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ABSTRACT

Purpose: Qil Palm Boiler Clinker (OPBC) is a promising waste material that can be deployed toward
sustainable development. Researchers have been looking into the potential of industrial wasteand by-products to
provide an alternative to natural stone aggregates in concrete production. This study aims to determine an OPBC
concrete mix eligible for lightweight reinforced precastconcrete products according to BS EN 13369:2013.

Design/methodology/approach: The concrete mix design is determined via the trial mix method, where
percentages of OPBC are varied as partial replacements in the control mix. Raw OPBC is collected from a local
palm oil mill in Johor, Malaysia and is processed to be implemented in the concrete mix. Three 100mm cube
samples of nine OPBC mixes and one control mix are tested and weighed on day 1, day 7, and day 28 to
determine their cube compressive strength and density to BS EN 12390-3:2009. The mix that fulfils the
requirements is the mix with 90% coarse clinker and 90% fine clinker, cured by the method ofair curing, which
achieved a cube compressive strength of 38.66N/mm? and density 0f1920kg/m°.

Findings: In conclusion, the results show that OPBC concrete is a green alternative to standard concrete that
does not differ significantly in terms of strength while offering a densityreduction of as much as 16%.

Originality/value: This paper is original
Paper type: Research paper
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I. INTRODUCTION

A building made with lighter materials possesses benefits, including the reduced size of structural and
supporting members, easier moving, and improved seismic load resistance (Babu & Rex, 2019; Ng et al., 2007,
Yardim et al., 2013). One of the many ways of reducing the mass of dead weight of structures is by adopting
lightweight concrete (Sajedi & Shafigh, 2012). The production of lightweight concrete usually involves
including air and void in the concrete. In this light, the most popular method to produce lightweight concrete is
substituting conventional mineral aggregates with lighter ones (Shetty, 2008).

Oil Palm Boiler Clinker (OPBC) is a promising waste material that can be deployed in the orientation
toward sustainable development as researchers have been looking into the potential of industrial waste and by-
products to provide an alternative to the natural stone aggregates in concrete production (Aslam et al., 2016;
Ismail et al., 2013; Mo et al., 2015; Shi et al., 2015). OPBC is a lightweight porous aggregate, well- graded
material with a size range usable in both fine and coarse aggregate. Researchers have incorporated OPBC into
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concrete mixtures to produce lightweight structural concrete with a density between 1440 to 2020 kg/m3 and
28-day compressive strength in the range of 17 to 42 MPa (Aslam et al., 2017). In a study by Ahmad where
coarse and fine OPBC replaces the proportions of coarse and fine normal aggregates in a concrete mix, Ahmad
finds that the compressive strength of the OPBC concrete decreases by 30.86% while at the same time also
resulting in a reduction of as much as 35.14% in density, in comparison to regular concrete (Ahmad et al.,
2007). Palm-oil industry biomass wastes such as palm shells, palm fibre, and palm kernels, utilized as a fuel
substitute in palm oil boilers when no longer combustible, forms the OPBC (Shafigh et al., 2014; V.l et al.,
2014). Tropical countries such as Malaysia, Indonesia, and Thailand contribute close to 90% of the world’s total
palm oil production, which indicates that the availability of the OPBC is also as much (Aslam et al., 2016).
Therefore, this paper aims to compare the effects of partially replacing the proportions of the natural aggregates
with OPBC aggregates on the strength and density of concrete. At the same time, this study also aims to
determine the best OPBC concrete mix that can fulfil the minimum requirement for lightweight reinforced
precast concrete products according to BS EN 13369: 2013.

Il. METHODOLOGY

The main aim of the experimental program is to determine an OPBC concrete mix that is eligible for
lightweight reinforced precast concrete products according to BS EN 13369:2013. The OPBC concrete mix is
produced by partially replacing the portions of coarseand fine aggregates of a standard concrete mix with coarse
and fine OPBC aggregates. The concrete mix design is determined via the trial mix method, where percentages
of OPBC are varied as partial replacements in the control mix. The control concrete mix is designed for a
characteristic strength of 40N/mm? at 28 days by adopting the method proposed by Building Research
Establishment or the DOE method (Teychenné et al., 1997). Three 100mm x 100mm x 100mm cube samples of
various OPBC mixes are tested and weighed on the day of demolding (day 1), day7, and day 28 to determine
their cube compressive strength, fc.cuve, and density, respectively,conforming to BS EN 12390-3:2009 (British
Standards Institution, 2009a). Figure 1 illustrates the compressive test and weighing process conducted on the
samples.

