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Abstract: Gypsum is a common interior construction material, especially when used as a finishing 

element. However, interest in prospective uses of gypsum as a finishing component has diminished 

in recent years as a result of its weak mechanical strength and brittle character, which is essential in 

interior construction. Therefore, to overcome this challenge, the effect of pineapple leaf fiber on 

gypsum was investigated. Five different composite configurations of 2%, 3%, 5%, 10%, and 20% 

pineapple leaf fibre (PALF) with two PALF sizes of 5 mm and 15 mm were prepared and tested 

after 7 and 28 days of curing. The results of the tests show that materials reinforced with 2% PALF 

have significantly improved mechanical properties. The compressive strength of a gypsum 

composite increased by 12.4% when 2% PALF was added. Flexural strength increased by 59% 

when 2% PALF was added to the mixture. The study provided a means of making gypsum 

composites having greater mechanical strength than those made from fossil oil-based polymers.  It 

also found relevant use of pineapple leaf, an agricultural waste. 

Keywords: Gypsum; natural fibre; pineapple leaf fibre; physical properties; mechanical 

properties; microstructure.  

I. Introduction 

Gypsum is a common interior building 
material that is frequently used in building, 
especially as a finishing component. The 
most popular gypsum mineral product is 
gypsum board, sometimes referred to as 
drywall, plasterboard, or wallboard. A 
gypsum plaster core is bonded to a durable 
paper liner to create gypsum board. In both 
residential and commercial projects, gypsum 
plasterboards are a reliable and affordable 
method of providing compact partitioning 
components. According to study conducted 
by [1] gypsum is a low-density, energy-
saving, acoustically and thermally insulating, 
fire-resistant, and easily processed 
construction material that is not polluting.  
Gypsum (CaSO4 0.5H2O) is one of the most 
environmentally friendly solutions for a 
binder since it can be calcined with a lot less 
energy than cement or lime.  

Gypsum is only calcined at 200 degrees 
Celsius, while lime is burnt at over 1000 
degrees and cement at over 1400 degrees. 
Gypsum is the name for hydrated, untreated 
gypsum powder; gypsum plaster is the name 
for refined, unprocessed gypsum powder 
[2]. The three chemical phases that made up 
gypsum plaster are calcium sulphate 
anhydrite (CaSO4), calcium sulphate 
hemihydrate (CaSO4 0.5H2O), and calcium 
sulphate dihydrate (CaSO4 2H2O). The ratio 
of these chemicals impacts the final 
product's physical and mechanical 
characteristics [2]; [3]. Alpha- and beta-
calcium sulphate hemihydrate are two forms 
of CaSO4 0.5H2O that are frequently found, 
depending on the calcining technique used 
during the manufacturing stage.  

One of the most commonly used building 

materials for partition walls, ceiling design, 

and wall covering is gypsum plaster. 

Gypsum-based materials like mortar, 

composites, and boards are now frequently 

used in construction industries as a result of 

its desirable qualities, such as high fire 

resistance, thermal properties, and sound 
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insulation qualities [4]–[9]; [10]–[12].  But 

like other inorganic cements, gypsum plaster 

has a high compressive strength with a poor 

flexural strength [13]–[15]. These brittle 

qualities will very certainly seriously harm 

the cast structure when exposed to applied 

stresses. To improve mechanical properties 

like compressive and bending strength, 

fibres like steel fibre, polyester fibre, glass 

fibre, carbon fibre, polyamide, and 

polypropylene fibre can be added to gypsum 

composites [7], [16]–[19]. Gypsum's fibre 

increases mechanical characteristics, 

particularly post-cracking behaviour  by 

reducing brittleness [20]. In order to 

broaden the range of gypsum's uses, new 

varieties of gypsum-based materials have 

lately been studied. In the literature, fillers 

such as blast furnace slag (BFS) [21], 

nanotubes [21], iron oxide [22], calcium 

carbonate [23], silica gel [24], and silica and 

fume [24] have been employed in gypsum-

based composites. [25] looked at the impact 

of polypropylene fibres and waste 

polyurethane foam had on the gypsum 

matrix. Mechanical studies were done on 

flexural strength, surface hardness traits, and 

thermal parameters. In contrast to 

unmodified gypsum, the results showed that 

polypropylene fibre had high polymer and 

gypsum matrix adhesion, which improved 

mechanical characteristics under stress. 

Materials made of glass fibre and gypsum 

have also been discovered to offer better 

quality [26]. These reinforcements help, to 

some extent, enhance the mechanical 

properties of gypsum plasterboard. 

