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A B S T R A C T   

The huge amount and non-utilization of oil palm biomass has created a major disposal problem. The use of 
lightweight concrete improves structural efficiency, as well as constructability for ease of repair and renovation 
works. Self-compacting concrete (SCC) reduces voids without vibration. This experimental work examined the 
effect of influence of Palm ash (PA) on lightweight self-compacting concrete (LWSCC). Palm ash was used to 
replace cement in the production of lightweight self-compacting concrete in order of 10, 20, 30, 40 & 50% 
respectively; slump flow, T50, V-funnel and L-box test were carried out for the workability and passing ability test 
on fresh concrete. The control mix was without PA. While Compressive, flexural and split tensile strength tests 
were carried out on the hardened concrete. The result showed 20% palm ash replacement as the optimum 
replacement within which the standard strength requirement for hardened concrete remained satisfied. The 
result of this study can be applicable to effective concrete mixtures suitable for repairing existing structures and 
element in rural areas.   

1. Introduction 

Huge amounts of palm trunks, branches, stems are being deposited as 
waste from manufacturing industries. The sustainable use of this de-
posits will not only create a cleaner environment but will also reduce the 
cost of some building materials that will have better impact on the 
environment. The new trend of business opportunities from waste to 
wealth in palm biomass as a green potential has speed up the develop-
ment of the palm biomass industry in terms of technology development, 
product improvement, process synthesis and supply chain optimization 
(Qin Ng, W. et al., 2012). However, by recycling the waste material, it 
can reduce the dumped waste as well as to ensure environmental sus-
tainability. For decades, the interest to develop an excellent durable, 
good performance concrete that requires few proficient workers has 
been on the rise. The gradual decrease of proficient workers in con-
struction sector brought about self-compacting concrete (Okamura 
et al., 2013). This concrete can flow freely and consolidate under its own 
weight which makes it suitable for placing congested reinforcement and 

difficult conditions in high ride buildings. Its use in construction mini-
mizes related hearing damages on worksite caused by vibration of 
concrete machines. It decreases construction time and ensures enough 
compaction (Kwangwoo et al., 2018) (Sellevold, E.J, 1987) (Güneyisi 
et al., 2008). Some of the merits of structural lightweight concrete in-
cludes the reduction of dead load of a concrete structure, which allows 
the designer to reduce the size of the structural member, hence making it 
lighter than conventional concrete (Sideris et al., 2013). Light weight 
concrete has low density, reduces heat absorption, faster building rate, 
reduction of dead load, and low haulage and cost. The breaking load 
deflection was investigated with relation to the strength. ((Lo et al., 
2007) and (Shi et al., 2005) reported a decrease in the load as the per-
centage replacement increased and when immersed in water. The POFA 
masonry bricks had a reduced breaking limit compared to the cement 
masonry bricks (Muhammad et al., 2014). 

(Muller and Haist, 2004) reported the use of self-compacting con-
crete and lightweight properties gave a suitable filling, passing and 
segregation free type of concrete used in construction today. 
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Investigation also carried out by (Kim et al., 2010) studied the charac-
teristic of semi-lightweight SCC using two different artificial lightweight 
aggregate that, there was an increase in the flowability, but the segre-
gation properties decreased. Furthermore, the use of lightweight 
aggregate in self-compacting concrete by (Abdul et al., 2015) developed 
lightweight concrete that was approved by German institute of con-
struction and also implemented in the building practice. Statistical 
model analysis to determine the dataset on predictive compressive 
strength models of SCC was studied by (Jeffery et al., 2006) and 
concluded that water cement ratio, aggregate combination, super-
plasticizer and binder combination are variables that affect compressive 
strength for 7, 28 and 90 days (Awal et al., 1997) evaluated the per-
formance of palm oil fuel ash (POFA) in reducing the expansion of 
mortar bars containing Tuff as a reactive aggregate. The effectiveness of 
POFA, like that of other fly ashes, increases as the level of replacement 
level increases. The replacement level of cement by 50% POFA affects 
the strength development of concrete as an early investigation has 
shown that a reduction in compressive strength occurs with the amount 
of ash content beyond 40%. 

