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INT RODUCTI ON

Welcome tothe Malaysian Construction Research Journal (MCRJgcial issuén
conjunction with the Engineering Technology International Conference 2020 (ETIC 2020)
This conference has been successfully organized Wyattidty ofEngineering Technology
Universiti Tun Hussein Onirom the Malaysia Technical Univaty Network (MTUN)

This Special Issues of MCRJ for tBSIC 2020consists of 20 selected papersthg
scientificconferenceommittee and expert reviewers. The confeeshavinghemain theme
as Spurring High Technology Development for Sustainable Funite eight (8) tracks:
Transportation Energy Electrical & Electronics Mechanical, Manufacturing & Process
Technology Civil, Building, Infrastructure & Environmental ManagementChemical,
Biotechnology & Sustainable MateriaRharmaceuticalandOSHA.

This special issue is a platform for researchers and engineers to shakadhdédge
and experiences in creatiagustainable and environmenyafriendly world for thepresent
and the futureThe acepted papers cover@ivil, Building, Infrastructure & Environmeal
Management track. Each paper preseatad published in this conference had undergone a
rigorous review process bgadingexpers who are knowledgeable in the pertinent subject
area.

It is believedhat this special issue is signifiddn the academics and professionaiih
research workselated to theonstructiorindustryandsustainable constructiom addition,
it also brirgs opportunity for aluthors to share ideas as well as stimulating awareness of this
important field.
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Editorial

Welcome from the Editors

Welcometo theMalaysian Construction Research Journal (MCépdcial issudor the
Engineering Technology International Confere@620 (ETIC 2020. We wantto express
our sincere gratitude to our contributing authors, reviewers, organizers and readers.

This Special Issues of MCRJ for tBd1C2020contains twenty (20) interesting papers
covering the theme o6 Spurri ng High Technol ogy Develo
consist of eight tracks: Transportation, Energy, Electrical & Electronics, Mechanical,
Manufacturing & Process Technology, Civilulgling, Infrastructure & Environmental
Management, Chemical, Biotechnology & Sustainable Materials, Pharmaceuticals and
OSHA. It is hoped that the readers would greatly benefit from the scientific content and
quality of papers published in this issue:

Brief introduction of each article is given as hereunder:

Suraya Hani Adnan et al.,analyzed themechanical performance of lightweight brick at
elevated temperatur@he reseach objective is to determine the effectivenesEgpanded
PolystyrendEPS as a substitute for sand in the concrete ifiverefore20%, 30%, 40% and
50% of EPS percentagserereplacedoy sand volumeTo examine the brick performance
hardened brick densitycompressive strength, water absorption and fire resistanceetest
conducted The result showthat thebrick sample with 50% EPS is considered lightweight
brick with its densityof 1435.71 kg/mi It concludedthat EPSmight causea significant
reductbn to compressive strength, water absorption and fire resistance of brick.

Mohamad Hairi Osman et al., presented the performance Bkpanded Polystyrene
Beads (EPS) aa fine aggregate replacement and Palm Oil Fuel Ash (POFA) as cement
replacement in reinforced concrete (RC) beaamtheflexural behaviar of the beamThis
studyaimsto produce a low density concrete using BR8 POFA as eoncreteeplacement
material.10%, 20% and 30% of ER®d been used to replace fine aggregatel@ft, 20%
and 30% of POFAad been used to replace cem&ht resulshowsthe crack pattern on the
reinforced concrete beam that coriaigbf 10% to 30% of EPS and POFA can be classified
as flexural cracks and some crack tend to be shear crack deeatagie of crack close to 45
degreesThe conclusion can be made that the higher percentage of EPS and POFA decrease
the concrete compressive strength R@lbeancapacity.

Tuan Noor HasanahTuan Ismail et al., presentedhe efficiency othegeocellular mat
(GCM) to evaluatehe settlement behaviour via field performanG€&€M is lighter, stronger,
and stiffer, vith a density of 125 + 10 kgfincompressive strength in the range of 2.8 to 4.5
MPa, and stiffness in the @@ of 100 to 150 MP&A series of field test was conducted to
simulate a particular cros®ction of road embankment with a uniform static load for nearly
a year to verify the effectiveness of GCM. This studjndings successfully prove the
efficacy of he GCM block to diminish settlements over peat ground, compared with sand fill.
The results show that the maximum absolute settlement and differential settlement were
reduced witlthe GCM technologyapplication.
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Aslila Abd Kadir et al., explored the light transmission of light pipe usiaflective
materials that are easipvailable locally at a lower cosA straight lightpipe using 74%
reflective material for the internal surfaces was installed in a test room located in Batu Pahat.
Indoor illuminance and concurrent outdoor illuminance were monitoredratdes interval
for a month. Results showed that clouds, solar altitudes and external illuminance were
affecting the performance of the system. This average internal illuminancéuléilet the
MS 1525:2014 recommendation for application in Malaysian buildings. This indicates that
the light pipe system has potential as a tool for introducing indoor daylight in Malaysia.

Tuan Noor Hasanah Tuan Ismailet al., analysed the strengthegiormance of soail
reinforced with coconut fibre(CF). This research focuses mainly on investigating the
compaction parameters and bearing capacity ofaiérite soil. Standard compaction test and
California bearing ratio (CBR) test were performed on soil randomly included with three
different CF proportion$0%, 0.5%, and 1.0%). Results indicate thatdhmum moisture
contentincreased and theaximum dry densitglecreased as the proportion of CF increased
to 1.0%. The coconut fibreinforcement makes the stabilised soil ideal as a subbase material
for road pavement applications. In addition to enhancing soil strength efficiency, CF reuse
would also reduce agricultural waste disposal to landfills and prevent environmental
problems.

Husam Mansour et al.,outlined a conceptual model underpinned by the reswhased
view theory and the CIMO logi@& review of the literature revealed that there is still a lack
of research on the benefits of Industry 4.0 in the construction industry context, particularly
concerning the impact on performangberefore, his stidy seeks to understand the impact
of Industry 4.0 technologies as resources, and the mediating role of IT and operations
capabilities considering the construction industry complexternthrough the integration
challenges.

Tiffany Valarie Kerry et al., presenteathe significant factorghat affecting safety
management implementation at construction sites based on the perceptions of different
construction stakeholders. The factors affecting safety performance that formed the
guestionnaire are commonlyaapted physical safety management performance factors that
were derived from previous studies involving accident rates and the satisfaction of
construction stakeholders. Theesent study Bndings revealed a high similarity of OSH risk
perception within and among stakeholder groups. This paper offers an important contribution
by providing significant information that benefits the construction stakeholders to further
facilitate the benchmaitkg process and various initiatives that can improve the safety
performance of construction industry as a whole.

Nurvin Ratha et al., explainedhe conceptual development and the laboratory testing of
a prototype which would be a composite recyclable nztdat would meet the neddr a
strong, stiff, permeable, lightweight mat as alternative fill matefibe combination of
polyurethane and waste plastic bottles meet the criteria of such an alternative fill. The findings
show that the Polyurethaftastic Bottle(PUPB)block with a yield strength of 130kPa has
about 2.6 times higher compressive strentitan the Geofoam also the wekhown
lightweight field material in the industry. This im@dithat the PUPB block is greener hntl
stiffer and more witable to be used as an alternative lightweight fill to mitigate hazardous
settlement of constructions built on soft soll.
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Ahmed Mokhtar Albshir Budiea et al., exploredthe behaviour of corrosion in pipelines
steel when placed in seabed sediment environment. Simulatidhe sediment of different
characteristics have been carried out to examine their effects on steel coupons buried in them.
Consequently, the corrosioate of the steel specimens were determined via weight loss
technique. The results show that metal weight loss increases as the durtdimexpisure
to seabed sediment environment becomes longer. The corrosion order for types of sediment
existing in sebed simulated environment is found as follows; fine sand < medium sand <
clay < coarse sand. In conclusion, the indoor simulation of seabed sediment can be conducted
and is found relatively reliable to explain some corrosion phenomena for a short period
studies.

Nor Haslinda Abas et al.,discussedvork-life balance in the Malaysian construction
industry, to determine the trends of wdifie balance, analyzing the main factohat affect
work-life balance and the best initiative that can be taken in gragtivork-life balance
practices among workers. The result shows the employee only had a mediusifevork

bal ance and can either be dropped into wor
feels satisfied when they can give their best performamtieet company even they need to
sacrifice their timed is the .Wallifebaaoceisr un

a good practice in improving employees' work performance and makes employees feel more
comfortable to focus at work. The facs affecting workife balance can either bring a good

or bad implication depending on how employees face the challenge and their working
environment.

Alvin John Lim Meng Siang et al, analysech newconcept of lightweight fill material
construction in embankment using arch structOrge of the techniques in improvingarine
clay-type of soilis to use expanded polystyrene (EPS) as lightweight filler materials in road
embankments. This is one of timitiatives to improve soil bearing performance and reduce
soil settlements. Due to the irregularities in the design and an increase in demand and cost for
EPS, this study proposes a new design of using an arch structure concept in lightweight fill
design.A smallscale model of the road embankment will simulate where settlement will be
measured on the model using EPS as the filler material. This research will focus on the
different models in the arrangement of fill materials and the pattern of failunesétlement
analysis. It is found that the arch structure provides less settlement while maintaining using
limited EPS materials.

Zalipah Jamellodin et al.,identified thephysical properties of blended cement concrete
containing palm oil fuel ash and g=hell powder This paper presesthe results of an
experiment incorporating palm oil fuel ash (POFA) and eggshell powder (ESP) to partially
replace ordinary Portland cement (OPC) in conemaiking. The results were promising,
whereby both water absorpti and UPV had improved while the density maintained within
the normal range. The advancement of this technology is envisioned to drive down
construction cost due to the reuse of waste material and contribute towards sustainability
efforts through carborobtprint reduction.

Shahrul Niza Mokhatar et al., determinedhe modified rubberized concrete as a flexible
concrete barrier utilizing waste materials under impact loading. The waste CR (Crumb
Rubber) and RHA (Rice Husk Ash) were used as a replacement for fine aggregate and cement
which 6% and 10% of waste CR witli% RHA replaced in the normal concrete mix. The
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results reveal the increasing rubber content in the concrete mix causing high penetration
depth. In this study, 6% of CR was considered a good result since the crater diameters closed
to the nose hemispheriqarojectile diameter (less percentage). In terms of energy absorption,
the result was directly proportional to penetration depth. Thus, rubberized concrete able to
improve the function of concrete as a concrete barrier in reducing impact since it sfjows hi
energy absorption.

Wan Amizah Wan Jusoh et al., assessinghe engineering properties of reinforced
concrete containing a combination of steel and polypropylene fibres. In this research, the
physical and engineering properties of fibre reinforced ctm¢feRC) are investigated by
using hooked end steel fibre (SF) and virgin fibrillated polypropylene fibre (PPF). The results
indicated that the best combination of fibres was for concrete containing SF 75% + PPF 25%.
The combination of SF and PPF fibresdoncrete was able to enhance the engineering
properties and controlling the growth of cracks in concrete. The results also indicated that
concrete with both SF and PPF produced higher tensile and flexural stitagitine control
by 77% and 170%, respacly.

Faisal Sheikh Khalid et al.,studiedthe performance of partial coarse recycle concrete
aggregatéCRCA) containing insulator synthetic wire waste as fiber materials can reduce the
amount of waste dumped into landfilla. study was made using csarrecycle concrete
aggregate and wire waste as materials in the concrete mixture. The simerggesat 15%
CRCA and 1.5% wire waste for 9.8% comparethgnormal specimen. Therefore, it can be
concluded thatheoptimum percentage for CRCA is 15% replacement materials and addition
of 1.5% wire waste as fiber.

Siti Norsalkini Mohd. et al., explored the characterization and classification of
sedimentary rock mass, located in Iskandar Puteri, Johor, Malaysia Imnaitithe
combination of geophysical investigation and geomechanical assessment. Resistivity and
seismic refraction method were employed for geophysical investigation while the
geomechanical classification involves Q system and Rock Mass Rating (RMR). The
geophysical methods were carried out on the rock outcrop to estimate the rock mass quality
index. In conclusion, the classification of sedimentary rock mass based on the correlations
betweenthe geophysical result from seismic velocity and resistivity gedmechanical
classification using @ystem and RMR can be used as useful tools in site investigation to
enhance the subsurface information during site investigation.

Norhaliza Wahab et al., analyzed the potential dfalm Oil Fuel Ash (POFA) as a
profitless industrial byroduct to substitute cement as it possesses cementitious behaviour
when subjecting in cement hydrating procédse partial replacement of cement dosage in
four others mixing proportions were replaced with 5 %, 10 %, 15 %, and 20 %é{.P®
28 curing days, C85P15 achieved the highest value in unconfined compressive strength (UCS)
test which was 107.6 kPa. In comparison to C100 and C80P20, C85P15 had lower carbon
content, higher calcium content and lower silica and alumina contenefdterthe ability
of POFA to enhance the peat strength and effectively reduce the cement usage in peat
stabilization is proved.

Husam Mansour et al.,develogda conceptual model to identify the impact of planning
on construction companies®6 quality by refe



MCRJ Special Issue Vol. 13 | No. 2 | 2021 Xii

planning, the importance of planning, and the basics of efficient planning. Additionally, the
model aims to quditively measure the impact of planning on the quality of projects. A-semi
structured questionnaire was distributed randomly to 159 Jordanian Engineers. The results
indicate that there is a medium level of planning in Jordanian construction companies. The
respondents and statistical analysis showed a significant impact of planning on the quality of
construction projects. Finally, some recommendations were made to improve construction
quality and planning.

Agus Sulaeman et al.pbtainedthe effect of w/c atio to pile capacity and original soil,
the small scale model drum. Clay soil, bored pile model and procedutles simulation
were also prepared. The simulationtloé pile loading test (PLT) testsagcarried out in
various w/c ratio in ambient conitib on first liquidity index. The results reveal that there are
changes of clay properties due to migration of waterantoid or crack inside surrounding
clay, mixing cement mortar with clay mineeldcompaction from hammer drop. The higher
water cong n t of original clay the bigger adhes
optimum w/eratio (w/c = 0.4) provides more pile capacitynderstandablywater plays an
important role Water from cement mortar migrates to surrounding clay at variousalefjr
moisture content, which contribute to the change of surrounding clay properties.

Ahmed Mohammed Awad Mohammed et al.studiedthe physical characteristics of
kaolin change upon treatment with different concentrations of granulated gruoumades
blast slag (GGBS); changes in particle size and compaction properties are some areas of
interest. Furthermore, the study assesses how a specific quantity of GGBS may be used for
enhancing kaolin strength when it is cured for up to 28 days. Sayercdring time for 20%
and 25% GGBkaolin blend leads to strength enhancement that exceeds the subgrade layer
requirement. Considering 25% GG#&8olin blend cured for 28 days, the maximum strength
was determined to be 8.4 MPa. The inclusion of GGBS l@adsanges in crystal phase and
structure which can be observed using microstructure analysis.
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MECHANI CAL PERFORMANCE OF LI G
BRI CK AT EODEWARTERAITURE

Suraya Hani Adnan?, Adriana Farniza Pozi!, Mohamad Hairi Osman?, Mohamad Luthfi Ahmad
Jenit, Nurain lzzati Mohd Yassin?, Zalipah Jamellodin?, Noor Azlina Abdul Hamid?, Norhafizah
Salleh? and Masni A. Majid?

1Department of Civil Engineering Technology, Faculty of Engineering Technology, Universiti Tun
Hussein Onn Malaysia KM 1, Jalan Panchor, 84600 Panchor, Johor.

2Department of Civil Engineering, Faculty of Civil Engineering and Built Environment, Universiti Tun
Hussein Onn Malaysia, 86400 Parit Raja, Batu Pahat, Johor.

Abstract

This study presents the production of lightweight concrete brick containing Expanded
Polystyrene (EPS). The objective of this study is to determine the effectiveness of EPS as a
substitute for sand in the concrete mix. The replacement percentage of EPS is 20%, 30%, 40%
and 50% from the sand volume. Hardened brick density, compressive strength, water
absorption and fire resistance test were conducted in order to examine the brick performance.
The dimension of the brick is 215mm x103mm x 65mm. The total of samples for different testing
were 60 samples of bricks where 30 samples were undergoing for density and compressive
strength test with curing age 7 and 28 days, 15 specimens for water absorption test and 15
specimens for fire resistance test required. All brick samples were subjected to air curing. From
the results, it is found that brick sample with 50% EPS is considered as lightweight brick
because its density is 1435.71 kg/m?3. The results indicated that increasing the volume of EPS
causes significant reduction to compressive strength, water absorption and fire resistance of
brick.

Keywords: Compressive strengthfire resistance; Expanded Polystyrene; sand replacement;
lightweightconcretebrick.

INTRODUCTION

A concrete brick commonly known as a small rectangular piece with the ingredients
comprises of cement and aggregates usually sand which is formed in moulds and cured.
Concrete brick has different types of shapes such as solid and hollow brick whilgethe si
are varied according to the standard. Density of the brick is one of the important properties
that contributes to the total weight of the bricklwoAccording to ASTM C9@9 (2012)
concrete brick could be classified into three classes which are nweigglt (more than 2000
kg/m3), medium weight (1682000 kg/m3) and lightweight (less than 1680 kg/m3). In
addition, there are another properties of bricks that have to be considered, but the foremost
imperative properties is strength, which the compresstirength of brick can be shift from 3
N/mmz2 to 40 N/mm?2 depends on raw materials utilized for the brick produatidrthee
manufacturing process

Nowadays, construction industry is focuses on the production of lightweight building
material. This is beese by having lightweight building materials, the total dead load of a
building could be reduced hence this will make a building more stable against the earthquake
forces (Veiseh& Yousefi, 2013). Next, lightweight materials will reduce the cost of
constriction which includes the cost of production, transportation and handling proeess (
et al, 2012. Due to these, Expanded Polystyrene (EPS) has become one of the most
preferable lightweight materials due to its characteristic which is extremely 3gladiet
al., 2016). It is also well known as a stable ledensity foam of norabsorbent, hydrophobic,
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artificial ultraclightweight and closedcell nature aggregate (Ling Teo, 2013) The
properties of EPS in construction moreover critical which is dioly low thermal
conductivity, mechanical resistance, low water retention which is it does not absorb moisture.
In addition, its thermal and mechanical properties are unaffected by damp, humidity or
moisture, ease of dealing with and installing, chemiesistance, flexible, ageing resistance
and secure in construction works.

EPS has been utilized in construction industry as a replacement material for aggregates
in the concrete mixture. Other than its ability in reducing the density of building mattegial,
replacement of EPS also could minimize the usage of natural resources such as aggregates or
river sand.

Besides density and strength, fire resistance performance of a building material is also a
vital parameter to ensure the stability and servicdglofibuilding after been exposed to high
temperature. Therefore, this study aims to investigate the properties and the optimum
replacement of Expanded Polystyrene (EPS) in the brick and also its performance after been
exposed to elevated temperature.

MATERIALS AND METHODS
Materials Preparation

In this study, the lightweight concrete bricks are made up of@ngi Portland Cement
(OPC), fine aggregates (river sand), expanded polystyrene (EPS), tap water and
superplasticizer.

Ordinary Portland Cement (OPC)

OPC used in this study is classified ypé¢ 1 based on the ASTM C150 (201Zhe
supplier for this cement is Tasek Corporation Berhad which certified by SIRIM. Cement has
been stored in an air tight container to prevent any moistargact. The chemical
composition of OPC has shown in Table 1

Table 1. Chemical Composition of OPC

Chemical Composition (%)
Silicon Dioxide (SiOz) 14.6
Aluminium Oxide (Al203) 3.95
Ferric Oxide (Fe20s3) 3.46
Calcium Oxide (CaO) 57.1
Potassium Oxide (K20) 0.51
Magnesium Oxide (MgO) 1.62
Sodium Oxide (Na20) -

Sulfur Trioxide (SO3) 3.43

Fine Aggregates (Sand)

In this study, river sand has been used as fine aggregates. River sand was sieved by sieve
plate to ensure that it does not consist any impurities and in order to have a consistent size.
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Earlier than that, a process of oven dried for a minimum of 24 faute temperature of
105+5°C was conducted. In this research, the sieve analysis of sand \@mascadance to
ASTM C 13606 (2012)

Expanded Polystyrene (EPS)
The size of EPS used in this study was between 1.18mm to 2.36mm. EPS used was

collected from ST Polyfoam Industries Sdn. Bhd which located in Batu Pahat, Johor. Figure
1 shows the shape of EPS used in this study.
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Figure 1. Expanded Polystyrene (EPS)

Brick Sample Preparation

The mix ratio of the brick is 1:3 (cement: sand). For this study, there are 5 different types
of bricks which varied in percentage of EPS replacement. The water cement ratio is 0.5 and
superplasticizer is 8 ml for every 1 kg binder. The size of the brick is 215 mm x 103 mm X
65 mm. Table 2 shows the mix proportion of concrete mix for each brick. The total specimens
needed for density and compressive strength test in this study were 30 sgecl®e
specimens of bricks used for water absorption test. Meanwhile, 15 specimens of bricks were
conducted for fire resistance test.

Table 2. Mix Proportion of Bricks
Mix Proportion

EPS Percentage

Mixture Cement Sand EPS w/c ratio %)
(kg) (kg) (9) (kg)

1 0.71 2.14 0 0.36 0%

2 0.71 1.72 5.74 0.36 20%

3 0.71 1.50 8.61 0.36 30%

4 0.71 1.29 11.48 0.36 40%

5 0.71 1.07 14.35 0.36 50%

Mixing and Casting Process of Brick

For the mixing process, cement and sand were mixed before water and super plasticizer
were added. After 5 minutes of mixing, the EPS was added and thoroughly mixed in the
concrete mixture for 3 minutes. Then, the concrete mix was casted into the timids arml
was left inside the laboratory for 24 hours. After, 24 hours all the brick samples were
demoulded and again all the brick samples were left inside the laboratory for curing process
until the day of test.
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RESULT AND DISCUSSIONS
Density Test

Thedensity of brick is calculated as mass per unitmauAccording to ASTM C909
(2012) there are three classes of concrete masonry unit which is normal weight (more than
2000 kg/m?3), medium weight (16&D00 kg/m3) and lightweight (less than 1680 kg/m3).
Based on the bar graph in Figurgishows that the density of samples decreases with EPS
added in their production because EPS has lower density than sand. This lower density
indicted that the particle in the brick are not closely packed due to tgadfilEPS to bind
with other substance because of its smooth surface.

Control sample with contained 0% of EPS recorded the highest density over another
samples which is 2150 kgfior 7 days and 2050 kghfor 28 days. The dry density of E20P0
and E50PO ecrease for 7 days which is 13.3% and 32.2% respectively. However, the decrease
in dry density of E20P0 and E50PO for 28 days are 9.8% and 30% respectively where they
are influenced by adding EPS it would be possible to produce lighter weighting centent san
brick. The sample with 50% of EPS contained recorded the lowest density which is 1457.14
kg/m? for 7 days and 1435.71 kgirfor 28 days.

In compliance with ASTM C9®@9 (2012) EOPO for 7 days and EOPO for 28 days of
testing day are considered as normaight brick as there are all above 2000 kg/ms3.
Furthermore, for 7 days of curing period, E20P0, E30P0, E40P0 and for 28 days of curing
period, E20P0, E30PO are considered as medium weight brick classification as the density is
within 16832000 kg/m3. Howeer, another mix ratio is considered as lightweight brick
classification as there are is below 1680 kg/m? which is E50PO0 for 7 days and E40P0, E50PO
for 28 days.

Diensity vs Percentage of EPS (%)
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Figure 2. Graph of Brick Density Against Percentages of Expanded Polystyrene (EPS)
at The Age of 7 and 28 Days

Compressive Strength Test

Compressive strength test on bricks was carried out to determine the load carrying
capacity of bricks under compression. This test was condwatcordance to ASTM C129
11 (2012) Based on the bagraph in Figure 3it shows that the overall graph of compressive
strength values of brick decreases uniformly with increasing replacement percentage of EPS.
The compressive strength value for the sample with 20% of EPS drop which is about 17.14%



MCRJ Special Issue Vol. 13 | No. 2 | 2021 5

compare® control sample at 7 days and 14.96% at 28 days. While, for the sample with 50%
of EPS also decrease which is about 45.52% compare to 30% of EPS at 7 days and 34.15%
at 28 days. The rate of strength was greater initially and decreased as the age increased

In conclusion, with increasing percentage volume of EPS directly affects the compressive
strength and density of brick. The EPS contain in bricks causes to lightweight and have low
strength. This is possibly due to close to zero strength of EPS paracdé high
compressibility behaviour which causes formation of micro cracks at the transitionfzone o
particles and cement paste (Sayadi et al., 2218dnan et al., 2019)The compressive
strength of concrete increased when the age of concrete alsos@ttrddoreover, the
compressive strength of brick decreased as more sand were replaced by EPS. From the bar
graph, for 7 and 28 days of air curing, the brick sample with 50% of EPS (E50P0) was
recorded the lowest strength among the other samples whi€eis@13.5 MPa respectively.
While, the highest compressive strength for 7 and 28 days of air curing, was recorded for
control sample (EOPO) that not added with the EPS as sand replacement which is 21.0 and
27.4 MPa respectively. In this study, all mixtuspecimens have fulfilled the minimum
strength in nodoad bearing classification (4.14 MPa) which is stated in ASTM €11129
Non-Load Bearing Concrete Masonry Unit (2012)

Compressive Strength vs Percentage of EPS
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Figure 3. Graph of Compressive Strength Against Percentage of Expanded Polystyrene (EPS)
at The Age of 7 and 28 Days

Water Absorption Test

Water absorption test was done based on the proegden in BS1881 Part 112 (1983)
The percentage of water absorption of concrete cube was obtained from each sample after
immersed in water for 30 minutes and dried in the oven for 72 hours. The sample with 0% of
EPS recorded the highest average percentage of water absorption compasamnaptie with
50% of EPS.

Figure 4depicts that the sample with more percentage of containing EPS has lower
absorption ability. This indicates that the addition of EPS in the mixes have a significant effect
on the water absorption. The water from outsides not absorbed in concrete due to the
inability of the EPS to absorb water. The sample with 0% EPS has the highest percentage of
water absorption which is 11.23%. Meanwhile, for the sample with 50% of EPS contain
lowest water absorption which is 4.37%. deneral, the percentage of water absorption
decreases with the increasing percentage of EPS and age of sample.
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Percentage of Water Absorption vs Percentage of EPS (%)
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Figure 4. Graph of Percentage of Water Absorption Against Percentage of Expanded Polystyrene
(EPS) at Age of 28 Days

Fire Resistance Test

Concrete as a material has a good ability to withstand fire. The high temperature test is
designed to determine the ability and duration of all the bricks produced in thsigation
to maintain compressive strength when exposed to high temperéthedaf & DeVenny,
2004) In this study, the bricks were tested for compressive strength after exposed to fire.
Fifteen samples of concrete sand bricks were taken from each mix for strength tests at
different temperatures. One sample of brick for each temperature were reqoimedaich
different mix to test for compressive strength as well as five bricks that were crushed at room
temperature tact as a control. ASTM E11@®0a(2012)is used to decide the fire resistance
of a complete assembly. The building code specialists oiljirsssign the duration of fire
resistance required in a building.

TEMPERATURE EFFECT ON COMPRESSIVE
STRENGTH VS PERCENTAGE OF EPS
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Figure 5. Graph of Compressive Strength Affected by Temperature Against the Percentage of EPS

Based on the graph in Figureibshows that the overall graph of compressive strength
values affected by temperature at 25°C, 300°C and 500°C. The strength of bricks was peak at
20% of EPS contain and thorough at 40% at temperature 300°C and 500°C. For control
sample of brick contai®% of EPS (EOPOQ), the strength of brick was 27.4 MPa at room
temperature, and seen it was decrease due to increasing temperature which is 12.9 MPa at
300°C and 12.4 MPa at 500°C. The compressive strength of brick for the proportion of 20%
of EPS was inciesed up to 15.6 MPa and 16.8 MPa at 300°C and 500°C respectively, as the
strength for control sample were 12.9 MPa and 12.4 MPa at both temperatures respectively.
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The strength of samples was decrease uniformly due to increasing the percentage of EPS at
room temperature. Furthermore, the increase of the temperature up to 500°C, the compressive
strength decreases.

All the mixture specimens after exposed to the fire have fulfilled the minimum strength
in nortload bearing classification (4.14 MPa) as state®3iM C12911, NortLoad Beaing
Concrete Masonry Unit (2012Although the compressive strength of samples decreases
within the increasing of temperature, the value is still acceptable as it above than 4.14 MPa
according to standard

CONCLUSIONS
Thefollowing conclusions were discussed from the study:

1. The density of the brick diminishes with expanding in EPS content. The most extreme
density at 28 days was seen as 2050 kg/m3 for EOPO sample and least density at 28
days was seen as 1435.71 kg/m3 fimck with ES0PO content. E50PO it is all the
more daintily about 29.97% contrast with EOPO at 28 days curing.

2. The compressive strength of the brick diminishes with expanding in EPS content. The
most extreme compressive strength at 28 days was seen afAfENEOPO sample
and least compressive strength at 28 days was seen as 13.5MPa for brick with E5S0P0O
content.

3. The optimum sample, the percentage utilized was 50% EPS substitution to sand
(E50PO) is order as lightweight brick classification, as indicayedHTMC90-09.

4. Substitution of EPS to sand individually produces an optimum mix proportion in
lightweight bricks, which have turned into an important trend for green buildings.
This is on the grounds that lightweight bricks diminish the building weight. The
guantities of internal pores in lightweight bricks are much prominent than in typical
concrete sand bricks. From the discoveries of this study, it has given a potential
solution for the construction industry. For generally speaking, the expansion of EPS
in brick could prompt great execution of brick that reasonable fotaazhbearing
construction activity.
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Abstract

This paper focuses on study related with the usage of Expanded Polystyrene Beads (EPS) as
fine aggregate replacement and Palm Oil Fuel Ash (POFA) as cement replacement in
reinforced concrete (RC) beam. The reinforced concrete beam with dimension of 1200mm x
200mm x 150 mm had been prepared and all beams were simply supported on two rolling
bearing spaced 1000 mm centre to centre. One-point loading was act at the top mid-span face
of reinforced concrete beam. The percentage of substitution of Expanded Polystyrene Beads
(EPS) and Palm Oil Fuel Ash (POFA) were 10%, 20% and 30%. The concrete was design to
achieved the target strength 25 MPa at the age of 28 days and while, the reinforced concrete
beams were designed to bear 30 kN point load at beam mid-span. Over this study, the result
pattern showed that the higher percentage of EPS and POFA used reduce the concrete
compressive strength and also reduce the capacity of RC beam. While, 10% to 20% of POFA
in this study seem to improve the compressive strength of concrete containing EPS with result
close to the normal concrete strength with lower density. The flexural performance and load
carrying capacity of reinforced concrete beam containing EPS and POFA showed decrease
trend. Even though the result of actual point load capacity showed the decrease trend but the
maximum point load for 20% EPS and POFA still greater than the design load 30 kN and may
apply as structure member. The crack pattern on the reinforced concrete beam that consist of
10% to 30% of EPS and POFA can be classified as flexural cracks and some crack tend to be
shear crack due to the angle of crack close to 45 degrees.

Keywords: Palmail fly ash; expandedpolystyrene;fine aggregate;compressivestrength; flexural
performance

INTRODUCTION

Palm oil industry plays an important role in the economic development several Asian
countries. Although current market prices have dropped for palm oil production but it is still
continued and expected to recover soon. In general, the prableiustrial waste such as
polystyrene in Malaysia is increasing critically which has caused many environmental
pollution problems. Besides that, an estimated 24% of plastic waste are disposed of landfills
in Malaysia(Noor Hasnah et al., 2014)urthermore, a lot of waste were produce from the
process of oil palm, the waste should be well managed and more productive when it can be
re-used for other purpose.

This study was conducted to produce a low density concrete usipsfywene beads
(EPS) and palm oil fuel ash (POFA) as a replacement material into concrete. As is known,
palm oil waste is a highly readily available industrial waste and is selected to replace cement
because of its delicate nature and can also reaat@dex bin addition, 10%, 20% and 30% for
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the use of expanded polystyrene beads (EPS) and 10%, 20% and 30% for the use of palm oil
fuel ash (POFA). The goal of the study is to investigate the flexural performance of reinforced
concrete beam containing exj@a polystyrene beads (EPS) and palm oil fuel ash (POFA)

as a replacement material. The compressive strength of concrete containing of expanded
polystyrene bead (EPS) and palm oil fuel ash (POFA) also had been compared with normal
concrete to see the optitm percentage of replacement. The reinforced concrete beam had
been design based on Eurocode 2 to bear point load 30 kN.

This study focuses on replacement of the expanded polystyrene beads (EPS) as a fine
aggregate and the palm oil fuel ash (POFA) asmaeot in term of flexural behavior of the
beam. The materials used for this study were cement, fine aggregate, coarse aggregate,
expanded polystyrene beads (EPS), palm oil fuel ash (POFA) and water. 10%, 20% and 30%
of expanded polystyrene beads (EPS) heehlused to replace fine aggregate and 10%, 20%
and 30% of palm oil fuel ash (POFA) had been used to replace cement. The compressive test
and point load test for beam had been carry out.

UTILIZATION OF POFA AND EPS IN CONCRETE

EPS was taken to substitiditee aggregate due to its plastic properties that can potentially
make concrete lighter. Meanwhile, POFA was selected to replace cement because of the high
silica contain that make it suitable as a binder. Numerous researches have been conducted on
the usige of POFA and EPS in concrete manufacture. The use of polystyrene aggregate has a
number of advantages including the decrease of natural fine aggregate use and also may
decrease the density of concrete. The Mechanical characteristic such as liglgidégsand
formability, shows that the EPS can be used in a variety of applications. Besides, EPS concrete
has the possibility to be applied as structural members such as exterior panels, curtain walls,
load bearing wall, composite flooring systems, slirgj layers, and isolated concrete
(Coppola et al.,, 2016)POFA is the one of agriculture waste ashes which is chemical
composition contains a huge amount of silica. Thus, it can theoretically be used as a cement
replacement or as a filler to produce high strength and durable cofMtetie et al., 2015)

Expanded Polystyrene Beads (EPS)

EPS is one of the materials used as packaging materials or insulation materials. EPS have
a very low dnsity. Expanded Polystyrene Beads are round and contain only about 2%
polystyrene and about 98% air. When expands occurs, the beads will not absorb water and
therefore can be used as a lightweight aggregate and produce lightweight concrete. Expanded
polysyrene is a stable low density foam and consists of discrete air voids in a polymer matrix.
The polystyrene beads can be easily incorporated in mortar or concrete to produce lightweight
concrete with a wide range of dens{§ri Ravindrarajah & Tuck, 1994)n the previous
research, the use of polystyrene beads in concrete produced segregation due to extreme
lightness and hydphobic nature of the untreated beé8s Ravindrarajah & Tuck, 1994)

Palm Oil Fuel Ash (POFA)
Numerous studies have stated that oil palm ash has good pozzolanic properties and can

be used as an additive in cem@diunir et al., D15) Therefore, recycling palm oil waste
helps to mitigate environmental pollution problems and preserve the construction industry.
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POFA are usually gray and darker with increased levels etoorbustible carbon. Although

the particles have differesizes, they are generally taken into account and specific gravity
less than the usual Portland cem@rtomas et al., 2017Compared to the size of Portland
cement particle size and the size of the palm oil ash particle size is smaller and the texture is
porous(Sata et al., 2004)

Reinforced Concrete Beam

Structual members made of concrete are usually reinforced by steel bars. Steel
reinforcement is used to resist tension, t
yrst aim of reinforcement is to preoftreedt ag:
concrete beam using POFA and EPS as combination materials were highly limited. Normally,
previous study on usage of POFA and EPS in reinforced concrete beam is separated. In certain
project research POFA had been used in reinforced concrete tmegroduce a new
retrofitting material called GreedSM-Reinforced Concrete GUSMRC and the result
showed the load carrying capacity increased up to 37% over to control beams, also
significantly improve the serviceability of the damaged béaitiahdooh et al., 2016Dther
project research regarding EPS is lightweight expanded polystyrene concrete reinforced with
steel fiber. In this research showed that EPS produce low density reinforced concrete and low
strength material with good energpsorbing characteristiddowever, due to lightweight of
EPS beads and their hydrophobic surface, EPS concrete is prone to segregation during casting,
which results in poor workability and lower strength. The combination with silica fume
greatly improved the bond between the EP&dseand cement paste and increased the
compressive strength of EPS concrete. In addition, adding steel fiber significantly improved
the draying shrinkagéChen & Liu, 2004)

EXPERIMENTAL DETAILS

The materials used in this study were ordinary Portland cement compatible to BS12:
1991, sand with fineness modulus of 2.85, crushed granite with maximum size of 20 mm,
Palm Oil Fuel Ash (POFA), and Expanded Polystyrene Beads (HR&)size of EPS used
mostly 3.0 mm size beads. In this study the reinforced concreteviidadifferent proportion
of EPS and POFA as replacement matdréad been produced to perform flexural test with
size of 1200 mm x 200 mm x 150 mm. The concrete cylinder with 150 netiasizenith
different proportion of EPS and POFA as replacement material had been produced for
studying the compressive strength at 7 days and 28 days. The 6 numbers of concrete beams
were cast with used the percentage of EPS and POFA were 10%, 2@8%%@spectively.

Concrete Mix Proportion and Mixing

In the present study tests were carried out on normal strength concrete of design
compressive strength equal to 25 MPa. The DOE method was used as guideline to design the
concrete mix as per showedTiable 1 and mixing was made manually till homogeneous mix
was obtained. Beside the control mix, three percentages of POFA and EPS waste of 10%,
20% and 15 % as cement and sand replacement respectively were used for producing different
concrete mixes. POFvere replaced the cement content based on weight meanwhile EPS
were replaced the sand content based on volume due to the deferent density of EPS and sand
too high.
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Table 1. Concrete Mix Design Grade 25 (Control) (Normal Concrete Design Mixes)

Water Cement Ratio 0.5
Cement 320 kg/m®
Water 160 kg/m?®
Fine aggregate 405 kg/m?®
Coarse aggregate 1440 kg/m?

Beam Specimens

Twelve reinforced concrete beams casted are divided to four groups. Each group has
identical the content of EPS and POFA raplacement material in concrete. Details of
dimensions, flexural and shear reinforcements are shown in Figure 1. All beams were
designed to fail in flexure. For the first group of beams were acted as control specimens with
0% EPS and POFA as replacementoncrete. For second group of beams were contained
10% EPS as sand replacement and 10% POFA as cement replacement. For third group of
beams were contained 20% EPS as sand replacement and 20% POFA as cement replacement.
For the fourth group of beams werentained 30% EPS as sand replacement and 30% POFA
as cement replacement.

{ R6-100 J
A
=

1000 mm |

Beam

150 mm

e

200 mm

Cross Section

Figure 1. Dimensions and Reinforcements Details of Beams
Testing And Measurement

After 28 days curing, all beam specimens were ready to test for flexural undgoahree
bending test. Cylinder specimens were weighed and all beams were white painted to show
cracks formation during testing. Measurements were made for concrete deamsity a
compressive strength and average values of three specimens were taken. Each beam was
tested on simple span under one central point loads of arrangement shown in Figure 2. For
testing concrete cylinders and beams a universal testing machine was udederCyl
specimens were tested for compressive strength according to ASTM C39 specification
(ASTM-C39, 2018) View of one beam setup and ready for testing is shown in Figure2.
Central deflection was measured using linear variable differential transducers (LVDT). After
testing photographs were taken to showdtaeking pattern for the failed beam.
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Figure 3. Comrssie Srength Test

RESULT AND DISCUSSION
Workability

The slump value was taken for 4 batches of concrete mixdiffdrent percentage of
EPS and POFA. The slump test conducted according to BS i1&&it 102. The high
workability concrete provided easier handling, compaction and finishing. Table 2 below
shows the results of slump test for 4 specimens with differleaiobes.

