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Introduction

Aside from integrating natural fiber ma-
terials into foamed concrete matrix, indus-
trial by-products derived from agricultural 
crops are considered as feasible resources in 
the expansion of an environmentally friend-
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ly and sustainable concrete. Each unwanted 
waste produced due to agricultural activities 
has distinguished properties that make them 
suitable in proper application in concrete. 
The wastes include oil palm kernel shell 
(OPKS), coconut shell, fly ash (Rashad, 
2016), rice husk ash (RHA), and oil palm 
shell (OPS) (Mannan & Ganapathy, 2004). 
Those are referred to as additional cementi-
tious materials due to their pozzolanic prop-
erties that improve the mechanical properties 
of solid concrete (Awang, Al-Mulali, Khalil 
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& Aljoumaily, 2014). On the other hand, the 
integration of industrial by-products in the 
foamed cellular concrete structure matrix also 
can aid in the establishment of the number 
of pores, thus creating a lighter product. By 
combining the effects of pozzolanic activ-
ity and pores generation in foamed concrete 
matrix, it will improve thermal conductivity, 
lightweightedness of foamed concrete, and 
compressive strength of foamed concrete. 
Malaysia is one of the world’s largest pro-
ducers of palm oil, where the industry gen-
erates large quantities of solid waste such as 
palm oil boiler ash (POBA). These oil palm 
wastes have contributed to a major disposal 
problem to the society and environment. On 
the other hand, global demand for concrete 
is expected to keep increasing and the price 
of concrete materials are escalating due to 
limited resources of cement, such as fine ag-
gregate and coarse aggregate. 

The scenario is a good opportunity to uti-
lise POBA to be blended with foamed con-
crete as an alternative to the conventional 
high priced concrete materials. The utilisation 
of POBA in foamed concrete has a huge po-
tential to reduce the weight of concrete with 
acceptable strength instead of being disposed 
of as waste materials. A few researches have 
been carried out to resolve the shortage of 
natural sand and the upsurge in the waste’s 
disposal problems (Flores-Johnson & Li, 
2012; Sankh, Biradar, Naghathan & Ishwar-
gol, 2014; Payá et al., 2017; Castillo-Lara et 
al., 2020; Tran & Ghosh, 2020). By utilising 
those waste into the concrete blends creates 
opportunity in solving environmental issues. 
For instance, utilising oil palm shell (OPS), 
coconut shell, and oil palm kernel shell 
(OPKS) as aggregates in concrete (Awang 
et al., 2014; Muthusamy, Zamri, Zubir, Kush-
biantoro & Ahmad, 2015) or using rice husk 
ash and palm oil fuel ash (POFA) as cement 

replacement material (Lim, Tan, Lim & Lee, 
2013), however only a few use the wastes as 
sand replacement in producing concrete. In 
2014, there are studies where the properties 
of foamed concrete replaced by the semi-pro-
cessed oil palm ash or POFA (Awang et al., 
2014) and another study (Muthusamy et al., 
2015) using POFA as cement replacement in 
the application of lightweight concrete. More 
study on 20% of POFA as cement replace-
ment has been conducted in 2010 with differ-
ent fineness where it was concluded that 20% 
of POFA as cement replacement but different 
fineness has improved the strength of POFA 
concrete towards the acidic corrosion (Bud-
iea, Hussin, Muthusamy & Ismail, 2010). 
POFA, if treated, will enhance the mechani-
cal and physical properties of the concrete 
at initial phases, which has been proven by 
a recent study (Alsubari, Shafigh, Ibrahim  
& Jumaat, 2018).

Also, it is reported that replacing the sand 
with coarse fly ash as filler in the foamed con-
crete showed a spread value 2.5 times higher 
than that of cement-sand mix (Jones & Mc-
Carthy, 2005b; Lim et al., 2013). If POBA can 
be used as sand replacement in concrete for 
structural applications, it would be favourable 
to the environment by turning these materials 
into an appropriate product. In addition, this 
concrete can be employed for construction of 
low-cost houses, particularly in the locality of 
oil palm plantations. However, the flexural 
behaviour and compressive strength of POBA 
as sand replacement in lightweight concrete 
must be further examined and clearly estab-
lished for future development. Therefore, the 
objective of this study are to evaluate the fea-
sibility of POBA as partial replacement mate-
rial in foamed concrete and to determine the 
optimum composition of POBA to be used as 
sand replacement. The suitability of foamed 
concrete with POBA blends for conventional 
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concrete replacement will be determined with 
several tests that are being conducted which 
are water absorption test, density test, and 
compression strength test.

