern such as
fire hazards, and provide breeding grounds for mosquitd@® s 0 | u a20MdL; XGe, ney i
and Shinozuka2013; Meddah et al2014) The implementation athe Landfill Directive
1999/31/EC and the End of Live Vehicle Directive 2000/53/EC banned the land fill disposal
of waste tires creating the driving force behind the recycling of these wWakegsdan et al
2011) Tire rubber wastes are already usedfring purposes. However, it can only recycle
a part of these wast€gieira et al, 2010) Some research has already been conducted on the
use of waste tires as aggregate replacement in concrete showing that concrete widenha
toughness and sound insulation properties can be ach{deknan et gl.2017) The
additional of fibrous rubber to concrete improve shock wave abrasion, reduced heat
conductivity and noise level and increase resistance to acifNaan et al, 2015 Khalid et
al., 2017. Rubber aggregates are obtained from waste tires using two different technologies:
mechanical grinding at ambient temperature or cryogenic grintiengeanperature below the
glass transition temperature. The first method generates chipped rubber to replace coarse
aggregates. As for the second method, crumb rubber is usually produced to replace fine
aggregategPachecerorgal et al, 2012; Md Nor et b, 2011; Shahidan et.aR017)

Rubber is used as an additive in concrete to form a composite. When the aggregates are
replaced by crumb rubber, the compressive strength of concrete is reduced significantly
(Moustafa and ElGawac¢y015; Son et gl2011; Gupta et al.2015; Xue and Shinozuka
2013; Atahan and YuceR012; Khalil et al. 2015; Liu et al. 2012; Noor et aJ.2016)
However this rubberized concrete have the ability to absorb a large amount of energy under
compressive and tensile loa@pc¢u and Avcularl997; Li et al. 2004) It is believed that
the increase in impact resistance was derived from the enhanced ability of the material to
absorb aergy(Zheng et al.2008; Topcy1995)

In line with these characteristics, rubberized concrete was recommended to be used in
circumstances whergbration damping was required, such as in the highway construction as
a shock absorber or sound barriers and in buildings as an earthquaksvakeckbsorber
(Topgu and Avculgr1997; Fattuhi and Clarkl996) Adding shredded rubber to concrete
softens the concrete, yielding greater plastic deformation on impact and smaller deceleration
forcegAtahan and SevinR008) Chou et al(2010)suggested that cememased mortar and
concretgproducts, modified with tire rubber as a partial replacement for sand, could be used
in applications where mechanical properties are not of prime importance but high resistance
to chloride ion penetration is required This effect could possibly save dive®hicle
occupants, while simultaneously preventing rubber from going to landfills or stockpiles.
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However, the main disadvantages of utilizing waste tire rubber in concrete is its reduce
the compressive strength and elastic mod@kisorami and Ganjian2011; Thomas and
Chandra Gupt®2016; Youssf et g§12016; Hilal 2017) Eldin ard Senouci were first to study
concrete tire aggregate in 1993. Their research consisted on replacing fine (1 mm) and coarse
(6 mm, 19 mm, 25 mm and 38 mm) aggregate. They found that concrete tire aggregate had
lower compressive and tensile strength. Thisp @bserved that the loss of compressive
strength increased with the size of the tire aggre@@geo and de Brito2012) The larger
size of rubber particles added into the cotectbe lower concrete strength, however the
smaller size rubber particle the higher concrete strehgilet al, 2012; Li et &, 2014) By
referring to the previous research, most of them are basically used waste tire as fine and coarse
aggregate with size 1 mm to 40 mm. There are relative lacks of research area on the waste tire
with size less than 1 mm. Therefore, thisegsh mainlfocusingon the uses of fines rubber
crumb and rubber ash (less than 1 mm) as partially replacement fine aggregate in concrete.

Recent study investigated methods for increasing the damping capacity of concrete by
replacing up to 20% of the fine aggregate with shredded rubber. Generally, some researchers
reported an increase in damping and decrease in compressive strength wed(Mpuostafa
and ElGawady2015) The study on utilizing the waste tire in concrete has been cawried
Bravo et al.(2012), Ismail et al.(2016, Leman (2016) ané&hahiron et al(2016) The
utilizing waste tire rubber in concrete postulate to enhance the concrete characteristic.
However, rubber tire aggregate was not applied in the construction industry due to lack of
supportive data. Therefore, this research was carried out to investigate the opportunity of
utilizing the waste tire in concrete as construction material in construction industry in order
to minimize the waste product in the same tpreserve the natural aggate This research
wasemphasized on the effect of different substitutions of tire rubber ash in cement mortar as
cement replacement, sand replacement and fillers.

Rubber Ash

Rubber ash also known as carbon black is end product of tire went threugyrokysis
process. The pyrolysis involves subjecting tire to high temperature of 400 t€,580°
absence of oxygefrigurel illustrates the pyrolysis process from the waste tires through the
pyrolysis plant to form the rubber agtrom the pyrolysis process the tires are broken down
into their threebasic compondrwhich are fuel oil/gas, wire steel and carbon black. From a
single tire, approximately 15% of the weight is steel, 30% becomes carbon black, 45% oil and
final 10% gas as shown Figure2.
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Pyrolysis Plant '
Feul Oil
' Rubber Ash
Before Process ~
Steel Wire
After Process
Figure 1. Pyrolysis process
15% STEEL 45% OIL
10% GAS 30% CARBON

Figure 2. Pyrolysis product
EXPERIMENTAL WORK
Materials

Ordinary Portland Cement type 1 was used in the study. Only one tgpmeht used in
this study, there is no other cement was used to avoid any different properties of cement. The
cement was directly used from the original packaging without any alteratiorphlsecal
properties and chemical analysis of the cement arergesbm

Table 1 and

Table 2 respectively.Figure 3 shows the scanning electron microscopy (SEM) of the
cement used in this study at 100 times magnification. The median grain size for the cement
was 18m. Cement has fines grain size compared to the sand and rubber ash.

River sand was used as fine aggregate which has a maximum size of 5mm. The sand was
dried using akdried conditionFigure4 shows the SEM of the sand used in this study at 100
times magnificationSand has bigger grain size compared to the rubber ash and cement. The
shape of the sand was angular. Rubber ash was obtained from the pyrolysis industry located
at Gopeng, Perak, Malaysia. The rubber ash has a maximum size oFigura5 shows the
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SEM of the rubber ash used in this study at 100 times magnification. Rubber ash has round in

shape. This rubber ash directly used without any alteration.
Table 1. Physical properties of Type | cement used in this study

Property Unit Type | cement
Specific gravity - 3.15
Passing grain size % 78
Median grain size nm 18
Blaine specific surface m%kg 300
Initial setting time Min 145
Final setting time Min 270

Table 2. Chemical analysis of Type | cements used in this study

Component (%) Type | cement
SiO, 21.2
Al,Os 55
Fe,Os3 3.1
CaO 63.7
MgO 15
SO; 2.63
Na,O 0.18
K20 0.71
TiO, -
CI -
Zn -
Loss on ignition 0.96

UTHM

ot s s

EHT = 16.00 KV Signal A = VPSE G3 | Probe = 200 pA 9
WD= 8.0mm Mag= 100X EP Target= 100 Pa

Figure 3. SEM micrograph for cement at 100x magnification
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Signal A = VPSE G3 | Probe = 200 pA EM
a1t pl o

100 um EH
{ Mag= 100X EP Target= 100 Pa

WD = 9.5 mm

EHT = 16.00 kV Signal A = VPSE G3 | Probe = 200 pA
WD = 9.0 mm Mag= 100X EP Target= 80 Pa

Figure 5. SEM micrograph for rubber ash at 100x magnification

Preparation of Mortar Specimen

Thecementmortar was manually mixealy hand First the cement, sand and rubber were
dry mixed for 3 minutes. After that water was poured into the mix for another 3 minutes. The
mortar mixture proportions were 1:2:0.55 by volumk the cement, sand and water
respectively. The rubber ash was addethe mortar mix as 0% for control (CT), 10% of the
total volume as fillers (FIL), 10% of the volume of sand as sand replacement (SR) and 10%
of the volume of ceent as cement replacement (CR).

Table 3. Mortar mixture proportions used in the study

Mix Cement (cm?®) Sand (cm?) Rubber Ash (cm?) Water (cm?)
1 6000 12000 0 3300
2 5400 12000 600 3300
3 6000 10800 1200 3300
4 6000 12000 1800 3300

Table 3 shows the mortar mixture proportions used in this stithe size of the
specimens for compressive test were 100mm .cliheee mortar specimensee prepared
and tested to obtain an averagéue for each test condition. Each specimen was cast in three
layers and compacted. After casting, all specimens were left for 24 hours before being
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demolded and cured in a curing tank at23C until the time of testingRamzi Hannan et
al., 2016; Seniret al, 2016)

Test Procedures

The compressive strength test and density test for hardened mortar mixdwendacted
according to ASTM @09-02 and ASTM C9481. The compressive strength specimens were
tested using a compression machine. The ratempressive loading was 7kN/s. The rate of
loading remained constant throughout the testing program.

RESULT AND DISCUSSION

Density

The addition of rubber ash reduced the density of the mortar specirigu®6 shows
the density of the mortar specimens for CT, CM, SM and FIL at 7, 14 and 28 days. The CT
specimens had the highest density compared to others and SM had the lowest density
compared to others. The density of the mortar spess had increased over timEhe
reduction of density for the mortar specimens compared to CT at 7 days were 2.70%, 4.93%
and 3.82% for CM, SM and FIL respectively. The reduction of density for the mortar
gpecimens compared to CT at 14 days were 3.00%, 4.89% and 3.47% for CM, SM and FIL
respectively. The reduction of density of the mortar specimens compared to CT at 28 days
were 3.24%, 5.56% and 5.09% for CM, SM and FIL respectively. From the data, ibkas sh
that the density for the rubber ash lighter than sand.

Nadal Gisbert et a[2014)explained the increase of the rubber contain in the concrete
reduce the density of the concrete due to the gaps surround the Gibb@tu et al.(2014a
& 2014b)discovered the lighter weight concrete was produced by adding rubber in to
concrete. The rubberized concrete densities wetd% lighter than control concrete
specimensGesd lu et al(2014b)prepared the lowers density of 1900 kéywhile the highest
density is 2240 kg/frand found that the fine particles of the rubber the higher the density of
the rubberized concrete. This is due to tihe fubber played the role of fine aggregate and
filled the small gaps among the concrete particles which improve the density and not effected
more the permeability coefficient HAKO.
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Figure 6. Graph Density of Cement Mortar Against Time
Compressive Strength

Figure7 showsthe development of compressive strength with curing period (7, 14 and 28
days) for hardened mortar containing 10% rubber for cement replacement (CR), sand
replacement (SR) and filler iB. The rate of compressive strength developed was relatively
high between 7 and 14 days, followed by a slower rate between 14 and 28 days. The rapid
development of compressive strength of mortar containing different rubber replacements
during the earlytages of 7 and 14 days indicates rapid hydration during this period. The
development of strength continues even at later staescompressive strength depends on
the physical and mechanical properties of the constituent materials. If part of the lmateria
replaced by rubber, reduction in strength will occtine compressive strength of mortar
specimens for FIL indicated a higher value for the 7 days compared to CR and SR. However,
the compressive strength of the cement mortar decreased when theasiblers added to
the cement mortar because CT had the highest value among others. The percentage increase
in compressive strength at 14 days was 17.77%, 17.95%, 28.57% and 26.50%3&, SR
and FILL respectivelyThe percent increase in compressitrerggth of mortar specimens at
28 days were 2.31%, 20.03%, 14.07% and 3.16% for CT, CR, SR and FIL respectively. The
percentage decrease in compressive strength of the mortar specimens at 28 days compared to
control specimens were 16.79%, 17.12%, 22.608&/®, SR and FIL respectively. From the
finding it was in line with the previous study which the rubberized concrete slightly decreased
compared to normal concret€hou et al.2010; Moustafaand EIGawady 2015) Gupta et
al. (2015)explain the compressive strength of waste rubber tire fibre concrete decreases with
the increase in the replacement level of fine aggregates by rubber fibre however the strength
increases ongitial replacement of cement by silica fume.

Al-Akhras and SmaqR004)observed the increase in compressive strength when the tire
rubber ash was replaced for fine aggregates up to 10%. The increase in compressive strength
of mortar specimens at 90 days were 14%, 21%, 29%, and 45% at tire rubber ash content of
2.5%, 5%, 7.5%nd 10% respectivelyRubber ash contains 14.6% zinc oxide that enhances
the mechanical and physical properties of the cement mortar. Other than that rubber ash
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particle can consider as a hano material because the patrticle is smaller than 100nm that can
fill all the void in the cement mortéBenin et al.2016)
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Figure 7. Compressive Strength of Cement Mortar against Time

CONCLUSIONS

This study presents the results of different substitution of tire rubber ash cement mortar

amended with. Based on the results of the study the following cantdugre drawn:

9 Tire rubber ash is more suitable to be used as sand replacement. It also works as an
alternative to cement replacement and fillers.

1 The density of the mortar specimen decreased with the presence of rubber ash. The
highest reduction irdensity occurred when tire rubber ash was used as sand
replacement.

1 The compressive strength of the mortar specimen reduced when rubber ash was added
in the cement mortar. At the early stages, tire rubber ash used as fillers had better
compressive strengthowever at 28 days the use of tire rubber ash as cement
replacement had the strongest compressive strength.
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Abstract

Millions of tonnes of waste glass are being generated annually worldwide. Waste glass, which
is often disposed in landfills, causes unsustainability because it does not decompose in the
environment. Glass is principally composed of silica. This work investigates the performance
of cement mortar containing glass powder (GP) as a partial substitution for cement. Portland
cement was partially replaced with 10%, 20% and 30% GP. The unit weight and compressive
strength of the cement mortar after a curing period of 7 and 28 days were measured. Although
the compressive strength of the cement mortar decreased, its unit weight had no significant
change and remained equal to those of the control samples. Therefore, GP can be considered
as a viable replacement for cement and is thus an economical construction material.

Keywords: Cement mortgrCompressive strengtReplacement of cemeSustainable mortaWWaste
glass powder
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INTRODUCTION

Concrete, which is a mixture of Portland cement, aggregates (including fine and coarse
aggregates) and water with or without admixtures, is the most commonly used construction
material. Replacement of Portland cement with waste materials such as fly ash, bagasse ash,
silica fume and marble powder has been the focus of many studies. Wasteaylaer (GP)
can also be used as a binder with the partial replacement of cement and as a filler material.
When ground to a very fine powder, waste glass shows pozzolanic properties because of its
high SiQ content. Therefore, waste GP, to some extemt,replace cement in concrete and
contribute to strength development.

The production of Portland cement, an essential constituent of concrete, leads to the
release of a significant amount of @ greenhouse gas. One tonne of Portland cement
clinker prodiction generates approximately 1 tonne o, @@ other greenhouse gases.

As environmental issues are increasingly becoming relevant because of the increasing
awareness regarding the sustainable development of the cement and concrete industry (Naik
and Moriconi, 2005 Shahidan et al 2011, the incorporation of recycled materials in
construction materials has started to attract considerable att@ntian et al, 2013 Ismail
et al, 2016. Owing to population growth, the amount and type of waste riakténave
increased accordingly. Many of the nondecaying waste materials remain in the environment
for hundreds or perhaps thousands of yédrsman et al.2016;Khalid et al, 2017) The
accumulation of waste, particularly nondecaying waste, is algwbbhlem. Most of these
materials are left as stockpiles and landfill materials or illegally dumped. Thus, in order to
minimise the accumulation of waste materials and the depletion of virgin raw materials,
several methods for recycling waste materialgehlaeen introduce@Sheikh Khalid et a).

2017) For example, some waste materials are currently used in concrete mixtures (Wang et
al., 2004 Senin et a).2016; Shahidan et.ak016.

The use of waste materials such as waste glass in the construdisstry has
significantly increased in the past few years because they do not have any adverse effects on
the properties of concrete. This provides an effective platform for the disposal of waste
materials in permanent concrete structures.

The amount andcomposition of solid waste generated vary among countries and
residential areas. Moreover, the amount of household waste differs among households which
may al so be correlated with population, nat
typical canposition (% by weight) of solid waste consists of organic matter (67.0%), paper
(8%), textiles (2%), plastics (7%), glass (2%), metals (2%), sand (10%) and other materials
(2%) (Abu El Qomboz and Busch, 2Q2®hahidan et §12018.

In Gaza, solid wastaccumulation has become a serious problem because of excessive
waste dumps in the region and insufficient efforts by the authorities in solid waste
management. In 2010, the Ministry of Planning estimated that 1300 tonnes of waste materials
were generatedytthe Gaza Strip per day. This amount is estimated to reach 2350 tonnes/day
after 20 years.

LITERATURE REVIEW
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Millions of tonnes of waste glass are generated annually worldwide. The disposal of glass
in landfills is not sustainable because it is printypeomposed of silica (Aarth2016) which
does not decompose in the environment.

In 2005, approximately 12.8 million tonnes of waste glass were generated in the US alone,
and only 20% of this amount was recycled (Enviromental Protection Agency, ZD0g3,
recycling and reusing waste materials have become increasingly relevant owing to inadequate
landfill sites in urban areas and the increasing cost of land filling.

Glass is an amorphous material with hiilica content, making it potentially pozzaola
when the sizes of its particles measure | e
material because of its ground silica content and its ability to exhibit properties similar to
other pozzolanic materials. Powdered waste glass can be usedislargplacement for
cement in concrete. However, when used as aggregates in Portland cement concrete, crushed
glass is susceptible to expansion and cracking due to alkali silica reaction. In the present study,
we prepared concrete mixtures with diffar@noportions of GP ranging from 10% to 30%
with an increment of 10%. The concrete specimens were later tested for compressive strength
after 7 and 28 days of curing (Shekhawat and Aggar@@l4;Sharif et al, 2017 Shahidan
et al, 2017).

The mainchemical component of waste liquid crystal glass i Sitthen liquid crystal
glass replaces cement in concrete, the working ability of concrete tends to decrease with the
increase of liquid crystal glass used whereas the compressive strength decraases as
proportion of the substitute increases (Perda®liveira et al. 2012). Due to water
repellence, waste glass can be used in concrete for the reduction of water absorption and
shrinkage (Kumarappan, 2013).

Waste glass is a material generated durifassy manufacturing which is possibly
beneficial for resource and energy saviiigam et al. 2007). In many countries, cullet is
placed into a smelting zinc furnace for the production of substitaterials for silica.

The main aim of this study is to investigate the performance of cement mortar containing
GP as a partial substitution for cement. Portland cement was partially replaced with 10%,
20%, and 30% of GP. The unit weight and taenpressive strength of the specimens were
measured after 7 and 28 days of curing in water.

The significance of this study is to determine the performance of mortar made of GP as a
partial replacement of cement. The importance of this work lies in tablissiment of the
performance of mortar containing GP and to compare it with ordinary plain concrete. The
study is expected to provide to following:

i. The optimum percentage of GP used to partially replace cement content in mortar that
will directly influence the construction industry economically
ii. Environmentally friendly usage of waste glass in concrete structurds
iii. Contribution of waste glass in the strength development and durability of concrete.

EXPERIMENTAL WORK
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In this work, 0%, 10%, 20% and 308bordinary Portland cement was replaced with GP
in a mortar mix(Leman et a.2017, Lamet al, 2007). Twentyfour 50 mm x 50 mm x 50
mm specimens were cast forfdilent GP proportions and their properties were compared
with those of a mortar prepared without GP (control mix). The unit weight and compressive
stress tests were performed on the concrete specimens after 7 and 28 days of curing.

Materials
Portlandcement (type 1), natural sand, water and GP were used in this study.
Cement

Ordinary Portland cement (Grade 42.5R) with a specific gravity of 3.15 was used in the
experiment. The degree of fineness of cement referred to the mean size of the graate. The r
of hydration and hydrolysis as well as the consequent development of strength depend on the
fineness of the cement. To obtain the same rate of hardening in different brands of cement,
the cement fineness was standardised. Fine cement exhibits qiookvéth water and gains
early strength as its ultimate strength remains unaffected. However, there would be an
increase in the shrinkage and cracking of cement as the fineness of cement ind&asES (
C204, 2004 as shownri Equation 1 and 2.

VT

5 =585%—
VTs (1)

whereSis the specific surface of the test sample(ginSsis the specific surface of standard

cement (crfig), T is the time interval of the manometer drop for the test sample (Jjsasd
the time interval of the manmeter drop for standard cement (s).

§ =486 =54 = 3571.4 cm?/g (2)

Water

Tap water, potable without any salts or chemicals, was used in the study. The water source
was the soil and material laboratory in the Islamic University of Gaza.

Natural fine aggregates

As defined ilPASTM C3303, the grades of the fine aggregates were determined according
to sieve grading. Natural fine aggregates were tested for their physical properties. The
absorption was 2.26%, the dry unit weight was 1610.01 %ghme specific gravity of fine
aggegate was 2.50 and the fineness modulus of the fine aggregate was 2.90.

Glass powder

Waste glass was obtained from the recycling glass industry in Portugal, where waste glass
(such as car windscreens) is crushed and sold to the bottle industry. The waste glass was
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grounded until it exhibited the same fineness as that of cement. Thecspeaifity of GP
was 2.45. The glass was ground until it passed a sieve of 75 um.

The waste glass was prepared in two stages as follows:

Stage |: Glass samples were ground using a Los Angeles machine for 6000 revolutions as
shown in Figure 1.

Figure 1. Stage | of glass preparation
Stage Il is ps®dthe sample through a sieve #200 as shown in Figure 2.

fFigure 2. Stage Il of glass preparation
The fineness of GP was measured using an aingugvility test, according to Equati@n
Mix Proportions
In this study, 0%, 10%, 20% and 30% of ordinary Portland cement was replaced with GP
in a mortar mix. The components of the mortar had the following proportions (Table 1):

cement, 2.75; sand, 0.64 and water as a reference mix. Figure 3 shows theigmepfrat
mortar cubes and the compression test equipment (ASTM-83)09
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Table 1. Proportions of mix design results

Mix Number Mix 1 Mix 2 Mix 3 Mix 4
glass%
0% 10% 20% 30%
Material weight(kg)
cement 500 450 400 350
sand 1375 1375 1375 1375
GP 0 50 100 150
water 312 312 312 312
air content 0 0 0 0
total 2187 2187 2187 2187

Figure 3. Preparation of mortar cubes and the compression test equipment
Results and analysis for GP cement mortars

Properties of mortar density
Density at 7 days

Table 2 shows the densities of mortar cube samples containing 0%, 10%, 20% or 30%
GP. The overall density of the control samples cured for 7 days was 2.2 tohmdsah was
nearly equal to that of the samples containing 10%, 20% or 30% GP. The tesimesdted
no significant reduction in dry density. This result is in agreement with previous studies by
Taha and Nounu (2002009).

Density of GP at 28 days

Table 3 shows the densities of mortar cube samples containing 0%, 10%, 20% or 30%
GP. Theoverall density of the control samples cured for 28 days was 2.2 todnesdiich
was nearly equal to that of the samples containing 10%, 20% or 30% GP. The test results
indicated no significant reduction in dry density. This result is in agreement \eiiops
studies by Taha and Nounu (2008) and Kumarappan (2013).

Compressive strength of cement mortars
Compressive strength at 7 days
Table 2 shows the average failure load of 23 kN for the control samples at the age of 7

days. The average failure loagfssamples containing 10%, 20% and 30% GP were 20.3, 20
and 14 kN, respectively. The GP concrete samples cured for 7 days displayed lower
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compressive strength than the control samples. Their compressive strengths tended to
decrease as the proportions d? (Bcreased.

The reduction in compressive strength was 11.74%, 13.04% and 39.1% for samples
containing 10%, 20% and 30% GP, respectively. This inclination may be due to the decrease in
adhesive strength between the surface of the waste GP and the castenlnpthis study, the
particle size of GP was larger than the particle size of cement. Porosity was the main factor
affecting the compressive strength of mortar. This result is in agreement with studies by
Shahidan et al (2017), Sadiqul et al. (201&had (2015), Idir and Tagritamou (2011) and
Jain and Narayanan (2010).

Compressive strength at 28 days

Table 3 shows the average failure load of 37.3 kN for the control samples at the age of 28
days. The average failure loads of the samples cont&lfitg 20% and 30% GP were 33.9,
31.7 and 25.4 kN, respectively. GP concrete samples at the age of 28 days displayed lower
compressive strength than the control samples. The compressive strength tends to decrease as
the proportions of GP increase.

The redwation in compressive strength was 9.1%, 15.0% and 32.9% for samples
containing 10%, 20% and 30% GP, respectively. This inclination may be due to the decrease
in adhesive strength between the surface of the waste GP and the cement paste. In this study,
thepatrticle size of GP was larger than the particle size of cement. Porosity was the main factor
affecting the mortardés compressive strengt|

The compressive strength obtained in the present study is in agreement with the results
obtained in previous studiggich reported that the replacement of cement with glass results
in a decrease in compressive strength. The decreased amount oficgilmatda hydrate (G
Si H) gel was due to the reaction between calcium hydroxide and pozzolanic mineral additions
in theblended cement compositions (Habulat and Saman, 2013; Tayel6ia8l. Zeyad et
al., 2016; and Zeyad et aR017).

Table 2. Density and compressive strength after a curing period of 7 days

Glass Sample D|C1en3|?/\r/\ (mr:j') Weight %’— Failure Load Average
percent no (@) g/m (KN) (KN)
0% 1 50 49 50 265 2.2 22
0% 2 50 50 50 270 2.2 24 23
0% 3 51 50 50 270 21 22
10% 1 50 50 50 265 2.1 18
10% 2 51 51 50 275 2.1 22 20.3
10% 3 50 48 50 270 2.3 21
20% 1 50 50 50 275 2.2 21
20% 2 50 50 50 270 2.2 19 20
20% 3 50 50 50 270 2.2 21
30% 1 50 50 50 270 2.2 14
30% 2 50 50 50 270 2.2 14 14
30% 3 50 50 50 270 2.2 13

Table 3. Density and compressive strength after a curing period of 28 days
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Glass Sample Dimension (mm) Weight Density Failure Load Average
percent no L w H (9) g/m® (KN) (KN)
0% 1 50 50 50 273 2.2 37.7
0% 2 50 50 50 270 2.2 39.6 373
0% 3 50 50 50 269 2.2 34.7 ’
10% 1 50 50 50 280 2.2 32.047
10% 2 50 50 50 275 2.2 35.243 339
10% 3 50 50 50 270 2.2 34.617 ’
20% 1 50 50 50 270 2.2 29.252
20% 2 50 50 50 270 2.2 34.065 317
20% 3 50 50 50 265 2.1 21.963 '
30% 1 50 50 50 270 2.2 28.8
30% 2 50 50 50 270 2.2 26.1 25.4
30% 3 50 50 50 275 2.2 21.3
CONCLUSION

The effects of GP on the properties of cement mortar are as follows:

T
1

The overall density of the-@ay control samples was 2.2 tonneSAvhich was nearly

equal to that of the samples with 10%, 20% and 30% GP.