Durability properties of palm oil fuel ash (POFA) was examined by 
(Ofuyatan et al., 2018) at 14, 28 and 90 days and the effect of water 
absorption on the specimen, from the result it was observed that mixes 
with ash had low resistance to the acid and sulphate test compared to 
SCC with palm oil fuel ash which had high values. The durability 
behavior under chloride and sulphate attack of lightweight SCC was 
looked into by (Bashandy et al., 2019) and (Behnam and Shami, 2016). 
Different mix ratios at different curing conditions was investigated by 
(Ofuyatan et al., 2018). Other materials investigated were cassava peel 
ash (Ofuyatan et al., 2018), rice husk ash and pumice powder (RMoh 
et al., 2014), steel fibre (Shahid et al., 2015), metakaolin (Kim et al., 
2012). It was seen that the concrete can be used for light construction 
works where high strength is not a major requirement, but durability is a 
major concern. Information on the studies is still lacking on the effec-
tiveness of using this pozzolanic material on the fresh and hardened 
properties of lightweight concrete. It’s been seen to be used mostly as 
source of renewable and sustainable energy and aggregate. This exper-
iment investigated the effect of Palm ash on lightweight self-compacting 
concrete and its application as filler for cracks and for non-structural 
building element in support of (Kanadasan, et., al. 2014) that Utilizing 
POC in the construction industry will promote sustainability besides 
paving the way for the proper disposal of waste materials that will lead 
to a much cleaner and non-polluted environment. 

2. Experimental method 

2.1. Materials 

The potable water used in this research meets the requirement 
(ASTM C1602/C1602M-18, 2012). The fine aggregate was obtained 
from natural river sand, located in Ogun state, Nigeria. Crushed, 
angular, porous graded granite having maximum size of 12.5 mm was 
employed as coarse aggregate (ACI Committee report 213R-03, 1992). 
The physical and composition qualities of the materials are shown in 
Table 2. The ordinary Portland cement; Dangote cement of grade 42.5r 
was used as binder and Conplast SP430 as chemical admixture in 
requirement of ASTM C1602. The palm ash used was obtained from a 
palm oil industry in Ogun state, Nigeria and the chemical composition is 
shown in Table 1. 

2.2. Mix design 

In this study, the key proportions for the mixes are done in accor-
dance with (EFNARC 2005). Table 3 relates the different mixes adopted 
in this study. Palm ash is used as mineral admixture along with chemical 
admixture (superplasticizer -Conplast SP 430) with water to binder ratio 
of 0.45. 

2.3. Test performed on SCC mixes 

The experiment performed assessed the fresh and mechanical prop-
erties such as workability, compressive, split tensile strength and flex-
ural strength of all mix variants. Details about the test procedures, 
standard followed are outlined in the following sub sections. 

2.4. Tests on fresh properties 

The workability of SCC is characterized by filling ability as seen in 
slump flow, passing ability which is tested in L-box and segregation 
resistance in the V-funnel which were carried out to determine the fresh 
properties of the light weight self-compacting concrete (EFNARC, 2005) 
is shown in Table 6. 

2.5. Casting and curing concrete 

Molds were filled with concrete after mixing, cube and cylinder 
molds of sizes of 150 × 150 × 150 mm and 150 × 300 mm respectively. 
The molds were cleaned of dust and lubricated with oil. It was filled with 
LWSCC containing Palm ash without compacting and were stored at 
room temperature for 24 h then marked and removed from the mold. In 
the determination of density for the hardened concrete with varied Palm 
ash replacements (10%–50%), the hardened concrete cubes were cured 
for 28 days. The cubes were dried and weighed in the air after curing. 
The density of the cubes was obtained by using a weighing balance and 
hence recorded is shown in Table 4. 

Table 1 
Chemical composition of POFA and OPC.  

Chemical composition Portland cement (%) POFA (%) 

SiO2 15.60% 54.47% 
Al2O3 3.02% 2.63% 
Fe2O3 3.27% 5.23% 
CaO 47.13% 4.70% 
MgO 1.33% 3.67% 
Na2O 0.02% 0.18% 
K2O 0.28% 7.55% 
SO3 3.08% 0.82%  

Table 2 
Physical properties of fine and coarse aggregate, POFA and OPC.  