Table 2. Slump value
Specimens EPS (%) POFA (%) Slump Value (mm)
1 0 0 50
2 10 10 48
3 20 20 42
4 30 30 38
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Figure 4. Slump Value

The slump value shows decrease trend when the percentages of EPS and POFA increase.
Slump value recorded for normal concrete was 50mm. While, the slump value for 10% EPS
and 10% POFA was 48mm. For 20% EPS and 20% POFA, the value of slump was 42mm.
Lastly, the value of slump for 30% EPS and 30% POFA decreased 38mm respectively. The
workabliity of the concrete decreased when the percentages of EPS and POFA increase due
to the characteristic of POFA which is high on water absorption. But the values of slump test
above still can be accepted and fulfil requirement of slump between 30mm and 60mm
according to concrete mix design. There was no segregation while preparing and compacting
the concrete. Tay and Shqh995)also noticed that there is a reduction in the workability of
concrete with the incese in the amount of POFA. Then, according Awal and Si2015)
have observed that the slump decreased with the inageasiount of POFA in concrete.

Concrete Compressive Strength

Result of concrete compressive strength and load capacity of tested beams are shown in
Table 3. Result indicated that the compressive strength of concrete decrease as the percentage
of POFA and EPS increases. Average strength reduction is 5% when the¥% EPS and
10% POFA in concrete. In general, the reduction takes place in the strength due toe the non
homogeneity of concrete because of the existence of EPS in concrete. The added of POFA in
concrete containing EPS also seems to be not helpful to ircileagoncrete strength. But
the result of concrete containing 10% to 20% EPS and 10% to 20% POFA shows the close
compressive strength with normal concrete. The same result was found 3988y the
optimum level of 10% replacement with POFA was suggested, so that it may not affect the
long term strength formation of concrete. Tangchirapat €Qfl9)noticed the compressive
strength of concrete containing 10% to 30% POFA Wigher than control concrete at 28
days, 90 days and 180 days, while higher strength was noticed in the concrete containing 20%
POFA. In the case of this study the existence of EPS in concrete cause the concrete strength
drops but concrete strength cantag 10% to 20% EPS and 10% to 20% POFA were not
decrease too much and acceptable. In addition, EPS beads are hydrophobic, which results in
weak bonds with the cement paste. According to Chen an(2Q#) in term of concrete
density, the result shows the decrease as the percentage of POFA and EPS increase. The
failure mode of concrete containing EPS under compression more gradual and the specimens
were capable of retaining the load aftedui, without full collapse. Therefore, concrete
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containing EPS may be considered for absorbed vibrations. A similar type of failure was also

reported by Bab(003)for EPS concrete.

Table 3. Cube Compressive Strength

Cube Specimens  EPS (%) POFA (05 ——ompressive Strength (MPa) _— Concrete Density
7 days 28 days Kg/m
1 0 0 185 27 2460
2 10 10 175 25.5 2374
3 20 20 12.3 25 2273
4 30 30 9.83 14.57 1830

Maximum Load of Beams

Maximum load of beams result is shown in Table 4. Beam capacity shows decrease trend
as the percentage of POFA and EPS increases. The reduction in the load capacity are 37%,
51%, 67% for 10%, 20 % and 30% for EPS and POFA content respectively. The reductio
load capacity up to 20% EPS and POFA not too high and still higher then beam design load
capacity 30 kN. The reduction in load capacity may be due to the high porous structure of
concrete with POFA that lead to the stress concentration and weakegujregate and
cement. The characteristic of EPS as mention before also shows not helping the bonding
between aggregate and cement. Ranjbar @@il6) also observed a reduction in the flexural
strength of selftompacting concrete containing POFA.

Table 4. Maximum Displacement and Maximum Load Capacity of Beams

Beam Specimens EPS (%) POFA (%) Max Displacement (mm) Max Load (kN)
1 0 0 12.83 71
2 10 10 11.75 44.5
3 20 20 3.57 34.5
4 30 30 291 23

80
71
70 g
60 %
L e RC Beam
53 %Y H with 0%
et i EPS and
50 5 A5 POFA
4 :.
. 4242,51444 514.5 435 4 42 mm=— RC Beam
Z L ——— with 10%
210 38.‘5_37"5— NG EPS and
8 © 345 \"3 POFA
= )y -, 325 W3
4 4 hES N\ = + = RC Beam
30 | 265 . ‘o | with 20%
iy ! L A EPS and
'lgzgﬁ ] 2215 21 21 220 1;}\ l| POFA
0 ?‘5{1' /'.. ..... S— -“1?-‘%‘18 17 II — . . RC Beam
1485 R Y 1435 1 with 30%
1955 I = 7570 b EPS and
P9 - . POFA
10 By N
455 . 4.5 335,
v’ . N
0
0 2 4 6 8 10 12 14 16
Maximum displacement (mm)

Figure 5. Load vs Maximum Displacement Relationship of Beams
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Figure 5 shows the result of load vs maximum displacement curve and the stiffness of
four specimens initially almost the same pattern. For control specimen 1 the beam shows
failed suddenly and for specimen 2, 3 and 4 the beam shded $owly, it is may be due to
the effect of EPS cause the specimens capable to bear the load after failure without full
breakdown.

Figure 6. Crack Pattern of Reinforce Concrete Beam Without EPS and POFA (Control)

Figure 7. Crack Pattern of Reinforce cConcrete Beam Containing 10% EPS and 10% POFA

Figure 8. Crack Pattern of Reinforce Concrete Beam Containing 20% EPS and 20% POFA
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Figure 9. Crack Pattern of Reinforce Concrete Beam Containing 30% EPS and 30% POFA

Figure 7 to Figure 9 shows the crack pattern on the reinforced concrete beam that consist
of 10% to 30% of EPS and POFA and generally all the crack can be classified as flexural
cracks and some crack tend to be shear crack due to the angle of crack dlosegrees.

Figure 6 shows the crack pattern for control beam and the crack pattern totally classify as
flexural crack. Flexural cracks normally occur due to maximum load applied on the beam at
the center point of the beam. The flexural crack is a tfjgeagk that occurs at the middle of

the beam. Besides that, the flexural cracks occur when the bending process started because of
the flexural capacity of the beam is inadequate. The EPS and POFA in reinforced concrete
beam seem not give the big influantthe crack pattern. Cracking pattern behaves close
similar to that of normal reinforced concrete beam, with the deflection at maximum load seem
lower than normal reinforced concrete beam. But in general the result Figure 5 shows that
when the percentage EPS increased the displacement of beam also increased. Herki and
Khatib (2017)stated that when the replacement levels of EPS increased, the deflection also
increased regardless of the reinforcement arrangement and the mode of failure was largely a
shear failure.

CONCLUSION

In this research work the performance of reinforced imiadoeams containing EPS and
POFA were studied by laboratory test. The conclusion can be made that the higher percentage
of EPS and POFA used decrease the concrete compressive strength and the capacity of RC
beam. POFA in this study seem to improve thadbbetween EPS beads and cement also
seem to improve the compressive strength of concrete close to the normal concrete strength
with lower density. The optimum percentages for cement and fine aggregate replacement for
concrete compressive strength wertedained as 10% to 20% of POFA and 10% to 20% of
EPS, which was showed the close compressive strength with normal concrete and fulfilled
the requirements strength of structural concrete. The flexural performance and load carrying
capacity of reinforced canmete containing EPS and POFA showed decrease trend. Even
though the result of flexural strength showed the decrease trend but the maximum point load
for 20% EPS and POFA still greater than the design load 30 kN and perhaps may apply as
building structurenembers. The crack pattern on the reinforced concrete beam that consist
of 10% to 30% of EPS and POFA can be classified as flexural cracks and some crack tend to
be shear crack due to the angle of crack close to 45 degrees.
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Abstract

Road construction over soft yielding ground like peat soil presents a considerable technical
challenge. Therefore, the soil needs to be stabilised to improve its geotechnical properties and
to ensure the embankments constructed on it are stable and strong without risking excessive
settlement and bearing failure. Recently, more attention has been given to lightweight fill
materials as an alternative technology for road construction over soft ground. Hence, the
development and use of innovative green technology products to meet the current pressing
geo-environmental challenges are critically examined in this study. The main purpose of this
paper is to evaluate the settlement behaviour of geo-cellular mat (GCM) block and compared
the response from conventional natural fill material (sand fill). This is followed by the conceptual
development of a GCM block by recycling plastic. GCM is lighter, stronger, and stiffer, which
has a density of 125 + 10 kg/m®, compressive strength in the range of 2.8 to 4.5 MPa, and
stiffness in the range of 100 to 150 MPa were measured via axial compression test. A series
of field test was conducted to simulate a particular cross-section of road embankment with a
uniform static load for nearly a year to verify the effectiveness of GCM. The settlement plate
gauges were used to determine the total ground movement beneath the fill loading at the
interface between fill materials and subgrade surface. The findings of this study successfully
prove the efficacy of the GCM block to diminish settlements over peat ground, compared with
sand fill. The results show that the maximum absolute settlement and differential settlement
were reduced by 35% and 70%, respectively with the application of GCM technology.

Keywords: Softyielding ground settlement;lightweightfill material; geo-cellular mat; recycled
plastic.

INTRODUCTION

The characteristic of existing soil at the construction site is not always totally suitable for
supporting structures. Settlement of highway embankments over soft soils such as silty,
clayey, or excessive organic soils (peat) is a prime problem encountered in maintaining
structure facilities (Makusa, 2012). Such soils with high moisture contensttength, and
high compressibility tend to lack shear strength, bearing capacity, andelomgcreep,
causing many postonstruction problems. Therefore, ground improvement plays an
important role in geotechnical engineering because it is the only veghitise and modify
the properties of soil, especially for constructions over soft ground (Huat, 2010). Historically,
numerous ground improvement technologies have been suggested and adopted,
encompassing shallow, medium, and deep soil treatment andimyg@ireloading, sand or
stone column, préabricated vertical drains, piles, fibreinforced materials, chemical
stabilisation (fly ash, cement, and lime), and additive materials (shredded tires, sawdust, wood
chip, clams shells, expanded clay, etc.)dféaet al, 2015; Bryson & Naggar, 2013).
However, some of these methods are constrained by technical feasibility, expensive
construction cost, and space and time constraints.
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Innovative use of lightweight fill material can meet the geotecholwalenge posed by
soft yielding ground by reducing settlement (Marradal, 2012; Ismail et al., 2019). The
stress on the subsoil can be reduced so that the settlement is reduced or elintiheatedd
embankment is constructed out of fill materials lighi@n soil. In this respect, various types
of lightweight materials such as sawdust, fly ash, slag, cinders, cellular concrete, lightweight
aggregates, expanded polystyrene (EPS), shredded tires, and seashells have been proposed
for road embankment consttion. However, Ismail (2017) claimed that such practices are
still ineffective as they give rise to differential settlement.

EPSblock geofoam is among the popular technology that has been used for decades when
dealing with soft yielding ground. Unfortately, two failures associated with buoyancy
forces on EPS and water fluctuations have been reported by Frydénkmooe (2001) and
Horvanth(2010). The first failure occurred in 1987 in Norway, where the flotation of the mat
structure was due to an extreme flood event. The second failure occurred in Thailand
involving an unexpected high water level that caused a complete road fill to be\aashe
Another failure caused by fire was reported in Norway. Ordinary polystyrene is a combustible
material and will burn when set on fire.

Hence, this study takes a holistic approach to develop a sustainable lightweight
technology with an open cellulatructure and recycled plastic, which is known as- geo
cellular mat (GCM) block. It is made up of a cell structure that promotes load sharing to
compensate for any weagderforming isolated cells and eventually reduces excessive and
differential settlementMoreover, the open porous cellular structure accommodates high
permeability characteristic of unhindered flow. This open structure permits excess water
pressure through them and reduces potential buoyance or floatation when submerged in any
groundwater rgime. Furthermore, this structure also has the added benefit of accelerating the
consolidation settlement of the subgrade consequent to the imposition of marginal surcharges
from highway live loading that causes intermittent changes in excess pore vesturer
which the GCM facilitates to dissipate. Another unique advantage of the cellular structure is
that it surpasses the performance of particulate lightweight fill materials by its favourable soil
structure interaction performance. Prevalent to allutallstructures is the large weight
reduction compared to a solid mass material; this also inherently reduces the material cost due
to the open cell structure. The present study is focused on investigating the efficacy of GCM
with the intent to mitigate aolute and differentiadettlements via field performance.

The idea is to use recycled plastic as an alternative material in producing GCM,
considering their characteristics of high strength, durability, and stiffness with low self
weight. Moreover, the use of plastic waste throughout the world in a wide vafiety o
applications including for engineering purposes appears to be one of the popular routes in
plastic waste management, leading and contributing to sustainability (Consoli, 2002; Babu &
Choukse, 2011; Nsaif, 2013). Furthermore, these plastic wastes renaidegraded in the
natural environment, even after a long period of exposure. Verma (2008) claimed that they
take a long time to break down or maybe stay unchanged

MATERIALS AND METHODS

GCM block is principally produced using recycled polypropylene )rPRe production
of GCM is divided into four phases, which af&) raw material in pellet form, (2) produced
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in tube form, (3) production of GCM block in the cellular mat structure, and (4) process to
cover both the top and bottom of the GCM block withhhstrength fabric. The first and
second phases were done by Tiger Polymer (M) Sdn. Bhd. and this research started from the
third phase, which was GCM manufacture. GCM is produced as a cellular mat structure that
has high permeability, facilitating unhiekd fluid flow due to the open poressuctured

cells. GCM has a distinct advantage of having virtually no buoyancy upon submergence. The
open porous cellular structure of the GCM helps accelerate the consolidation settlement
within the subgrade throughe resulting ease in the dissipation of any excess pore water
pressure. Both the top and bottom surface of the open porous GCM were covered with high
strength filter fabric to avoid soil particle from passing through them. Additionally, the
cellular mat gructure further enables the sharing of the load as well as minimises differential
settlementFigure 1 shows the GCM blocks with a dimension of 1.0 x 1.0 x 0.2 m was used
in this test, having a density of 12510 kg/n?, approximately 16 times lighter tha
conventional earth fill (average density of 2000 k{)/riis density was reduced through the
opencell structure, which was influenced by the geometry of cell.

Figure 1. GCM Block

A thermal behaviour study shows that the melting temperature of rPP is higher than 100
°C. It can be used as a safe and stable material for construction as the underground temperature
ranges from 25 to 40 °@an and Tan (2003kportedthat the EPS geofaais still stable
when subjected to a temperature of 75 to 85 °C, but beyond this temperature some instability
might form.

Moreover, the GCM block provides superior mechanical characteristics in terms of
compressivetrength 2.8 to 4.5 MPa) and initiatiffness (100 to 15MPa) compared tBPS
geofoam As noted by Zornbergt al. (2005), the maximum compressive strength and initial
stiffness of EPS is around 40 880 kPa (0.04 to 89 MPa) and 4000 to 10000 kPa (4 o
10MPa), respectively.

Soil Condition

Field testing wasonducted at Parit Nipah Darat, Johor, Malaysia. Itis located at Latitude
of % 0607. 10 and °LDd@ahe @réhdas @ peatlapeBapproximately 4 m
deep and is underlain by a layer of soft clay. In this areaforeholes were drilled up to 10
m depth. Field vane shear tests were carried out to measure the soil shear strength from four
locations.
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The natural moisture content was in the region of 698% and 721%. Laboratory
determination of bulk density shows tihé unit weight of peat soil is in the range of 820
1100 kg/m. The specific gravity of peat layer obtained from pycnometer test is about 1.44.
The measured shear strength of peat layer obtained from the field vane shear test is of low
shear strength in ¢hrange of 8 to 14 kPa, as revealed from the natural water content. As
expected, due to its low shear strength, this soil has low bearing capacity, and hence would
not be able to support much foundation loadilljtests were carried out accordance with
British Standard BS1377:1990.

Environmental Observation

The environmental conditionsclude rainfall, groundwater table fluctuation and soil
surface subsidence at the site were regularly monitored during testing. It was done to
compensate errors arising from the environmental effect as well as to obtain the net settlement
of the embankments due fill loading only. The rainfall observations were secondary data
that was provided by Department of Irrigation and Drain#geilst, a water level indicator
with a flat measuring tape was used to measure the depth to the local groundwater level in
stanghipesthat waspermanently installed in the ground.

Field Experimental Setup

The study involved fieldwork in order teerify the effectiveness of the GCM fill in
mitigating excessive and differential settlement in soft ground compared to conventional
natural fill material (sand fill). This field study consisted of two field tests as listed in Table
1, and it was conduatefor nearly a year at full scale. Test 1 consisted of conventional sand
fill (F1sg) as a flexible foundation base, and Test 2 consisted of GCM fgk(fF2epresenting
a rigid foundation base. Both fill materials were constructed to simulate a particodar
section of road embankment with a uniform static load corresponding to a height of 1 m and
a basearea of 1 rh Dry sandfill was chosen to represent natural fill material for easy
controlling of their condition (weight, moisture content, etc.) as well easy handling and
placement on siteSand fill was also used by Montepara & Giuliani (2000) and Freilich &
Zornberg (2009)o compare their research on embankment fills.

Table 1. Details of Field Test
Field Test Code Diagram Description
Flsr s y Total of 1 m thick of sand (density of 1400
kg/m®+ 2%) placed on the ground in 5 layers

(200 mm thick for each layer).
Without treatment.

5 layers dry
sand -

F2ccm Total of 0.6 m thick (3 layers) of dry GCM
(density of 109.52 kg/m®) with block size of 1
x1x0.2m.

About 0.4 m thick (approximately 2 layers) of
sand was spread on the top of the GCM as

3 layers dry i
(FFEFFEEeenn soil cover.

GCM
__AUTHCFEEEEEFFFERAATn

2 layers dry -
sand

nd s =
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Each GCM block was 200 mm thick; three such blocks constituted a total thickness of
600 mm of lightweight fill. A total of 400nm of sand was placed above the top GCM as a
soil cover, making the total height of the GCM fill and conventional fill to be 1 m as illustrated
in Table 1. The thickness of 200 mm was chosen for convenience (due to the availability of
the material, ease bfndling, cost and cutting technology), but it can be of any size depending
on the designA minimum 400 mm thickness of soil cover was used to minirnhisestress
impact on the GCM fill and to limit the overall bearing pressure exerted by the embankment
and traffic loading. That was also recommenbg@&anasanl.im andWijeyesekerg2016),
and Stark and Arellano (2003)

(a) (®) I o
0.5B
Settlement plate gange Sand fill 04b
- — - _ _ — 0531
Soil box B2b =>B3b
P 0.75B ollb 126
L i otb o2b B3b o ol
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) - Biéb
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A 04b
50 mm depth // - 1000—m ‘
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: o 03b
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Figure 2. Field Instrumentation Setup On Site (a) Schematic Diagram (b) Plan View of Settlement
Plate Gauge

Settlement plate gauges were used to measure the total ground movement (settlement or
heave) beneath the fill loading at the interface between fill materials and subgrade surface.
Monitoring of the field settlement was using an improvised digital autorieatés.
Seventeen settlement plate gauges were installed on the interface ground surface of each field
test as shown in Figure 2(a) and (b) (setup fapFand a similar setup was installed for
F2:cv. Five settlement plate gauges were installed at varlooations beneath the fill
loading. One of the settlement plate gauges was installed at the centre of the fill loading to
monitor total (maximum) settlement at the centre. Furthermore, eight settlement gauges were
installed at distances of 0.5B, 1.0Bdah5B (B is equal to width of loaded area = 1 m) from
the fill loading area. This was to observe and verify the ground movement adjacent to the
loading area. The additional settlement plate gauges were also attached at each corner of the
soil box. These are monitored regularly over the test period.

All the field tests were carried out under waterproof tents to protect fill material from rain.
This was also to protect the instrumentation from various environmental conditions (hot and
cool weather) to mimhise temperature and rainfall effects. This was so that the field tests
were only influenced by the presence of underground water. The effect of rising and falling
groundwater table was carefully monitored. The general construction sequences for §ield test
are as follows:

1. Approximately 200 mm of topsoil was excavated and removed from ground surface,
it is root depth from the local pineapple plantation.
2. About 50 mm depth of sand layer was spread on the ground to provide a flat surface.
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3. The hollow soilbox was placed in position on test area and settlement plate gauges
were installed at fixed position. (A new innovative settlement plate gauge with barcode

staff was specially developed for this research.)

4. For Flg soil boxes were filled with sand in 20@m fills, up to 1000 mm depth in

five layers (200 mm for each layer). For GCM fill gcx), three blocks (each block
being 1 x 1 x 0.2 m) which constituted a total GCM thickness of 600 mm were placed

on the 50 mmevelled surface of sand. A further 400 naifill consisting of two

layers of 200 mm thickness of sand were placed above the top GCM layer (which was
recommended as a minimum thickness of soil cover in highway embankment

construction).

5. The construction loading settlements were monitored for 2@dymm depth of fill

material layered in the soil box up to 1000 mm throughout settlement plate gauge, as
shown in Figure 3. The settlement was continuously monitored for nearly a year.

Holl
box

Dig

Settlement
plate gauges

ow soil

ital

automatic
level

RESULTS AND DISCUSSIONS

Figure 3. View of the Barcode Staff of the Settlement Plate Gauges

Heave and Settlement of Ground Due to Change in Groundwater Level

A typical settlement plate gauge was usethaasure settlement at the centreline of the

fill loading. The readings over the test period are shown in Figure 4, background of the

groundwater | evel. The grou

the installation day and 176 h thafter for both Fd- and F2cw. The overall observation
shows the total settlements were reduced 3% 8 50% with the application of GCM fill

compared to sand fill.
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Figure 5(a) shows other events, such as heave point, that affect the settlement profile.
Meanwhile, Figure 5(b) shows the rainfall and groundwater level patterns during the test
period. This figure clearly shows the groundwater levelarses to three conspicuously high
rainfall events at time, t = 191 hrs (denoted as A), 815 hrs (denoted as B) and 1367 hrs
(denoted as C). At t=191.20 hrs during a period of heavy rainfall, the ground under &oth F1
and F2cw fill loading swelled, and i foundation then heaved to 41 and 21 mm, respectively.

At the same period, it was noticeable that the reduced groundwater level rose to 99.4300 m.
A similar trend also occurred at points B and C within the test period up to 1500 hrs when the
groundwaterével rose. Over the test period, the settlement plate gauge readings fluctuated
(+ve heave and Tve settlement reading), de
groundwater level. This was reflected in the reduced effective stress and swellivey of
ground due to the increased moisture content. High temperature reduces ground moisture,
increasing effective pressure and causing it to settle.
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Figure 5. Ground Movement at Centre in Relation to Rainfall and Groundwater Level
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This effecthas been similarly reported by previous researchers such as Vipulanandan et
al. (2008), Atkinson (2007 Platt (2013), and Sale& EI-Sherbiny (2014). Based on the
observation, with heavy rainfall event, the ground swelled (causing it to heane¥ettled
when groundwater level dropped, causing it to shrink in dry seasons. This is related to the
changes of effective stress in the ground. The reduction of effective stress causes ground to
swell and lifts the foundation (fill material), and vicersa.

Settlement Performance Under Fls
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Figure 6 shows the localised differensaittiement with respect to the centre of sand fill
YO 1 1 ); the point I3b as a base reference was more than 10 mm for est kel
differential settlement at point I2b was only half from what was observed at 14b, even though
they were athe same position, which was 2.5/3 mm away from the centre, but on opposite
sides of it. These results are due to theimemogeneity in the peat ground as well as the non
uniform peat depth.

The maximum absolute settlements recorded were 86 and 71 remvaibsat the centre
(eeH and e)dgoef (faH I sand | oadi ng i/ F2Hatioofes pec
1.211. Furthermore, the observation presented in Figooafirms a noruniform settlement
with a sagging profile under sand fill (flexible fowatsbn behaviour).

Settlement Performance Under F2gcum

Figure 8 indicates the differential settlement with respect to the centre of GCM fill
YO 1 ); the point I3a as a base reference was less than 3 mm for dest FRe
differential settlement at points 12a and l4a were not the same in this case. However, the
difference observed in test & was only 2 mm. This observation shows that the GCM fill
has overcome the ndromogeneity issue on the peat ground.
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Figure 8. Differential Settlement with Respect to the Centre of F2gcm

The maxi mum absolute settlements pgacor ded
e d g e ) qf @M fill loading, respectively att = 6190 h. The uniformity of the settlement
rat i s sefHss4H18 for this case. Figure 9 clearly shows that the GCM fill has a uniform
settlement behaviour similar to that of a rigid foundation.
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Figure 9. Settlement Performance Under F2¢ccm (Represents Rigid Foundation)
Field Performance of GCM (F2scm) Versus Sand Fills (Flsg)

Figure 7 and Figure 9 show the settlement behaviour under sand il &i”rtl GCM fill
(F2:cm), respectively. The maximuabsolute settlements recorded were 86 mm at t = 6190
h at the centre of sand fill loading in tesgFEigure 7). Compared to testdelthe maximum
absolute settlement (56 mm at t = 6190 h) was reduced by approximately 35% with the
application of GCM fil in test FZcm (Figure 9).

Furthermore, Figure ®erfectly shows that the GCM fill has a uniform settlement
behaviour similar tahat of a rigid foundation. Hence, the localised differential settlement
with respect to the centre of filVYO 1 ) shows that the differential settlement
under GCM fil loading F2cwm (Figure 8) was 70% less than that observed within the sind fi
loading FXr Therefore, this research proves that the GCM fill effectively makes the
settlement become uniform, even on a varied foundation soil strength. Atkinson (2007) and
Das (2011) also claimed that a rigid foundation results in a uniform setileared the
settlement will vary under flexible foundation.

CONCLUSION

The lightweight fill material has undergone a series of field tests and showed promising
results, confirming that the concept of the gedular mat(GCM) is effective in mitigating
both excessive and differential settlements. From the field observation, the maximum absolute
settlement and differential settlement were reduced by 35% and 70%, respectively with the
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adoption of GCM fill compared to sand fill. dleover, this study shows that the GCM fill

have addressed the problem of #mmmogeneity on peat ground. GCM fill not only reduces

the excessive and differential settlement but also helps accelerate the consolidation settlement
within the subgrade throughe dissipation of the excess pore water pressure with its open
porous cellular structur@heotherrelevant remarkable features of (BEM are:

Lightweight (approximately 90 % less than conventional sand fill).

Excellent mechanical properties, consisting of compressive strength and stiffness
more than 2.8 MPa and 100 MPa, respectively.

Easy to handle, install and transport (reduce time and construction cost).

Routine field compaction is not required or minimigextiuced construction cost and
time).

Permeable/porous embankment (against rising groundwater table and efficient
dissipation of excess pore water pressure reducing the risk of shear failure).

The viability of this product can also address the environahemncerns through
reduction of municipal solid wastes, as they are developed from recycled materials.

> > > D>
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Abstract

Daylighting is an effective sustainable strategy in illuminating building interiors with natural light
during daytime. Light pipe system is one invention that transports daylight efficiently into the
core of a building by using highly reflective tubes, 95% to 98%. However, this highly reflecting
material costs relatively high. Therefore, this research aims to explore the light transmission of
light pipe using reflective materials that are easily available locally at a lower cost. A straight
light-pipe using 74% reflective material for the internal surfaces was installed in a test room
located in Batu Pahat. Indoor illuminance and concurrent outdoor illuminance were monitored
at 5-minutes interval for a month. Results showed that clouds, solar altitudes and external
illuminance were affecting the performance of the system. This average internal illuminance
level fulfilled the MS 1525:2014 recommendation for application in Malaysian buildings. This
indicates that the light pipe system has a potential as a tool for introducing indoor daylight in
Malaysia.

Keywords: Daylight; iluminance light pipe system; test bed
INTRODUCTION

Introduction of natural daylighting system in a building has many advantages and
benefits, anging from aesthetical to phgkgical and economical aspecBaylight that is
shoneinto interior buildingthrough windowcan informpeopleon the changeof external
environmentSpaces illuminated by dight will provide occupants with high satisfaction of
visual and thermal coroft along with low energy consumption foghtiting, heating and
cooling(Edmonds & Pearce, 1999; Li & Lam, 2003; Reinhart & Weissman, 20E3)ight
illumination can come directly from the saslight diffuses through the atmosphesnd
reflected from externalusfaces. Side lighting ém windows is a prominent architectural
aspect in building design. Besides lighting purposes, windows offer ventilations, views and
fresh air. These help to provide relaxation and inspiratiotihe occupants. Howevethe
illuminance level from widows will decrease rapidly with distant increase. Therefore, the
areawhich is distanfrom thewindows may tend to look gloomy and requirespamentary
artificial lighting. Even thougtelectrical lighting provides sufficig levels of illumination, it
cannot provide physiological benefits of natural lig@tarciaHansen, 2006)Thus, top
lighting strategies could be introduced to illuminate building iaterwhere sunlight cannot
penetratalue to the building layout shas terrace buildings. This strategy cko @rovide
satisfactory illumhanceas it works more efficiently than windowglreado, Gillette, &
Kusuda, 1984)

Light pipe systems are linear devices that capture, transmit and reflect natural daylight
into the interior spaces. The light pipe systems comprise of a collector, a light tube and a
diffuser. A collector is usually located at the roof level @&ng madeof translucent dome to
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accept sunlight from the whole sky hesphere. Light tube acts as a light transporter that will
guide the light into the rooms through multiple reflections of daylight. A tube with highly
reflective internal surfaces, like aluminiusheets with reflectance of ab@§ % to 99%,
increases the efficiency tansmissior{Zhang, Muneer, & Kubie, 2002pimpler toinstall,

this system is suitable to be incorporate in new buildings or as a retrofitted to an existing one.
Installation of the light pipe systems will substantially cost higher compared to the electrical
systems and conventional windows, due to its nasaelvanced technology implemetita

for collecting higher amount of dayligkiMayhoub, 2013) Therefore, to ensure economic
viability of the system, it is important to use materials thatrengpensiveandeasily availake
locally. Polshed aluminium with 74% surface reflectivity found to be the most suitable
material tofulfil the photometric performance in Malaysian climé&émed, ZainRAhmed,
Rahman, & Sharif, 2006 However there is still a lack of infenation onlight transmission
efficiency of mirror finished mat&ls in Malaysia.

The performance of light pipe system as natural daylighting system has been reported in
a number of studiefCarter, 2005; Marwaee & Carter, 2006; Mohelnikova, 2009; Oakley,
Riffat, & Shao, 2000; Petr, Kocifaj, & Komar, 2018; Shin, Y&Kim, 2011). These studies
have verified the efficiency of light pipe system as a light source in a building. An
experimental study carried out Dakley et al(2000)reported that light pipes are proficient
devices for introducing daylight into buildings. Surveys conducted ByarwaeeandCarter
(2006)on 13 buildings have found that ligpipe systera could provide 25%0 50% of the
work plane illuminance and tend todhece lighting energy consumption. In another study
Mohelnikova (2009) revealed that interior illuminance dhe working planecould vary
depending on the sky condition.

Malaysia is a tropical country located in the equataggion The climatic features of
Malaysia are classified as Hotimid tropics with uniform temperature, high humidity,
copious rairfall, light winds, andabundant sunshir{elenget al., 2019; Munaaim, ADbaidi,
Ismail, & Abdul Rahman, 2014)Table 1 showshree types of sky condition that are
commonlyfound (Lim & Ahmad, 2014)

Table 1. Types of Sky Condition
Sky Condition Description

Clear Sky A cloudless or almost cloudless sky, where no more than 30% of the sky dome is
obscured by clouds. The external illuminance values range from 50,000 lux to 100,000
lux.

Intermediate Sky Ranges from 30 to 80% cloud. The illuminance value can vary from 20,000 Ix during
cloud cover to 100,000 lux when the sunlight is not obstructed by the clouds
Overcast Sky The sun is covered by the clouds and not visible; at least 80% of the sky dome is

obscured by clouds. The illuminance from the overcast sky is more consistent and
predictable, which ranges from 5,000 lux to 20,000 lux.

Daylight data is an important factor that netwl be taken into account when designing
buildings using daylighting systeaincethe quality of the external illuminance could affect
its performance. For daylight availabiliim Malaysia a research done ¥ain-Ahmed,
Sopian, Zainol Abidinand Othman(2002)showed that the illuminance exceeds 80,000 lux
at noon during March when solar irradiation is the highest andreaehes 60,000 lux during
December when solar irradiation is less intense. This climate stiawshere is a high
poterial for using light pipe as a daylighting system in Malaysia. The Malaysian Standard
1525: 2014 has outlined illuminance levalecomnendation for various ks and
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applications in a buildg (Department of Standards Malaysia, 2018able 2shows the
recommended average illuminance levels for Malaysian building.aimof this research is

to explore the photometric performance of light pipe system using mirror finished material
which areeasily available in Malaysia by comparing internal illuminance yield in various
external conditions, and to test whether the perfoomanf proposed light pipe system
compleswith MS 1525:2014.

Table 2. Recommended Average Illuminance

Task lluminance (lux) Example of Applications
20 Minimum service illuminance
100 Interior walkway and car-park
100 Hotel bedroom
100 Lift interior
Lighting for 100 Corridor, passageways, stairs
infrequently used 150 Escalator, travellator
area 100 Entrance and exit
100 Staff changing room, locker and cleaner room, lavatories, stores
100 Entrance hall, lobbies, waiting room
300 Inquiry desk
200 Gate house
200 Infrequent reading and writing
300-400 General offices, shops and stores, reading and writing
300-400 Drawing office
150 Restroom
200 Restaurant, canteen, cafeteria
Lighting for working 150-300 Kitchen
interiors 150 Lounge
150 Bathroom
100 Toilet
100 Bedroom
300-500 Class room, library
200-750 Shop/supermarket/department store
300 Museum and gallery
. —_ 500 Proof reading
Iéggitl:flgdta“g? ting for 1000 Exacting drawing
2000 Detailed and precise work

(Source: MS 1525:2014)
METHODOLOGY

Light pipe system is an approach used to improve daylight penetestitiredue the
dependency on artificial lighting during daytime. It is the esisiay of improving energy
efficiency and attaining energy sagi In order toexplore the fudamental light pipe
transmssion efficiency, field measur@nt using a test bed model with dimensions of 5.4m
(L) X 3.0m (W) X 3.0m (HCeiling) was builtat45 1 6 N | at®6 6 EdeondgoOBude
the main campus of Universiti Tun Huss®©nn Malaysia as shown in Figure 1

The test bed was designed to be windowless to achieve total darkness and to obtain
accurate results. The indoor walls were finished with white paint. Typical cement rendering
screed was chosen as the floor finish, arsét of white plaster boards were used as ceiling.

A proposed light pipe modelagmounted at the center of the roofrepresent the system
(Figure 2.
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The light pipe was 1.20m heighith 250mm diameter. The pipe was made using polish
aluminium with 74% reflectance. The top of the light pipe was fitted with a clear acrylic dome
and a polycarbonate diffuser was attached to the lower opening of light pipe. The light pipe

was 3m from thdloor to the bottom of the diffus€Figure 2b)

Figure 1. Actual Location of Experimental Building

4 /11 %
(a) Propo

sed Light Pipe ystem (b) Indoor llluminance

Figure 2. Light Pipe System Experiment
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The test bedvasequipped with measuring equipmeBincethis studyaimedto explore
the light pipe transmission efficiency, the system logpediata into data acquisition system
connected to calibrated lux sersof computer software (Figure)3&KYOWA UCAM 60B
Data Logger vasused in this field measuremefriternal and eternal illuminance was taken
concurrently at every 5 minutes in February 2017 from 8:00 am to 5:00 pm.

(b) External Lux Sensor LSI-Lastem (c) Internal Lux Sensor LSI-Lastem
ESR003#S ESR001

Figure 3. Data Logger and llluminance Sensors

One lux sensor LSlastem ESRO03#S was installed on the +#topf to measure the
external illuminance. The measurement range of ¢juipenent was L50klux (Figure 3
For indoor illuminance, lux sensor L-8hstem ESRO01 as placed inside the room (Figure
30). The measurement range of the equipment w2000 lux. The positioning of the sensor
was at the work planeith the heighbf 750mm. The sensor was placed in the middle of the
room.

FINDINGS

The iluminance level obtained by the light pipe system was in response to the different
types of sky condition. Thaaily time from 8:00am to 5:00pm was setled for data collection
in Felruary 2017. This period was chosen because it represented raffival daytime
working hours and the behaviour of tgai sunrise and sunset times.

External llluminance Distribution

The external illuminance waseasured during various sky conditions. Figughdws
the distribution of average external illuminance idgrthe monitoring period. The
illuminance steadily increasl when thesun rose and gradually cteagd in the afternoon.
The figure indicates that the reading formed a-bletiped curved with maximum reading of
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80 klux at noon timeMeanwhile, diring themorning and afternoon, the average external
illuminancewas 20 klux and 50 klux resgaely.

External lllumination
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Figure 4. Average External Distribution

Table 3shows the readings okeernal illuminance at the higist solar altitude during the
monitoring. The highest reading recorded was 119 klux, 117 klux and 128 klu% &877
and 79 respectively. TIs resultcorroborated prewus stuéeson tropical daylighting which
proved that tropical daylight availabilittan exceed 100kix at noon time in Kota Kinabalu
(Djamila, Ming,& Kumaresan2011) andarecorded value of 130 klux in Johor Balftuim
et al., 2012)However, illuminance reading recorded during overcast condition aathe s
solar altitude dropped to 15 klux, klux and 21 klux. Thisvas due to the cloud formation
that affecedthe availability of illuminancéLim & Ahmad, 2014)

Table 3. External llluminance Levels at Highest Solar Altitude

Solar Altitude(®)

llluminance (lux)

770 Highest 119,394
Lowest 15,375
70 Highest 117,495
Lowest 11,295
790 Highest 127,753
Lowest 20,775

Figure 5 shows the distribution of the measured external illuminatiegng the
monitoring time.The distribution of illuminance as divided into three sky conditionsf

clear, intermediate and overcast. The sky conditions were distinguished on the basis of

exterral illuminance values as described in Tabl&H{e measurement showed thaire than
40% of the monitoring periocf into clear sky condition, 33% for intermediate sky anth22
obtained under overcast sky conditidrhe average external illuminance was78% lux

(Standard Deviation, SD = 20336) for clear sky condition, 34,719 lux (Standard Deviation,
SD = 7877) for intermediate sky condition and 10,933 lux (Standard Deviation, SD = 5147)

for overcast sky conditionThe results showd that there is abundaa of daylight in
Malaysian tropical skyvhich is in line with studies conducted bienget al. (2019) and

Munaaim et al(2014)
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Figure 5. Histogram of External Total llluminance Under Various Types of Sky
Internal llluminance versus Solar Altitude

Figure 6shows the positive relationship between internal illuminance level and solar
altitudes. There was a direct relationship between internal illuminance and solar aRftude (
=0.43). In other words, the contribution of solar altitwdas 43.10% to internallluminance.

The coefficient of determinarfor clear sky was 0.25¢R* = 0..259) wiie the valuefor
intermediate was 0.13%R{= 0.139 and 0.039 R =0.039 for overcastThis indicates that
the type of sky condition is an important factdfecting the relationship between internal
illumination and solar altitude.
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Figure 6. Relationship Between Internal llluminance Level and Solar Altitudes
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Internal [luminance Versus External llluminance

Figure7 illustratesthe relationship between internal and external illuminance leVels.
indicaksthere are variations the strength of relati@hip between internal and external
illuminance leves for different types of sky conditioriThere is a positive strong linear
relaionship betweerexternal and internal illuminian (R = 0.943. In other words, the
contribution of external illuimance is 94.30% to internal illuminance.

The result showed that fotear and overcast sky conditiotiserewere slight variations
in the strength ofrelationship between internand external illuminance levelsihe
coefficient of determinarfor clear sky was 0.898° = 0.898) andhe valuefor overcast was
0.910 & = 0.91Q. Comparing the results, it can be sdleat the regression coefficient for
overcast skywas bigger than clear sky conditiohese results indicate that the level of
external illuminance is the most important factor in the quality of light in buildings compared
to solar altitude.

