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Abstract The improvement of concrete properties is
critical for advancing sustainable construction materials,
and this study introduces an innovative approach to
achieve this by repurposing agroindustrial waste. Peru
faces a growing environmental challenge due to the vast
amounts of agricultural residues generated, particularly
from coffee and pineapple production. This research
demonstrates how coffee husk ash (CHA) and pineapple
fiber (FHP) can be effectively incorporated into concrete to
enhance its mechanical performance while addressing
waste management issues. The experimental program
focused on developing a concrete mix with a target strength
of 210 kg/cm= integrating CHA and FHP as sustainable
additives.  These  materials  underwent  specific
pre-treatment processes—drying, calcination, and sieving
for CHA, and drying and cutting for FHP—before being
introduced into the mix in varying proportions. The
mechanical properties of the modified concrete, including
compressive, tensile, and flexural strengths, were
evaluated through rigorous testing. Results revealed that an
optimal combination of 1.60% CHA and 1.10% FHP
significantly enhanced the concrete’s performance,
achieving a compressive strength of 271.55 kg/cm= a
tensile strength of 32.71 kg/cm=and a flexural strength of
82.81 kg/cm=at 28 days. These improvements represent a

remarkable leap in material strength compared to standard
concrete. However, excessive dosages of additives led to
slight declines in performance, emphasizing the
importance of dosage optimization. This study highlights
the dual benefits of incorporating agroindustrial waste into
concrete: improving the mechanical properties of
construction materials and contributing to environmental
sustainability. By transforming waste into valuable
resources, the research provides a practical and scalable
solution for the construction industry, aligning with
circular economy principles. The findings offer a roadmap
for future innovations in sustainable construction,
showcasing the potential to revolutionize concrete design
while mitigating environmental impacts.

Keywords Coffee Husk Ash, Pineapple Fiber,
Mechanical ~ Properties, Natural Fiber, Material
Optimization

1. Introduction

In 2023, Peru faced a significant challenge in the
management of agroindustrial waste derived mainly from
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the massive production of coffee and pineapple. It is
estimated that approximately 750 thousand tons of coffee
husks and more than 575 tons of pineapple residues were
generated, with a considerable fraction of these
by-products being discarded without efficient utilization in
15% [1], [2]. This situation not only aggravates
environmental problems such as soil, water and air
pollution due to the decomposition of these residues, but
also represents a loss of economic and potentially valuable
resources [3]. The lack of proper management and the
absence of effective recycling and reuse practices
underline the urgent need to find innovative and
sustainable solutions to manage these agricultural wastes,
transforming an environmental problem into an
opportunity for the development of technologies and
practices that promote the circular economy and the
conservation of natural resources [4], [5].

In response to these challenges, there has been a growing
interest in harnessing these materials in the concrete sector,
given the continuously increasing demand in the
construction industry. The incorporation of coffee husk as
ash fiber has shown promising results by significantly
improving the modulus of elasticity of concrete [6],[7],
while pineapple-derived fibers have demonstrated similar
benefits by increasing compressive, tensile, and flexural
strength [8], [9] [10]. This focus on natural fibers not only
addresses the need to improve the mechanical properties of
concrete, but also promotes sustainable practices by
reusing agricultural wastes and reducing reliance on
synthetic admixtures.

The present study focuses on exploring different
proportions of coffee husk ash and pineapple fiber in
concrete with f'c=210 Kg/cm=2thoroughly evaluating their
effects on mechanical properties. Despite the demonstrated
potential of coffee husk ash, it is recognized that there is
still much to be investigated, which opens the door to
innovative discoveries in the field of concrete processing
as an admixture. These admixtures can not only contribute
to the reduction of greenhouse gas emissions by taking
advantage of renewable materials, but could also generate
new economic opportunities through the
commercialization of these processed materials for various
industrial and construction applications. This integrated
approach not only seeks to solve pressing environmental
problems, but also to foster a continuous cycle of research
toward more environmentally friendly and economically
viable building materials.

In this section, a comprehensive review of the existing
literature on the use of coffee husk ash and pineapple fiber
in the improvement of concrete properties will be carried
out. Despite the increasing attention towards the use of
natural fibers in construction materials, it is observed that
research on the incorporation of coffee husk ash in concrete
is still limited. Likewise, although studies on pineapple
fiber have been documented, research on the combination
of these two specific additions is scarce. This review seeks
to fill that gap by providing a detailed overview of previous
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studies and evaluating the effectiveness of these fibers in
improving the mechanical properties of concrete.

Regarding coffee husk ash, studies have shown varied
results in its application in concrete. In Peru, it was
observed that the incorporation of coffee husk ash with
polypropylene in mixtures with strengths of fc=210 and
f'c=280 kg/cm=resulted in a reduction of compressive,
tensile and flexural strengths by 8.94%, 15.03% and
10.89%, respectively, although the modulus of elasticity
increased by 14.15% [9]. In contrast, in India, this material
improved compressive, flexural and tensile strength by
28.4%, 19.35% and 1.66%, respectively [10]. On the other
hand, in Ethiopia, the compressive strength decreased
significantly from 35.1 MPa to 22.7 MPa with the use of
coffee husk ash [11]. Given the variations in the limited
research results on coffee husk ash in concrete, other uses
have been explored; for example, in the Department of
Civil Engineering, it has been used to stabilize soil,
improving its bearing capacity up to three times and
promoting sustainability through zero waste technologies
[12], [13]. In Colombia, coffee husk has proven to be a
viable alternative for sustainable construction, with a
robust structure and a composition rich in carbon and
oxygen, although internal micro-cracks were identified by
Scanning Electron Microscopy [14]. In Brazil, coffee
husks have been added to bricks, increasing their water
absorption and insulating potential, although with a
reduction in compressive strength [15]. Finally, in the
Department of Civil and Construction Engineering, coffee
grounds have been used as a subgrade material in roads,
improving the bearing properties evaluated by unconfined
compressive strength (UCS) and California bearing ratio
(CBR) [16].

