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Abstract

This paper investigated the flexural behavior of lightweight foamed concrete (LFC) incorporating banana skin powder (BSP) and palm oil
fuel ash (POFA), strengthened with carbon fiber reinforce polymer (CFRP) plate. The BSP and POFA are added in the LFC mixture at
various percentages as cement and sand replacement, respectively. LFC cubes incorporating BSP and POFA, LFC-BSP-POFA, were cast
and tested under compression to determine its compressive strength. LFC-BSP-POFA prisms strengthened with 100 mm and 150 mm
length of CFRP plates glued on its bottom mid-span surface were cast and tested under four point bending load to determine its flexure
behaviour. From the results obtained, compressive and flexural strength increased when percentages of BSP and POFA incorporated in the
LFC increased. Meanwhile, CFRP plate managed to strengthen the LFC prism further where higher ultimate load recorded when longer

CFRP plate was used.
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1. Introduction

Concrete is a brittle material used in the construction field, hence,
the concrete mixture has been refitted with various kind of additive
materials either as cement and sand replacement, or as filler, to en-
hance its physical, chemical, and mechanical properties. By-prod-
uct materials from agricultural wastes, such as palm oil fuel ash
(POFA), rice husk ash (RHA), and banana skin powder (BSP), have
been investigated on their potential to replace cement and sand in a
concrete mixture. Various researches were conducted where con-
crete was incorporated with POFA as cement replacement [1-3].
From these researches, it was found that with proper amount of su-
per plasticizer added, the concrete’s compressive strength increased
when content of POFA added as cement replacement increased up
to 40%. A research was conducted on concrete with RHA at 0%,
10% and 20% as cement replacement [4]. It was observed that 10%
RHA as cement replacement recorded higher compressive strength
by 4%. However, higher percentage of RHA added showed a re-
duction of strength by 6% [5]. Meanwhile, it was also reported that
incorporating banana skins in foamed concrete, due to its fibrous
properties increased the bonding in the cement mixture; thus, en-
hanced its compressive strength and impact resistance [3]. Afif et
al. [6] conducted an experimental study on the incorporation of ba-
nana skins in the foamed concrete mixture. It was found that the
compressive strength of this foamed concrete was higher compared
to control foamed concrete.

Alternatively, the usage of fibres in strengthening the concrete has
also been explored. The type of fibers that could be incorporated in
various types of concrete mixture include both artificial and natural
fiber. In a report by Awang et al. [7], a density of 1000 kg/m3

foamed concrete prism were incorporated with polypropylene and
kenaf fiber and tested under flexure. It was shown that addition of
fibers had contributed to the higher peak flexural strength achieved
by the specimens before failure. On the contrary, specimens without
fibers experienced immediate failure and broken into two parts after
the peak flexural strength was reached. This finding is in agreement
with the work conducted by previous researchers [8-10] where it
was found that when concrete cracks, the fibers prevents the micro-
cracks from spreading and breaking into two parts. Ahmad et al.
[11] conducted a research on added polypropylene fibers in a con-
crete mixture and observed that these fibers had created bridging
across the concrete matrix which help to control shrinkage cracking
during plastic stage and matrix micro cracks that occurred as the
concrete was loaded. It was also found that fibers can control the
crack propagation and prevent the occurrence of large cracks
widths.

Meanwhile, the use of Fibre Reinforced Polymer (FRP) materials
for the repair and strengthening of reinforced concrete structures
and for other types of construction has become common practice.
As a material, FRP offers outstanding combination of physical and
mechanical properties such as its high tensile strength, light weight,
high stiffness properties, high fatigue strength and excellent durable
properties [12], [13]. It was reported that the application of the FRP
composites has been proven to increase the service life contributing
to the structures longevity [14-16].

It has been proven that certain additive materials could enhance the
strength and properties of foamed concrete. This makes foamed
concrete possible to be used as structural element, provided it is
strengthened with reinforcement. This research investigated the
flexural behaviour of lightweight foamed concrete (LFC) prisms in-
corporated with banana skin powder (BSP) and palm oil fuel ash
(POFA), strengthened with carbon fiber reinforce polymer (CFRP)
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which was glued at its mid-span. The LFC developed in this study
is considered as sustainable and environmental friendly material be-
cause no natural coarse aggregate used, while BSP and POFA were
added as partial cement and sand replacement.