The compressive strength of the samples containing GP tended to decrease with the
increase in GP proportions. At the test age of 7 days, the compressive strength reduction
was 11.74%13.04% and 39.1% for samples with 10%, 20% and 30% GP respectively.
The overall density of the control samples cured for 28 days was 2.2 tofynebkiaf

was nearly equal to that of samples with 10%, 20% and 30% GP.

The compressive strength of the samplestaining GP tended to decrease with the
increase in GP proportions. At the test age of 28 days, the compressive strength reduction
was 9.1%, 15.0% and 32.9% for samples with 10%, 20% and 30% GP respectively. This
inclination may be due to the decreasadimesive strength between the surface of the
waste GP and cement paste.

The production of GP cement mortar may potentially result in the reduction of emissions
produced by cement manufacturing industries. Thus, GP is a potential substitute for
cement. Fron the environmental perspective, GP is an-feemdly and economical
material However the durability of mortar containing different replacement ratios of GP
requires further investigation.
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Abstract

This study was conducted to determine the strength of concrete containing coal bottom ash
(CBA) as cement replacement material. The original CBA were sieved passing 150 um sieve
size then ground for 20, 30, and 40 hours using ball mill machine. The normal concrete were
designed for grade 30 based on Department of Environmental method (DOE). The concrete
were produced by replacement level of cement 10%, 20% and 30%. The fresh concrete were
tested using slump cone to determine the workability of concrete. It is found that slump height
was decrease with increasing the replacement level of CBA. The concrete cubical with size
100 x 100 x 100 mm were prepared and tested to determine the compressive strength. It is
shown that, the 20% replacement level of cement with 30 hours grinding time contributed high
compressive strength compared to others. The presence of CBA in cement as a binder was
improves the strength of concrete. It can be concluding that, CBA can be used as cement
replacement material by appropriate replacement level.

Keywords: Coal bottom ashCompressive strengtiorkability; Replacement material
INTRODUCTION

In developing country like Malaysia, the coal generation power plant is gaining favour
due to the growing need for energy and the call for a deamology. In the electricity
industry, gas remains the main fuel source for the generation industry, but coal is still become
favourable because it is only viable fuel option in terms of cost and subiplp@kar &
Baharudin 2012)Coal bottom ash (CBA} a waste material that disposed after process of
electricity. According to Cheriaf et al. (1999) mention that, CBA qualifies the requirements
of European standard EN 450 for use in concrete. A study carried out by Ghafoori and Bucholc
(1997) revealed thiadurable concrete could be made with higticium CBA as fine
aggregate. CBA is formed when pulverized coal is burned in a dry bottom boiler. The type of
CBA produced depends on the type of furnace and also the origins of coal. From the burning
process ofcoal, about 80% of the product were captured and recovered as Fly Ash (FA)
meanwhile, the remaining 20% classified as bottom ash (BA).

CBA collected in watefilled hoppers at the bottom of the furnace is physically coarse,
dark grey, granular and poroust the wet bottom boiler, the CBA is kept in a molten state
and collected when it falls into the ash hopper. Hence;pigbsure water jets immediately
fractures the molten material into crystallized pellets, and it is referred as Boiler Slag. The
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otherremaining combustion products go out along the flue gas chimney. Figure 1 shows the
combustion of coal to generate bottom ash in a thermal power plant.

Typical Steam Generating System Flue Gas

Coal

Boiler/
Furnace

SCR

_l Precipitator
Air
Heater

or
Baghouse

1" Condenser

Cooling
Water

3 <

l Bottom Ash

Figure 1. The production of coal combustion by-products in steam generating system
(NETL, 2006)

The application of waste materials in concrete replacement has become popular an
interesting topic in many research works. Concrete comprising three major substitutes which
are cement, fine aggregate and coarse aggregate. Cement plays a vital role in concrete
production. Its production is extremely eneigiensive and leads to excessive pollution,
including SQ and CQ emissiongdAzmi et al. 2017) The current cement production rate is
approximately 1.2 billion tons/year and expected to grow about 3.5 hitiratyear by 2015
(Adesanya and Raheem, 2008)s also the heaviest pollution industry and accountable for
the 5 6% releases of COwhich causes about 4% of global warmiRpdrigues and Joekes,

2011) Such an enormous utilization of concrete caltshfgher use of natural aggregates and
cement, thus taking a toll on the environment. At least thueeters of the total volume of
concrete consist of coarse and fine aggreg&afidizonooz et al. 2016Pbviously, natural
resources such as river saa@ getting deplete(hghabaglou, Tuyan and Ramyar, 2015).
The prohibition on mining in some areas and the growing need for natural environment
conservation further exacerbate the problem of river sand availability. Although aggregates
are available at ratively low costs in most locales around the globe, availability is not
universal. Some areas may be devoid of good quality sand and gravel, and a few others lack
sources of crushed stone or rocks that can be mined easily and econdiReaizy Hannan

etal. 2016;Khalid et al. 2017)Furthermore, aggregates available locally may be unsuitable
for use in construction due to poor quality, potential for chemical reaction and low strength.

Therefore, one of the most promising materials for replacing ceandrdand material is
coal bottom ash (CBA). CBA is one of the mineraldrgduct obtained from the combustion
of coal used for powegeneration purposes. CBA collected from electrical power generation
is a dark grey, granular, porous and predominantly semedmaterial. These porous surfaces
and very rough particle structure of CBA makes this material less duBatpedet al, 2013).
Many research done use CBA as fine aggregate replacement as repoftedibyet al.
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(2017) andTorkittikul et al.(2017).Hence, with adequate grinding, CBA with pozzolanic
activity can be used as a replacement material in Portland cement prodGtesiafet al,

1999) Although grinding of CBA adds many good properties to concrete, it should be kept

in mind that ginding is an expensive and time consuming prodessk an e t.Beaides 200
that, the quantity of coal bottom ash (CBA) to replace the cement for typical application is
limited to 1520% by mass of the total cementitious material. The small percergage
beneficial in optimizing the workability and low cost but it may not improve the durability
(Suhendro, 2014).

The objective of this study is to determine the optimum replacement level of ground CBA
in normal concrete. This study covers the physioaperties of ground CBA and compressive
strength of concrete incorporation with ground CBA as cement replacement material. The
finding of these study are for further investigation on the use of ground CBA in different mix
design grade.

MATERIAL AND METHOD

Ordinary Portland Cement (OPC) was used in this study supplied by Tasek Corporation
Berhad and were certified by SIRIM compliance to MS EN-12014. The cement was
stored in watertight drums to prevent unwanted solidification and humidity. The fine
aggregates were used in this study is uncrushed river sand with 5 mm sieve passing.
Meanwhile the coarse aggregate were sieve passing through 10 mm sieve size. The CBA that
used in this study is a yroduct from coal combustion process obtained from Kapardy
Ventures power plant located at Kapar, Selangor. The original CBA physically dark grey and
gravelly but after ground, the CBA become finer and the distribution size range is between
0.3 um and 40um.

Mix Proportion Design

The mixed design ofoncrete is very important to ensure the concrete grade design is
successful. In this study, the mixed proportion were design according to British method of
concrete mix design also called DOE method. The mixtures are specified by the weights of
the diffeent materials contained in a given volume of fully compacted concrete. It is assumed
that the volume of freshly mixed concrete is an equal to the sum of the air content and of the
absolute volumes of its constituent materials. Therefore, the DOE methdrksetpat the
absolute densities of the materials be known in order that their absolute volumes may be
calculated. In DOE method, it is assumed that the strength of a concrete mix depends on free
water/cement ratio, coarse aggregate type and also cenopeirties. The mix proportion
design for this study was tabulated at Table 1 below. The water cement ratio 0.5 was designed
for this mixture.The specimen were prepared for four different volume fraction (0, 10, 20 and
30 %) of ground CBA with three diffent grinding time which is 20, 30 and 40 hours. The
concrete cube size 100 x 100 x 100 mm were prepared and cured in wet condition for 7 and
28 days. The workability of fresh concrete were tested using slump cone and the slump value
were recorded.
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Table 1. Mix proportion design by British DOE method

Fine aggregate

Cement (kg/m?) Water (kg/m?) (kg/m?)

Coarse aggregate (kg/m°)

460 230 958 722

Particle Size Distribution

The particle size of ground CBA were conducted using Fritsch Analysette 22 after
grinding process. The analysis method is laser light scattering techniqgue where measuring
range between 0.01 to 2100 em. The wet met |
CBA was dispersed in distilled water on the machine and take 5 to 10 seconeasuring
time. The testing has been conducted for all 3 different grinding time which is 20, 30 and 40
hours to identify the change of size after grinding process.

Specific Surface Area

These results of surface area were obtain from testing paitiel@nalyser using Fritsch
Analysette 22. The testing is important to analyse different fineness of ground CBA with
different grinding time. Small amount of ground CBA was placed onto machine and directly
measured.

Compression Test

The concrete cube spimen size (10k100 x100 mm) were tested usiB§00 kN
hydraulic compression machine. The testing were conducted according to BS EN312390
2009. The loading rate during testing was constant within range 0.6 = 0.2 MPa/s. The testing
were carried out for and 28 days curing period. The maximum load were record in N and
compressive strengtwere expresse by Equatiotdlow.

o — (1)

where:

"Q compressive strength in MPa (N/rjm
"O maximum failure load in N
® cross sectional area of specimen inmm

RESULT AND DISCUSSION
Particle Size Distribution

Particle size distribution (PSD) analysis is important when particles haveabjggtt
ratios. PSD analysis are susceptible to large uncertainties due to measurement the smallest. In
this study, the ground CBA was graded using PSD analyzer. The finer particle will increase
the specific surface area of ground CBA then increased thmlpoic activity in concrete
(Basirun et al.,201#annan et al. 2017).
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Figure 2. PSD analysis result for various grinding time of grinded CBA

Figure 2 shows, the particle size was decreased when the grinding time increases. The
smallest particlesizes at 40 hours grinding time, whic
em at D10, D50 and D90 respectively compar e
at 30 hours and coarsest particle are at 20 hours grinding time. The narrowest PSD value for

D1 0, D50 and D90 is 1.948 &m |, 15. 036 &m a
coar sest PSD value for D10, D50 and D90 i
respectively.

In general, pozzolanic reactivity of coal ash is directly related tingsess. The filler
effect of these fine pozzolanic materials is partly responsible for the increasing strength of
concrete. As reported by Cheriaf et al. (1999), the pozzolanic activity of the CBA can be
improved with adequate grinding. Thus, the strengill increase with decreasing particle
size Walker and Pavia, 201Mlence, the finest of CBA having a greater contribution towards
the strength of concrete.

Specific Surface Area

Specific surface areas of ground CBA directly obtained from FritscHyseite 22
machine and the results are shown in Table 2. The results shows the specific surface area of
ground CBA become larger when grinding time increased to 30 hours and 40 hours. The
specific surface area of 20 hours, 30 hours and 40 hours grinciedst9627.76 crifcn?,
12921.92 crficm® and 13528.18 crficn?® respectively. The specific surface area ground
CBA for 30 hours increased about 1.34 times while 1.40 times for 40 hours compared to 20
hours. This finding is very important to identify and understand the physical characteristic of
ground CBA after gringtig process. This outcome is similar with Khalid et al. (2016) on their
report when they grinded POFA.

Table 2. Specific surface area of ground CBA
Parameter 20 hours 30 hours 40 hours

Specific surface area 9627.76 cm?cm?® 12921.92 cm?cm?® 13528.18cm?/cm?
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Workability of Concrete

Slump test of fresh concrete was performed to ensure its consistency in that specific batch.
The result for slump were shown in Figurel8e workability of concrete was decrease with
increasing the replacement level of grinded CBA. Increasing the replacement of grinded CBA
will increase the specific surface area thus required more water demand to become workable.
Kim and Lee (2011) also pved that black spotsppeared on the surface of the fresh concrete
with bottom ash due to suction of the water and cement paste by bottohhiadiactor also
contributed towards lowering in slump value.

60.00 -

£
50.00 -

40.00 -
——20H

=#-30 H
40 H

30.00 -

20.00 -

Slump height (mm)

10.00 -

0.00

Control CBA10 CBA20 CBA30

Figure 3. Slump value for ground CBA replacement in cement

Moreover, the workability of the fresh concrete for 40 hour grinding time is the lowest
among the others. The slump decrease about 33% compared with control sample. As the
grinding time increase, the slump value also linearly decreasing.i¢btad that, the fine
particle of the ground CBA are also one of the factor that contributes to decreasing the slump
value. Finer particles require more water to wet their larger specific surface thus resulting in
lowering the slump value. A fixed waterment ratio, the hydration process will result
porosity in concrete occurs due to insufficient water demands. As reported by Abidin et al.
(2014), the decrement of slump is because of the porosity of coal bottom ash, which absorbed
more water with higherantent of CBA replacement. Thus, increasing the water cement ratio,
it will drop the strength of the concrete. The water cement ratio give major influence on
designing concrete with CBAdamzahet al, 2016)

Compressive Strength

The compressive strengtf concrete containing ground CBA as cement replacement
material for 20 hours grinding time are shown in Figure 4. The concrete with 10% replacement
level shows the highest compressive strength (37.90 MPa) compared among others
replacements. Compressivieength start decrease at 20% and 30% replacements level about
1.5% and 4% respectively compared with control sample.
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Figure 4. Compressive strength of concrete containing various CBA percentage for 20 hours grinding
time

The reduction in strength msainly considered due to the increasing replacement level of
bottom ash that producing more porous concrete with more pores distributed around the
bottom ash aggregate surface (Abidin et al. 2014),. The result were similar as reported by
Ghafoori and Bucho, (1996), that due to high water absorption rate, angular shape and very
porous surface of the bottom ash, the strength of the concrete were decreased as the amount
of replacement CBA increase, thus higher water content is required to achieve theotlegree
lubrication needed for a workable mixtures. Hence, it can be concluded that by 10% of 20

hours grinding time of CBA will present the higher strength value with small amount of CBA
replacement

45.00 -
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35.00
30.00
T 25.00
S 20.00
= 15.00
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5.00

0.00

&7 Days
28 Days

Compressive strength
P

Figure 5. Compressive strength of concrete containing various CBA percentage for 30 hours grinding
time

Figure 5 shows, the compressive strength of concrete containing various ground CBA
percentage for 30 hours grinding time. The compressive strength value was rise up from 36.9
MPa at 10% replacement level t6.@¢ MPa at 20% replacement level then dropped to 32.1
MPa in 30% CBA replacement level. It is noted that the highest strength were recorded at
20% CBA replacements with 15% increment compared with control sample. This result was
in line with research by darapitakkul et al. (2003) found, the compressive strength increase
by replacing 20% CBA in production of concrete.
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Figure 6. Compressive strength of concrete containing various CBA percentage for 40 hours grinding
time

Figure 6 shows, the compresssteength of concrete containing ground CBA for 40 hours
grinding time. The result shows, highest compressive strength obtained at 10% replacement
level compared with control. Then, the strength was dropped at 20% replacement level and
turn rise up at 30%eplacement level. The 10% CBA replacement is the optimum CBA
replacement as expected as it obtained the higher strength value for 40 hours grinding time.
Based on PSD analysis conducted, the sample of CBA subjected to 40 hour grinding time is
the finest articles among the others. The fineness of CBA is important to ensure a dense
microstructure when hardendiasirunet al.,2017) Chengzhi et al. (1996) have concluded,
the addition of pozzolanic material influences the packing state and decreases the amount of
filling water. This role depends on the fineness of pozzolanic materials.

In addition, finest particles of ground CBAliesult high water demand. It can be seen
when the slump height was decrease with increase of ground CBA replacement. This situation
have proven that the CBA absorbed water faster during fresh state. Based on the discussion,
20% CBA of 30 hour grindingirne is the selected replacement level as optimum CBA
replacement in cement content. It is due to the high strength concrete grade value obtained
besides minimal grinding time requirements. As mentionedPdry et al.(2008) annual
cement production in Taian is 20 million tons. Hence, by utilizing up to 20% CBA
replacement in their cement production, the amount of cement production will be reduce by
almost 4 million tons per year. Even though the contribution seems small, it is still considered
as sustainaility approach in reducing the amount of pollution occurred effect from cement
production industry.

CONCLUSIONS

This paper has been discussed about the influence of fine coal bottom ash as cement
replacement material in normal concrete. There are somausions that have been made:

(1) The different grinding time period were changed the physical characterictis of
granular CBA to fineness particle. The size of particle become finness after grinding
process and increase the specific surface area of g&BAd

(2) The ground CBA have affecting the workability of concrete at fresh state. Workability
of concerete were decreased linearly with increament of grinding time period. It
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related to change of granular CBA to finness particle which specific surface area wa
increase and required more water to become workable.

(3) The normal concrete incorporation with ground CBA about 20% replacement level
of cement at 30 hours grinding time shows the highest compressive strength compared
to others. It is because of finnesstede of ground CBA can reduce pore structure in
concrete and produce dence packing structure.

(4) Ground CBA is cementitious material that can be used as supplementary cement
material in concrete. The additional finness particle of CBA in concrete will
increasing packing factor which helps minimise the voids and continues pozzolanic
activity in cement matrix.
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Abstract

Development of Self Compacting Concrete (SCC) is significantly important in the construction
industry while it greatly involved in recycled of powder waste material in improving rheological
properties. Utilizing powder waste produced from asphalt batching plant so called Asphalt
Dust Waste (ADW) was an alternative solution to reduce this waste material that cause
pollution to surrounding dumping area. The aims of this study were to evaluate the optimum
percentage of ADW as filler in coarse aggregate and the effect of ADW as cement
replacement in develops SCC. The investigation focus on rheological performance at fresh
state that was subjected to slump flow diameter, J Ring test, L Box and V Funnel test.
Meanwhile, the hardened test was subjected to compressive strength and tensile strength at
7 and 28 days only. Difference percentage of ADW are 0%, 10%, 20%, 30%, 40% and 50%,
has been incorporated into course aggregate by mass as a filler. The results shows 30% ADW
as filler give the best performance on fresh state SCC. Base on 30% ADW filler, the potential
of ADW as cement replacement at 0%, 10%, 20%, 30%, 40% and 50% were studied.
According to the results obtained, utilizing ADW as filler and cement replacement in develop
SCC was benefit for high workability, stability and segregation resistance in fresh state
conditions. The results shows that 30% ADW as filler to aggregate content having better fresh
performance, 10% ADW as cement replacement having 63 MPa and 50% cement
replacement achieves minimum target of compressive strength which is 30 MPa. As
conclusion, the utilization of ADW for the production of self compacting concrete is perfectly
possible and also potentially reducing amount of cement in concrete mixture with high
workability.

Keywords: Self compacting concrete; Powder filler; Cement replacement; Asphalt dust waste
INTRODUCTION

Concrete is the most commonly used in construction materials. Normal vibrated concrete
is the common materials used in infra structure and building constructions. However, normal
vibrated concrete create vibration impact to the workers during placingiiceste in long
term effect. This given the importance reason to the industry in search for more efficient
technologies and optimized resources (Mashitah et al., 2009; Ramli and Dawood, 2010;
Martin et al,. 2013; lbrahim et al., 2015; Ramazi et al., 20&6jrSet al., 2016; Bunnori and
Jamil, 2016; Shahidan et al., 2016; Khalid et al., 2017). Self compacting concrete (SCC) was
the latest technology introduce in 1988 in Japan to achieve durable concrete due to the
shortage of skill workers in placing the cpete at construction site. It is not only provide
durable concrete but also improve rheology properties in term of workability, stability and
segregation resistand®kamura and Ouchi 200EFNARC, 2002;Razak et al., 2008;
Nuruddin et al., 201Frnida et al., 2017)The used of SCC have been extended around the
world due the advantages in fresh state and high performance of hardened concrete. In fresh
state condition, thisoncrete having high workability and stability to flow into the formwork
by it own weight without segregation even in highly reinforce concrete structures. Beside
that it give freedom of design work, reduce construction time and minimize workers on site
that indirectly contribute to benefit overall cqSilva et al., 2016)This type of concrete
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allows the used of waste materials from industrial or construction as a binder or filler. This
is a part of contribution to reduce wastethe environmerismail et al., 20167 ennich et
al.,, 2017 Da et al., 2017)

There are many type of alternative waste powder in development of SCC. The most
common addition materials are Fly Ash (FA), Silica Fume (SF), ground granular blast
material (GBFS), Lime Stone powder (LS) and Rice fhuntas, 2014Rahman et al.,
2014;Saleh Ahari et al., 201Zhu et al., 2016Benjeddou et al., 201 Mohammed et al.,
2017;Da et al., 2017)Until today, the revolution of utilizing waspowder as filler material
in SCC constantly evolving. Researchers are looking for potential and economic waste
materials that can perform in fresh state and hardened SCC.

Waste production from asphalt premix batching plant especially in sedimentatidn po
or wet site disposal is a major issue towards the environmental nowadays. This mineral ash
wastes are come from surface aggregate that have been trapped using water sprinkler during
production of bituminous or asphalt mixture and end up in sedimenipneimix batching
plant area. It is namely call as Asphalt Dust Waste (ADW) as an alternative powder mineral
for further research in development sustainable self compacting concrete. As conclusion, this
mineral powder is not related with a fly ash thasvproduce from coal burning process in
generator power plarfAcar and Atalay, 2016Shahidan et al., 201smail and Shahidan,
2017) In Spain, the similar waste ends up in ldliglin large amount. It is estimated about
4% of the asphalt mixture production produce ADW at asphalt mixture batching plant. It is
abundant material that cannot be used for anything. Therefore, the potential of using ADW
were explored and investigatedr ffresh state and hardened state of SCC by a group of
researchers from Spain. It was found that, the utilization of this mineral powder as a filler
was successful but depending on mix design ratio. Further more, this mineral waste are
mostly a limestonel@aracteristic according-¥ay analysis and it is proven utilizing mineral
waste with high incrustations of calcite will present satisfactory results compare with others
commercial filler(Martin et al., 2013)In line with thisstudy, another researchers from
United Kingdom and Cyprus also using similar powder to produce normal vibrated concrete
and not for self compacting concrete. In 2010, it is estimated the amount of powder waste in
Cyprus alone was 230,000 tonnes. It is &leing disposed in landfills and ends up create
problem to the environmenBase onX-ray diffraction this dust having characteristic of
limestone powder whish was Calcium Oxide (CaO). This research focuses on potential using
recycled lime stone powder (Rfas cement replacement ranging from 5% to 20% in mortar
mixture. The increase in cement replacement has reduced the average compressive strength
of each mix. Moreover, the 5% and 8% cement replacement in concrete mixture also shows
reduction in compresge strengthlKanellopoulos et al., 2014Therefore, the expration
for development of SCC might be useful to fully utilized amount of ADW to reduce the
environmental impact and produce economic sustainable SCC for better future.

This review give a detailed information on previous research that using almosir simil
by product powder waste material generated from process of asphalt premix production in
production of normal vibrated concrete (NVC) and self compacting concrete (SCC).
However, there are very limited researches available on utilizing ADW in self cbngpac
concrete especially utilizing local ADW in Malaysia. Therefore, the potential of recycled
waste in production SCC such as ADW are need to be explored for the benefit of economic
and environmental issue. The variety of mix design for SCC due to varomsituent
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materials ratio also one of the reason to continue with this research. Furthermore, the effect
of ADW in fresh properties are also important to be understand in order to set the water
binder ratio in each mixture to avoid bleeding to fresh $8Cet al., 2001; Domone, 2006;
Alyama¢ & Ince, 2009; Md Nor et al., 2011; Parra et al., 2011; Khaleel & Abdul Razak,
2014; Thanh et al., 2015; Leman et al., 2016)

Therefore, the aim in this study is to simultaneously explore the potential of usihg loca
ADW in SCC as afiller material and cement replacement to archive minimum 600 mm slump
flow. In details, the rheology properties in fresh state have been evaluated according to flow
ability (slump flow diameter, t500), blocking resistance (J Ring teBgxX.test) and resistant
to segregation (V Funnel) through out 12 of SCC mixturesthermore, the effect on the
hardened properties focus on compressive strength and tensile strength was also investigated.
As a result, the goal of this study is not oobntributes to conforming the combination in
optimization of ADW as filler and cement replacement in SCC but also introduce the
efficiency to indicate the water binder ratio by utilizing ADW powder.

MATERIALS

This study was focus on obtaining a saimpacting concrete by utilizing ADW as a
filler material and potential as cement replacemeotall Ordinary Portland cement type 1
according to MS EN 197, CEM | 42.5 N was used in all mixtures. The granular materials
are 4 mm passing fine aggregate tgnal river sand) and maximum 12 mm course
aggregate as shown in Figure 1. The ADW and 12 mm aggregate are from similar premix
batching plant. The initial water cement ratio was 0.3 and using superplasticizer Sika
ViscoCrete 2044 at 2% by weight from cerheantent.