Regarding pineapple fiber, several international studies
have explored the incorporation of pineapple fiber in
concrete, highlighting its potential to improve mechanical
properties and contribute to sustainability. In India, the
impact of adding pineapple fiber in different proportions,
from 0% to 1%, was investigated. The results indicated that
concrete without fiber had a compressive strength of 35.33
N/mm=at 28 days. With an addition of 0.25%, the strength
increased to 36.72 N/mm=2with 0.5%, to 38.12 N/mm=and
with 0.75%, the maximum strength of 39.92 N/mm=2was
reached. However, when 1% was used, the strength
decreased slightly to 38.46 N/mm=2In the split tensile test,
the concrete without fiber showed a strength of 4.24 MPa
at 28 days, which increased to 4.44 MPa with 0.10%
addition. Higher fiber concentrations, such as 0.20%,
0.30%, 0.40% and 0.50%, resulted in a decrease in strength,
reaching 4.19 MPa, 4.06 MPa, 3.96 MPa and 3.72 MPa,
respectively [17], [18], [19].

In the Department of Civil Engineering, the application
of pineapple fiber was evaluated with proportions of 0.1%,
0.2% and 0.3% in concrete. Slump tests showed values
between 42 and 57 mm, indicating good workability. The
incorporation of pineapple fiber improved compressive,
flexural and split tensile strength, with the maximum
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performance achieved when using 3% pineapple fiber.
This highlights the potential of fiber to improve the
mechanical properties of concrete and contribute to
sustainability by taking advantage of agricultural waste
[20].

In Indonesia, the addition of pineapple leaf fiber was
tested in self-compacting concrete with dosages of 0%,
0.2%, 0.3% and 0.4% by weight of cement. Results at 7 and
28 days showed that an optimum dosage of 0.3% increased
the compressive strength to 56.28 MPa, compared to 52.14
MPa for the standard concrete. In addition, an addition of
0.4% achieved the maximum flexural strength at 28 days,
reaching 7.88 MPa compared to 7.14 MPa for the control
[21], [22]. Likewise, in this same country, which has an
annual production of approximately 1.4 million tons, the
use of its residues in concrete with pineapple fiber
additions of 0%, 0.5%, 1% and 1.5% with respect to
cement was investigated. The optimum dosage of 0.5%
provided the highest compressive strength, reaching 31.32
MPa compared to 27.09 MPa for concrete without fiber.
An improvement in tensile strength was also observed,
reaching 3.13 MPa versus 2.73 MPa at 1% dosage [23].

In Kenya, where concrete is used in advanced
applications, the incorporation of pineapple leaf fiber
showed a significant increase in water absorption capacity
from 9.82% to 47.32% with 0.2% and 1% fiber additions,
respectively. The compressive strength decreased by
11.60% at 7 days with the addition of fiber. However, the
splitting tensile strength increased to 51.62% with 1% fiber
addition, and the flexural strength increased by 42.58% at
28 days with the same dosage [24], [25].

Based on the literature review, varied results were
observed for the incorporation of coffee husk ash and
pineapple fiber in concrete. Coffee husk ash showed mixed
effects on the mechanical strength of concrete, with
improvements in some studies and decreases in others.
Pineapple fiber has shown significant potential to improve
compressive, flexural and tensile strength, although with
some concentrations showing suboptimal results. However,
no research exploring the combined use of these two
admixtures in concrete was found. Therefore, in the present
investigation, concrete mixtures with different proportions
of coffee husk ash (0%, 1%, 1.2%, 1.4%, 1.6%, 1.8% and
2.0%) and pineapple fiber (0%, 0.5%, 0.7%, 0.9%, 1.1%,
1.3% and 1.5%) were evaluated to determine their impact
on a concrete with a base strength of f'c = 210 kg/cm=2The
investigation included a total of 147 specimens: 63
cylindrical specimens for compressive strength, 63
cylindrical specimens for tensile strength and 21 prismatic
beams for flexural strength.

2. Materials and Methods

This section describes the process of making concrete
using coffee husk ash and pineapple fiber as admixtures.
Different concrete mixes were prepared, adjusting the
proportions of water, cement and aggregates for each

specific combination. The coffee husk ash was obtained
through a process that included drying, calcination, and
sieving, while the pineapple fiber was extracted from the
leaves, passing through washing, drying, and cutting stages.
Subsequently, tests were carried out to evaluate
compressive, flexural, and tensile strength, ensuring that
all tests complied with the specifications of the Peruvian
technical standard of the MTC.