2. Materials and methods

2.1. Materials preparations

The materials for casting LFC include cement, sand, water, foam,
BSP and POFA. The type of cement used is Ordinary Portland Ce-
ment (OPC) which complied with BS 12:1996 or BS EN197: Part
1: 2000 [17]. Fine sands used in LFC mixture complied with BS
882:1992, with sizes up to 5mm [18]. For this research, banana skin
were produced into a powder form where it was dried in the oven
at temperature 105°C £ 5°C for 24 hours. The dried banana skins
were then grinded and sieved under 150 pum sieve. POFA was ob-
tained from Ban Dung Palm Oil Industries Sdn. Bhd. at Parit Sulong,
Batu Pahat, Johor. Fig. 1 and Fig. 2 show the BSP and POFA, both
in powder form. Foam agent which was used to produce foam was
from a synthetic type, which was mixed with water at the ratio of 1
to 40. The foam was generated from this mixture by using foam
generator connected to air compressor where the concentrated
foaming agent was added with water. The foam generated was a
form of stable bubbles which were added to the LFC-BSP-POFA
mixture in stages to control its density.
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Fig. 2 Palm Qil Fuel Ash.
2.2. LFC-BSP-POFA mixture

The suitable lightweight foamed concrete mixture incorporating
BSP and POFA (LFC-BSP-POFA) was determined from several
trial mixing processes. The mixture proportion of LFC-BSP-POFA
was investigated by adding various percentages of BSP and POFA
as cement and sand replacement in all the trial mixtures as shown
in Table 1. The percentages of BSP added as cement replacement
are 0% to 2%. These values were chosen based on the investigation
conducted by Afif et al., 2017[6] which reported that both compres-
sive and tensile strength increased by more than 100% at 2% of
added BSP. However, more cracks were observed in concrete with
BSP prisms compared to plain concrete prisms. Meanwhile, the per-
centages of POFA used are 0% and 15%. These percentages were
chosen based on the observation by Ul Islam et al., 2016 [19] and

Tangchirapat et al., 2009 [3]. Ul Islam et al. investigated the effect
of 0%, 10% and 20% POFA added as cement replacement and re-
ported that 10% added POFA increased the concrete’s strength up
to 11%. Tangchirapat et al., on the other hand, had proven that 20%
of POFA added resulted with 24% of strength increased in concrete.
From these trial mixtures, the actual mixture to cast the LFC-BSP-
POFA prism was determined, which is the mixture that produced
the targeted density of 1800 kg/m®. The mixture of LFC-BSP-
POFA chosen is M1 as shown in Table 2. Control prism was cast
form LFC with 0% BSP and 0% POFA.

Table 1: Trial Mixtures for LFC-BSP-POFA

Ce- Wa-
Mixes I(BkSgI)D (Pkcg)J )FA ment ?Igl)d ter
(ka) (ka)

Control
0%BSP 0%POFA 0 0 1203 2405 662
0%BSP 156POFA 0 36 1203 2045 662
M1

0, 0,
g'goﬁggﬁ 0%POFA 4 02406 0 1201 2405 6.62
s 002406 36 1201 2045 6.62
M2

0, 0,
8:30252? YPOFA 504812 0 1198 2405 6.62
AN 004812 36 1198 2045 6.62
M3

0, 0,
8:20252? YPOFA 407218 0 11.96 2405 6.62
AN 007218 36 1196 2045 6.62
M4

0, 0,
8'2£E§E 0%POFA 409624 0 1193 2405 662
AN 009624 36 1193 2045 6.62
M5
19%BSP 0%POFA 01203 0 1191 2405 6.62
19%BSP 15%POFA 01203 36 1191 2045 662
Total materials 07218 216 14364 267 04

Table 2: Trial Mixtures for LFC-BSP-POFA

Mixes BSP POFA Cement Sand Water
(kg) (kg) (kg) (kg) (kg)