600,00~

500.00

Intermediate: R? Linear = 0.608
Overcast: R? Linear= 0.810

400.00

300.00

Internal illuminance (lux)

200.00

100.00+

.00+

T T T T T
.o 25000.00 50000.00 75000.00 100000.00 125000.00

External illuminance (lux)

Figure 7. Relationship Between Internal llluminance and External llluminance

Internal llluminance Distribution

Figure 8shows the distribution of internal illuminances over the monitoring period. The
graphshowed that internal illumiance was less than 150 luxthe early morning and late
evering, but reached amaximum of over 350 lux at noon and early afternoon. Since the sky
was mostly covered by cloud, it affedtinternal illuminance distribution. The highest
illuminance level on Day 1 was 400 lux at 1.30 amg forthe same timgt reache®71 lux,

340 lw, 430 lux and 340 lux on Day 2, Day 3, Day 4 and Day 5 respectively. Starting from
10 am, internalliluminance met the mimum requiremenbf MS 1525:2014with 100 lux.
These outcontwerevealed that the systestarted towork effectively @ about10am with
40,000 lux.
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AT —Extormal

Figure 8. Distribution of Internal llluminance Over the Monitoring Period

Since the external illuminance was significantly influenced by the sky condition, Figure
9 shows the average variation of workplane illuminance during the monifmeriag. In the
clear sky condition, the light pipe system was detected start its operation effectively at around
9.30am and gradually increased in the noon, associated with an increasing of solar altitude.
The highest average workplane illuminance was@dd50lux to 300lux at the same time of
highest solar altitude. Even though there is inconsistent reading due to cloud formation, but
the workplane illuminance still in the recommended range. During the intermediate sky, the
internal illuminance varied &m 50 lux to 200lux. Similar to the conditions occur during the
clear sky. During the cloudy day, the internal illuminance was varied between 20lux in the
early morning increase to 150 lux at 10am. It is expected the highest value will be recorded
around bhe noon unfortunately due to cloud formation the illuminance levels are below 100lux
with the external illuminance is around 20,000 lux. On average it can be seen the internal
illuminance exceeding 100Ix is 80% during the clear sky, about 50% when intarensid/
and around 25% in overcast sky. Since the illuminance levels are inconsistent throughout the
day, artificial lighting can be used as a secondary source.

Clear
Intermediate
Overcast

300

250

200 H

150

llluminance (lux)

100

50+

0 T T T T T T T T 1

8 9 10 11 12 13 14 15 16 17|
Time (hr)
Figure 9. Average of llluminance Variation on a Workplane Level During the Monitoring

CONCLUSION

In conclusion, this research hasdicated that external illumance influenes the
performance of the light pipe system. The sky condittooa major factor affecting internal
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illuminancethatentes the buildingwhich sould be taken into account when fittitign the

building. This study has identified that the light pipe system could be an effective tool for
introducing nateal daylight into building intgors. Although the illuminance level from the

system is inconstent throughout the dayhe system still shows that good daylighting
efficiency can be achieve@he average internal illuminance level offdby the light pipe

system under Malaysian climdidfilled MS 1525:2014 recommendation for apation in

Malaysian buildngs. It is hoped that the findings will contribute significantly to the
widespread use of ligli i pe systems in Mal aysi a,-beinpus er
and healthand contributing to the energy efficiency of buildings.
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Abstract

Laterite soil is a typical earthfill material used in road construction base and sub-base layers.
Regrettably, such soil becomes soft and saturated under high water content and causes an
unsatisfactory performance in withstanding loads from proposed structures. Recently, the use
of fibres to improve the soil layer, thereby increasing its geotechnical properties, has been
attracting worldwide attention. Therefore, the present study takes a holistic approach to utilise
coconut fibre (CF) as sustainable fibre reinforcement to enhance the strength performance of
local laterite soil at Panchor - Muar, Johor. It then is used as an earthfill material for construction
work. This research focuses mainly on investigating the compaction parameters and bearing
capacity of CFi laterite soil. Standard compaction test and California bearing ratio (CBR) test
were performed on soil randomly included with three different CF proportions (0%, 0.5%, and
1.0%). Results indicate that the optimum moisture content increased and the maximum dry
density decreased as the proportion of CF increased to 1.0%. The CBR value of the reinforced
soil recorded a significant increase to 17.42% and 26.14% after being mixed with 0.5% and
1.0% CF proportions, compared with unreinforced soil (7.58%). The coconut fibre-
reinforcement makes the stabilised soil ideal as a subbase material for road pavement
applications. In addition to enhancing soil strength efficiency, CF reuse would also reduce the
amount of agricultural waste disposal to landfills and prevent environmental problems.

Keywords: California bearingratio; coconutfibre; laterite soil; soil reinforcement.

INTRODUCTION

The rapid pace of highway and infrastructure development involving problematic soll
presents challenges for engineers; this is attributed to unsatisfactory bagaoiycand high
postconstruction compressibility arising fror
wet and dry conditions. The physical properties of the soil are therefore essential from the
construction point of view, which caused a chamgthé soil structure, thereby altering soil
strength. Mahmooet al.(2016) also stated that the soil issue due to the physical properties
of the soil is closely related to the dispersive smillapsible soil, expansive soil, and laterite
soil, which arealso known as problemat&oil (Ali, 2010; Rezaeikt al, 2012). This paper
focuses on the issue of collapsible and laterite soils. Such soils are very sensitive to moisture
or water. In dry condition, the soil can beanemvyload without any settlement. However,
when the soil becomes wet or comes in contattt moisture, its strength weakens and its
volume decreases. This happens because the water fill the voids between the soil particles,
resulting in a breakage of the soil structure. This rearrangement of the soil structure results in
unnecessary settlemeand might cause a structure on it to fail and collapse. Laterite soil
under such conditions has poor geotechnical properties such as low strength, low bearing
capacity, poor workability, and tendency to retain water content (Kulkarni & Sharma, 2016;
Osinui et al, 2009. Laterite soil, also known as red soil, might be an established material
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on site and most of the time, it is commonly used as an earthfill material for construction
purposes. Thus, it i s necessaileygbeforeitisusgar ov e
to enhance the strength of the soil without shear failure, bearing failure, and massive primary
and longterm settlement.

Various alternative technologies including preloading, stone column, pile, vertical drain,
lightweight materia(EPS and tire chip), fibreeinforced material (polymer, sugarcane, oil
palm fruit fibre, and bamboo), chemical stabilisation, and additive material (cement, fly ash,
lime, bitumen, POFA, or a combination of these) have been suggested and adopted for soil
improvement especially for construction over problematic grgdundtet al, 2005; Makusa,

2012; Construction Institute of Malaysia, 2015). However, some of these technologies
(preloading, vertical drain, stone column, and pile) are constrained bydadeaisibility and
space and time limitations (Ismail, 2017).

Global trends today indicate that the marketplace has given more attention to the use of
natural fibre, especially bgroducts from agricultural wastes, due to various societal and
economic cacerns (Hejazi et al2012). Numerous research works have been carried out to
improve the physical properties of soil by using various agricultural fibre reinforcement
including plant roots (Woodt al, 2016), banana fibre (Sunny & Joy, 2016; Gobinath et al.,
2020), bamboo fibre (Ghavami et al., 1999; Asaduzzaman & Islam, 2014), bagasse fibre
(Osinubi et al., 2009; Dangt al, 2017), coir fibre (Babu & Vasudevan, 2007; Khan, 2007,
Peter, 2016), or a aabination of these materials. Soil reinforced with natural fibre is a
versatile product, as the fibre is available abundantly throughout the country and is produced
at a cheaper cost. As such, itis an economical answer. Babu and Vasudevan (20073istated th
in engineering practice, the idea of soil reinforcement with tensdlistant materials such as
fibre has been generally recognised since the 1990s. Researchers AuwdagEberemu
and Momoh(2013), Pateand Singh (2014), Ayininuola and Oladotu®18), and Anggraini
(2016) reported that insertion of fibre into the soil has achieved a varying degree of success
and has a significant impact in improving the strength performance of problematic soil to the
desired strength required for Standard Speatificn for Road Works and thus improving the
road structure. Kumar and Gupta (2014) also repotted the inclusion of randomly
distributed fibre improves the strength properties of soil. Furthermore, fibre also has high
tensile strength and good abrasiasistance and is beneficial for supporting tension load
from traffics. Moreover, Kulkarni and Sharma (2016) reported that natural fibre is long lasting
and can survive in the environment for 4 to 10 years, absorbs water, has high elongation at
break, andhas high tensile strength under wet condition. Babu and Vasudevan (2007) claimed
that natural fibre has the greatest bearing strength and retains this property even in wet
conditions to some extent, as it contains lignin and cellulose.

Hence, the currerdtudy focuses on investigating the potential of coconut fibre (CF) in
enhancing strength performance of reinforced soil via unsoaked CBR liestests were
subjected to the different CF ratios of 0, 0.5, and 1.0 %, and it has been selected on the basis
of the pilot testWater content, Atterberg limits, particle size distribution, specific gravity of
virgin soil, and compaction parameters including optimum moisture content (OMC) and
maximum dry density (MDD) values were determined. This study aims tafaustainable
and costeffective approach to the problems of rutting, cracking, pothole, and settlement at
PanchairMuar road, Johor, Malaysia. Figure 1 shows a road at Pdrdbar which is in
poor condition due to high soil moisture content. Figure fthcates that after a week of
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maintenance, the road starts to fail once again. According to étirais(2016), the road's
base and subase layers were constructed from the local soil that was problematic soil, called
silty clay. Therefore, the findingsom this study will assist in future utilisation of similar
materials for construction application.

(@ (b)
Figure 1. Road Failure at Panchor - Muar Road; (a) Cracking and Pothole Failure Occurs on
Pavement Surface, and (b) Rutting Occurs After One Week of the Maintenance

MATERIALS AND TEST METHODS
Materials

The soil sample used in this study (Figure 2) was collected from Bandar Universiti Pagoh
in the state of Johor in Peninsular Mal ays
shown in Figure 3. The disturbed sample of soil was obtained by usingl stval hoe at
depth of 0.51.5 m below the ground surface. The soil is redthisiwOn in colour. The sail
samples were ovedried at 105 °C for 24 h before being used for further geotechnical and
strength tests.

'Sime Darby Property at
8 Bandar Universiti Pagot|

) Muar:

®
2°8°4.84” N
YT N 102°44°4.49”E
BatujPahat ™ ¥

Figure 2. Laterite Soil to be Tested Figure 3. Location of Soil Sampling

Coconut fibre (CF)s one of the byproducts from agravaste extracted from coconut.
The CF used in this study (Figure 4) was obtained from T & H Coconut Fibre Sdn. Bhd.,
Senggarang, Batu Pahat, Johor. The fibres were cut into 30 mm length with diameters in the
range of 0.10.6 mm. The density of CF is 1.4¢cg®, and its specific gravity is 0.87. The
CF properties are summarised in Table 1.
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Figure 4. Coconut Fibre (CF)

Table 1. Properties of Coconut Fibre (CF)

Parameter Unit Value
Density glcm?® 1.4
Specific gravity - 0.87

Water absorption % 73.52

Test Methods

The geotechnical properties of soil such as particle size distribution, liquid limit, plastic
limit, specific gravity, standard proctor compaction, and California bearing ratio (CBR) were
conducted in accordance with British Standard {B%7: 1990). The sieve analysis and index
properties test including Atterberg limits (liquid limit and plastic limit) and specific gravity
determination were performed to classify and identify the type of soil used in this study. The
sieve analysis test wacarried out to evaluate the percentages of different grain sizes
contained within the soil sample. The liquid limit value was determined by the cone
penetration method. The soil was classified according to the Unified Soil Classification
System (USCS). Ae specific gravity of soil was determined by using a pycnometer bottle
method.Standard proctor compaction test and CBR test are the main testing in this study,
which were performed to evaluate the influence of CF on the properties of reinforced soil.
Theoptimum CF was determined based on the load bearing ratio of tlseiCéomposition.

Standard Proctor Compaction Test

Standard proctor compaction tests were conducted to obtain the OMC of reinforced soil,
the point at which a soil becomes dense aetdeves its MDD and subsequently be used to
prepare samples for CBR test. Compacted samples were prepared by inserting 0% (control
sample without CB, 0.5%, and 1% of CF randomly into the soil sample by passing it through
a 4.75 mm sievelhese CF ratithlas been selected on the basis of the pilot test.

The CF must first combine with the soil before the water is appiieel soil samplevas
initially compacted using 12% water content. Standard proctor tests were conducted in the
laboratory by using a cyldrical mould of 200 mm diameter and 127.0 mm height fitted with
detachable base and collar with 50 mm height. The soil was compacted in three layers, each
receiving 27 blows from a 2.5 kgeight rammer falling from a 310 mm height. Before
placing a new Iger, the surface of the previous layer was scratched using a spatula to ensure
a uniform distribution of the compaction effect. After the compaction was completed, the
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collar was removed and the surface was trimmed using a straight edge. This process was
repeated by successively adding 3% water content until the soil weight was reduced. The
process was then repeated for five to six times, and the dry densities were determined for each
increase in moisture content. The moisture contents were taken at ap amd bottom of

the soil sample.

California Bearing Ratio (CBR) Test

CBR tests were performed on unreinforced soil (0% fibre content) and reinforced soil in
accordance to BS 1377: Part 4: 1990 (Clause 7). All CBR tests were conducted in unsoaked
condiion on overdried soil at 105 °C which had been passed through No. 4 sieve (4.27 mm).
Four kilograms of dry soil was used to prepare the CBR sample and mixed with different
percentages of CF at its OMC, which was obtained in the compaction test. Thergu# s
was then compacted into a 150 mm diameter and 127 mm height cylindrical mould using an
automatic compaction machine in three equal layers, each receiving 62 blows from-a 2.5 kg
weight rammer. After compaction, the collar was removed, and the swdadeémmed using
straight edge. The load applied to penetrate the soil surface and the penetration load value
were recorded to the rate of 1.27 mm/min. When the test was finished, ab80tg26f soil
sample was taken to determine the moisture contdm.pfocedure was repeated for soll
samples mixed with different percentages of CF (0.5% and 1.0% of the dry mass of soil). The
CBR values of soil specimens were assessed on the basis of the higher CBR value measured
at 2.5 mm and penetration of 5.0 mm. @&kts were conducted in triplicate for reproducibility
and accuracy.

RESULTS AND DISCUSSION
Performance of Virgin Soil

The performance of virgin soil, known as unreinforced soil, was observed through its
physical and index classificatigoroperties. The grain size distribution curve in Figure 5
shows that the soil used in this study is fgrained and falls under inorganic soil. From a
further study through the Unified Soil Classification System (USCS) as illustrated in Figure
6, the soilwas classified as high plasticity clay denoted as CH, having a high liquid limit (LL),
plastic limit (PL), and plasticity index (PI) of 69.4%, 34.4%, and 35.0%, respectively. The
liquid limit of the soil was measured at 20 mm penetration based on pemesiad moisture
content curve as shown in Figure 7. The physical and index classification properties of the
soil are summarised in Table 2. The index properties of the soil clearly show that it should
not be directly used for construction purposes as daheyelow than the required properties
as recommended in the Standard Specification for Road Works (Malaysia Public Works
Department, 2008), which are:

1) The liquid limit shall be not more than 35%,
2) The plasticity index shall be in the range 4% to 10%, an
3) The material passing the No. 200 sieve shall be not more than 50%.
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Table 2. Physical and Index Classification Properties of Virgin Soil

Parameter Unit Value
Particle size distribution:

D1o mm 0.9
D3o mm 1.6
Deo mm 2.9
Coefficient of uniformity, Cu - 3.2
Coefficient of curvature, Cc - 1.0
Soil classification (USCS) - CH
Specific gravity, Gs - 2.6
Liquid limit, LL % 69.4
Plastic limit, PL % 34.4
Plasticity index, PI % 35.0

WelLL - 0.2
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Influence of CF on Compaction Characteristic

The compaction characteristics were measured from the dry density graph to the moisture
contentcorresponding to the maximum dry density and the optimum moisture content as
shown in Figure 8rigure9 furthershows the compaction characteristics, which are the OMC
and MDD values of unreinforced (0% CF) and reinforced soil with different proportions of
the CF (0.5% and 1.0%). The OMC increased and the MDD decreased with the increment of
CF proportion. The OMC vaes were 18.2%, 20%, and 22%, at 0%, 0.5%, and 1.0% CF,
respectively. The increase in the OMC with higher fibre content is because CF has a high
tendency to absorb and store water. It was also clarifid®ebsr et al. (2016) and Sunny and
Joy (2016). Orthe other hand, MDD values decreased from 1.82 to 1.77 g/bhen the CF
content was increased to 1.0%. This is because the soil content and the void within the soil
particles were replaced with fibre, which has less density compared to the soil. There was
little to no gain on the MDD value from the fibres. A similar trend has been reported by
Ayininuola and Oladotun (2016), Peter et al.1@)) and Sunny and Joy (2016).
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Figure 8. Compaction Curve
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Figure 9. Influence of Different Proportions of Coconut Fibre (CF) on the OMC and
MDD Values of Reinforced Soil

Influence of CF on CBR Performance of Reinforced Soil

Unsoaked CBR tests were conducted on unreinforced (without CF) and reinforced soil
with different proportions of CF (0.5% and 1.0%). The sample was prepared based on the
corresponding OMC value obtained from compaction test. Fidlirelicates the relationship
between the load of plunger and the penetration of randomly distributed coconut fibre
reinforced soil and unreinforced soil. The results show that the random inclusion of CF into
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the soil up to 1.0% increased the resistanché@ptunger of the CBR penetration and led to

an increase in its CBR value. The influence of CF proportions on CBR value is further shown
in Table3 and Figure 1. Unreinforced soil had the smallest CBR value of 7.58%. The CBR
values of the reinforced saiicreased to 17.42% and 26.14% when CF proportions were
increased to 0.5% and 1.0%, respectively. The presence of CF in the soil helps to lock soil
particles together and resist the tensile strength from the plunger load. A similar behaviour
was also desityed byDang et al(2017). Thus, the reinforced soil meets the CBR requirement
as recommended for road sbse laterite by the Malaysian Public Works Department (JKR),
which is 20%.
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Figure 10. Plunger Load Against Penetration on Soil with Different Proportions of CF

Table 3. CBR Value of Unreinforced and Reinforced Soil Specimens at 2.5 and 5.0 mm Penetration

CF Penetration Penetration
Proportion (%) at 2.5 mm at 5.0 mm
0 7.58 5.00
0.5 17.42 11.50
1.0 26.14 17.25

CBR value (%)

0 1 ]
0.0 0.5 1.0
CF proportion (%)

Figure 11. CBR Value of Reinforced Soil with Different CF Proportions
CONCLUSION
In the present study, the potential of using coconut fibre (CF) as a reinforcement material

for improving the strength performance of problematic soil was studied. The presence of CF
successfully increased the CBR value of the soil from 7.58% (0% CF) to 26.14% (1.0% CF)
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with increasing OMC value and decreasing MDD value. By increasing the CBR value to more
than 20%, the bearing capacity is increased and the road pavement thicknessecacdd.

It can be concluded that CF has potential in improving strength performance of locally
available laterite soil at Pancliduar, Johor. The findings obtained from this research serve
as sustainable and casffective solutions to encountered dbeabes from soft yielding
ground.
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Abstract

Despite the promising future of Industry 4.0 to be integrated successfully within the construction
industry, researchers, stakeholders, and project managers are still struggling with how to link
Industry 4.0 with the construction industry. A review of the literature revealed that there is still
a lack of research on the benefits of Industry 4.0 in the construction industry context,
particularly concerning the impact on performance. Therefore, the main objective of this paper
is to develop a conceptual model underpinned by the resource-based view theory and also via
applying the CIMO logic. This study seeks to understand the impact of Industry 4.0
technologies as resources, and the mediating role of IT and operations capabilities considering
the construction industry complex con-text through the integration challenges.

Keywords: Conceptual framework; construction industry; IT capability; Industry de@purcebased
view.

INTRODUCTION

Industry 4.0 term was first introduced by Germany as a proposal for a hew concept of
German economic strategy that relies on modern technol@dasoni, 2015) The concept
has developed to express the foumdustrial revolution, which is based on multiple
technologiesincluding cybetphysical systems (CPS), the internet of things (loT), cloud
computing, and mobile computingmong many other technologies. Industry 4.0 refers to the
growing automation and digition of the manufacturing environmerftasi, Fettke,
Kemper, Feld, & Hoffmann, 2014)Although Industry 4.0 was initially applied to the
manufacturing sectora literature review has shown that nyaindustries, apart from
manufacturing, have benefited from Industry 4.0. For instant, the automotive industry benefits
from Industry 4.0 by designing cars with 40% controlled by electronics (Wollschlaeger
Sauter et a).2017). Also, the financial industbenefits from Industry 4.0 by the integration
of blockchain, which reduced cost (Philbeck and Da2&19). Similarly, the healthcare
industry benefits from Industry 4.0 by the sequencing of genes and development of new
diagnostical procedures(da Sih&iNeto et al.2019) Fundementaly, Industry 4.8 slowly
but strongly influencing and changing the construction sébDaltasegeet al, 2018)

However, the construction industry, which is one of the significant contributors to the
countriesbé gross domestic product (GDP) ,
technologiegOesterreich & Teuteberg, 201d}he construction sector has a more complex
environment compared to the manufacturing sectoraRorstant, having a large number of
processes, suprocesses, and particigaracting at different stages and locasiomcreases
the complexity of the construction industiArayici & Coates, 2012) Osunsanmi,
Aigbavboa and Oke (2018asserted that the evaluation of the construction into a fully digital
sectoris difficult due to the segmented nature,-&igsed activity, and resistance to change of

the construction industry.
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Moreover, constructionproject are dynain structures that could not be conceived as
serial goodgKohler et al, 2014) Every building is planned and constructed in compliance
with unique requirements and stakeholder decisions, making Industry 4.0 more complex to
implement than other industridsor instance, Building Information Modeling (BIM) is
becoming the center of sign, engineering and construction information management that
enables all stakeholders to share and manage information during the life cycle of a
construction project. Yet the pace of BIM adoption in the construction sector was much slower
than anticipate (Hossain & Nadeem, 2019)

Many studies have indicated that Industry 4.0 could create positive impacts and improve
constuction performance and competitivengbssain & Nadeem, 2019; Oesterreich &
Teuteberg2016; Osunsanmi et al., 2018AjJthough empirical studies on Industry 4.0 are in
abundance in the construction litena, there is nevertheless inadequately empirical evidence
relating to how information and communication technologie (ICT) improves construction
performance. Therefore, there is a need to develop a comprehensive framework for analyzing
the affects of intenal and external factors as modertaors in the relationship between Industry
4.0 and performance. Against this background,ntiaén objective of this paper then is to
propose a conceptual model for the Industry 4.0 integration within the constructiomindus
by applying the Resourdgased View (RBV) theory and CIMO logic

LITERATURE REVIEW
Industry 4.0 Overview

Industry 4.0 is a term/concept used to relate to the idea of the fourth industrial revolution.
The main objective of Industry 4.0 is to integramodern technologies with the production
process. One of its assumptions is that the product can be aedowith the individual
needs of the user, for example, individually custmdisneakers, cars, or furniture. Industry
4.0 grants the possibility t@roduce custormed products with excellent quality and
reasonable prices. Smart, visaation, simulation, and dig#ation are the technical basis of
Industry 4.0. Moreover, Industry 4.0 influence the entire life cycle of a product; development,
manufaturing, use, and maintenan@daloul et al, 2018)

Germany proposed term Industry 4.0 in 2011, German government developed Industry
4.0 as a concept to define coherent policy framework to maintain competitiveness on the
global market, then was formally put forward as a concept atahadver Industrial Expo in
April 2013 (J. Li & Yang, 2017) Since then, the research efforts to examine Industry 4.0
technobgies, applications, benefits, and challenges started.

Essentially, Rylnikova, Radchenko, na Klebanov (2017)indicated that the main
components of Industry 4.0 are: cymysical systems (CPS), the internet of things (IoT),
the internet of service (10S), and smart units. Nevertheless, communication between machines
(M2M) and smart productare not considered as a sa#ftermining portion. They indicated
that M2M isviewed as a part of IoT and smart products as a part of CPS.
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The complex nature of the construction industry;lséeed, large number of participants,
and low IT investment capabilities, leads to difficult integration of Industry@eBterreich
and Teuteberg (2016&eported that the lack of innovation and technology implementation in
the constructionindustryis reasonedy the low investment in research and development
(R&D). However, despite this complexity, Figure 1 shows how technol@ge®volved
through varous stages of construction through history.

Stage 1 |
Use of Crude tools

Stage 2
Use of Machines

Stage 3
Use of Software

— Stage 4

Construction 4.0
Digitalization of the construction
industry

Figure 1. Evolution of Construction Technologies (Source: Osunsanmi et al., 2018a)

Recently, the term construction 4.0 has been usedebgarchers to indicate the
integration of Industry 4.0 to the construction indu¢@wrcia de Sotet al, 2019) A review
of the literature shows many research efforts to examine Industry 4.0 in construction. In
particular,Oesterreich and Teuteberg (201@ho were among the first to review Industry
4.0 concept, application, state of the art, state of practice, benefits, and challenges among
construction companies. SubsequentBsunsanmi et al. (2018and Osunsanmiet al.
(2018b)provided a framework for construction 4.0 based on the resuldestierreich and
Teuteberg (2016)Figure 2).

Construction 4.0
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Figure 2. Construction 4.0 Conceptual Framework (Source: Osunsanmi et al., 2018a)

Oesterreich and Teuteberg (2016) were thst fo establish the term Industry 4.0 to the
construction literature. They conducted research to review the existing research efforts in the

field of Industry 4.0 and construction. As their efforts end without results, it becomes clear

that scientific pulications still did not exist in this domain. A year after, Nowotarski and
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DallasegaRauch et al. (2018) conducted SLR with the same keywords and ended up with 39
publications. Those results implicate that in the construction idustry the idea of Industry 4.0
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phr ases,

endi

I
ng



MCRJ Special Issue Vol. 13 | No. 2 | 2021 56

In 2017, Hexagon PPM, which is a company that creates software solutions that enable
the design, construction, and operation of
in one of its marketing seminars for an application that relays on Industtechnologies
(Hexagon2017). Since then construction 4.0 is used to refer to counterpart of Industry 4.0 in
the construction industry (Osunsanmi, Aigbavboa gP@ll8a, Osunsanmi, Aigbavboa et al.
2018b, Garcia de Soto, Agudtian et a).2019).

Generally, construction 4.0 research mainly focuses on applications of Industry 4.0 in
construction, Industry 4.0 readiness, and construction industry challg@gesa de Soto et
al., 2019; Maskuriet al, 2019) However, some reseasais were interested in the benefits
of construction 4.0 and its role in enhancing performance. They argued that the integration of
Industry 4.0 technologies with the construction industry would enhance construction project
performance. Among previous stadifocusing on Industry 4.0 benefits to the construction
industry are the following:

Oesterreich and Teuteberg (20®nducted a review to understand the implication of
industry 4.0 for the construction instry. Using the PESTEL framework (political, economic,
social, environmental, and legal) to point out the benefits of its adoption, they found its
potential benefits in terms of improvements in productivity and qualigunsanmi et al.
(2018a)research focused on Industry 4.0 adoption antbagonstruction industry in South
Africa by using a questionnaire to evaluate the awareness and readiness of construction
professionals towards construction 4.0. The findings indicated that the adoption of
construction 4.0 would enhance the performance regarding cost and time savingoand als
create sustainable buildings.

UNDERLYING THEORY AND LOGIC
Resource-Based View (RBV)

RBY theory has been highlighted in the |
performance. RBV theory was introduced by Werenerfelt in 1984, stating that the competitive
advantage/ performance of any orgation relies mainly on the use and adoptibtangible
and intangible resourcedMiller, 2019) Tangible resources are physical assets such as
equipment and machines, while intangible resources are the ones with no physical presence
such as skills and reputation. Consequently, the company chooses their strategies based on
their resource¢Barney & Hestegt, 2012) Competitive advantages were defined as having
more economic value than competitors in the product mévkiter, 2019).

The main argument of the RBV theory is that firm/orgation holds resources to achieve
competitive advantage and enhance performéBaeney & Arikan, 2001)RBV assumes
that resources should be economically valuable, relatively scafieultifo imitate, and
immobile across companies; to be a valuable resource. RVB has three primary constructs;
firm performance, resources, and capabilities, where the dependent construct is firm
performance. RBY argues t hantedlay tht proper@use ofp e r f
resourcegMiller, 2019).

Daowd (2016)efers to resources as something that firms could employ to achieve its
goals and capabilities as subsets of the resources. Resources were classified into four
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categories: physical, financial, human, and org#ional (Barney & Hesterly, 2012)
Consequently, RBV theory ag applied in various sectors, including human resources,
marketing, IT management, and construction managefititér, 2019).

Dynamic Capability view (DCV) was derived
resources need other factors to create a significant impact on perforimesaee Pisano, and
Shuen(1997) ef erred to those factors as ODynamic
to integrate, build, and reconfigure internal and external competences to address rapidly
changing environment s ¢the refatonship bebtiveery resbuscestahdi s
performance must be mediated by capabilif@@srick, 2016) The rationale of that approach
is thatthe f i r mé s resour aspeciami centhiammés capabi
implementation and integration of these resoufciEsig & You, 2009)

CIMO Logic

Based on Bfulnnge®asn treuX te, use I ntervention t
that produces OutcoméDenyeret al, 2008) the CIMO (Context,ftervention, Mechanism,
and Outcome) logic was developed. Subsequently, based on the CIMO logic, the framework
of this research was developed. The CIMO approach has been adopted recently
construction management reseatchevaluate the relationship beten technology and
performancgda Silva, Floriani, & Hein, 2018)'he context of the model is the complexity
in the construction environment and the challenges of Industry 4.0 integration. Industry 4.0
technologies are considered as an intervention. Outcomes of Industry 4.0 integration are
sustainable competitive adwage (SCA) and performance. The mechanisms that mediate
these impacts ard and operational capabilitieFable 1 summarizehe CIMO approach
implementation

Table 1. CIMO Logic Implementation

Construct in

Component this study Explanation
Context Integration AThe surrounding and human nature
challenges change, such as experience, age, organizational politics, firm nature, stability,
and system.
Interventions are affected by four contextual layers (individual, relationships,
institutional setting, and infrastr
Interventions Industry 4.0 AThe interventions managers have a
technologies Such as planning, control systems, training, leadership style. It is important
to examine the nature of the intervention and how it is implemented. Also,
hypotheses are carried by intervent
Mechanisms IT and AfThe mechanism that is triggered by
operations
capabilities
Outcome Performance AfThe outcome of the intervention in
and SCA i mprovement, cost reduction or | ow

* Source: (Denyer et al., 2008)

METHODOLOGY

The research method followed in the current study is to propose the conceptual framework
by signifying the impact of Industry 4.0 technakegon the firm performance through the IT
firmébs capabilities as a mediation variabl

(
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Further, the current study highlighted the need to study firm performance especially in
the construction sector. To build the proposed conceptual framework, thechesgar
considered the practical gap and also have gone through extensive literature review of the
given constructs and come up with the proposed conceptual framewo which should be studied
at organizational level. Moreover, the underpinning theoretical bagkd namely, resource
based view (RBV) theory, and CIMO logic also underpinned the proposed conceptual model.

Most of the research methodology and research design was conducted following the
procedures of existing literaruf@hmedet al, 2017; Bhattiet al, 2016; Casanuewet al.,
2015; Che Ghani, binti Taju Rahim, bin Zainuddin, Wan Hamzah, & Alias, 2016; Jensen,
Cobbs, & Turner, 2016; Minai, Raza, bin Hashim, Zain, & Tarig, 2018; Raza, Minai, ul Haq,
Ismdl, & Zain, 2018; Salleh & Hussin, 2016; Siha al, 2016; Yanget al.,2019; Zhao &
Priporas, 2017)

Proposed Research Model

Currently, there are several studies relating the RBV theory to construction management
research and IT use. For examp@anipekun and Xia (201 7gview faund that RBV is the
most used model in construction management research betweeA@BDRazak, Othman,
and Padiyan (2015)used RBV as the underpinning theory to explain the relationship
between IT and operational performance in the Malaysian construction industry. Similarly,
Y. Li, Ding, and Sun (2019 ndHazarika and Zhang (2018jopted RBYV in their research
in the construction management field.

H1(

IT assets
IT-related HR

=
s
s
g
=
=

IT Capability

Smart Site | Ha(9)
Technology

H12(+)
Competitive
advantage

Figure 3. Proposed Industry 4.0 Model for Construction Companies

Ha(+)

Operations
Capability (DEA)

H2(+)

Based on the RBV, this research model is derived to understand the relationship between
Industry 4.0 technologies and construction performance. This model has been adapted to suit
the construction industry context, where new variables such as IT capapditcbperations
capabilitiesare included. The model consists of six key variables, namely: 1) Industry 4.0
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technologies; 2) IT Capabilities; 3) operation capability (DEA); 4) performance; 5)
competitive advantage; and 6) integration challenges. Thiehmshown in Figure 3.

This research identifies several constructs that are considered relevant to the research
problem and construction context:

Dependent variable: construction performance

Mediating variables: IT capabilities, Operations capabgitiand Competitive
advantage

1 Independent variable: Industry 4.0 technologies

1
1

The following section will describe each variable in detail.
HYPOTHESES DEVELOPMENT

To advance the literature on the impact of Industry 4.0 of construction companies, the
research framework was developed, based on RBV and CIMO logic. Consequently, research
hypotheses are proposed in this section. Relative studies are also provided to support
hypotheses.

Impact of Industry 4.0 Technology

The integration of Industry 4.0 the construction industry have been actively discussed
by researche(slaloul et al., 2018; Garcia de Soto et al., 2019; Nowotarski & Paslawski,
2017; Oesterreich & Teuteberg, 2016; Osunsanmi et al., 2@8a) various industries have
benefited from Industry 4.0 technologies, construction companies baud fndustry 4.0
integration difficult or mayalsofail to integrate(Osunsanmi et al., 28a) This issue could
be a result of the misunderstanding of the benefits of Industry 4.0 integrations and the
mechanisms in which Industry 4.0 makes an impact.

Many researchers have addressed industry 4.0 technologi@isatiopsand benefits to
construction companies. Construction companies could benefit from Industry 4.0 in terms of
cost savings; labor costs are reduced through the use of rofféicet al.,2018) and
material costs could be reduced through the use of RFID technology to track equipment and
materials(Niu et al, 2018) Moreover, construction companies could benefit from the time
saving provided by Industry 4.0; consttion time is reduced through the use of
prefabrication and additivenanufacturing(Bamanaet al, 2019) Similarly, Industry 4.0
improvesquality for construction companies; simulating the whole construction process and
the use of BIM leads to avoidrers(Kelly & llozor, 2019) decision making is enhancdde
to big data analytic€Dubeyet al.,2019)

Likewise, Industry 4.0 implementation in construction companies leads to
communication and collaboration enhancement; through the use of cloud, BIM, and social
meda apps among the high amount of project particip@hisnadet al, 2019; Cheret al,

2019) Moreover, Alizadehsalehiet al. (2019) indicated that the satisfaction gfoject
stakeholders would be improved through the application of VR, AR, and mobile computing.
Notably, the performance indicators are impacted by Industry 4.0 technologies. Hence the
following hypothesis was proposed.
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H1: Industry 4.0 Technologies Have a Positive Impact on Firm Performance

The RBV theory suggests that integrating Industry 4.0 as physical resources enhances the
competitive advantage of the construction compaidasney & Hesterly, 2012)n addition
to the economic impact by increasing productivipgrformance, and efficiency, the
integration of Industry 4.0 in construction companies can improve safety and sustainability
which leads to enhancing the image of the construction industry in the longhan.
implementation of Industry 4.0 technologi¢nsfers the construction industry to a
technologydriven industry that can keep up with othe®ctos in terms of competitive
advantagéOesterreich & Teuteberg, 2016)ence the following hypotheses were proposed.

Hla: Sustainable Competitive Advantage Mediates the Relationship Between
Industry 4.0 and Performance

H2: Industry 4.0 Technologies Have a Positive Impact on Sustained Competitive
Advantage

Bipat and Sneller (201%ponducted areviewtoconceptzali | T capabi l i ti es
In their research, IT technical resourcesr@wone of the IT capabilities defined construct,
which support¢Bharadwaj, 20003lassification. SimilarlyRoss, Beath, and Goodhue (1996)
emphagied the role of IT resources in their explanation of IT cadadsiliZzhao & Priporas,
2017) Hence, and based on RBV and D@nhe following hypotheses were proposed.

Hlb: IT Capabilities Mediates the Relationship Between Industry 4.0 and
Performance

H3: Industry 4.0 Technologies Have a Positive Impact on the Fi r mé s I T
Capabilities

Operations capability is eritical dynamic capability in both RBV and DC{fu et al,
2018) Data envelopment analysis (DEA) is applied to assess the relative efficiency of
decisionmaking units (DMU). DMU is defined as the orgaation responsible for converting
inputs (i.e., people, cash, resources) into outputs (i.e., satisfaction, revpardeanance
metrics) and whose performance is to be exam{Bettouznejad & Yang, 2018;ccording
to RBYV, firms diversify for using resources to generateesgy, that is, to mininze inputs
and maximze outputs for higher performance, which could be aealyby DEA (Jiang,
Yang, Chen, & Liang, 2019)Thus, in this research, DEA will be deployed to measure
operational capabilities by using Industry 4.0 as the input followWingt al. (208). Hence
the following hypotheses were proposed.

Hlc: Operational Capabilities Mediates the Relationship Between Industry 4.0
and Performance

H4: Industry 4.0 Technologies Have a Positive Impact on Operational Capabilities
(DEA)
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Impact of IT Capabilities

I T capabilities, defined as the firmds ab
of SCA when combined with other resources aagabilities (Bharadwaj, 2000)Many
scholars have discussBdcapabilities and its construdi@hao & Priporas, 2017} ollowing
Ross et al. (1996GEsearch, IT capabilities were classified into thisegories; IT assets, 4T
related human resourgend IT integration.

IT assets are defined as hardware and software resources that are possessed by the firm.
Moreover, since IT assets do not function by itseHrdlted human resources are defined as
technical and managerial skills needed to build and maintain IT applications using the
available technology. Similarly, without a system and infrastructure that supports IT
integration, IT will not be distinctive enough to create SZAao & Priporas, 2017Hence,
by considering IT capabilities as a combination of tangibled{hare, software, and
infrastructure) and intangible (Skills, knowledge, and system) resources, and by applying the
RBYV, the following hypotheses were proposed.

H5: IT Capabilities Have a Positive Impact on Firm Performance
H6: IT Capabilities Have a Positive Impact on Sustained Competitive Advantage

Impact of Operations Capabilities

Operations capabilities are defined as the synergy of tasks a firm deploys to enhance its
output (service or product) by efficiently using the available technology and sproce
(BrandonJones et al.,, 2016)Consequently, RBV and DCV asserted that operations
capabilities could achieven&CA through the efficient managent of knowledge and IT
(Yu et al., 2018)Additionally, as mentioned, DEA is used to assess the relative efficiency of
organizations (Emrouznejad & Yang, 2018)n recent efforts, researchers are using DEA
combined with theories to exploretheorgant i onés oper dTsdi&@hang,capab
2018) However,the level of integration related to establishing relative efficiency can be
identified by DEA; thendifferent strategies could be compared to improve effici¢@Goyaca
et al, 2017) Hence the following hypotheses were proposed.

H7: Operations Capabilities (DEA) Have a Positive Impact on SCA
H8: Operations Capabilities (DEA) Have a Positive Impact on Firm Performance

Bharadwaj (200QBipat & Sneller(2015) Salleh & Hussin2016) andZhao & Priporas
(2017)indicated that IT capabilities should be combined with other resourdesapabilities
to enhance the performance and createSE€A. Hence the following hypothesis was
proposed.

H9: Operational Capabilities Mediate the Relationship Between IT Capabilities
and Firms Performance

Impact of Integration Challenges

There ardinancial, technical, and social challenges that must be considered before the
transformation of Industry 4.0 (such as the implementation cost, the zaianichanges,
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technology acceptance, data secur(@gsterreich &reuteberg, 2016)The complex nature

and environment of the construction industry result in many challenges that slow and impact
the implementation of Industry 4 s lowering both IT and operational capabilif@srcia

de Soto et al., 2019MHence the following hypotheses were proposed.

H10: Integration Challenges Have a Negative Impact on IT Capabilities
H11: Integration Challenges Have a Negative Impact on Operational Capabilities

Impact of Sustained Competitive Advantage

the impact of sustained competitive advantageadni r mo6 s

RBV theory significantly explains how sustained competitiveaatige can enhance
performancgBarney & Hesterly, 2012Most of the studies applying RVB have investigated

2012)

conpani es 6

p €éRibboarungraj,n c e

In a recent effort,Oyewobi, Windapo, Jimoh, and J.O.B. (201&)ncluded that
technological resources in construction companies do not heigaificant diret impact on
perfor mance. On the other
competitive strategy, a significant relationship with performance was indicated.