2.1. Concrete

Concrete, composed of cement, water, and aggregates
such as sand and gravel, is a fundamental material in
construction whose quality can be improved by the
incorporation of additives, such as natural or synthetic
fibers [26], [27]. In this research, the impact of the addition
of pineapple fibers and coffee husk ash on the mechanical
properties of concrete was evaluated. Different dosages of
these fibers were analyzed to determine their effect on
compressive, flexural and tensile strength, with the
objective of understanding how these additions influence
the structural behavior of concrete.

2.2. Coffee Husk Ash

Coffee, native to tropical and subtropical regions, comes
from the beans of the Coffea plant, with Coffea arabica and
Coffea canephora (robusta) being the most common
species [28]. Its color varies from light green in raw beans
to dark brown tones after roasting. In addition to its unique
flavor and aroma, coffee contains caffeine, a stimulant, and
antioxidants that offer health benefits [29]. Coffee waste,
such as hulls, can be recycled for compost, biofuels, or
other sustainable products, promoting environmentally
friendly practices and offering economic alternatives in
various industries [30].

Figure 1 illustrates the process of obtaining coffee husk
ash. This process starts with the collection of coffee
residues (husks) (A). Subsequently, the collected husks
were dried for 24 hours. After drying, the husks were
calcined and then pulverised to obtain finer particles. These
particles were sieved using a 200 mesh sieve to ensure
uniformity. Finally, coffee husk ash (B) was obtained.

Figure 1.

Coffee husk ash process

Table 1 presents the physical and mechanical properties
of coffee husks, highlighting their key characteristics.
Compressive strength varies between 0.5 and 2 MPa, while
tensile strength ranges between 1 and 5 MPa. In addition,
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the modulus of elasticity is in the range of 2 to 4 GPa. Table 2. Physical and mechanical properties [20]
These mechanical data demonstrate that coffee husks Density 1.3a15 glem®
possess mte_rest_mg properties that could be exploited in Tensile strength 500 2 800 MPa
various applications. —
Modulus of elasticity 6 a8 Gpa
Table 1.  Physical and mechanical properties [15] Water absorption Low
Density 0.5a0.7 glcm? Biodegradabilidad Alta
Moisture content 5a15%
— 2.4. Composition of Admixture Concrete
Particle size 0.5a2mm
Compressive strength 0522 Mpa Table 3 summarizes the dosages used in this
: investigation. Water was kept constant at 208 I/m3as was
Tensile strength la5MpPa coarse aggregate at 989 kg/m= Cement was 375 kg/m3
Modulus of elasticity 224 Gpa while fine aggregate was 711 kg/m3The amounts of coffee

2.3. Pineapple Fiber

Pineapple is a tropical fruit with an oval or cylindrical
shape, a rough and thorny skin of green and yellow tones,
and a juicy and sweet yellow or white pulp. It is rich in
vitamin C, manganese and vitamin B6 [31]. Native to
South and Central America, it is cultivated in tropical and
subtropical climates throughout the world. In addition to its
food consumption, the outer leaves of the pineapple
produce a strong and flexible natural fiber, valued in the
textile industry for making light and shiny fabrics such as
pineapple silk. It is also used in the production of paper,
rope and handicraft products, supporting the local
economy and promoting sustainable practices [32], [33].

Figure 2 shows the process of obtaining pineapple fibre.
The process began with the collection of the leaves, as
shown in image (B), followed by washing and soaking in
water for 2 days to select those in good condition and
facilitate handling. Subsequently, the leaves were
immersed in a 2% solution of sodium hydroxide for 20
minutes and torn with a hard element to avoid excessive
damage. Finally, the leaves were air-dried, tied and cut into
2 cm long fibres (A).

Figure 2.

Pineapple fiber processing

Table 2 details the key physical and mechanical
properties of pineapple fiber: density (1.3 - 1.5 g/lcmF,
tensile strength (500 - 800 MPa), and modulus of elasticity
(6 - 8 GPa). These characteristics underline its potential for
advanced applications, highlighting its low water
absorption and high biodegradability, crucial factors for
sustainability in various industries, from composites to
civil engineering.

husk ash (CHA) and pineapple leaf fiber (PLF) were
progressively increased, starting with 6.31 kg/m3(CHA)
and 3.01 kg/m3(PLF) in the first mixes, to a maximum of
2.00% and 1.50%, respectively.

2.5. Laboratory Tests

Once the dosing of the materials was completed as
specified above, laboratory tests were carried out in
accordance with MTC standards to evaluate the
mechanical properties of the concrete. Detailed tests were
carried out to determine the compressive, flexural and
tensile strength in cylindrical specimens and prismatic
beams. These tests were essential to analyze the impact of
the coffee husk fiber and pineapple fiber additions on the
behavior of the concrete under various loads. The results
obtained allowed assessing the effectiveness of these
admixtures in improving the capacity of concrete to resist
compressive, tensile and flexural forces, which is essential
for its application in structures. Finally, a general diagram
summarizing the whole process and the steps followed in
the research was elaborated.

