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Abstract  This paper discusses the use of oil palm shell (OPS) as lightweight aggregate in lightweight concrete especially 
in the structure application has been proven by previous researches. As industrial waste material, OPS can be the alternative 
material to be used in the construction industry. With its advantage as heat resistant material, this study will discuss the 
potential of OPS as lightweight aggregate with regard to the optimum content of OPS. A total of 15 mix design with 3 
different cement/sand ratio (1.7, 1.8, 1.9) and 5 cement content in mix design (300, 350, 400, 450, 500 kg/m³) has been tested. 
The result showed mechanical and thermal properties for all mix.  
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1. Introduction  
The use of concrete as building material is always in high 

demand. Good durability and workability of concrete makes 
it convenient for construction industry players. However, the 
high density of the concrete will result in increased dead load 
on building structures because a lot of use of steel reinforced. 
The use of lightweight aggregate as lightweight concrete is 
an option to reduce the dead load on a building, especially for 
high-rise buildings. Normally pumice and perlite are used as 
lightweight aggregate to produce lightweight concrete and 
both materials can be found at volcanic area R. (Demirboga 
& R. Gul, 2003 [1]). However, it has not brought much 
advantage to countries which do not have volcanic 
environment. The alternative is to use industrial waste 
material as aggregates for construction. 

One of the solid waste products that have increasingly 
gained researchers’ interest is oil palm shell from the 
processing of oil palm. Oil palm industry is a fast-growing 
industry and economically it is able to become the backbone 
of the economy. This industry also produces not only waste 
from palm oil processing but, all of its parts in palm tree such 
as fruits, trunks and leaves that can be effectively utilized for 
producing valuable products. For instance approximately 19 
million tonnes of crop residues (empty fruit bunch, fiber and 
shell) were produced per year (Mustaffa et al, 2011 [2]). It 
was estimated that over 4.56 million tonnes of oil palm shell   
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are produced annually (Teo et al., 2006 [3] and Sahu et al 
2011 [4]) reported that the amount of oil palm shell increases 
every year because there are more than 270 palm oil mills 
operating in this country to generate the waste. The growing 
need for sustainable development has motivated researchers 
to focus their research on the use of waste or recycled 
materials in potential construction material. 

Oil palm shell is traditionally used as solid fuels for steam 
boiler to run turbines for electricity (Shafigh et al., 2012 [5]), 
used to cover the surface of the roads in the plantation area 
(N. Abdullah et al., 2011 [6]) densified into briquettes (Z. 
Husain et al., 2002 [7]), used as granular filter material for 
water treatment (Jusoh et al., 2005 [8]), converted to bio-oil 
by using pyrolysis process for biomass energy (J. N. Sahu et 
al., 2011 [4]), and used in the production of charcoal and 
activated carbon (Astimar and Ropandi, 2011 [9]). There are 
a number of studies related to OPS lightweight aggregate 
concrete especially for lightweight structure. However, there 
was inadequate information regarding the effect of OPS 
lightweight aggregate on the thermal properties, porosity, 
unit weight etc. of these concrete in the technical literature. 
Previous study only mentions that the OPS lightweight 
concrete has low thermal conductivity compared to normal 
concrete. Therefore, an experimental investigation related to 
effect of OPS on thermal conductivity has been carried out 
and the results are reported in this article.  

2. Experimental Programme  
In this study, the materials used are ordinary Portland 

cement (OPC) with specific gravity of 3.10 type I, river sand 
with specific gravity, fineness modulus, water absorption 
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and maximum grain size of 2.67, 2.28, 0.98% and 2.36 mm, 
respectively. OPS are used as course aggregate and the 
treatment method is as mentioned by previous researcher 
(Shafigh et al., 2012 [5], U. Johnson Alengaram et al., 2010 
[10], M. A. Mannan et al., 2006 [11]). The shells have been 
left outside the laboratory for 6 months to expose them with 
natural environment because there might be fibre and oil 
coating on the surface of fresh OPS. After the exposure, most 
of the fibres are removed from surface thus reducing the oil 
coating and other impurities present on the shells. Finally, 
OPS aggregate were rinsed with potable water to remove the 
detergent and then dried before being stored in containers. 
The OPS used has specific gravity, water absorption (24 
hour), maximum grain, aggregate impact value and 
aggregate crushed value of 1.19, 22.1%, 14mm, 3.3% and 
2.62% respectively. The OPS need be absorbed in water for 1 
hour and left to saturated dry condition before it can be used.  