However, because it uses a lot of energy and 

is harmful to humans, the majority of 

synthetic fibre manufacturing has negative 

environmental effects, such as contributing 

to global warming associated with carbon 

dioxide emissions from synthetic fiber 

production [27]–[31]. The researchers used 

natural fibrous materials to address these 

problems [27]. Palm, cotton, wheat, barley, 

date palm, abaca, sisal, cellulose, and straw 

fibres are examples of natural fibres that 

have been used to strengthen gypsum matrix 

[20], [32]–[37].  According to these studies, 

gypsum board was strengthened using 

natural fibres in order to generate a cleaner 

product with a smaller environmental 

impact. 

Gypsum board manufacturers at the top of 
their game regularly create new products 
using innovative methods, new materials, 
and highly competitive markets. This study 
focuses on examining the physical and 
mechanical properties of innovative 
pineapple leaf fiber (PALF) materials as a 
replacement for synthetic components in 
naturally derived fiber composite materials.  
Although the physical and mechanical 
properties of gypsum composites have been 
examined in the literature, little study has 
been done on the impact of fiber 
percentages and sizes on the optimal 
performance of gypsum composites. 
According to previous studies, fresh mixes 
with fibre doses greater than 3% by volume 
percentage may have mixing issues that 
change the properties of components made 
of gypsum [14], [38]. The ideal fibre 
percentage in the composite combination 
must thus be established. 

Malaysia harvests a significant amount of 
PALF [39], in 2008, it produced 384,673 
metric tons of waste, which is a large 
quantity. PALF is trashed in massive 
volumes all across the world every year. A 
considerable amount of this material is 
disposed of in a landfill. Much research has 
been done over the last few decades to 
identify and assess innovative applications 
for this massive volume of waste materials 
in order to lessen the disposal problem. 
Agriculture waste is also widely available for 
use in sustainable construction materials all 
around the world [39]. However, PALF-
gypsum matrix reinforcement has yet to find 
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any commercial uses. Their physical-
mechanical properties are usually vital in 
assessing whether composite materials are 
appropriate for use as building materials. 
The physical-mechanical properties of 
gypsum composites reinforced with grind 
PALF were investigated in this work to 
evaluate the impact of fibre size and 
percentages on the composite materials' 
optimal performance. 

II. Materials and Methods 
A. Materials 

Gypsum which is the basic component of 
the composite in this experiment was 
obtained in the commercial market (Johor 
bahru, Malaysia). Ground PALF of 5mm 
and 15mm sizes was purchased from 
Chemical Engineering department, 
Universiti Teknologi Malaysia for the 
construction of a composite to strengthen 
the gypsum matrix, as indicated in Figures 
1(a) and (b).  

  
Figure 1: (a) 
Pineapple fibre with 
5mm size 

(b) Pineapple fibre 
with 15mm size 

 
B. Preparation of the PALF-Gypsum 

Composite Material 
The main materials for making gypsum 
composite in the study were gypsum, PALF 
and tap water, two collections of samples of 
5 mm and 15 mm fiber sizes with 0.6 water-
gypsum ratio for different PALF percentage 

were prepared. The PALF-gypsum 
composite mixtures were made with a 
constant water-gypsum ratio of 0.6. The 
ratio was chosen based on the results of 
earlier trial mixes, which showed that PALF-
Gypsum with a 0.6 water-gypsum ratio 
provided excellent workability. A collection 
of control samples for comparison 
purposes, without PALF, were also 
prepared. The 2%, 3%, 5%, 10% and 20% 
of addition of PALF was replaced by C2, 
C3, C5, C10, C20 and F2, F3, F5, F10, F20, 
respectively. Table 1 indicates the 
experimental results of tests of gypsum-
PALF composites. 

C. Setting time 

Investigations were conducted into the 
properties of fresh gypsum composites. The 
criterion for defining time and judging 
workability was applied (ASTM C472-99). 
According to ASTM C472-99, setting time 
measurements were taken using the VICAT 
needle apparatus depicted in Figure 2. Using 
a 1 mm VICAT needle, a standard-
consistency paste held in a cylindrical mould 
was subjected to a periodic penetration 
study over the course of ten minutes. The 
first setting time was attained when the 
interval between the first time the gypsum 
and water came into contact and the depth 
at which the needle pierced the paste was 
25mm. The final setting time test was 
conducted after the initial set test, and it was 
determined by measuring how long it took 
for a complete round needle impression to 
develop on the surface of the gypsum paste. 