Methodology

Materials and sample preparation

The materials used in the laboratory to 
cast foamed concrete consist of original 
Portland cement according to the standard 

BS EN 197-2000 (British Standards Insti-
tution [BSI], 2000), foaming agent, POBA, 
free water, and fine aggregate. POBA was 
collected from the Palm Oil Factory at Telok 
Sengat Palm Oil Mill, Kota Tinggi Johor as 
shown in Figure 1a and Figure 1b. The POBA 
was then sieved through a single size that is 
passing 2 mm sieve size to be used to replace 
sand. Preformed foamed concrete was made 
by using synthetic-based foaming agents.  
A foamed concrete with a 1,400 kg·m–3  
density was designed in this study. The 
sand was replaced with POBA with various  

FIGURE 1. Foamed concrete casting process: a, b – collection of POBA sample from Palm Oil Factory 
at Telok Sengat Palm Oil Mill; c – POBA sample passing 2 mm sieve; d – POBA-foamed concrete mix; 
e – cast into the mould; f – curing the foamed concrete sample
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percentages of mass replacement such as  
0, 4, 8 and 12% concerning designed density 
in this study. Detail of mix proportions of sam-
ples is shown in Table 1. All mixes were kept 
at 1.0 and 0.6 respectively for the ratios of the 
sand-cement (S/C) and water-cement/binder 
ratios. In this study, foamed concrete speci-
mens with dimensions of 100 × 100 × 100 
mm were prepared. The samples were wa-
ter curing in the water tank at 7, 28, 60 and 
90 days. All processes are shown in Fig-
ure 1. Table 1 summarises the details of the 
mixed proportions of samples employed. 
Foamed concrete was prepared within four 
main steps, including the preparation of the 
mortar mix, foam preparation, foamed con-
crete production, and lastly density of the 
foamed concrete determination. Figure 1c to 
Figure 1e show the foamed concrete casting 
process conducted in this study. The density 
of the mixture was identified prior to the in-
clusion of the foam. Plastic density was set at 
about ±50 kg·m–3 of the target density, which 
corresponds to the tolerance that is used in in-
dustry for the production of foamed concrete 
(Jones & McCarthy, 2005a, 2005b, 2006; 
Kearsley & Mostert, 2015). The additional 
foam was prepared as needed until the design 
density of the foamed concrete was achieved. 
The samples of the foamed concrete were 
cast based on guidelines in BS EN 12350- 
-1:2009 (BSI, 2009). Portafoam was used as 
the foaming machine in this study to generate 
the foam from the foaming agent to be mixed 
with the concrete.

Test method

Water absorption test

Water-resistance in concrete is usually 
measured using water absorption tests. This 
test was performed in accordance with the 
standard BS 1881-122:2011 (BSI, 2011), 
which measures the water amount that pene-
trates the concrete samples while submerged. 
The positive result indicated by the lower 
absorption value of the concrete sample. The 
crystals inside the crystalline admixtures 
such as foamed concrete, grow continuously 
over time, which may affect the result of the 
water absorption test. Therefore, for more 
realistic and reliable results, the sample of 
the foamed concrete was tested at later ages 
(56 or 90 days) for its water absorption prop-
erties. Three samples of foamed concrete for 
each POBA mix proportion will be tested at 
the age of 90 days. The samples were placed 
in the drying oven for 72 h, as shown in 
Figure 2a. Then, the samples were weighed 
and recorded. The samples were submerged 
instantly in a water tank at a depth such that 
there was 25 ±5 mm of water over the top 
of the specimen and in the position of its 
longitudinal axis in the horizontal as shown 
in Figure 2b. The sample was submerged in 
the water tank for a period of 30 ±0.5 min. 
After that, the sample was removed from 
the tank and the bulk of water on the sample 
surface was removed by shaking the sample. 
Then the samples were dried up from the 
free water as rapidly as possible using a dry 

TABLE 1. Detail of mix proportions of samples

Mixture sample
Mix proportion [kg·m–3] Foaming agent

[l·m–3]cement fine aggregate POBA water
Control 538 538 – 323 301.55
4 POBA 538 517 21 323 301.55
8 POBA 538 495 43 323 301.55
12 POBA 538 473 65 323 301.55
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cloth. Finally, the weight of the samples are 
recorded, and the percentage of water ab-
sorbed was calculated.