Hence the following hypothesis was proposed.

hand,

H12: Sustained Competitive Advantage Has a Positive Impact on Firm

Performance
Table 2. Summary of the Developed Hypotheses
No Independent Dependent Impact Hypothesis
1 Industry 4.0 Firm performance Positive H1: Industry 4.0 technologies have a positive
impact on firm performance
2 Industry 4.0 SCA Positive H2: Industry 4.0 technologies have a positive
impact on Sustained Competitive Advantage.
3 Industry 4.0 IT capabilities Positive H3: Industry 4.0 technologies have a positive
i mpact on the firmbés I T
4 Industry 4.0 Opereations Positive H4: Industry 4.0 technologies have a positive
capabilities impact on Operational Capabilities (DEA).
5 IT capabilities Firm performance Positive H5: IT Capabilities have a positive impact on firm
performance.
6 IT capabilities SCA Positive H6: IT Capabilities have a positive impact on
Sustained Competitive Advantage.
7 Operations SCA Positive H7: Operations Capabilities (DEA) have a positive
capablilities impact on SCA.
8 Operations Firm performance Positive H8: Operations Capabilities (DEA) have a positive
capabilities impact on firm performance.
9 Operations IT capabilities and Positive H9: Operational capabilities mediate the
capabilities firm performance relationship between IT capabilities and firms
performance
10 Integration IT capabilities Negative  H10: Integration Challenges have a negative impact
challenges on IT capabilities.
11  Integration Operations Negative  H11: Integration Challenges have a negative impact
challenges capabilities on operational capabilities.
12 SCA Firm performance Positive H12: Sustained Competitive Advantage has a

positive impact on Firm performance.
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Table 2 summarizes the developed hypothese. Recalling the purpose of the current study
was to propose the conceptual model by signifying the impact of Industry 4.0 technologies on
the construction firmbés perf or ragasa&mediatdist ou gt

CONCLUSION

The underlying philosophy of the proposed conceptual framewrork was to identify the
adoption and implemenataiaf the proposed construct in the firm and to measure them at
organizational level. Furthermore, the proposed framework works as a basic step to identify
the affecting strategic factors and how construction management deals with them. For
instance, thefirm capabilitis depicts the internal factors, while the integration challahenges
indicates the external factors

This paper has a favorable implication both for academics as well as the construction
industry professionalsvhich wereresulting froma robusttheoretical framework, which is
underpinned by the RBV theory and CIMO logic. This model is raliftiensional, which
utilizes resources and capabilities that affect Industry 4.0 impacts on construction
performance. For construction professionals, theirfgl will increase their awareness,
knowledge, and strategies to achieve a proper integration of Industry 4.0 technologies in their
companies.

The proposed model has both practical and theoretical implications. For resedifchers,
framework proposedhe types of variables to be used in future empirical tests of the
relationship betweenndustry 4.0and firm performance especially in theconstruction
industry.Consequently, the modekpandsunderstanding of the moderatisignificantof
firms capabilities such adT and operations capabilitiesn therelationship betweelmdustry
4.0andfim performance.

At the other hand, practitioners may use fitseneworkto refine their thought on the
Industry 4.0and the strategic tools of their firms. This papkeg contribution was tde
considered as a benchmaokunderstand the relationship with respedntiustry 4.0f i r mé s
capabilities, SCA, and perfomance

Research hypotheses are developed based on the suggested mpdeliandstudies
The next step of this study is to developsarvey that will be applied in Malaysia's
constructionindustry for pilot study data collection. We 're going to try to do research using
RBV approachesTherefore, both researchers and practitioners will hagee empirical
evidence associated with the fundamental theory behind the RBYV, thereby enhancing
understanding olindustry 4.0relationships anfirm performance as well as the moderating
effectsof firmbés capabilities
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Abstract

One of the factors of high number of accidents in construction industry is due to the lack of
safety management that is closely related to the poor safety awareness among stakeholders.
Previous studies had emphasized the role of stakeholders in affecting entire project
performance. This paper aims to investigate the significant factors affecting safety
management implementation at construction sites based on the perceptions of different
construction stakeholders. A total of 112 questionnaires was received from respondents of
various construction stakeholders such as consultants and contractors who are working at
construction sites in Johor Bahru. The factors affecting safety performance that formed the
guestionnaire are commonly accepted physical safety management performance factors that
were derived from previous studies involving accident rates and the satisfaction of construction
stakeholders. An average mean index analysis was conducted, and the result indicated that
proper handling of equipment, proper installation and dismantling of heavy devices, and site
inspection and supervision conducted by supervisors closely contribute to the factors affecting
safety management at the construction sites. Further analysis on the similarity/dissimilarity
perceptions on the factors affecting safety management at construction sites for within
(Intraclass-Correlation Coefficient (ICC)) and between (Kruskal-Wallis) groups of respondents
were analysed. The findings of the present study revealed a high similarity of OSH risk
perception within and among stakeholder groups. This paper offers an important contribution
by providing significant information that benefits the construction stakeholders to further
facilitate the benchmarking process and various initiatives that can improve the safety
performance of construction industry as a whole.

Keywords: Construction;safety performancesafety managemensafety performance factor
INTRODUCTION

Construction is a major industry that has becdheemain focus today but remains
plagued with constant challenges, such as accidents and death. Laws and regulations have
been introduced to establiatlyood quality of safety management in many countiiéshta
and Agnew, 2010)However, the number of accidengsstill high in construction industry,
which has resulted in negative impacts in terms of reputation and safety performance.

Various construction projects are being undertaken at an increasing rate and complexity,
which influence workplace safety management. In 20009, the Social Security
Organisation (SOCSO) reported a total of 42,775 accidents in the construction industry i
Malaysia, with an average annual mean incident of 19.3 per 1006y0&#xrtor(Ganesh and
Krishnan, 2016)The most critical causes of accidentshia construction industry are falls,
specifically being hit by falling or moving objects (17%) and fallfingm height (28%)
(Ganesh & Krishnan, 2016)
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The construction sector has earned a negative reputation due to its high accident rates.
The rates of fatal and ndatal injuries and illnesses are relatively high and have not dropped
significantly during thepast 10 year¢Abudayyeh, Frederick, Butt & Shaar, 2008hese
probl ems i n safety management ar e affect
stakeholders, lack technical guidance and lack of supervision to monitor the reckless
o p er a(De Silva,sRajkaruna & Bandara, 2008).

Stakeholder management has a considerable influence on construction projects
(Loosemore, 2006)Ng, Cheng& Skitmore (2005) stated that it is an extra advantage for
stakeholders to involve in the smattale construction projects, which require lquality
standards, low cost and minimum time, thereby regarding safety as the lowest priority. The
factors listed in this researahe human, equipment, management and technical factors, which
strongly prove that stakeholders have a poor record in safety management.

Factors affectig safety management have been researchedK&éyachana and
Karunasena (2018), Yiu, Sze and Chan (20Z8gpo, Kazemi, Liu and Zhang (2018) and
Tam, Zeng and Deng (20Q4bput their studies were conducted in countries other than
Malaysia. Several studies have been published in the form of journals, theses, books and
online data indicating the safety factorsadived. In Malaysia, there is a lack of research in
this field, and the perceptions of construction stakeholders have not been examined despite
the several case studies that have been made.

Stakeholders substantially influence project complexity andaictiens. According to
Salancik and Pfeffefl974) stakeholders are a major factor affecting the entirety of project
performance. This statement was underlined by Yang and(30&#) stakeholders have the
power of compromise and adaption in project stjegs. Project outcomes can indicate the
influence of the stakeholders in project mak{A@ltonen & Sivonen, 2009nd the project
phasegHerazo & Lizarralde, 2016)

Therefore, this study intends to investigate the significant factors affecting safety
management at construction sites from const
the collected data were examined for any similarity in perception about these factors.

LITERATURE REVIEW
Construction Safety Management

Construction safety management deals wihk actions of themanagement in all
organisational levels to create a structured organisation platform with which employees are
going to be trained and motivated to perform safi groductive constructiowork (Hassan
et al., 2009 evitt & Samelson, 1993In addition, safety management is an effectiystem
of removing and minimising the forces that injure workers and damage facilities and
eqguipment at construction sites. Therefore, safety management is aisatigaal function
that identifies safety risks to ensure safgdipkkaw & Tongthong, 2016)

Project site safety is related to the process of safety management in terms of controlling
safety policies, procedures and practices. Accordir@hieng, Li, Fag and Xie (2004)the
desired goals can be achieved through a dynamic prd¢eagver, Ming (1994) concluded



MCRJ Special Issue Vol. 13 | No. 2 | 2021 70

that safety, health arehvironments should first be managed in all aspects of a construction
business to manage safety management systems,sspolicges, organisations, management
controls and resources.

Moreover, the actions of engineers, contractors and subcontractors influence jobs at
construction sitesAmong theseémportantpersonnel, engineers shouid the most ethical;
they should priatise safety and health at construction sifesording to Hinze and Raboud
(1988), the intervention of top management can help reduce accident rates. This finding
supports the view of Hei % ofiaccitedtscartbe prevented T h e
through thei nvol vement of safety management. He i
which monitoring systems can be started and feedback on effective safety management can
be provided (Ch& Han, 2013).

Contractors and subcontractors in t@nstruction industry tend to ignore the safety
management requirements stated in standards produced by OSHA and legislations (Bakri
Zin, Misnan & Hakim 2006). This is supported by Abdullah and Chai (2010) who suggested
thati t was t he e methat was regpensibiefay the agaurrence of accidents
within the construction sectoAccording to Lingard and Rowlinson (1997), subcontractors
do not prioritise the importance of worker safety and violate safety practices to ensure
adherence to projegc hedul es. Al t hough the subcontr a
study are from small to medium sized company, some subcontractors do not implement safety
management at construction sites to stay within the budget of the contracting company. In
addition, they also found that subcontractors have poor safety awareness and do not
communicate sufficiently with the workers at their construction sites due to the unavailability
of safety resources on these sites.

A successful safety management plan of action must be underpinned by the commitment
of top management; such support is essential for reducing the accident rates at construction
sites. In addition, management systems have been introduced into industedbkinds
(Bakri et al, 2006).Theapplication of safety management systems should be clear to identify,
understand and control injury hazards and reduce incidéhesimplementation of safety
management requires employers to conduct daily inspecteate awareness and show the
advantages of safety management systdimesrefore, this study adopted the framework of
Zhao et al. (2018)whose findings outlined safety management supervision uhddive
significant factors

Factors Affecting Safety Management

The factors affecting safety management implementation at construction site are
discussed by category.

Human Factors

Human factors include the human activity involved in the operation, production or
construction of equipment and systeccording to Garrett and Teizer (2006)h u man has
the strong relationship influence edgih ot he
statement is supported by the finding that 88% of accidents are caused by human factors
(Heinrich& Peterson1931). Catastrophic accidents are caused by human factors (B&idges
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Tew, 2016). The deficiencies in these factors include the safety attatidkeskers(Hassan
Chew & Chandrakantan, 2009; Siu, PhilipsL&ung, 2003) and supervisors (Fang, ®u
Wu, 201L5; Kanachana &arunasena, 2018) and lack of safety training received by workers
(Olutuase, 2014), effective communication and cooperation &ilsmail, 2012; Zohar
(2002), safety experience and skills of contractors and supervisors (Glaamd, Zain,
Rahim, Kamar & Rahman, 2010; Wong, Chan, Tdeo&e, 2000) and site safety inspection
and supervision conductéy supervisors (Fang et @2015; Choudng Fang, 2008).

Equipment Factors

Equipment factors are dangerous because they involve human beings working with
machines to complete tasks. According to the National Bureau of Statistics, mechanical
equipment causes five major injuries to humans, nanfaljng injuries, crane machine
aaidents, object strikes, electric shocks and collapse. The key factors that must be properly
selected and used according to standard operation procedures to redtoedifeg
situations are personatqtective equipment (PPE) (Zi& Ismail, 2012;Guo, Li, Chan&
Skitmore, 2012) proper installation and dismantling of heavy devices (Beavers, Moore,
Shapira& Lyachin, 2009) and proper handling of equipment (Teo, Kir@hong, 2005).

Environmental Factors

Environmental factors influence the performance of a project and involve the lack of good
knowledge about successful safety management. Akanni, Oke and Akpomiemie (2014) stated
that the environmental factors in safety management should be taken intotaiccoun
managing the development of construction sites to reduce unpredictability and add potential
effects. This is also supported by Kartam, Flood and Koushki (2000) that adverse weather
condition is one of the causes that forbid construction stakehotdactively pursue effective
ways to maximize the achievement of safety goal.

Management Factors

Management factors refer to the failure of the management in all organisational levels to
promote workplace safety performance through safety management.omyapisation
management that fails to promote safety management might contribute to management
factors. The key elements influencing the management factors of safety management are
safety meetinggTam, Fung& Chan, 2001)safety management commitmemi¢hael,

Evans, Janse& Haight, 2005Baxendale& Jones, 2000health and safety filg@Baxendale
and Jones, 20003afety regulation and plan enforcem@axendale& Jones, 2000Ning,
Wang& Ni, 2010; Tan and Nadeera, 2104 20142)dget allocated for safety management
(Tan& Nadeera, 21049nd safety management systems that adhdegiations, codes and
standard¢Baksri et al., 2006; Kartam, Float Koushki, 2000)

Technical Factors

Technical factors refer to the improper handling of equipment and the use of wrong
techniques by workers at construction sit&bdul Hamid Yusuf & Singh 2008) The key
elements of the technical factors influencing safety management are safety risk identification
and analysigMalekitabar, Ardeshir, Sel& Stouffs, 2016; Choe and Leite, 2016jst aid
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training andemergency preparednegAli et al, 2012), complexity yipe of construction
(Suraji et al, 200) and behaviourbased safety techniques (Oostakhan, 2012; Tavkol
Dennick, 2011).

METHODOLOGY

The factors affecting safety management implementation were obtained through a
literature review of published journals, theses, bookd tiednet articlepublished from the
year 2000 to 2019Next, the obtained data that relevant were selected andedobiatthe
basis of the identification of the factors affecting safety management implementation at
construction sites. The researcher designed the questionnaire by incorporating the five factors
influencing safety management at construction, sie2 huma, technical, management,
environmental and equipment factors

Next, the questionnaire was reviewed by 3 panels of expert to validate and check the
content reliability of its desigiThe experts were selected among those who had more than
10 years experiee in managing safety and health at construction Jites.questionnaire
was revised several times regarding the importance of the collated attributes before being
distributed to the selected stakeholdeffie authorssolicited responses from several
corstruction sites throughout Johor Bahiilne data collected from the questionnaire were
analysed using analyses of the average mean index, intragroup (intraclass correlation
coefficient) and intergroup comparison (KrusRafallis) to measure the five factaitsat are
significantly related to construction safety management. Conclusions and recommendations
were made on the basis of the analysis findings.

Questionnaire Development

The data on thperceptions of multiple stakeholdexsconstruction sites were collected
through questionnaiseto enable an objective and ceadtective investigation. First, a
comprehensive list of safety factors was screened through a pilot study to ensure that all items
in the questionnaire were valickliable and significant. The questionnaire contained two
sections. The first section explored the backgrounds of the respondents, and the second
section consisted of the 23 safety factors listed in ThblEhese are the factors that could
affect safgf management at construction sitdhe questionnairadopted Likert scales
ranging from 1 (absolutely disagree) to 5 (absolutely agree)

Table 1. Factors Affecting Safety Management
Factors Item Key Items
HF1 Safety attitude of workers
HF2 Safety training received by workers
HF3 Safety experience and skills of contractors and supervisors
HF4 Safety attitude of supervisors
HF5 Site safety inspection and supervision conducted by supervisors
HF6 Effective communication and cooperation
Equipment Factors EQF1 PPE
EQF2  Proper installation and dismantling of heavy devices
EQF3  Proper handling of equipment
Environmental ENF1  Complexity of geology and hydrology
Factors ENF2  Frequency of adverse weather

Human Factors
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Factors Item Key Items
Management MF1 Safety meetings
Factors MF2  Safety management commitment

MF3 Health and safety files
MF4 Safety regulation and plan enforcement
MF5 Safety and health awareness
MF6 Budget allocated for safety management
MF7 Safety management system with adherence to legislations, codes and standards
MF8 Safety behaviour toward training and education by top management
Technical TF1 Safety risk identification and analysis
Factors TF2  First aid training and emergency preparedness
TF3 Complexity type of construction
TF4 Behaviour-based safety techniques

Population and Sampling

The participants were the construction stakeholders who were fully involved in the
construction sites in the Johor Bahaur e a . The respondents wer
popul ation sampleb6é due to the wunknown exa
guestionnaire was answered in a voluntary and anonymous manner with the strong support
and coordination of the project ownerstdtal, 120 questionnaires were distributed, and 112
valid questionnaires were retrieved (93.33% response rate). The 6.3% invalid questionnaires
either had incomplete answers or were not filled out by the respondents they were sent to.
Figure 1 showspieehr t s of the respondentsdéd stakehol d
experience.

Type of stakeholder Working experience in construction industry

29%

= TECHNICALS MANAGEM ENT TEAM

W SAFETY TEAM
DESIGN TEAM W <3YEARS W 3-5YEARS ©6-10YEARS M =10YEARS

Figure 1. Demographic of Respondents

Measures for Data Analysis

After the data collection, neparametric methods were usedatmlyse the safety factors
affecting safety management implementation at construction sites. The data were analysed
with spreadsheets to estimate the mean value for the factors. The software Statistical Package
for the Social Sciences (SPSS) was utilismdtlie following techniques: (1) reliability test,

(2) intragroup comparison using the intraclass correlation coefficient and (3) intergroup
comparison using the KruskaVallis test.
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I nstrunRenti afboirl i ty Test

A reliability test was conducted to chec
consistency of the entire survey. Cronbach
reliability (i.e. interna( Taw&ikBeleshieaoky) 201
indicates that an alpha value great oot han
and Li, (g20001d6 )i nt ernal consistency i s expres
Average I ndex Analysis

Average index analysis was usedcompute the mean scores of the significant factors
affecting safety management. The rating groups of the average indices that represented the
appropriate classification suggested\bgjid & McCafer (1997)are shown in Table 2.

Table 2. Average Index Rating Group

Likert Scale Score Value
Strongly Disagree 1.00 O Average Val
Disagree 1.50 O Average Val
Neutral 2.50 O Average Val
Agree 3.50 O Average Val
Strongly Agree 4.50 O Average Val

I ntragroup Comparison

An intragroup comparison was performed using the ICC test to identify any similarity or
difference within the groups regarding the safety factor in safety management. Specifically,
intraclass correlation measures the reliability afles or measurements for clusters of data
collected or sorted into groups. As statedlop and Li (2016)an ICC less than 0.5 signifies
low similarity among the same group, 0.5 to 0.75 indicates moderate similarity, 0.75 to 0.9
indicates high similarityand 0.9 indicates the most excellent similarity among the same

group.
Inter-Group Comparison

The purpose of integroup comparison was to check whether there are similarities or
differences between and among the groups of stakeholders regarding the risk perceptions
related to all of the cases. The Kruskédllis test was employed in the presentstwith the
aim of determining whether all of the four stakeholder groups as a whole had any
disagreements on risk perceptions. Next, the-posttest (Anova-vay test) was carried out
to test the pairwise comparisons between stakeholder groups regardinsignificant
discordance of risk perception regarding each scenario.

RESULTS AND DISCUSSION
The data were analysed using Microsoft Excel and SPSS. The outcomes from the software

provided the results for the reliability test, average mean index and intragroup and intergroup
comparisons, which are presented here in the form of tables.



MCRJ Special Issue Vol. 13 | No. 2 | 2021 75

Reliability of the Survey Instrument

A reliability test was done to ensure good internal consistency. The stakeholders involved
in this reliability test were technical/management, safety and design teams involved in the
construction sites. Table 3 shows the resflthe reliability test for all groups of respondents,
which is 0.952. Therefore, the degree of agreement is uniformly reliable (high reliability)
(Cronbach & Shavelson, 2004, K&aLi, 2016).

Table 3. Reliability Test Results

Groups Cr onb aalphds Number of item Number of particpants
Technical/ Management team

Safety team 0.952 23 112

Design team

Average Index Analysis of the Survey Results

An average index analysis was performed to determine the significant faffemting
safety management that were gathered through the given Likert scale. The results in Table 3
show that the design team has a higher mean rating score compared with the safety team. This
finding is in line withZhao, McCoy, Kleiner, Mills and Lingd (2016) who stated that the
6design team have | ack of knowl ecbgseuctiarb o ut
s i tMeréover,Ning et al. (2010postulated that design teams have little responsibility on
the onsite practice and management, renaconvinced about the factors. Meanwhile, the
safety team has the lowest mean rating score, probably because its members have a good
understanding of their responsibilities and ability to control the crucial safety factors
occurring at their constructiaites. This result is in line with that @ahao et al. (2016who
stated that whoever controls the working environment directly influences the perception of
existing factors.

Table 4. Mean Values Indicated by Groups of Construction Stakeholders

Factor Technical/ Safety Design Mean for All
ID Management Team Team Team Groups
HF1 4.22 4.12* 4.26** 4.20
HF2 4.24 4.15* 4.32** 4.25
HF3 4.29 4.18* 4.34** 4.28
HF4 4.15* 4.36 4.37** 4.30
HF5 4.17* 4.42 4.32** 431
HF6 4.37** 4.21* 4.26 4.29
EQF1 4.32 4.15* 4.45** 4.30
EQF2 4.32 4.21* 4.45** 431
EQF3 4.27* 4.27* 4.47** 4.32
ENF1 3.76 3.55* 3.84* 3.72
ENF2 3.73* 3.73* 3.82* 3.74
MF1 3.85* 4.03 4.13** 4.02
MF2 4.12* 4.18 4.24** 4.19
MF3 3.88 3.85* 3.97* 391
MF4 4.15* 4.18 4.24** 419
MF5 4.24 4.15 4.11* 4.18

MF6 4.07 3.97* 4.21* 4.07
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Factor Technical/ Safety Design Mean for All
ID Management Team Team Team Groups
MF7 4.12* 4.24 4.42%* 4.28
MF8 4.24 4.03 4.32%* 421
TF1 4.12* 4.12* 4.16** 4.15
TF2 4.20 4.09* 4.32%* 4.23
TF3 4.12** 4.00* 411 4.10
TF4 4.05 3.91* 4.16** 4.04

*Indicates lowest mean perception among the teams.
**Indicates highest mean perception among the teams.

From Table 4, it could be seen that the most significant factor affecting safety
management implementation at construction site is EQF3 (proper handling of equipment),
followed by HF5, EQF2, HF6, HF3, MF7 and TF2. Meanwhile, the least factors perceived by
the stakeholders are ENF1, ENF2 and MF3. Design team tend to perceive most of the factors
(20 out of 23 factors) the highest compared to other stakeholder groups, whilst safety team
tend to perceive most of the factors (15 out of 23 factors) the lowepecedtto other groups.

The findings also suggested that the mean of design team was greater than the mean of all
participants for all factors, except HF6 (effective communication and cooperation).
Meanwhile, the perceived factors of safety team was ldwaer the mean of all participants

for all factors.

It is interesting to note that all stakeholder groups tend to perceive 2 key items under
OEqui pment 6 factor, which are EQF2 (proper
and EQF3 (proper handlingf equipment), among the top 5 factors that influencing safety
management implementation at construction sites. According to Teo et al.(2005), proper
handling of equipment and other equipmegiaited factors are related to the process of
carrying out workdy workers that may eventually be harmful to their safety and health. Some
organisations and individuals had committed to unsafe act unknowingly while carrying out
their tasks (Dedobbeler & Beland (1991), which may result in the difficulty in implementing
safety management at construction site. Therefore, all plant, tools and equipment should be
handled, maintained and repaired by qualified personnel (Teo et al., 2005).

Intragroup Comparison

The pairwise intragroup comparison among the technical/managjesaéety and design
teams was analysed using the ICC. Table 5 shows the results. The safety team has the highest
ICC regarding the factors affecting safety management (ICC = 0.958, p < 0.001). The ICC of
the technical/management team is 0.943, and tliesblCC among these groups is that of
the design team, which is 0.940. Although the design team has the lowest value of ICC, its
value still indicates an excellent similarity (the value of the ICC demonstrates homogeneity
within a group). These resultdicate a high mean perception among the teams.

Table 5. Mean Values Indicated by Groups of Construction Stakeholders

Groups ICC Significance Value
Technical / Management Team 0.943 <0.001
Safety Team 0.958 <0.001

Design Team 0.940 <0.001
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Intergroup Comparison

The intergroup comparison was analysed using the Krildkadlis test to measure the
disagreement (if any) among these three groups of construction stakeholders as a whole
regarding the significant factorghe results of theairwise intergroup comparison from the
Kruskal Wallis test demonstrate that all of the stakeholders perceive the factors
homogenously (p < 0.001). Meanwhile, a post hoc test\i@meANOVA) was not needed
because no contradiction existed between the group

CONCLUSION

The current research presents an experimental study that investigated construction
stakehol der sd (t ec handidesgh teama) perce@iome of tthe factoesf e t
affecting safety management at construction sites. Twangg safety factors (human,
equipment, environment, management and technical factors) were investigated, and the
similarities and differencesintheask e ho|l der groupsd percepti on:
team had the highest mean score among all groups.

Furthermore, all of the stakeholders produced high, significant values (more than 0.005),
indicating that all of them perceive the factors homogesigoieanwhile, the SPSS findings
revealed that the design team was likely to give higher ratings compared with the other groups
of stakeholders because, as statedhgo et al. (20160 desi gn team f ocusi
ensure the satisfactory of buildipgrformance in their design and calculation often lead to
uncertaintieso.

The safety team had the lowest mean rating score, possibly because its members had a
good understanding of their responsibilities and ability to control the crucial safety factors
occurring at their construction sites. This is in line Withllis and Csontos (2008)ho stated
thatb who contr ol over the working environmen
existing factorsoé.

The present study contributes to the exisbiady of knowledge in construction safety by
providing evidence of t he similarities a
particularly those who are sitmsed. The method employed in this study refers to previous
works but provides a new approachinvestigating the factors affecting safety management
at construction sites.

In view of this, future research can be improved by detailing out the reason why each of
the stakeholder groups chose the provided rating for each factor. The goal is ify ident
significant factors precisely, thus enhancing the safety management factors. Finally, future
studies should widen the research scope and increase the number of respondents by covering
different states in Malaysia.
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Abstract

In civil engineering, the lightweight construction technology is adopted to describe particular
methods for increasing economic and structural efficiency in reducing the weight of building
structural constructions together with costs and construction lead time with the use of special
construction materials. Highway 6failured occurs d
load, and not necessarily live load, which is momentary and has less effect on subgrade
settlement, the awareness to use lightweight fill technologies as a means to develop more
sustainable highways is crucial. Suitable for soft soil such as clay that tends to settle unevenly
due to its geological history or in man-made situations such as back filled inactive mining sites.
This paper discusses the conceptual development and the laboratory testing of a prototype
which would be a composite recyclable material that would meet the need of a strong, stiff,
permeable, lightweight mat as an alternative fill material. The combination of polyurethane and
waste plastic bottles meet the criteria of such an alternative fill. The paper discusses the
compressive strength of both materials separately as well as its composite. Other products
with similar concept such as the Geofoam was used as comparison and tested. The findings
show that the PUPB block with a yield strength of 130kPa has about 2.6 times higher
compressive strength when compared to the Geofoam which is also the well-known lightweight
field material in the industry. This implicates that the PUPB block is not only greener but also
stiffer and more suitable to be used as an alternative lightweight fill to mitigate hazardous
settlement of constructions built on soft soil.

Keywords: Alternativelightweight fill; sustainablematerial; settlementwastematerial.
INTRODUCTION

All development projects desire uniform ground conditions that are both adequate in
terms of bearing capacity and stiffness. However such sites do not exist in practice, making it
inevitable to construct on less favorable soils, such as soft soils ocaw@mous rocks

A local and current case study area is in Parit Yaani at a site where the approach fill
embankments to a bridge as shown in Figure 1, built by Jabatan Kerja Raya (JKR) in 2010
has often undergone settlements under the embankments whesailttargely consist of
marine clay After the completion of the br
the edge/slant which is supported by the reinforced concrete bridge had undergone movement
due to settlement from the horizontal difeotand the resulting hazardous road surface
deformations have had to be repaired at a considerable road repair cost. This is because the
bridge is highly wused by vehicles, as it i
to the highway and sb roads leading to adjacent states. Thus it is normally usestoon
during the day and night by normal vehicles and heavy transportations (trucks and buses). To
solve the settlement problem, JKR has repaired the embankments by adding fill materials on
the settled area to make it even again, however this solution has not been effective as the



MCRJ Special Issue Vol. 13 | No. 2 | 2021 82

replaced soil fill induces further settlement of the subgrade and the embankment becomes
uneven again. The repair work has been done every 6 months ever sinckutltvasd has
been monitoretty UTHM researchers since 2015anason (216)

Thus by studying the settlement behaviour of this bridge embankment, the conceptual
development of an innovative composite mat is deemed to provide a more long lasting
solutionfor this and other cases where infrastructure is built on such soft ground conditions.

L n BNE R
Figure 1. Parit Yaani Bridge Embankment Shows Its Settlement Pattern as Indicated by the Arrows
(Picture Taken As Recent 17 December 2019)

The first function of the lightweight material is to act as weight fill replacement since the
conventional fill material is much heavier in comparison and poses a problem especially for
highway constructions on soft soil. Bamboo grids, bamboo cells andiloei reinforced
polymer composites, can increase the homogeneity of load spreading in soil, jistwike
geotextiles functionHegde & Sitharam(2015)Libo, Chouw, Huang & KasgR016)and.

In Malaysia, bamboo logs are still currently being used as a lightweight construction material
in soft soils. According to Construction Research Institute of Malaysia (CREAM), Geotextile
bamboo fascine mattresses have been used to enable filling ovpeatevhere drainage
cannot be carried out. This technique was first used for reclamation of slime ponds in Kuala
Lumpur, Construction Research Institute of Malays@2REAM, 2015) Figure 2 shows the
utilization of bamboo grid as part of a bridge repairkagituated in the highway interchange

of Puchong and Cyberjaya. As shown, the bamboo grid is crushed upon compaction of the
upper soil layer, due to the low bearing capacity of the bamboo, thus highlighting that the
lightweight material also needs suffiat bearing capacity, at least higher than compacted
soil.

Figure 2. The Bamboo ogs are Crushed Due to Compaction of Soil
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Other lightweight fill materials such as foamed recycled glass which due to its low
strength, is more suitable to be usedf@snon-structural fill purposesArulrajah (2015)
whereas processed blast furnace slag aggregates are suitable and proposed to be used as
replacement fill material for sufprade, sukbase o base materialsAustralasian Slag
Association (ASA2002)

Due to different testing procedures and parameters used to analyze the materials, it is
difficult to compare the suitability of the materials to act as an alternative fill material
accurately. However these researches have paved the way in the exploratayious
alternative materials for highway construction. Moving forward, field test on suitable models
besides laboratory experiments should be conducted for understanding its practical
application and the feasibility of such products. For this researpho@jate materials are
investigated in order to be included for the product development of a lightweight, composite,
and cost effective lightweight fill material. There are two types of materials which would be
used for the research product developmenlissussed in 3.1.

PRODUCT CONCEPT

To meet the requirements of a fill material which can be used for a long period in the
construction industry to reduce hazardous settlement, the following elements should be
considered and be present in tlevelopment of the prototype.

Mat Fill Vs Aggregates

Cellular mat structures present in the minimum, triple benefits in being lightweight, load
sharing and minimising neaniform deformation. The combination of mat structure and use
of recycled waste matial is a desirabldevelopment in manufacturing, Hasamahl.(2014)

The mat fills acts like a set of Lego seich as depicted in FiguBewhich can be assembled
and dissembled at site according to its ne€ds.additional characteristics which is appealing

to the mat fill concept is designs ability to create interlocking blocks. This is commonly used
in brick works as well. However, sintge design product for this research is to be lightweight
fill, thus interlocking concept would help to strengthen the integrity of all the blocks to acts
as one whole.

Figure 3. Typical Lego Blocks Which Can Interlock with One Another
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Workability

The size and shape of the product should be determined based on easy handling during
the manufacturing, storage and construction stages. Efforts to construct should be minimised
without the need to use elaborate handling techniques/ machineries andarasitiyout by
a general construon worker. The usage of machineries would naturally increase the cost of
the construction. This research which aims to mitigate settlements especially in rural/ sub
urban roads which typically has one lane gieection, as shown in figure 1, aims to reduce
the need for professional labour or heavy machinery to a significant extent. The lightweight
blocks can be manoeuvred easily by human strength and simple standard of procedure to
ensure the integrity of thayout.

Lightweight

In comparison to the density of an average backfill soil of almost 2008kdjie
prototype should be as light as possible without losinggtdity, stiffness and strength. As
per the previous point, for workers to easily lift thedks and place it during the construction
process, requires it to not exceed the human capacity. In this research the lightweight blocks
density would not exceed 50kginThe prototype of this research has a density of not more
than 48 kg/mi

Cost Effective

If the cost to manufacture and apply the method is too high, construction industries would
not seek to use it in their designs, thus the raw materials should be easily accessible at a
significant cost in comparison with the conventional methadd,usually it would prove to
be cost effective if the developed product is able to solve construction issues for a long term
period.As such, this research aims to utilise waste products, usually one off usage items such
as plastic bottles. Since mosttbé roads in Malaysia are under the jurisdiction of the State
or Federal government, cost is a major consideration for contracts and designs to be
considered. The end of this research aims to obtain a working patent so that any designs for
actual roadwork can be then then proposed to the Jabatan Kerja Raya for consideration.

Sustainable

Civil engineering processes areth resource and fuel intensiv@ustainable methods in
construction are a broad area of study and thus some fundamental concepd regach
phases of a project, critically the planning and design phase would be highlighted.

It is necessary to plot practical steps and carry out detail planning for each phase. For a
sustainable approach, a detail planning is very crucial in redasimgany errors and saves
time and cost in the long run towards project completion.

More than 100 million plastic bottles are used up in the world every day and only 1 out
of 5 bottles end up being recycled, The World Counts 2014 Bottled Water Wast(2Badis
Thus developing ways to put in use waste material to be used as a construction fill material
reduces the need to use natural resources.
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PROTOTYPE DEVELOPMENT
Primary Materials

As per concept, suitable materials needed taleetified and tested for the prototype.
For the material to be light and yet stiff and rigid at the same time, the polyurethane was
identified and made in composite with waste plastic bottles.

Polyurethanes (PU)

PU are usually obtained from reactiortivbeen polyol polyether or polyol polyester and
poly-isocyanate forming urethane linkages. PU foams are widely used in applications such as
furniture industry, packing, coatings, decorating, building construction, insulation, shoe
industry and transportatiop\Wang, Zhang, Li, Yin, Wu & Mag@2008) The mixing ratio of
the chemicals affects the density of PU foam made thus the related test to determine the
control and identify the best mixing for the required density is crucial.

Polyurethane has already bessed in the field of geotechnical and structural engineering.
For problems related to the settlement of shallow foundations, which in turn deforms existing
buildings, polyurethane expanding resins, are injected into the subsoil beneath the base of a
shallowv foundation to lift the foundatiofVValentino, Rome@& Stevanonj2014)

Not only settlement for buildings, but settlement issues on both concrete and asphalt
roadways has also injection of polyurethane grout which would raise sunken concrete
roadway, improve gematerial performance, increase load bearing capacity, stabilize soil
conditions and prevent piping and soil erosigiigure 4) Similarly, rapidly expanding
polyurethane foam (fully expanded in-80 seconds) is injected into the grduihe foam
fills voids in the immediate area and compacts the surrounding soil using expansive pressure.
The bearing capacity of the soil is increased as a result of the placement of the high strength
foam. The slab can be lifted due to the hydraulicdaneated by the expanding foam. This
procedure requires specialized equipment and-tnatled technicians. Typically, the
contractor may need to use multiple injection points to evenly distribute the lift. It may be
necessary to inject holes multiple &émby redrilling the previously injected holes. It is also
important to locate any buried utilities and check for obstructions beforstruction,Yu,

Wang, & Skirrow (2013)

Figure 4. lllustration of the Cured Polyurethane Pile in Soil Stabilization
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Plastic Bottles

The easiest and most common plastics to recycle are made of polyethylene terephthalate
(PETE). Examples include soda and water bottles, medicine containers, and many other
common consumer product containéraan et al(2013) Malaysia is a global player in the
plastic industry with currently about 1,300 plastic manufacturers. As of 2016, our exports
amounted to RM30 billion which saw a 2.26 million metric tonnes of resin utilised to produce
plastics. Environmental pradains related to plastic waste have become a major problem in
Malaysia where it has been ranked as 8th among the top ten countries with mismanaged plastic
waste in the world. A study estimated that Malaysia had produced 0.94 million tons of
mismanaged plastiwastes, of which 0.14 to 0.37 million tons may have been washed into
the oceansTibbetts(2015)

Laboratory Testing on Polyurethane (PU) Cubes

Polyurethane is the product of the reaction mixture of two chemicals which is polyol and
isocyanate. The mixatio that has been used for the polyurethalastic bottle composite
block (PUPB) is 1:1.5, where one part of polyol is mixed with 1.5 part of isocyanate. Through
a volume ratio test as shownTiable 1, the 1:1.5 ratio has the maximum strength whitegbe
able to retain its expansion volur(féigure 5) Increasing the ratio of isocyanate shows that
the volume of polyurethane obtained is significantly lesser and reduced the strength of
polyurethane too. As shownrable 1, the 1:1.5 ratio has the highalsistic modulus, secant
modulus and yield strength compared to the other mix ratios while maintaining the expansion
volume of 1:20, meaning for one part of chemical mixture of polyol and isocyanate, a volume
expansion of 20 times happens to produce petjane.

Figure 5. Compression Test on a PU Cube
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Table 1. Compression Test on Various Ratio Mix of Polyurethane Cubes

Mix Ratio 1:1 1:1.1 1:1.2 1:1.5 1:2
Max. Load (N) 1510 1610 1800 2650 1900
Yield Def (mm) 14 4.8 11 7 8
Yield Strength (N/mm?) 0.144 0.139 0.18 0.27 0.21
Yield Strain (%) 154 5 115 7.5 45
Youngdés Mod®l u 1.455 5.33 4.25 75 6.82
Secant Modulus (N/mm?) 0.935 2.76 1.65 3.62 3.05

Test on Plastic Bottles

A similar test was conducted to measure the yield strength of plastic bottles. The test was
to see if the bottles are better with cap (PE1 & PE2) or without cap (PEN1). The test also
includes plastic bottles filled with water and capped (PW1) againsicptbesties filled with
water without cap (PWNL1). Lastly there is also plastic bottles that is filled with sand, (PS1).
As shown is Table 2, the results shows that yield strength for a bottle without cap is lower
than a bottle with cap. The reasoning fas ttan be that the stress applied on a bottle without
cap is directly absorbed by the air or water initially, very little acting on the bottle itself.
Whereas for a bottle with cap, the applied load acts on the whole bottle first before being
absorbed byhe air or water in the bottle, thus having more resistance and a higher yielding
strength. Bottle filled with water or sand (PW1/PWN1/PS1) has higher elastic modulus,
secant modulus and yield strength when compared with an empty bottle. Naturally, water an
sand are able to absorb and resist more load compared to air. Bottle with water is 5.35 times
stronger of that of an empty bottle whereas a bottle with sand is 6.35 times stronger compared
to an empty bottle.

Table 2. Compression Test on Plastic Bottles

Type PE1 PE2 PEN 1 PW1 PWN1 PS1

Max. Load (N) 53 56 44.375 538.91 35.94 462.5

Yield Def (mm) 8.1 6.92 9.02 10.43 6.28 14.7

Yield Strength 0.017 0.0195 0.008 0.091 0.01 0.108

(N/mm?)

Yield Strain (%) 3.68 3.15 4.1 4.74 2.85 6.68

Y 0 u n Mddslus 0.412 0.563 3.0 4.439 3.0 2.625

(N/mm?)