Figure 1. (a) Compressive test on samples, (b) weighing of samples

A. Material
1. Cement

The ordinary Portland cement CEM | 42.5 certified to MS EN 197-1 was adopted in this study as it
contains an adequate amount of C3S (Tricalcium Silicate) proportion which was imperative to the contribution
of strength in concrete (Nawy, 1997). The typical specific gravity value of cement is taken as 3.15 (Mortazavi &
Majlessi, 2012).

2. Oil-palm-boiler-clinker (OPBC) Concrete

The raw OPBC is collected from Taib Andak palm oil mill in the Kulai district of Johor, Malaysia, as
depicted in Figure 2 and is then prepared per the flow chart illustrated in Figure 3. The material's preparations
conform to Clause 5.1.2 in ASTM C330 on lightweight aggregate for structural concrete grading requirements
(ASTM C330, 2017). The raw material, as shown in Figure 4 (a), which closely resembled a rough-surfaced
porous rock in the size of approximately 100mm to 200mm, is first crushed with the utilization of the Los
Angeles Abrasion Testing Machine (Figure 5 (a)) at a setting of 1000 rotations per cycle. The machine's drum
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rotates while the four ball bearings included with the raw OPBC act as a mechanism to crush the raw OPBC into
smaller pieces. Figure 5 (b) illustrates the ball bearing used in the machine. Afterwards, if the 9.5mm sieve
retains the crushed OPBC during the filtering process, the product is then further crushed using the stone crusher
machine, as depicted in Figure 5 (c), to get a smaller aggregate size than 9.5mm.

Figure 2. (a) Raw OPBC in the Felda Taib Andak Palm Oil Mill’s dumpsite, (b) Thedischarge area that produced fresh
damp OPBC, (c) & (d) Raw OPBC collected and transported to the lab
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Figure 3. Flow-chart of raw OPBC preparation process
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Figure 5. (a) Los Angeles Abrasion Testing Machine, (b) ball bearings, (c) stone crusher machine

Meanwhile, the crushed OPBC that passed the 9.5mm sieve but retained at the 4.75mm sieve is cast aside
and categorized as coarse OPBC, as shown in Figure 2.4 (b). Subsequently, the crushed OPBC that passes
through the 4.75mm sieve is tagged as a fine OPBC, as illustrated in Figure 2.4 (c). Finally, the sieve analysis is
performed on both the coarse and the fine OPBC to conform to the grading requirements of ASTM C330. Figure
2.6 and Table 2.2 represent the sieve analysis and material properties of the normal aggregates and the OPBC
aggregates to be implemented in casting the OPBC concrete precast slab specimens in this research.
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Figure 6. Sieve analysis of OPBC implemented in the preparation of OPC slab Specimen

Effects of the Partial Replacements of Oil Palm Boiler Clinker (OPBC) Page [ 995
on the Density and Compressive Strength of Concrete
Muhammad Lutfi Othman*?, Noor Nabilah Binti Sarbini®, Redzuan Abdullah?, Mohamad Salleh Bin Yassin*



2 1JEBD :: ISSN : 2597-4785 (ONLINE)

(International Journal of Entrepreneurship and Business Development) ISSN : 2597-4750 (PR|NTED)
Volume 05 Number 05 September 2022

This work is licensed under a Creative Commons Attribution- ShareAlike 4.0 International License.

B. Mix design

As a starting point, the proportions of the concrete were designed according to the Building Research
Establishment (BRE) mix design method for standard concrete before the proportions for coarse and fine
aggregates were partially replaced with fine and coarse OPBC. The initial strength of the control concrete mix
was designed for compressive strength of 40MPa (Teychenné et al., 1997). High compressive strength was
selected due to the reductions of strength expectedto be caused by the introduction of lightweight aggregates in the
mix. For the mix to be eligiblefor lightweight reinforced precast concrete products, it is required to achieve a
minimum compressive strength of at least LC16/18 according to BS EN 13369:2013 (British Standards
Institution, 2018). The aim was to find the best mix with the lowest density while simultaneously carrying a
minimum 28- days cube compressive strength of at least 18MPa. The ratios of the mixes are shown in Table 1.
Mix 1 is the control mix, where 0% of OPBC is adopted in the mix. Mix number 1 to 8 is cured inside a water
tank, while mix 9 and 10 are cured by air curing. There are two sets of variables within mix 2 to 8. The first set
consists of mixes 2, 3, 4 and 8, where the amount of CC is constant while the amount of FC varies. The second
set includes mixes 5, 6, 7 and 8, where the amount of FC is constant while the amount of CC varies. The amount
of OPBC coarse and fine aggregates to replace the portions of the normal coarse and fine aggregates is
calculated using the absolute volume method based on values presented in Table 2. All the mixes are mixed by
drum mixer based on the procedures mentioned by BS1881-125:2013 Methods for mixing and sampling fresh
concrete in the laboratory (British Standards Institution, 2013a).