100

“*4mm sand

“E-12mm aggregate

888883588
% cumulative passing

10

0.05 0.5 5
sieve size (mm)

Figure 1. Sieve analysis for 4 mm natural river sand and 12 mm aggregate

In Figure 2, SEM image show the morphology of ADW. Obviously, the particles size of
ADW is | ess than 10 em and the physical pr
material that is angular and irregular shape. Theoretically, powder less thanrOrl 5
suitable for improving packing factor and also influence in flow ability during fresh state of
SCC( Fel eko Y | uCormadldesadnd Morican, POGBingh et al., 2018Ylohammed
et al., 2017) Therefore, the performance of ADW in fresh state and hardened state are
important to be investigated.
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o s R
Figure 2. SEM image of ADW

The characteristics and chemical properties of constituent matméaismportant to be
measured and identified in development of SCC. This information will lead to the expected
outcome of fresh state condition and related to hardened performance. Therefore, the
chemical properties of constituent material are measurad Xsiay fluorescenc€XRF) as
shown in Table 1. It is clearly shown that ADW was not part of pozzolanic material compare
to OPC cement and limestone powder that was obtain from previous researchers from Spain
and CyprugMartin et al., 2013Kanellopoulos et al., 2014Ewenthough, the powder was
obtained from similar concept by product waste but the characteristics of the powder are
totally depending on the type of the aggregate used in premix batching plant. The local
powder (ADW) is having similar chemical characteristith 12 mm aggregate used in this
research. This similarity confirmed that the source of ADW was surface dust that was blown
out from the aggregate during production of premix mixture and trapped in retention pond.
As conclusion, this local powder was hioig but it is the dust coated on the aggregate surface
after fractured process during production of aggregate through blasting and crushing at stone
quarry. Since, this local powder was not pozzolanic material, therefore it is part of challenge
in this sudy to fully utilized this powder as filler and also make it as a paste for cement
replacement.

Table 1. The chemical properties for constituent materials

Properties OPC cement ADW Aggregate River sand
Calcium Oxide, (CaO) 55.60 % 2.98 % 1.85 -
Silicon Dioxide, (SiO2) 14.20 % 44.00 43.70 30.10 %

Aluminum Oxide, (AlI203) 3.68 % 9.22% - 8.50 2.13%

Iron (Ill) Oxide, (Fe203) 3.49 % 4.24 % 3.38 0.30 %
Sulfur Trioxide, (SO3) 3.20% - - -
Magnesium Oxide, (MgO) 1.48 % 0.62 % 049 -
Carbon, (C) 1.00 % 1.00 % 1.00 1.00 %
Potassium Oxide, (K20) 0.48 % - - 0.19 %
Zirconium Dioxide, (ZrO2) - - 0.47 %
Titanium Dioxide, (TiO2) - 0.46 % 0.39 0.32%
METHODS

The main objective of this study was to investigate the potential of ADW as filler material
and cement replacement in SCC. The ADW was collected from dumping area that was taken
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out from retention pond at local premix batching plant. The ADW have beeth whieg
conventional method, which refer to dry under the sun for one day to remove moisture
content. This is very important process to make sure the ADW totally became powder
material with is suitable for development of SCC. Since, there is no speaiai¢rd applied

in this process, it make ADW powder are economy and sustainable to be recycled in concrete

material. Besides that, the powder also less than 0.125 mm and make it suitable for paste
material in SCC.

The characteristic for fresh state SCC wafer to (EFNARC, 2002)and cluster
according tqEPG, 2005ps shown in Table 1.

Table 1. Requirement for fresh properties
Fresh test Acceptance criteria
EFNARC EPG
Slump flow 6507 800 mm 52071 700 mm/ class SF1

6401 800 mm / class SF2
74071 900 mm / class SF3

T 500mm slump flow 27 5sec 02 sec/VS1
>2sec/VS2
J Ring 071 10 mm -
V Funnel 81 12 sec 08 sec / class VF1
91 25 sec/ class VF2
V Funnel T 5min 117 15sec -
L Box H2/H1=0.8101.0 H2/H1 ©0.75 / class PA1

H2/H1 < 0.75/ class PA2

The dosage of constituent materials was studied from a method suggested by previous
researchers with modifications base on similarity of powder materials(Osadnura and
Ouchi, 2003Dinakar et al., 2008Alyamag and Ince, 200 e s o Y| u  eSinghaet
al., 2016) Local Ordinary Portland cement type 1 according to MS EN1L,9ZEM | 42.5
N was used in all mixtures. The granular materials used are 4 mm passing fine aggregate
(natural river sand) and maximum 12 mm course aggregate. Theatial cement ratio
was at 0.3 and using superplasticizer Sika ViscoCrete 2044 at 2% fix from cement content
by weight

, 2C

1%t stage, evaluate saturated w/b ratio |

Measure SF diameter |

Observe bleeding,
(this indicator for saturated w/b ratio)

2nd stape, evaluate the optimum ADW as filler in aggregate content |

| SCC DA (% dust to aggregate content by weight) |

Measure fresh state (SF, JR, VF & LB) &
hardened state (compressive & tensile strength)

3 stage, evaluate the potential ADW as cement replacement |

| SCC CR (% dust to cement content by weight) |

Measure fresh state (SF, JR, VF & LB) &
hardened state (compressive & tensile strength)

Figure 3. Stage of experimental works
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This experimental work was carried out in three stages as shown in Figure 3. The first
stage wasconducted to evaluate the saturated water binder ratio on paste material by
measuring the slump flow diameter and observe bleeding effect. The paste material is
referring to amount of cement and ADW in mixture. The bleeding effect was the indicator
for saurated water binder ratio. This result will be useful to estimate the amount of water
demand in each SCC mixture. The amount of cement was fix to 10 kg in each mixture, 2%
of SP by weight of cement and increase amount of ADW by accumulative 1 kg tocthe ne
mixture as shown in Table 2. The weight ratio (WR%) for cement and ADW will be used to
estimate the water demand and the potential for cement replacement in stage 2 and stage 3.

The second stage consisted of the evaluation of ADW as filler mater@durse
aggregate. The designation of the mixtures were SCC DA% at weight percentage 0%, 10%,
20%, 30%, 40% and 50% to aggregate content as shown in Table 3. The proportion of ADW
was calculated base on weight percentage of course aggregate in the nmibhisrés.to
evaluate the influence of ADW to bond and carry the aggregate and sand in conjunction with
flowability, stability and segregation resistance at fresh state SCC.

Table 2. Mix proportions for paste

: Cement ADW 2% SP

Mixtures Cement (kg) ADW (kg) WR% WR% (iters)
PO 10 0 1.0 0 0.2
P10 10 1 0.91 0.09 0.2
P20 10 2 0.83 0.17 0.2
P30 10 3 0.77 0.23 0.2
P40 10 4 0.71 0.29 0.2
P50 10 5 0.67 0.33 0.2

The third stage was continuity from stage two that was using the optimum 30% ADW as
filler in SCC.This intent, 30% ADW in each mixtures as filler to achieve SCC slump flow
base on evaluation from fresh and hardened performances at stage two. The designation of
the mixtures were SCC DA30/CR% at weight percentage 0%, 10%, 20%, 30%, 40% and
50% as showin Table 4. In this study, the ADWR was assumed to be part of cementitious
material. Therefore, the amount of water was consistence even though the amount of cement
was reducing in each mixture. However, the amount of SP is calculating base on amount of
cement only. All mixtures are produced using vertical concrete mixer.

Table 3. Mix proportions for ADW as filler material (SCC DA)

Mixtures Cement ACOrlgS:te Sand ADW as Water 2% SP
(kg) g%(g? (kg) filler (kg) (kg) (liters)
SCC DAO 0 120
SCC DA10 78.5 143.55
SCC DA20 157 167.1
SCC DA30 400 85 865 2355 190.65 8
SCC DA40 314 214.2

SCC DA50 392.5 237.75
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Table 4. Mix proportions for ADW as cement replacement (SCC 30DA/CR)

. Cement ADW as Course Sand AD.W as Water 2%
Mixtures (kg) CR (kg) Aggregate (kg) filler (kg) SP
g 9 (ko) 9 (kg) 9 liters)

SCC DA30/CRO 400 0
SCC DA30/CR10 360 40
SCC DA30/CR20 320 80
SCC DA30/CR30 280 120 85 865 235.5 190.65 8
SCC DA30/CR40 240 160
SCC DA30/CR50 200 200

Once the self compactability of the mixes was obtained, the fresh properties of SCC were
measured and evaluated. The details fresh properties test as shown in Figure 4. The slump
flow test measured the slump flow diameter and time to reach 500mm diatb@@3rusing
Abraham slump cone apparatus. The J Ring test is similar to slump flow test but it having
ring outside the slump cone to measure segregation resistant and stability of SCC. The V
Funnel test is subjected to stability and also can be useddovelibe segregation of SCC.
Finally, the L Box test is to monitor and observe the blockage, stability and segregation
resistance.

(€ @

Figure 4. Fresh properties test (a) slump flow, (b) J Ring (c) V Funnel and (d) L Box

The compressive strength wagsasured according to BS EN 12322009 by means of
100 mm cube and tensile strength according to BS EN 122909 by means of 100 mm
diameter cylinder (200 mm high). Both hardened test are measured at 7 and 28 days only.

RESULTS AND DISCUSSION

In thefirst stage, the evaluation for saturated slump flow was measured in paste study by
increasing w/b ratio into various percentages ADW as shown in Figure 5. The difference w/b
ratios were test to the paste mixture to estimate the saturated w/b rateg@sind stage
3. As far as the characteristic fresh SCC parameter concerned, the slump flow value must
achieve minimum 550 mm diameter.
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Figure 5. Effect of w/b ratio on slump flow in paste study

The slump flow diameter was clustered in three ztmestimate the w/b required before
it turn to bleeding effect. In zone 1, paste using ADW 9% and ADW 16% achieve 550 mm
diameter slump at w/b 0.25. However, these mixtures show high viscosity at low percentage
powder, which is not good for stability of ECThe time for 500 mm flow was too fast and
less than one second. Therefore, the amount of ADW should be increase in stage 2 and stage
3 for better stability and economy benefit in paste and utilizing ADW as alternative powder
in SCC.

Even though zone 8hows better value of slump flow in paste study, it is better to
consider saturated w/b ratio as 0.3 for stage 2 and stage 3 SCC. Throughout observation, it
is found that w/b ratio more than 0.3 has clearly shown bleeding effect in all paste. Therefore,
zone 3 can be classified as bleeding zone for 2% SP in various ADW percentages.

As conclusion, the suitable saturated w/b ratio was 0.3 before the paste start showing
bleeding in mixtures using 2% SP. Interestingly, the paste studied shown better stability
increasing amount of ADW% through observation and fulfill self compactability
requirements. Consequently, it shows potential result to increase ADW percentage in stage
2 and stage 3 studies. The saturated slump flow for Zone 2 was 750 mm diamexetdor 9
16% ADW and 900 mm diameter for ADW more than 20%. However, this saturated slump
flow will reduced in SCC stage 2 and stage 3 due to water absorption from granular material.

According to stage 1, the final mixes were prepared for evaluation ADWesirf
aggregate for SCC in stage 2. The fresh properties of ADW as filler material are shown in
Table 5. From the observation during fresh state, SCC DA30 have the best performance in
term of filling ability, passing ability and stability (segregatiesistance). The SCC DA30
has great flow ability (750 mm diameter), good passing ability as shown from J Ring and L
Box test result. It is subjected to the ability of ADW as a paste binder to carry and transport
the granular materials in gravity flows undéeir own weight. The shorter time flows
indicated that the SCC DA30 having a low viscosity that makes this mixture easy to flow
and passing the reinforcement without segregat#NARC, 2002) The most important
thing, it is also having a good stability in V Funnel test, which mean the granular materials
are not separated while transported in vertical direction ancestathi friction effect from
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the V Funnel wall. Furthermore, it was confirmed that, there are no segregation to the mixture
after passing the trapdoor and no segregation happened due to the impact of 500 mm vertical
drop from the V Funnel opening trap daorthe base floor.

Table 5. Fresh properties for ADW as filler material

Mixtures Slump performance J Ring V Funnel L Box
Flows 1500 Osec  5min  H2/MH1L t20 t40
(sec)
SCC DAO 450 - - - - - -
SCC DA10 550/SF1 8/VS2 500 15/VF2 18/VF2  0.7/PA1 4 7
SCC DA20 650/SF2 5/VS2 600 10/VF1 12/VF2  0.9/PA1 2 4
SCC DA30 750/SF2 2/VS1 700 6/VF1 7/IVF1 1/PA1 1 2
SCC DA40 650/SF2 4/VS2 630 9/VF1 13/VF2  0.9/PA1 2 4
SCC DA50 550/SF1 5/VS2 520 10/VF1 13/VF2  0.9/PA1 2 4

The development of hardened properties for compressive strength and tensile strength
for stage 2 are presented in Figure 6. The increasing percentage of ADW as filler material in
develops SCC has shown significant contribution in fresh and hardened ipopEven
though SCC DAO having slump flow diameter less than 550 mm but it is very high
workability compare to normal concrete and it is under characteristic of high flow able
(Elyamany et al., 2014)The SCC DA 30 achieves 57.9 MPa compressive strength, 4.03 MPa
splitting tensile strength and meats the entire SCC requirement. Although the SCC DA20
reach higher compressive strength values after 28 days, it has less slump flowerdientiet
time flow more than 2 seconds. Furthermore, increasing percentage of ADW to 40% and
50% has shown decreasing of fresh properties especially in slump flow diameter but it is
within acceptable range. As conclusion in stage 2, the 30% ADW was thesopfilter for
maximum slump flow diameter and having better fresh properties in SCC with related to 0.3
w/b ratio and 2% SP to cement content. Therefore, the value 30% from 12 mm course
aggregate content was the best for utilizing ADW as alternativerfiigéerial in SCC.

0.0 7 days 5.00 7 days
709 4.37
70.0 6.4 523 28 days 4.50 i 408 \ ?a— 28 days
00 | 562 570 : 57.9 58.1 400 | 382 3p OO 362 357
: - ' 53.8
513 457 150 3.05 113
50.0 ar7 300 7,86
a2 : 2.45
40.0 250

30,0 | - — e e e e e e - —
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Figure 6. Compressive strength and tensile strength for SCC DA%
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In stage 3, the fresh properties of ADW as filler material are shown in Table 6. The ADW
has been maintained 30% as filler to aggregate content for 750 mm dialmeteflow and
ADW was also design as part of cement replacement by weight. The SCC DA30/CRO in
stage 3 and SCC DA30% in stage 2 was the same proportions. It was found that, the fresh
and hardened state for both mixtures is almost the same even thowgaréhar difference
mix times. This similarity performance has proven consistency of the mix design.
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Table 6. Fresh properties for ADW as cement replacement

Mixtures Slump performance J Ring V Funnel L Box
Flows t500 (sec) 0 sec 5min H2/H1 t20 t40
SCC DA30/CRO 750/SF2 2/VS1 650 8/VF1 9/VF1 1/PA1 1 2
SCC DA30/CR10 750/SF2 2/VS1 650 9/VF1 9/VF1 1/PA1 1 2
SCC DA30/CR20 650/SF2 4/NVS2 600 10/VF1 11/VF2 1/PA1 2 4
SCC DA30/CR30 650/SF2 5/VS2 600 10/VF1 12/VF2  0.9/PAl 3 5
SCC DA30/CR40 650/SF2 6/VS2 600 11/VF2 13/VF2 09/PA1 4 6
SCC DA30/CR50 650/SF2 6/VS2 600 11/VF2 13/VF2  0.9/PAl 4 6

The development of hardened properties for compressive strength and tensile strength
for stage 3 are presented in Figure 7. The performance of ADW as cement replacement has
drawn back for fresh and hardened state while maintaining w/b ratio 0.3 and 2/4rofi
cementitious component. It has shown reduction of slump flow, compressive strength and
splitting tensile strength proportion to increasing of ADW as cement replacement. However,
the slump flow diameter is above 650 mm for all mixtures in this stagealmost similar
with previous researc{iJysal and Sumer, 201Vijayalakshmi et al., 2013Singh et al.,

2015) The reductions of slump flow were due to water demand from ADW in cement
replacement. Base on previous study, increase w/b ratio will increase slump flow, influence
bleeding, reduce compressive strength and reduce others SCC hardened performance
(EFNARC, 2002)
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Figure 7. Compressive strength and tensile strength for SCC DA30% CR%

However, utilizing of ADW as cement replacement at low replacement percentage shows
a good performance. Replacement 10% ADW has reduction of strength at 3.2%, saving 10%
of cement content, compressive strength more than 60 MPa, 700 mm slump flow diameter
and passing acceptable fresh properties requirement. Furthermore, 20% replacement was also
benefit to up to 20% saving cement content with all fresh properties in acceptable range and
compressive strength more than 50 MPa. Finally, utilization 30% cenm@ateeent was
also benefit to recycled waste in production of sustainable SCC compared with other recycled
powder(Uysal and Yilmaz, 201¥ijayalakshmi et al., 2013%ingh et al., 2016)

As conclusion, this result was satisfied when 50% cement replacement achieved 30 MPa
compreswe strength and 2.61 MPa splitting tensile strength at 28 days compared with other
researchergKanellopoulos et al., 2014Grabois et a).2016;Alyhya et al., 2016)It is also
fulfill the requirement fo fresh properties with 650 mm diameter and was confirmed easy to
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flow and having good stability. In summary, all mixtures in stage 3 are in acceptable range
for fresh properties. Finally, this is part of contribution to economy design for utilizing waste
as filler and also part of cement replacement in production of sustainable SCC
(Vijayalakshmi et al., 2013ingh et al.2016)

CONCLUSION

The aim of this work was to utilizing asphalt dust waste (ADW) as filler material into 12
mm course aggregate content and also introducing ADW as cement replacement for
sustainable SCC.

It was found that the 900 mm slump flow mdste study has been reduce to 650 mm to
750 mm diameter in SCC stage 2 and stage 3. This reduction are within 27% to 17%
depending on percentage of ADW in mixtures. The slump flow reduction was due to water
absorption from granular materials during mixprgcess.

In filler studies, the optimum compressive strength for 28 days was 70.9 Mpa at 20%
ADW with 650 mm slump flow diameter. On the other side of fresh state evaluation, the 30%
ADW was the optimum slump flow for 750 mm diameter and compressiveg#treas 57.9
Mpa. Utilization 50% ADW as filler in SCC was succesfull achievement for such sustainable
SCC utilizing by product waste.

In cement replacement studies, the 10% cement replacement shows very good potential
in term of low range replacement.ig not only performed in hardened state but also in fresh
state of SCC compared to control SCC DA30/CRO0. However, increasing CR percentage will
significantly reduce the hardened strength but it having good quality of fresh properties for
general purposand application.

ADW can be utilized as filler into aggregate content and also can be used as cement
replacement. The use of powder waste from asphalt premix plant not only reduce
environmental impact but also create cost benefit while ADW were not randedisposed
to the landfill previously. It is also an alternative and possible option to reduce natural
resources and create economy saving as well.
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Abstract

The natural fibores commonly used to enhance the brittleness of the cement matrix but
appropriate fibre should be used for a particular purpose depending upon the type of fibre and
characteristics. The Oil Palm Empty Fruit Bunch (EFB) fibre is one of the major crops in
Malaysia, which contribute large scale of waste that is durable and make it reasonable for
utilization in cement-based product. However, the presence of hemicellulose, lignin and
extractive (oil, sugar and starch) affect the performance of EFB fibre and causes an
incompatibility of EFB fibre and cement. Hence, this research is been conducted to explore the
suitable proportion of Sodium Hydroxide (NaOH) treatment for EFB fibre to increase the
compatibility of cement with EFB fibre. The NaOH concentration of 0.2%, 0.4%, 0.6%, 0.8%,
1%, 2%, 3% and 4% were used in this study as a chemical pre-treatment of EFB fibre for
surface morphology observation and hydration rate test. Meanwhile for only untreated fibre,
fibre treated with 0.4% (low concentration), 1% (medium concentration) and 4% (high
concentration) of alkali treatment were tested for tensile strength of single EFB fibre. The fibre
treated with NaOH has shown a significant different on the hydration temperature for EFB fibre-
cement mixed compared with the untreated fibre. The higher NaOH concentration, the greater
hydration temperatures obtain. The Scanning Electron Microscopy (SEM) image show that the
increment NaOH concentration applied, the rougher EFB fibre surface is observed with lesser
silica body remain. The tensile properties of individual fibre treated with NaOH (0.4%, 1% and
4%) has shown significant increment as compare to the untreated fibre with the highest tensile
properties mean value 422.90 N/mm? at 4% NaOH concentration.

Keywords: Empty Fruit Bunch; Alkaline Treatment; Tensile Strength; Hydration Rate; SEM
INTRODUCTION

Recently, the natural fibres have received significant attention to be utilized as an
alternative material for various industrial products. Fibre reinforcemenemietitious
materials still remains an exciting and innovative technology because of the basic engineering
properties of crack resistance, ductility and energy absorption that enhance the infrastructure
constructionSwamy, 2000; Irwan et al., 201Nowadays, the researchers are investigating
on new alternative sources of lignocellulose materials to replace previous fibres that are
widely used in construction indust($anjay et al., 2016)The researchers has used plant
fibres as an alternative source in composites products such as cement paste and concrete for
increasing its strength propertigdi, 2012). The natural fibres mainly used to enhance the
physical and mechanical pragies of the composite materials but appropriate fibre should be
used for a particular purpose depend upon the type of fibre and characteristics. The oil palm
empty fruit bunch (OPEFB) fibre is one of the major crop in Malaysia with a total plantation
areaof 4,304,914 hectar which contribute large scale waste such as dead fronds, empty fruit
bunches (EFB), shells and chopped trufiksh et al, 2010) The OPEFB has high cellulose
content which is durable and make itgeaable for utilization in bicomposites materials
(Sreekala et al., 2004The fresh EFB usually contains 30.5% lignocellulose, 2.5 % oil and
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67% water(Ramli et al., 2002)It was noted byChang (2014)that the component of EFB
typically comprises of cellulose (2365.0 %), hemicellulose (20.583.52 %) and lignin

(14.1-30.45 %). The physical characteristics of EFB gives differalues in terms of physical
and mechanical properties of the dsilmmposite materigiShinoj et al., 2011)

The study indicates that the EFB fibre with cement could improvedHermance and
guality of thebio-composite materialaVhereas, many supplementary natural fibres, EFB
fibres are naturally occurring composites consisting primarily of rigid, crystalline cellulose
microfibrils which are embedded in a soft, amorphougirmat hemicelluloses and lignin
(Hassan et al., 2010Furthermore, according to tR®zman et al. (2001)he oil residue from
lignin contain in EFB fibre may affect the interaction between fibres and the coupling agents.
This issue needs to be considered while usifg fibre as construction material. The natural
fibre cannot be used directly because of incompatibility between fibre and cement matrix due
to the existence of residual oil that interrupts the penetration of binding agent and affect the
properties of theimal EFBproducts. From the extensive literature review it was perceived
that many researchers carried a series of tests to improve the compatibility of fibre and cement
by using certain treatments. However, it was found that there is a gape of study on th
treatment for EFB fibre while using as a replacement material with cement composites.
Previous studies were conducted on the surface modification of EFB(lfoadim et al.
2015)to investigate the eft@ of NaOH treatment at different level of concentration on the
morphological structure of OPEFB, which proved that chemical treatment using NaOH is the
most appropriate method to remove the carbohydrate contain in the surface of EFB fibre.

Therefore, EFBibre treated with different concentration of NaOH has been carried out
in this research. To determine the suitable proportion of NaOH concentration for surface
modification of EFB fibre as a replacement material for cement based composite products.
The &perimental test for this part consist of hydration rate test, surface morphology
examination and tensile strength for single fibre. The correlation of hydration rate and surface
morphology examination used to determine the suitable range concentrahia®bf for
EFB-CB sampling. The individual EFB fibre that represent untreated fibre (UT), fibre treated
with 0.4% (low concentration), 1% (medium concentration) and 4% (high concentration) of
NaOH has been tested for tensile strength to obtain the comeletio related to hydration
and surface morphology variations.

MATERIALS AND METHODS

The EFB fibre were supplied by Tereh Oil Palm Mill located at Kluang in Johor,
Malaysia. Initially the fibres were treated with NaOH at different concentration by soaked for
the period of 24 hours as suggesteddrghim et al. (2015¢onsequety, handwashed and
oven dried to obtain 5% fibre moisture contain. Concentrations of NaOH used for treatment
were based on study bigrahim et al. (2015as 0.2%, 0.4%, 0.6%, 0.8% and to provide the
better understanding and establish the figdadditional NaOH concentration as 1%, 2%, 3%
and 4% were introduced in this research.
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Chart 1. Research methodology flow
Surface Morphology Examination

In this study, the Scanning Electron Microscope (SEM) has been used to investigate
surfacemorphology of EFB fibre. The EFB fibre used in this physical investigation consists
of untreated EFB and EFB treated with NaOH with range concentration of 0.2% to 4% (as
discussed in previous sectiofhe SEM observations were conducted in the range@f®0
500 magnifications to obtain the better view surface characteristic in order to gain deep
understanding of the different effect at various concentration of NaOH. It was also found by
Ibrahim et al. (2015andSreekala andhomas (2003)that the use of SEM image of 200 to
500 magnification is appropriate to make the conclusion through observation changes of EFB
fibre surface morphology due to variation treatmdfetot

Heat of Hydration

The previous research has been done on the compatibility test in order to define the effect
of natural fibre treated with NaOH with different concentration to the hydration rate of
cement. This test is essential to determineatheunt of NaOH, which can be used for EFB
fibre treatment, the relationship can be judged between the change of surface morphology and
the rate of EFB fibreement hydration. The heat of hydration test designed for this research
were based on the methodddy previous researchdfsshori et al, 2011; Hermawan et al.

2001; Noor Azrieda et aR009) Subsequently, the different percentage of 0.2%, 0.4%, 0.6%,
0.8%, 1%, 2%, 3% arndl% NaOH concentration used to treat the EFB fibre. Control sample
consists of cement (OPC type 1) and the mixture of untreated EFB fibre with cement.

The Ordinary Portland Cement (OPC) of 300 grams were used in this test mixed with 15
grams of fine EFB bre, then the mixture added with 130.5 mL of water. The water used for
this test was fixed at 0.4mL/g of cement weight plus 0.7mL/g of EFB fibre weight (oven dry
basis). The tests setup of hydration procedure a shown in the Figure 1. The mixture stirred fo
2 minutes in polystyrene cup. After the mixing, thermal couple (type T) was immediately
inserted approximately at the center core of EFB {denment mixture and connected to the
data logger (Midi Logger Graphtec GL220). The mixture then placed ineh@aadis flask. To
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provide better understanding of EfeBment on hydration temperature and time taken to reach
optimum temperature, the experiments were conducted for 65 hours in ambient room
temperature.