Secant Modulus 0.459 0.629 1.0 4.75 1.0 1.612

(N/mm?)

Ultimate Strength 0.0276 0.0254 0.0157 0.191 0.013 0.164
2

(N/mm*) @15% @8.48 @5.73 @4.74 @4.49 @9%

Strength/ Weight 0.101 - - 0.0171 - 0.012

Thus, it is better to use bottles with cap in designing the product and water or sand can be
used to manipulate the density and strength of the product. In order to create the lightest
possible block, naturally empty bottles are preferable.

Polyurethane-Plastic Bottle (PUPB) Blocks

In comparison to the density of an average backfill soil of almost 2000kg/m3, the PUPB
block has a density of only 47.6 kg/m3. When used as an alternative fill in the construction of
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embankments, the weight reduction is aboptto 40 times.The PUPB blocks, unlike
additives such as cement, lime, fly ash and various lightweight aggregates can be retrieved
for the purpose of rase/ recycle as needed, thus eliminating the possibility of becoming a
waste. Figures shows the arramgnents of 64 bottles in a acrylic mould, and the filler
polyurethane used to make a PUPB block

COMPRESSION CHARACTERISTICS OF PUPB AND OTHER COMPETITIVE
PRODUCTS

Conventional Laterite Soil

Based on the JKR standard, weak-guiide materials shall be replaced with selected
materials or stabilized material up to depth of at least 300 mm belegradb level when it
is required and specified.aBed on Table 3, the minimum CBR of 5% is recommended for
pavements that support traffic volumes corresponding to the Equivalent Standard Axle Load
(ESAL) of Traffic Classes T1 through T3. For road pavements designed for large volumes of
traffic (Traffic Classes T4 and T5), a minimum subgrade strength corresgptadCBR of
12% is recommendedabatan Kerja Raya (2013)

Table 3. Minimum CBR Value of Subgrade Based on Traffic Category

Traffic Category Design Traffic (ESAL x 10°) Minimum CBR value (%)
T1 <1.0 5
T2 1.1t0 2.0 5
T3 2.1t010.0 5
T4 10.1 to 30.0 12
T5 >30.0 12

In accordance with the size the area of the product being made, a soil block of the size
500mm x 500mm was made with a height of 184mm. Laterite soil which is to be used as fill
material from a construction site in Parit Raja was taken for testing. Thbleck was
compacted in a mould and then wrapped with a plastic film around its sides to avoid spillage
upon failure after the testing as shown in Figlire

Fiure 7. Compression Test on Soil Block and After Test
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The purpose of making a soil block is to emulate the rigidity and stiffness characteristics
of the innovated lightweight blocks and to be tested under similar conditions so that
comparison between strength can be made. Soil compaction is done at comssitesi to
mechanically increase the dry density of the soil by rapidly expelling air out primarily. As it
can be seen iRigure 7, cracks becomes visible and the blocks begins to disintegrate thus
reaching a failure point.

Geofoam
Geofoam or the Expanded Polystyrene (EPS) as showkigime 8 is a lightweight

product that has been used as an alternative fill in the construction industry for many years
and thus would be a good comparative product to be used for this research.

The practical application of Geofoam includes a minimum of two layers of blocks should
be used for lightweight fills beneath roads because a single layer of blocks can shift under
traffic loads and lead to prematuedlfire. Block thicknesses typically range between 610 mm
(24 in.) to 2000 mm (39 in.). Therefore, it is recommended that a minimum of two EPS blocks
with a thickness of 610 mm (24 in.) each or a total initial height of 1.2 m (4 ft) be considered
for the EFS block height to determine the preliminary embankment arrangement during the
design process. The preliminary height of conventional soil fill is the total embankment height
required based on the background investigation less the preliminary pavement syste
thickness of 600 mm (24 in.) and the thickness of two EPS blocks of 1.2 nSt&ifik(2004)

Figure9 shows the practical application of geofoam in an embankment.

/— Item A (Pavement System)
\\
NN S

Figure 9. A Ge o fDe a mg HErebda n k nMordte |

Figure10shows a typical graph tiie stressstran relationship for the Geofoam, Beju &
Mandal(2017) EPS behaves as a linear elastic material up to a strain of about 1% as shown
in the figure above that depict the strefsin response of EPS. As a result, the design
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recommendation foEPS geofoam is to limit loading to the compressive resistance at 1%
strain. The stress at a compressive strain of 1% is called the elastic limit stress and is measured
in a standard rapitbading compression test. Except for special compressible apmtisati

higher compressive strain, e.g., 5 or 10%, is not used to estimate the EPS strength because
these strains are past the yield strength of the EPS and this may lead to undesirable permanent
strains.

Stress-strain relationship for EPS geofoam

Compressive Resistance @ 10%
Compressive Resistance @ 5%

Compressive Resistance @ 1%

1% 5% 10%
Strain (%)

Figure 10. Typical Graph of Stress-Strain Relationship for Geofoam

Polyurethane Plastic Bottle (PUPB) Blocks

The PUPB block was made with different numbers of bottles throughout its designing
process. During the initial stages, various bottle arrangementshown in Figure2] were
considered to determine the most optimum design in terms of strength and cost, and it was
eventually found out that even though PU is the major contributor to the PUPB blocks strength
as can be seen from the yield strength of PU and plastic bottle frolm Takable 2and
Figure 11respectively, there is not a significant change in strength or reduction in rigidity
when more bottles are used. Whereas using more bottles in the design reduces the cost of
PUPB blocks drastically, as bottles are very cheamparison with PU.

Compression Characteristics of PUPB, Geofoam & Soil
Bearing Stress,(kPa)

160
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Axial Strain, (%)
Soil

EPS 20 PUPB 49 PUPB 56 PUPB 64

Figure 11. Graph Comparing the Compression Characteristic of PUPB, Geofoam and Soil Blocks
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Figure 12. Various Designs of PUPB Blocks

The advantages of utilising plastic bottles in the PUPB blocks makes it easy to manipulate
the density of the blocks by adding water or sand inside the blocks. Thus, besides
manipulating the bottle arrangements, tests were conducted with blocks madettésh b
filled with water as well, and Table 4 summarizes the results of the compression test. The
number of bottles used in a PUPB block is indicated accordingly, for example a PUPb64
contains 64 bottles whereas PUPB49 has 49 bottles in it. As showblen4[ausing more
empty bottles, PUPB 64 E results in a higher strength compared to blocks with lower number
of empty bottles such as PUPB49 and PUPB56. Using bottles filled with water, PUPB56W
and PUPB49W, has a higher compressive strength but a muchdtrergth/weight ratio,
when compared to blocks made with empty bottles. The strength/ratio parameter is a
significant one because when the PUPB blocks are made with empty bottles, the ratio is over
1000 times stronger than its weight comparatively, wawethis value falls down to over a
100 times when bottles filled with water are used instead. Even though compressive strength
of PUPBW is higher however returning to the main aim of the research of a lightweight block
and to promote easy workability aimstallation at site without needing heavy machineries
for lifting purposes, the PURE, blocks with empty bottles are much more preferable.

Table 4. Compressive Strength of Different PUPB Designs

No Block Type Mass Max. Load Strength/ Elastic Modulus
: yp (kg) (kN) @15mm def. Weight ratio (Mpa)
1 PUPB 56-E 2.55 31.06 1241 4.686
2.55 41.56 1661 1.884
2 PUPB 56-E2 2.62 29.3 1140 3.339
3 PUPB 49-E 2.6 26.6 1043 1.166
4 PUPB 64-E 2.57 33.59 1332 3.672
5 PUPB 56-W 31.9 50.04 @ 14mm def. 159.9 3.713
6 PUPB 49-W 26.1 50.23 196.18 3.215
26.1 38.83@ 10.68mm def 3.461

Comparison Between PUPB, Geofoam And Soil Block Strength

From the graplin Figure 1Q it can be seen that tBeil block has the lowest strength
and reaches yield strength at about 45 kPa. The Geofoam which is EPS with a density of 20
kg/m?®, is the next stronger material with a yield strength of about 50 kPa. The PUPB blocks
which are of three kinds shows that msre bottles are used, the strength of the blocks
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increases, with the PUPBG64E having the highest yield strength at about 120 kPa, thus being
twotimes more stronger than the soil block and the Geofoam. The soil block despite being
heavier about 40 times aomparison with Geofoam and the PUPB blocks, loses its integrity
under pressure and begins to cracks, unlike the rigid mat concepts of the blocks.

The PUPB with an increasing amount of bottles used shows a higher compressive
strength, which proves thalastic bottles are a good reinforcement when used together with
polyurethane which is the filler. The higher the number of bottles used, the stiffer would the
PUPB block be made. Using more plastic bottles for this purpose does not only recycle waste
matefal but also has the added benefit of reducing the production cost of a PUPB because the
cost of plastic bottles is almost insignificant when compared to the cost polyurethane. The
Geofoam has been labelled as EPS20 because it has a density of*28kgthrough this
research has been proven to be less stiffer than the PUPB, however if a much denser Geofoam
is used, the compressive strength would definitely be higher, but since this research advocates
the use of waste materials, thus Geofoam falls slieuah condition.

CONCLUSION

As a conclusion, moving forward from the conventional fill method which forms a heavy
layer of dead load on top of the subgrade soft soil, it is more appropriate to think of a
lightweight fill layer, yet superior in terms ggidity, strength and stiffness. The PUPB block,
in addition to conforming to these terms, also has added value by utilising waste plastic bottles
and this is beneficial to the environment, increases the stiffness of the block and also directly
reduces th cost of manufacturing these blocks. As the construction industry grows,
sustainability is a highly pursued theme and its significance can never be underestimated, thus
this prototype is an effort towards such direction. As seen from the results, thegaldioBs
not only maximises the use of plastic bottles in its design, it also has the lowest manufacturing
cost and has a higher compressive strength compared to the soil and Geofoam blocks. Since
this is part of an ongoing research, thus the prototypddnuave to be tested with other
similar lightweight concept products in a field test to observe and analyse its efficiency in
reducing settlement under load (infrastructure).
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Abstract

Steel pipelines subjected to corrosion at any time when placed in adverse environments.
Marine sediments are corrosive in nature and can allow severe damage to steel facilities
underneath. There had been incidents to indicate the potential of oil and gas pipelines that
carry hazardous materials to cause financial damage, environmental issues and pollution. This
paper studies the behaviour of corrosion in pipelines steel when placed in seabed sediment
environment. Simula-tions on sediment of different characteristics have been carried out to
examine their effects on steel coupons buried in them. Consequently, the corrosion rate of the
steel specimens were determined via weight loss technique. The results show that metal
weight loss increases as the duration of exposure to seabed sediment environment becomes
longer. The corrosion order for types of sediment existing in seabed simulated environment is
found as follows; fine sand < medium sand < clay < coarse sand. In conclusion, the indoor
simulation of seabed sediment can be conducted and is found relatively reliable to explain
some corrosion phenomena for a short period studies.

Keywords: Corrosion; pipelines;offshore;seabedsediment;steel
INTRODUCTION

Corrosion of marine steels much discussed and known in widespread number of
publications in the past years (Platt and Harries, 2018; Ikeuba et al. 2019) and (Refait et al.
2020). Pipelines play a pivotal part all over the world as mean of carrying gdsei fapm
plants or refineries and finally to the consumers. In petroleum manufacturing industry, steel
pipelines such as grade X70, X65, X42, etc., which usually used to transport oil has corrosion
problem. Corrosion happens on pipelines located oratit dnd below the seabed. Around

2040% of pipelinesd incidents recorded due
issue is important as it may disrupt or discontinue the operation of pipelines systems, with the
fact saying that only 60% ofthd pbeb6s i nventory of oil / gas

nominal design life (Palmer and King, 2008). Therefore, with this high percentage of pipeline
systems, which have exceeded their designed life span, the risk of failure due to corrosion is
high. Onoverall, corrosion progression in pipeline is an electremical process (Peabody,
1967).

Disastrous incidence that occurred due to pipeline failure could be as severe as the one
that reported death of twelve people, and destroying three vehicles, wiegmiral gas
transmission pipeline exploded. Furthermore, the estimated direct cost of corrosion for
industries, analysed in 2001 was about 27% of the infrastructures related to gas and liquid
transmission pipelines (Pierre, 2007). The internal or ext@o@absion defects is due to
environmental factors. Corrosion that occurs on aging pipeline reduces its structural integrity
before failure (Teixeira et al. 2008). Consequently, growing quantity of aging pipeline used
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in operation may considerably interysthe amount of accidents (Yang et al 2015). External
corrosion is the focus of the present research due to the concerns highlighted by Gomes et al.
(2013). Shokrzadeh and Sohrabi (2016) and Biezma et al. (2018). Hence, a detailed study is
required to exm@in the behaviour of pipeline metal loss in order to improve the monitoring
systems and limit the accidents due to corrosion. However, some forms of corrosion expected
to occur in pipelines summarized in the following paragraphs

In the past, the forms abrrosion in materials were categorized by which the corrosion
manifests itself. Corrosion are divided into three main categories (Czichos et al., 2006). The
first category includes forms of corrosion, which can be identified by visual observation, such
as; general, localized and galvanic corrosion. The second category deals with those forms
that need supplementary means of examination. The third category is those, which require
microscopic or scanning electron microscope for a more detailed investigdsaally,
corrosion in pipelines are general or localised type. However, pipelines could face many other
different types of corrosion (Cosham and Hopkins, 2004). Therefore, this article aims to
investigate the influence of the surrounding marine faaorshe steel coupons corrosion
placed in the sediment bed

METHODOLOGY

In the literature, some studies have been conducted indoor, but for short period of time
(Duan et al., 2002) and Li et al. 2000). On the other hand, long term researches have been
conducted outdoor in the real environment (Beavers, and Thompson, 2006), (Bermudez et al.,
2005) and (Brossia, and Cragnolino, 2000). This study looks into an indoor investigation that
has been conducted to simulate the data from the site. The main déféemeen indoor
and site is the controlled environment in the laboratory as compared to actual site. However,
the simulation has been targeted to reproduce similar results to those collected from site. All
steel coupons used in this experimental studyevpeepared from unused steel pipes. The
pipes were cut into smaller segments to facilitate transportation work of the steel material to
the laboratory. The steel then underwent preparation process to produce coupons to suit the
progress of the experimentabrk.

Preparation of Coupons

The preparation of coupons for the experimental work was done according to ASTM
G16299. Firstly, sections of the pipe in the laboratory were cut into small plates sized of 200
x 350 mm. The plates were further cut into two sizes, as required for thenasptal work.

The coupon size of (15 x 15 x 5 mm) was used in the laboratory works for weight loss
determination. Several researchers (Sun, 2011), (Li et al. 2000) and (Zhao et al., 2007) have
used different sizes of specimens for corrosion testing., Tdlethe coupons were milled to
produce uniform surface. Towards the end, the coupons were cleaned, dried and stored in
desiccators.

Experimental Method
In the past, the use of large steel plates required much manpower and material resources.

In fact, it led to loss of samples caused by offshore currents, thus test data as well. Therefore,
simulation method was designed to resolve problems mentioned above, and would be able to
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closely replicate the universal corrosion law for steel structure platckd sea environment

(Li, and Hou, 1999). Subsequently as indoor simulation can simulate the seabed sediment
condition with experimental equipment (Wang et al., 2005), this method was applied to
measure the corrosion rate of steel coupons. Hence, thiodnattopted to study the
behaviour of steel coupons at the laboratory and under controlled conditions.

Samples of Seabed Sediment

Samples of sediments were selected carefully to have different particle sizes. The
container6s si ze dadf soit meoessare fdr the test. tAthlesast 40ncm3dl n t
sedi ment was considered for every 1 c¢cm2 ¢
according to ASTM G1689. The number of scheduled periodic coupons removals during
the test should include two and, prefdyathree specimens at any given test period to control
the variability in the corrosion behaviour. Therefore, 4 coupons were scheduled for retrieval
every month. The quantities of soil were calculated for 21 coupons used, in each vessel for
weight loss dtermination. Altogether 84 coupons were used for four types of sediment. Along
with sediment samples, seawater and river water were collected as fresh medium to simulate
the actual site condition in the laboratory.

Corrosion Testing Vessels

Vessels or containers used to simulate the site where the sediment fully immersed in
seawater all the time. The water used in this case was from the same site where the sediment
was collected. However, in this case the steel coupons retrieved muchregaently than
the coupons from the site. That was one of the result of adopting the simulation method, as
it increases the number of retrievals to enable more data acquisition. Besides the available
data in the field, the results gathered from this grpent can be also used to compare with
site work results. Figure 1 shows the vessel that has been provided with a control valve to
allow water to flow out. Frequent replacement of fresh water was carried out to provide
similar condition to the ones atesi

72\

> J— Removablecover

Sea water

Seabed sediment

Valve
Steel coupons

Figure 1. Corrosion Testing Vessels for Offshore Samples
Cleaning Procedure

Weight | oss method was i mplemented to cal
the function of time and corrosion rate progress. After the retrieval of coupons which had
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been subjected to sediment environment, coupons underwent the cleaning piietksd.

water used to take out adherent sediment. Then, chemical cleaning procedure ASBM G1
applied to eliminate the remaining impurities leaving plain coupons, as shown in Figure 2.
The standard covers procedures for preparing bare steel coupaestérfor removing
corrosion products after the test, and for evaluating the corrosion damage that has resulted.
Then the coupons weighed repeatedly to arrive at its constant weight.

Figuré 2. Chemical Cleaning of Coupons at the Laboratory
RESULTS AND DISCUSSION

A simulation of offshore environment focusing on the same types of soil used at offshore
actual sites was carried out to monitor the behaviour of metal loss at the laboratory. As
mentioned earlier, soils of different types and gedes were used in the laboratory to study
the metal loss behaviour. The purpose of this simulation was to find a way to study and
monitor the coupons with closer interval than site and to enrich the data on top of the data
collected from site. This studyontinued the research conducted by authors regarding results
under simulated conditions that had good correlation with actual (Budiea, 2015). The results
presented in Figure 3 shows the metal loss value for each type of sediment. Coupons placed
in coarsesand has experienced the highest metal loss as compared with other types of
sediments. This explained by the fact that, coarse sand allows more water and dissolved
oxygen (DO) to penetrate into it, and this makes it more accessible to the coupons surface.
Whereas other types of sediments have smaller and closer particles, which make it difficult
for corroding factors, such as, DO to reach the steel coupons

0 2.0
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P s 036495 [
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0.0 - .
Mud Fine Sand  Medium Sand Coarse Sand
(<0.002) (0.002-0.063) (0.063-0.12) (0.12-1.18)
Particle Size of Soil

Figure 3. Average metal loss of steel coupons after six months exposure to simulated seabed
sediment of various sediment grain size at laboratory
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The metal loss of steel coupons exposed to simulated offshore sediment environments at
the laboratory are presented in the graphs of Figurgigure7. Sediments of various grain
sizes, such as, fine sand, medium sand, coarse sand and mud were ugatly Gesalts
indicate that metal loss increases with time for all types of sediments, though with different
level of severity. In Figure 4, the metal loss against exposure time for mud presented, shows
that the first month incurs the lowest metal 1066.628 g. Then it increases to 0.089 g in the
second month, but slightly drops to 0.074 g in the third month. It then increases in the next
three months with 0.154 g, 0.177 g and 0.169 g in the fourth, fifth and sixth month,
respectively. Figure 5 showlsat the metal loss against exposure time for fine sand starts with
0.035 g and gradually increases to 0.045 g in the second month, 0.108 g in the fourth month,
but decreases slightly to 0.107 g in the fifth month. At the end of the sixth month, it iscrease
to 0.208 g. Figure 6 presents the metal loss against exposure time for medium sand that begins
with 0.036 g and increases to 0.084 g in the second month, 0.104 g in the third month and
0.194 g in the fourth month. Then, there is a drastic increase fifthth@onth when it shows
0.282 g metal loss. However, it ends at 0.365 g in the sixth month. The metal loss against
exposure time for coarse sand shown in Figure 7 where it reads 0.281 g, 0.465 g, 0.670 g, for
the first three respective months, before thte increases to 1.010 g, 1.229 g during fourth
and fifth month respectively and drastically shoots up to 2.072 g after the sixth month.
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Figure 4. Metal Loss of Coupons (Seabed Sediment of Mud)
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Some positive relationships between soil texture and its corrosiveness have been reported
in the literature, with corrosion rate in mud for three types of steels to be less aggressive than
sand (Wang et al. 2005). On the other hand, Oguzie et al. (2@Mighted the mud to be
more corrosive than loam and sand. However, findings of current study provide support and
explanation for some of the previous research. When corrosion rate in sea mud appeared to
be higher, this is possibly because of organic ailamial influences, which were present
and more active at site, than in the laboratory environment. Microbial influences hard to

predict by short e r m

|l aboratory observati

ons

( Mel c h

could provide further support to thiesults of the current study. The differences may be
explained by considering that the mud is attached closely to each other and to the steel
coupons. Besides, the depth of water makes it difficult for oxygen to break through to the
steel. That could lead lower corrosion rate as compared with sand. Nevertheless, itis known
that bacteria and some of organisms become active in the absence of oxygen hence dissolved
oxygen could prevent bacteria to grow Zhang et al. (2001). Therefore, seamud with the
absee of dissolved oxygen, which is the reason for bacteria that cause corrosion to be active,
and therefore metal loss is expected to be higher than with other types of sediment. Corrosion
under anaerobic environment can even make marine pipes perforatg €"\n2005). The
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presence of sulphide indicates the existence of sulphate reducing bacteria. Yuzwa (1991), who
stated that the sulphate when reduced by bacterial enzymes would produce sulphide,
specifically hydrogen sulphide, supports that.

CONCLUSION
The conclusions drawn from this study are as follows.

i. Simulation conducted is relatively reliable to explain the corrosion phenomena lasting
for short period. Hence, for lorgrm purpose, it may be less accurate. Besides the
difficulties facing laboraty simulation, the survival of organic and bacteria in the
laboratory is rather limited, and may not represent the corrosion in seabed sediment,
especially those located in tropical climate.

ii. This may be a result of its complexity of behaviour, anddifference in sediment
characteristics and parameters, such as, the eldwtroical factors and chemical
constituents, and other microbiological factors.

iii. Based on this study, metal weight loss increases as the duration of exposure to seabed
sediment envonment is longer as have been noticed for all four testing conditions.

iv. The corrosivity order for soil types existing in this offshore simulated environment is
found to be in the following order, i.e., fine sand < medium sand < clay < coarse sand.
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Abstract

The construction industry is known for its dynamic working hours that require workers to work

until midnight. The unhealthy work environment of the construction industry is often overlooked

and lacks proper research on the work environment that is burdensome to workers. As a result

of this unhealthy work environment, there is a lack of employee awareness in the construction

industry itself. The concept of work-life balance has become the prominence in ensuring

stability and balance between employees' work and personal life. This study examines work-

life balance in the Malaysian construction industry, to determine the trends of work-life balance,

analyzing the main factors which affect work-life balance and the best initiative that can be

taken in practicing work-life balance practices among workers. A set of questionnaires was

distributed among the employees, particularly professionals who work at the construction site.

After the data was successfully coll ect gsk, it wa
The result shows a value of the mean score of 3.01, which means the employee only had a

medium work-life balance and it can either be dropped into worst or can be improved. It also

shows the item déemployee feel s ¢petfdnmance tothe when t
company even they need to sacrifice their timeb
factor with the mean score value 3.60. The best initiatives that most preferable by the

employees to keep a good work-l i f e b al alyngetiéng approval ferauspaid leaves for

taking care of their dependent s dlifebhdlahchisagosde an scor

practice in improving employees' work performance and makes employees feel more
comfortable to focus at work. The factors affecting work-life balance can either bring a good or
bad implication depending on how employees face the challenge and their working
environment.

Keywords: Constructionwellbeing in constructiomccupationalstress,work-life balance
INTRODUCTION

Work-life balance issue has brought attention to many people due to its negative impacts
on employees, regardless of the types of workplace or industry. It can be seen tlilework
balance matter seems to be neglected by the company, ati@mizZmployers and even
employees due toecessity or job requirements, and also prioritization for wBrkden
Barret, 2019 It is becoming a serious issue nowadays as employees are willing to ignore the
poor worklife balance over tedious work regainents to chase aftdreams like owning a
physical property like lands, houses, and cars while neglecting the quality of their lives and
well-being (Harris, 2014

In the construction industry, even among construction workers, employees fail to
recognizenvhether the work environment is good or bad because it looks normal to them. Due
to job demands, employees often have to stay back for long hours to keep up with work
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progress. The work ethic of people involved in the construction industry is stroriggnicéd

by the culture of long working hours even during the weekend (Townsend, 20it)g up

to that, Lingard, Brown, Bradley, Bailey, and Townsend (2@0ated that long and inflexible
working hourswerethe most consistent predictor of wdite conflicts among construction
employees, particularly those working-site or in a project officelhis is also supported by
Panday and Bhagat (201&)d Holden and Sunindijo (2018oor worklife balance has an
impact on the employees which indirectly résdlin work performance. All of these will

result in a conflict between employers and employ€es Liu, Wu, Zhao, & Jiang2020).

It can also cause the loss of trust between the employers and the employees and can become
the factor for poor health due tlepression and stress. For example, it is considered 'normal’
for the site engineers to be-site for more than their designated working hours. Sometimes
they have to stay esite up to the next early morning of the next day, and yet still need to get
on-site again for another working day to perform the designated job. These are some of the
causes that lead employees to a bad lifestyle. It is not due to the failure of time management,
but the ignorance of their rights in the workplace that makes theinttiat work is their only
priority.

The worklife balance among construction industry workers is critical especially fer site
based employees who usually work for long hours and required to work for 6 days per week.
The worklife balance is anmportant issue for the construction industry in terms of both
organizational and effectivenesand occupi o n a | health (Brough &
Jaafar, Loh, Nuruddin, Jalali and Raslim (2016) studied the-liferkalance satisfaction
among professimal quantity surveyors in Malaysia, and found that the respondents were
satisfied with their current career and family lifowever the level of satisfaction and wark
life balance among other construction professionaldlaysiais still doubtful asthere is a
lack of study about the wotlife balance trend in the construction industferefore, this
study seeks to investigate the wdifk balance scenariand practices among construction
workersin the Malaysian construction industry.

ISSUES OF WORK-LIFE BALANCE IN CONSTRUCTION INDUSTRY

Work-life balance has also been defined by Bradley and Mc Donald (2005) as the level
of engagement or 'fit' between the various roles in one's life and the specifications for one's
work and personal life. Accordirtg Naithini (2010), worKife balance refers to the effective
management of multiple responsibilities at work, at home and in other aspects of life. Clark
(2001) defines workamily balance as the satisfaction and good functioning at work and
home, with aminimum of role conflict. The employer often expects that by working long
hours, the outcome of work will be productive and better. They should also expect that there
will be several times that the employee may reach the limits. The outcome of work at tha
moment may not be perfect because it was donehikalttedly by the employees. In other
words, the workers' focus had lost or no longer about work (Thompson, 1999)li¥&ork
strategies can be proposed by superior or employer by providing the be$t fhegiram for
their employees and family members such as maternity and paternity leave, flexible work
scheduling, eldercare assistance, childhood health programs and gymnasium (Lingard &
Francis, 2004Malone & 1ssa2013).

The construction industry alwa exposed to the naronducive environment such as a
dirty, dangerous and difficult working area. The employees have to face the risk ef work
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stress due to excessive workloads, time constraints and degtbweset al., 2010; Lingard

& Francis, 2004) Lingard and Francis (2004tated that the workers who work with
construction compaes wee likely to expose to a higher level of work stress compared to
those who wik with consultants and clients.

The construction industry is also well known for its apd downs and its workplace has
experienced substantial transformation in recent years.-piiggsure projedbased nature
work increases the potential for imbalances in wde commitments l(eung, Liang
& Olomolaiye 2016. Constructionprofessionals are often expected to work extra hours.
Recent research suggests that working these long hours can be linked to increaslifg work
conflict and can increase the risk of developing mental and physical health(lSsgesd,
Francis, & Turmer, 2015, Sunindijo and Kamardeen, 20188cording toGlosser andolden
(1997) overtime work hours become a trend and perceived as normal to the community since
the 1970s. In Australia for instance, most Australian construction employees are working on
average hours of at least 62.5 hours each \flgegard and Francis, 2004)

Factors Influencing Work-life Balance in Construction Industry
Technol ogy

Information and Communication Technologies (ICT) can be classified under one big
t heme which is sociological theories. | CTO:
their time and space (Nam, 2014; Wajcman, Rose, Brown, & Bittman, 2010). The
smatphones nowadays come with the package of the internet and can keep the people in
touch with one another. Unfortunately, this advantage is also had destructed the boundary
between work and family quality time. Most of the employees nowadays hopingeieaisth
an existence of a fine line between the work environment and also outside the work
environment (Nurisman & Sampurna, 2019; Demerouti and Cropanzano, 2010). The use of
ICTs such as the internet, email, laptops and communication devices such ak@maramd
tabs allows workers access 24/7 without interruption, making these two aspects of work and
the outside work environment difficult to define (Ferguson et al., 2016; Leung, 2011).
Adetayo, Olaoye and Awolaja (2011) emphasize that ICT makes conatianieasier but
affects worklife balance that requires employees to keep working even after office hours.

Business Culture

Most of the big companies usually provide their guidelines and regulations for their
workers during the hiring process but ofteeglected and subsidized on their benefits and
incentives (Demerouti and Cropanzano, 2010). Without realizing it, companies will suffer
more losses than they think have been saved, especially as they begin to encourage employees
to work longer. As the intesity increases day by day, the workers will somehow reach their
limits, mentally exhausted and eventually experience less productive days. This can lead to
less creativity and less idea in solving problems at work even in small problems.
Implementing worlguidelines that have been agreed upon by management and employees is
very important. Human resources must take action and provide a way for workers to avoid
overtime.
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Holden and Sunindijo (2018) found that long work hours (which is a norm culture in the
construction industry) have a very negative correlation with stk balance. The
management should restrict the implementation of extra working hours per day or month
(Leung, 2011). Shift working hours can be one of the options for consideration vaiery de
with critical time to meet the project's deadline. Having a ‘family day' program is also a good
way for stress reliever for the employees (Panojan, Perera & Dilakshan., 2019).

Commute Time

According to Panojan et al (2019), commute time is vitattie worklife balance of the
construction workers, particularly professionals who have to balance their free time against
travel time. Commuting can be defined by the terms of distance or time traveled
(KoslowskyandKrausz 1996) which indicates the regular travel between home and place of
work. Wachs, Ong, Levme and Taylor (1991) mentioned that the growth of the workforce had
contributed more to the growth in local traffic congestion that had lengthening of the work
trip ove time. The automobile remains the dominant mode of travel between home and works
for the employees, and the choice of the residential locations was determined based upon
many factors in addition to the hommrk separation such as quality of neighborhaad
schools and guaranteed safety living region. Turcotte (2011) found that longer commuting
time was associated with worse wdifie balance. Moreover, commuters who have longer
commuting time tend to experiences more difficulties in fulfilling familypoessibilities.

Apart from that, the employer who spends long hours in commuting time tends to sleep less
and have fewer family time (Mukhtar, 2012).

Salary Compensation

High salary compensation is like a bonus and a gift for the workers. Researchriths fou
that there is a positive and significant effect of compensation on job satisfaction (Mabaso and
Dlamini, 2017). It is one of the reasons why the workers choose to stay even the work feels
burdensome for them (Wachs et al., 1991). However, a high sdtarg is not enough to
positively impact the workife balance of workers (Coyle, Van Leer, Schroeder, & Fulcher,
2015). This is because most construction sites operate on-dmysiweek basis, and
professionals and managers work many hours of unpaidimeerThis is proven in Holden
and Sunindijods (2018) found that there is
compensated when working longer hours and greater-liferkalance. In their study, the
respondents who are the ditesed constrdion professionals felt inadequately compensated
when they receive the same amount of salary even though they work more than designated
hours.

Career Satisfaction

The concept of workife balance has been abstracted from the career satisfaction level of
employees to provide a good wdite balance and productivity levels of employees
(Mukhtar, 2012). McMahan (2018) identified that the career satisfaction of employees was
related to the environmental condition, departmental climate, and demographios of th
organization in which employees used to work. Career satisfaction is a pleasurable and
emoti onal state resulting from the percept.i
career values (CalvBalguero, CarraseBGonzalez, & SalinaMartinez @& Lecea, 2010). It
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can also be el aborated as the employeesd
relationship among colleagues, earnings and promotion opportunities (Belias and Koustelios,
2014). Oshagbemi (2003) stated that career satisfact@onaBective reaction to a career that
results from the comparison of actual outcomes with those that are desired. The recognition
of organizational was linked with the welike balance, which leads to employee satisfaction
and the effects of employeertabution and affects the levels of satisfaction (Sageer, Rafat

& Agarwal, 2012). There is evidence that job satisfaction can positively increase employee's
performance (Abdirahman, Najeemdeen, Abidemi & Ahmad, 2018).

Strategies to Improve Work-life Balance

Work-l i fe bal ance strategies are also repor
by increasing their ability to attract employees (Sheppard, 2016; Shagvaliyeva &
Yazdanifard, 2014); induce employees to exerdiseretionary effort in performing their
work (Chang, Hsieh, Lan & Chen, 2019; Konrad & John, 2010); and help employees to be
more productive (Jackson & Fransman, 2028)hur (2003) reported a positive relationship
between the announcement of organizelownorklife balance initiatives and shareholder
returns, indicating that investors view familyendly firms more favorably. Grover and
Crooker (1995) found that employees in companies with organizationatlifeobkalance
benefits had higher levels ofganizational commitment to the organization and expressed
lower turnover intentions, regardless of whether the employee individually benefited from the
policy. They postulate thatwotki f e bal ance benefits have a g
attachnent to the organization because they signify corporate concern for employees and their
families.

Arif and Farooqi (2014) and Francis (2004

commitment to work i f e bal ance i niti at i vneest toatimed t he
organization. Sun (2011) in his study of civil engineers reported higher commitment, job
satisfacti on, and | ower turnover i ntenti on

to be supportive of workfe balance initiatives. These ressifprovide evidence that work
life balance initiatives are linked to organizational performance in the Australian construction
industry.

METHODOLOGY
Questionnaire Development

A gquestionnaire survey was udfelmblatepthemt t ai r
opinions and perceptions on the factors that affect the-liferbalance, and strategies to
improve worklife balance. The survey instrument was established by adapting the work by
Holden and Sunindij¢2018) A pilot test was conducted with Hanels of experts that had
more than 10 years of experience in the construction industry, to ensure content validity and
reliability of the questionnaire. Next, the amended questionnaires were distributed to
employees who are working at the constructitmisiKlang Valley. The selected respondents
include the site/project engineers, site/project managers, quantity surveyors, safety personnel
and others. The questionnaire consists of 4 parts, as follows:
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i) Part 1T Respondents were required to provide theitkground information such as
gender, job position, years of experience, working duration, and type of current
project;

ii) Part Bi The respondents were requested to rate statements regardingjfevork
balance trend, based on-@é&int Likert Scale, ranginfyjom 1 (totally disagree) to 5
(totally agree);

iii) Part C1 The respondents were asked to rate statements regarding the significant
factors affecting worltife balance such as technology, business culture, commute
time, salary compensation and career saligfa based on a-point Likert Scale,
ranging from 1 (totally disagree) to 5 (totally agree); and

iv) Part D7 The respondents were requested to rate statements regarding significant
strategies to improve woilife balance, based on giwint LikertScale, ranging from
1 (very insignificant) to 5 (very significant).

Measures for Data Analysis

The analysis was carried out by using SPSS 25.0 software and further divided into two
tests, namely instrument reliability test and mean szoatysis.

Instrument for Reliability Test

The purpose of conducting the reliability test was to check the reliability of the result and
the overall consistency of measures for t he
employed to measure then st r ument 6s reliability (i.e.,
Alpha value greater than 0.6 indicates acceptable reliability, while a value greater than 0.7
signifies good reliability (Cronbach and Shavelson, 2004). The results of the reliabtlity tes
reveal ed that the Cronbachés Al pha values
which indicates good reliability and internal consistency.

Mean Score Analysis

The data gathered from the survey was analyzed using the mean score analysis. The mean
value or score of a certain set of data is equal to the sum of all values in the data divided by
the total number of values (Holden and Sunindijo, 2018).

Participants

The survey form was distributed to the participants in the form of adeifnistered
guestionnaire and online platform (google form). The participants of the survey were the
employees working at construction sites in Klang Valley. A total of 95 retgunestionnaires
were received and analysed. The summary of the participants is depicted in Figume 1.
the figure, it could be seen that majority of the respondents work 6 days per week, work more
than 61 working hours in a week and involved in infratre projects.
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Gender lob position
Site Supervisor Others, 5.26%

4.21% |
SHO/ safety
Managet/ SSS Site Engineer/
15.79% Project
B _Engineer
Quantity 5:53%
Surveyor )
0.32%
Resident
Engineer
5.26% Man

Female
33%

12.63%

Working experience (in years) Average Working Hours Per Week
™M han 10 . 31-40
ore than ears )
Y More Than ' Hours
7-9years 1% 9.51%
61 Hours .
6%
33.81%
41-50
1-3years Hours
4-6years 56% 36.62%
27% 51-
Hours
20.07%
Working days per week Current Project
_ Institutional
7 Days Twice Commercial - 4.60%

a month 13.79%

7 Days

Industrial
12.64%

Residenti
29.89%

Figure 1. Demographic Profile of Respondents
RESULTS AND DISCUSSION
Work-Life Balance Trends

Table 1summarises the woilife balance trend scored by respondents. The ranking of all
items had been sorted out in descending order, with the average mean of 3.01, indicating an
average level of workife balance. In general, the findings from this study afatively
similar to the previous study by Holden and Sunin¢®018) Iltem 9 and 10 were the two
lowest items, denoting how the employees were struggling-to &t juggle between the
multiple roles in woking and personal life (Bradley and Mc Donal@08; Naithani201Q
Clark, 2001) and effectively control the woskfe conflicts while completing the task
(Holden and Sunindijo, 2018; Baker, 2012he long working hours seem normal to
construction industry employees in recent years, therefore enegloged to set works and
responsibilities towards the company as the upmost priority until the family time and self
comfort tend to be neglected.