 

Table 1: Experimental results of tests of gypsum-PALF composites 
Mixture 

code 

Moisture 

content 

(wt%) 

Water 

absorption 

(wt%) 

Flexural 

strength 

(MPa) 

Porosity 

(%) 

Compressive 

strength (MPa) 

Density(kg/m
3
) 

F0 37 37 2.2 41 3.3 1120 

F2 10 40 2.5 44 3.34 1280 

F3 12 46 2.4 45 3.32 1232 

F5 15 66 2.2 47 2.49 1015 

F10 20 97 2.1 57 2.41 1200 

F20 23 112 1.8 58 1.25 880 

C0 37 37 2.2 41 3.3 1120 

C2 5 42 2.6 48 3.71 1280 
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C3 8 62 2.5 46 3.70 1312 

C5 9 63 2.3 50 2.93 1128 

C10 11 87 2.2 60 2.24 960 

C20 12 89 1.0 68 1.35 880 

 

 

Figure 2: VICAT Apparatus 
 

C. Porosity Test 

Using the Archimedes method, the porosity 
was completely evaluated. A set of control 
samples free of PALF was also produced for 
comparison. In accordance with 
Archimedes, the porosity of specimens after 
submersion in water for varied amounts of 
time is calculated using the relationship 
below: 

 

(1) 

 

Where, ϕ is the porosity of sample (%),  

is the oven dry gypsum sample weight in air 

(kg), is the weight of saturated surface 

dry gypsum samples in air (kg) and is 

the submerged gypsum samples weight in 
water(kg). 
 
D. Compressive and Flexural Strength 

The reference material and the PALF-
gypsum composite materials' compressive 
and flexural strengths were evaluated. 
According to ASTM C 473-12, the 

compressive strength of samples of PALF-
gypsum composites was tested. Figure 3 
depicts a universal testing system that uses 
dry cube specimens that are 50 mm by 50 
mm by 50 mm and has a pressure capacity 
of 25kN and a loading rate of 0.02kN/s. As 
per ASTM C348 and a span of 75 mm, the 
flexural strength of rectangular specimens 
measuring 40 mm x 40 mm x 160 mm was 
evaluated. Specimens with 0.6 water to 
binder ratios were compared, and the 
controlled specimen strength was evaluated. 
The weight was placed directly against the 
surface of the board. Maximum load data 
was gathered while the machine was run at a 
load rate of 0.005kN/s until fracture 
occurred. Three different samples were 
utilized for each test, and their arithmetical 
means were recorded. 
 

 

Figure 3: Compressive machine according to ASTM C473-12. 
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III. Results and Discussion 

 

A. Properties of Fresh PALF-

gypsum Composite Material 

 

i. Setting time 

The initial and final setting time of the plain 

gypsum (control specimen) and with the 

addition PALF is shown in the Figure4. As 

can be seen in the figure, when % of PALF 

is increased in the gypsum composite 

material, the samples proportionately reduce 

their initial and final setting time. The initial 

setting time of the control specimen was (9 

minutes) and its final time to set has 

increased by double (17 minutes). This is in 

line with findings of [23]. At C2 the initial 

setting time decreased from 9 to 8 minutes 

and the final setting time decreased from 17 

to 15 min, when the %PALF increased from 

0 to 2% by volume. The hydrophilicity of 

PALF may be the cause of this. The initial 

and final setting time of C3 was 7 and 11 

minutes respectively. The initial and final 

setting time of C5 was also the same as that 

of C3 with 7 and 11 minutes respectively 

(Figure 4). The C10 required 3 minutes to 

reach its final setting time while the C20 

required shorter setting time which was 2 

minutes to reach the final setting time. 

Similarly, setting time of series F are shorter 

for mixtures containing PALF compare to 

the reference sample. As can be seen in 

Figure 4, for mixtures having higher 

percentage of PALF at F20; they have the 

fastest setting time of 10 minutes. Although 

the setting time values are close to each 

other for different PALF concentration, the 

initial setting time decreases with increasing 

amount of PALF despite having gypsum as 

a major constituent. The total setting time 

for all the samples in series F ranges from 5 

minutes to 16 minutes. It can be said that 

the addition of PALF into gypsum changed 

the behaviours of the composites. The initial 

and final setting time of F2 is 7- and 16-

minutes respectively. The initial and final 

setting time of F3 were lower by about 6 to 

15 minutes respectively as compared to the 

control specimen.  

Previous studies have indicated that since 
ASTM regulations prohibit the use of any 
composite or gypsum paste with a setting 
time greater than 20 minutes for 
construction or other purposes, it is 
unnecessary to identify the exact value of 
the setting time when it is longer than 35 
minutes[23]. [40] claim that setting time is 
influenced by the amount of fibre in the 
composite. According to research done by 
[41], the amount of waste polystyrene in 
extruded polystyrene composites causes a 
reduction in the composites' setting time. 
When there is a larger proportion of 
polystyrene in the mixture, this can be 
because there is less water present.  