Control
0%BSP
0%POFA 0 0 7.8 15.6 4.29
0%BSP 0 2.34 7.8 13.26 4.29
15%POFA
M1
1.0%BSP
0%POFA 0078 0 7.72 15.6 4.29
1.0%BSP 0.078 234 7.72 13.26 4.29
15%POFA

. 17.16
Total materials 0.156  4.68 31.04 57.72

2.3. Casting of specimens

The specimens cast for LFC-BSP-POFA include cube and prisms
tested under compression and flexure to determine its compressive
strength and flexure behaviour. LFC-BSP-POFA cubes of 100 mm
x 100 mm x 100 mm and prism with the size of 500mm x 100mm
x 100mm in length, width and height were cast. The preparation to
cast the LFC-BSP-POFA cubes are as shown in Fig. 3.

Fig. 3: Cubes Mould (Left), Wet Mix LFC-BSP-POFA in the Mould (Cen-

ter), the LFC-BSP-POFA Once Demoulded (Right).
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For LFC-BSP-POFA prism, CFRP was placed at the bottom of the
prism with aim to control the crack propagation. Epoxy paste was
first spread onto the prism bottom’s surface. CFRP with 100 mm
and 150 mm length were glued to the surface of different prisms
and left to harden. The preparation for these prisms strengthened by
CFRP are shown in Fig. 4.

) _®

%N
Fig. 4: (A) Epoxy Paste Spread onto the Prism Surface (B) CFRP Glued
Onto the Paste at the Bottom Surface of the Prism.

3. Experimental programme

The experimental programme conducted were chemical test, com-
pressive strength test and flexural test to determine the chemical
properties of BSP and POFA, and mechanical properties of LFC-
BSP-POFA. The mechanical properties include its compressive
strength, flexural strength and crack pattern. The tests for obtaining
the chemical properties of BSP and POFA was X-ray Fluorescence
(XRF) test. To determine the mechanical properties of LFC-BSP-
POFA, compressive strength test and flexural test were conducted.

3.1. XRF test

XRF test were conducted on BSP and POFA according to ASTM
C618-17a [20]. The material were sieved between 50um to 75um
(63um) sieve which is to remove larger particles to avoid the failure
of XRF. Hydraulic machine was used to compress the sample to
become the pallet coin shaped as shown in Fig. 5. The pallet sample
is then analyzed under XRF machine.

-y

Fig. 5: Pallet Sample of POFA ELeft) and BSP (Right).

3.2. Compressive strength

Compressive strength test was conducted on LFC-BSP-POFA cube
samples of 100 mm x 100 mm x 100 mm according to BS EN
12390-3:2009 [21]. The test was conducted on cube samples (100
mm x 100 mm x 100 mm) of LFC-BSP-POFA at 7 and 28 days.
The cube samples were placed at the center of the plate of the test-
ing machine and the load was applied on the cross section are of the
cube samples.

3.3. Four point bending test

Four-point bending test on LFC-BSP-POFA prisms was conducted
by using Universal Testing Machine according to ASTM D6272
[22]. Prisms with the dimension of 500 mm x 100 mm x 100 mm
was placed on this machine which was supported by pin at one end
and rolled at the other end as shown in Fig. 6. Two axial loads from
the top were applied on the prism at distance from the end supports
as shown in Fig. 6.
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Fig. 6: Four Point Bending Load Test.
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4. Results and analysis

The results recorded from the experiment include chemical compo-
sition of BSP and POFA, and mechanical properties of LFC-BSP-
POFA mixture. The mechanical properties of LFC-BSP-POFA ob-
tained include its compressive and flexural strength.

4.1. Chemical properties of BSP and POFA

The chemical composition of BSP and POFA were obtained from
the XRF test, as shown in Table 3. From the table, it is seen that
BSP and POFA contain high silicon dioxide, which are 55.98% and
51.83% in BSP and POFA, respectively. Both materials contain
small amount of aluminium oxide which are 2.71% and 2.32%, for
BSP and POFA, respectively. Therefore, both materials could be
considered as pozzolanic. A pozzolan is defined as siliceous and
aluminous materials which contain little cementitious value, which
in finely divided form, will chemically react with calcium hydrox-
ide at ordinary temperature to form compound possessing cementi-
tious properties [23].