Uniaxial compressive strength

The compressive strength test was con-
ducted using three samples of foamed con-
crete for each POBA mix proportion at the 
ages of 7, 28, 60 and 90 days. This test was 
conducted to assess the strength development 
of the samples with the different mix propor-
tions of POBA, as shown in Figure 3. The 
size of the foamed concrete samples used in 
the test was 100 × 100 × 100 mm, follow-
ing the standard BS EN 12390-3:2009 (BSI, 
2009). Compression testing machine (CTM) 
was used in this test and the foamed concrete 

sample was positioned so that the load was 
applied in the opposing direction to the sam-
ples. The sample was carefully aligned and 
load was applied until the sample breaks. 
The compressive strength of a specimen was 
determined and recorded.

Density determination

Foamed concrete with a density of 
1,400 kg·m–3 was prepared in this research. 
The density of foamed concrete was deter-
mined after the foamed was added to the 
mixture. The mixture of foamed concrete 
was poured into a mould and then weighed 
to get the wet density of the mixture. If the 
density was higher than 1,400 kg·m–3, it 
means that the amount of foamed was not 

FIGURE 2. Water absorption test process: a – dry-oven the sample for 72 h; b – sample immersed in 
the water tank

FIGURE 3. Uniaxial compressive strength process: a – sample placed in position; b – load applied until 
failure; c – maximum load at failed
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yet sufficient in the mixture and additional 
foam was added before it was mixed again 
in the concrete mixer. Then, the mixture was 
poured into the mould and weighed again 
until the desired density was achieved. Af-
ter the curing process, the foamed concrete 
was left to dry before the weight was deter-
mined once more. Based on the weight read-
ing, the dry density of foamed concrete was 
determined.

Result and discussion

Density of the sample

Figure 4 shows the density of foamed 
concrete with 0, 4, 8 and 12% of POBA re-
placement of fine aggregate for the curing 
age of 7, 28, 60 and 90 days. The density 
are recorded lowest for foamed concrete 
without POBA as fine aggregate replace-
ment, which are 1,294.7, 1,306.8, 1,358.2 
and 1,362.1 kg·m–3 at 7, 28, 60 and 90 days 
of curing age respectively. Meanwhile, the 
density for foamed concrete with 12% of 
POBA as fine aggregate replacement re-
corded the highest values with 1,446.5, 
1,541.0, 1,552.0 and 1,604.3 kg·m–3 at 
the similar curing days. Additionally, the 

value of density for foamed concrete with 
4% of POBA are 1,323.3, 1,345.6, 1,399.0 
and 1,389.1 kg·m–3, meanwhile for foamed 
concrete with 8% of POBA the recorded 
density are 1,387.0, 1,435.5, 1,448.4 and 
1,454.3 kg·m–3 for the curing age of 7, 28, 
60 and 90 days respectively. 

In this research, it was found that the 
greater percentage of POBA as replace-
ment of fine aggregate lead to a higher val-
ue of dry density of the foamed concrete. 
It is because the amount of foam added in 
the foamed concrete is lesser for the high-
er percentage of POBA in foamed concrete 
as the density of fine aggregate is great-
er than POBA. Therefore, mixture with 
higher percentage of POBA will be added 
with less amount of foam so that the value 
of wet density of foamed concrete fixed 
to 1,400 kg·m–3. Thus, the sample with 
higher percentage of POBA will be added 
with less amount of foam, which dries out 
and create less voids in the foamed con-
crete during curing process. On the other 
hand, this research found that the value of 
density of foamed concrete rises with the 
increase of curing days. The trend shows 
that longer curing days will result in the 
higher value of density for most samples 
of foamed concrete. 