Figure 1. Hydration test setup and recorded
EFB Fibre Tensile Strength

The tensile strength test for EFB fibre was conducted based on the ASTM standard
(ASTM D3379) for single fibre. This test method covers the preparation test specimen (Figure
2), mounting specimen on testing jig, and apply the toadbtain the breaking load henceforth
calculate the tensile value. The Instron Universal Testing Machine with a 10 kisdbbadhs
employed in this test. The EFB fibre used in this test were selected based on hydration
temperature category and surfacerpmmlogical change. There were four categories of EFB
selected for tensile study; untreated EFB (UT) as a control sample and EFB treated with 0.4%,
1% and 4%. The single fiber was glued to a cardboard frame shown in Figure 2. The process
of sticking/glue EEB on cardboard conducted with carefully by placing a small amount of
adhesive (epoxy) at the marks on the mounting cardboard that define the gauge length. The
test specimens were gripped/clamped to the load train so that the test specimen is aligned
axially along the line of action of the test machine.
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Figure 2. Schematic sketch of the experimental setup for tensile test
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RESULTS AND DISCUSSION
Physical Properties

The scanning electron microscope (SEM) image with various magnification ranges from
200 to 500 was used to observe the change of surface morphology of EFB fibre before and
after pretreatment. It was found that untreated fibre clearly shown the presemsiec@f
bodies embedded in great number on EFB fibre strand as shown in Figure 3a and Figure 3b.
The silica attached to circular craters on the EFB fibre surface and spread fairly uniformly
with the rounded spiky size of 04 e m. Wh e r e a dts was dise obwineahbyl a r
Ibrahim et al. (2015)furthermorelLaw et al. (2007were also found the presence of silica
bodies on EB fibre strand with rounded spiky size distributiorl® & m.

Signal A= VPSE G3
Mag= 250X

() (b)
Figure 3. Mechanical performance and physical observation of EFB-CB fabricated from different
length of EFB fibre

The OPEFB treated with NaOH revealed that the reduction in presence of silica body as
shown in Figure 4a to Figure 4i. The OPEFB treated with NaOH at 0.2% did not show much
different appearance of the silica body. However, after the treatment with Na@id $t4%
of concentration, some of the silica body started removed from the EFB strand and leaving
the effect of crateshaped holes. The increasing concentration of NaOH used, the lower
number of silica body remained as obtained\b¥fi n et al. (2008)Ibrahim et al. (2015and
Sreekala et al. (199%yere found the reduction number of silica body on EFB fibre strand
after treated with NaOH.

Whereas, at 1% NaOH concentration (Figure 4e), it could be seen that the silica body
almost completely removed from the EFB fibre strand. However, the presence of silica bodies
was not fully decomposed and the residues still remaithe fibre strand. When the NaOH
concentrations reach at 2% (Figure 4f), the presence of silica body completely removed and
decomposed. Figure 4g showed that EFB fibre strand that treated with NaOH at 3%
concentration. It is found that, the surface &BHibre strand turn more rough and uneven.
Cratershaped hole on EFB fibre strand started damage and deformed at 4% concentration of
NaOH as shown in Figure 4h. AccordingSceekala et a(1997) the roughness surface of
fibre strand due to alkali treatment could enhance the mechanical interlocking at the interface.
However, the comprehensive discussion related to the EFB fibre treatment and change of
surface morphology to the cementtig very rare to find publish elsewhere.
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Figure 4. Scanning Electron Microscope (SEM) image at 250 magnification of Oil Palm Empty Fruit
Bunch (OPEFB) treated with Sodium Hydroxide (NaOH) range 0.2% to 4% concentration

EFB Fibre 7 Cement Hydration Rate

The cement compatibility with natural fibre is still a major problem in cement bonded
fibreboards production. While adding the certain amount of natural fibre into the cement
composite could significantly reduce the hydration temperature of mixture. kibydrate of
neat cement and cemdBEB fibre were recorded for the period of 65 hours to observe the
changing of temperature on the mixed material. Based on the Figure 6, the maximum
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hydration temperature of neat cement obtained was 52°C at 10 hours.yditzdiom
temperatures of neat cement are depend on the type of cement used, amount of cement and
water used and sample si&chackow et al.2016) On the other part, the temperature of
untreated fibre mixed with cement shows an increasing of number at 30.5°C for first 2 hours
and then gradually drop for remaining duration until reach the lowest temperature at 28°C.
The same results were recordeahfrprevious studies that clearly shows that untreated wood
fibre that contain impurities, wax, fatty substances clearly reduced the maximum hydration
temperature attaindéshori et al,2011; Hermawan et ak001) Obviously, EFB fibre could

not be used solely as a main material for the cement bonded fibreboard due to contain inherent
extractive presence in the fibre.

Conversely, the increasing of hydratitemperature was obtained for the ceriefB
fibre mixed by treated EFB fibre using different concentration of Sodium Hydroxide (NaOH).
Rising of temperature is depending on the amount of NaOH as interpret in the graph below.
Through the experimental, tiydration temperature was increase with increment of NaOH
concentration to the fibre treatment. The results can be categorized into three groups according
to their graph variation that shows a minimum differentiation of temperature between each
other. Thefirst group is EFB fibre treated with NaOH at 0.2% and 0.4% that reached
maximum temperature 38°C and 34°CQespectively at time taken 8 hours. The second group
is the fibre treated with 0.6%, 0.8%, 1% and 2% with the range temperature from 35°C to
37°Cat the time to hit the maximum temperature from 29 to 35 hours. The last group for the
EFB fibre treated with 3% and 4% of NaOH. The maximum temperature obtained from this
group were 42°C to 44°C at 11 to 15 hours.

Hydration Temperature of Neat Cement, Untreated Fibre and
Fibre with Different concentration of NaOH Treatment
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Figure 5. Hydration temperature of Neat Cement (NC), Cement-EFB Fibre (Untreated (UT), 0.2%,
0.4%, 0.6%, 0.8%, 1%, 2%, 3% and 4% of NaOH Treatment)

The EFB fibre treated with 0.4%, 1% and 4% shows a significant different on hydration
temperature of cemeiiFB fibre mixed as well as the time taken to reach the peak
temperature. In addition, the observation that have been done earlier using SEM ghows th
significant changes on surface morphology of EFB fibre can be classified into four (4) groups;
Untreated (UT), 0.4% NaOH, 1.0% NaOH and 4% NaOH. Therefore, further investigation
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for EFB fibre on tensile strength prepared based on UT (control), 0.4% N&®H
concentration), 1.0% (medium concentration) and 4.0% (high concentration).

The Change of EFB Diameter

The physical observation on the changes of EFB fibre diameter have been done for
untreated fibre (control) arfibre treated with 0.4%, 1% and 4%rxentration of NaOH. The
average diameter of EFB fibres was measured by using optical observations (Leica optical
microscope) at three different random locations along with the single fibre as recommended
by Fiore et al. (2016andNorul Izani et al. (20133ince the natural fibre cross section has an
irregular shape. With reference to the Figure 5, mesne of fibre diameters shows a
reduction with increment of NaOH concentration. The average diameter for untreated fibre
was found to be 0.479 mm while for treated fibre it was found to be 0.263 mm (0.4% NaOH),
0.251 mm (1% NaOH) and 0.240 mm (4% NaOHheTresults may be due to the alkali
treatment that removed certain amount of hemicellulose and lignin on the fibre surface as
mentioned byMohanty et al. (2001thus reduced the diameter of fibre. Thduction of fibre
diameter also discussed Biore et al. (2016after several tested on alkali treatment of fibre.

Diameter of Untreated and Treated EFB Fibre with NaOH Treatment
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Figure 6. Diameter (mm) of Untreated Fibre (UT) and fibre treated with 0.4%, 1% and 4%
concentration of NaOH

Tensile Strength of Single EFB Fibre

The mean value of tensile strength of the untreated and treated EFB fibres are presented
in the Figure 7. It was observed that thedilneatment appeared to significantly increase the
tensile strength of the fibres in relation to the untreated fibres. The results also shows that the
tensile strength of EFB fibers was increased markedly by increment of NaOH concentration.
However, this esults was contradict with findings ishiyama and Okano (1998)r the
ramie fibre where the tensile strength decreased in alkali treated due to the damage caused by
a chemical structure aenge such that cellulose in the fibre partially changes from crystalline
cellulose into amorphous cellulose.

The results showed that the tensile strength of EFB fibres was increased markedly by
alkali treatment. This may be due to the increased in crystallinity of fibres by alkali treatment.
The results are #ine with findings byNorul Izani et al. (2013hat evideny stated that the
tensile strength, Youngb6s modul us, and per
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treated fibres are higher than the untreated fibre. As mentionddbbgnty et al. (2001)

alkali treatment may depolymeritee native cellulose and delignify the fibre excessively,
which can adversely affect the strength of the fibre. It was also mentiortgal byal. (2015)

that the NaOH treatment removed binding material on fibre such as hemicellulose and lignin.

Tensile Strength of Untreated Fibre and Fibre with
Different Concentration of NaOH Treatment
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Figure 7. Tensile strength of Untreated Fibre (UT) and fibre treated with 0.4%, 1% and 4%
concentration of NaOH

As refer to the Figure 8, the graph pattern shows the increasing of tensile strength when
the diameter of fibre was decrease. The significant changes of EFB fibre diameter were due
to depolymerize of the native cellulose. Tiesults are ifine with the research babir et
al. (2013)which explained the graph pattern that trend downward was observed with the
smalle of fibre diameter shows the increment of tensile strength. The increment amount of
sodium hydroxide (NaOH) concentration affect the outer surface of EFB fibre thus caused the
fibre to shrinkage. The changes of fibre surface due to the removal of sitigaab well as
reduced the residual oil in the EFB fifgawawi et al. 2015¢ould increase the performance
of fibre. However,Cai et al. (2015) and Kabir et al. (2018ps found that, at 10%

concentration of NaOH the fibre became more brittle hence decrease the tensile strength of
fibre.

Tensile strength of EFB fibre vs Diameter of EFB
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""" A S <--» Linear (1.0% NaOH)
150 iaar o,
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Figure 8. Tensile strength of EFB fibre againts diameter for untreated and treated fibre
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CONCLUSIONS
Based on the result of this research the following conclusion can be drawn:

i. The hydration rate of EFB fibreement mix, is significantly decrease for the mixture
containing untreated fibre, while increase with the increasing of NaOH concentration
applied for fibre preareatment.

ii. The significant difference from hydration rate of EFB fioement mixed on level of
NaOH concentration which is 0.4%, 1% and 4% of alikahtment.

iii. Alkaline treatment could depolymerize the native cellulose thus increase the tensile
strength of single EFB fibre up to 4% of NaOH concentration, apart from that the
EFB fibre diameters were decreased with increasing of NaOH concentration.

iv. The utilization of EFB fibre for cement based product could be accepted with
modification surface of EFB fibre by alkali treatment using sodium hydroxide
(NaOH).
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Abstract

In recent years, the beneficial effect of sulphate reduction bacteria (SRB) to induce calcium
carbonate precipitation on the concrete structure has gradually increase great attention in the
industry. In this study, different SRB concentration (0%, 3%, 5% and 7%) and water cement
ratio (0.4w/c, 0.5w/c and 0.6w/c) was investigated in term of compressive strength and water
penetration. Since the sample curing in saline water, thus, the sample on chloride condition
also investigated accordingly. Compressive strength and water penetration test were
performed at the stage of 28™, 56, 90™, 180" and 360™ day of curing period. Test results
indicated that the best SRB concentration to be mixed in bio-concrete was 5% while 0.5w/c for
water cement ratio. Both values enhanced significantly the compressive strength and reduced
porosity and water penetration of bio-concrete. The maximum increased of compressive
strength in 0.5w/c is 58.6MPa was observed with 5% of SRB on the day 180 of curing time.
Meanwhile, the lowest water penetration was recorded on the last day (day 360) of curing with
2.93cm at the 5% and 0.6w/c of SRB concentration and water cement ratio, respectively. These
improvements were due to deposition on the SRB cells within the pore of the concrete cube as
cured in chloride water. Results of this study demonstrated the role of SRB induced calcium
carbonate precipitation in improving the concrete structure cured in extreme condition in term
of compressive strength and water penetration.

Keywords: Bio-concrete, Calcium carbonate, Chloride attack, Compressive strength, Sulphate
reduction bacteria, Water penetration

INTRODUCTION

In the surrounding area, such as in the archipelago or a long coastal area that surrounded
by sea water concrete structures used to be exposed to extreme conditions such as saline water.
This condition leads to the reduction in durability of the concretetsire due to external
factors or environmentlated factors such chemicadsi/fates chlorides and salts in the sea
area. The deposition of inorganic matter around the concrete structure can threaten the life
span of the concretdmong the threatenimfactors likefreezing and thawing, abrasion,
corrosion of steel, thehemicalattack may deteriorate the concrete significanBlivita
and Bajza2001; Azmi et al., 207)7Chemical attack can be classifiesl aracidicattack,
alkali attack, carbonation, chloride attack, leaching and sulpditdek. The threat to
be discussed and investigated in this study is chloride attack.

Chloride is regarded as extremely dangerous in causing the corropi@swéssing
steel in concreteChloride ingress on concrete is one of the most important aspects for
consideration especially in dealing with the durability of concrete. Chloride attack is
particularly important because it primarily causes corrosion of reinforcement. Statistics have
indicaied that over 40 per cent of failure of structures is due to corrosion of reinforcement
(Verma et al., 2013)Due to high alkalinity otoncretea protective oxide film is present on
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the surface of steel reinforcement. The protective passivity layer can be lost due to
carbonation. This protective layer also can be lost due to the presence of chloride in the
presege of water and oxygen (Khalid et al., 2018).réality, the action of chloride in
inducing corrosion of reinforcement is more serious than any other r@sonsawan, 2010;
Neville, 1995)

Furthermore corrosion of reinforcing steel due to chloride ingress is one of the most
common environmental attacks that lead to the deterioration of concrete structures. Gorrosion
related damage to lge deck overlays, parking garages, marine structures, and
manufacturing plantsformation about mechanisms of deterioration most studied by the
researcher(Neville et al.,, 2004) Deterioration of concrete more effect of the
environment of th system in conjunction with the strualirequirement to describe the
cause of such deterioratig§uwito and Xi, 2008)Environment factors consist of seasonal
variations freeze thaw cycling, relative huntydichemicals in thground ground water, are
the main degradation agents.

A typical durabilityrelated phenomenon in many concrete constructions is crack
formation. While larger cracks hamper structural integrity, also snellemillimetre sized
cracks may result in durability problems as particularly connected cracks increase matrix
permeability(Jonker et al., 2012; Mazenan et al., 20Ddrable concrete with theological
approach is called biconcrete in which microorganisms one of very important to
deterioration in porous materials and sealing oeteccrack§Anneza et al., 2016; Zamer et
al., 2017) However, lcteriaareunable to tolerate with alinvironmentatonditions because
there are some factors restricting the growth of bacteria such as temperature, type of growth
medium, extreme pH value and anaerobic conditaamd bacteria successfully isolated to
survive in the alkaline environment with anaerobiaditions and was called as sulphate
reduction bacterigAlshalif et al., 2016)

Theoretically, slfate reducing bacteria (SRB) requitissolved oxygen to induce the
corrosion cycle and thbacteria are not able to tolerate with extreme pH vdllreler the
acidic condition, these bacterizells hydrolyze or enzyme inactivate. If the surrounding
environment of the SRB is in alkaline condition, the enzymes work very well. The pH value
plays an important role in microbial life that will influence the dissociation and solubility of
many molecles that indirectly influencenicroorganisnresearch methodologies, especially
those incorporating the biologicatfect on concretd.he study of sulphate reduction bacteria
isolated from acid mine water the results showed that optimal pH for growthioonsli9.35
(Irwan et al., 2016)The bacteria incorporation in concrete reduces mass variation, volume
variation (higher age) and water absorpii@Gandhimathi and Suji, 2015)

Therefore, the objective of this study is to investigate the effect of sulpdduetion
baceria (SRB) concentrations as influenced by water cement ratio (W/C) regarding the
chloride attack during curing period up to 360 days on the compressive strength profile and
water penetration test.
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MATERIALS AND METHODS
Isolation of sulphate reduction bacteria

Sulphate reduction bacteria (SRB) used in this study was collected fromiaeigdater
located in Sungai Pelepah Kota Tinggi, Johor, Malaysia. Sample isolation and preparation of
the inoculum followsAlshalif et al. (2016) SRB was enriched under special environment to
tolerate the highlkalinity and anaerobic conditions for ensuring sltain in the concrete.

In this study,sodium chloride (NaCl) was added to simulate chloride environment during re
culturing SRB that previously isolatedherefore as requirementBS EN 13396 :2014f i
increases the durability of concrete as it would prevent water seeping as a culprit in causing
carbonation of steel and end up to threaten the whole building to be less doréiigestudy,
reduction of water seeping also minimizing penetration ofs8#um chloride that already
dissolve in curing water. Chloride is a vital cause in creating corrosion of any steel material
in concrete structure, thus reducing concrete durability (Nosouhian et al.. ZHb)
compositions of media in feulturing SRB proess were prepared as follow:

a) Control = 25mli(nutrient broth) + 10 ml ( 3% NaCl) = 35ml
b) SRB sample = 25mli(nutrient broth) + 10ml ( 3% NacCl) + 1 bead of SRB =35ml|

Bio-concrete preparation

The bacteria growth curve was plotted based on daily absorbatieelcteria until the
bacteria reach optimum growth condition. Before fabricating concrete, the bacteria are re
grown according to the optimum growth day following bacteria growth c@eeconcrete
mixture was designed according to DOE. The fabricatfoconcrete was done according to
BS 1881125:2013 (British Standard, 2013). Concrete mix proportion was ugilif¢eeent
percentage of SRB concentration as influenced by 0.4 w/c, 0.5 w/c and 0.6 w/c to achieve the
target strength as tabulatedTable 1. Ordinary Portland cement was obtained from local
manufacturer which consist the composition and specification complying with all
requirements defined by BS EN }272000. The size of fine aggregate was below 5mm while
coarse aggregate was in the ranged@gnm. Whereas, theequiredsize of aggregate in
concrete used sieve analysis test which conducted according to BS 882:1992. All procedure
in preparation of bi@oncrete based according to BS 1-825:2013 (British Standard, 2013).

Table 1. Mix proportion of bio-concrete with different percentages of SRB prepared for fabrication

Percentage Cement Water Fine Coarse
(%) of bacteria (kg/m?3) (kg/m?3) aggregate aggregate
(kg/m?) (kg/m?)
0% 420 210 685 1115
3% 420 207.9 685 1115
5% 420 203.7 685 1115
7% 420 199.5 685 1115

Test procedure

Mechanical propertieseststhat were performedis compressive strength and water
penetration test. All tests for both compressive strength and water penetration were conducted
in triplicate samples. The cube®ldsof 150mm x 150mm x150mm were prepared both with
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and without (SRB). In order to simulatelaride condition, concrete specimens were cured in
3% NaClfor 28", 56", 90", 180" and 36@ days. Compressive strength test was performed
according to BS EN 12398:2009 (British Standard, 2009) and BS EN 128%D09 (British
Standard, 2009)using universal testing machine (UTM). Water penetration test was
conducted according to BS EN 12380n order to determine the increase in resistance
towards water penetration in concrete specim@rgtish Standard, 2009

RESULTS AND DISCUSSION
Compressive strength test

Results on the compressive strength otdwacrete specimens prepared with different
SRB percentage (3%, 5% and 7%) as influenced by W/C ratio (0.4, 0.5 and 0.6) are presented
in Figure 1 and Table 2. All specimens had been tested after achieving nateotycrete
on the day 28, 56, 90, 180 and 360.

As shown in Figure 1A, specimens containing 0.4 W/C ratio with bacterial (SRB) showed
aconsiderabléncrease in the compressive strength (MPa) compared to control specimen. On
the day 90, the highest conegsive strengthccurredat 3% of SRB (64.5 MPa) followed by
5% of SRB (46.97 MPa) and 7% of SRB (34.23 MP&)e drasticreduction had been
observed at 3% of SRB on the day 180 of curing time where the compressive strength reduced
from 64.5 MPa on the ¢e00 to 46 MPa on the day 180. However, this value still higher than
the minimum requirement of compressive strength of concrete grade 30 (30 MPa) in which
had been simulated in this study. Meanwhile, 5% and 7% of SRB were increasing gradually
in compressie strength on the day 180 of curing time up to 65.57 MPa and 55.5 MPa,
respectively. If compared to control specimen atmpressivatrength of bieconcrete in 0.4
WI/C ratio on the day 180 of curing time increased up to 12.4%, 38.4% and 27.26% for 3%,
5% and 7% of SRB, respectively. It indicated that 0.4 W/C ratio in concrete mixture highly
influence the strength after 180 days of curing in 5% and 7% of SRB (Figure 1A).

Since the specimens of bimncrete were tested after reaching the post maturnitydhe
there was no significant increment of compressive strength for 0.5 W/C ratios (Figure 1B) on
the day 28, 56, 90 and 180 of curing time. Most of $pecimenswith different SRB
percentage including control specimen showed no major changes in thessingstrength.
Yet in Figure 1B, on the day 180 of curing time, there was a clear tremmtrefisein
compressive strength for all specimens (3%, 5% and 7% of SRB) including control specimen.
By applying 0.5 W/C ratio, theompressivstrength of speniens at 3% of SRB hagppeared
as the highest up to 63.9 MPa while for 5% and 7% of #8858.57 MPa and 58.7 MPa,
respectively. This increment waguivalento 13.1%, 5.2% and 5.4% for 3%, 5% and 7% of
SRB, respectively compared to control specimen ¢g0%RB) on thdastday of curing time
(180 days).
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Table 2. Compression test of concrete with different SRB percentage

Curing time . Compression strength, MPa
(days) WIC ratio Control 3% SRB 5% SRB 7% SRB
0.4 44.27+1.23 49.33+£0.43 45.33+£0.47 46.53+1.27
28 0.5 42.23+1.36 45.50+£0.53 46.60+£1.21 47.20+0.67
0.6 27.60+£0.49 30.77+0.41 23.63+0.32 29.17+£1.14
0.4 41.03+£0.62 49.47+0.65 49.53+£0.85 47.57+0.30
56 0.5 42.23+1.36 49.47+0.65 49.53+0.85 47.57+0.30
0.6 35.97+1.44 34.90+1.87 26.93+0.22 33.00+0.72
0.4 47.23£1.41 64.50+0.68 57.43+1.23 46.60+0.72
90 0.5 43.30+1.27 46.97+1.44 53.87+1.92 48.50+0.29
0.6 34.60+0.47 34.23+0.33 35.03+0.90 28.83+1.01
0.4 40.37+£0.29 46.00+5.44 65.57+1.23 55.50+1.80
180 0.5 55.53+1.75 63.90+0.86 58.57+1.53 58.70+1.84
0.6 34.97+0.97 43.10+£1.49 37.83+0.90 38.67+0.61
0.4 39.83+1.27 63.23+1.72 62.80+1.73 62.80+1.41
360 0.5 41.23+3.14 46.97+2.15 57.33+2.47 53.37+3.13
0.6 34.87+2.29 42.27+£0.23 52.53+2.58 37.00+0.70

Similarly, specimens in 0.6 W/C ratio with different SRB percentage also depicted the
same trends in term of compressive strength. After 56 days of curing, 0.6 W/C ratio specimens
with different SRB percentage showednsiderablyincrease the compressivérength
compared to 28 days of curing (Figure 4.1C). The compressive strength ebmststnuntil
90 day ofcuringtime for all sample, except 5% of SRB. A quick increment in compressive
strength at 5% of SRB specimen was recorded about 35.03 MPa dayt89. Besides,
fluctuate reading had been observed for 7% of SRB specimen during the curing time.
However, on the day 180, 7% of SRB in 0.6 W/C ratio specimens had increased up to 38.67
MPa while for 3% of SRB was 43.1 MPa and for 5% of SRB was 37.83 Mifsincrement
represents about 18.9%, 7.6%, 9.6% for 3%, 5% and 7% of SRB, respectively compared to
control specimen (0% of SRB).

The current findings enhance the understanding of varies in W/C ratio produce different
compressive strength of bamncrete as influenced by different SRB percentage (3%, 5% and
7%). Thus, it was found that the higher W/C ratio causes a decrease imthegsive
strength value as on the last day of curing time (Table 4.1). This was probably due to the
excessive water content in the {moncrete mixture leads to weak in compression strength.
However, individual comparison (0.4, 0.5 and 0.6 W/C ratio)akekthat each W/C ratio
was increased in term of compressive strength during the curing time. In fact, all different
SRB percentage specimens indicated a good compression strength compared to control
specimen. Similar findings had also been reported bthanresearchéBabu and Siddiraju,

2016; Balam et ak017; Kalhori and Bagherpour, 201Bpbu and Siddiraju (2016¢ported

that 5% of bacteria (species not specify) slightlyéase the compressive strength (49.5 MPa)

of bio-concrete compared to concrete without bacteria at 28 days of curing time. Thus, this
research contributed to a new finding of simulaeddoincrete in 3% NaCl that was slightly
different from previous studse

Theoritically, pores in bi@oncrete are partially filled up by material growth with the
addition of bacteria in which leads to increased density of the concrete stfBagthand
Siddiraju, 2016)Meanwhile (Balam et al., 2017)sed bacteriaSporosareina pasreajiifor
remediation of lightweight aggregate concrete on compressivegiréound that 26%
remarkable increment of specimen tested after 150 days of curing Kiafigori and
Bagherpour (2017appliedBacillus subtilisfor repairing crack of concrete indicate 30%
increase in the compressive strength of bacteria concrete gpsctompared to control
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specimen. This situation occurred because of the bacteria precipitation of calcium carbonate
on the surface and in the pores of the specir(tcakhori and Bagherpour, 2017)

As in this study, 3%, 5% and 7% of SRB significantly influenced the compressive strength
of bio-concrete. Howver, the best bacteria (SRB) percentage to be used was at 5% for 0.4
WI/C ratio and 3% for both 0.5 and 0.6 W/C ratio. In theory, the inclusion of microorganisms
especially bacteria has increased the compressive strength of concrete. For instance,
insignificant improvement in the compressive strength of cube specimens without bacteria
compared to biwoncrete. The strength improvement in-bancrete is due to calcite
precipitation by bacteria reaction in the specimens it@¢€tishnapriya et al., 2015)
Furthermore, this positive impact of the presence of bacteria on compressive strength of bio
concrete could be because of the intestiaucture of specimens. Basically, fwoncrete is
still porous during initial curing time, permitted to the influx of nutrients, water, oxygen and
thereby facilitated the growth of bacteria cells, resulting in the precipitation of calcium
carbonatgAlonso et al., 2017)The same mechanism happened in the present study where
the addition of SRBn conventional concrete improved the strength and durability of the bio
concrete. Thus, the behaviour of increased compressive strength with bacteria cell can be
explained(Vijay et al., 2017) By introduéng the SRB in concrete, precipitation of calcite
was higher in bieconcrete compared to control specimen and simultaneously enhance the
compressive strength properties of thediacrete.