Table 1. OPBC Concrete mix ratio

Normal OPBC

vioun  Concreemix OO hggregee COM  Sipgegry Cement dater
(kg/m®) (kg/m”) (kg/m®) (kg/m”)
0% CC + 0% FC
1 594 1056 0 0 490 325 0.66
(Control)

2 100%CC + 0%FC 0 1056 380.6 0 490 325 0.66
3 100%CC + 33%FC 0 707.52 380.6 279.52 490 325 0.66
4 100%CC + 67%FC 0 348.48 380.6 567.51 490 325 0.66
5 0%CC + 100%FC 594 0 0 847.04 490 325 0.66
6 33%CC + 100%FC 594 0 0 847.04 490 325 0.66
7 67%CC + 100%FC 594 0 0 847.04 490 325 0.66
8 100%CC + 100%FC 0 0 431..2 847.04 490 325 0.66
9 80%CC + 80%FC 118.8 211.2 344.96 677.63 490 325 0.66
10 90%CC + 90% FC 59.4 105.6 388.08 762.33 490 325 0.66

*CC = coarse clinker, FC = fine clinker
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Table 2. Specific gravity and water absorption of normal aggregates and OPBC aggregates

Normal coarse Normal fine OPBC coarse OPBC fine

aggregate aggregate aggregate aggregate
Specific Gravity 2.7 2.6 1.96 2.09
Water absorption (%) 1.58 2.4 8.81 19.5

I11. RESULTS AND DISCUSSION

The results compiled in Table 3. consists of the slump value, curing method, density at different ages, and
the cube compressive strength on day 7 and 28. The slump of all the mixes is measured, conforming to the
method stated in BS EN 12350-2 (British Standards Institution, 2009b). The slump values range from 80mm to
160mm.

Table 3. Density and cube compressive strength of OPBC concrete at 7 days and 28 days

Density (kg/m®) Cube compressivestrength
(N/mm?)
Mix . Curing
num. Concrete mix ~ Slump Method

Before 7 days 28 days 7 dayscuring 28 dayscuring

curing curing curing

1 0% CC+0%FC 100 watertank 2215 2260 2284 37.58 43.45

2 100%CC + 0%FC 80 water 2108 2145 2141 34.05 39.39
tank

3 100%CC + 33%FC 160 water 2013 2050 2054 28.9 32.76
tank

4 100%CC + 67%FC 110 water 2001 2041 2050 36.14 41.71
tank

5 0%CC + 100%FC 110 water 2157 2198 2208 38.32 44.2
tank

6  33%CC + 100%FC 140 water 2091 2138 2136 35.87 39.62
tank

7 67%CC + 100%FC 130 water 1982 2028 2030 28.39 38.76
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tank
8 100%CC + 90  watertank 1942 1973 2023 29.26 38.96
100%FC
9 80%CC + 80%FC 110 air 2025 1997 1970 26.77 37.86
10 90%CC + 90% FC 100 air 1993 1956 1920 27.42 38.66

A. Density

Concrete mix 1 to 8 cured in a water tank shows an increasing density value the more prolonged the curing
period, as shown in Figure 3. The density escalation is caused by the water absorption of the concrete cubes,
where the 100% OPBC mix shows the highest increase. On the other hand, concrete mix 9 and 10 that are cured
by leaving them exposed in a room shows a decreasing pattern in density value. At 28 days, only mix 9 and 10
can be considered lightweight concrete, based on the definition of lightweight concrete in BS EN 206 (British
Standards Institution, 2013b). At 28days, mix one, the control mix, obtained the highest density, 2284kg/m?.
The second highest density is 2208kg/m®, gained by mix 5 which consists of 0% CC and 100% FC. The third
highest density is mix two, which contains 100% CC and 0% FC. On the other hand, the lowestdensity for mixes
cured in a water tank is mix 8, which consists of 100% CC and 100% FC, with a density value close to a
lightweight category, 2023kg/m?®.