2.5.1. Aggregate Particle Size

Granulometry is a crucial technique in materials
engineering to analyze the particle size distribution in
aggregates and soils, using methods such as sieving and
laser scattering. In this test, MTC E 204 [34] was applied to
evaluate both coarse and fine aggregates. It began with the
preparation of a representative sample, which was dried at
110 £5<C until a constant weight was reached. Next, the
sample was sieved using a series of sieves with different
mesh sizes: from 3/8 inches to the 100th sieve for fine
aggregate, and from 2 inches to the 4th sieve for coarse
aggregate, ensuring adequate agitation for an efficient
separation of the particles. After sieving, the fractions
retained on each sieve were weighed and the percentages of
retained and passing material were calculated, which were
used to construct the granulometric curves presented in
Figure 3. The results obtained showed that the fine
aggregate has a moisture content of 1.03%, an absorption
of 1.40% and a fineness modulus of 2.7; while the coarse
aggregate presented a moisture content of 0.45%, an
absorption of 1.63% and a nominal maximum size of ¥."
(19 mm).
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Table 3. Mix design

Coffee husk ash and pineapple leaf fiber percentages
ITEM UNIT 0% | FOO%CHA +| 1.20%CHA +| 1.40%CHA + | 1L.60%CHA + | 180%CHA + | 2.00%CHA +
0 0.50%PLF 0.70%PLF 0.90%PLF 1.10%PLF 1.30%PLF 1.50%PLF
COFFEE HUSK ASH Kg 0.00 6.31 7.99 9.67 11.35 13.04 14.72
PINEAPPLE LEAF Kg 0.00 3.01 3.89 4.70 5.52 6.34 7.16
100% t\ 120%
N
90% ~L‘
20% ™~ ) 100% o—o0—q .
70% ~e @ X B
6 ~y £ 80% 4
60% \ 0\2‘ \ .
50% v 60% %
40% = \ &
30% \ ; 40% \ E
3 ~
20% AN © 20% & 3
10% \.— N\
0% 0% \
10.00 1.00 0.10 100.00 10.00 1.00
ASTM Sieve Openings ASTM Sieve Openings
A) Fine aggregate B) Coarse aggregate
Figure 3.  Granulometric Curve

2.5.2. Compressive Strength Test

The compressive strength of concrete is a fundamental
parameter for determining the bearing capacity and
strength of structures. In accordance with MTC E 704 [34],
63 cylindrical concrete specimens, each 15 cm in diameter
and 30 cm in height, were made. These samples were
prepared with varying proportions of coffee husk fibre (0%,
1%, 1.2%, 1.4%, 1.6%, 1.8% and 2.0%) and pineapple
fibre (0%, 0.5%, 0.7%, 0.9%, 1.1%, 1.3% and 1.5%).

The cores were cured at a temperature of 20 +2 T and a
relative humidity of 95% for 7, 14 and 28 days. After
curing, the samples were tested under a constant axial load
applied by a machine at a controlled strain rate of 0.25 +
0.05 MPa/s until failure occurred. It is important to note
that if the radius of the spherical head of the testing
machine is smaller than the radius of the concrete specimen,
the part of the loading surface extending beyond the
spherical head must have a thickness not less than the
difference between the radius of the sphere and the radius
of the specimen. In addition, the smallest dimension of the
loading surface must be at least equal to the diameter of the
spherical head, as illustrated in Figure 4. The figure also
highlights the different types of failures that can occur
during compressive strength testing of fibre-reinforced
concrete.

2.5.3. Tensile Strength Test
The tensile test is essential to evaluate the ability of

concrete to withstand tensile forces, providing essential
data to design safe and durable structures. In accordance
with MTC E 708 [34], concrete samples were prepared and
reinforced with varying proportions of pineapple and
coffee husk fibres: coffee husk fibre (0%, 1%, 1.2%, 1.4%,
1.6%, 1.8% and 2.0%) and pineapple fibre (0%, 0.5%,
0.7%, 0.9%, 1.1%, 1.3% and 1.5%).

The samples were moulded into standard cylindrical
specimens with a diameter of 150 mm and a length of 300
mm, resulting in a total of 63 tests. These specimens were
subjected to tensile tests after curing for 7, 14 and 28 days.
The tests were carried out by applying loads at rates of 50
and 100 kN per minute, which were gradually increased
until the specimens reached their breaking point. To ensure
accuracy, each end of the concrete cylinder was marked
and aligned to remain within the same axial plane during
the test. This alignment ensures uniform load distribution
and reliable results, as illustrated in Figure 5.

2.5.4. Flexural Strength Test

Flexural strength is a key parameter for assessing the
ability of materials, such as concrete reinforced with
natural fibres like pineapple and coffee husk fibres, to
resist bending forces. This test, conducted in accordance
with MTC E 711 [34], used prismatic specimens. A total of
21 prismatic beam specimens were prepared with different
fibre proportions: coffee husk fibre (0%, 1%, 1.2%, 1.4%,
1.6%, 1.8% and 2.0%) and pineapple fibre (0%, 0.5%,
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0.7%, 0.9%, 1.1%, 1.3% and 1.5%).

The moulds were 150 mm x 150 mm in cross-section
and 500 mm in length, with a clearance of three times the
height. After curing for 28 days, the samples were tested
using the centre-loading method. During the test, the
clearance and position of the centre-loading block relative
to the supporting blocks were kept constant, with a
tolerance of #1.3 mm (20.05 in). The load was applied
continuously and without interruption at a strain rate
ranging from 0.9 MPa/min to 1.2 MPa/min until the
specimens reached their breaking point. This procedure
ensured constant contact and alignment throughout the test,
as illustrated in Figure 6.
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2.5.5. Flowchart of the Procedure

Figure 7 details the summary of the process carried out
in our research, through a flow diagram, which included
the use of materials such as cement, coarse aggregate, fine
aggregate, water, and the fibers of coffee husk ash (CHA)
and pineapple leaf fiber (PLF). With all the materials
prepared, the appropriate separations of each fiber were
made for each dosage in kg/m=The fiber dosages were:
0% CHA + 0% PLF, 1% CHA + 0.5% PLF, 1.2% CHA +
0.7% PLF, 1.4% CHA + 0.9% PLF, 1.6% CHA + 1.1%
PLF, 1.8% CHA + 1.3% PLF, and 2% CHA + 1.5% PLF,
resulting in a total of 7 different combinations.
Subsequently, 84 specimens were prepared and cured for
7, 14 and 28 days. Finally, the specimens were subjected
to compressive, tensile and flexural strength tests.