 

Figure 4: Setting time of gypsum composite containing different proportions of PALF 
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ii. Porosity 

In Figure 5, the porosity after 28days curing 
and the different volume of PALF were 
shown. As the percentages of fibre 
increases, the porosity values for both series 
increased. The porosity was increased by 
48% with a 2% PALF addition and 50% 
with 10% PALF addition for the C series.  
The combination C20 in series C produced 
the highest increase in porosity value, at 
68%. The C0 value, which includes 0% 
PALF, is the lowest at 41%. Series F further 
shows that as the percentage weight of 
PALF rises, the porosity of the composite 
material does as well. The lowest porosity is 
obtained in specimen with 2% PALF 
addition (48%), Since PALF is porous, the 
significant rise in porosity of the composite 
material can be explained to an increase in 
pores in the hardened matrix with increasing 
percentages of PALF. This result fits the 
description given in [10]. [10]  found that in 
gypsum composites comprised of micro 
silica and calcium carbonate, porosity rose 
from 59.2 percent to 69.4 percent when 0.5 
percent expanded perlite was used as a 
volume replacement. In the current 
investigation, when PALF and gypsum were 
combined, porosity increased when volume 
replacement was 20%, going from 41% to 
58%. The larger void in the composite 
samples may help to explain this. According  
 
to [6], adding more diatomite to the 
composites made them more porous. When 
[42] looked at how adding palm fibre 
changed the density, porosity and water 
outflow of natural zeolite ceramic, they 
found similar patterns. It shows a porosity 
graph where the presence of fibres 
significantly affects porosity yield. Ceramic 
becomes more porous the more fibres were 
added to it.  
 
iii. Density    

Figure 6 shows the density of series C and F 
gypsum composite materials in relation to 
their fiber content at 28 days. 

                         

 

Figure 5: Relationship between porosity and 
percentage of PALF after 28-days curing 

age. 
As can be observed, as compared to control 
samples, the densities of the series C and F 
samples were higher. For the C series, the 
initial density increased from 1120 kg/m3 to 
1280 kg/m3 when 2% of PALF was added 
and 1312 kg/m3 when 3% PALF was added 
to the mixture. The average density between 
C5 and C20 has decreased from 1128 kg/m3 
to 880 kg/m3, which is a small difference. 
Control specimen F has a density of 1120 
kg/m3, which is lower than F2 (1280 kg/m3) 
and F3 (1232 kg/m3) but higher than F5 
(1015 kg/m3) and F20 (880 kg/m3).  
Additionally, the studies showed that the 
density decreases as the fibre content rises. 
Porosity affects how much gypsum crystals 
interlock in composite materials, which is 
related to the causes of density loss. [40]  
found that the fibre material has a 
considerable influence on gypsum density. 
With more isostatic graphite filler added, the 
apparent density of gypsum-based 
composites rose and reached 1280 kg/m3. 
The F20 samples experienced the greatest 
density loss after 20 percent PALF was 
added to the gypsum matrix, with a 
reduction of 11.8 percent. The mass of the 
composites with the most PALF was lost 
because of a small disintegration process.  
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Figure 6: Density after 28-days curing age in relation to PALF volume fraction 

 
B. Strength of Hardened Mixture 

i. Compressive Strength  

Figure 7 shows the compressive strength of 
series C and F gypsum composite materials 
in relation to their fiber content at 28 days. 
A remarkable drop as be found in the 
composites compared to plain gypsum. 
Strength did not increase linearly as fibre 
content (percentage) increased. In other 
words, the percentage of fibres present 
determines how much strength may be 
increased. For fibre content sequence C, 2% 
(C2) with 3.71 MPa is the ideal fibre content 
value. In general, the inclusion of PALF 
enhanced the compressive strength. With a 
12 percent improvement over the control 
specimen, C2's outcome was better. When 
more than 3 percent fiber content is added, 
the compressive strength decreases, 
although it is still higher than the control 
(0%). Compressive strength values for C10 
and C20 were -32 and -59 percent, 
respectively. Additionally, F2 and F3 in the 
F series had relative increases of 1% and 
0.6% when compared to the reference 
sample. With values of 24 percent, 27 
percent, and 62 percent, respectively, the 
intensity tends to drop at F5, F10, and F20 

with the addition of the PALF material. The 
presence of PALF, which decreases the 
fibre's density, might be the cause of this.  
Therefore, due to fibre congestion, 
specimens with higher PALF concentrations 
are unable to withstand more stress. 
Congestion in the fibre might lead to 
decreased bonding and disintegration since 
it is more difficult to pack. Porosity and the 
number of gypsum interlocks were the main 
contributors to the strength loss at high 
PALF percentages; as porosity increased, 
the interlocking in the gypsum matrix 
decreased and the resistance of the 
composite materials to compressive stresses 
decreased. This result is consistent with [43], 
who discovered that replacing volume with 
duom palm fiber at a 2 weight percent 
concentration increased compressive 
strength by 2 to 3.95 MPa. In the current 
study, the 2 percent PALF added to both 
series with gypsum increased the 
compressive strengths by 1 percent and 13 
percent for series C and F, respectively.  
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Figure 7: Compressive strength of the 
composites. 