Property Fine 
aggregate 

Coarse 
Aggregate 

Palm 
Ash 

OPC 

Specific gravity 
Fineness modulus 
Maximum size (mm) 
Water absorption (%) 
Median particle size, d50 
(mm) 
Passed from 45-mm (no. 
325) sieve (%) 

2.55 
2.73 
3.76 
1.2 

2.73 
6.8 
12.5 
0.38 

1.91 
9 
90 

3.18 
13.6 
92  

Table 3 
Mix proportion.  

Constituent 
(kg/m3) 

NC 
(kg/ 
m3) 

10%PA 
(kg/ 
m3) 

20%PA 
(kg/ 
m3) 

30%PA 
(kg/ 
m3) 

40%PA 
(kg/ 
m3) 

50%PA 
(kg/ 
m3) 

Portland 
Cement 

417.15 375.44 333.72 292 250.29 208.57 

Fine Aggregates 952 952 952 952 952 952 
Coarse 

Aggregates 
653.54 653.54 653.54 653.54 653.54 653.54 

Palm ash 0 41.72 83.43 125.15 166.86 208.57 
W/C Ratio (%) 0.45 0.45 0.45 0.45 0.45 0.45 
Superplasticizer 4.17 4.17 4.17 4.17 4.17 4.17  
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2.6. Tests on hardened properties 

Compressive strength test was carried out conforming to ASTM 
C39/C39 M, split tensile strength test ASTM C496/C496 M standard for 
carrying out test on cube was followed, cylindrical specimen and the 
flexural strength test were carried out on the beams removed from the 
water tank after the required days of curing. The specimen as shown in 
Fig. 1 (a) (b) and Fig. 2 was tested and loaded at a gradual constant rate 
until failure occurred. The load at which failure occurred was observed 
and recorded at 7, 14 and 28 days. 

3. Results and discussion 

3.1. Slump flow result 

The flowability results are displaced in Table 5 and the flow of 
concrete in Fig. 3 (a) and (b) that signifies the passing ability, flow of 
ease and resistance to segregation of the fresh concrete that is deter-
mined by the slump flow, V-funnel, L-box and T50 flow. The limit of the 
various flow indicators recommended by EFNARC (2005) is shown in 
Table 3. A reduction in the slump flow was visible as the percentage 
content of ash increased. The Control mix flow was 680 mm, while the 
20% replacement had a slump flow of 750 mm and a gradual reduction 
from 620 mm to 510 mm occurred at higher replacement. This could be 
due to the air contents creating voids in the paste. Table 3 represents the 
flow results for the concrete flow at varying palm ash replacement. As 
the percentage of cement replacement increases, there is a reduction in 
the workability due to the unburnt carbon of POFA. The T50 flow time as 
shown in Fig. 5 increases as the percentage replacement increase. 

3.2. L-box result 

The free flow against any form of bar was evaluated using the L-box. 
The result of test carried out for the different mixes with varying palm 
ash replacement for the fresh LWSCC is presented in the Fig. 4. The paste 
matrix with the aggregate provide a smooth transportation effects 
through the paste phase and an air passage for the passing ability 

performance of the concrete. The passing ability of the different mixes 
satisfy the standard requirement range for passing ability of fresh con-
crete. LWSCC is improved by palm ash addition of 20% as shown above 
and start to decrease from 30% to 50% PA. Also, observed that the 
concrete mix with 20% of POFA had the highest passing ability. 

3.3. V-funnel result 

The V-funnel flow time is dependent on the percentage replacement 
and the volume of paste as shown in Fig. 7. The rheology of the paste 
affects the viscosity and flow of the lightweight paste. From Fig. 5, the 
flow time for the various SCC samples were within 6–11 s. All samples 
were within specified limits. It could also be seen that SCC containing 
20% was able to flow out of the v-funnel quickly, indicating substituting 
of palm ash with cement improves the workability of the concrete mix. 
The flow time decreased at 20% compared with the 10% replacement 

Table 4 
28days density and compressive strength.  

Mix 28days Density kg/m3 

Control mix 26.90 2519 
SCC+10% 28.09 1850 
SCC+20% 26.58 1735 
SCC+30% 25.17 1715 
SCC+40% 24.95 1710 
SCC+50% 23.88 1702  

Fig. 1. (A) and (B) Crushing test carried out on the specimens (B).  

Fig. 2. Flexural test on beams.  