The positive aspects of the welife balance of the selected respondents are conveyed by
items 1, 2, 3 and where the mean scores are more than 3. Most of the respondents could
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manage their temper and emotion at work while having relatively high job satisfaction, despite
experiencing a hectic work schedule. The finding is in agreement with Beautell (2010) that
measuring the quality of wotlife balance arrangements should not be only focusing on the

time spent completing work and narork, but also must take the consideration in terms of
satisfaction in the task given. Apart from that, the finding is aldm&with Holden and
Sunndijo (2018) that fHite ecanftict (iteen )t dnmployeen still c a t i
managed to participate in social or family
seen in item 3. The contradicting result may be dubé initiatives taken by the respondents
themsel ves or respondent sd organizations t
Abbott and Pettit, 2005)

Table 1. Re s p o n d_evel bf $Work-Life Balance

No. Items Mean Score Ranking
1 | am able to maintain my temper at work 3.43 1
2 | feel satisfied with my current work 3.32 2
3 | manage to participate in social or family events despite my work commitments 3.27 3
4 | have adequate control over my work-life balance 3.12 4
5 | normally donét work through my | un 291 5
6 I make time to relax on weekdays 2.89 6
7 | have adequate control over my work-life balance 2.87 7
8 I n or ma lthinkyabaditovork dfter office hour 2.79 8
9 My family and friend are happy with my working hours 2.77 9
10 Ifeel relax while at work 2.74 10

Average 3.01

Factors Affecting Work-Life Balance

As describecearlier, there are five categories of factors that influenceiferbalance
in the construction industry. Table 2 shows the results of the mean score analysis on the
variables for each factor category, as perceived by the respandents

In general, theesults indicate low to above average agreement on factors that influence
work-life balance, indicating that this is common among construction workers. Most scores
are contrary to the findings of previous studies by Holden and Sunindijo (2018), which were
implemented in Australia and showed higher scores. However, respondents felt that they
wanted to quit their job as shown in T1. In a research report on the effects of technology
(Holden and Sunindijo, 2018), it was stated that workers find it difficdotdrol the number
of hours spent on mobile devices and that workers prefer such employeoidt@xsessive
use of technology

Among the highest points scored by respondents for factors influencingifedrklance
were related to career satisfactithile it is clear that workers face high levels of exposure
to mental stress such as traffic jammed along the way to work (C1) and work more than 5
days a week (B2), their perception of career satisfaction is high (CS1). This study shows that
achieving gos and completing work on time is more important than having leisure time. It
is supported by the second position among the career satisfaction factors that employees have
mentally prepared for this dynamic working hour.
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Table 2. Factors Affecting Work Life-Balance

ID Items Mean score  Std. Dev.
Technology

T1 | tend to mute and refuse to check any updates from my work chat group 3.28 1.19

T2 Superior and co-worker keep on asking and calling even when | am on 3.15 1.23
leave or vacation

T3 Implementation of using Information and communication Technology (ICT) 3.00 1.15
is disturbance

T4 At least three hours are spent using ICT on work during weekend 2.97 1.26

T5 | could not differentiate an exact timeline that | need to perform on work 2.94 1.05

T6 ICT had violated my privacy life 2.81 1.02

T7 Itis hard using ICT as a medium to discuss regarding work 2.62 1.05

T8 | usually turn off my internet connection when | arrive home 2.45 1.10

Business Culture

B1 My company has own policies regarding office hour 3.54 1.13

B2 I work more than five days per week 3.46 1.37

B3 I enjoy with this kind of working environment 3.33 0.92

B4 | am fine with working overtime 3.12 1.08

B5 My company implementing working hour based on the Employment Act 3.02 1.05
1955

B6 | feel at ease during weekend, no need to think about work 2.97 1.18

B7 | often work until midnight 2.92 1.18

Commute Time

C1l | have to face traffic jammed everyday 3.44 1.37

c2 | have to supervise more than one site 3.06 1.38

C3 | take more than half an hour from my residential area to workplace 2.86 1.34

c4 | often get the task to work outstation 2.72 1.06

C5 The distance between my site and office are near 2.67 1.27

Salary Compensation

S1 | stay in this company because | need to have a stable salary 3.38 1.13

S2 I am willing to work extra time in order to get extra payment 3.33 1.24

S3 My current salary and workload are unreasonable 2.92 1.18

S4 My current salary is according to my demand and above expectation 2.83 1.26

S5 | am satisfied with the salary offered by the company 2.81 1.02

S6 | get extra payment when working overtime 2.33 1.28

Career Satisfaction

CS1 | feel satisfied when | give my best performance to company even though 3.60 1.00
it need to sacrifice my time

CS2 | have mentally prepared for dynamic working hours in this profession 3.58 1.06

CS3 | manage to learn new thing everyday 3.57 1.03

CS4 | feel like time spending at site is valuable time for me 3.51 1.02

CS5 | love to work for a long hour as long as my task completed on time 3.02 1.23

In addition, they are mentally prepared for the dynamic working hours of their profession
(CS2). These can be related to the salary compensation in which the respondents feel that
their salary is adequate (S1) and that they are willing to work longer hadréace the
difficulty of construction work (S2). This result is supported by the findings from Mabaso
and Dlamini (2017), who stated that wage compensation positively affects overall job
satisfaction, motivation and leads to less absenteeism and euio@ivavior. And in the last
rank among salary compensation factors, even though employees do not earn extra pay by
working overtime, they are still willing to stay at the company because of the demand for
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today's life. Arif and Faroogi (2014), found thabhen employees were satisfied with their
careers and commitment to the organization, they improve theirlf®isalance.

Strategies to Improve Work-Life Balance

Table 3 shows the strategies perceived by respondents to improwifevbedance. The
results show that the most important strategy is the speed of employers to approve leave
applications. This indicates that respondents are still committed to theiatidefamilies and
appear to be demanding more free time with their families. Thislisim e wi t h Jaaf
(2016) study that most of the respondents (professional women quantity surveyor) preferred
their companies to implement written famflyendly policies in supporting workfe
balance.

In addition, respondents also prefer to allocate more employees on a larger project scale.
Pongpanich and Socorro (2019) emphasize that peer support, organizational support and
supervision are powerful initiatgs to improve worlife balance. Therefore, by providing
more employers in largexcale projects, it will help speed up project completion and
employees will begin to have a good wdife balance. The results also showed that
respondents were less coneasinabout other initiatives by employers who emphasized
reducing work stress.

Table 3. Strategies in Work- Life Balance

No. Items Mean score Std. dev.
1 Unpaid special leaves to care for dependents easily getting approved 4.08 0.96
2 Unpaid special leaves for other purposes easily getting approved 3.82 1.01
3 Allocation more workers and professionals on bigger task project 3.81 0.96
4 Paid maternity leaves 3.77 1.17
5 Allocate extra days for unpaid paternity leaves 3.72 1.01
6 Time-off to attend non-work events (dinner, company event) 3.65 1.04
7 Allowing adequate break during working hours (pray and lunch) 3.62 1.20
8 Providing a panel parental care home 3.60 1.18
9 Providing a playground and childcare at office 3.42 1.08
10 Providing health and well-being facilities such as gymnasium 3.40 1.27
11 Flexible work scheduling 3.27 0.97
12 ﬁ(;r;](;té(;trge[r)]sti/chological well-being program (handling stress, anger 293 116

CONCLUSION AND LIMITATION

The issue of worllife balance has attracted many people because of the negative impact
it has on workers, whether at work or in the industry. It can be seen thalifedsklance
seems to be neglected by companies, organizations, employers and evereemgie to
necessity or job requirements, and also prioritization for work. This is a serious problem as
workers are willing to overlook the poor welike balance over tedious work requirements to
pursue dreams such as owning physical assets such akdamek, and cars while neglecting
the quality of their lives and welleing. Factors such as technology, business culture, travel
time, wage compensation and job satisfaction also affect the-lif@rkalance of the
employees in the construction indust@areer satisfaction is the most significant factor
affecting worklife balance in the Malaysian construction industry.
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Work-life balance can be considered as an individual's perception of how well employees
are managing their daily lives. The conceptulon of individuals subjectively measures the
balance between their work and their life expectancy (Guest, 2002). At work, employees
generally do not realize that they have practiced a badhfefalance that ultimately affects
their physical and merithealth. Recently, it is common for most employees to work-over
time, which is a bad example of everyday life and leads to adverse effects and causes of mental
iliness.

To address this, several wdite balance initiatives or strategies have been iniced to
reduce worlife conflict between work and personal life and to better widekbalance
(Lingard, Francis & Turner, 2012). Wotite balance initiative strategies can improve
organizational competitiveness by increasing the ability to attraciensor make more effort
while working and helping employees become more productive (Lingard et al., 2012).

This study has some limitations as it only covers respondents in the Klang Valley region
and a small number of respondents do not represent tme pofulation. Further research
should be conducted to expand the research in other states and to increase the number of
respondents. In addition, it is recommended that future research be conducted to examine the
correlation between workfe balance angbotential predictors, such as job satisfaction, job
performance and productivity, etc.
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Abstract

Construction of road embankment over marine clay can cause significant settlements that
contribute to the failure of road embankment. This is due to the properties of marine clay which
are low shear strength, high water content and high compressibility. Such properties are quite
difficult and challenging to work with especially in building road structures such as
embankments. One of the techniques in improving this kind of soil is to use expanded
polystyrene (EPS) as lightweight filler materials in road embankments. This is one of the
initiatives to improve the soil bearing performance and reduce the settlements of soil. Due to
the irregularities in the design and an increase in demand and cost for EPS, this study proposes
a new design of using an arch structure concept in lightweight fill design. A small-scale model
of the road embankment will be used to simulate where settlement will be measured on the
model using EPS as the filler material. This research will focus on the different models in the
concept of arrangement of fill materials and the pattern of failures from settlement analysis.
The shape, orientation and size of fill materials that forms an arch structure are the important
elements to be studied in this research as this contributes to the structural condition of the
construction. The suitable design and arrangement of fill material will be obtained according to
the observation and mathematical analysis. It is found that the arch structure provides less
settlement while maintaining using limited EPS materials.

Keywords: RoadembankmentEPS marine clay; settlementslightweightfill .
INTRODUCTION

Road constructiomon marine clay may have difficultior engineersand poised great
dangerfor road usersThere are manynfrastructure projects andlso coastal higkrise
buildingswherefoundations are often supported by such soils of low shear strength and high
compressibility.

According toHassan(2011) the construction projects on soft sailsch as clagan lead
to acostly foundation systerbecause of the soft soil properties that causes high settlement
Marine clay creates many problems to buildiagd road due to uneven settlements where
buildings will see cracks and roads to be unstable for road users.

Thereare few methods that can be applied to reduce settlgmainiemsand damage
that occurin road constructiamlike replacing the compressible soils with lightweidjtt
materiab. One of the fill materials used is thepanded polystyrene (EPS) geofoarhich
can be used to replaeearine clayor in place of heavy fill materials to prevent sudden
settlement on the underlying soils and adjacent structBfS. geofoam has a unit density
that can be roughly as low as one pound per square foot, it extesmely lightweight
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alternative to soil, nearly 100 times lighter than most soils. This lightweigh characteristics is
perfect to be used in reducing the se#ight of the embankment constructed on soft soils.

This study isdone with the use of a smatale physical modellingp measure the
performance of an improved design of EPS geofoam blocks for filler materals in order to
reduce settlements of soil soil under an embankement construction. Theimproved design
applies an arch structure concept that/jates equally good stability by using less materials,
and having better flow of underground water. Hence, this study will compare settlement
behaviour of soft clay soils of a control embankment structure, use of conventional EPS
geofaom embankment struatuand the arch structure EPS geofoam concept.

CRITICAL REVIEW ON MARINE CLAY AND GEOFOAM

The dirt found in the sea bed is named marine afayit can also be typically found in
coastal areas and inland ared$e properties of marine clay depend altbgeton its
underlying conditions. The properties of soaked marine clay contrast essentially from wet soil
and dry soil. The mud stores comprise of profoundly cracked and broken dirt and silty muds
which have a high swétig potential. The depth of the nalgr highwater tablén marine clay
variesthat reliesupon soil stratificatiotWater is frequently roosted above gradually porous
subsurface strata. According to Basack & Purkayd&d@9) depth to hard bedrod&r most
marine clayss at least 50eet.

Physical Characteristics of Marine Clay

Marineclay ormud is describedcientificallyas a low penetrability and has the capacity
in constriction of inorganic contaminants. According to Jones.dtl8983) the hydraulic
conductivity of marine clagyislow and this will provide high water content in the soail.

Benson and Tra$1995)performed water driven conductivity tests on thirteen compacted
clay mud tests under controlled conditions. They found that the soil expand and consolidate
significantly. Different behavior of clay particles with respect to another constituent is
depenénton the different ratio exist between the solid surface and their specific surface. The
bonding properties of clays and association with a particular chemical struncewelling
characteristic is related to the size and to the classification of their minerals. It refers to
constituent of a soil thas smaller than 0.002 mm for size determinat{bas, 2006)

Expanded Polystyrene (EPS) Geofoam

Expandedpolystyrene (EPS) geofoam is a sufghtweight unbending cell plastic
frothed polymeric geosynthetic. As a lightweight fill, EPS geofoam diminishes the loads
imposed on adjacent and underlying soils and structlEES geofoam is additionally
accessiblén varioustypes ofphysical propertiethat can be picked by tlam engineeririor
a particular application.

EPS geofoam is innately muftractical, which makes it compelling to use in a wide
variety of utilizations. EPS geofoam is available in different material types. Thorough
knowledge and understanding of the type being used on an EPS geofoam projentia.esse
The material properties ehriousEPSmaterials arshown in Table 1
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Table 1. Physical Properties of EPS Geofoam
ASTM D6817 Physical Property Requirements of EPS Goefoam

Density min kg/m?® 11.2 14.4 18.4 21.6 28.8 38.4 45.7
Compressive Ressitance min, kPa at 1% 15 25 40 50 75 103 128
Flexural Strength, min, kPa 69 172 207 240 345 414 517
Oxygen, min, Volume % 24.0 24.0 24.0 24.0 24.0 24.0 24.0

Construction of Embankment with EPS Geofoam

Here stated theonventional method that used for the construction of embankment using
EPS Geofoam. A typical road development, from base to top, is as per the following: compact
a layer of sand at the base of the roadway excavation to give a level and free depleting
devdopment surfacbypladng the EPS geofoam to the desired height, staggering the vertical
joints in each course so as not to make constant vertical creases.

Whenever required, a partition layer might be set between the top of the EPS geofoam
and the overling asphalt framework. A detachment layer can have two capacities that is to
upgrade the general execution and life of the asphalt framework by giving reinforcement,
partition or potentially filtration and to improve the sturdiness of the EPS geofoararbith
and after construction. Choices for the patrtition layer include resistant geomembrane, geogrid,
geocell with soil fill, soil cement, pozzolanic stabilized materials or a reinforced concrete slab.

For instance, if assurance against fuel spills is adrd hydrocarbon safe geomembrane
cover can be put over the EPS block course to protect from conceivable hydrocarbon assault.
Furthermore, a reinforced concrete load distribution slab can be utilized to protect the EPS
geofoam from hydrocarbon assault draim potential overemphasizing coming from traffic
loads

EPS geofoam is innately muftractical, which makes it compelling to use in a wide
variety of utilizations. EPS geofoam is available in different material types. Thorough
knowledge and understang of the type being used on an EPS geofoam project is essential
(Ratha, et. al. 2018)

Usinggeofoam as fill material in embankments can be up to 50 times less massive than
other lightweight fills, and can give the accompanying focal points to traasipaort
framework improvemerdsmaximizing available rightf-way, accelerating the construction
schedulepromoting clean construction adjacent to waterwegdicing construction labour,
and enabling winter construction. Hence, it can be a perfect miaferithe usage of road
contruction especially on embankements as showns in Figure 1.

EPS geofoam canlso be use as refill retaining wall and covered structures likewise
restricts the flat powers that can create during seismic tremors. In retainirapplatbtions,
satisfactory channels should be given to keep the advancement of hydrostatic weight and
inspire because of lightness for locales with shatlooundwater and free soils as showns in
Figure 2.
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EPS geofoam blocks

Cross section of road

construction using EPS
geofoam and overlying
pavement system

Sand-leveling course

Geomembrane/separation layer
Figure 1. Road Embankment Construction Using EPS Geofoam (Cellofoam, n.d)

Geomembrane/separation layer  Landscaping/soil
lif required)

Retaining wall, abutment
or protective facing

EPS geofoam blocks

Schematic drawing
of retaining wall with
EPS geofoam backfill

Granular backfill

Drainpipe

Figure 2. Construction of Retaining Wall and Abutment Backfill Using EPS Geofoam (Cellofoam, n.d)

EPS geofoam can be utilized to build railroad embankments that nebuangem the
currert soils. As a fill material, EPS geofoam is sufficiently solid to help railroad loads as
shown in Figure 3. It's utilized as a part of the extension of thergjhframework

Ultimately, uinstable slopes can be remediated by expelling a part otithent soil and
supplanting it with lightweight EPS geofoarPS geofoam additionally can be utilized for
slope stabilization and repair in both soil and rock slopes as shown sin Figure 4
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Figure 3. Construction of Rail Embankment Using EPS Geofoam (Cellofoam, n.d)

EPS geofoam blocks
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Drainpipe

Schematic drawing of Sand-leveling course

EPS geofoam placement
in a slide area

Figure 4. Slope Stabilization Using EPS Geofoam
Construction of Arch Structures

In masonry construction, arches have a few extraordinary focal points over horizontal
beams, or lintels. The span have more extensive openingstsaycean be produced using
small, effortlessly conveyed pieces of block or stone, rather than a monstrous, and solid stone
lintel. This shape and the circular arch had extraordinary incentive in bridge engineering since
they allowed common help by a rmfrarches, conveying the sidelong push to the projections
at either end of a bridge.

Utilizing an arch as the essential structure when there is a requirement for spreading over
a long separation is exceedingly helpful. A arch can traverse between twsgrigh vertical
support than a straight beafrhe curved or arched design enables the structure to uproot or
spread the weight equally. Its establishments are settled solidly on the ground yet its arched
element helps the even dislodging of power ovemtib structuregSiang et al.2019).

The arch structure that incorporates the EPS geofoam as a filler material for road
embankment provides an improved design to the coventional construction method. The arch
structure concept maintains the lightweigbperty of the materials that helps reduce the self
weight of the soil and provide better flow of groundwater under the embankment. This will
help in reducing dislodging of the EPS blocks due the rising water table that ocasionally
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occurs in clay soils. Thaesign also helps to reduce the amount of EPS used by maintain the
staibliyt of the whole structure.

MATERIALS AND METHODS

A smallscale embankment model was made to simulate 3 types of testing conditions.
The first test consists of a controlled test that simulates a road embankment of using sand
overlying a soft clay soil. The second test consists a road conventional roackemeint with
EPS geofoam as the filler material. The third test is to design the arch structure EPS geofoam
embankment overlying a clay soil. The performance of each of this model was done by
studying the settlement levels with strategically placed ingiisain the model boxes.

The embankment model was designed according to JKR road standard specHiution
the preparation of the soft clay will be according to the technique doniakiyet al. (2010),
Azhar et al. (2017), Basac and Purkayastha (2009), Ganasan et al. (2016), Siang et al. (2012).
The sample preparation technique in the model box is mlaodordance to the compaction
method as stated in the ASTM standMddun et al. (2016), Izzati et al. (2017he real
dimension of road is scaled down to 1:10. The proposed size of test box is 75 cm (L) x 25 cm
(W) x 60 cm (D) as shown in Figure 5. Teandy soil and marine clay was taken from the
Research Centre for Soft Soils (RECESSBatu Pahat, Universit Tun Hussein Malaysia
(UTHM). The slotted weight is uddo simulate vehicle loadinigr the model. A maximum
load of 100 kg will used in this gy, as this is a scaled load which is a typical load for light
weight vehicles. Moreover, the proposed size of EPS Geofoam for this study is 12.5 cm (L)
X 6.6 cm (W) x 2 cm (T).

In order to prepare the soil samples in the model box, a proctor compastioras done
to obtain optimum moisture content and dry density of the marine clay. The soil conditions
will follow the optimum moisture content to simulate conventional soil conditions. To
maintain a consistent condition for all samples, the sample ptepaof the soil in the soil
box was done by compacting the marine clay by dividing it into three levels, where each level
has a height of 8.34 cm (H) and is marked with a straight line using an indicator of a fine
sandy soil. The loading test will bedircarried out with a control test without using EPS
blocks. The settlement is recorded by image analysis from indicators on the modgel box
these 3 levels of compaction as shown in Figure 5
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Figure 5. The Modelled Test Box with Settlement Indicators at 3 Levels

Thefirst test is the control test as shown in Figure 6. A 15 cm height of sand overly the
marine clay of 25 cm thicknesEhe secondest forEPSmodell will continue the load test
with EPS Geofoam in the test box. The EPS Geofoam will be arrangea tmajht of 20
cm (H) following the scale of real simnditions as shown in Figure Furthermore, the
marked EPS Geofoam will be taken out before the slotted weight is placed at the top of the
sandy soil. The settlement and pattern failure reading is #ken.t

LOADING

SANDY SOIL

15CM

MARINE CLAY

25 CM

75 CM

Figure 6. Arrangement of Control Test
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Figure 7. Arrangement Layout of EPS Model 1

The thirdtest for EPSmodel 2 will continue the load test with an Arch type of EPS
Geofoam in the test box. The arch form of EPS is placed in the centre of the test box.
Furthermore, the diameter of the arch is 37.5 cm and the radius of the arch is 18.75 cm as
shown in Figure8. The senicircle EPS geofoam below the arch and the marked EPS Geofoam
is taken out before placing the slotted weight at top of the sandy soil. After that, the settlement
and pattern failure reading are taken.

SANDY SOIL

MARINE CLAY |

15CM

20CM

25CM

75CM

Figure 8. Arrangement Layout of EPS Model 2

RESULTS AND DISCUSSIONS

The result was discussed based on the settlement obtained from the loading test of marine
clay model. The minimum settlement was selected for the best model for the real construction
of the road embankment.
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Results of Settlement of Height/Layer for Each Loading Test

The settlement analysis had been done by measuring the settlement from the actual level
that have been marked on the test box. Figuskows the graph of settlement reading with
height versus level for 1Ky of loading test. From the graph the control test from the level 1
gives highest settlement which is 1.5 cm if compared with the control test level 2 and level 3.
For the EPS Model 1 and EPS Model 2 there is 0 cm of settlement occurs at the 10 kg of
loadng test. It shows the marine clay at control test is very weak to settle compared to EPS
Model 1 and EPS Model 2.
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Figure 9. Graph of Settlement Reading with Height vs Level for 10 kg of Loading Test for Control
Test, EPS Model 1 and EPS Model 2

Figure 10 shows the graph of settlement reading with height versus level for 20 kg of
loading test. From the graph the control test settlement from the level 1 gives highest
settlement which is 1.6 cm if compared with the control test level 2 and levet he EPS
model 1 the settlement started at level 1 which is 0.5 cm at indicator 4 compared to level 2
and level 3 is still on the lower settlement. While for the EPS Model 3 there was 0 cm
settlement occurs in 20 kg of loading.
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Figure 10. Graph of Settlement Reading with Height vs Level for 20 kg of Loading Test for Control
Test, EPS Model 1 and EPS Model 2

Figure 11 shows the graph of settlement reading with height versus level for 30 kg of
loading test. From the graph the control test at levebtvslthe highest settlement among the
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three level which is 1.8 cm at the indicator 3 and follow by level 2 and level 3. For the EPS
Model 1 the highest settlement shows at level 1 indicator 4 which is 1 cm for 30 kg of loading.
While for the EPS Model 2 tie was still 0 cm of settlement for 30 kg of loading.
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Figure 11. Graph of Settlement Reading with Height vs Level for 30 kg of Loading Test for Control
Test, EPS Model 1 and EPS Model 2

Figure 2 shows the graph of settlement reading with height versus level for 45 kg of
loading test. From the graph the control test at level 1 gives the highest settlement which is
3.7 cm at indicator 4. This is the drastic settlement at 45 kg within 1 hour afddadt. For
EPS Model 1 the highest settlement gives at level 1, indicator 4 again which is 1cm from the
previous loading test. While EPS Model 2 shows the highest settlement at level 1, indicator 2
which is 0.2 cm for 45 kg of loading.
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Figure 12. Graph of Settlement Reading with Height vs Level for 45 kg of Loading Test for Control
Test, EPS Model 1 and EPS Model 2

Figure B shows the graph of settlement reading with height versus level for 60 kg of
loading test. From the graph the control test at level 1 shows the highest settlement among the
three level which is 3.8 cm at indicator 4 for 60 kg of loading. For the EPS Mdidelhighest
settlement shows at level 1 again at indicator 4 which is stay at 1 cm of settlement from original
level. The higher settlement for EPS Model 2 at level 1 which is 0.3 cm at indicator 4.
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Height (cm) vs Settlement (cm) for 60kg of Loading Test

30
25 \ —— o —8— Control test
/ —0—EPS Model 1

=—8—EPS Model 2

20

a —0—Control test vl 2

15 = _— S— —_—

-_— = N —=8=—FEPS Model 1 1vl 2
=@—EPS Model 2 Ivl 2

Height (cm)

10 —o—Cantrol test I+l 3

P s ———— | —0—EPS Model 1 1v 3

=—8—EPS Model 2 Ivl 3

Indicator 1 Indicator 2 Indicator 3 Indicator 4 Indicator 5
Indicator Mark

Figure 13. Graph of Settlement Reading with Height vs Level for 60 kg of Loading Test for Control
Test, EPS Model 1 and EPS Model 2

Figure 4 shows the graph of settlement reading with height versus level for 75 kg of
loading test. From the graph the control test from the level 1 again gives highest settlement
which is 3.8 cm at indicator 4 same as the previous loading test for level 1. E®ShHédodel
1, the higher settlement shows at level 1, indicator 4 which is 1.3 cm more than previous
settlement. While EPS Model 2 gives the highest settlement at level 1 and level 2 which 0.3
cm at indicator 4 and indicator 5 for 75 kg loading.
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Figure 14. Graph of Settlement Reading with Height vs Level for 75 kg of Loading Test for Control
Test, EPS Model 1 and EPS Model 2

Figure B shows the graph of settlement reading with height versus level for 90 kg of
loading test. From the graph the control test at level 1 gives the highest settlement which is
4.0 cm at indicator 3 and indicator 4. For the EPS Model 1 the highest settlem&atath
level 1 which is 1.5 cm at indicator 2. EPS Model 2 gives the highest settlement at level 1
which is 0.3 cm at indicator 2 and indicator 4 for 90 kg of loading.
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Height (cm) vs Level for 90kg of Loading Test
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Figure 15. Graph of Settlement Reading with Height vs Level for 90 kg of Loading Test for Control
Test, EPS Model 1 and EPS Model 2

Figure B shows the graph of settlement reading with height versus level for 100 kg of
loading test. From the graph the control test at level 1 gives the highest settlement again which
is 4.2 cm at indicator 3 and indicator 4. This is higher settlement that getHeolevel 1 for
control test. For EPS Model 1 the highest settlement gives at level 1, which is 1.9 cm at
indicator 2 increases about 0.4 cm from the previous loading test. While the highest settlement
for EPS Model 2 shows at level 1, indicator 4 whikcincrease the settlement of marine clay
about 0.2 cm from the previous loading test.
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Figure 16. Graph of Settlement Reading with Height vs Level for 100 kg of Loading Test for Control
Test, EPS Model 1 and EPS Model 2

Maximum Settlement at Each Loading Test

The maximum settlement readings for all loadingsteith different loading and different
physical model tesare presented in this sectidfigure I7 shows the graph of settlement
reading for three physical model tsFrom the graph, it shows the maximum settlement
which is 4.2 cm for 100kg of loading taking place at control test. While the for the EPS model
1 and EPS model 2, the settlement of m&adhay is much lower than the control test which
is 1.9 cm and 0.5 cm for the maximum loading test.
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Settlement (cm) vs Load (Kg) for 1st Layer
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Figure 17. Graph of Settlement Reading for 15t Layer of All Physical Model Test

Figure B shows the graph of settlement reading for three physical model test. From the
graph, it shows the maximum settlement that taking place at control test which is 3.2 cm for
100kg of loading. Furthermore, the graph shows the continuation of increasingsetter
the control test for™ layer of marine clay. It also show the lower settlement of marine clay
for EPS model 1 and EPS model 2 which is 0.6 cm and 0.4 cm of 100kg loading.
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Figure 18. Graph of Settlement Reading for 2" Layer of All Physical Model Test

Figure B shows the graph of settlement reading for three physical model test. The graph
shows the light settlement of marine clay for tféaer. The maximum settlement in control
test taking place at 100kg loading which is 2.5 cm. Furthermore, the EPS model 1 and EPS
model 2 maintain the 0 cm of settlement reading at 10kg to 20kg of loading test. The
maximum settlement for both of EPS modlednd EPS model 2 is lower than control test of
1% layer which is 0.7 cm and 0.2 cm for 100kg of loading
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Settlement (cm) vs Load (Kg) for 3rd Layer

o
[T )

Lia

@LA.I—ALA.I;JL;.L.JU..I;..

4/ =@==Control Test
= =8—EPS Model 1

o= =—@—EPS Mod=] 2

Settlem ent (cnr)
o

[~

10kg 20kg 30kg 45kg  60kg Tikg  O0km  100kg
Load

(=]

Figure 19. Graph of Settlement Reading for 3rd Layer of All Physical Model Test
DISCUSSION

The settlement of marine clay in bottom of #reh structure EPS Geofoam from the
layout of EPS model 2 with 100 kg of slotted weight loading test gives the lowest settlement
reading among the three moslthat tested with slotted weight loading test on top of sandy
soil. This shows that the arch stture EPS formation gives the best results in reducing
settlement. This is due to the extra light weight of the structure where less materials is used
for the structure. The arch structure also gives the best structural integrity for the embankment.

CONCLUSION

As the result, it shows the EPS model 2 gives the lowest settlement rate for the 100 kg of
slotted weight. The result was expected that the arch structure using lightweight structure can
withstand with heavy weight as tested in the laboratory. M@mredhe arch structure has a
capability to withstand with overburden weight of building and bridges, as settlement is
reduced and at the same tiihis able togive a high structural integrithn arch can traverse
between two purposes of vertical sugptitan a straight beantThe utilization of EPS
ordinarily makes an interpretation of intm advantages to development the construction
schedules and lowers the overall cost of construction because it is easy to handle during
constructionwvorks. As a conglsion, it carbe concludethatthe expandegolystyrene (EPS)
geofoamusing an arch structure designa better material tde usead as a new concept of
lightweight fill material construction in embankmene to its low settlement behavicam
for the maine clay soil.

ACKNOWLEDGEMENT

The authors would like to acknowledge Universiti Tun Hussein Onn Malaysia (UTHM)
and the Ministry of Education (KPM) for the financial support for this study under the
Fundamental Research Grant Scheme (FRGS) with the grant number FRGS /1/2017 / TK10
/UTHM /02 /12



MCRJ Special Issue Vol. 13 | No. 2 | 2021 131

REFERENCE

Azhar, A., Azim, M., Syakeera, N., Jefferson, I., & Rogers, C. (2017). Application of
Electrokinetic Stabilisation (EKS) Method for Soft Soil: A Revie®P Conference
Series: Materials Science and Engineering26, 012075. doi:10.1088/1757
899x/226/1/012075.

Basack, S. & Purkayastha, R.D. (2009). Engineering properties of marine clays from the
eastern coast of Indidournal of Engineering and Technology Resealghb), pp. 109
114.

Benson, C.H. & Trast, J.M1995). Hydraulic conductivity of thirteen compacted cl&jays
and Clay Minerals43(6), pp. 669 681.

Braja, M. D. (2006). Principles of Geotechnical Engineering. 6thGaldifornia State
University, Sacramento.

Cellofoam, North America Inc. (n.dzeofoam Applications: Road Construction over Poor
Soil. Retrieved from https://www.cellofoam.com/reemhstruction.htm

Ganasan, R., Lim, AJ.M.S., and Wijeyesekera, D.C., (2016). Physical and Software
Modelling for Challenging Soil Structure InteractiorRRN Journal of Engineering and
Applied Sciences, Vol. 11. (6). Pg 368876.

Izzati Norazam, P.N.F., Bakar, I. Lim Meng Siang, A. J., and Shah Herman, H. (2017).
Stability of Peat Soil by using Envirotadatec Web of Conferencegol 103. (5).

Jones, R.M.Murray, E.J. & Rix, D.W. 1993. Selection of clays for use as landfill liners.
Waste Disposal by LandfilProceedings Symposium Gre&® 3 . #38. 433

Liaki, C., Rogers, C.D.F. & Boardman, D.l. (2010). Physibemical effects on clay due to
electromigation using stainless steel electrodksAppl. Electrochem 40, pp. 1225
1237.

Madun, A., Tajuddin, S. A. A., Abdullah, M. E., Abidin, M. H. Z., Sani, S., Siang, A. J. L.
M. and Yusof, M. F. (2016). Convertion Shear Wave Velocity to Standard Panetrat
ResistancelOP Conf. Series: Materials Science and Engineervg). 136, 11 7.

Mohamedelhassan, E. (2011). Laboratory Model Test on Improving the Properties of Soft
Clay by ElectrokineticdSRN Civil EngineeringVol 2011, pg I 14.

Ratha, N., Israil, T.N.H.T., Wijeyesekera, D.C., Bakar, I., Siang, A.J.L.M, Abu Talib, M.K.,
Zainorabidin, A (2018). Developmental Research of Sustainable Technologies to
Minimise Problematic Road Embankment Settlemeidarnal of Physics: Conference
Series Vol 1049,Issue 1,

Siang, A.J.L.M., Wijeyesekera, D.C., Mei, L.S., Zainorabidin, A. (2012). Innovative
laboratory assessment of the resilient behaviour of materials (Rigid, Elastic and
Particulates)Procedia Engineeringvol. 53, 156 166.

Siang, A.J.L.M., Yi, SS, Hanafi, N.S.B.N, Guntor, N.A.A., Ismail, T.N.H.T, Prasetijo, J.
(2019). Arch Structure Concept in Lightweight Fill Desidnternational Journal of
Integrated Engineeringvol. 11, Issue 2, pp 260268.



MCRJ Special Issue Vol. 13 | No. 2 | 2021 132

PHYSI CAL PROPERTI ES OF BLENDE
CONCRECGEGNTAI NI NG PALM OI L FUEI
EGGSHELL POWDER

Zalipah Jamellodint, Suraya Hani Adnan?, Siti Nadia Syuhada Mohd Satti!, Miza Agilah Mohd
Safa', Norwardatun Abdul Roni? and Hafizuddin Hassan?

IFaculty of Civil and Environmental Engineering, Universiti Tun Hussein Onn Malaysia, Johor.
2Faculty of Engineering Technology, Universiti Tun Hussein Onn Malaysia, Johor.

Abstract

This paper aims to present the results of an experiment incorporating palm oil fuel ash (POFA)
and eggshell powder (ESP) to partially replace ordinary Portland cement (OPC) in concrete-
making. Both POFA and ESP are waste material that are widely available in Malaysia and
similar palm oil-producing countries. The discussion focuses on the density, the water
absorption, and the ultra-pulse velocity (UPV) of six concrete mixes to interpret the quality and
strength of the final concrete specimens. All mixes had been designed to reach 30 MPa
concrete strength after 28 days. Besides the control group, which contained 100% OPC, the
rest contained varying amount of POFA, ESP or both to replace up to a maximum of 20% of
total cement weight. the results were promising, whereby both water absorption and UPV had
improved while the density maintained within the normal range. The advancement of this
technology is envisioned to drive down construction cost due to the re-use of waste material
and contribute towards sustainability efforts through carbon footprint reduction. However, to
achieve these, more research and development are required to better understand the physical,
chemical and mechanical properties of these waste material as well as to optimize its
deployment at a commercial scale.

Keywords: Palmoail fuel ash,eggshell,density,water absorption,ultra-pulsevelocity.

INTRODUCTION

Concrete is a widely used construction material in Malaysia and most developing
countries. However, concrete cement releases carbaide (CQ) and greenhouse gases
into the atmosphere during its manufacturing. This can be addressed by substituting cement
with waste material such as palm oil fuel ash (POFA), eggshell powder (ESP), fly ash (FA),
rice husk ash (RHA) and silica funi8F).

This paper intends to discuss the incorporation of POFA and eggshell powder (ESP) as
cement substitutiofVasoya and Varia, 2015POFA has slow pozzolanic reaction due to its
large particle size and porous structure, but this can be improved through the grinding process.
The most favorable attribute is its silica content, which is 45 to &0/ total content and
the most important for developing sustainable concrete (Sata, Jaturapitakkul and Kiattikomol,
2007; Chindaprasirt, Rukzon and Sirivivathanon, 2008; Tangchirapat, Jaturapitakkul and
Kiattikomol, 2009; Jaturapitakkul, Tangpagasitn§mue and Kiattikomol, 2011; Kroehong,
Theerawat, Chai and Chindaprasirt, 2011; Karim, Zain, Jamil and Lai, 2idi &t al., 2015)
Eggshell, on the other hand, is a common food wastewwittvn good strength characteristics
when mixed with concrete. Eggshell powder contains a very pure form of calcium carbonate
(CaCO3)(Ing and Choo, 2014; Jamellodin et al., 2017; Mohamad, Mahmood, Yik and Abdul
Rasid, 2018pand its incorporation into concrete also decreases the settiegThe ESP is
produced by grinding eggshell into fine powder and sieving it to the required size (Gowsika,
Sarankokila and Sagunan, 2014jjn, Ali and Harith, 2016;Balamurugan and Santhosh,
2017 Jamellodin et al., 201&bd Khalid et al., 201p
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This paper focuses on the chemical composition and physical properties of concrete
incorporated withPOFA and ESP. Although ESP is rich in calcium and analogous to
limestone, it is still a waste material so there is a need to understand its physical and
mechanical properties. The parameters which will be discussed include the density, water
absorption,ultrasonic pulse velocity and also the development of hydration temperature of
the concrete

MATERIALS AND EXPERIMENTAL PROGRAM
Materials Preparation

The Palm Oil Fuel Ash (POFA) was obtained from a factory in Johor, the southern state
of Malaysia.Thecollected POFA was dried in an oven at 100°C + 5°C for 24 hours and then
sieved through a 300 um sieve to remove the debris and extraneous materials such as
unburned fibres and shells. After that, it was grinded as shown in Figure 1(a) to obtain the
fineness similar to Ordinary Portland Cement (OPC). Figure 1(b) shows the grinder setup,
programmed to grind for 5 minutes with 350 run per minute (rpm). Following the ASTM
C618 (2015) requirement, the ground POFA was grinded down to have 97% passing through
sieve number 325 (45um).idgure 2(a) and (b) depict a comparison between industrial POFA
and the ground POEA

(a) (b)
Figure 1. (a) Grinding Machine and (b) Grinding Setup

(b)
Figure 2. (a) POFA at Factory and (b) Ground POFA
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The ESP were obtained by grinding the eggshell from bakeries, restaurants and stalls. The
collected eggshells were cleaned with tap water and then dried to remove the remnants as in
Figure 3(a). Then, the eggshelsre overdried at 100°C + 5°C for 24 homiand cooled for
an hour After that, the dried eggshells were grinded to obtain the ESP as shown in Figure
3(b). The grinderds setup and passing grad:

Figure 3. (a) Cleaned and Dried Eggshells and (b) Ground ESP
X-Ray Fluorescence (XRF)

X-ray Fluorescence (XRF) analysis was performed to assess the chemical composition of
the OPC, POFA and ESPhd Licomax C Micro Powder PM was used to bind the pozzolanic
material together, and weighetbout2 0 % of t he sampl ebs tot al
strong pellet that could be dropped from half a meter above ground level without breaking.
The ratio of pozzolanic material to the Licomax Powder was kept constant at 8:2. Once the
sample and the gé were mixed, the mixture was pressed in a die using a hydraulic sample

press at a pressure of 15 ¥ NIn?. Figure 4 depicts the final product.

@ (b ©
Figure 4. Specimen Pallets for X-ray Fluorescent Testing (a) Cement, (b) POFA and (c) ESP

Mix Design Proportions

Six groups of concrete mix designs containing OPC, POFA and ESP were prepared. Each
group contained two sets of sampted each set contained three (3) specimens. This means a
total of 36 specimens were prepared. Each specimen measured 100mm x 100mm x 100mm.
The specimens were tested after 7 and 28 days of curing. The weight of the specimen was
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calculated using the Degiment of Environment (DoE) method. All specimens contained
OPC (density = 450 kgffpmixed with water at a ratio of 0.55. The fine and coarse aggregates
were fixed at 1030 kg/frand 809 kg/my respectively.

Among the six groups of concrete mixes, thstfivas reserved as the control sample with
100% OPC. Group 2 and 3 had 20 % OPC replaced with POFA and ESP, respectively. The
remaining three groups had varying proportion replaced with POFA and ESP, as shown in
Table 1. All concrete specimens had beernghes! to reach 30 MPa concrete strength after
28 curing days.

Table 1. Mix Design Proportion of OPC, POFA and ESP

No. Mix design OPC (C) (%) POFA (P) (%) ESP (E) (%)
1 C100 100 - -
2 C80P20 80 20 -
3 C80E20 80 - 20
4 C80P10E10 80 10 10
5 C80P15E5 80 15 5

Density of Concrete

Before the concrete specimens were submerged in water for curing, the mass of each
specimen was weighing and recorded. Weighing was conducted again after seven and 28 days
of curingaccording to BS EN 12390: 2009 requirement. Three readings were taken for each
specimen and an average was obtained.

The density of the concrete is an important physical property that influences its
mechanical performance. A denser concrete generallyidgas higher strength, fewer voids
and thus, lower porosity. The smaller the voids are, the lesser the permeability to water and
other soluble element$he density of normal concrete is normally about 2 @,

Water Absorption Test

The water absotmn test was conducted based on BS1882 (2011) requirement.
Firstly, the specimens were ovdried for 72 hours, removed from the oven, and then cooled
for 24 hours. After that, the specimens were weighed and then immersed in water with its
longitudind axis horizontal and at a depth of 25 mm below water surface, as shown in Figure
5. The cubes were left immersed for 30 minutes before being removed anedtieael
completely. Finally, the specimens were weighed again.