Table 3: Trial Mixtures for LFC-BSP-POFA

Chemical Composition BSP (%) POFA (%) 8.10
Calcium Oxide, CaO 8.95 51.83

Silicon Dioxide, SiO, 55.98 0.17

Carbon, C - 2.32
Aluminium Oxide, Al,O3 2.71 2.23

Sulphur Trioxide, SO3 0.10 7.60

Ferric Oxide, Fe, 03 1.36 3.13
Magnesium Oxide, MgO 1.08 13.72
Potassium Oxide, K,O 28.75 4.30

Phosphorus Pentoxide, P,Os o

4.2. Mechanical properties of LFC-BSP-POFA
4.2.1. Compressive strength

From the data gathered, it is obvious that the compressive strength
was found to increase with the increase of BSP and POFA. This is
due to high content of SiO2 and CaO in BSP and POFA. Some stud-
ies have reported the possibility of a successful replacement of ar-
tificial powder to cement required molar ratio of 0.5 [24-26].
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However, in Table 3, the calculated molar ratio is less than 0.5 for
both BSP and POFA. Interestingly, the existence of these two
chemical compositions in the mixture had caused pozzolanic reac-
tion which is shown in the high compressive strength achieved even
though molar ratio used was less than 0.5. This could be due to the
distribution of finer particle size of BSP and POFA used. Poz-
zolanic reaction which perform better with finer particles [27].

In a pozzolanic reaction, the final products were not eliminated
from the cement hydrations; hence, built up their own contribution
to the strength and other mechanical properties of the hardened ce-
ment paste and concrete mixture[28]. This is clearly indicated in the
chemical reaction that took place in the pozzolanic reaction as pre-
sented in Equation (1). When calcium hydroxide in cement,
Ca(OH)2, reacts with silicon dioxide (SiO2), calcium silicate hy-
drate, 3(Ca0)2(Si02)3(Hz20), or known as C-S-H gel is produced.
This gel increased the bonding between particles of various materi-
als in the LFC, resulted with higher compressive strength achieved.

3[Ca(OH)2] + 2[SiO7] = [3(Ca0)2(Si02)3(H20)] @)

From Fig. 7, for every percentage of BSP added (0% to 1.0%), the
compressive strength increased about 3% to 10% for both LFC with
0% and 15% POFA. Meanwhile, for mixture of LFC-BSP-POFA
incorporated with 15% POFA, the compressive strength achieved
at every percentage of BSP added was about 5% higher than the
compressive strength achieved in mixture of LFC-BSP-POFA with
0% POFA. This shows that effect of incorporating BSP on the com-
pressive strength of LFC is greater than the effect of incorporating
POFA. This may be due to higher content of pozzolanic materials
in BSP compared to POFA. From Table 3, it is seen that BSP con-
tain silicon dioxide of 55.98% compared to 51.83% in POFA. Both
materials contain small amount of aluminum oxide which are
2.71% and 2.32%, for BSP and POFA, respectively.
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Fig. 7: Compressive Strength of LFC Versus Percentage of BSP and
POFA at 28 Days.

4.2.2. Ultimate flexure load

Under four point bending load test, the ultimate load of LFC-BSP-
POFA prisms and LFC-BSP-POFA prisms strengthened with
CFRP were recorded and presented in Table 4 and Fig. 8. It is no-
ticed that the flexural strength of LFC-BSP-POFA were likely to
increase with the increasing portion of cement replacement with
BSP. It is noticed to increase even more with the existence of 15%
POFA as sand replacement. From Table 4, it is shown that LFC
prisms incorporating both BSP and POFA achieved highest ulti-
mate flexure load of 7.82 kN. It is also shown that LFC-BSP-POFA
strengthened with CFRP plate achieved higher ultimate flexure
strength compared to LFC-BSP-POFA prisms without CFRP glued
to it. From the table, it is also noticed that the longer the CFRP plate,
the higher the ultimate flexure load achieved. LFC-BSP-POFA with
100 mm and 150 mm length CFRP plate glued at its bottom surface
achieve ultimate load of 8.46 kN and 8.74 kN, respectively.