Water penetration test

The trends for influence water cemeniad0.4, 0.5 and 0.6 W/C) on water penetration
on bioconcrete when the factors were varied over the different percentage of bacteria (3%.
5% and 7% of SRB) are shown in Figure 2 and Table 3.

From Figure 2A, it can be seen that all specimens on 0.4 W@ 80 high different in
water penetration test for day 28 until day 360.-8ocrete sample indicated low in water
penetration compared to control sample. For example, control sample on the day 56 to day
360 obviously higher up to 14.53cm. It proved thiatconcrete specimens do not give major
effect on the water penetration after reaching the maturity level afdmorete which is 28
days onwards. Different for 0.5 W/C (Figure 2B) and 0.6 W/C (Figure 2C) where high water
penetration test was observed the day 28 of curing time. However, after 56 days to 360
days, there were no significant differences exist on water penetration testfonbrete.

By comparing the all specimens on the last day of curing time (360 days), the lowest
water penetratiofor 3% of SRB was at 0.6 W/C which is 3.37 cm followed by 0.5 W/C (3.43
cm) and 0.4 W/C (3.63 cm). For 5% of SRB, on the day 360, 0.6 W/C also had been observed
to obtaining the lowest water penetration test about 2.93 cm while 0.4 W/C and 0.5 W/C was
3 cm and 4.13 cm, respectively. Furthermore, when specimens mixed with 7% of SRB, the
best value of water penetration was at 0.5 W/C with 2.6 cm. Accordingly, the overall result
of water penetration test, the most appropriate water cement ratio is 0.5\8#QHss ratio
obtained the lowest water penetration compared to 0.4 W/C and 0.6 W/C.

The improvements of water penetration in-Bioncrete as in this study also supported by
the previous studgAlshalif et al., 2016; Irwan et al016; Kalhori and Bagherpour, 2017)
The mechanism of this activity can be further explained affected by calcium carbonate
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precipitation in the bieoncrete specimen. Therefore, the addition of bacteria (SRB) irto bio
concrete has improved the concnetger permeability by producing calcium carbonate which
reduces the pores at a faster rate. Since water penetration is a measurement for durability,
concrete structure increase with the reduction of water penetration.

Thus, the potential of stee€inforcement to corrode and deteriorate can be avoided
wisely. In this study, the significant decrease water penetration kgohitrete compared to
control specimen is due to the precipitation process which calcium carbonate plugs the pores
within the cacrete matrix. This plugging of pores decreased the water penetration in the
concrete. Other than that, improvement in water penetration also due to the present of calcium
source acts as a booster to further deposit more calcium carbonate which sodirterapar
the availability of calcium from cement used. Consequently, once the pores are sealed,
reduction in water ingress is observed. This bacterial action deposition can seal the pores,
voids and microcracks where other sealants are unable to work thitoddterefore, it
increases the durability of concrete as it would prevent water from seeping into concrete to
cause carbonation of steel and chlorination which would jeopardize the strength of the
structure and cause the whole building to be less dutadreintended (Chahal et al., 2012).
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Figure 2. Water penetration with different percentage of SRB. A) 0.4 W/C ratio, B) 0.5 W/C ratio and
C) 0.6 W/C ratio
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Table 3. Water penetration test of concrete with different SRB percentage as influenced by W/C ratio

Curing time . Compression strength, MPa
(days) WIC ratio Control 3% SRB 5% SRB 7% SRB
0.4 4.17+0.44 2.831£0.17 2.33£0.17 4.17+0.17
28 0.5 14.13+0.23 13.33£071 13.00+0.51 12.63+0.47
0.6 12.97+0.28 11.97+£0.24 12.67+£0.43 12.27+£0.50
0.4 14.53+0.23 2.27+£0.49 2.73£0.43 2.67+0.34
56 0.5 14.53+0.23 2.27+£0.20 2.73£0.43 2.67+0.34
0.6 14.53+£0.23 2.57+0.07 2.73+0.43 3.00+0.61
0.4 13.30+£0.10 3.43+£0.07 3.80+0.29 2.37+£0.47
90 0.5 13.30+0.10 3.43+0.07 3.80+0.29 2.37+0.47
0.6 13.30+0.10 3.43+0.12 3.93+0.19 2.37+0.47
0.4 13.10+0.46 3.60+0.19 3.53+£0.56 2.67+0.23
180 0.5 12.97+£0.19 3.57+0.09 3.97+0.13 2.83+0.15
0.6 12.80+0.26 3.53+0.18 4.23+0.07 2.47+0.44
0.4 13.43+0.15 3.631£0.18 3.00£0.06 3.10+£0.42
360 0.5 13.57+0.32 3.43+0.09 4.13+0.15 2.60+£0.12
0.6 13.67+£0.15 3.37£0.15 2.93+£0.27 3.17+£0.19
CONCLUSION

The present study was designed to investigate the effect of sutplatgionbacteria
(SRB) on compressive strength and water penetration as influenced by water cement ratio
(w/c) regarding bieconcrete structure on chloride condition. The results of this investigation
showed that the best water cemetinis 0.5w/c while the ms&t appropriate concentration of
SRB is 5%. These findings were obtained according to the highest compressive strength
observed during curing period and the lowest water penetration results. More broadly,
research is needed to determine the flexural stnetegt on the biconcrete combined with
further investigation in aggressive condition such as chloride attack. Thus, this innovation can
be applied as the newest alternative in construction especially for structures built on coastal
areas.
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Abstract

Coal ash is a residue which was produce during the combustion of coal. Coal fly ash (FA), coal
bottom ash (CBA) and boiler slag was primarily produced from the combustion process.
Unfortunately, the existences of metallic elements in CBA cause the limitation to use CBA in
industries. Extensive researches have been carried out to reduce heavy metal element in CBA.
From previous studies, the strong acid leaching treatment was carried out to remove metallic
impurities in CBA. The usage of strong acid could significantly hazardous to human and
environment. In this study, the leaching process was done by replacing the usage of strong
acid with citric acid which acted as weaker acid. Experimental result shows that the acid
leaching treatment has potential to be used in reducing metallic elements in CBA under
optimum solution temperature of 40°C with 4% acid concentration at 60 min reaction period.
The characteristic of CBA was also determined by comparing the SEM, particle distribution,
specific gravity, water content and setting time of raw CBA with treated CBA.

Keywords: Coal bottom ashHeavy metal; Leaching treatment
INTRODUCTION

Combustion of coal in power plant station produces coal bottom ash CBA consisting of
mostly incombustible inorganic and organic matter that is not fully burned. With a growth in
coal burning power station, aipe amount of CBA which considered as hazardous waste
material were conventionally disposed on site without any commerlization purpose. Instead
of dumping, CBA have a huge potential to be used in industries including as fine aggregate
replacement (Cheriait al., 1999; Senin et al., 2016) and construction material (Aggarwal and
Siddique 2014). Reviewed made b{Kim and Lee, 2015proved that CBA has been
conventionally used as soil replacementavgl for embankment, structural fill, road
construction and various cement prodBasides, a good pozzolanic reaction between CBA,
OPC and water makes it possible to be used as cement replacement in concrete mixture
(Bajare et al., 2013)rhe use of industrial bgroduct as partial replacement material is found
to be significant for the development of alternative construction comg®as substitution
to the traditional materials (Pahroraji et al., 2016; Shahidan et al., 2016; Sheikh Khalid et al.,
2017; Shahidan et al, 2018).The major problems related to CBA disposal are probably due to
the presence of heavy metals in the residine. 8xistence of heavy metal elements in CBA
such as Copper (Cu), Nickel (Ni), Chromium (Cr), Zinc (Zn), Lead (Pb), Manganese (Mn),
Ferum (Fe) and Arsenic (As) resulting the classification of CBA in Malaysia under the
Schedule Waste (SW 104) Environmentab(}ty Act. After the coal burnings process, toxic
pollutants mainly released into the atmosphere which consequently leach out and contaminate
soils, as well as surface water and groundwéBaba andKaya, 2004)These elements
contained in the CBA have the ability to leach from them and thus enter the environment
where they can accumulate in the environment. In addition, the existence of those elements in
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the ash could pollute the environment amde a danger to public health and therefore an
effective treatment need to be done to overcome this problem. Leaching treatment is a proper
route to reduce heavy metal element in CBA. Previous researcher have proved the usage of
strong acid such as sodiwride (NaOH)Rashidi and Yusup, 26}, Nitric acid (Amfo-Otu

et al., 2015and ammonium oxidfAugustine et al., 2016yere conventionally used in acid
treatment to reduce heavy metal in CBA. However, these agents is hazardous that may affect
the environmenand human health.

MATERIAL: COAL BOTTOM ASH

Tanjung Bin power plant is one of the power plant that using coal to produce electricity.
Previous research reported that, Tanjung Bin power plants need approximately 18, 000
ton/day of coal to generate electricity(Muhardi et al., 2010; Shahidan et Hl;, RAmzi et
al., 2016). Due to the large usage of coal, a huge amount of waste such as fly ash, bottom ash
and boiler slag will be produced and it is considerable in disposal concern because of the
increasing requirement for an ash storage siiieéhardi et al., 201Q)hence, this will
increase the expanse to manage coal waste in large area that could lead to environmental
problem to the futuréFaizul et al., 2014)

Table 1. Heavy metal compound in CBA

Compound Concentration (%)

Pb 0.0016

Cu 0.0055

Ni 0.0071

Zn 0.0092

Cr 0.0118

As 0.0014

Fe -

Mn

METHODOLOGY: ACID LEACHING TREATMENT

Generally, leaching refers to the disposal of a substance from solid via a liquid extraction
media. The required component diffuses into the solvent from its natural solid form. In the
leaching process, there are three important parameters to be focusdd amdn the
temperature, contact time per area and solvent selection. The concentration and temperature
and temperature of citric acid solution and stirring time were selected as the operating
parameter since the chelate reaction on metal impurities degemnl the stated parameters
(Faizul et al., 2013)The temperature can be adjusted to optimize the solubility and mass
transfer throughout leaching process. There tare categories of leaching which are
percolation and dispersed solid. For percolation, the solvent was contacted with solid in a
continuous or batch method. Percolation method normally used for huge amount of solid. In
dispersed solids, the solid usuallyshed into solid small pieces before being contacted with
solvent. Previous studies clarified that the heavy metal content in ash can be reduce by
extraction and leaching treatment (Sarode et al., 2010; shahidan et al., 2016). Coal bottom ash
that was cdected from Tanjung Bin was used as raw material which contains heavy metal
compound. According to method proposedsbyeral reserche(¥ahya et al., 2017 Faizul
et al., 2013)40g of CBA with mean particle size of 45um was weighted and put into 1000
mL citric acid solution in beaker. The concentration and temperature of citric acid solution
were selecteds operating parameter during leaching process while the stirring period was
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recorded at 60 min. The acid concentration was gradually controlled from 2% to 5% by
changing the mixing ratio between distilled water and citric acid powder. Then, the beaker
was placed on the hot plate magnetic stirrer and the solution temperature was changed from
30°C to 60C. After leaching process was done, water rinsing treatment was carried out in the
distilled water to removes excessive citric acid content from the ashtr@dted CBA was

dried in the oven at 6C for 60 min. the material then was combusted at@®6r 30 min in
furnace. The air flow rate in the combustion was set at 2 ml/s until the combustion process
end

TESTING

All testing was done by comparing thesult of OPC, Raw CBA and Treated CBA. The
characterizations of raw and treated CBA were determinedsbyy Scanning Electron
Microscopy (SEM), Specific gravity, and Particle size distribution test. The specific gravity
of OPC, raw and treated CBA wagealenine by following the procedure defined in ASTM
D854-98. Particle size distribution was carried out by using particle analyzer (Analizette 22
Micro Tec Fritsch GmbH) on the original software. While the chemical properties of treated
CBA were determinebdy using XRF analysis. 40 pellet sample of treated CBA were prepared
and compared to the raw CBA sample. Water consistency test, setting time test was done on
cement paste by referring to ASTM C187

RESULT AND DISCUSSION
Chemical compositions
Effect of Solvent with Acid Concentration

The reaction between solvent and acid concentration is one of the important factor to
achieve good result after leaching treatment. Table 2 shows the chemical composition of CBA
after acid treatment via citric acid sobrt with controlled concentration of 2, 3, 4 and 5 %.
From the experimental result, the heavy metal concentration of Pb, Cu, Ni and Cr tend to
increase compared to control CBA when 2% of acid concentration was used during leaching
treatment. Expectedly, ¢hacid concentration increase at 3% and 4%, most of heavy metal
concentration decreases including metallic compound of Pb, Cu, Ni and Cr. But the heavy
metal concentration of Pb, Cu, Ni and Cr unexpectedly increase when the acid concentration
increase to%. The heavy metal concentration of Zn and As maintain decrease when the acid
concentration increase.

Table 2. Concentration of heavy metal elements in CBA after acid leaching treatment with differences
acid concentration

(a) 2% of acid concentration
Heavy metal concentration (%)

Compound Control 2%, 30iC__ 2%, 40iC___ 2%, 50iC 2%, 60iC___ 2%, 70iC
Lead (Pb) 0.0016 0.0027 0.0028 0.0026 0.0018 0.0017
Copper (Cu) 0.0055 0.0063 0.0062 0.006 0.0058 0.0055
Nickel (Ni) 0.0071 0.0077 0.0131 0.0126 0.0073 0.0082
Zinc (zn) 0.0092 0.0055 0.0048 0.0047 0.0068 0.0048
Chromium (Cr) 0.0118 0.0090 0.0514 0.0338 0.0450 0.0370

Arsenic (As) 0.0014 0.0009 0.0011 0.0008 0.0011 0.0009
Mangenese (Mn) - - - - - -
Ferrum (Fe)
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(b) 3% of acid concentration

Heavy metal concentration (%)

Compound
Control 3%, 30iC 3%, 40iC 3%, 50iC 3%, 60iC 3%, 70iC

Lead (Pb) 0.0016 0.0015 0.0013 0.0025 0.0017 0.0018
Copper (Cu) 0.0055 0.0056 0.0054 0.0059 0.0055 0.0052
Nickel (Ni) 0.0071 0.0068 0.0069 0.0118 0.0072 0.0087
Zinc (Zn) 0.0092 0.0062 0.0059 0.0046 0.0066 0.0049
Chromium (Cr) 0.0118 0.0096 0.0171 0.0357 0.0133 0.0099
Arsenic (As) 0.0014 0.0011 0.0012 0.0009 0.0008 0.0011

Mangenese (Mn) - - - - - -
Ferrum (Fe) - - - - - -

(c) 4% of acid concentration

Heavy metal concentration (%)

Compound
Control 4 %, 31 4%, 41 4 %, 50 4%, 6( 4%, 7 (

Lead (Pb) 0.0016 0.0015 0.0014 0.0016 0.0019 0.0018
Copper (Cu) 0.0055 0.0056 0.0055 0.0057 0.0053 0.0051
Nickel (Ni) 0.0071 0.007 0.0071 0.0076 0.0078 0.0085
Zinc (Zn) 0.0092 0.0063 0.0057 0.0049 0.0050 0.0048
Chromium (Cr) 0.0118 0.0092 0.0087 0.0094 0.0113 0.0100
Arsenic (As) 0.0014 0.0008 0.0010 0.0010 0.0008 0.0010

Mangenese (Mn) - - - - R R
Ferrum (Fe) - - - - R R

(d) 5% of acid concentration

Heavy metal concentration (%)

Compound
Control 5%, 30iC 5%, 40iC 5%, 500C 5%, 60iC 5%, 70iC
Lead (Pb) 0.0016 0.0016 0.0018 0.0017 0.0018 0.0017
Copper (Cu) 0.0055 0.0055 0.0054 0.0057 0.0054 0.0052
Nickel (Ni) 0.0071 0.0074 0.0078 0.0073 0.0085 0.0083
Zinc (Zn) 0.0092 0.0053 0.0051 0.0051 0.0050 0.0052
Chromium (Cr) 0.0118 0.0097 0.0109 0.0106 0.0100 0.0111
Arsenic (As) 0.0014 0.0008 0.0010 0.0010 0.0007 0.0008

Mangenese (Mn) - - - - - -

Ferrum (Fe) - - - - - B,

Effect of Solution Temperature

Table 3 shows thehemical composition of CBA after leaching treatment was done under
different solution temperature. Some researchers had done leaching treatment under ambient
temperature. The solution temperature highly effects the heavy metal concentration after
leachingtreatment especially for heavy metal Pb, Cu and Ni. A€36oncentration for Cu
shows some increasement but the heavy metal of Pb and Ni decrease at certain acid
concentration. But, the concentration of heavy metal Pb, Cu and Ni continuously show a
higher value compared to control CBA when the solution temperature was changed to 50, 60
and 70C.
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Result shows that the use of high temperature can increase the leaching performance but
the use of organic acid with high temperature seems to be limited diesv tboiling
temperature and the decomposition of citric acid. The temperature tends to vaporize the acid
and distilled wate(Gharabaghi et al., 2010)

Table 3. Concentration of heavy metal elements in CBA after acid leaching treatment with differences
temperature

(&) 3 0 ofssolution temperature

Heavy metal concentration (%)

Compound
Control 30iC, 2% 30iC, 3% 30iC, 4% 30iC, 5%

Lead (Pb) 0.0016 0.0027 0.0015 0.0015 0.0016
Copper (Cu) 0.0055 0.0063 0.0056 0.0056 0.0055
Nickel (Ni) 0.0071 0.0077 0.0068 0.0070 0.0074
Zinc (Zn) 0.0092 0.0055 0.0062 0.0063 0.0053
Chromium (Cr) 0.0118 0.0090 0.0096 0.0092 0.0097
Arsenic (As) 0.0014 0.0009 0.0011 0.0008 0.0008

Mangenese (Mn) - - - i, -
Ferrum (Fe) - - - - -

(b) 4 0 ofsolution temperature

Heavy metal concentration (%)

Compound
Control 40iC, 2% 40iC, 3% 40iC, 4% 40iC, 5%

Lead (Pb) 0.0016 0.0028 0.0013 0.0014 0.0018
Copper (Cu) 0.0055 0.0062 0.0054 0.0055 0.0054
Nickel (Ni) 0.0071 0.0131 0.0069 0.0071 0.0078
Zinc (Zn) 0.0092 0.0048 0.0059 0.0057 0.0051
Chromium (Cr) 0.0118 0.0514 0.0171 0.0087 0.0109
Arsenic (As) 0.0014 0.0011 0.0012 0.0010 0.0010

Mangenese (Mn) - - - R -
Ferrum (Fe) - - - - -

(c) 5 0 ofsolution temperature

Heavy metal concentration (%)

Compound
Control 50iC, 2% 50iC, 3% 50iC, 4% 50iC, 5%

Lead (Pb) 0.0016 0.0026 0.0025 0.0016 0.0017
Copper (Cu) 0.0055 0.006 0.0059 0.0057 0.0057
Nickel (Ni) 0.0071 0.0126 0.0118 0.0076 0.0073
Zinc (Zn) 0.0092 0.0047 0.0046 0.0049 0.0051
Chromium (Cr) 0.0118 0.0338 0.0357 0.0094 0.0106
Arsenic (As) 0.0014 0.0008 0.0009 0.0010 0.0010

Mangenese (Mn) - - - R -
Ferrum (Fe) - - - - -
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(d) 6 0 ofssolution temperature

Heavy metal concentration (%)

Compound
Control 60(C, 2% 60(C, 3% 60iC, 4% 601 C, 5%

Lead (Pb) 0.0016 0.0018 0.0017 0.0019 0.0018
Copper (Cu) 0.0055 0.0058 0.0055 0.0053 0.0054
Nickel (Ni) 0.0071 0.0073 0.0072 0.0078 0.0085
Zinc (Zn) 0.0092 0.0068 0.0066 0.0050 0.0050
Chromium (Cr) 0.0118 0.0450 0.0133 0.0113 0.0100
Arsenic (As) 0.0014 0.0011 0.0008 0.0008 0.0007

Mangenese (Mn)
Ferrum (Fe)

(e) 7 0 ofssolution temperature

Heavy metal concentration (%)

Compound
Control 70iC, 2% 70iC, 3% 70iC, 4% 70iC, 5%

Lead (Pb) 0.0016 0.0017 0.0018 0.0018 0.0017
Copper (Cu) 0.0055 0.0055 0.0052 0.0051 0.0052
Nickel (Ni) 0.0071 0.0082 0.0087 0.0085 0.0083
Zinc (Zn) 0.0092 0.0048 0.0049 0.0048 0.0052
Chromium (Cr) 0.0118 0.0370 0.0099 0.0100 0.0111
Arsenic (As) 0.0014 0.0009 0.0011 0.0010 0.0008

Mangenese (Mn)
Ferrum (Fe)

Characterization of CBA
Scanning Electron Microscope (SEM)

Figure 2 and Figure 3 shows a SEM photomicrograph of Tanjung Bin CBA with mean
particles of 75 um which was taken at magnification of 500,300 and 50. Result shown in
Figure 1 (a) and Figure 2 (a) shows that, majority of raw CBA partieee wrregular,
spherical and angular in term of shape. The ash consists of a series of spherical vitreous
particles of different size with diameters ranging from 20 um to 100 um. Bottom ash particles
appeared to be in three type which is fine fractiorhattered bottom ash particle, spherical
particles like fly ash and agglomerates of bonded partidieshardi et al., 2010)The
existence of finer particle shows an appearance of metallic lustre andbeothé metals
presents in coal bottom agRollock et al.,2000)Figure 1 (b) shows a lot of finer particle
which were observed on the surface of larger particle compared to the treated CBA on Figure
2 (b). The less existence of finer particle on Figure 2 (b) may be due to the successful of acid
leadhing treatment using citric acid that has been done.
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Figure 1. SEM image of raw CBA
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(a) 100 magnification (b) 1200 magnification
Figure 2. SEM image of treated CBA

Particle Distribution

Figure shows theomparison of particle distribution between raw CBA and treated CBA.
From the graph, the maximum coarse particle ranges between 20 to &0egnmmot show
significant differencesvhere the weight for raw CBA was 35.06% while treated CBA shows
37.56%. Meanwite, 37.62% of raw CBA and 27.50% of treated CBA was observed with
particle range from 10 to 20 um. The average value percentage of the particles smaller than
5em of raw CBA and treated CBA was 17.79%

From this test, the resulshow for raw CBA obtained from Tanjung Bin power plant
contained the | east fine particles (5% < 2
particle decreases to (5% < 2.226 em) The
from the particle dianteer at 50% of the cumul ative fr ac
raw CBA and 16.793 em of the particles
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Figure 3. Comparison of particle distribution between raw CBA and treated CBA
Specific gravity

The graphical data in Fig 4 shows that, the spegifvity of treated CBA was the lowest
with value 2.28 compared to OPC and raw CBA. While OPC shows the highest specific
gravity with value of 2.82. previous research also shows that the specific gravity of CBA was
lower than OPQAbubakar and Baharudi2012) The lower specific gravity of CBA may
due b the porous structure and pogrn like particles where it could be easily degraded under
loading compaction. The state of the material at the time it was utilize could affect the specific
gravity since raw CBA was dried using oven and treated CBA wabwsisd in furnace.
Normally, the specific gravity of coal bottom ash depending on their type, origin, size,
handling and processing technique, boiler size and disposal method and storage method
(Abubakar and Baharudin, 201Previous researcher reported that, the wide rargpeitific
gravity was associated with the chemical composition of CBA. Low iron oxide content
resulting in lower specific gravity and vice versa.