[ —
o R o
, o,
T must not be less than (R-r)
Test specimen
I LI |
\ / | / ) I
\ / / / I 1
v/ | / / I
\ 7 ! / / I 1
A/ | / / 1
N A A / L
/N FARY /
AR /N /N /j I 1
/ A\ ! \ A\ |1
/ \ / \ / \ 11
11
Cone Cone and crevice Cone and cut Cut Columnar

(a) (b)

(c) (@) (e)

Figure 4. Concrete compressive strength test
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Figure 6. Concrete flexural strength test
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3. Results

This section presents the results obtained from the
samples after incorporating different dosages of coffee
husk ash (CHA) and pineapple leaf fiber (PLF). The
combinations evaluated were: 0% CHA + 0% PLF, 1%
CHA + 0.5% PLF, 1.2% CHA + 0.7% PLF, 1.4% CHA +
0.9% PLF, 1.6% CHA + 1.1% PLF, 1.8% CHA + 1.3%
PLF and 2% CHA + 1.5% PLF. Compressive and tensile
strength tests were carried out at 7, 14 and 28 days to
evaluate the evolution of the mechanical properties of the
samples with time. In addition, flexural strength was
determined at 28 days to provide a complete picture of the
structural performance of the specimens. These tests
allowed us to analyze how the addition of these fibers
affects the physical properties of the material, providing
valuable data on its performance and possible applications
in different contexts.

3.1. Compressive Strength

3.1.1. After 7 Days

Table 4 shows the compressive strength at 7 days,
obtained as an average of three results for each dosage, in
order to ensure greater accuracy in the data. This analysis
allowed the mechanical performance of the different mixes
to be evaluated. It should be noted that the best dosage
achieved a 37.74% increase in strength, being the highest

value recorded compared to the initial value, which shows
a significant improvement in the properties of the material.

Table 4. Results of compressive strength at 7 days
Dosage Break 1 Break 2 Break 3 | Average

0.00% CHA +

0.00%(PLF) 179.99 171.29 175.89 175.72
1.00% CHA +

0.50%(PLF) 189.09 181.85 184.15 185.03
1.20% CHA +

0.70%(PLF) 222.34 212.58 217.19 217.37
1.40% CHA +

0.90%(PLF) 238.76 229.19 232.41 233.45
1.60% CHA +

1.10%(PLF) 244.24 238.02 243.88 242.05
1.80% CHA +

1.30%(PLF) 219.51 208.56 212.13 213.40
2.00% CHA +

1.50%(PLF) 213.31 201.13 205.79 206.74

Figure 8 shows a graph showing an increasing behaviour
when using the combination of 1.6% CHA and 1.10% PLF.
This increase is clearly reflected in the peak observed
during the first break, with an average value close to
242.05 kg/cm=2followed by an almost constant trend in the
other dosages.

Compressive strength (7 days)

300
£ 250
{ A -------------
S 200 | perenrra T
g ~
g ® Break 1
5 150
w Break 2
]
=
9 100 -
o
g Average
S 50
o

0
0 1 2 3 4 5 . ; .
Dosages

Figure 8. Compression test (7 days)
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3.1.2. After 14 Days

Table 5 shows the compressive strength at 28 days for
different dosages of CHA and PLF. The results show an
ascending behaviour until reaching a maximum value with
the combination of 1.60% CHA + 1.10% PLF, where an
average of 256.70 MPa is recorded, which represents the
highest strength achieved. However, by increasing the
dosages beyond this point, as in 1.80% CHA + 1.30% PLF
and 2.00% CHA + 1.50% PLF, the strength decreases to
216.57 MPa and 199.80 MPa, respectively. This suggests
that there is an optimal limit to the proportions of CHA and
PLF, as an excess can reduce the cohesion of the material
and negatively affect its mechanical performance.

Figure 9 presents the 14-day cracking results, where
each point on the graph represents an individual value
obtained for each dosage.

3.1.3. At 28 Days
Table 6 presents the 28-day compressive strength results
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for different dosages of CHA and PLF, showing a
progressive increase until reaching a maximum value with
the dosage of 1.60% CHA + 1.10% PLF, which registers an
average of 271.55 MPa, consolidating as the optimum
combination. However, when increasing the dosages
beyond this point, as in 1.80% CHA + 1.30% PLF and
2.00% CHA + 1.50% PLF, the strength decreases to 223.45
MPa and 208.98 MPa, respectively, suggesting that an
excess of additives can negatively affect the cohesion and
microstructure of the material. These results highlight the
importance of proper dosage balance to maximise
mechanical performance at 28 days.