 
FIGURE 4. Density of the foamed concrete sample 
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This indicates that the uniformity of 
foamed concrete enhanced with the increase 
of curing days. As a result, the dry density of 
foamed concrete increase with the increase 
of curing days. This finding is true according 
to previous research that has been conducted 
that found water loss from concrete decreas-
es with increasing curing days (Memon, 
Sam, Awang & Memon, 2018).

Water absorption test 

Table 2 shows the percentage of water 
absorption by various percentages of POBA. 
The result found that the foamed concrete 
with 12% POBA as the sand replacement 
showed the highest percentage of water ab-
sorption (10.4%), while the control sample 
showed the lowest value. 

The trend on the water absorption shown 
in Figure 5 indicates that the increasing 
amount of POBA in the foamed concrete 
will increase the water absorption value in 
the foamed concrete sample. Standard con-

crete has a mean water absorption value 
within a range of 3–4% and this value is 
expected to be much higher in foamed con-
crete due to the higher number of voids or 
porosity values in foamed concrete (Brady, 
Watts & Jones, 2001). The average value 
of water absorption for all the samples that 
contain POBA is 9.5% and the replacement 
of POBA as partial replacement of sand in 
foamed concrete showed an overall 28% of 
increment of water absorption value. This 
higher amount of porosity in foamed con-
crete depends on the concentration of the 
foaming agent that is being used and also 
the mix design proportion where its density 
plays an important role which has a major 
influence on the physical and mechanical 
properties of the sample such as water ab-
sorption value and compression strength. 

Moreover, POBA loses some of its ele-
ment during the hydration process and is 
diluted in water as an ion. The hydration re-
action consumes these ions, forming ettrin-
gite and calcium silicate hydrate (C-S-H).  

TABLE 2. Water absorption value for foamed concrete sample

Concrete sample Criteria
Sample number

AVG
1 2 3 4

Control

dry weight [kg] 1 110.3 1 111.1 1 139.5 1 150.5 1 127.9

saturated weight [kg] 1 200.8 1 199.3 1 233.0 1 239.2 1 218.1

% of water absorbed 7.5 7.4 7.6 7.2 7.4

4%

dry weight [kg] 1 105.8 1 103.5 1 095.1 1 117.1 1 105.4

saturated weight [kg] 1 189.1 1 196.5 1 178.9 1 206.5 1 192.8

% of water absorbed 7.5 8.4 7.7 8.0 7.9

8%

dry weight [kg] 1 167.4 1 186.2 1 187.0 1 185.6 1 181.6

saturated weight [kg] 1 278.2 1 311.9 1 306.3 1 309.8 1 301.6

% of water absorbed 9.5 10.6 10.1 10.5 10.2

12%

dry weight [kg] 1 250.5 1 253.5 1 213.3 1 257.9 1 243.8

saturated weight [kg] 1 372.2 1 386.7 1 343.4 1 390.1 1 373.1

% of water absorbed 9.7 10.6 10.7 10.5 10.4
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As a result, the size of POBA will reduce and 
has a greater tendency to leave void space 
during that dilution, which increases poros-
ity in foam concrete that enhances the water 
absorption process.

Compressive strength 

The compressive strength of foamed con-
crete mixes for all proportions of POBA is 
presented in Table 3. Besides that, Figure 6 
shows the graphical compressive strength of 
all concrete in relation to the 4, 8 and 12% 
of POBA amounts. Based on the data ob-
tained, it appears that replacing sand with 
palm oil boiler ash improves the strength 
of foamed concrete significantly. POBA 
foamed concrete has a higher compressive 
strength than the control mixture, as indicat-
ed in Table 3 and Figure 6. The compressive 

strength consistently increased in the range 
of 4.34–13.50 N·mm–2, when the varied 
amounts of POBA were increased up to 12% 
at all curing periods. It can also be noticed 
that POBA foamed concrete for all replace-
ment levels also develops strength at a slow-
er rate at 7 days, with values ranging from 
4.34 to 5.87 N·mm–2. According to Figure 6, 
it shows the strength of those concretes at 
90 days increased dramatically, ranging from 
5.20 to 13.50 N·mm–2. As a result of this 
finding, the POBA did have a role in the later 
development of strength. This is in agree-
ment with the study conducted by Abdul Mu-
nir et al. (2015). Those authors mentioned 
that the rate of increase in strength of foamed 
concrete containing palm oil fuel ash (POFA) 
is slower than that of the normal concrete due 
to the use of POFA can slow the early hard-
ening process. Additionally, Figure 6 reveals 
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FIGURE 5. POBA and water absorption relationship