In the experiment, there are 15 mixtures with different 5 
cement content (300, 350, 400, 450 and 500 kg/m³) and 3 
different sand ratio mix (1.7, 1.8 and 1.9). For lightweight 
concrete, the amount of cement content specified is in the 
range of 285–510 kg/m³ (Mindess and Young, 1981 [12]). 
The mixture proportion is shown in Table 1.0. Effective 
water/cement ratio is 0.4 and it is constant in all mixture. The 
mix proportioning was based on the absolute volume. The 
unit weight of the concrete increased as a result of the 
increase of cement content used. The OPS was kept in water 
for 1 hour so that the OPS can absorb water and the effective 
water/cement ratio is not affected.  

To enhance the workability of the mixture, 1.5% of 
cement weight was used in all mixture. All mixture was 
prepared in a laboratory mixer with vertical rotation axis by 
forced mixing. Precautions were taken to ensure it is 
homogeneous and fully compacted. All specimens were kept 
in their moulds for 24 hours. After demoulding, they were 
stored in a water tank until the age of 28 days. At this age, the 
specimens were taken out of the curing tank and kept in 
laboratory condition (50% RH at 20°C) until testing day. 

3. Test Results and Discussions 
The results obtained on mix design are shown in Table 1.0. 

They are also displayed to some extent in graphical form 
(figures) and further discussed.  

3.1. Workability 

As seen in Table 1.0, the mix design result of workability 
showed the workability of fresh concrete. Bond between 
aggregate and mortar phase are significantly affected by 
physical properties and the volume of OPS. This study used 
the lowest sand ratio (1.7) because it is the minimum amount 
based on absolute volume design for cement content as low 
as 300 kg/m³. Mix T1, T2 and T3 with 1.7, 1.8 and 1.9 sand 
ratios with cement content of 300 kg/m³ show collapse and 
low workability. A lot of honeycomb is present on cube 
surface produced from this mix proportion. The bond 
between aggregate and mortar is very weak because the 
volume of OPS is high. Therefore mix proportion with 
cement content of 300 kg/m³ is not acceptable. The 
workability increased with increased cement content and 
high sand ratio. 

3.2. Unit Weight Density 

The 28-days unit weight density of OPS concrete shows 
that all mix have density of below 2000 kg/m³. The changes 
in unit weight are shown in Figure 1.0. In average, density of 
oven dry OPS concrete produced in this study is 
approximately 8.7%-16% lighter than air dry OPS concrete. 
The highest gap of density (air dry to oven dry) is seen in T1 
mix. The result showed that higher OPS volume will reduce 
density. Mix T1, T2 and T3 which contained 40% of OPS 
display a reduction gap of 16% of weight (air dry to oven dry 
density). Compared to mix T13, T14 and T15, the reduction 
gap of the density are only 11%, 9.2%, 8.7% respectably 
with 16% to 20% volume of OPS. The substantial reduction 
of the unit weight due to air drying is an indication of the 
presence of large and higher amounts of open pores on the 
surface. 

Table 1.  Mix Design 

Mix Order T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 

Sand Ratio 1.7 1.8 1.9 1.7 1.8 1.9 1.7 1.8 1.9 1.7 1.8 1.9 1.7 1.8 1.9 

Cement (kg/m³) 300 300 300 350 350 350 400 400 400 450 450 450 500 500 500 

Sand (kg/m³) 516 539 570 595 630 666 679 721 760 764 811 854 850 899 951 

OPS (kg/m³) 699 692 678 623 609 592 544 525 508 463 441 423 375 360 335 

Water (kg/m³) 124 124 124 140 140 140 160 160 160 180 180 180 200 200 200 

SP (kg/m³) 4.5 4.5 4.5 5.25 5.25 5.25 6 6 6 6.75 6.75 6.75 7.5 7.5 7.5 

Worka-bility 
(mm) 

- 5 10 10 15 15 15 20 20 25 25 30 35 40 50 

OPS % 
(kg/m³) 