Table 5 
Result of workability.  

Mixtures Slump Flow(mm) T50cm V-Funnel (sec) L-box (mm) 

NC 680  3.5  8 0.85  
SCC+10% 660  3  7 0.90  
SCC+20% 750  2.5  6 0.92  
SCC+30% 620  3.9  9.5 0.89  
SCC+40% 570  4.2  10 0.85  
SCC+50% 510  4.5  11 0.82   
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and a sudden rise in flow at higher percentage replacement. The 
superplasticizer enhanced the flow capacity of the paste. In addition, the 
low specific gravity of the palm ash reduced the weight of the concrete 
giving rise to an increase in flow rate. The aggregate size and paste 
volume for the control mix which had 8secs. 10% has 7secs flow time 

and 20%, 6secs flow rate; reduced the cohesion between the aggregate, 
giving rise to a high viscous mix with a higher flow time, which 
happened at 30–50% at 9.5, 10, and 11 respectively. 

3.4. Compressive strength 

The compressive strength for 7, 14 and 28 days of the different 
samples containing different percentages of palm ash respectively is 
illustrated in the Fig. 8. Progressive increment can be seen from 7 days to 
28 days compressive strength in Table 7. The samples containing high 
content of POFA at 10 and 50% gained gradual compressive strength in 
the early days of curing in comparison with the conventional SCC 
without POFA content. Increasing the POFA content resulted in reduc-
tion in early mechanical properties, (Navid et al., 2016) 15 and 20% 
gained lower compressive and flexural strength in the early days of 
curing in comparison with the conventional SCC properties. The initial 
increase in strength of SCC +10% palm ash may be attributed to the 
filler nature of the palm ash, filling up pores and reducing the amount of 

Fig. 3. (a) LWSCC without palm ash (b) LWSCC with Palm ash.  

Fig. 4. Slump flow for the various samples.  

Fig. 5. Time for the T50cm flow.  

Fig. 6. L-Box result.  

Fig. 7. V-Funnel result.  

Fig. 8. Compressive strength.  
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honey comb present thereby increasing the strength of the concrete. SCC 
+10% palm ash had the highest strength value of 26.58 MPa compared 
with the sample without palm ash. The compressive strength also 
increased with decreases in the replacement level of palm ash as seen 
from 20% to 50%. The decrease at 28days might be caused by the 
diffusion of the cement and PA (Lo et al., 2007) reported the compres-
sive strengths of SCLC and SCC increase from 40 to 58 MPa and 44–60 
MPa, respectively. Basically, the reaction process of PA and Cement 
concrete are in two major phase. The first phase is mostly ascribed to the 
mixture of cement and water; second stage is ascribed to pozzolanic 
activity of fine palm ash with the cement hydration reaction tri-calcium 
silicate and water giving rise to CSH gel and mineralogy crystal. This 
CSH gel causes the hardening effect that produces the strength factor, a 
reduction in the cement content will give rise to a reduction in the 
strength at early ages. This will therefore cause a slow and a delay in the 
reaction process. Pozzolanic reaction normally will increase the 
compressive strength at late days by enhancing the bonding between the 
mixtures. Also, the fineness of ground POFA improves the strength of 
concrete by filling the gaps between cement particles (Kwangwoo et al., 
2018; Muhammad et al., 2014; Abdul et al., 2015). 

3.5. Splitting strength 

Shown in Fig. 9 is the split tensile strength for 7, 14 and 28 days of 
the samples containing different percentages of Palm ash respectively. 
All the samples showed a decrease due to the conformity in the inter-
facial transition zone of the hydrated cement matrix paste and palm ash. 
The maximum splitting tensile strength as seen in Fig. 5 was obtained at 
SCC +10% Palm ash. The concrete mix had a strength value of 2.27, 2.47 
and 2.95 MPa compared to the other mix with palm ash, though the 
control mix was better. Split tensile strength also decreases with increase 
in substituting level of Palm ash percentage. But it was observed that the 
reference mix had high resistance value compared to the mixes with 
palm ash similar to (Alamgir et al., 2017) reported that the 28 days’ 
strength was in the range of 1.29–2.90 MPa. 