 

ii. Flexural Strength  

Figure 8 shows the flexural strength results 
with different PALF percentages. Gypsum 
composites with PALF have a flexural 
strength increase of 2.2 to 2.6 MPa, or a 2% 
increase in fibre content. During the 28-day 
test, the addition of PALF caused a 
noticeably higher flexural strength. Both 
specimen series F and C had greater 
strength when PALF was first introduced, 
but when the amount of PALF in the 
composites rose, the strength declined. 
Series C specimens C2, C3, and C5 all had 
strengths greater than specimen C0, which 
averaged 2.20 MPa, 2.60 MPa, 2.50 MPa, 
and 2.30 MPa, respectively. The strength of 
C20 decreased by 55%, but the strengths of 
C2, C3, and C5 increased by 18%, 14%, and 
5%, respectively. This implies that the 
higher PALF content resulted in matrices 
with insufficient composite cohesion. As a 
consequence, 2 vol.% was the ideal volume 
fraction for PALF-gypsum composites in 
the C series. In comparison to category F0 
lower value of 2.2 MPa, the values for 
category F are significantly higher, 
measuring 2.5 MPa, 2.4 MPa, and 2.2 MPa, 
respectively, for F2, F3, and F5. [44] say that 
the fibres' most important job during a 
fracture is to act as bridge ligaments in the 
crack plane. This keeps the crack from 
opening and spreading and makes it take 
more energy to deform the material enough 
to cause a fracture. 

In some cases, poor bonding in the 
composite fibre matrix bond may be 
indicated by the series C and F declining 
strength. The composite's higher volume 
percentage may have an influence on weak 
bonding, which would reduce strength.  
This is in line with the findings of [45], who 
discovered that the best flexural strength 
was obtained at a low caroa fiber content of 
1%. Caroa fibers of various lengths and 
densities were utilized to make the 
composites. Different amounts and lengths 
of caroa fibres were used to create the 
composites. The flexural strength of gypsum 
decreases as fibre content increases. In 
addition, [35]  investigation of natural wood 
fibres-gypsum composites revealed that 
their flexural strength is 4.4 MPa rather than 
the 5.2 MPa of plain gypsum. This 
discrepancy suggests insufficient adhesion 
between hydrophilic fibres and the 
hydrophobic gypsum matrix in the absence 
of proper fibre modification. 
The failure pattern of PALF-gypsum 
composite materials with 0% and 2% PALF 
is shown in Figure 9. In comparison to the 
unreinforced samples, which broke down 
like brittle materials, the 2% fibre-reinforced 
composites had significantly improved 
toughness, implying lower deflection 
capacity. The results were in line with those 
of [46], who observed that gypsum 
strengthened composite materials' flexural 
properties when a small amount of fibre was 
added to them.  
                 

 

Figure 8: Flexural strength of the 
composites 
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(a)Plain sample 

 
(b) C2 

Figure 9: Comparison between fracture 
pattern of plain sample and composite C2. 

IV.Conclusion                                          
In the context of the effect of PALF on the 
physical and mechanical properties of 
gypsum paste studied in the present work, 
the following conclusion can be drawn in 
the study based on the experimental data. A 
porosity study shows that the number of 
pores rises as the PALF percentage 
increases. The analysis also showed that the 
area with PALF had bigger pores because of 
a gap left by PALF's poor contact at their 
interface. Moreover, 2% PALF has been 
found to have the best mechanical 
properties. Both series' compressive and 
flexural strengths, which were formerly 3.71 
MPa and 2.60 MPa, respectively, have 
increased. The mechanical properties of the 
composites material firstly increased and 
later decreased with the addition of increase 
in PALF contents.  The findings 
demonstrated that composite materials 
containing 2% PALF possessed the required 
consistency (> 150 mm), flexural strength 
(> 1 MPa), and compressive strength (> 2 
MPa) properties. The findings of this 
experiment have conclusively shown that 
producing bio composite gypsum with a 2 
percent PALF fraction is a viable option. 
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