42.59 41.92 40.65 36.48 35.22 33.87 30.49 29.05 27.79 24.76 23.44 22.17 19.69 18.37 16.88 
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Figure 1.  Unit Weight Density 

 

Figure 2.  Compressive Strength Test Result 

 

Figure 3.  Thermal diffusivity test result 

In this table the density, specific heat, thermal diffusivity 
and thermal conductivity of different samples are 
categorized according to volume of cement and sand ratio. It 
is noted that the density of the concrete vary for different 
samples within each proportion (for the same materials and 
same mixing ratio). Therefore, the values shown in the table 
are based on average densities ± a tolerance limit (less than 
4%) in order to cover the range of densities as measured for 
different samples of the same category. 

3.3. Compressive Strength  

Figure 2.0 shows the effect of cement content and sand 
ratio on the compressive strength of OPS lightweight 
concrete. As seen in the figure, compressive strength 
increased substantially with the increase of concrete cement 
content. The lowest strength is produced by T1 mix which is 
11.56 N/mm and is still in the range of load bearing strength 
meanwhile the highest strength is produced by T15 which is 
28 N/mm² which is in the range of lightweight aggregate 
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structural concrete strength. When the relationship is shown 
in figure, it may be concluded that higher OPS aggregate and 
low cement content will produce low strength. In other 
words, compressive strength values changed significantly 
depending on cement content amount. 

It can be seen that compressive strength values increase 
directly proportional to the increase in density values and 
inversely proportional to the increase in porosity values. In 
other words, ECACs with high density and low porosity have 
high compressive strength values. Properties of these 
constituents affect the properties of concrete. Thus, OPS 
aggregate will cause high porosity in cement paste and 
reduced the strength. The air entrainment also contributed to 
low strength of the concrete. 
a. Thermal Diffusivity 

The result of the experiment on thermal diffusivity rate 
showed that thermal diffusivity increased with increase of 
cement content of the mix, except for cement content 350 
kg/m with sand ratio 1.7 and 1.8., that heat transfer analysis 
influence by thermal conductivity and volumetric heat 
capacity therefore, high thermal conductivity will increase 
the thermal diffusivity. Again in case of OPS volume in mix 
proportion, the diffusivity of the concrete is less when higher 
OPS volume is used (300 kg/m³ cement content) compared 
to when less OPS volume (500 kg/m³ cement content) is used 
Figure 3.0. Since it is a function of conductivity, specific 
heat and density, it will vary according to different 
influences and both conductivity and specific heat increase 
with moisture content then one might expect a reduced 
influence on diffusivity (Marshall, 1972 [13]). Hence, 
thermal diffusivity of concrete is largely influenced by the 
mineralogical characteristics of the course aggregate 
(Stephen Tatro, 2006 [14]). The capacity of the aggregate to 
retain moisture and its chemically stable vesicular and glassy 
(amorphous) competition are also advantageous. Among 
other, Stephen points out that the compatibility in relative 
stiffness between the cement paste and lightweight aggregate 
is also beneficial for low thermal diffusivities (Stephen S. S., 
2006 [15]). 

4. Conclusions  
Based on results from objective analysis and research has 

been conducted on oil palm shell (OPS) lightweight concrete. 
The main conclusions result of research carried out is as 
follows:  

1. The workability of mix design is categorized as being 
low especially for mix design using high proportion 
OPS that have poor workability.   

2. Cement/sand ratio 1.8 are the optimum ratio for load 
bearing strength with low thermal conductivity value.   

3. The range of compressive strength for load bearing 
starts at 350 kg/m³ onwards. 

4. Pulse velocity value is of moderate quality except for 
mix design using 500 kg/m³ cement content that 

produced good quality concrete. 
5. Thermal conductivity that can be categorized as 

insulation structure is mix design using cement content 
of 400 kg/m³ and below. According to RILEM the 
value of thermal conductivity is much less than 0.75 
W/mK for load bearing insulation purpose.  

6. Specific heat for all mix design showed inconsistencies 
due to the size, shape and distribution OPS aggregate on 
concrete. The increase of energy required is due to 
moisture content of the aggregate.  

7. Thermal diffusivity increase when higher cement 
content is used in mix design. 
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