Figure 10 illustrates the 28-day compressive strength
results for the different dosages, visually reflecting the
trends observed in Table 6. A remarkable increase in
strength is highlighted, peaking at the 1.60% CHA + 1.10%
PLF dosage, represented as the highest peak in the graph
with an average value close to 271.55 kg/cm=

Table 5. Compressive strength results at 14 days
Dosage Break 1 Break 2 Break 3 Average
0.00% CHA + 0.00%(PLF) 187.51 182.12 184.23 184.62
1.00% CHA + 0.50%(PLF) 195.13 189.51 191.45 192.03
1.20% CHA + 0.70%(PLF) 225.94 215.79 219.61 220.45
1.40% CHA + 0.90%(PLF) 24401 238.71 241.34 241.35
1.60% CHA + 1.10%(PLF) 259.86 253.49 256.76 256.70
1.80% CHA + 1.30%(PLF) 220.85 212.38 216.47 216.57
2.00% CHA + 1.50%(PLF) 203.51 196.99 198.89 199.80
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Figure 9. Compression test (14 days)
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Table 6. Compressive strength results at 28 days

Dosage Break 1 Break 2 Break 3 Average
0.00% CHA + 0.00%(PLF) 221.19 203.96 211.86 212.34
1.00% CHA + 0.50%(PLF) 225.31 221.39 223.66 223.45
1.20% CHA + 0.70%(PLF) 243.99 235.78 239.87 239.88
1.40% CHA + 0.90%(PLF) 255.54 243.15 248.67 249.12
1.60% CHA + 1.10%(PLF) 274.98 268.87 270.81 271.55
1.80% CHA + 1.30%(PLF) 226.13 218.48 225.73 223.45
2.00% CHA + 1.50%(PLF) 210.76 206.63 209.54 208.98
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Figure 10. Compressive strength results at 28 days

Table 7. ANOVA of the compressive strength test

ANALYSIS OF VARIANCE

Origin of variations | Sum of squares Degrees of freedom | Mean squares F Probability Critical value for F
Between groups 5971.0126 6 995.168767 77.5935851 4.7832E-06 3.86596885
Within the groups 89.7778 7 12.8254
Total 6060.7904 13

Table 7 presents the ANOVA analysis for the
compressive strength of concrete reinforced with coffee
husk ash and pineapple fibres. The results indicate that the
sum of squares between groups is 5971.0126, while within
groups is 89.7778, for a total of 6060.7904. With 6 degrees
of freedom between groups and 7 within groups, the mean
square between groups is 995.1688 and that within groups
is 12.8254. The calculated F-value is 77.5936, which is
significantly higher than the critical value for F, which is
3.866, with an associated probability (p-value) of
4.7832E-06, less than 0.05. These results allow us to
conclude that there are statistically significant differences

between the different proportions of fibres evaluated,
confirming that coffee husk ash and pineapple fibres have a
significant influence on the compressive strength of
concrete.

3.2. Tensile Strength

3.2.1. After 7 Days

Table 8 shows the results of the tensile strength at 7 days
for various dosages of CHA and PLF. A progressive
increase in strength is observed until it reaches its
maximum value at the 1.60% CHA + 1.10% PLF dosage,
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which has an average of 17.95 kg/cm=standing out as the
strongest. However, when increasing the dosages beyond
this point, as in 1.80% CHA + 1.30% PLF and 2.00% CHA
+1.50% PLF, the values decrease to 10.05 kg/cm=and 8.31
kg/cm=respectively. This suggests that an excess of CHA
and PLF can negatively affect the tensile strength,
indicating that there is an optimal dosage to obtain the best
mechanical performance.

Table 8. Tensile strength results at 7 days

Dosage Break 1 Break 2 Break 3 | Average

0.00% CHA +

0.00%(PLF) 11.12 8.03 9.21 9.45
1.00% CHA +

0.50%(PLF) 11.74 7.91 10.27 9.97
1.20% CHA +

0.70%(PLF) 13.88 9.03 11.02 11.31
1.40% CHA +

0.90%(PLF) 17.31 13.09 15.47 15.29
1.60% CHA +

1.10%(PLF) 20.03 16.31 17.51 17.95
1.80% CHA +

1.30%(PLF) 12.07 8.97 9.11 10.05
2.00% CHA +

1.50%(PLF) 10.21 6.54 8.18 8.31

Figure 11 presents a box plot showing the average of the
results obtained for the tensile strength of the samples
analysed. It can be seen that the highest strength value is
17.95 Kg/cm=2which represents 89.88% of the expected
performance. This value is achieved with a specific dosage
of 1.60% CHA and 1.10% PLF. From this point, a
downward trend in strength is observed as the dosage
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increases. This behaviour is consistent with the data
presented in the table, which shows that the higher the
additive dosage, the lower the tensile strength. This
suggests that there is an optimum dosage point to achieve
maximum tensile strength.

3.2.2. After 14 Days

Table 9 shows the results of the tensile strength of the
samples at 14 days, expressed in Kg/cm= for different
dosages of CHA and PLF. It is observed that, with a dosage
of 0.00% CHA and 0.00% PLF, the average strength is
10.18 Kg/cm=As the dosage of the additives is increased,
the strength increases significantly, reaching its maximum
value of 25.05 Kg/cm=at a dosage of 1.60% CHA and
1.10% PLF. However, as the dosage continues to increase,
a decrease in strength is noted, with an average of 13.09
Kg/cm=at 1.80% CHA and 1.30% PLF, and 11.94 Kg/cm=
at 2.00% CHA and 1.50% PLF. These results indicate that
there is an optimum dosage point to obtain the maximum
tensile strength at 14 days.