MCRJ Special Issue Vol. 13 | No. 2 | 2021 136

Ultra-Pulse Velocity (UPV) Test

The ultrasonic pulse velocity test (UPV) was carried out in accordance with ASTM C597
to determine the propagation velocity of the longitudinal stress waves pulsing through the
concrete specimens. The URAst was conducted using the PROCEQ Testing Instrument and
followed the requirement of BS EN 125@4 as shown in Figure 6. This is the arrangement
which gives the most reliable results because the signal strength is the strongest.

Figure 6. The Apparatus Set Up of UPV in Accordance with ASTM C597 for
Direct Transmission Method

RESULTS AND DISCUSSIONS
Chemical Composition

The chemical composition of POFA showed that 53.3% of the total content was made up
of silica dioxide (SiO2)followed by 9.2% of calcium oxide (CaO). Silica is an important
ingredient needed in concreteaking for strength development, but excessive amount of
silica tends to prolong the setting time. As a comparison, Table 2 shows the chemical
composition of OPCROFA and ESP. A point to highlight is that POFA has the highest silica
content while ESP has the highest calcium oxide content.

Table 2. Chemical Composition of OPC, POFA and ESP

Chemical Composition Ordinary Portland Palm Oil Fuel Ash, Eggshell Powder,
Cement, OPC (%) POFA (%) ESP (%)

Silica dioxide (SiOz) 16.40 53.30 0.05
Magnesium Oxide (MgO) 1.22 4.10 1.12
Calcium Oxide (CaO) 69.60 9.20 98.00
Potassium Oxide (K20) 0.67 6.10 0.11

Iron Oxide (Fe20s3) 3.70 1.90 0.02

Zinc Oxide (ZnO) - - 0.01
Aluminum Oxide (Al203) 4.70 1.90 0.05
Phosphorus Pentoxide (P20s) - 2.40 0.1

Sulphur Trioxide (SO3) 2.65 - 0.5
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Density of Concrete

Table 3 shows the density of each specimen after seven and 28 days of curing. This is
graphically presented in Figure 7 for better understanding. The density of all groups
containing POFA, ESP or both had higher density than the control group after seven days of
curing. After 28 days, only the group containing purely POFA (C80P20) and that with 15%
POFA and 5% ESP (C80P15ES5) had lower density than the control .gidugroups also
depicted increased density with time except for the same two groups as aforememtiened.
decrease in density was attributed to higher amount of entrapped water in PChirgisl theén
dispersed over time. Nevertheless, the average density of all specimens maintained within the
range close to a normal concrete, which was between 2308 &géth2350 kg/r

Table 3. The Average Weight and Density of Concrete Specimens

7 Days 28 Days
No.  Mix design Average Weight ~ Average Density ~ Average Weight Average Density
(kg) (kg/m®) (kg) (kg/m?)
1 C100 2.31 2313.33 2.33 2326.67
2 C80P20 2.34 2340.00 2.32 2323.33
3 C80E20 2.33 2326.67 2.35 2350.00
4 C80P10E10 2.32 2323.33 2.35 2353.33
5 C80P15E5 2.35 2350.00 2.38 2380.00
6 C80E15P5 2.33 2326.67 2.31 2306.67
2450 1~
2400 e m——— ——— ——— — — — —
= Normal
E 2350 1 density of
g concrete
S 2300 1 (2240 - 2400
@ 3
2 oo ] N B A B kg/m?)
2200 -
2150 1 C80P10E | C80P15E | C8OE15P
C100 C80P20 | C80OE20
10 5 5
m7 Days | 2313.33 | 2340.00 | 2326.67 | 2323.33 | 2350.00 | 2326.67
28 Days| 2326.67 | 2323.33 | 2350.00 | 2353.33 | 2380.00 | 2306.67
Mix Design

Figure 7. Density of Concrete Specimens at 7 and 28 Days Curing
Water Absorption

The water absorption of all specimens are shown in Table 4 and graphically presented in
Figure 8. The test was conducted on hardened concrete after 28 days of water curing and
ovendried at 110°C for 72 hours. The results showed that C80E15P5 (15% ESPoand
POFA) had the highest water absorption in general, recorded at 3.03% after 30 minutes and
3.94% after 60 minutes. The C80P10E10 and C80P15E4 groups had water absorption
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consistently at 2.62% and 2.02%, respectively. The water absorption for all gmeups a

considered low and with most groups having lower absorption than the control group except

for CBOP15E5The water absorption of concrete is an important indication of its strength, as
higher water absorption depicts more porous concrete and thus stoeregth.

Table 4. Water Absorption of Concrete Specimens After 28 Days of Curing

Water Absorption (%)

No. Mix Design = =
30 minutes 30 minutes
1 C100 2.69 2.69
2 C80P20 2.39 2.39
3 C80E20 2.06 2.06
4 C80P10E10 2.62 2.62
5 C80P15E5 2.02 2.02
6 C80E15P5 3.03 3.03
4.00 1 ® 30 minutes ®60 minutes
3.50 A
Control line
g 3.00 1— - at 60min
S 250 - Control line
= at 30min
g 2.00 -
[
Q
< 150 A
g
S 100 1
0.50 A
0.00 1 C80P10E |C80P15E | C80E15P
C100 C80P20 | C80E20 10 5 5
30 minutes 2.69 2.39 2.06 2.62 2.02 3.03
60 minutes 2.98 2.68 2.36 2.62 2.02 3.94
Mix Design

Figure 8. Water Absorption of Concrete Specimens After 28 Days of Curing

Ultrasonic Pulse Velocity (UPV)

The UPV was calculated as a function of the time taken for a pulse to travel through a
speci men.

concrete

The

v al

ue

gi ves

a

good

density and general physical condition. Table 5 shows the average UPV irfoknals

specimens after seven and 28 days of curing. Table 6 depicts the corresponding quality of the

concrete based on UPV as specified in 1IS133ad 1. The higher the UPV, the better the
guality because, if a concrete has cracks or internal impenfiscthe pulse will take a longer

time to travel through. The quality, in this sense, is closely related to the material; the mix
proportion; and the method of placing, compacting and curing the concrete. Based on Table

5, the average UPV for all specimaare between 3.68 km/s and 4.11 km/s. This means that

the concrete specimens are of good quality regardless of its OPC, POFA and ESP
composition. The specimens with 20% ESP generally had the highest quality although its

UPV slighted decreased from 4.09 kntw 3.96 km/s. The C80P15E5 group had the lowest
UPV during both test periods.

g
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Table 5. Average UPV for All Mix Designs at 7 and 28 Days
Average Ultra Pulse Velocity (km/s)

No. Mix Design 28 Days
7 Days 28 Days
1 C100 3.95 3.86
2 C80P20 4.11 3.82
3 C80E20 4.09 3.96
4 C80P10E10 3.99 3.76
5 C80P15E5 4.08 3.80
6 C80E15P5 3.74 3.68

Table 6. Concrete Quality Grading (1S13311-Part 1, 1992)

No. Pulse Velocity Cross Probing, (km/s) Concrete Quality Grading
1 >4.5 Excellent
2 3571 45 Good
3 3.0i 35 Medium
4 <3.0 Doubtful

(Source: 1S13311-Part 1, 1992)

CONCLUSION

Incorporation of both POFA and ESP in concrete to partially replace OPC is a relatively
new method to produce sustainable concrete. The results presented in this paper clearly
showed that the method is promising based on an improvement in the density, water
absorption percentage and UPV of the concrete specimens. The density remained within the
normal range of a concrete, but the water absorption had remarkably reduced whka&/the
had generally increased when compared to the control group.

Both POFA and ESP are some readily available wasterial in Malaysia and similar
palm oilproducing countries. As such, more research and development are encouraged to
further optimize the technology at a commercial scale and contribute towards sustainability
efforts to reduce carbon emissions.
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Abstract

Recently, some researchers investigate the idea to reduce the impact during an accident
between vehicles with concrete barriers. In this research, the modified rubberized concrete as
a flexible concrete barrier that was utilizing waste materials under impact loading was studied.
The waste CR (Crumb Rubber) and RHA (Rice Husk Ash) were used as a replacement for fine
aggregate and cement which 6% and 10% of waste CR with 10% RHA replaced in the normal
concrete mix. This study experimentally examines the compressive strength of the concrete
cube containing different percentages of CR with a combination of 10% of RHA. The
replacement of CR as fine aggregate with 0%, 6%, and 10% vyielded compressive strength
results in about 52.3 MPa, 34.3 MPa, and 28.6 MPa respectively. From the cube test result,
the optimum percentage was chosen, and block specimens were prepared. All block
specimens were tested under an impact test with 4 m/s velocity. The results reveal the
penetration depth for block specimens are 3.41 mm, 6.88 mm and 8.85 mm for 0%, 6% and
10% of CR respectively. The penetration depth shows the increasing rubber content in the
concrete mix causing high penetration depth. In this study, 6% of CR was considered as a
good result since the crater diameters closed to the nose hemispherical projectile diameter
(less percentage). In terms of energy absorption, the result was directly proportional to
penetration depth. Thus, rubberized concrete able to improve the function of concrete as a
concrete barrier in reducing impact since it shows high energy absorption.

Keywords: Crumbrubber;rice huskash; energyabsorption;impactload
INTRODUCTION

In concrete technology, additional of other materials in a concrete mixturevidely
exposed. The addition of other substances in the concrete mix as an innovation material could
increase the concrete performance and resolve its weaknesses. The characteristic of normal
concrete is too rigid and can be dangerous for the road user avhaccident happened.
Nowadays, the road barrier extendedly used as a separation of a road to prevent any potential
of a heaebn collision between vehicles and prevent vehicles from any hazardous passage.
However, the existing road barrier somehow cathkeeeason for bad injury and fatality on
the road due to the hard material and the desiiich may cause high impact during the
collision. The accident on the rqaghich causes a collision with a metal barrieas highly
contributed to the fatalityamnpare to the concrete barr{&abler 2007).

Data collection from the police, government authorities, and national/ international
research institutes show that between the ASEAN countries, Malaysia was in the top range of
road fatality risk (ped 00, 000 popul ation) with 50% of t}
motorcyclists (Abdul Manan & Varhelyi, 2012esides, a motorist that ride on the road with
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speed around 60 km/h and collide with road barrier will have a high potential of fatgl injur
although the barrier isoncrete, steel or wire rope (Grzebieta et al., 2009).

On the other hand, our world has also faced many environmental issues related to the
crisis of disposing rubber and local waste product at a landfill. The solid waste hsatehia
as used rubber tires is difficult to compact and not easy to decompose at the disposal site.
Further, waste rubber tires become a habitat for mosquitoes and rodents that finally could
contribute to dangerous disease such as dengue, cholera, ele.laWai waste product
amount at the disposal site also keeps on increasing due to the increase of population. As a
result, it reduces landfill space. National Ministry of Urban Wellbeing, Housing and Local
Government said that the production of waste yewly in Malaysia isn the average of
30,000 tons (Yahya, 20Q7)

Based on the abowvgghlighted issue, waste rubber and local waste material known as
Rice Husk Ash (RHA) were proposed agplacement material in the concrete mixture which
replaces sompercentage of fine aggregate and cement. Rubber as an elastic material has the
potential to prohibit damage during a collision by absorbing the emgnggrated from the
impact force (Topcu, 1995However, the presence of rubber in concrete may reduce the
concrete strength as compared to the normal concrete. Due to this disadvantage, RHA can be
a medium to increase the concrete strength by replacing cement with a suitable percentage
into the concrete mixture (Yahya, 2018).

Besides, this idea can help iducing the bulk of waste in landfills especially for daily
waste and nodegradable waste since rubber, and local waste product are two (2) types of
waste that are commonly dumped into landfill areas. Sustainable usage of these two (2)
materials in the amcrete mixture wereinvestigated under impact condit@ Many
researchers such as Mushunje et al. (2018), Elchalakani (2015) and Meikandaan (2016)
conducted studies on these materials as well. However, no details study has been carried out
on research for energy absorption due to penetration depth and crater diameter. Thus, this
study will experimentally examinthe efficiency of proposed rubberizedncrete under the
condition of the impact load

METHOD OF PREPARATION AND TESTING

Generally, cement was replaced about 10% with RHA while fine aggregate was replaced
about 6% and 10% with waste CR. These specimens experienced a curing process and were
tested after 28 days which the concrete would be-o@@mnal strength and unlikely to shift
any further after 28 days of curing it. This is important to obtain the compressive and impact
behaviour results of rubberized concrete. The RHA preparation axladthe process of
ovendry RHA with the temperature of 105 i n
grind RHA in Los Angeles Abrasion Machine, c¢) sieved RHA passingnidbon sieve, d)
weighed RHA to achieve 10% from cement replacement. The GRakan from the rubber
factory which the size in the range of 0.5 mm to 3.0 mm diameter, where this size was a
suitable size to mix into the concrete mix compare with other sizes (Yilmaz & Degirmenci,
2009). Figure 1 (a) and Figure 1 (b) show the pargéplacement materials used for the
experimental works
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Figure 1 (a). CR Rubber Figure 1 (b). Sieved RHA

Concrete Mix Design And Specimen Size

This research was based on the Design of Normal Concrete Mix by DOE method with a
target of strength after 28 days about 40 N/mm2. The cube size is 0.1 m x 0.1 m x 0.1 m,
cylinder size 0.2 m (height) x 0.1 m (diameter) and the block size is 0.3 m x 02
were prepared accordingly. In this study, waste CR and RHA acted as a replacement of fine
aggregate and cement respectively which affect the normal proportion of main ingredients in
the concrete mix design. The procedures to prepare the concrepde saciudes a)
preparation of mould/ formwork, b) dry ingredients were added into the mechanical concrete
mixer and left for a few minutes, c) water added into the mixer and poured into mould/
formwork, d) vibrator machine was used to remove air trappatole 1 shows the quantity of
RHA and CR in each sample.

Table 1. Quantities of RHA and CR
Weight of RHA/Rubber (kg)

Percentage of RHA / CR

10% (RHA) 6% (CR) 10% (CR)
Sample
Cube 0.15 0.17 0.28
Cylinder 0.28 0.31 0.53
Block 2.84 3.26 5.43

Impact Test And Energy Absorption Test Procedure

All rubberized concrete blocks were tested under impact test using hemispherical nose
projectile (40 mm diameter) as an impactor. The load was 80 kg and its drop height about 0.8
m. The test also conductedth a freefalling load (Latif et al., 2012; Shahrul et al., 2018)
with a velocity of 4 m/s as shown in Figure 2 (a) and Figure 2 (b). These weight, height and
velocity were used due to the ability of it to produced impact on concrete so that it is easy t
compare the penetration depth produced on each specimen.

‘0.2 m
03m )

Figure 2 (a). Concrete Block Dimension

h
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Figure 2 (b). Impact Test

This test was significant to investigate the behaviotirrubberized concrete that
illustrated a real case during accident occurrence. From this test, penetration depth and
cratering diameter can be observed clearly. This can help in analysing the amount of energy
transfer towards the concrete material. Toptll of impact can be calculated by using a thread
and Vernier calliper (Hadipramana et al., 2017). Energy absorption can be calculated by using
the existing empirical formula by Hadipramana et al. (2016), which shown in Equation (1).

Ea=m.g.X (1)
where:

Ea - energy absorption

m - mass of impactor (kg)

g - acceleration due to gravity at 9.81 m/s2
X - penetration depth

RESULTS AND DISCUSSION

The compressive strength test for cube specimens and tensile strength test were recorded
and discused comprehensively, in which the discussion focuses on the strength of concrete.
From the optimum result of the compressive strength test, block specimens were prepared
based on 30 MPa as an optimum value, whereby, exceeds the Public Work Department
stanard/specification. The standard concrete barrier is grade 30 and above (Standard
Specification for Road Works, 1988). Besides, the result for impact test that concern on
penetration depth, cratering diameter as well as failure mode were also studiedthglycord
Moreover, from the result, the energy absorption has been calculated, compared and analysed
comprehensively.
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Compressive Strength Test

Results for the compressive test of the cubes after 28 days are shown in Figure 3. The test
was conducted usinUniversal Testing Machine (UTM) followed BS EN 12392009
standard. It can be observed that the presence of 6% CR in the concrete mix has decreased the
result of compressive strength of about 34%. Besides, further increasing the percentage of
CR, aboutl0% replacement in the fine aggregate has gradually decreased the strength of
concrete approximately 45%. From the result, it can be concluded that the existence of rubber
in the concrete mix cause diminished of the compressive strength at 28 daysoréhéeef
replacement of fine aggregate with CR considered acceptable since the compressive strength
was 34.3 MPa which exceeds than 30 MPa as a standard requirement. For 10% replacement
of CR, the result was slightly lower than 30 MPa (recorded approxiynandy 28.6 MPa)
which was not considered suitable to be applied as a concrete barrier. However, it is expected
that the result of a 10% replacement of CR will be further increased up to 30 MPa after 28
days (Ettu et al., 2013).

60 -

Standard Standard

strength for strength for

50 1 concrete concrete
barrier barrier

40 A

30 A

20 A

10 A

Average Compressive Strength (MPa)

Norral 10%"RHA 10% RHA
Concrete +10% CR

+ 6% CR
Percentage of RHA + CR

Figure 3. The Average Compressive Strength of Normal Concrete and Normal Concrete with
Replacement of RHA and CR After 28 Days

It can be said that the replacement of @RHe concrete mixaks not contribute to
increasingthe result of compressive strength. Most of the researchers also agreed that CR
only causs decreasing in @mpressive strength results (Su et al., 2015); (Isa et al., 2014);
(Mavroulidou & Figueiredo, 200). This is due to the physical characteristic of the rubber
itself which low water absorption associated with low in specific gravity. This characteristic
caused less bonding of CR and other concrete ingredients. 8esiglak bonding occurs
between cemd pasteRHA, aggregate, and rubber.cheates void and trapped air between
them. RHA consist of silica contains that influence thengtite in acted as pozzolanic
(Alanemea & Adewalea, 2013)he different locations will produce a fdifentpercentage of
silica Chandrasekhar et al. (20@@)pends on the location of crop, temperature, and duration
of burning. The increasing of compressive strersgtictly relieson the percentage of silica
in RHA. In this study, it can be said that the qugrf silica in RHA possibly influenced the
compressive strengthlowever, the compressive strength of rubberized concrete can increase
slightly. It can alsobe summarized that tHeadingcause of a reduction in compressive
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strengthis due to the differenkind of propertiesof rubber and fine aggregate. Hence, this is
the reason for the reduction value of compressive strength after the replacement of CR and
RHA for fine aggregate and cement, respectively.

Split Tensile Test

Since tensilestrength is weain the tensile region, hence it is interesting to compare the
result of strength between the normal concrete and rubberized concrete (concrete containing
CR). The split tensile test results of the cylinder after 28 days are shown in Figure 4. The test
followed BS EN 12395:2009 standard. Basexh the result on the 28th day, the tensile
strength of concrete was decreased with increment of rubber replaceGwrurete
containing6% and 10% ofCR were decreased the strength significarfilgr 6% of CR, lte
percentage differaxes wereabout23% if compard to normalconcrete Further observation
reveals thal0% of CR decreased by approximatedy% of the normal concreteHence, it
can be concluded that the application of CR in a concreteadices théensle strength of
concretesignificantly.

0.5 4

Average splittensile strength (MPa)

I\‘Inrma] 10% RHA 10% RHA
Concrete +6% CR +10% CR
Percentage of RHA + CR

Figure 4. Average tensile strength of normal concrete and normal concrete with replacement of RHA
and CR after 28 days

From the testthe result of split tensile strengshows similar trends withompressive
strengthresults. One ofhe reasos for the dropped result was due to the poor bonding
beween rubber and cement paste (Elchalakani, 204&)ce weak bondinginteraction of
rubber and concreie the leading potenti@ause Rubbe is low in specific gravity (Yilmaz
& Degirmerti, 2009) Therefore, itcanbe the reason for the lightweight rublers a high
potential to liftduring the vibration process. This called as nonthomogeneous concrete
whichrubbemmoves on the top layer of the concrete mix that causes anbagisityof rubber
in the upper arean other words, the rubbepread unevenly across the concrete layers
Overall, it can be observed thhe rubber does not benefit increasing the strengih the
tensile zone.
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Impact Test

In this test, theoncretamix for the block specimewas designed to achie2® MPa and
above with 6% of CR and10% of RHA as fine aggregate and cement replacement,
respectively Further 10%of CR with 10%of RHA sample waslsopreparedbased on the
compressive strength results. All plain concrete block specimens were tested under 4 m/s
impact velocity. Table 2 and Figueshowthe result of the penetration depth of each block
specimen which was measured accurately using a Vernigrvezafirom this test, the effect
of penetration depth and cratering phenomenon were discussed ia detail

It can be seen that 686CR in concrete gives 67% difference in term of penetration depth
as comparme to normal concrete, whild0% of CR in concreteproduce 89% deeper
penetration depth as compared to control specimen. The trend of thelgaphrshows that
the rubber give benefits in term dfigher penetration rateSince rubber has popular
character which is usefinl terms of energy absorptignence iinfluenceshe concrete to act
flexibly and reduced the corete rigidity. During impact evewin rubberized concrete, plastic
energy is increasl, and he elastic energy decreased (Topcu, 199%)this state, the
maximum deptiwill be achieveddue totheimpactload Generally, he result of penetration
depth was influenced by compressive strength resitsrall, higher compressive strength,
the shallow penetration depth can be produced. Logically, high compressive strength (rigid
concrete) ble to withstand load effectively compare with low compressive strength and vice
versa. Hence, this the contribution to the penetian depth pattern, as shown in Figure 5.

In this caseCR and RHAIn concreteplay a vital role irslightreducing the cacrete strength
However, its presence can produce flexible concrete where this characteristic is suitable for
concrete road barriers.

Table 2. Results of penetration depth due to impact test

Sambple Avg. Compressive Block Penetration Depth Avg. Penetration
P Strength (MPa) Samples (mm) (mm)
1 2.79
Normal 52.3 2 4.08 341
concrete
3 3.36
0 1 6.86
10% RHA +
6% CR 34.3 2 7.33 6.88
3 6.45
1 6.16
10% RHA +
10% CR 28.6 2 7.93 8.85
3 12.46

* Avg. = Average



MCRJ Special Issue Vol. 13 | No. 2 | 2021 149

10 1

.88

o 341

Avg. penetration depth (mm)

0 6 - 10
Percentage of CR (%)

Figure 5. Average Penetration Depth on Different Percentage of Crumb Rubber

Rubberized Concrete Behaviour (Cratering) Under Impact

The cratering pattern for three different samples of blpekisnens are shown in Figure
6 (a) - (c). This failure mode is essential be taken into account for further investigation on
the behaviour of rubberized concrete under the impact.

Figure 6 (a). Cratering of Control Specimen (0% CR + 0% RHA)

Figure 6 (c). Cratering of 10% RHA % CR Specimen

Based on Figure @) - (c), it can be seen th#tere isno scabbing or perforation in the
testedconcrete block. Overall, the block specimens sloater failure beneath the impact
zone. Batarlar (2() define the cratering failure modelasal damager-urther, be vibration
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due to the collisiors the leadingause othedeformationas agreed by Sallam et al., (2008)
Sincethe produceenergyunable to besliminated, itwill transferthe energy tdhe nearest
and contactrea. The result of the crater on plain concrete occurs due to strain cHpatcity
has been extended nabberized concrete.

The diameter of cratering failure of the plain concrete block after exposed to 4 m/s impact
loads are tallated inTable 3 (a) (c). To calculate the equivalent diameter as recorded in
Table 3 (a)i (c), the cratediametes of all concrete blockaereinitially measured at four
(4) different pointqrefer Figure 7). This method is utilizéd observe the average diaeret
accurately (Igbal & Rajput, 2017). In this study, tiameter ofthe hemisphericainose
projectileis 40 mm.The crater diameters were then compared comprehensivehnosgth
projectile diameters The best cratering behaviowasachievedwhereits diameter is nearly
40 mm (nose projectile diameter). Less different percentage (crater with nose projectile
diameter) can be defined as an ideal crater diamé&w@rnormal concreteblock, the
differences between crater and nose projectile diameter acBRde Meanwhile, the
specimen of 10% RHA with 6%f CR shows the less different percentage, approximately
1.3% only. Finally, for 10% of RHA with 10% of CR producesabout 19.3% different
percentage.

Table 3 (a). The Diameter of Cratering (Control Specimen)

Equivalent Average Crater
Diameter (mm) Diameter (mm)

Specimen Sample Diameter (mm)

Di1=100
D>=38

1 63.5
D3 =55
Ds=61
D1=51
D2=82

Normal Concrete 2 65.5 60.8

D3 =76
D4=53
D1=47
D2=61

3 53.5
D3 =57
D4=49

Table 3 (b). The Diameter of Cratering (Replacement of 6% CR)

Equivalent Average Crater
Diameter (mm) Diameter (mm)

Specimen Sample Diameter (mm)

D1=40
D2=35
D3 =37
Da=45
D:1=41
D2=37
10% RHA + 6% CR 2 39 40.5
D3 =34
D4=4.5
D1=45
D2=42
3 43.5
D3 =47
Da=40
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Table 3 (c). The Diameter of Cratering (Replacement of 10% CR)

Equivalent Average Crater
Diameter (mm) Diameter (mm)

Specimen Sample Diameter (mm)

D1=45
D2,=45
Ds =47
Ds= 47
D:1=52
10% RHA + 10% 2 D2=48 50.3 47.7
CR D3 =54
Da= 47
D:= 47
D2>=45
3 46.8
D3 =48
Da= 47

D1

D3

D4

Figure 7. Cratering Diameter Measurement (Igbal & Rajput, 2017)

Overall, it can be observed that plain concretd 6% of CR and 10% of RHA gives the
less different percentag€he rigid characteristic makesncrete incapable afeflecing or
of beingforced out of shape since the concrete is inflexible. Due to the rigidity characteristic,
this produce concretelow in terms of plasti behaviour. Therefordo sustain the load, the
energyof plain concret@ropagatefrom theimpact aredo the side area dfieconcreteblock
This phenomenomakes the cratering diameter wider. Frodable 3 (c) it shows thathe
10% RHA with 10% CR cratetiametes waswider than nose projectidiameter. Although
10% of CR in concretés the best result in terms of penetration deptwever, wide crater
diameter was observed. This situation reflects the capability of concpetddan well under
sudden load.

From thevisual observationall theconcrete blockexperience local damagsrecorded
in Table 4. Thdailure behaviourfor both plain concrete and rubberized concggirerated
penetration and crateringnder impact load tesEor normal concrete block, spalling failure
has been observed from the impact test, as shown in Figboen@ of the concrete fragments
on the impact zone bounce out frdme target area. This same fadurondition also presented
by Latif et al., (2012) and Batarlar, (2003his situation caused the cratdiametes wider
than thenoseprojectile diametet is important to highlight that this failure only occurred on
normal concrete block (rigid con¢ed
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Table 4. The Impact Failure Mode

Sample Penetration Depth (mm) Local Effect Other Effect
Normal Concrete 341 Cratering Spalling
10% RHA + 6% crumb rubber 6.88 Cratering
10% RHA + 10% crumb rubber 8.85 Cratering

A
3 . e
- T
LR 2N Y

Figure 8. Impact Effect on Control Specimen (Spalling)

Energy Absorption

The energy absorptions were calculated by utilizing equation (1) to complete the final
objective of the study. The parameter, such as a mass of impactor and penetration depth, were
employed by multilying with gravity to obtain the energy absorption amoiihe value of
energy absorptioican be referred to aBable 5.The energy absorptisramount are also
plotted in Figure 9The result from Table 5 and Figugeshow that the penetration depth
resultinfluenced the energy absorption result. Both of the values were directly proportional
to each otheiFactually, increasing @@Rin concrete was drive the concrete to behave flexibly
because of rubber to cement composiiiiamal et al., 2009)Besidesthe flexibility was
closely related to energy absorption effectiveness which also related to the modulus of
elasticity. This elastic behaviour generates high energy absorption compared with plain
concrete duringheimpactevent

Table 5. The Energy Absorption on Plain and Rubberized Concrete

Sample Mass of Impactor (kg) Penetration Depth (mm) Energy Absorption (Nm)
Control 80 341 2.68
10% RHA + 6% CR 80 6.88 5.40

10% RHA + 10% CR 80 8.85 6.95
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Figure 9. Relationship of Penetration Depth with Energy Absorption

From the line graph that plotted in Figure 10, the trend of graph showed that the
compressive strength was inversely proportional to the energy absorption. This result proved
that the compressivérength alters the ability of concrete to absorb energy. The involvement
of pozzolanic like RHA helps a lot in controlling the reduction of strength due to the
replacement of fine aggregate with CR. Therefore, the rubberized concrete was not loss its
compeessive strength too much but at the same time able to deformed which good in energy
absorption during sudden impact. This situation is shown in 10% replacement of cement with
RHA, and 6% replacement of fine aggregate with CR, which 34.3 MPa compressigghstr
was causing the energy absorption became 5.40 Nm

8 1 —8— (0% RHA + 0% CR)
—8—(10% RHA + 6% CR)

—8— (10% RHA + 10% CR)

Energy Absorption (Nm)
SN

28.6 34.3 52.3

Compressive Strength (MPa)
Figure 10. Compressive Strength vs. Energy Absorption

Moreover, it clearly shows that high compressive strength doemdioate excellent
energy absorption. The compressive strength for normal concrete specimens about 52.3 MPa
causing low energy absorption, which is only 2.68 Nm. Furthermore, for control specimen
(normal concrete), high compressive strength concrete tedidaittle material which does
not deform a lot and experience sudden breaking during the deformation. Low energy
absorption does not help the concrete to manage and withstand the mechanism of failure in
concrete. Hence, in a real case during accidentroeace on the road between vehicle and
rigid concrete barrier, the vehicle will experience the worst damage since the concrete struggle
to hold back itself from the sudden load. Different from rubberized concrete, the ductile and
elastic characteristicselp the concrete to experience more deformation before it breaks and
reduced vehicle damage during an unexpected collision.



MCRJ Special Issue Vol. 13 | No. 2 | 2021 154

Rubberizel concrete mies the concrete surfasefter that acted as a cushion during
impact. Rubber is a light matal that makes it easy to lifturing the vibration process of
concrete mixing. Thigonditionmakes the rubber that mixed devoted to the surface of the
concrete since it iess dense. This condition cassbe strength decrease due to the uneven
distribuion of rubber but at the same time gave benefits towards the concrete flexibility
during impact which the concrete sudawas covered with rubbers (Euniza et2014) In
terms of concrete plastic and elastic deformation, rublzedarcrete which shasvhigh in
energy absorption result was experience great plastic properties than elastic properties. This
state makes the rubberizeoncrete fully utilising its plastic state during that period that
makes it unabléo recover it back (Topcu, 1997)

CONCLUSION
Based on the analysis and discussion, several conclusions can be made:

9 The result of compressive strength test and split tensile strength test show a downward
trend of the result.

1 Increasing of CR content makes the concrete low in term of strength since the rubber
has many different physical characteristics compare to §igecgate.

1 RHA was no contributed much in increasing compressive strength due to the
percentage of silica.

1 Replacement of 6% CR with 10% RHA was the optimum percentage since the
compressive strength was more than 30 MPa (JKR standard).

9 Penetration depth red shows that the increasing of CR contributed towards the

increase of penetration depth.

10% CR with 10% RHA show the deeper values of penetration depth.

Crater diameters for 6% CR with 10% RHA almost near the nose projectile diameter.

Meanwhile, normalconcrete specimen and 10% CR with 10% RHA were quite

different with projectile diameter.

1 The impact zone showed local damages of penetration for all samples, and spalling
existed on plain concrete.

91 The result was closely related to concrete rigidity fairptoncrete and increasing of

plastic characteristics in rubberized concrete.

Energy absorption was linearly proportional to the penetration depth.

Increasing CR contains was gave good results for energy absorption.

Rubberized concrete which shows higteirergy absorption result, was experienced

excellent plastic properties than elastic properties.

Increasing of plastic energy capacities gives high deformation at the time before a

fracture occurs, which can reduce collision effect significantly.

1 Rubberize concrete is more suitable to be applied as road concrete barrier than
conventional concrete barrier due to high ability as impact resistance.

1 Rubberized concrete with 30 MPa above with 10% RHA and 6% CR has high potential
to be employed as a concreterkmron the road in reducing damages of vehicles and
fatality rate during accident occurrences since it shows satisfaction results in term of
mechanical properties and energy absorption.
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Abstract

Plain or unreinforced concrete is characterized by its low tensile strength, low strain capacities
and brittle in nature. The tensile strength of plain concrete is considered lost once cracking
occurred. Discrete short fibre reinforcement is being considered to be used for structural
applications since it can reduce cracking phenomena, improve ductility and failure mode.
Therefore, the aim of this research is to investigate the engineering properties of reinforced
concrete containing a combination of steel and polypropylene fibres. In this research, the
physical and engineering properties of fibre reinforced concrete (FRC) are investigated by
using hooked end steel fibre (SF) and virgin fibrillated polypropylene fibre (PPF). Laboratory
testing program is conducted to identify the physical properties of the fibres. Then, FRC
samples were tested to determine the engineering properties including flexural strength, tensile
splitting strength, and compressive strength. The engineering properties and structural
performance are determined based on the optimum percentage using high strength concrete
grade C60 to simulate concrete strength of sample manufactured at the factory. The results
indicated that the best combination of fibres was for concrete containing SF 75% + PPF 25%.
The combination of SF and PPF fibres in concrete was able to enhance the engineering
properties and controlling the growth of cracks in concrete. The results also indicated that
concrete with both SF and PPF produced higher tensile and flexural strengths as compared
with the control by 77% and 170%, respectively.

Keywords: Concretecrack; fibre reinforcedconcrete;polypropylendibre; steelfibre.
INTRODUCTION

Plain or unreinforced concrete can be characterised as having inferior tensile strength,
inferior strain capacities plus very brittle (inferior ductility). Plain concrete normally has a
random distribution of fine and coarse aggregate particles through®utement matrix
(Banthia & Nandakuma2003 Bazant, 2001; Chanh, 2005; Chen, 1995hormally goes
through a quadbrittle failure. As a result, these characteristics limit the application of plain
concrete in construction industry. These limitatioas be solved by including small amount
of randomly distributed short fibres. Short fibres, to some extent, can be used to remedy the
weakness of plain concrete such as its low tensile strength, brittle behaviour and low
durability.

The reinforcement useith concrete typically consists of continuous main reinforcing
bars, transverse reinforcement bars and shear links. These should be designed properly
according to the related design code to prevent uncontrolled crack development (Bentur &
Mindess, 1990). i&ce short fibres are randomly distributed in the concrete compared to
normal reinforcing bars, fibres were expected to perform better in controlling cracks in the



MCRJ Special Issue Vol. 13 | No. 2 | 2021 158

concrete matrix (Bentur & Mindess, 2007). Thus, while conventional reinforcement bars are
used in enhancing the concrete load bearing capacity, the fibres are more effective for crack
control.

Fibre Reinforced Concrete (FRC) can be defined as celpaesetd composite material that
is reinforced with discrete and randomly distributed short fibFéses can be made of
various dimensions, shapes and functions that are produced from steel, synthetic, glass, and
natural materials. Fibre reinforcement is now being used for structural applications due to its
ability to reduce cracking development, impeoductility and failure mode, and to some
extent improve the durability of reinforced concrete. The composite material of this
behavioural is far superior to that of the plain concrete. The fibres were extended across the
developing cracks during the pegmation stage to provide few pasacking ductility. It will
enable the FRC to carry remarkable stresses over a relatively large strain capacity in the post
cracking stage, if the fibres are adequately strong and well bonded in the concrete.

A more recehdevelopment in fibre reinforced cemdratsed technology of the hybrid
fibre system is according to the performance optimisation in several material. The
hybridization of steel and polypropylene fibres is expected to show enhancement in the
concrete propgies due to better mechanical bond strength between the fibres and the cement
matrix that can delay the formation of miatacks and macro cracks.

In this research, polypropylene and steel fibres are selected to be used based on the
understanding that the synergistic combination of-metallic and metallic fibres in the
mixture of concrete will perform better to bridge crack and reduce shrinkaje. St
present, there are quite limited number of studies have been conducted by using two different
type of fibres in concrete mixture as secondary reinforcement to mitigate-omacks. This
study and paper focus on assessing the mechanical propéhighk strength fibre reinforced
concrete containing steel and polypropylene fibres

RELATED PREVIOUS STUDY

It is understood that plain concrete is weak because of its brittle characteristics which
possessed low tensile strength, restricted ductility, low strain capacity and small immunity to
cracking (Kharet al, 2016; Mammerét al.,2005; American Concretastitute, 2002). Weak
tensile strength combined with brittle behaviour can result in sudden tensile failure under
loading. This is obviously not desirable for any construction material. Thus, concrete requires
some form of tensile reinforcement to caterfap its brittleness and improve its tensile
strength and strain capacity for structural applications. Traditionally, steel bar is used for main
tensile reinforcement in concrete and had to be placed where high tensile stresses occurred
and as per desigequirement in concrete structures (Khan & Rizvi, 2013)

Steel Fibre

Various types of steel fibres (SF) had been produced and available in the market. Many
researchers stated that the types of SF depend greatly on the geometry of the individual unit
of fibre (Sarbini, 2014; Katzer & Domski, 2012). The steel fibre may be manufactured with
prismatic, irregular cross section, collated group of fibres and other forms of geometry.
Prismatic geometry is for SF with rounded or polygons esestion and has smdosurfaces.
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It may also be manufactured with deformed shape throughout its length or only at its ends.
Irregular geometry means that the crssstion varies along the SF length, while the bundled
group of fibres are manufactured in such a way that itdcbalseparated during the mixing
process. The common types of SF available in the market are shown in Figure 1.

Figure 1. Types of steel fibre available in the market (a) Hooked end, (b) Straight, (c) Crimped, (d)
Corrugated (Sarbini, 2014)

Polypropylene Fibre

Synthetic fibres are used initially as the construction material for reinforcement of
cementitious materials in the 20th century. According to a report, synthetic fibre includes
aramid, acrylic, nylon, carbon, polyester, polyethylene and polyfeoe (American
Concrete Institute, 2002). In recent years, polypropylene fibre is used in a large scale in
enhancing concrete properties as the successful commercial application to reinforce concrete
(Patel et al., 2012)

Typically, polypropylene fibre is manufactured with three different geometries such as
monofilament, film, and extruded tape in which the last two forms are used extensively for
concrete reinforcement (Bentur & Mindess, 2007). Some of the advantagegpmbpglene
fibre include its high melting point (165 °C), alkali resistance and low cost of raw material. It
was also claimed that polypropylene fibre has unique properties which are chemically inert
and norcorrosive (Patel et al., 2012). In additionisilso a hydrophobic material which is
zero water absorption and can easily be evenly distributed in the concrete mixture (American
Concrete Institute, 2002)

On the other hand, polypropylene fibre (PPF) has some weakness points such as its
sensitivity b oxygen and sunlight, poor fire resistance, low Modulus of Elasticity, and poor
bonding with the concrete matrix. Although various mixing methods had been studied, the



MCRJ Special Issue Vol. 13 | No. 2 | 2021 160

most successful mixing method is to disperse the fibres directly into the mixer (tuonble
pan mixers). In order to achieve effective performance, the suggested amount of
polypropylene fibres is 0.9 kg/m3, about 0.1% by volume (Madhavi et al., 2014; Saketh et al.,
2017). The common types of polypropylene fibres available in the markétoava 8 Figure

2.

Synthetic fibre is produced from materials that can endure fortlmng in alkaline
environment of concrete. It can be produced from synthesized polymers. The raw materials
such as petrolewbased chemical or petrochemical are the camgs that are utilized to
produce these fibres (Sivakumar, 2011). Polypropylene fibre is manufactured in various sizes
and shapes, and with different properties.

Figure 2. Types of Polypropylene Fibre (a) Fibrillated and (b) Monofilament

Orientation and Distribution of Fibre

In most of the research work conducted, it is agreed that the randomly distributed fibres
improved the tensile characteristic of concrete. According to a researcherietitation of
fibre plays a significant role in the mechanical properties of fibre reinforced composites
(Lofgren, 2005). The technology used during mixing provides for direct and random
orientation of fibres in the concrete. Direct orientation, as showigure 3(a) Figure 30),
is realized mainly by using continuous filaments, plates, fabrics andbadn nets, or by
special production techniques like fpfacing the fibres.