282 Specific Gravity
2.31 2.28
OPC Raw CBA Treated CBA

Figure 4. Graphical data for all samples

Water Consistency and setting time

Normal consistency and setting time of OPC, raw CBA and treated CBA are shown in
Table 4. The normal consistency of cement paste was 26.8%. it was proved by previous
research where they found that the water consistency of normal cement paste usu@éy in ran
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of 26-33% (Abubakar and Baharudin, 201leanwhile, results in Table 4 shows that the
water consistency for raw CBA and treated CBA were increase with the increase of CBA
replacement. It indicate that the increase of CBA replacement on OPC resultedimitgine
requiremen{Chai Jaturapitakkul, 2003leantime, it was identified that the addition of CBA

to cement material increase the initial and final setting time in the relation to the reference
mix. It was found that the initial and final setting time for normexthent paste was 80 min

and 180 min. While the setting time for CBA was increase with increasing the percentage of
replacement. The initial setting time for raw CBA was recorded at 90,120 and 180 min the
final setting time was recorded at 235,270 and 309 foni replacement of 10, 20 and 30%
respectively. Result for treated CBA shown at the replacement of 10, 20 and 30%, the initial
setting time was at 80, 12 and 160 min respectively. Meantime, the final setting time was at
220, 240 and 275 min respectivethough the high water requirement for treated CBA, but
the initial and final setting time much quicker compared to raw CBA. the result obtained by
previous researcher proved that the use of CBA to replace OPC is slightly retarded the setting
time of canent past€¢Cha Jaturapitakkul, 2003)

Table 4. Water Consistency and Setting Time of OPC, Raw CBA and Treated CBA

Water Initial Final
Repl.’:(l((;)e)ment Consistency Setting Time Setting Time
(%) (min) (min)
OPC - 26.8 80 180
10 30 90 235
Raw CBA 20 35.8 120 270
30 41.9 180 300
10 33 80 220
Treated CBA 20 375 120 240
30 43.5 160 275

CONCLUSION

The experimental study shows that there are possibilities to reduce heavy metal element
in CBA through acid leaching treatment especially for heavy metal ZmdAs. The change
of acid concentration and solution temperature does not affect the percentage value although
there are few state where the percentage value increase compared to control CBA. The heavy
metal of Pb, Cu and Ni was a optimum state wherehtfavy metal concentration were
increase when 2% and 5% of acid concentration was used while the heavy metal concentration
were decrease when 3% and 4% of acid concentration was applied. When higher temperature
was applied, the percentage of concentratiadmeavy metal Pb, Cu and Ni was increase. The
comparison of SEM micrograph between raw CBA and treated CBA proved that the heavy
metal content in CBA was reduced. The specific gravity of treated CBA was the recorded as
the lowest due to the complicatedrgde preparation itself.
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Abstract

Interlocking Compressed Earth Brick (ICEB) are cement stabilized soil bricks that allow for dry
stacked construction. This characteristic resulted to faster the process of building walls and
requires less skilled labour as the bricks are laid dry and lock into place. However there is
plenty room for improving the interlocking bricks by increase its durability. Many studies have
been conducted in order to improve the durability of bricks by using environmentally method.
One of the methods is by introducing bacteria into bricks. Bacteria in brick induced calcite
precipitation (calcite crystals) to cover the voids continuously. Ureolytic Bacteria (UB) was used
in this study as a partial replacement of limestone water with percentage of 1%, 3% and 5%.
Enrichment process was done in soil condition to ensure the survivability of UB in ICEB
environment. This paper evaluates the effect of UB in improving the strength and water
absorption properties of ICEB and microstructure analysis. The results show that addition of
5% UB in ICEB indicated positive results in improving the ICEB properties by 15.25% in
strength, 14.72% in initial water absorption and 14.68% reduction in water absorption.
Precipitation of calcium carbonate (CaCos) in form of calcite can be distinguish clearly in
microstructure analysis.

Keywords: Compressive strength, Calcite precipitatid@EB, ureolytic Bacteria, , Water absorption
INTRODUCTION

Interlocking compressed earth brick (ICEB)asonry has the potential to provide
affordable construction around the world. Comprised of basic, inexpensive materials, such as
soil, the bricks can provide homes and other facilities at low cost (Haron29G9; Sheikh
Khalid et al, 2017). By creang interlocking joints between layers of bricks, ICEBs allow for
the bricks to be dry stacked, without the need for mortar. ICEB is a cost effective and
sustainable construction material. ICEB construction has the potential to bring durable and
affordablehomes to developing countries around the world (Laursen,&0dl2). Today,

ICEB construction is becoming increasingly popular in developing countries including
Malaysia.

Despite the advantages, ICEB also has some deficiencies. According to Irwan et al
(2019 there are other problems associated with ICEB namely low strength, higher water
absorption, low fire resistance and high porosity. Water absorption is a function of clay and
cement content and usually related with the strength and durabiléytbfleicks (Riza et al.
2010). The higher rate of water absorption will results in low compressive strength and
durability (Khalid et al.2018).
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Production ICEBs by factory were coated with chemical substances which is used to
counter erosion due torig periods of high relative humidity. Consequently, the maintenance
costs or even early rebuilding costs of deteriorated ICEBs structures are undesirable and
unsustainable (Riza et al., 2Q10Therefore, to achieve sustainable construction,
environmentafriendly solution should be implemented to the ICEB.

Previous studies had taken different approach to improve the properties of construction
material by introducing the used of bactefiae use of bacteria is one of new fundamental
research in improving construction material in order to pursuit sustainable construction.
Researcher such as Muynck et al. (2008) &=aiillus sphaericudNavdeep et a{2012) used
Bacillus megateriumMukheijee et al. (2013) useBlacillus megateriunand Bernardi et al.,
(2014) usedSporosarcina paseuriiAll bacteria used by previous studies resulted in
increasing on compressive strength and reduction on water absorption by comparing control
sample and treatesample with bacteria. Positive results from previous studies indicated that
the successfulness of using bacteria as an environmental friendly solution in improving the
durability of construction material. According &iddique et al. (2011), bacteria aele to
promote the precipitation of calcium carbonate (CgG®the form of calcite. These calcite
acts as biessealant by filling the pores which lead to reduction in water absorption, porosity,
permeability, enhance the strength and prevent watersisigre Hence it will improve the
durability of the material properties.

Even extensive of research incorporated bacteria in construction material, less knowledge
were found on application of bacteria in ICEB. Ureolytic bacteria (UB) was selected for this
study as an approach toward environmental solution in improving the engineering properties
of ICEB. The origin of bacteria used was the same as Irwan et al. (2016b) study which state
that UB origin was from fresh urine. Irwan et al. (2016b) study alswrteghthat UB are able
to improve the construction material properties by bacterial activities to producing calcium
carbonate. Due to availability, locality and positive results from previous research, promote
to the selection of UB toward this study. Titmederstanding on fundamental precipitation
calcium carbonate (CaGphad been applied in this research with the use of ureolyric
bactreria (UB) to improve the durability of ICEB.

Therefore, this research hopes that an environmental friendly solutiorptovienthe
durability and properties of ICEB would be produced by introducing the used of bacteria in
ICEB.

EXPERIMENTAL

Optimum growth condition was a first attempt before using the bacteria in ICEB. Optimal
growth need to be measured for ensuring high survival of the bacteria after addition in the
brick. Optimum growth condition was measured throughout enrichment protass.
enrichment process is important in order to simulate the condition for the bacteria to growth
in ICEB environment. This was to ensure the bacteria can acclimatize under ICEB
environment.Two sets of UB enrichment were prepared namely control and &aatm
specimen. The composition of the treatment enrichment consists of 300ml nutrient broth
added with 120ml of 40% urea, 1mg of soil substances and lastly 1 cyrogenic bead of ureolytic
bacteria. The differences between the compositions of control weearibement was done
without the soil sample. The method of enrichment process follows the previous study (Irwan
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et al., 2016and Othman et gl2017) by adjusting the pH in alkaline and anaerobic condition
for ensuring the survival of ureolytic bacterid @EB environment.

The compressive strength, initial rate of water absorption and water absorption test was
determined by using ICEB (100mm x 125mm x 250mm) specimen and was measuied for 7
14" and 28 days. The initial rate of water absorption wasiél to determine the ability of
ICEB to allow the water to pass through it in 1 minute whereas the water absorption test
conducted to determine the saturation coefficient which is defined as the percentage of pore
volume filled in 24hour of soaking. Theest was done in Structure and Material Laboratory,
Universiti Tun Hussein Onn Malaysia (UTHM). There are four set batches of ICEB
represented by 0% (control), 1% UB, 3% UB and 5% UB which was partially replaced of
limestone water during ICEB production.| Adlatches were tested with a total of 10 samples
for each test and batches. The average results are presented and discussed. The test was carriec
out according to the BS EN 7-112011+A1:2015, which specify for the testing for masonry
units. The microstriare analysis was done in determination of pore size and morphology
precipitation of calcium carbonate (CagGn ICEB. Small fragment of ICEB from the
compressive strength test were taken and analyses using Scanning Electron Microscopy
(SEM) to determinghe position, size, shape and characteristics of the UB in depositing calcite
or calcium carbonate in ICEB. The SEM analysis was done for each 0% (control), 1% UB,
3% UB and 5% UB respectively.

RESULT AND DISCUSSION
Compressive strength

Figure 1 showshie results of compressive strength ftir 74" and 28' days of testing.
The addition of UB as a liquid culture of 1%, 3% and 5% in ICEB increased the compressive
strength within time compared to control specimen. The patterns of compressive strength
increment are the same for all bacterial ICEB specimen.hidgiest compressive strength
recorded was 6.35 N/nfrat the 28 days of testing for 5% addition of UB.

The increment of compressive strength with addition of bacteria agreed with Navdeep et
al. (2013) and Ramachandran et al. (2001) studies which stateotnpressive strength can
be significantly increased by application of bacteria calcite. Studies from Siddique and Chalal
(2011) have stated in their studies that application of bacterial in material construction would
give higher compressive strengtbngpared to control samples due to bactex@ivities in
depositing calcium carbonate. Bacteria in ICEB induced calcite precipitation (calcite crystals)
to cover the cracks continuously. Thus improve the strength. Positive results from the addition
of UB in ICEB showed the enhancement of compressive strength properties. Therefore the
results of compressive strength increment with addition of bacteria are in accordance with
previous research findings.
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Figure 1. Compressive strength of control and bacterial ICEB
Initial rate of water absorption

Figure 2 shows the results of initial water absorption fori#" and 28 days of testing.
The addition of UB as a liquid culture of 1%, 3% and 5% in ICEB reduced the initial water
absorption within time comped to control specimen. The reduction pattern of water
absorption rates are the same for all bacterial ICEB specimens. The addition of 5% UB
indicates the highest reduction of water absorption rates by 14.72% day8compared to
control sample follow with 3% of UB by 11.11% and 1% of UB by 7.5%. The highest
reduction of initial water absorption recorded was 3.07kghmn at the 28 days of testing
for 5% addition of UB.

Significant reduction in the extent of water absorption was seen in bactséd which
clearly indicated that the expected result of bacterial calcification, carbonate crystals were
deposited and the pores have reduced within the bricks. However, as a result of the
alkalinization of the environment, heterogeneous precipitatinrats occur on the surface
of the pores. This could result in the plugging of smaller pdviesyiick et al, 2008) which
have led to decreased water absorption rdegnck et al. (2008)andAchal et al.
(2011)studies also observed decreasing in initial water absorption rate upon treatment with
bacteria.
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Figure 2. Initial water absorption of control and bacterial ICEB


http://www.sciencedirect.com/science/article/pii/S092585741100348X#bib0030
http://www.sciencedirect.com/science/article/pii/S092585741100348X#bib0015
http://www.sciencedirect.com/science/article/pii/S092585741100348X#bib0015

MCRJ Special Issue Vol. 4 | No. 2 | 2018 156

Water absorption by 24-hour soaking

Figure 3 shows the results of water absorption by 24hour soaking,fa#7and 28
days of testing. The addition of UB as a liquid culture of 1%, 3% and 5% in ICEB reduced
the percentage of water absorption within time compared to control specimens. The reduction
pattern of water absorption rates are the same for all bacterial ICEinsped he addition
of 5% UB indicates the highest reduction by 14.68% in water absorptiofi éap8compared
to control sample follows with 3% of UB with 11.83% and 1% of UB with 10.73%.

According to Mukherjee et al. (2013), the calcite crystal (oatccarbonate) acts as
biosealent by filling the pores which leads to reduction in water absorption, porosity, and
permeability. The presence of bacteria resulted in a significant decrease in the water
absorption compared to control specimens. The depositia layer of calcium carbonate on
the surface and inside pores of the ICEB specimens resulted in a decrease of water absorption
and permeability.

Study was conducted by Nemati and Voordouw, (2003) noticed a decrease in the
permeability after injectingalcium carbonate forming reactants. Therefore, it has similarity
between present study and the study reported that the presence of a layer of carbonate crystals
by bacterial cells has the ability to improve the resistance of penetration of water absorptio
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Figure 3. Percentage of water absorption by 24-hour soaking for control and bacterial ICEB
Microstructure analysis

Microstructure analysis shows that UB successful to survive inside the ICEB specimens
in anaerobic condition and also capable to tolerate in alkaline environment. Figure 4 shows
the average results for pore size analyses on control ICEB and bacteriaOQ@&R| image
generally showed rough and uneven surface. This porous surface from control samples led to
increase of water absorption ability and hence decrease in strength and durability. In bacterial
ICEB some part of the porous surface has been fijechlcite precipitation, thus resulted in
reducing the pore size. There are also appearances of calcite precipitation which can be seen
as smooth surface of round sphere in bacterial ICEB microstructure image in Figure 5. The
smooth surface of round spkeindicated the bacterial forms of calcium carbonate. The
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average size of calcite forms was evaluated and compared between control and bacterial
ICEB. Control sample which can be seen without precipitation of bacterial calcite due to 0%
percentage of UB alition. Addition of 3% UB indicate highest average size of bacterial
calcite form which is 12.468n follows with 1% of UB with 9.21@2m and 5% of UB by
7.815m. The calcium carbonate precipitation was to prove that addition of UB in ICEB
promote to bacteriaalcite precipitation.

- 1.9 fa .
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b) 1% UB: (Average pore size = 0.772 mm)
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c) 3% UB: (Average pore size = 0.650 nm) d) 5% UB: (Average pore size = 0.643 mm)

Figure 4. Pore measurement for control and bacterial ICEB

The pores has being filled by bacteria in ICEB and surface for these samples in Figure 4
appear more compact and smooth compared to control which is rodgioous in nature.
Decrement in pore size of bacterial ICEB compared to control ICEB was also observed.
Addition of 5% UB resulted highest reduction in average pore size withré6#slows with
3% UB by 0.656m and 1% UB with 0.77#8n compared to theontrol specimen which was
0.839mm. Addition of 5% UB in ICEB indicated the highest reduction of pore size compared
to the control sample by 23.36%. Therefore, the results from microstructure analysis prove
that by addition of UB in ICEB resulted in redngithe pores and precipitation of bacterial
calcite. The reduction of pores resulted into the improvement of ICEB properties such as
strength, water absorption and durability as the calcite occupied the pores thus, created new
bonding between mixed matdgaand prevented the water penetration. These findings have
been proved by the engineering properties testing that was done toward ICEB which indicates
that addition of UB improve engineering properties of ICEB compared to control sample.
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These findings aged with Navdeep et al. (2012) studies which indicated the improvement
of material engineering properties due to deposition of calcium carbonate.

.
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Figure 5. Precipitation of calcium carbonate for control and bacterial ICEB

EHT = 20,00 KV Signal A = VPSE G3 | Probe = 260 DAEI ITHM

e s

WD = 7.6 mm Mag= 600X EP Target= 110 Pa

CONCLUSION

The addition of ureolytic bacteria (UB) significantly improves the strength of ICEB by
10.71%- 15.25% increment compared to control sample. Addition of 5% UB has contributed
to an increased of 15.25% in strength at" ZBys compared to control sample. The
compressive strength increased due to microbial activity which precipitated calcium
carbonate, and deposited calcite within the ICEB pores. Evaluation of deposited calcite
precipitation was confirmed through microstructure analysis.

Addition of UB in ICEB has significantly effects the water absorption of ICEB. Overall
result for initial and water absorption testing, the addition of bacteria (UB) indicated that
reduction of water absorption by 7.5%1.72% of initial absorption and 10.739%4.68% of
water absorption of 2hour of soaking compared to control sample. The highest reduction
recorded was with addition of 5% UB for initial water suction and water absorptiori"at 28
days of testing by 14.72% and 14.68% respectively. The reduction of water absorption was
due to the plugging of pores within ICEB also by the precipitation of calcanmonate in
form of calcite.
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Microstructure analysis showed that the reduction of pore size in bacterial ICEB sample
compared to control sample from average pore of 0.839 to 0.643 (23.36%). Morphology
analysis of calcium carbonate shows that precipitatif calcium carbonate (CaG)Qn
bacterial specimen seen clearly compared to control sample with average size from 0 to
7.815m.
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Abstract

This study was conducted to investigate how the addition of cement and bagasse ash in
contaminated landfill soil affect its engineering properties such as the Atterberg limit, specific
gravity, linear shrinkage and soil compaction. Tests were conducted on three different groups
of soil samples: landfill soil as the control sample, samples which contained cement only (5%,
10%, 15% and 20% of cement) and samples which contained a mixture of cement and bagasse
ash (BA) (2.5% cement + 2.5% BA, 5% cement + 5% BA, 7.5% cement + 7.5% BA and 10%
cement + 10% BA). The tests were carried out according to BS 1377 (1990). Initial tests
revealed that the soil sample was silty clay soil with low plasticity. It was found that the specific
gravity of the soil samples increased from 2.49 (control sample) to 2.79 (soil sample with 20%
of cement) when cement was added. However, the specific gravity slightly decreased when
bagasse ash was added from 2.49 (control sample) to 2.46% (sample containing 10% cement
+ 10% BA). The liquid limit increased significantly to 48.80% when the soil sample containing
10% cement + 10% BA was used. In contrast, the plastic limit decreased from 21.31% (control
sample) to 19.01% (soil sample containing 20% cement) and 17.92% (soil sample containing
10% cement + 10% BA). There was a decrease in linear shrinkage for samples containing 20%
cement and samples containing 10% cement + 10% BA respectively. The addition of cement
and bagasse ash increased the optimum moisture content and reduced the maximum dry
density of soil. To sum up, the use of cement and bagasse ash in this study improved the
engineering properties of contaminated landfill soil.

Keywords: Landfill Soil Remediation, Engineering Properties, @swironmentaEngineering
INTRODUCTION

It is a common practice to utilise agricultural waste for soil stabilisation. Due to the
pozzolanic reaction of ash towards cement and lime, agricultural waste ashes have been used
as a partial replacement of cement in concrahgr et al.,, 2016a). Ash can be obtained
through the combustion of sugarcane bagasse. Sugarcane bagasse ash consists mostly of
silica, followed by other oxides and unburned carbon. Each tonne of crushed sugar cane can
produce up to 0.066 tonnes of ashifAzt al., 2016). Malaysia produces large quantities of
bagasse ash every year. A limited quantity of bagasse ash has been used for soil improvement
whereas the rest are usually dispes#dn open landfills. This can lead to environmental
problems. Nowdays, bagasse ash has multiple uses. For example, it can be used in the
production of bricks or concrete (Sheikh Khalid et al., 2017). It may also have the potential
to improve the mechanical properties as well as the durability of concrete (Shahidan et al
2017). Using bagasse ash as a replacement for cement in concrete production can also help
create a more sustainable environment by reducing the need for bagasse ash disposal (Sales
and Lima, 2010). In addition, bagasse ash may be effective as a gamiaht replacement
as previous studies have shown that pkmded fibers can be incorporated with ordinary
Portland cement (OPC).
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Numerous studies have been done on the use of bagasse ash for the stabilisation of
contaminated soil. The studies have shdhat bagasse ash has the ability to enhance the
engineering properties of contaminated soil (Cordeiro et al., 2008; Chen et al., 2009; Tajudin
et al., 2016). However, further research is needed in order to obtain a deeper understanding
on the properties cfoil incorporated with cement containing bagasse ash. Hence, this study
aims to find out the effect of cement and bagasse ash on the geotechnical properties of
contaminated soil obtained from landfills.

MATERIALS AND EXPERIMENTAL PROGRAM
Collection of Soil Samples

The contaminated soil samples were collected from Bukit Bakri Landfill Site (BBLS),
Muar, Johor. The top of the soil to a depth of 1 meter was removed in order to avoid taking
the humus, waste and plant roots. Then, the soil was placedystypehe containers. The
soil samples were later dried in the oven at’COfer 24 hours at the laboratory. After that,
the dried soil was crushed using a rubber hammer before being decimated into 2 mm in size
using a grinder machine. The soil which paske® mm sieve size was stored in polyethylene
plastic. The location of the soil sample collection at BBLS, Muar, Johor is shown in Figure 1.

Figure 1. Location of soil sample collection at BBLS, Muar, Johor
Cement and Bagasse Ash (BA)

The primary binder reagent used in the stabilisation/solidification (S/S) method is
Ordinary Portland Cement (OPC) type 1. When soft soil is mixed with cement, cement and
water react to form cementitious calcium silicate angmahate hydrates that bind soll
particles together (Tajudin et al., 2016b; Bolan et al., 2014). This results in the stabilisation
of soil. Sugarcane bagasse ash, which is a type of agricultural waste, was chosen to be
incorporated with Ordinary Portland @ent (OPC) in the S/S technique. Sugarcane bagasse
ash is also known as a mineral additive in cementitious materials (Tajudin et al. 2016b).
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Furthermore, sugarcane bagasse ash is both cost effective and environmentally friendly (Faria
et al., 2012Venkaranuthyalu et al., 2012 Raw sugarcane bagasse was first dried naturally
before it was burnt to produce ash. Later, the bagasse ash (BA) was burnt under a controlled
temperature of 6500 C for an hour. The carbon content was reduced by at least 4.9% due to
the burning process (Ganesan et al ., 2007)
machine after it cooled down.

Production of Soil Samples

The percentage of cement used in the soil samples was partially replaced with bagasse
ash (BA). Each sampleas carefully weighed to avoid any material waste (Azhar et al., 2016;
Tajudin et al., 2015). The quantity of each component in the sample is indicated in terms of
percentage in Table 1. Sample batches were triplicated for 3 hydration durations ndely 7,
and 28 days. To obtain relative homogeneity, the samples were mixed in bulk prior to packing
and storage (Azhar et al., 2016b). The water cement ratio in this research ranged between 0.20
to 0.40 (w/c) depending on the quantity of bagasse ash (BA) atldedatio was fixed based
on the optimum moisture content (OMC) obtained from the compaction test. The raw
materials were then mixed using a small mixer to ensure the homogeneity of the soil samples.
The stabilised soil samples were compacted in amplitld to form samples measuring 38
mm in diameter and 76 mm in height. The mixture was compacted into 4 layers, 50 blows per
layer, using a miniature hand compacting tool. The extruded specimens were wrapped and
stored for 7, 14 and 28 days respectivelfptefurther tests were conducted. The mix design
of the soil samples is presented in Table 1.

Table 1. Mix Design of soil samples
Percentage of Binder (%)

Mixing Type Sample Name Soil oPC BA
Soil only (control)  Soil 100 0 0

soil + 5% cement 95 5 0
Cement only soil + 10% cement 90 10 0

soil + 15% cement 85 15 0

soil + 20% cement 80 20 0

soil + 2.5% cement + 2.5% BA 95 2.5 2.5
Cement with BA soil + 5% cement + 5% BA 90 5 5

soil + 7.5% cement + 7.5% BA 85 7.5 7.5

soil + 10% cement + 10% BA 80 10 10

RESULTS AND DISCUSSION
Physical and Chemical Characterisation of Raw Materials

At this stage, the physical characteristics of the raw materials used were investigated. The
physical specification tests that were conducted included a moisture ctageribss of
ignition (LOI) test, Atterberg limit test, specific gravity test and particle size distribution test.
The analysis for each test was carried out three times and the results are reported in Table 2

Table 2. Physical characterisation of raw materials

Test Soil OPC BA Method

Moisture Content (%) 24.25 ND 10.57 15.8 BS1377: Part 2: 1990: 4.3
Specific Gravity 2.49 3.17 152 BS1377: Part 2: 1990: 8.3
Liquid Limit, LL (%) 47.15 NT NT BS1377: Part 2: 1990: 4.3

Plastic Limit, PL (%) 21.31 NT NT BS1377: Part 2: 1990: 4.3
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Test Soil OPC BA Method

Plasticity Index, Pl (%) 23.84 NT NT BS1377: Part 2: 1990: 4.3
Standard Proctor test (%) 18.69 NT NT BS 1377: Part 4: 1990: 3.3
LOI (%) 7.33 458 13.04 (Banerjee et al. 2012)

*ND i not detected, NT i not tested

The moisture conterwas obtained to determine the initial water condition of the raw
materials. The moisture content is the mass of pore or free water in a given mass of soil
expressed as a percentage of the mass of the dry soil in solid form after drying in oven at
100°C for 24 hours. Table 2 shows the moisture content for landfill soil and bagasse ash which
was 24.55% and 10.85.8% respectively. The moisture content for OPC was not detected
since the value was too small to be measured. This is because OPC is a comreraitl pr
available in a dry condition.

There were two separate tests that were conducted for the Atterberg limit test which
include both liquid limit, (LL) and plastic limit, (PL). The plastic limit of soil is the moisture
content, expressed as a percentddbe weight of the oven dry soil, at the boundary between
the plastic and semisolid states of consistency. Based on the test results obtained from
RECESS, UTHM, the average value of the plastic limit was 21.31%. Thus, the soil sample
was classified aglty clay soil with low plasticity. The plasticity index for clay soil in Bukit
Bakri landfill, Muar, was in the range between 17% and 27%.

The loss of Ignition (LOI) value for some materials at a temperature 6€&&&s shown
in Table 1. The loss of Igion (LOI) of bagasse ash was found to be high. This is because
bagasse ash is an organic material. Furthermore, one of the minerals is calcitg) (@actO
is volatile at a temperature of From the study, the LOI value for OPC was recorded as
thelowest (4.58) and the results were almost the same as the values repdideahilziet al.
(2012. The LOI content of landfill soil is 7.33 and this soil was found to be almost similar to
the LOI for clay.

The particle size distribution for raw samples of soil, cement and ash is shown in Figure
2. The figure shows that the particle size of bagasse ash (BA) is rougher than cement (OPC).
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Figure 2. Particle Size distribution for Soil, Cement and Bagasse Ash
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The figure also shows that 100% cement, 100% ash and 38% of the soil consisted of silt
sized particles which are |l ess than 75¢gm.
standards, they stipuatd t hat 90% of the particles shol
Therefore, the cement samples used in this study meet the required standards. In the same
way, a study conducted by Ganesan et al. (2007) showed that the cement particles exceeding
5 0 & nre wnable to be fully hydrated even after the longest curing period. Since 99% of the
cement particles used in this study were | €
Apart from that, the study showed that soil contains moresitad partites.

Due to pH sensitivity during chemical interactions, it was necessary to evaluate the pH of
raw material (Du et al., 2014yhe table 3 shows the pH value of raw materials used in this
study. It was observed that the soil was in an acidic condititnayH of 4.8. The OPC used
in this study was alkaline with a pH of 12.6. The pH of bagasse ash was also slightly alkaline
with a value of 10.5. The conductivity tests show that the soil is classified assalivan
material while ash is moderately sairOn the other hand, cement is strongly saline. This
shows that the cement consists of highly soluble solid materials which can affect chemical
reactions (Basha et al., 2005; Yao et al., 2012).