Figure 12 confirms the results with a box plot presented
in Table 9, which shows the tensile strength values at 14
days. Only the average values for each dosage are plotted
in this graph. It can be seen that the strength peaks at 25.05
kg/cm=at a dosage of 1.60% CHA and 1.10% PLF. As the
dosage of the additives increases up to these values, the
tensile strength continues to increase. However, after this
point, the graph shows a downward trend, evidencing that,
from certain dosages of fibre, the resistance starts to
decrease. This behaviour suggests the existence of an
optimum dosage point, beyond which increases in the
quantity of additives do not result in improvements in
strength, but in a loss of strength.
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Figure 11. Tensile test (7 days)
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Table 9. Tensile strength results at 14 days

Dosage Break 1 Break 2 Break 3 Average
0.00% CHA + 0.00%(PLF) 12.18 8.11 10.26 10.18
1.00% CHA + 0.50%(PLF) 15.99 11.19 14.55 13.91
1.20% CHA + 0.70%(PLF) 20.36 14.67 17.82 17.62
1.40% CHA + 0.90%(PLF) 24,12 18.68 21.21 21.34
1.60% CHA + 1.10%(PLF) 27.11 22.99 25.05 25.05
1.80% CHA + 1.30%(PLF) 15.32 11.83 12.13 13.09
2.00% CHA + 1.50%(PLF) 14.24 9.95 11.64 11.94

Tensile strength (14 days)
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Figure 12. Tensile test (14 days)

3.2.3. At 28 Days

Table 10 shows the results of the tensile strength of the
samples at 28 days, with different dosages of CHA and
PLF. When analysing the data, it is observed that, with a
dosage of 0.00% CHA and 0.00% PLF, the average
strength is 10.91 kg/cm=2As the dosage of the additives is
increased, the strength increases significantly, reaching its
maximum value of 32.71 Kg/cm=at a dosage of 1.60%
CHA and 1.10% PLF. After this point, when the dosage is
further increased, the strength starts to decrease, averaging
22.61 Kg/cm=at 1.80% CHA and 1.30% PLF, and 21.49
Kg/cm=2t 2.00% CHA and 1.50% PLF. This suggests that
there is an optimum dosage point (1.60% CHA and 1.10%
PLF) to achieve maximum tensile strength, and that
exceeding this level of additives causes a drop in the
strength of the material.

Table 10. Tensile strength results at 28 days

1.30%(FHP)

1.50%(FHP)

Dosage Break 1 | Break 2 Break 3 Average

0.00% CHA +

0.00%(PLF) 13.89 8.11 10.73 10.91
1.00% CHA +

0.50%(PLF) 16.79 14.87 15.82 15.83
1.20% CHA +

0.70%(PLF) 22.31 17.54 20.31 20.05
1.40% CHA +

0.90%(PLF) 26.43 22.13 24.24 24.27
1.60% CHA +

1.10%(PLF) 34.73 30.85 32.56 3271
1.80% CHA +

1.30%(PLF) 24.11 20.35 23.36 22.61
2.00% CHA +

1.50%(PLF) 23.35 19.27 21.86 21.49
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The results presented in Table 10 are confirmed by a box
plot in Figure 13, where a significant increase in tensile
strength is observed. The highest value of 32.71 Kg/cm=is
reached at a dosage of 1.60% CHA and 1.10% PLF, which
represents an increase of 199.85% compared to the initial
value of 10.91 Kg/cm=corresponding to the base dosage of
0.00% CHA and 0.00% PLF. However, after reaching this
maximum, the resistance starts to decrease, stabilising at
21.49 Kg/cm=2with a dosage of 2.00% CHA and 1.50%
PLF. Despite the drop, this value is still higher than that of
the base sample (10.91 Kg/cm, indicating that, although
the strength does not continue to increase, it remains above
the initial performance. This confirms that there is an
optimum dosage point that maximises the tensile strength
before it starts to decrease.
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In Table 11 (the ANOVA analysis applied to the tensile
strength of concrete reinforced with coffee husk ash and
pineapple fibres), the results indicate that the sum of
squares between groups is 571.0594, while that within
groups is 19.2921, for a total of 590.3515. With 6 degrees
of freedom between groups and 7 within groups, the mean
squares are 95.1766 between groups and 2.7560 within
groups. The calculated F-value is 34.5341, significantly
higher than the critical value of 3.866, and the associated
probability (p-value) is 7.4155E-05, less than 0.05.
Therefore, the null hypothesis is rejected, concluding that
there are statistically significant differences between the
different proportions of fibres evaluated. This confirms
that coffee husk ash and pineapple fibres have a noticeable
effect on the tensile strength of concrete.
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Figure 13. Tensile test (28 days)

Table 11.