Table 4: Ultimate Load of LFC-BSP-POFA W/O CFRP, 100 MM AND
150 MM Length CFRP
Ultimate flexure load (kN)

Foamed concrete incorporat-

ing with banana skin powder x'tth' CFRP CFRP
and palm oil fuel ash CFRP (200mm) (150mm)
0.0% BSP 0% POFA 5.06 6.45 6.90
0.0% BSP 15% POFA 6.10 7.69 8.10
1% BSP 0% POFA 6.86 8.20 8.74
1% BSP 15% POFA 7.82 8.46 8.74
18 8.74 874
= o1 8.46
Z 8.2 7.82
= 7 7.69
g 6 6 6.86
L2 5 - 6.1
e 2 5.06
E 3 —&— w/o0 CFRP
R —a— CFRP (100mm)
1 —e— CFRP (150mm)
0

0.0%BSP
0.0%POFA

0.0%BSP
15.0%POFA

1.0%BSP
0.0%POFA

1.0%BSP
15.0%POFA

Percentage of materials used

Fig. 8: Ultimate Flexure Load versus the Percentage of BSP and POFA In-
corporated for LFC-BSP-POFA Prisms with and without CFRP.

4.2.3. Crack pattern

From the flexural strength test, the prisms with CFRP and without
CFRP illustrated the difference in a crack pattern which affected
from the placement of CFRP. For LFC-BSP-POFA prisms without
CFRP strengthening, failure in the prisms was accompanied by rup-
ture after reaching its ultimate load as shown in Fig. 9(a) and Fig.
9(b). From the figures, it is noticed that the crack line occurred in
the control prism and prism with 1% BSP inclined at an angle of 4°.
The crack was noticed to initiate from the middle span of the bottom
surface. For the prisms with added POFA, the crack line developed
line of crack with slightly higher degree and propagated to the top
surface as shown in Fig. 10 (a) and Fig. 10(b).

A (B)

Fig. 9: Crack Pattern of LFC-BSP-POA without CFRP Strengthening
with (A) (0% BSP 0% POFA), and (B) (1% BSP 0% POFA).

(A)

Fig. 10: Crack Pattern of LFC-BSP-POFA without CFRP Strengthening
with (A) (0% BSP 15% POFA), and (B) (1% BSP 15% POFA).

The additional of CFRP in the mid-span of bottom surface was in-
tended to arrest the debonding cracks that were observed to propa-
gate in the middle of the prisms. CFRP wrapped along the entire
beam length were used to anchor the longitudinal laminates since it
develops the maximum strength of the composite in tension [29].
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Hence, it is agreed with this finding that the longer the CFRP used,
the higher the flexural load achieved. For LFC-BSP-POFA
strengthened with CFRP, in all prisms the crack was noticed to ini-
tiate at a point outside the CFRP region at its bottom surface and
propagate to the upper surface and splitted into two parts at failure
load as shown in Fig. 11 and Fig. 12. LFC-BSP-POFA prisms with
100 mm CFRP cracked instantly with line of crack developed at an
angle less than 8°. Meanwhile, in LFC-BSP-POFA prisms with 150
mm CFRP developed line of crack at an angle about 12°.

Fig. 11: Four Point Bending Load Test on Prism Strengthened with CFRP

(A) (B)

T . N g e
Fig. 12: Crack Pattern for LFC-BSP-POFA Prisms with (A) 100 MM, and
(B) 150 MM CFRP.

5. Conclusion

This paper concludes that when the percentages of BSP and POFA
incorporated as cement and sand replacement increased, the higher
the compressive strength and flexural strength obtained. From the
chemical test, it was found that BSP and POFA each contained poz-
zolan materials, which were 55.98% and 51.83% silicon dioxide,
and 2.71% and 2.32% aluminum oxide, respectively. From the me-
chanical property tests, compressive strength increased when per-
centages of BSP and POFA incorporated in the LFC increased.
Higher ultimate load under flexure was also recorded for LFC
prisms with higher percentages of BSP and POFA. Meanwhile,
CFRP plate managed to strengthen the LFC prism further where
higher ultimate load recorded when longer CFRP plate was used.
Unlike LFC without CFRP, LFC strengthened with CFRP experi-
enced crack outside the CFRP region, initiated from the bottom sur-
face and propagated to the upper surface until the prism splitted into
two.
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