Table 3. pH and conductivity of raw materials

Sample pH Conductivity (mS/cm)
Soil 4.8 0.16

OPC 12.6 15.66

BA 10.5 5.07

The chemical composition of raw material was determined using-RayXluorescence
(XRF) test. Table 4 shows a composition of soil, Ordinary Portland cement (OPC) and
sugarcane bagasse ash (BA) as the raw materials used in this study. Based on tealb$RF re
a similarity was found in terms of the chemical composition for OPC and BAreButs
indicated that there are four major elements namely, 8l1gD; FeOsz and CaO present in
OPC and BA. According to a study by Antemir et al. (2010) and JoHn(2041), the main
factors which contribute to pozzolanic activities in a binder are silicon dioxide)(SiO
Aluminium oxide (AkOs), Iron oxide (FeOs) and a small amount of calcium oxide (CaO).
However, the pozzolanic element is often unable to harddts @wn. It will harden in the
presence of calcium hydroxide and water. From the table, it can be concluded that BA can be
used as a partial replacement material for OPC due to the presence of raw pozzolanic
elements.

Table 4. Chemical composition of soil, OPC and bagasse ash (BA) (in percentage)
Concentration (%)

Element Soil oPC BA
Sio, 717 20.7 20.37
Fe,0s 438 3.14 5.63
S0, - - 3.38
K;0 254 1.00 18.78
ca0 0.16 60.8 21.32

Al,O3 12.9 7.10 4.85
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Concentration (%)

Element Soil oPC BA
cl - - 53
P,0s - 0.11 6.80
Tio, 0.64 0.66 0.32
7ro, 0.16

Lol 7.33 458 13.04
Total 99.72 98.09 99.79

Effect on Specific Gravity

According to Figure 3, the specific gravity of the soil in this study is 2.49 (control sample)
which falls within the range of 2.4 and 3.4 as reported by Basha et al., (2005) for lateritic
soils. Adding cement and bagasse ash with a specific gravity ©8B8d.1.52 respectively to
soil produced mixtures with lower specific gravity. Specific gravity values of 2.37, 2.40, 2.43
and 2.46 were obtained for samples contairdrigo OPC + 2.5% BA, 5% OPC + 5% BA,
7.5% OPC, + 7.5% BA and 10% OPC + 10% BA respelgtive contrast, the specific gravity
increased significantly for soil samples containing cement only. The specific gravity values
obtained were 2.51, 2.58, 2.63 and 2.79 for samples cont&®#ngd 0%, 15%, and 20% of
cement respectivelfthe low specificgravity of bagasse ash may have resulted in reduced
unit weight (Fatahi et al., 2013).
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Figure 3. Variation of specific gravity of landfill soil with OPC and BA content
Effect on Atterberg Limits

Atterberg limits are especially useful for controlliggils used in engineered fills. LL is
the measure of water content at which the soil behaves like a liquid while PI indicates the
magnitude of water content range over which the soil remains plagtut it simply, the
higher the plasticity index, thaigher the potential to shrink due to moisture content
fluctuations in soil (Azhar et al., 2016).

The Atterberg limits of landfill soil as well as mixtures containing varying percentages of
OPC and BA are reported in Figure 4 to Figure 6. It was fourtdathdfill soil progressively
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loses its plasticity when the amount of bagasse ash increases due to cation exchange which
leads to increased interparticle attraction. For the control sample, the consistency test
established the LL as 47.15%. For the soxktonies containing only cement, the LL values
obtained were 50.23%, 50.90%, 51.12%, and 52.736%, 10%, 15%, and 20% of cement
content respectively. For another group of samples, the LL values obtained were 47.90%,
47.90%, 48.32%, and 48.80% for 2.5%©+ 2.5% BA, 5% OPC + 5% BA, 7.5% OPC, +
7.5% BA and 10% OPC + 10% BA respectively. Similarly, the plastic limit value for all
mixed samples was consistently large enough to increase the plasticity index. Therefore, the
resulting Pl increased along withet higher OPC content from 30.22% (5% OPC content)
t032.51%, 33.09% and 34.85% for soil containing 10%, 15% and 20% of OPC
respectivelyln another batch, the plasticity index of samples containing soil mixed with OPC
and BA also increased steadily from.20%, 27.77%, 28.43% and 29.79% respectively for
2.5% OPC + 2.5% BA, 5% OPC + 5% BA, 7.5% OPC, + 7.5% BA and 10% OPC + 10% BA.
To sum up, the increment in Atterberg limits of both OPC samples and OPC + BA samples
were small. This may be caused by theigatcion concentrations in OPC and BA samples
used in this study (Sadeeq et al. 2015).
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Figure 6. Variation of plasticity index of landfill soil with OPC and BA content

Effect on Linear Shrinkage

A comparison between the linear shrinkage of samples containing only cement and the
linear shrinkage of samples containing cement with bagasse ashitageaddter a curing
period of 28 days is shown in Figure 7. The linear shrinkage decreased considerably when
increased quantities of cement and bagasse ash were used. The linear shrinkage values of
landfill soil mixed with cement were 15.71%, 13.57%4B% and 6.43% for 5%, 10%, 15%
and 20% of OPC respectively. These values were significantly lower compared to the
shrinkage value of the control sample (landfill soil only) which was 21.43. Similarly, the
linear shrinkage of samples containing cement vibittyasse ash showed significantly
reduction. Linear shrinkage values of 17.86%, 15.71%, 12.14% and 9.29% were obtained for
2.5% OPC + 2.5% BA, 5% OPC + 5% BA, 7.5% OPC, + 7.5% BA and 10% OPC + 10% BA
respectively. The presence of hydrated cement in largtfillwas found to have a more
pronounced effect. For example, when 2.5% cement and 2.5% bagasse was added to the soil
sample, the linear shrinkage value decreased to 17% compared to the linear shrinkage value
of the soil sample containing 5% cement whias 27%. In short, the addition of cement and
bagasse ash to landfill soil produced positive results.

Furthermore, the Atterberg limit is widely linked to soil behavior. The linear shrinkage
reduced considerably when BA content increased as shown ireFigrinear shrinkage
decreased with increasing OPC and OPC + BA content from 21.43% for soil only (control
sample) td5.43% (20% of OPC) and 12.14% (10% OPC + 10% BA content).
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Effect on Soil Compactability

The moisture and density at which soil is compacted can influence its geotechnical
properties. In general, the geotechnical parameters of soil camhlaaced if there is a high
level of compaction (Sadeeq et, &015). Therefore, it is important to achieve the desired
degree of compaction. The percentage of water present in soil mass at which a specific
compaction force can dry the soil mass to itximam dry weight is known as optimum
moisture content (OMCHossain et al2011). The OMC and maximum dry density curves
are different according to the type of soil used. In this study, the OMC was obtained via the
standard Proctor compaction test.
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Figure 8. Variation of the OMC of landfill soil with OPC and BA content
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Figure 9. Variation of MDD of landfill soil with OPC and BA content

The effect of the addition of cement alone and the addition of cement with bagasse ash
on the compaction charadtgics of landfill soil are shown in Figures 8 and 9. The addition
of cement and bagasse ash increased the OMC and decreased the amount of MDD. The
increase in OMC may be due to the additional water held by the flocculant soil structure
resulting from cerant interaction as well as excessive water absorption by bagasse ash due to
its porous properties, as reported in Hossain et al. (2011). Principally, an increase in dry
density indicates improvement. However, both cement and bagasse ash reduce théyry dens
of all samples except the sample contairtifigOPC and 5% BA. Tarmizi et 42012) stated
that dry density decreases due to the particle size and specific gravity of the soil and binder.
Reduced dry density also indicates that the soil samples neediopactive energy (CE) in
order to attain its MDD (Sadeeq et, &015). This helps to reduce the cost of compaction.

CONCLUSION

The findings indicate that the samples containing bagasse ash and cement improved the
engineering properties of soil alitmore compared to the samples containing cement alone.
A few conclusions can be made based on this experimental study:

i. Samples containing only cement and samples containing cement and bagasse ash
were able to improve the properties of landfill soil. Tplasticity index for soil
containing cement alone was the highest at 34.85% whereas the plasticity index for
soil containing cement and bagasse ash was 29.79%. However, the specific gravity of
soil decreased steadily when cement and bagasse ash werégsitlded

ii. The linear shrinkage of stabilised soil decreased in samples containing cement alone
as well as samples containing cement and bagasse ash. A reduction in linear shrinkage
is able to prevent cracks from occurring to concrete structures.

iii. Thepresence of cement and bagasse ash reduced the maximum dry density of soil.
On the other hand, the presence of cement and bagasse ash increased the optimum
moisture content of soil.
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Abstract

Lightning is a phenomena that happens naturally typically during thunderstorms. Malaysia is a
country which located near to equator with high lightning activites. Lightning protection system
(LPS) plays a vital role to protect the structure by dissipate the lightning current to underground
safely. New installation method of LPS has implement in Malaysia which to embed the lightning
protection cable in a concrete structure. This research study carried out to determine the
natural frequecy of additional reinforcement concrete beam by using impact hammer test. This
research study involved the strike of electric current into the additional reinforcement concrete
beam which indicate the actual lightning current source to evaluate and compare the natural
frequency of beam. The results shown that the natural frequency of additional reinforcement
concrete beam has slightly decreases after strike of electric current. From the results also found
out that the location of lightning protection cable to attach in the concrete beam will influence
the natural frequency of concrete beam.

Keywords: Lightning Protection System, Natural Frequency, Impact Hammer Test, Strike of Electric
Current, Concrete Beam

INTRODUCTION

Lightning discharge is a natural phenomenon that happens about evert day in the world.
It has been estimated that lightning discharge toward the surface on earth around 100 times
every second (Hassan et al., 2011). There is also another review statéu évery
progressing of 2000 thunderstorms at any time will result in 100 lightning discharges to
surface of earth per second, it is approximately equal to 8 million per dalddib, 2016).
In addition, an observation from space by using Optical TranBietector (OTD) reveals
that there are nearly 1.4 billion flashes happens annually over the whole world (Christian,
2003). Around 1000 lightning discharges per second or 5000 storms per day happen
throughout the world. In France especially in Spain dy,l&pproximately 2 million lightning
discharges to the ground surface annually (Legrand, 2009). According to a Lightning
Protection Guide, it declared that an estimated amount about 1.5 million lightning discharges
over a Germany every year (Dehn, 20T4)e thunderstorm days of the whole world and it
noted that the country located at or near to the equator has the higher lightning density. It
reveals that the country that near to equator also has the higher number of lightning. Lightning
discharge is beea riddle to people for hundreds years, it is an ordinary but magnificent
natural phenomena (Soon, 200Malaysia is been described as a country which has huge
number of thunderstorm and lightning activities and it is located near to the eduomtoligh
et al., 2008)Besides, Malaysia is also described as lightning core in Asia and the capital,



MCRJ Special Issue Vol. 4 | No. 2 | 2018 175

Kuala Lumpur rank 8in the world in respect of lightning densit¥ainudin, 2016)Based

on another scholar report, it also stated that Malaysia has bedormasiamong the main
three in the world, more than some other nations in Asia area with referring to the statistic of
lightning density Ab-Kadir, 2016) Lately, they are numerous passing of human life and ruin

of electrical equipment aroused by lightnistgke had been accounted for.

Lightning strike is a typical occurrence that cannot be hindered, however the safeguard
of building can be ensured by install the lightning protection system (LPS). The
comprehension of the physical nature of vibration gerce has constantly been vital for
engineer and researchers in industry, considerably more so today as structure are getting to be
distinctly lighter and more adaptable because of increment requests for proficiency, speed,
security and relaxatioéhory, 1999; Lemat et al., 2016; Ismail et al., 2016; Shahidan, 2017).

To better comprehend the nature of vibration, it comprised the study and analysis of natural
frequency. Lightning protection system can provide a safe path for the electric discharge from
lightning strike to dissipate to earth, it allow the lightning bolt to bypass the component of
building to hinder from damaged. Basically, an entire system of LPS composes of air
termination rod, conductor cable, earthing system, connecting among condaatges,
protection devices, and any other connectors that necessary to build the entire system (Arif,
2009; Md Nor et al., 2011; Ramzi et al., 2016; Shahidan et al., 2016). According to IEC/EN
623053, down conductors can be embedded into components fafroeid concrete structure

such as concrete column (Kokkinos et al., 2006; Shahidan et al., 2011). This method consists
of connection among air termination system and embedded LPS with steel reinforcement bars
in concrete column, ground beam and pad footingissipate the lightning into the earth
(Rahim et al., 2016). Embedded system also apply the method of Faraday Cage as the
lightning protection cable is install in every corner of the structure or building. An important
thing to take note for applicath of this system is the electricity continuity of steelwork in the
reinforced concrete structures in accordance to clause 4.3 in MS IEGB82B0B& continuity

of electricity in steelwork is important because it allows the lightning current to passtthroug
and safely transfer to ground. The connection can be achieved by welded, clamped and etc.
referring to the designer of LPS.

There are three types of LPS commonly used in the industry which are Franklin rod, tight
wire and faraday cage method. AccordindEC/EN 623083, there is also another method
for installation of down conductors which embed the down conductors into reinforced column
of structure (Kokkinos et al., 2006; Senin et al., 2016; Shahidan et al., 2018). There is no
specific name for this athod of installation but may found in words of embedded system or
structural bonding. The embedded system of LPS which the lightning protection cable
embedded into the concrete beam is arose due tourtFevourablecircumstance of
conventional LPS. Convéonally, LPS is installed externally and being expose to the
environment has led to the degradation and corrosion of down conductor over the time.
Besides, corrosion also occurs graduabythere are existence of galvanized distinct metals
in the similarelectrolyte Ghavamian et al., 2013ue to the external installation method of
LPS, itis vulnerable for materials theft because the copper cable generally are exposed barely
and accessible on the external of buildiBgéta et al., 20Q7As a resultextra cost is needed
to replace the materials for continue the service life of LPS. There was a literature shown that
there are an alternatives installation and design to avoid material theft by using the steelwork
frames, foundations and metallic parttbé building to be part of the LP$he embedded
system of LPS has brought up because it can be hinder all the unfavorable circumstance of



MCRJ Special Issue Vol. 4 | No. 2 | 2018 176

conventional LPS. Impact hammer test sometimes also called as modal test. It is a test that
used to determine the malgparameter which natural frequency, modal damping ratios, modal
masses and mode shape of test structure. Impact testing always use for experiments to
determine the forms of vibration of structure as it is a quick aneplized @Ahmed and
Mohammad, 2015The objective of this research is to determine, compare and analyze the
natural frequency of additional reinforcement concrete beam by using impact hammer test

MATERIAL AND METHODS
Additional Reinforcement Concrete Beam

There are two samples of conerdoeam used in this research and the dimension and
details are shown in Figure 2 and 3. The different between sample 1 and 2 are the location of
lightning protection cable attached to the steel reinforcement bar. For sample 1 the lightning
protection barfa attached on the top left corner while sample 2 is on bottom left corner. The
lightning protection cable will be attached to the steel reinforcement bar by usilagn.

The material of lightning protection cable is Galvanized Iron (Gl). The concreteiishis
research are Grade 35. In order to obtain the optimum quality of concrete, ready mix concrete
are used. Total 6 number of additional reinforcement concrete beam are prepared for impact
hammer test. The detailing of additional reinforcement @adeam are shows in 2 and 3..
Overall, there are two samples of additional reinforcement concrete beam which sample 1 and
2. The difference between both samples are the location of lightning cable to attach with the
steel reinforcement bar; sample Jttached at the top left corner while sample 2 is attached

at the bottom left corner. Important thing to be take note is the additional reinforcement should
be install longer than the actual casting length of concrete beams to ensure it can be connect
to the high voltage machine for injection of electric current.

First step of the preparation of sample is the installation of rebar regarding to the detailing
of reinforced concrete beam and the additional cable must be attached to the reinforcement
steel bahby using Uclamp. Next, follow by the installation of formworks and then the rebar
structures are placed inside the formwork and spacers are insert between the rebar and
formwork to ensure the nominal cover of concrete is achieved. Then, RMC are ordared f
the concrete plant for casting of beam. Once the concrete batch reached, slump test and 3
number of concrete cube are made to test for compression strength in 28 days. During the
casting, a vibrator is used to compact the concrete. It is used toaténtire air bubbles in
the fresh pour concrete by shaking vigorously and also to avoid the formation of honey comb.
After casting, the reinforced concrete beam will be left for at least one day to dry and then the
formwork will be removed. To ease the expeent work, the reinforced concrete beams are
placed outside the lab building of electric engineering for connection to the high voltage
machine.
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Figure 3. Sample 2

Lightning Stimulation

Each sample has three beam labelleBesm A, B and C which will subjected to electric
current with 15 kA, 30 kA and 45 kA. The electric current indicate the actual lightning current
strike to the concrete beam. Thus, the additional reinforcement concrete beam undergo the
impact hammer test fae to obtain the results for before and after strike of electric current.

Impact Hammer Test

The vibration behavior, natural frequency, damping ratio and mode shape of the beams
were determine using impact hammer test. But the main purpose is to measure the different
of the natural frequency value obtained before and after the lightning simukstorg had
conducted. The test had been performed in two stages. The first stage is to obtain the natural
frequency result at normal condition before the lightning simulation test and the second stage
is immediately after the high electric current padbed the concrete beam. The main idea to
conduct this experimental is to obtain as soon as possible any immediate effect of the lightning
impact to the concrete beam. The beam specimen is excited by using impact hammer to exert
an impact force. The impabammer struck at two point on the beam as shown in Figure 4.
One is on the quarter of beam and another one is on thepairdof beam. In Figure 5 shows
the setup of equipment. Equipment involved are impact hammer, data logger, accelerators,
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laptop instded with software and electric current machine. Initially after completed
arrangement of the concrete beam, the procedure was started with surface preparation on top
of the concrete beam. By using electric grinder the specific location that remarkesivioesor
smoothed for the accelerators. This is because the accelerators are too sensitive and the result
is not accurate for uneven surface, therefore this process is essential to be conducted. Basically
the beam was remarks with the permanent ink for temst The first remarks is for the
location of the hammer points and the secondly remarks for the accelerometers. General
arrangement for the remarks was shown in the Figure. The hammer points at the middle span
0 (1/2 length) and at quarter (1/3 length)tieé beam. And the accelerometers point at 5
locations, starting from one end of the beam to the others end of the beam at the interval 300
mm each.

node points\ hammer point

Figure 4. Hammer Point for Impact
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Current Concret
Machine Beam
)
Data
’_\
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Earth
Figure 5. Equipment Set Up

Data Acquisition

The raw data collected from the impact hammer test are acceleration responses in term of
time domain. Then, the raw data is transfer to the laptop installed with software to convert
into Frequency Response Function (FRF) to extract the modal paramersormputer
based software is act as an analyzers and recorders to acquire the data by usfiigrmurve
method. Peak picking method is used to obtain the natural frequency from the FRF by
selecting the higher peak of the graph. Raw data is transfer legptiop installed with software
to convert into frequency domain which typically known as Frequency Response Function
(FRF) to extract the modal parameters. The comfhased software is act as an analyzers
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and recorders to acquire the data by usingeefitting method. Then peak picking method is

used to obtain the natural frequency from the FRF by selecting the higher peak of the graph.
The obtained results of additional reinforcement concrete beam will be comparing before and
after injection of electc current. It is to determine the strength of concrete among the two
types of beam. According to Wang et al. (2012), concluded that as the natural frequency of
concrete beams increase, the concrete strength will increases. Thus, when the natural
frequencyof concrete beams decrease indicate that the strength of concrete also decrease.

RESULTS AND DISCUSSION

The obtained results for sample 1 are show in Figure 6 to Figure 8 for Beam A, B and C.
For every figure, the FRF in left hand side is the resuttdbtained before strike of electric
current while the right hand side is the result for after strike of electric current. Beam A is
subjected to 15 KA of electric current. In Figure 6 shows that before strike of electric current,
the natural frequency tleam are 56.1 Hz and 152 Hz while after strike of electric current the
natural frequency of beam have reduce to 55.3 Hz and 150 Hz. There are slightly reduction
in natural frequency which 1.4 % for first mode and 1.3 % for second mode. The results
indicatal that the strength of additional reinforced concrete beam reduced when it is subjected
to 15 kA of electric current due to the decreasing in natural frequency.

56.1Hz 152 Hz

J \ 333Hz 150 Hz

Figure 6. Natural frequency of beam before and after strike of 15 kA of electric current

Beam B is subjected to 30 kA of electric current. In Figure 7 shows that before strike of
electric current, the natural frequency of beam are 73.5 Hz and 272 Hz while after strike of
electric current the natural frequency of beam have reduce to 71.4 H54&htt 2There are
slightly reduction in natural frequency which 2.7 % for first mode and 6.6 % for second mode.
The results indicated that the strength of additional reinforced concrete beam reduced when it
is subjected to 30 kA of electric current duette tlecreasing in natural frequency.
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Figure 7. Natural frequency of beam before and after strike of 30 kA of electric current

Beam C is subjected to 45 kA of electric current. In Figure 8 shows that before strike of
electric current, the naturflequency of beam are 69.6 Hz and 155 Hz while after strike of
electric current the natural frequency of beam have reduce to 68.9 Hz and 155 Hz. There are
slightly reduction in natural frequency which 1.0 % for first mode while for second mode it
remain uchanged. The results indicated that the strength of additional reinforced concrete
beam reduced when it is subjected to 45 kA of electric current due to the decreasing in natural
frequency.
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Figure 8. Natural frequency of beam before and after strike of 45 kA of electric current

From the Table 1, it demonstrate that the natural frequency are decrease after strike of
electric current for every sample of beam. It indicate the strength of concrete also decreases
as the natural frequency decreases. Butretaction of natural frequency for all sample of
beam are in small range which from 1.0 % to 6.6%. Comparing the beam among sample 1,
shows that the reduction of natural frequency is decrease as the higher electric current is strike
into the concrete bearti.means that the embedded lightning protection cable can withstand
the higher electric current without lower the strength of concrete beam. The result shows same
to the beam among sample 2 as the reduction of natural frequency is also decrease as the
higher electric current is strike into the concrete beam. Comparing the natural frequency of
every beam in sample 1 and sample 2, it show that the natural frequency of concrete beam in
sample 2 have greater value than sample 1. It means that the strengttitioinal
reinforcement concrete beam in sample 2 is greater than sample 1. It conclude that the location
of lightning cable attached in the concrete beam will affect the strength of additional
reinforcement concrete beam.
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Table 1. Natural Frequency of Additional Reinforcement Concrete Beam

Natural Frequency (Hz) Reduction of Natural
Test Specimen Before Strike of Electric After Strike of Electric Frequency in
Current Current Percentage (%)
Mode 1 Mode 2 Mode 1 Mode 2 Mode 1 Mode 2
Beam A 56.1 152.0 55.3 150.0 1.4 1.3
Sample 1 Beam B 73.5 272.0 714 254.0 1.2 6.6
Beam C 69.6 155.0 68.9 155.0 1.0 0
Beam A 74.5 151.0 70.7 151.0 5.1 0
Sample 2 Beam B 97.0 152.0 95.7 150.0 1.3 1.3
Beam C 166.0 243.0 166.0 240.0 0 1.2

CONCLUSIONS

Through theest of impact hammer, it shown that the objectives of this research study had
achieved. From the result of impact hammer test, it shown that the after strike of electric
current the natural frequency of concrete beam only has slightly reduction. Theoredéic
natural frequency also can be interpret as the decrease in strength of additional reinforcement
concrete beam. Besides, the comparison of results among the beam of both sample shown that
the natural frequency of concrete beam in sample 2 haveegredtie than in sample 1. It
reveals that the location of lightning protection cable attached in the concrete beam will affect
the strength of concrete beam. In short, it indicate that the installation method of LPS for
sample 2 is effective than sampleBEesides, the collected result also compared among beams
between two samples with strike of same amount of electric current. From the results, it
demonstrated that all the concrete beam only has slightly reduction in natural frequency after
strike of eletric current as compared with natural frequency before strike of electric current
regardless of beams in sample 1 or sample 2. For Beam A in sample 1 shown the reduction
percentage of natural frequency for mode land 2 are 1.4% and 1.3%; Beam B hadreductio
percentage of 1.2% and 6.6% while Beam C had 1.0% and 0% consecutively. Next, the
reduction percentage of natural frequency for beam in sample 2 are 5.1% and 0% for Beam
A, 1.3% and 1.3% for Beam B and 0% and 1.2% for Beam C. In addition, when compared
the beams between two samples which strike with same amount of electric current, it shown
that all the reduction percentage of natural frequency of beam in sample 2 are smaller than
beam in sample 1. From the comparison results, it demonstrated thatladlathe in both
samples are reduced in the natural frequency after strike of electric current regardless of the
amount of electric current strike. The reduction of natural frequency can be interpret as the
decrease in strength of additional reinforcememicoete beam. Besides, the comparison of
results among the beam of both sample which strike with same amount of electric current
shown that the natural frequency of concrete beam in sample 2 have greater value than in
sample 1. It indicated that the stramgf beams in sample 2 higher than strength of beams in
sample 1 after strike of electric current. Thus, the location of additional reinforcement
attached in concrete beam will influence the strength of concrete beam after strike of electric
current. In cacluded, additional reinforcement which attached with the bottom reinforcement
in concrete beam will result an effective embedded system of LPS than attached with the top
reinforcement in concrete beam. In this field. Typical LPS has been well recoguoizi b
recent implementation of embedded system for LPS still has low recognition in Malaysia. It
is due to lack of information and researches for the embedded system. In order to design an
effective embedded system of LPS, more research related to shesnsgire needed. The
following recommendations are offered for research study that related to this field.
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Abstract

The impact damage of reinforced concrete beams subjected to low velocity impact loading at
the ultimate load range are explored. In this study, an impact tests is carried out on reinforced
concrete beam consisting Modified Artificial Polyethylene Aggregate (MAPEA), where, an
approximately 100 kg of impact weight were dropped three times onto the beam specimens
until its fails. The waste plastic bags, that encapsulated by glass powder as known as MAPEA
were used as the replacement of coarse aggregate. There are twelve beam specimens of size
120 mm x 150 mm x 800 mm are categorized into three groups, where each group consists of
4 specimens. The three groups denoted as normal reinforced concrete (NRC), reinforced
concrete with MAPEA concrete block infill (RCAI) and reinforced concrete with 9% of MAPEA
as a coarse aggregate (RC9A). All specimens were tested under low velocity impact loads
under 0.32 m and 1.54 m (2.5 m/s & 5.5 m/s velocities) drop height of impact weight. The
comparisons were made between the three types of beams under the aspect of failure (shear
and flexural) and its final displacement. The result of the laboratory test showed that the RC9A
beams produced less crack and low value of residual displacement.