Body-random orientation is characterized by unlimited (free) distribugfahort fibres
throughout the body of the concrete (in thddmensional space). The angles of inclination
of the fibres relative to the surface of the component ranging from 0° to 90°, as long as the
dimensions of the component, in all directions, eddbe length of fibres considerabliyhe
smaller the crossection, the more restricted the possibilities of the free orientation of the
fibres. However, it should also be noted that for FRC there are a number of other factors
influencing the fibre orienteon and distribution apart from purely geometrical considerations
such as the method of placement, the equipment used (e.g. pumping), and the properties of
the fresh concrete
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(a)

3

(e)

Figure 3. Schematic Representation of Different Fibre Composites (a) Unidirectional Continues; (b)
Bi-Directional Continuous; (c) Discontinuous with Biased 1-D Fibre Orientation; d) Discontinuous with
Biased 2-D Fibre Orientation; (e) Discontinuous with Plane-Random Orientation; (f) Discontinuous with
Random Fibre Orientation; (g) Particulate Composite (Particle Suspension); and (h) Fibre-Reinforced;
and Particulate Composite (e.g. Fibre-Reinforced Concrete) (Lofgren, 2005).

MATERIAL AND METHOD

Steel (SF) and Polypropylene (PPF) fibres used in this study are supplied by Oriental
Housetop Sdn Bhd. The density test result is utilized to compute the amount of fibre needed
in the mixture of concrete for each batch

Material and Mix Proportion

The materials used to produce concrete are Ordinary Portland Cement, crushed coarse
aggregate, fine aggregate, and water as shown in Figure 4. The characteristic strength of
concrete is designed for 60 N/rhat 28 days with the slump in the range ofi6D80 mm
Superplasticizer is also added to improve the workability of the concrete.

Figure 4. Materials for concrete (a) coarse aggregate; (b) fine aggregate; (c) cement; and (d) water
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Mix Design

In this study, concrete specimens were cast and used to determine the strength and
performance of concrete with SF and PPF. The concrete mix is generally specified by its
required performance in terms of strength grade. Strength testing usually fornsse atiaé
part of the assessment of conformity to the specification. Based on the Department of
Environment (DoE) mix design, Ordinary Portland Cement (OPC) with si@isFrment ratio
of 0.38 and with 66180 mm slump was used in the design of concretefonia targeted
strength of 60 MPa. Fine and coarse aggregates used are graded river sand and 10 mm crushed
granite, repectively as coarse. The sieve analysis test of the aggregates is carried out in
accordance with the relevant standard (British Standastisution, 2003).

The type of superplasticizer used is GLENIUM ACE 389 and in reference to the guideline
for type F admixture (British Standards Institution, 2001; American Society for Testing and
Materials, 2017). It is formulated to produce rheoptastincrete that can flow easily while
maintaining high plasticity. Table 1 and Table 2 show the properties of SF and PPF obtained
based on experimental work and verified with information obtained from supplier. The four
different type of concrete mixes uké this study are 25% PPF, 75% SF, combinatibn
75% SF + 25% PPF and control mixes

Table 1. Properties of SF Table 2. Properties of PP

Parameter

Capability

Parameter

Capability

Type:

HE 0.75/60

Type

Virgin PPF

Shape

Hooked-End Deformed

Length (mm)

60

Length (mm)

19

Diameter (mm)

0.75

Thickness (mm)

02

Aspect Ratio, I/d

80

Unit Weight (kg/m”)

46

Tensile Strength (N/mm?)

1100

Tensile $trength (N/mm®)

400

Unit Weight (kg/m®)

7830

Thermal Conductivity

Low

Coating

None

Elastic Modulus, E (MPa)

3500

Elastic Modulus, E (MPa)

205 000

Diameter (mm)

0.05

RESULTS
Workability

The evaluation of the fresh properties of FRC in terms of workability can be determined
using the slump test. In assessing the workability of fresh concrete, slump test was carried out
in accordance to a relevant standard (British Standards Instituti@®).20he slump
measurement is done using a truncated cone of 300 mm height as shown in (@gard 5
5(b). The design slump for all concrete batches is between 60 and 180 mm. After the concrete
slump is recorded, the fresh concrete is transferred iatmtuld for sample casting in order
to determine the FRC properties at the hardened state. Generally, there are three types of mode
of failure for the slumps, namely true slump, shear slump and collapse as elaborated in a
relevant standard (Ezeldin & Bala, 1993). However, only true slump is accepted based
on the rheological properties of fresh concrete.
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Figure 5. Test Procedure for Workability Test: (a) Slump Fall Measured for Plain Concrete (b) Slump
Fall Measured for Fibre Reinforced Concrete

A good workable concrete is one of the important criteria to ensure the fresh concrete can
be placed and well compacted to achieve its maximum compressive strength. By adding
superplasticizer at 2% from the weight of cementytbikability of concrete can be increased
although lower wateto-cement ratio is used in the mixture. In general, the descending pattern
of slump value is observed from the mix proportion of the control to 25% PPF, 75% SF and
combined mixture 75% SF + 25P%F. For the control, the concrete slump was 93 mm and
decreasing for mixes with 25% PPF, 75% SF and combined mixture 75%SF + 25%PPF as
shown in Figure 6. For the combined mixture 75%SF + 25%PPF, the lowest concrete slump
was recorded at 62 mm. Howeveisistill in the range of the design slump. For this declining
pattern, it was probably because the random orientation of the fibres preventing the flow of
the fresh concrete during the test.
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Fibre Mix Proportions (SF-PPF)
Figure 6. Relationship Between Concrete Slump and Volume Fraction

Compressive Strength Results

The compression test is performed at 7 and 28 days Normally for-ttay #est, the
compressive strength recorded will be used to determine whether it had achieved or not the
60% to 75% of the design strength of 60 N/m#furthermore, the-@ay compression test
was conducted to determine the early strength development due dddhion of fibres in
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plain concrete. The relationship between the 7 and 28 days compressive strength for the
control, 75% SF, combined 75% SF + 25% PPF and 25% PPF specimens are shown in Fig.7.
At 7 days, the finding shows that the compressive streingtbases for the combined 75%

SF + 25% PPF and 75% SF alone compared with the control. There is less effect on the
compressive strength when PPF is added to plain concrete. On the other hand, at 28 days the
75% SF recorded the highest compressive strdotitiived by the combined 75% SF + 25%

PPF and the lowest was for 25% PPF mix.

The relationship shows an increasing pattern when SF was added to the concrete mixture.
It was also reported that the compressive strength augment with the augmenting volume of
SF (Ezeldin & Balaguru, 1993). These effects are most likely due to the transverse
confinement effect of the SF, which restrained the lateral expansion of FRC specimens under
load. On the other hand, other researchers reported that SF did not contrénutiedrease
in the compressive strength since more voids could be produced because of its low workability
(Hsu & Hsu, 2006). These effects can also be minimized from the concrete slump value where
superplasticizer was added in the mixture to improvevtr&ability.

The relationship between compressive strength and fibre mix proportion shown in Figure
7 indicated that there was an increased in the compressive strength at 28 days with the addition
of SF to the concrete mixture. This can be seen fromQt&@d.increase for 75% SF followed
by 10.0% and 0.98% marginal increased for the combined 75% SF + 25% PPF, and 25% PPF,
respectively as compared with the control. The findings suggested that to some extent the SF
fibre mixture has an effect on the improwamh of the compressive strength. The increase
resulted most likely from the improvement on the resistance to crack formation develop under
axial load produced from SF and followed by PPF. Thus, it can be said that the addition of SF
in plain concrete afféed the compressive strength more than the PPF.
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Figure 7. Relationship Between Compressive Strength and Fibre Mix Proportion

The most important contribution of SF and PPF in concrete can be seen from the failure
mode. Distinctive failur@atterns are observed between each batch. The comparison between
75% SF, combined 75% SF + 25% PPF, and 25% PPF show that the failure mode changed
from brittle to ductile with lesser cracks develop at failure. Figure 8 shows the failure mode
of the cube spcimens at ultimate load for different mixes.
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1Y D1.5/575P0

'Figure 8. Mode of Failure of The Cube Specimens
Tensile Splitting Strength Results

Tensile splitting strength is performed using cylindrical specimen with the dimension of
150 mm in diameter and 300 mm height. In this section, the tensile splitting strength test is
performed at the age of 28 days. The recorded tensile strength forteonitte 75% SF
increased by 72.1% as compared with the control. Meanwhile, for the combined 75% SF +
25% PPF, the tensile strength was found to increase by 77.2% and the lowest was for the 25%
PPF with only 3.41%. This shows that PPF had less effecedarikile strength as compared
with SF due to the difference in length, properties and stiffness. It is believed that the
specimens for the combined 75% SF + 25% PPF and 75% SF yielded higher tensile splitting
strength due to the inclusion of SF inside #pecimen. This finding is as expected since
previous studies showed that PPF only contributed in reducing-aracking at fresh state
of concrete (Kashiyargt al, 2013; Sahoo, Maran & Kumar, 2015).

The relationship between the tensile strength gmmd fmix proportions is shown in Figure
9. It was found that there is a substantial increase of about 77.2% on the tensile strength by
the fibre hybridization process of both SF and PPF. The failure mode of the cylindrical
specimens was also improved aswh in Figure 10. The cracking pattern by the fibre
hybridization process was less than the one with the single fibre only (either SF or PPF), while
the control (plain concrete) splits into two parts as shown in Figure 10. This shows that
specimens with #hfibre hybridization process have higher and better ductility than the other
specimens.
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Figure 10. Mode of Failure of the Cylindrical Specimens

Flexural Strength Test Results

166

The flexural strength results represented by the ultimate load of tie@» 500 mm

prism specimens at twengight days. The relationship between flexural strengths and fibre
mix proportions for all batches are showrFigure 11. Comparing the fibrous specimens and
the control, it can be observed that the flexural strength is greatly affected by the inclusion of

fibres in concrete mix.
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Figure 11 shows that the 75% SF + 25% PPF specimen recorded an increase in flexural
strength of 170% than the control, while for the 75% SF show an increased by 120%. The
increase in flexural strength is likely attributed by the enhancement of concrsile ten
properties resulted from confinement effects and good bonding between the fibres and the
concrete matrix. However, for the mixture of 25% PPF, a slight decreased of about 3.1% in
strength was recorded than the control. This is mainly due to thersipetef PPF compared
with SF which resulted in lower bonding mechanism between the PPF and the concrete matrix
(Othman, 2014). The experimental results show that the combined 75% SF + 25% PPF
mixture produced better flexural resistance compared withtther mixtures. This pattern is
relatively similar to the finding from the tensile strength results and also from other previous
studies (Hsie et. al, 2008).
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The failure mode of the prism specimens is shown in Figure 12. All specimens with SF,
PPF and combined SFPF did not break into two parts at failure as compared with the
control. From visual inspection, the combinéso SF + 25% PPF mixture had less cracking
at failure than either the 25% PPF or the 75% SF alone. The test results also indicated that the
combined 75% SF + 25% PPF enhanced the flexural strength in terms of its ultimate loading
capacity and failure mode

CONCLUSION

Through the experimental tests that have been carried out it was found that the best
combination of fibres was for concrete containing SF 75% + PPF 25%. The combination of
SF and PPF fibres in concrete was found to be able to enhanceitieeeng properties and
controlling the growth of cracks in concrete. Engineering properties of the hybrid FRC show
in an increasing pattern in the order starting from the control concrete, FRC mix with 25%
PPF, 75% SF and 75% SF + 25% PPF. The includi@raontributed positively effect on
the tensile and flexural strengths of concrete. In addition, the failure mode for the FRC
concrete also show more ductile behaviour for the 75% SF and the combined 75% SF + 25%
PPF compared with control. Meanwhile fitie 25% PPF it shows a bit brittle and almost
similar failure mode with the control due to shorter fibre length. The findings also indicated
the concept of hybrid fibre, by combining SF and PPF, the hardened properties of concrete
can be enhanced not ordy cracking behaviour but also the tensile properties
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Abstract

Concrete demand in Malaysia construction field is growing directly proportional with the local
economic growth and due to the improvement of technology in the particular field, this demand
is expected to increase continuously. Due to that reason, this study was held to determine the
performance of partial coarse recycle concrete aggregate containing insulator synthetic wire
waste as fiber materials can reduce the amount of waste dumped into landfills. The
uncontrollable amount of wire waste being dumped in the landfiling area may lead to the
environmental related issue. There is still no researcher conduct a research regarding the
performance of concrete incorporating combination of coarse recycle concrete aggregate and
insulator synthetic wire waste in the concrete mixing design. Therefore, to curb the
environmental related problem, a study was made by using coarse recycle concrete aggregate
and wire waste as materials in the concrete mixture. The amount of insulation synthetic wire
waste as fiber materials 0.5%, 1.0% and 1.5%. Meanwhile, coarse recycle concrete aggregate
was incorporating with concrete as partial coarse aggregate replacement at 10%, 15% and
20% with water-cement ratio was 0.55. The workability, density, compressive strength, and
tensile strength tests have been conducted for 7 and 28 days. The strength increasing at 15%
CRCA and 1.5% wire waste for 9.8% compared to normal specimen. However, the concrete
strength starts to decrease when 20% CRCA and 1.5% wire waste were added compared to
normal specimen. Therefore, it can be concluded that optimum percentage for CRCA is 15%
replacement materials and addition of 1.5% wire waste as fiber. At the end of study was
produced relationship between compressive and tensile strength which is fct, wire waste =
0.002(fc)2 0% with R? was 0.786.

Keywords: Synthetionire waste fiber materials, strength,durability.
INTRODUCTION

Fibers is a suitable material to be used in the structural angtnarural element in
construction field either as partially of totally replacing materials. Several countries had
acknowledged the use of fibers in these elements as the quality of bémveignificantly
improved over the past decade and the design guidelines for using it had been prepared due
to its ability to increase toughness of conciétemi et al., 2018), (Irwan et al., 2014) and
(Shahidan et al., 2018pespite of its benefit tthe concrete performance, the disadvantages
of using fiber is it can reduce the workability, stability and mobility of a con¢hetan,

Annas, Aeslina, Asyraf & Faisal, 2013) and (Ali, Shekarachi, Mahoutian & Soroushian, 2011)
especially when they areixed together with the recycled concrete aggregate (RCA). The
reason for this is both fiber and RCA have a relatively high specific surface area which result
in increasing water demand during concrete mixing, placing and compacting. Other than that,
the dfficulty that faced during the usage of fiber in concrete mix is where fiber could be
entangle and its distribution or dispersion in concrete matrix may become ununiform

The incorporation of RCA in concrete mix to be applied in the construction ivedyati
a new technique. The history of considering the use of RCA was started at the end of world
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war Il. There was a lot of building debris from the demolition of buildings and roads result
from the war. Due to tons of waste, Europe had an idea to retyoleebuild the country
instead if get rid of i{Buck, 1977) In the 1970s, the United States began to reintroduce the
used of RCA in nosstructural uses, such as filled material, foundations, and base course
material. Since this time, some researchadieen conducted regarding viable RCA was as
anoption to replace unused natural aggregate in structural concrete. Physical properties of
differentiate NA and RCA have been conducted as shown in Table 1

Table 1. Physical Properties of NA and RCA (Ali et al., 2011)

Physical Properties Natural Aggregate RCA
Texture & Shape Smooth to angular rough surface Angular rough surface
Specific gravity 24171 29 2171 25
Bulk Density (kg/m®) 14507 1750 12007 1425
Pore Vol. (%) 0571 2 5071 16.5
Water Absorption (%) 057 4 37 12

Consequently, RCA was less homogeneous, less dense and more porous than the natural
aggregatéAzmi, Khalid, Irwan, Anting & Mazenan, 2017)n general, a specific gravity of
RCA was smaller than natural aggregate JWAcause of the cement paste in RCA particles.
As stated by(Ali, Yusup, Khalid, Shahidan & Abdullah, 201&ncluded that 282 mm
aggregate particles of RCA had about 30% of old cement mortar. Fine recycles particle below
4mm contain approximately 2066 old cement paste, while the filler fractiorD03mm may
contain as much as 65% of old cement paste. However, the mix design procedure for RCA
has not had a different much from that of normal concrete. Meanwhile, synthetic fiber was
made from chemicaland could have superior properties such as flexible and microscopically
homogenous body with high ratio of length over diameter. This properties would lead to
provide a small cross section fiber. Synthetic fiber is manufactured from naturally occurring
macromolecules and synthetic polymers. Accordin@Cieenca Echegaray Oviedo & Serna,
2015) fiber is produced from different material in various sizes and shapes. This can be
supported byAmezugbe 2013)that stated the section of fiber may be trianguteescent
shaped, polygonal, round or even square depending on the manufacturing process and purpose
of the fiber will be used. There are two major categories of fibers that are micro and macro as
shown in Table ZIrwan et al., 2013).

Table 2. The Types of Fiber Used in FRC (Cuenca et al., 2015)
Materials Poperties

Fiber Types Diameter Specific Modulus of Tensile Strain at
(mm) Gravity Elasticity (GPa) Strength (MPa) Failure (%)
High Tensile steel 0.2 7.8 200 51 25 35
Polypropylene 05071 1.4 0.9 3.4 157 20 8
Polyethylene 0.257 0.41 0.96 1371 25 61 60 37 80

Other than that, the usage of fiber in the concrete mix also may influence its workability,
strength and durability due to the presence of air content by the fiber. However, this
hypothesis is not strong enough and still be a topic of discussion amongstarch
community(Ali et al., 2011) For example(Bayasi& Soroushian, 1992and(Ortiz-Naval,
Navarro, Leiva, Serna & Cuenca, 2018)their study found that the concrete air content
increases as the percentage of fiber increases and also dependype #red shape of the
fiber. But on the other handBalaguru& Ramakrishnan, 19883tated oppositely and
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strengthen the finding by saying that the rate of air in the concrete loss is higher when
incorporating with FRC.

An effective way to improve condeeperformance is by adding synthetic fiber to improve
the fracture characteristics and behavior of structures through the capability of the fibers to
bridge cracks. Another application of this fiber material is to reduce the shrinkage and
shrinkage crackig of concrete associated with hardenind euring If the rate of evaporation
at the concrete surface is greater than the rate of water migration to flaeesuplastic
shrinkage will occur. This gradient in shrinkage forces cracks to appear onfgtoe sBiastic
shrinkage occurs during hardening because the strength and stiffness of wet concrete are very
low, only a small amount of fibers is needed to effectively reduce the plastic shrinkage.
Another benefits of the fiber materials are improved tetigtrength, wear resistance and
durability of the concrete. Section thickness can be reduced and cracking can be effectively
controlled by using fiber materials instead of conventional concrete, resulting in lighter
structues with a longer life expectepn

The aim of this manuscript is to determine and evaluate performance of concrete
containing partial coarse recycled concrete aggregate and insulator synthetic wire waste as
fiber materials in terms of fresh and mechanical properties of fiber reinfoooedete.

MATERIALS

In this study, the CRCA was used in concrete production as partial replacement of natural
coarse aggregate. The CRCA can be obtained by crushing the original concrete cube waste
get from Structural and Materials Laboratory in University Tun Hussein Onayiial and
the original concrete cube waste was crushed by using crusher machine at the same place.
After that, the material has passed to the sieve analysis test to find the proportion size of
CRCA. Next, the coarse recycled concrete aggregate had tindeugtil the size of 14 5
mm sieve and used 15%, 30% and 45% of CRCA for this study. Ordinary Portland cement
was used in the mixtures.

Insulator synthetic wire waste was addeakterialin the mixture. This insulator synthetic
wire waste was used adilber material. The insulator synthetic wire waste of diameter 1mm
I 2.1mm without copper inside was tested as fiber material in concrete. The content of
insulator synthetic wire waste fibers is 0%, 0.5%, 1.0%, and 1.5%rafibeoverlength of
wire wastewas fixed at 34.2%L/df). The watercement ratio of mix design concrete is 0.55.
This study was used 10%, 15%, and 20%o0f CRCA.

RESULTS AND DISCUSSION

The tests that involve in this study are slump, density, compressive strength and tensile
which beendsted at UTHM Structure and Material laboratory. These tests were conducted to
determine the workability and performance of CRCA

Slump and Density Tests

Figure 1 shows the comparison slumplue between normatoncreteand CRCA. It
shows that increasing fiber materials can decrease the value of slump.
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Figure 1. Slump Test Value

There isdecreases in slump value on concrete incorporating with wire waste when
compared to the control slump. Slump value recorded for the control concrete was 76mm
while the slump value decreases on 0.5%, 1.0% and 1.5% wire waste which is 72mm, 69mm
and 68mm rspectively from the value of control slump. From the Fig. 1, it shows that
increasing in fiber materials can decrease the value of slump. This trend has been observed
by Yin et al. (2015) study that found fibers in concrete can form a network structine in
concrete matrix. This would lead to uniform spread fiber mixture concrete and cause
segregation and insiginificant flow of fresh concrete.

Figure 2 shows that the result of average density for all specimen for 7 and 28 days of
curing. The result concrete containing 10% of CRCA and 0.5% of wire waste at ages 7 days
have the highest density valtle36%. Cube concrete that contain 10% of CR@4 4.0%
of wire waste have density vale@ 32% were decrease compared to normal specimen at age

7 and 28 days respectively. It was slightly decrease for the density when 0.5% of wire waste
was used.
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Figure 2. Average Density of Concrete (kg/m3)
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It shows that the average density of the normal concrete is highest value compared to
concrete containing CRCA and insulator synthetic wire waste. The comparisons between
average density of concrete containing 20% CRCA and 1.5% wire waste at age 7 days is
23M.4 kg/m3 is lowest than to the control concrete, 2382.2 kg/m3,-&@7% compared to
the normal sample. Besides, the average density of concrete at age 28 days for the concrete
20% CRCA and 0% insulator synthetic wire waste, 2253.2 kg/m? comparedrialsample
2301.5 kg/ms3, while the percentage2s10%. This is because of the content cement mortar
attached to RCA and the density of reclaimed mortar is lower than that of NCA (Zainora et
al., 2018) .

Compressive Strength Test

Concrete incorporatingiith CRCA andwire waste was found a significant effect to the
concrete compressive strength at ages of 7 and 28 @agstete containing 15% of CRCA
and 1.5%nsulator wire showhighest strengthompared to others sampliecan clearly seen
that sample at age @fdays showed 24.30 MPa compared to normal specimen which is, 22.10
Mpaas shown in Fig..3Strength at age of 28 dagbtained35.80 MPa compared to normal
specimen which is 32.60 Rawas also shown in the same Figure 3.
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Figure 3. Average of Compressive Strength at The Age of 7 and 28 Days

Figure 3 shows thehe compressive strength results at age8oflaysare similarpattern
with compressive strength at age of 7 ddysncrete cubes containing 15% of CRCA and
1.5% wasdncreased for 9.82% compared to normal specimen. Concrete cube containing 20%
of CRCA and 1.5% wire waste decreased 2.76% respectively.

Thus, compressive strengthconcreteconatiningCRCA showed a significant increase
in strength when 1.5% dfisulata wire hasbeenaddedin the mixure.By this result, it can
conclude that the CRCA concrete with 1.5% of wire waste provide a better performance in
compressive strength compared to CRCA concrete with 1.0% wire waste and also the control
concrete. the wirgvaste act to filled up the void in concrete and with the optimum amount of
wire waste, it can give advantage in term of concrete strdiMahenan et al., 2018) and
(Raphael & Jerome, 1988y this finding, the optimum usage of wire waste is 1.5%.
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Tensile Strength Test

Splitting tensile strength test was conducted to determine the tensile strength of concrete
that containing CRCA anphsulatorwire waste as fiber material&igure 4 showsslightly
increment oftensile strength of concreteith incrasingof CRCA and insulator wire. The
result indicateshatconcretecontains 15% of CRCA and 1.5% iosulatorwire has highest
tensile strength compared to others sampénple containind5% of CRCA and 1.5% of
insulatorwire increase 26.26% compared to natsample. This result indicates that insulator
wire in concrete forming a bridge locking tensile between matrix concrete. This locking
tensile has increase ability of concrete to sustain the tensile loads compared to normal concrete
without bridge lockingensile (Mazenan et al., 2018).
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Figure 4. Tensile Strength Concrete at 28 Days
Correlation Strength between Compressive and Tensile Strength

Previous studies indicate that the comprestnsile strength relationship as in Equation
1 (Raphael & Jerome, 1984) and (Arioglu, Girgin & Arioglu, 2006).

fe=A(fo)® 1)
where;
A & B is Coefficients Regression
Based on Equation 1, thelationship for compressisensile strength for wire waste as
fibre concrete derives as following Equation 2. The equation is obtained from statistical
analysis. Figre 5 shows the comparison of compressigasile relationship between

experiments and irg) predicted Equation 2.

fer, Wire waste = 0.002{f°% (2)
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Figure 5. Experimental and Predicted Tensile Strength (Equation 2)

Analysis of relationship between compressive and tensile strength of concrete shows that
the optimum percentage of a CRCA and wire waste set to be 15% CRCA and 1.5% wire waste
for both of the test. The analysis also shows that when this percentage of &idG#ire
waste set up to 20% CRCA and 1.5% wire waste the strength for compression and tensile
were decreased. From that analysis it shows that as a strength for compression increased the
strength for tensile also were increased and vice versa. Fronsthie tlee relation equation
is fct, wire waste = 0.002¢j2.098with R2 was 0.786.

CONCLUSION

The significant difference of workability can be seen between normal specimen and
specimen that contain CRCA and wire waste. CRCA and wire waste added sh@wsrthe
workability as concrete was difficult to mix compared to normal specimen that easily spread.
The strength increasing at 15% CRCA and 1.5% wire waste for 9.8% compared to normal
specimen. This combination of material in concrete also observed ind¢reh23% tensile
strength compared to normal specimen. Therefore, it can be concluded that optimum
percentage for CRCA is 15% replacement materials and addition of 1.5% wire waste as fiber.

At the end of study was produced relationship between comyeeand tensile strength
which is fct, wire waste = 0.002(fc)2.098 with R2 was 0.786.
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Abstract

This paper focuses on the characterization and classification of sedimentary rock mass,
located in Iskandar Puteri, Johor, Malaysia by utilizing the combination of geophysical
investigation and geomechanical assessment. Resistivity and seismic refraction method were
employed for geophysical investigation while the geomechanical classification involves Q
system and Rock Mass Rating (RMR). The geophysical methods were carried out on the rock
outcrop to estimate the rock mass quality index. For Q System and RMR, parameters that were
considered are the point load strength index (PLI), rock quality designation (RQD), degree of
weathering, joints characteristics, rock types, lithology, structures, and texture. Rock mass
characterization and classification were done based on the correlation between geophysical
and geomechanical results. Both Q system and RMR show that higher value of rock mass
rating has higher range values of seismic and resistivity. Similarly, result indicates that the
increases of weathering grades form Grade VI to Il (residual soil to slightly weathered) reducing
the resistivity and seismic values from 12,000
respectively. As a conclusion, the classification of sedimentary rock mass based on the
correlations between geophysical result from seismic velocity and resistivity and
geomechanical classification using Q-system and RMR can be used as one of the useful tools
in site investigation in order to enhance the subsurface information during site investigation.

Keywords: Sedimentary rock, rock mass classificatiorsy@tem, rock mass rating, resistivity,
seismic refraction

INTRODUCTION

The complexity in characterizing weathered rock for excavation purposes has become
one of the major issues in tropical countries. An initial effort of Bieniawski introduced the
stability assessment of a rock mass classification systems in 1979, a nundseranéhers
have developed rock mass classification systems that are based upon circumstances for easy
interpretation by grading, graphical and geophysical met{Bieniawski, 1989)However,
little number of studies have been carried out as well as act guideline to classify the
problematic weathering zone that exist abundantly in the wet tropical region. For example, a
guideline to address drastic changes of behaviour of materials in highly and completely
weathering zones due to moisture increaskitiflaence the workability of the material (Edy
Tonnizam et al., 2010)

Rock quality designation (RQD) is one of the first systems developed consider only for
the joint frequency within a rock mass (Deere, 1963). RQD was used in Rock Mass Rating
(RMR) (Bieniawski, 1973) and Q systems (Barton et al., 1974) as one of the measurements,



MCRJ Special Issue Vol. 13 | No. 2 | 2021 181

including others parameter such as intact rock strength, joint condition, joint spacing,

groundwater and number of joint sets. The onsite observation data were then andgroesl i

of RMR and Q system value. Furthermore, numbers of studies described the used of
geophysical methods in rock mass characterization. Boadu (2000) studied relationships
between seismic wave velocity with permeability and porosity of fractured mietsher

study by Kahraman (2002) shows the relationship between P wave velocity with Fracture
Rougness Coefficient. Barton (2002) correlated Q values and P wave velocities for hard rock
tunnelling project.

Besides wave velocity, rock mass classificatias been correlated to electrical resistivity
Matsui & Park (1996). Choi et al. (2006) correlated electrical resistivity to the Q system
through theoretical analyses. Each technique is individually considered; hence it is difficult
to compare the results $,&d on different circumstances. Since the wave propagation and
electrical resistivity of rock mass can capture the characteristics of the rock mass that depend
on the properties of joint surface and intact rock, this geophysical tool is a key role for
evalating the state of rock mass besides the existing rock mass classification .systems

Geophysical approaches play a significant role in delivering helpful and cost effectives
information about subsurface features at the required level of spatial resalntidarget
definition. Geophysical methods can produce continuous image of subsurface profile with a
measurement that provides an improvement in accurate and sufficient information for
heterogeneous ground. The combinations of geotechnical and geopHisigaine can be
advantageous in classifying the depth of rock layer, detecting voids, cavities and boulders in
subsurface works.

Since the early application of seismic refraction method to determine depth to bedrock at
1930s, geophysical methods hawseb discovered as one of the dependable practices for
geotechnical evaluation (McDowedt al, 2002; Andersoret al, 2008; Mahvelatiet al.,

2018). The greatest verdict when applying the method in early stage of site investigation work
is that able to dicard other site investigation technique and shortlist those with potential
values for improving the overall effectiveness of site investigation in term of cost and time
consuming. The purposes of this study focuses on the use of resistivity surveysamd sei
refraction methods in the selected outcrop and the result are then correlate with the
geotechnical result, while potential relation between the parameters are studies to get better
interpretation in term of geophysics and engineering. There is dardmatter documentation

and correlation of geological and geophysical for each grade of weathering profile for surface
excavation purposes to implement precise and economical method in the construction.

GEOLOGICAL SETTING

Legoland (LEGO) is located at latitude 103° 37 47.4" E and longitude 01° 26" 04.4"N.
The main access to the site is by Second Link Plus Highway. The geology of the study area
in Legoland, Nusajaya covers the variable lithology of an older Alluvium asstemtswith
Burton (1972). The most common variety is coarse feldspatic sand with irregular rounded
phenoclasts, but gravely clay, sandy gravel, sandy clay, silty clay, clayey sand and clay are
also well presented. The Older alluvium contains phenocldstein quarts, quartzite,
sandstone, siltstone, shale, hornfels, granite, granite porphyry, alaskite, aplite, rhyodacite,
andesite and tuff. Generally, bedding is moderately -debeloped in it, but close
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interbedding of various lithological types candaen in few places. Therefore, the formation

is exposed in outcrops surfaces, as weathered sedimentary rock of sandy clay or clayey sand
as shown in Figure 1 (red dot) where the Triadsmassic formation are located with
sedimentary rock associated vaitsam.
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~M Interbedded sandstone siltstone and shales widespread volcanics,
mainly tuffs of rhyolitic to dacitic composition in Central Peninsula
Limestone prominent in lower pat of the successon
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Figure 1. Geology of Study Area Located at Iskandar Puteri (Ng et al., 2008)

The unique weathering profiles and heterogeneous physical deterioration of rock mass in
tropical climate country such as Malaysia is widely in studies by Komoo (1995), Zainab
(2004), Winn Kar et al. (2018). The weathering profiles differ with rock type. Jthiong
formation covers the site with a variety of interbedded sedimentary rocks, including
sandstone, shale and siltstone. It was deposited during late Triassic to earlyJorasgic
(Burton, 1973). This outcrop has a slightly to highly weatheredistane and shale
dominating the rock mass. This study applies the scan line technique as proposed by Priest
and Hudson (1976) in the range of 20 m. Figure 2 shows the position map of both resistivity
and seismic survey mark in red line on the study area.

Figure 2. Study Area Located at Legoland(LEGO) IskandarPuterl(GoogIe Earth, 2014)
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METHODOLOGY

This study begin with the distribution of the rock mass outcrop in Figure 3 into panels in
which certain features are uniformed and characteristics aitarsiltajor geological features
such as joints were measured in each panel. The field mapping techniques were adopted from
a proposal by the Geological Society of London Engineering Group Party (1977). The
weathering grade classification has been carrigdim order to classify the quantitative
description of discontinuities of weathering profiBetermination of weathering grade
classification was carried out in accordancksteM (2007) with additional information from
published journals by previous researchers (Geological Society, 1990; Ibrahim Komoo,
1985). According to ISRM (2007), this classification is divided into six grades namely Grade
| for sound/fresh rock, Grade fior slightly weathered, Grade Il for moderately weathered,
Grade IV for highly weathered, Grade V for completely weathered and Grade VI for residual
soil .This study includes weathering zone classification qualitatively based on physical
characteristic b the rock mass and material distribution in the weathering profile.
Discontinuity evaluation is frequently done by two selection arrangements, whereas scanline
and window survey are carried out as in Song (2006), scanline method represents more
compreherige data in measuring and evaluating joint characteristic (Gumede, 2007; Stacey,
2007). The physical characteristics of each divided zone consist of the degree of discoloration,
friability of rock material, rock texture and retention of original rock fabs in ISRM (2007).
Indirect method suggested by Priest and Hudson (1976), then reviewed by Zhang (2016) was
used to assume RQD in exponential with joint spacingas inRQD=1M0el &= ( 0. 1 &.
due to the limitation in obtaining RQD value on site. Haga of field mapping were then
calculated in term of @ystem and RMR to correlate its relationship with the geophysical
results. Data include strength, geometry of the exposed faces, lithology, structures, and
texture, were obtained based on the setiggtael which are divided into different weathering
grade.

|

- La' # . . W | |
Figure 3. Selected Outcrop of The Studied Area at Legoland (LEGO), Iskandar Puteri

Geophysical methods in subsurface applications are currently well known because of its
effectiveness and costhe results from two geophysical field measurements were presented
in a form of inverted 2D image. The inverse model of resistivity section and seismic refraction
section showed the profile of subsurface and display resistivity index and seismic efractio
index of ground mass signify by colour scheme. Physical parameters that related to
engineering are discussed in detail by considering the geological setting and geomorphology
of the study areas.

Two resistivity cables, 41 stainless steel electrodes 4hdumpers are used with
Terrameter SAS4000. A single channel relay matrix switch of Electrode Selector 464 is
connected to ABEM Terrameter SAS4000 in the resistivity survey. The electrode spacing
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used in this study is 2m and total covered length is 8@rdier to obtains the resistivity value
based on the exposed outcrop length. #opole array was employed and RES2DINV
software was used for the resistivity imaging. Rodigpole array provides deeper penetration
and better underground resolution evé@ough survey line is shorter than other arrays
(Nordiana et al., 2018).

Seismic survey uses a 12V battery pack, a trigger cable, two seismic cables, ABEM
TerralocMark 8 (recording equipment), 24 geophones of 28Hertpdltd hammer and a
striker metal The total length of the survey is 115m with geophone spacing of 5m in purpose
to obtain detailed and reliable seismic data for the survey area. Optim softwarsedder
seismic imaging. Field survey were conducted simultaneously on the outcrop. On site
observation for geotechnical work were carried out and sample were brought back for
laboratory test to determine engineering parameters.

RESULTS AND DISCUSSIONS

This section discusses study findings from rock mass classification and geophysical
interpretation.

Rock Mass Classification

The site consists of massive sandstone and shale. The total length of studied rock outcrop
is 80m with the height of the panels approximately 18m. The massive sandstones layers with
average thickness of 5m dominated this area which interbedded with shalerage
thickness of 3m. Generally, sandstone and shale with very fine to medium sized in light grey
to yellowish reddistbrown colour are identified. The weathering of each layers varies
relatively, the upper 5m of the outcrop are completely weathehdlg the bottom part is
interbedded with different weathering grade of sandstone and shale. The bedding dipped
toward N 30 ° E with an average angle of 38fe overview of LEGO site in Figure 4 presents
the lithology, bedding orientation and joint for thetcrop. The complexity of sedimentary
rock mass having interbeds of several rock types is significant to be addressed. The ground
mass was classified from slightly weathered to highly weathered sandstone and moderately
weathered to highly weathered shale

Legoland comprises of interbedded slightly to highly weathered sandstone and
moderately to highly weathered shale. Slightly weathered sandstone was identified to be very
firm, with intact surface texture and only breakable by several blow of geoltgicaher
along discontinuities. In the meantime, moderately weathered sandstone can be visibly
notable as it seemed to be blocky and easily break by hammer. On the other hand, highly
weathered sandstone is easily breakable by hand and very friable. It sagrbthat the
exposed sandstone rock mass has experienced aggressive tropical weathering overtime.
weathering process deteriorates the rock strength, resulted in low value of Schmidt hammer
readings. It is due to the loss of cohesion between surfacesgvaiich extricate the rock
surface as reported by Arikan et al., (2007). Besides that, Schmidt hammer value could not
be obtained on completely weathered material, discloses the restriction of using rebound
hammer in testing the surface hardness predortiinen weak rocks. This is in with earlier
study by Aoki and Matsukura (2007) and Gokceoglu et al. (2009).
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Figure 4. The Lithology and Weathering State of Studied Outcrop at Legoland (LEGO)

The outcrops were classified using Rock Mass R&RIgR) and Qsystem as these
systems are widely used for classifying the rock mass. RMR (see Table 1)sgste@ (see
Table 2) rating for respective panels are valued based on the parameters measured. Due to the
restrains in obtaining the core samplevi@athered material, indirect value using point load
strength is employed for the estimation of RMR value in the strength parameter (Karaman
and Kesimal, 2014; Karaman et al., 2015). Maximum RMR value of 69 is recorded with 27
as the minimum value. Slightlyeathered sandstone and boulder logged with value of 69,
followed by 50 to 55 for moderately weathered sandstone and 38 to 45 for highly weathered
sandstone. Meanwhile for shale, 53 to 55 is calculated for moderately weathered material, 45
to 48 for highy weathered shale and 27 for completely weathered shale.

Table 1. RMR for Studied Area

PLT Joint
Panel Is 50 Spacing RQD (%) Rs Rrop Ruj Rej Rw Roj RMR
(MPa) (m)
BLR 1 4.684 1.300 90.980 12 17 5 20 15 0 69
SAIV 1 0.772 0.600 50.367 0 8 5 10 15 0 38
BLR 2 4.286 1.200 89.251 12 17 5 20 15 0 69
SAIV 2 1.003 0.550 45.745 4 8 5 10 15 0 42
SAlll 2 2.269 0.750 75.327 7 13 5 15 15 0 55
SHV 3 1.045 0.350 22.153 4 3 5 0 15 0 27
SHIV 3 1.198 0.550 45.745 7 8 5 10 15 0 45
SHIII 3 2.824 0.100 73.576 7 13 5 15 15 0 55
SHIV 4 2.001 0.580 48.579 7 8 8 10 15 0 48
SHIIIl 4 2.578 0.100 73.576 7 13 8 10 15 0 53
SAIV 5 1.009 0.550 45.745 4 8 5 10 15 0 42
SAIll 5 2.145 0.100 73.576 7 13 5 10 15 0 50
SAIV 6 1.113 0.550 45.745 4 8 5 10 15 0 42
SAIll 6 2.567 0.750 75.327 7 13 5 10 15 0 50
SAIl 7 4.108 1.200 89.251 12 17 5 20 15 0 69

The value of Q was evaluated by panel and calculated based on Barton classification. The
maximum value specifies 16.883 for slightly weathered sandstone, and minimum value of
1.525 was observed for highly weathered sandstone. Moderately weathered samdstone
recorded with a range of 6.358 to 6.533. Shale shows no clear trend as highly weathered shale
have higher Qalue (5.090 to 5.166) when compared to moderately weathered shale (3.853
to 4.905), while 2.696 was recorded for completely weathered shatevalues of RMR