TABLE 3. Compressive strength results of the foamed concrete mixes

Concrete mix
Compressive strength after curing time [N·mm–2]

7 days 28 days 60 days 90 days

Control 4.23 4.40 5.39 4.70
4% POBA 4.34 4.70 5.87 5.20
8% POBA 4.81 6.40 7.89 8.60
12% POBA 5.87 9.80 10.51 13.50
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that when POBA content was substituted at 
12%, the compressive strength achieved was 
higher than the other specimens, with values 
of 5.87, 9.80, 10.51 and 13.50 N·mm–2 at 7, 
28, 60 and 90 days respectively. 

As a result, it obtains the maximum 
strength gain compared to the control mix-
ture. This finding is achievable because  
C-S-H gels in the POBA produces bonding 
between aggregates and cement, resulting in 
increased concrete strength (Yee, 2017). At 
the same time, the fine particles in POBA 
are useful as a filler to fill voids in concrete 
(Yuan, 2012). Thus, the density of the con-
crete would be increased, which would aid in 
the development of strength. It’s worth not-
ing that foamed concrete can withstand larger 
levels of POBA without sacrificing strength.

Conclusions

The present study on utilising palm boiler 
ash (POBA) as sand replacement in concrete 
blends shows a promising result in lightweight 
foamed concrete development. Compression 
and water absorption tests were carried out 
on foamed concrete and POBA foamed con-

crete as sand replacement at 4, 8 and 12% 
of mass fractions with dry density of foamed 
concrete at 1,400 kg·m–3. The conclusions 
that can be deduced from this study:
-	 The inclusion of POBA has found to in-

crease the compressive strength of the 
concrete blends, which was associated 
to the bonding between the aggregates 
and cement. The void in the concrete 
is filled with the fine particle of POBA 
which acts as filler and thus contributes 
to the compressive strength of the con-
crete. This can be seen from the results 
obtained, that among the three percent 
of replacement, 12% of POBA as sand 
replacement has been found to attribute 
the highest compressive strength.

-	 POBA percentage has showed a propor-
tionally relationship to the dry density of 
foamed concrete mixture. The density of 
the foamed concrete with 12% of POBA 
resulted in the highest values of all per-
centages of POBA replacement. The in-
tegration of POBA in the foamed cellular 
concrete structure matrix has been found 
to aid in the establishment of the number 
of pores, thus creating a lightweight prod-
uct with higher compressive strength.

 
FIGURE 6. POBA and compressive strength relationship 
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The use of POBA in lightweight con-
crete would be qualified to reduce the 
amount of solid waste disposed by the palm 
oil industry to the environment. From this 
study, it is feasible to use POBA as a sup-
plementary cementing material, however, 
further research on the effect of different 
POBA particle sizes to the compressive 
strength of the concrete mixture and the 
stability of concrete to the temperature 
treatment should be conducted for future 
research and development. 
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Summary

Feasibility study of palm oil boiler ash 
(POBA) as a partial replacement of sand 
in foamed concrete. A study was conducted 
to explore the effect of palm oil boiler ash 
(POBA) on foamed concrete by varying the 
percentage of POBA over sand quantities (0, 
4, 8 and 12%). This paper primarily discusses 
the water absorption test, uniaxial compres-
sive strength, and dry density findings. It 
indicates that substituting sand with POBA 
greatly enhances the strength of foamed con-
crete. When the quantity of POBA was raised 
up to 12% throughout all curing times, the 
compressive strength steadily increased in 
the range of 4.34–13.50 N·mm–2. Further-
more, the dry density of foamed concrete was 
shown to be directly related to the fraction 
of POBA in the mixture. The dry density of 
foamed concrete increases as the amount of 
POBA increases. Despite this, water absorp-
tion shown that increasing POBA increases 
water absorption percentage in foamed con-
crete from 7.4 to 10.4%. This is due to the 
fact that a composition with a high POBA 
percentage will generate more pores than  
a mixture with a low POBA percentage.