Density of mix VS Curing age
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Figure 7. Density of mixes by curing age

Figure 7 illustrates the density against the mix variants. Set 1 mix variants fix the amount of CC to 100%
and vary the percentages of FC to 0%, 33%, 67% and 100%. Meanwhile, the amount of FC in set 2 mix variants
is at a constant of 100% but varies in the quantity of CC. The percentages of CC implemented in set 2 are 0%,
33%, 67% and 100%. The effects of the mix variations are shown in Figure 8 (a) and (b), where both of the sets
demonstrate a declining pattern in the density values. Set 2 shows a steeper reduction in density while also
achieving a stronger correlation compared to set 1.
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Density vs Mix Variants (Set 1) Density vs Mix Variants (Set 2)
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Figure 8. Density of mixes against mix variants (a) Set 1, (b) Set 2

B. Compressive strength

Figure 9 illustrates the cube compressive strength of the mixes. All mixes show increasing strength from
day seven to the twenty-eighth day. Mix 5 with 0% CC and 100% FC achieved the highest cube compressive
strength at 28 days, with a value of 44.2N/mmz2, followed by the control mix, 43.45N/mm2. The weakest mix
with a value of 32.76 N/mmz2 is mix three, which contains 100% CC and 33% FC. Also, it is essential to note
that mixes 9 and 10, which undergoes the air curing method, obtained the three lowest compressive strength
after mix three, with values of 37.86 N/mm? and 38.66 N/mm?, respectively. Even though theair curing process
helps mix 9 and 10 achieve lower density, at the same time, the process doesnot increase the mix’s strength as
efficiently as water curing. In the air curing method, the moisture needed during cement hydration only comes
from the water retained by the lightweight OPBC aggregates. Therefore, it is understandable how the concrete
mix that has better hydration when fully submerged in water is more potent than concrete that relies onlyon
water retained inside its aggregates.

Cube compressive strength VS Curing age
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Figure 9. Cube compressive strength of mixes by curing age
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Figure 10 (a) and (b) present the cube compressive strength vs mix variants for set 1 and set 2,
respectively. Both sets show an overall declining cube compressive strength value when the portion of OPBC in
the mix is increased. Similar to the results shown in Figure 8, the second set also shows steeper decrease in
strength and higher correlation compared to set 1.
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Figure 10. Cube compressive strength of mixes against mix variants, (a) Set 1, (b) Set 2

Taken into account that this study aims to find an OPBC mix that fulfils the minimum strength for a
precast concrete product according to BS EN 13369:2013 and at the same time can be categorized as lightweight
concrete conforming to BS EN 206:2013, a graph of the cube compressive strength of all the mixes against their

density at 28 days age is plotted, as illustrated in Figure 11. From this plot, it is clear that only mix 9 and 10
satisfy the two conditions.

Cube compressive strength VS Density
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Figure 11. Cube compressive strength against density of concrete mixes

IV. CONCLUSION

The cube compressive strength and density results of various OPBC concrete mix proportions in this study
show that the concrete made of OPBC aggregates is as adequate as regular concrete. All OPBC concrete mix in

this study passed the minimum strength requirement for precast concrete product. A few conclusions can be
drawn from the results.
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1. The increase in the amount of OPBC aggregates replacing the portions of natural aggregate in a concrete
mix reduces the density of the concrete, as well as the strength ofthe concrete. For future study, the density
of the OPBC concrete achieved in this study can be further reduced with the addition of other lightweight
fine and coarse aggregate.

2. Air curing produces lighter concrete compared to water curing. This method is useful especially for
concrete such as OPBC concrete than contains lightweight aggregate that are able to absorb and retain
water. The strength difference between the control concretemix and mix 10 consists of 90% CC and 90%
FC cured by air is only 11%. Meanwhile, between mix 10 and mix 8 that contained 100% CC and 100%
FC, cured by water, the strength difference is only 0.77%.

3. The best OPBC concrete mix obtained in this study is mix 10 that gained cube compressive strength of
38.66N/mm?, and density of 1920kg/m®.
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