Keywords: Impact, Low velocity, MAPEA&olyethylene aggregate, Reinforced Concrete beam
INTRODUCTION

One of the important considerations for the effective use of structural materials is impact
loading. Generally, an impact loading predominantly one of the accountability focuses for
structual elements both in steel and concritdact, reinforced concrete (RC) structureder
impact loading shows the dissimilar behaviour than statically loaded structures. hitius, t
kind of severe loading one of the dynamic factors thetould beconsidered in the analysis
and design of structuresh@& impact loading is related to conservation energy and momentum
law. While, the impactor with mass and velocity strikes the target, it generated the kinetic
energy. When the impactor start to touchttrget surface, then the impact force is produced
and the kinetic energy is partially converted to strain energy in the target. The other part of
kinetic energy is converted in any form of energy such as sound, heat, and dissipation through
local plasticdeformation of target and/or impactor (Lu and Yu, 2003). The strain energy
propagated away as stress waves in target. The stress waves as a compressive stress is
important role in local damage behaviour of target. If the surface target is unconstrained
condition, then the free surface target transmits the reflection of stress wave in longitudinal
direction to be a tensile and propagates to the point of surface where it loaded by impact force
from thedistal face (Beppu et al. 2008, 2003). If the slab tget is brittle and low in tensile,
the reflection as tensile wave produce the fracture and part of materials around surface target
will be separated and fly away or spalling. Along with that, the compression stress wave also
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propagate through to rear sacé of target or transverse direction. This stress wave will be
Afcarriedod and dissipated by the thickness
obtain the flexural and/or shear failure of the target. However, these failure will not occur if
the target is high in tensile (Yankelesvsky, 199With regards to this, there has been a
growing interest in the past few decades among the engineering community to understand the
response of RC structures subjected to extreme loads due to impact. Fuehéneo
application of impact tests on concrete had been found in many investigatichsas by

Beppu et al. (2008)Damasceno et a{2014); Dancygie and Yankelevsky1996; Haldar

and Hamieh(1984); Hughes 1984; Mokhatar and Abdullah2Q012; Yankele/sky (1997;

Zaidi et al. 014 and Zang et a{2005.

On the other hand, many countries had issues with waste materials. Generally, the waste
plastic bags are one of the major contributions to the increasing number of solid waste
production in this contry, and only 1 to 3 percent are ever recycled (Khalid eR@l8).

Plastic bags can be a nuisance in the society. It can cause a wastage problem as most plastic
bags are not biodegradable if buried. Use of plastic bags caused an adverse impact on the
environment as well as being a big problem in landfills. Therefore, innovative solutions have

to be developed to solve this problem. One of the considerable/substantial actions is by using
waste plastic bags as artificial aggregates in concrete. Howleeestréngths and behaviour

of concrete containing polyethylene (PE) aggregates should be extensively investigated in
order to understand the ability of this concrete as a structural material and to ensure that the
concrete structure can carry meaningfuddowithout experiencing severe failures under
impact loads. Mustafa et al. (2011) found that the compressive strength of concrete containing
PE aggregates are lower than normal concrete, however, PE aggregate are suitable for coarse
aggregate replacememt ¢oncrete through their physical analysis; thus, it is can be used as
infill block to replace ineffective volume of RC beam. The incorporation of PE aggregate can
significantly improve some properties of concrete because this type of artificial agdragate

high toughness, good abrasion behaviour, low thermal conductivity and high heat capacity
(Saikia and Brito, 2012; 2013).

The direct applications of Péoncrete as a concrete structure are still uncertain due to its
strength. However, REoncrete candused as infill for RC beam. The combination of PE
concrete infill and normal concrete producescatbed compositdbasedconcretestructure
that has advantage due to lighter weight. RC beam is highly designed to carry compression
while steel reinforcemes transfer tension stress and loadings. The relationship between
transfer tension stress and strain in normal concrete-sea$i®n is almost linear at small
value of stress (for stresses less than 40% of the compressive concrete strength). In this
condtion, the inner part, under neutral axis, only acts as a passive volume that has a small
contribution on the crack and failure resistances (Zainorietiah, 2016)In addition, when
an RC structure is subjected to flexural and shear, the concrete wahg®eneutral axis of
the crosssection is considered ineffective when it is in tension at ultimate limit states.

In this study, modified artificial polyethylene aggregate (MAPEA) is used as the
replacement of coarse aggregate in concrete beam, which is made from waste plastic that
encapsulated by glass. The use of the waste plastic and glass for constructions can reduce the
cost ofconstruction materials and keep the environment clean (Hadipramana et al., 2012).
The waste materials such as plastics and glasses could be used as construction materials
(Liguori and lucolano, 2014; Patil et al., 204 and Al-Tersawy 2012). In addibn, the
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used of MAPEA results in lighter concrete structure when compared to conventional coarse
aggregatesThus, the aim of this paper is to presents the experiment results of impact
behaviour of RC beam with MAPEA as a coarse aggregate in concreRCahdam with
MAPEA concrete block as infill. The details of specimen can be obtained in the following
section.

MATERIALS AND BEAMS
Modified Artificial Polyethylene Aggregate (MAPEA)

Most of the products in the world are manufactured from petrochenzindlgre non
biodegradable (Kim and Kim, 2008). This products are significant source of environmental
pollution and waste in nature (Siti et al., 2017; Ismail, 2016). One of theindagradables
materials is the Low Density Polyethylene (LDPE). One ofapplication of LDPE is in
carrier bags and general packaging. Therefore, it was estimated that 12,000 tons LDPE was
dump into landfills per day with an average of 20 percent of glass waste.

In this research study, MAPEA was produced from waste plagig(fagure 1a), where,
the plastic were compacted and heated about 150°C for 20 minutes in oven. Then, the heated
plastic hardened and formed the Artificial Polyethylene Aggregate (APEA), as shown in
Figure 1b. In order to form MAPEA, the APEA was coatdthvwglass powder and paint
(Figure 1c) to produce rough surface. The details of efficiency of-gtassed artificial
aggregate has been extensively discussed by Mohamed et al. 2016. Finally, MAPEA was used
as a coarse aggregate in the concrete mixtutteedRC beam specimens.

(© (d)
Figure 1. Production of MAPEA: a) compacting the plastic bag b) the plastic bags were heated to
form the Artificial Polyethylene Aggregate (APEA) c) APEA encapsulated by glass and paint to
produce MAPEA d) MAPEA ready to use as coarse aggregate
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Concrete Mix Design

All the RC beams specimens are designed in accordance to Eurocode 2 (EC2) to achieve
a compressive strength of 25 N/rhom day 28. All the beam specimens are prepared with the
same dimensions of 800 mm lengi20 mm width and 150 mm height. Thesfigroup of
specimen is normal concrete (NRC) as a control specimen and the second group of specimen
is RCAI, which consists of concrete block with 50 mm width, 70 mm width and 790 mm
utilizing 100% of MAPEA. The third group is RC beam with 9% of MAPEAaasoarse
aggregate replacement (RC9A). The details dimension and volume of each sample are
tabulated in Table 1.

Table 1. Size and volume of sample

Size Volume
Sample (Width x Height x Length) (m?)
(m?)
Cube 0.15x0.15x0.15 3.375x 10°%
Beam 0.12 x0.15x 0.80 0.0144
Block 0.05x 0.07 x0.79 0.0027
% -
ar’ " o ,  : ! i ; 135
. - 3 D PR .
el e et
A ."Lns z«a—I |_ ,_| A &
50 700 50 XX axis
a. Dimension of NRC and RC9A
A Ry . | ‘ | A P50 P
50~ 700 50~ o

b. Dimension of RCAI
Figure 2. Dimension of NRC, RC9A, and RCAI beams

IMPACT TEST

Tests for specimen of NRC, RCAI and RC6A were carried out at Jamilus Research
Centre University Tun Hussein Onn Malaysia in order to investigate theviglacity impact
behavior and failure mechanism of the beams. Several measuring devices and testing items
are required for development of impact tests in order to guarantee a reliabbel wigisting
and their ability to portray the experiments so that it was similar to real conditions as shown
in Figure 3.The test/experiment was individually designed to be able to test beam specimens
under impact condition. This research study focusetivo impact velocities; (1) 100 kg of
impactor was dropped onto the mid span of the beam at different height and (2)the beam
specimens were suffered under multiple (3 times) velocity at 2.5 m/s and 5.5 m/s.
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Figure 3. Drop weight Impact test equipment

All the specimens were placed on the rigid support and the top surface of the specimens
were unconstraine@uring the impact tests, the steel frame structures and support conditions
should be stiff enough to support the load without §igant deformation. The vertical
movement of the support conditions during the impact process will affect the displacement
and another measurement value. Tilnal displacement and mode of failure for each beam
specimens were recorded. To ensure that thgérformed correctly, the following checks
are carried out:

1 Assemble and place the support position in the correct dimension. Set the beam
specimen on the support system and align it from the both directions.

Ensure that the connections between alctiraponents work properly.

Lift up the drop weight to the desired height and measure the higigdily, setit to

fall.

1
1

RESULT AND ANALYSIS
Impact Test Results

Table 2 shows the average displacement for each type of beam specimens according to
their vdocity of impact loading. The displacement of the beam was recorded at #spamd
of the beam as the critical point occurred at this zone. The comparison of the value of
displacement was made between the three types of beams. Based on the resulgesthe low
displacement value was observed in RC9A for all 2.5 m/s impact velocity. This indicates that
the MAPEA absorb flexural energy impact for 2.5 m/s impact velocity. Whereas, for bigger
energy impact velocity, RC beam with MAPEA block (RCAI) possessedldhest
displacement after the first impact. It indicates that the compressive stress wave in transverse
direction was distributed by MAPEA block in RCAI. However, the scabbing and spalling
occurred after the second impact on RCAI compare to others beaie @). This local
failures occurred due to the poor bonding between MAPEA and the cement matrix inside the
beam. This | ocal failures, the so called
researchers (Yankelevsky, 1997).
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Table 2. Velocity and average displacement

Displacement (average) (mm)

Beam Velocity (m/s) - - -
1t impact 2impact  3impact

2.5 471 4.83 6.32
NRC

55 13.74 27.10 N/A

2.5 3.85 5.54 8.86
RCAI

55 11.40 26.17 N/A

25 2.71 3.45 4.49
RC9A

5.5 12.36 19.27 N/A

N/A: Not available

Table 3. Local failure of RC Beam

Impact

. Shear Flexural . .
Beam Velocity Crack Crack Scabbing Spalling Crush
(m/s)
2.5 a
NRC
5.5 a a a a
2.5 a a
RCAI
5 a a a a a
2.5 a a
RC9A
5 a a

As can be seen in Figure 4, Figure 5 and Figure 6, shear crack occurred at all beams.
However, RC9A could withstand the scabbing, spalling, and crushing by both impact
velocities (Figures 6a and 6b). In contrast with RCAI and RC9A, the flexural craclodid n
occur at NCR, when it was subjected to 2.5 m/s impact loading (Figure 4a). This is due to
elastic stress of NCR where it could overcome the compressive stress wave. Nevertheless, the
5.5 m/s impact velocity was beyond the elastic stress of NCR, theetbéoflexural crack was
observed in this beam specimens (Figure 4b).

Figure 5a shows that scabbing and spalling did not occur when RCAI was subjected to
2.5 m/s impact loading. It indicates that the MAPEA block increase the plastic stress of beams
and fad overcome the transverse stress wave due to 2.5 m/s impact loading. However, the
plastic stress that generated by MAPEA was not enough to withstand the longitudinal (Lu,
2003) and transverse stress wave that produced by 5.5 m/s impact loading. Hespedjrige
and scabbing was observed in MAPEA block (Figure 5b).

a) NCR subjected to 2.5 m/s velocity
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b) NCR subjected to 5.5 m/s velocity
Figure 4. NRC beam under impact
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b) RCAI subjected to 5.5 m/s velocity
Figure 5. RCAI beam under impact
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a) RC9A subjected to 2.5 m/s velocity

b) RCO9A subjected to 5.5 m/s velocity
Figure 6. RC9A beam under impact
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CONCLUSION

The used of MAPEA in RC beam leads to 10% reduction in weight when compared to
traditional RC beams. More research study needed to be done on RCAI beams so that it can
absorb more energy during the impact, thus make it higtrémgth. As for RC9A beams, it
possessed lowest displacement under the impact load test of velocity 2.5 m/s and 5.5 m/s
compared to RCAI beams. The difference in trend of displacement for beams specimens under
5.5 m/s velocity was due to the difference éffectiveness when there was increased in
velocity.
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Abstract

Composite slab is an efficient replacement of the conventional reinforced concrete slab. It is
usually consists of corrugated steel deck and concrete topping. In this experimental study,
foamed concrete was introduced as concrete topping to reduce the self-weight of composite
slab. More focus was given on the effect of thickness toward the natural frequency, damping
ratio and energy dissipation of composite slab. The composite slab was cast with the size of
840mm width, 1800 length and five different thicknesses range between 75mm to 175mm.
Foamed concrete was deliberately designed for the density of 1800kg/m? with the utilization of
rice husk ash (RHA) as partially sand replacement and polypropylene mega-mesh (PMM) as
fiber reinforcement. Throughout the compression and splitting-tensile tests, foamed concrete
achieves a decent quality with value of 35.03MPa and 2.01MPa for the compressive and tensile
strengths respectively. It was observed that the natural frequency decreases with the increment
of thickness. On the other hand, the damping ratio and energy dissipation indicate a significant
increment correspond to the thickness of composite slab.

Keywords: Natural frequency; Structural damping; Energy dissipation; Composite slab; Foamed
concrete; Corrugated steel deck

INTRODUCTION

In recent years, composite slab has become one of the important structurgdinirg.
Usually composite slab is used in commercial and industrial buildings, but can also be
extended to the residential and leisure buildings. The motivation for using the composite slab
is mainly due to the time frame of construction and to achfevesiquired economical aspect.
Composite slab is known as a structure that consists of reinforced concrete on the top of
corrugated steel deck. Therefore, composite slab is widely referred as corrugated steel
concrete slab. BS EN 19941 (2005) defined th composite slab as a structure like a slab in
which corrugated steel deck is used initially as permanent shuttering, subsequently combine
structurally with the hardened concrete and act as tensile reinforcement

In conventional practise, normal concréseused to give a perfect interaction with
corrugated steel deck. Normal concrete is the mixture of cement, sand, coarse aggregate and
water. The density of normal concrete is around 2400kg/ile the compressive strength
can achieve as high as 50MPaislwidely known that normal concrete contributes to the
weight penalty. Therefore, for an efficient design and casting of composite slab, foamed
concrete is preferable as it can offer lightness and versatility. Foamed concrete comprises of
mortar matrix vith minimum 20% of entrapped amid and can be manufactured easily with
good workability, excellent performance of thermal insulation, fire resistance and absorption
(Narayanan & Ramamurthy, 2000; Jones & McCarthy, 2005; Mydin & Wang, 2012).
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However, theutilization of foamed concrete in composite slab is relatively new and
require comprehensive investigations. There is a grave concern that the application of foamed
concrete may cause a greater transient behaviour on composite slab and probably lead to
undesirable vibration responses. Until recently, the literature reviews and past investigations
on the vibration responses are solely limited to the composite slab made of normal concrete.
Therefore, this study aims to investigate the vibration respon&esnoéd concrete composite
slabs in term of natural frequency, structural damping and energy dissipation. Moreover, the
susceptibility on the vibration responses of foamed concrete composite slab must be tackled
to prevent discomfort and outright struabfailure.

COMPOSITE SLAB

Composite slab, as shown in Figure 1, is structurally efficient because it exploits the
tensile resistance of corrugated steel deck and compressive strength of concrete (Zoltan &
Istvan, 1998). It is widely used due to its adkeae compared to reinforced concrete slab
where it can reduce size of structural components and increase the resistance of stresses.
According to Rackham et al. (2009), composite slab able to reduce around 30% of weight if
properly associated with the stédrame structures. As a result, the demand on composite slab
increases in construction industry (Lam et al.,, 2017). However, the interaction between
concrete and corrugated steel deck become paramount important in load transfer, effective
utilization of material, interfacial characteristics and durability of composite slab (Yoshitake
et al., 2012).

Figure 1. Composite slab consists of corrugated steel deck and reinforced concrete

On the other hand, composite slab is regarded as the best diagheggthening method
for the building. Previous experience indicates that this kind of diaphragm generally allows
lower slab thickness, higher load bearing capacity and size reduction for structural
components of beams, columns and foundations (Abbas).2Uhérefore, composite slab is
very useful for seismic building system. If fully associated with steel beams and infilled steel
columns, it can create high ductility of structural components to resist seismic events.
Chaudhari et al. (2014) stated thtieathe recent earthquakes in New Zealand, there is wide
acceptance of steel frame structure with composite slab, where the high performance can be
achieved using steel studs welded onto the beam and cast into the concrete slab.

Many investigations wereonducted on the design, structural behaviour and performance
of composite slab made of normal concrete. Bayasi et al. (2001), Sanchez et al. (2011), Khalaf
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et al. (2013) and Chaudhari et al. (2014) investigated the structural behaviour of composite
slab.On the other hand, Jeong et al. (2009), Cifuentes & Medina (2013), Johnson & Shepherd
(2013), Lakshimikandhan et al. (2013) and Abbas et al. (2014) investigated the interaction
and shear resistance of normal concrete with corrugated steel deck. HowensonJ& Li

(2012) proposed the application of foamed concrete in composite slab and found that the
bearing capacity is identical with counterpart from normal concrete. For the better
performance and durability, foamed concrete can be reinforced usirg fiber

The strength of composite slab is fully governed by shear interaction between concrete
and corrugated steel deck, rather than by yielding of the corrugated steel deck. Therefore, the
connection and bond of concrete to corrugated steel deck play al enleiin creating the
compositeness and to prevent the slip of composite slab. Compaosite slab is normally used to
span between 3.0m to 4.5m, where the thickness can be varied from100mm to 250mm for
shallow decking and in the range 250mm to 300mm fop deeking (Feldmann et al. 2013).

This type of slab has spanning behaviour foraag with no account taken on the continuity
offered by reinforcement. That make it more vulnerable to vibration compare to tiweaiwo
span reinforced concrete slab (SilvaDavid, 2009).

Usually, composite concrete is designed using static method which will not reveal the true
behaviour under dynamic load that induced by vibration. Generally, vibration is a repeated
motion and extensive movement in a period of time (H&Fan@001). Acceleration, velocity
and displacement are related matters to vibration. The external source of vibration can be
generated from traffic, groudabrne activities and high localised loads. Meanwhile, the
internal source of vibration is mostly alidhe humasinduced resonant or machimeduced
vibration. The vibration from traffic and seismic are considered the most critical sources of
excitation of high vibration that need major concern (Hao & Cheng, 2001; Pridham, 2009).
Hunaidi (2000) stated #t the external sources of vibration are likely to affect structures and
the sensitive equipment that housed in the building.

Varela & Battista (2011), Fahmy & Sidky (2012) and Abeysinghe et al. (2013)
investigated the vibration responses of compositerakzde of normal concrete under human
induced resonant. The consequences of investigations reach a similar outcome that indicate
the occurrence of muitnodal vibration. It was also found that the vibration caused by the
higher harmonics of the frequenttiaities can also cause discomfort and excessive
deflections. Chaudhari et al. (2014) emphasized that the continuous vibration can increase the
demand on the connection, panel zone and column, hence possibly resulting in some
undesirable inelastic deforniah mechanisms. However, a substantial reduction of vibration
can be achieved by controlling the structural stiffness.

Any study on the vibration responses has a close look with the natural frequency and
associated mode shape as structural degreéeexfom. The vibration can be commonly
sorted by the amount of energy that is activated by the oscillation. Therefore, the natural
frequency is that on the lowest energy level and thus the most likely to be activated. Murray
et al. (2003) and Amick & Graxh (2005) proposed the acceptance criteria of vibration for
the specific function of slabs using the correlation of peak acceleration and natural frequency.
On the other hand, Klein & Rianer (1995) recommended that the natural frequency of concrete
slabs © be between 10Hz and 30Hz. According to Feldmann et al. (2013), for the comfort
criteria of composite slab, the natural frequency should be not less than 8Hz.
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EXPERIMENTAL STUDY
Material preparation

In preparing the materials for the casting of cube @pidder specimens as well as the
composite slabs, the mix design of foamed concrete was based on the volume rather than the
weight. In addition, the mix design was purposely designed to produce foamed concrete with
targeted density of 1800kginThe mateals, as can be seen in Figure 2, include the ordinary
Portland cement (OPC), sand, rice husk ash (RHA), polypropylene-mmegia 55 (PMM),
foam agent, superplasticizer (SP) and water. A mix design as suggested by Abd Rahman et
al. (2015) and Jaini et dR017) was employed in the production of foamed concrete, where
the cemensand ratio is 0.50, wateement ratio is 0.55, foam ager@ment ratio is 0.07 and
foam agentvater ratio is 0.5.

d)
Figure 2. Main materials in foamed concrete; a) OPC, b) Sand, c) RHA, d) PMM),
f) Foam agent and g) SP

The detail about required quantity of materials can be referred in Table 1. In this
experimental study, foamed concrete was produced using prefoaming methpeféhmed
foam was produced by diluting the foam agent with water in an LCM generator. The function
of preformed foam is as a stable substance that added in mortar matrix for the desired density
of foamed concrete. RHA was utilized as partially sand ceph@nt at 40% of volume
fraction. RHA was obtained from the combustion process at 700°C for 6 hours. The
composition of RHA consists of 89.90% S$jM.46% AbOs;, 0.47% FeOs, 1.01% CaO,
0.79% MgO, 0.11% N#&?and 0.32% LOI, which indicates the presence of highly amorphous
silica. Meanwhile, 9kg/m PMM was added in foamed concrete to enhance the mechanical
properties.
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Table 1. The required quantity of materials
Quantity for Required

Material 1m® (kg) quantity (kg) Remarks
Cement 453.30 809.61 %gl_r]\-ary Portland cement, Type | based on BS EN
Sand 728.00 1355.17 Size less than 3mm based on BS 882:1992
RHA 141.30 263.09 Grey colour with averag:
to 105em
Synthetic fiber with length of 55mm and tensile
PMM 220.00 7.84 strength of 425MPa
Foam agent N/A N/A Sika AER 50/50 which is a synthetic surfactant and
polymer-based
sp 249 4.45 ESTOP Admix AP with consistence content along
the mixing
Tap water free from impurity based on BS EN
Water 249.30 445.28 1008:2002

Specimen preparation

A total of 9 cube specimens of foamed concrete containing 40% RHA and>Jgikh

were prepared using mould of 100mm length, 100mm width and 100mm depth. The cube
specimens were underwent air curing at 7, 14 and 28 days. On the other hand, a total of 9
cylinder specimens with size of 300mm height and 150mm diameter were alsoegrddhec
cylinder specimens were placed at the ambient condition for the curing process as similar
duration as cube specimens. Meanwhile, a total 10 composite slabs with dimension of
1800mm length, 840mm width and various thicknesses of 75mm, 100mm, 1256mmmn1

and 175mm were prepared.

The schematic design of composite slab is illustrated in Figure 3. The PEVA45 with
thickness of 1mm was employed as the corrugated steel deck and at the same time acts as
formwork. In addition, foamed concrete was reinforegith mesh reinforcement of H350.

The composite slab was allowed to adopt the nominal cover of 35mm. No shear connections
or studs were placed in between foamed concrete and corrugated steel deck. Therefore, the
shear strength of composite slab is soldypended on the bond of foamed concrete and
corrugated steel deck. Figure 4 shows the formwork that ready to be filled with foamed
concrete and hardened composite slab that underwent the air curing process along 28 days.

1225 46 1295, 835 1295 ) 45 1295, 835 1295 ) 45 1235 835 1295 45 1295 835 29545 225
| I

I 840 |

Figure 3. Schematic design of composite slab
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@ ‘ (b)
Figure 4. Specimen preparation of composite slab: (a) Mould and (b) Hardened
composite slab

Test Programme
Compression and Splitting-Tensile Tests

The compression test on cube specimens was conducted accordingBd12390
3:2009. On the other hand, BS EN123202001 was referred for the splittitgnsile test to
obtain the tensile strength of foamed concrete. Both compression and st#itigilg tests
were performed using Ele Compact Machine 1500 as can be d&guri@ 5. Before the tests,
cube and cylinder specimens were visually inspected, labelled, sized and weighted

b)
Figure 5. Test programme on cube and cylinder specimens, a) Compression test
and b) Splitting-tensile test

Hammer-Impact Test

The composite slabs were tested under the haampexct test after 28 days of curing
process. The hamménpact test requires special instruments of hammer, accelerometers and
data logger as can be seen in Figure 6. The hammer was designed for useiedta del
structure. The force transducer on hammer measures the impact force that applied to the
surface of composite slab. Meanwhile, the accelerometers were used to measure the wave
vibration due to the impacted of hammer. The wave vibration was recor@ededsration
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time history (in relation to location) by data logger and can be displayed in both plot and
digital using QuickDAQ. The setp of hammeimpact test can be seen in Figure 7.

a) Hammer b) Accelerometer c) Data logger
Figure 6. Instrument of hammer-impact test

Figure 7. Test set-up for hammer-impact test

Fifteen points for accelerometers were drawn on top surface of composite slab as shown
in Figure 8. Points of Al, A2, A3, A4 and A5 are classified as Series A, &iles B consists
of B1, B2, B3, B4 and B5. Points for Series C are dictated by C1, C2, C3, C4 and C5. The
hammer was stroked at point X which located at-thirel span of composite slab. The
hammer was stroked for ten times for the accuracy of data andatve vibration at Al, B1
and B2 were simultaneously captured. The processes were repeated for A2, B2 and B3 until
A5, B5 and G.

Figure 8. The position of the accelerometers during the test

The raw data obtained from the impact hammer test were examined to get the oscillation
of wave propagation and acceleratiome history, consequently the vibration responses and
energy dissipation can be determined. The vibration responses are refetmedntgural