3.6. Flexural strength 

In Table 3 the flexural strength of the mixes is shown. A gradual 
decrease in the strength was noticed in all the mixes. As the percentage 
of palm increased a decrease was observed which can be due to poor 

pozzolanic reaction of palm ash with the cement and water. Another 
reason is the poor bonding of the materials within the matrix. The 
flexural strength for the control mix at 7, 14 and 28 days was 2.89, 3.84, 
and 5.04, respectively. The highest flexural strength as shown in Fig. 10 
at 28days was the control mix compared with the 10–50% SCC mix. The 
lowest flexural strength of 2.31 MPa was noticed at 50% replacement 
which was also observed with the compressive and tensile strength. The 
value at 28days for the control mix was 18% reduced to 10% palm ash at 
28days. Mix with 10% palm ash compared with 20% replacement had a 
9% reduction in strength. The highest reduction was − 118%. As the 
palm ash increased the percentage drop in strength also increased 
compared to (Lo et al., 2007). Fig. 6 presents results for the flexural 
strength test carried out on the LWSCC for the different employed mixes 
for 7, 14, and 28 days respectively. 

4. Conclusion 

The study conducted aimed at determining the influence and effect 
of palm ash on lightweight self-compacting concrete. The physical, 
workability and mechanical properties was examined in producing the 
lightweight SCC concrete at varying percentages of palm ash with six 
samples. Based on this experimental study the following conclusions was 
drawn. 

Table 6 
Acceptance criteria for Self-Compacting Concrete.   

Method Unit Typical range of values 
Minimum Maximum 

1 slumpflow by Abrams cone mm 650 800 
2 T50cm slumpflow sec 2 5 
3 J-ring mm 0 10 
4 V-funnel sec 6 12 
5 Time increase, V-funnel, T5minutes sec 0 +3 
6 L-box (h2/h1) 0,8 1,0 
7 U-box (h2/h1)mm 0 30 
8 Fill-box % 90 100 
9 GTM Screen stability test % 0 15 
10 Orimet sec 0 5  

Table 7 
Results for Hardened concrete.  

Mix Compressive Strength (MPa) Split Tensile strength (MPa) Flexural Strength (MPa) 

Days 7days 14days 28days 7days 14days 28days 7days 14days 28days 
Control mix 17.69 20.6 26.9 2.31 2.79 3.16 2.89 3.84 5.04 
SCC+10% 18.44 21.11 28.09 2.27 2.47 2.95 2.56 3.02 4.26 
SCC+20% 17.44 20 26.58 2.15 2.31 2.78 1.87 2.89 3.9 
SCC+30% 16.56 19.56 25.17 2.07 2.27 2.67 1.62 2.4 3.56 
SCC+40% 15.33 18.82 24.95 1.6 2.23 2.46 1.55 2.18 2.99 
SCC+50% 14.73 18 23.88 1.47 1.99 2.23 1.37 1.97 2.31  

Fig. 9. Splitting tensile strength.  

Fig. 10. Flexural strength.  
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1. The sample with SCC + POFA mix at 20% had better workability 
than the other mixes.  

2. The utilization, recycle and reuse of Palm ash will not only help in 
proper disposal for a much cleaner and less polluted environment, it 
will also be useful in the construction sector for sustainability of light 
structures.  

3. The addition of POFA exhibited a reduction in workability of the 
LWSCC; however, with the application of superplasticizer the fresh 
properties of the LWSCC palm ash were kept almost the same.  

4. Compressive strength of 26.58 MPa was achieved at 28days with 
10% palm ash which may be attributed to the filler nature of the 
palm ash, filling up pores spaces thereby increasing the strength of 
the concrete.  

5. Splitting tensile strength decreased with increase in substituting 
level of palm ash percentage by 4.5% which reduced by significant 
margin in the strength;  

6. The flexural strength had a gradual decreased by 9.3% at 20% of 
palm ash compared with the control mix that had a higher value of 
5.04 MPa.  

7. In general, the mechanical (compressive strength, splitting tensile 
strength and flexural strength) test properties of the Lightweight self- 
compacting concrete, SCC 10% Palm ash had suitable mechanical 
properties while further increment from 20% to 50% of palm ash 
demonstrated a substantial reduction in the mechanical properties. It 
was also observed that in both flexural and split tensile strength test 
the control concrete mix had better resistance compared to the other 
mixes with Palm ash. 
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