ANOVA of the tensile strength test

1.30%(FHP) 1.50%(FHP)

ANALYSIS OF VARIANCE

Origin of variations | Sum of squares Degrees of freedom Mean squares F Probability Critical value for F
Between groups 571.059386 6 95.17656429 34.5341 7.4155E-05 3.86596885
Within the groups 19.2921 7 2.756014286
Total 590.351486 13
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3.3. Flexural Strength

3.3.1. At 28 Days

Table 12 shows the results of the flexural strength at 28
days, where a general increase in strength is observed with
increasing dosage of CHA and PLF. At a dosage of 0.00%
CHA and 0.00% PLF, the average strength is 41.03 kg/cm=
As the dosage increases, the strength increases
significantly, reaching a maximum value of 82.81 Kg/cm=
at a dosage of 1.60% CHA and 1.10% PLF. However, after
this point, the strength starts to decrease, with values of
45.18 Kg/cm=at 1.80% CHA and 1.30% PLF, and 44.07
Kg/cm=at 2.00% CHA and 1.50% PLF. These results
suggest that the optimum dosage to obtain the highest
flexural strength is around 1.60% CHA and 1.10% PLF, as
the strength tends to decrease thereafter.

Table 12. Tensile strength results at 28 days
Dosage Break 1 | Break 2 Break 3 Average

0.00% CHA +

0.00%(PLF) 44,01 37.99 41.09 41.03
1.00% CHA +

0.50%(PLF) 49.38 43.43 45.22 46.01
1.20% CHA +

0.70%(PLF) 60.35 56.09 58.38 58.27
1.40% CHA +

0.90%(PLF) 72.87 68.33 70.41 70.54
1.60% CHA +

1.10%(PLF) 84.56 80.69 83.19 82.81
1.80% CHA +

1.30%(PLF) 46.17 44.21 45.15 45.18
2.00% CHA +

1.50%(PLF) 45.93 42.29 43.99 44.07

Figure 14 clearly identifies the maximum point of 82.81
Kg/cm=corresponding to the best average obtained among
the three breaks. This result highlights the effectiveness of
the combination of coffee husk ash (CHA) and pineapple
leaf fibre (PFF) in reinforcing the material. The
improvement in the average strength is attributed to the
synergy between the two components, where CHA
contributes to improving the material's matrix due to its
pozzolanic character, and the PLF fibres act as
reinforcement, increasing the material's ability to resist
stresses and reduce possible cracks.

This finding confirms that, in the optimum proportions
(1.60% CHA and 1.10% PLF), the combination offers
superior performance in terms of mechanical strength,
consolidating itself as a viable and sustainable alternative
to traditional methods. Furthermore, it is observed that
when exceeding this optimum point, the strength tends to
decrease, which highlights the importance of a precise
balance in the dosage to avoid possible adverse effects.

In Table 13 corresponding to the ANOVA analysis, the
results show that the sum of squares between groups is
3068.2691, while within groups is 16.2041, for a total of
3084.4732. With 6 degrees of freedom between groups and
7 within groups, the mean squares are 511.3782 between
groups and 2.3149 within groups. The calculated F-value is
220.9100, significantly higher than the critical value of
3.866, with an associated probability (p-value) of
1.28986E-07, which is less than 0.05. Therefore, the null
hypothesis is rejected, concluding that there are
statistically significant differences between the evaluated
groups, which confirms that the proportions of fibres used
have a significant effect on the studied property.
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Figure 14. Flexural strength (28 days)
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Table 13. ANOVA of the flexural strength test

ANALYSIS OF VARIANCE

Origin of variations Sum of squares Degrees of freedom Mean squares F Probability Critical value for F
Between groups 3068.26907 6 511.3781786 220.91 1.2899E-07 3.86596885
Within the groups 16.2041 7 2.314871429
Total 3084.47317 13

4. Discussions

The following lines present relevant findings from
previous research on the addition of natural fibers (CHA
and PLF) to concrete and discuss them in relation to the
results obtained in our research. This analysis allowed us to
evaluate the effectiveness of natural fibers in optimizing
the mechanical and structural properties of concrete,
providing us with a comprehensive perspective on the
impact of these additions on the durability and
performance of the material.

According to J. Hadipramana, F. V. Riza, T. Amirsyah,
S. N. Mokhatar, and M. Ardiansyah [35], the addition of
pineapple leaf fiber improves the compressive strength of
concrete over time: at 7 days, the strength increased from
31.63 to 35.40 MPa with 0.09% fiber; at 14 days, from
37.31 to 41.81 MPa with the same proportion; and at 28
days, from 54.52 to 61.19 MPa. These results coincide with
our research, which shows that a combination of pineapple
fiber and coffee husk ash can increase the strength to
271.55 kg/cm= highlighting the effectiveness of these
natural fibers in improving the durability and structural
capacity of concrete.

On the other hand, S. Izzatul, A. M. Sorani, N. Khazanah,
A. Rahman, T. N. Hasanah, and T. Ismail [36] found that
pineapple leaf fiber increased the strength of concrete, with
0.2% reaching 2.7 MPa, and 0.1% reaching 2.5 MPa,
versus 2.1 MPa of the sample without fiber. However, a
0.3% ratio decreased the strength to 1.6 MPa, underscoring
the sensitivity of the concrete to fiber dosage. In our
research, a mixture of 1.60% coffee husk ash and 1.10%
pineapple fiber showed a maximum strength of 32.71
kg/cm=2although with a low dosage the strength decreased
to 21.49 kg/cm=xt 28 days. This highlights the potential to
optimize the dosage of natural fibers for structural and
sustainable applications.

M. Suhail Parathodika [37] reported that 0.1% pineapple
leaf fiber increased the flexural strength to 6.14 MPa,
compared to 4.66 MPa of the standard concrete. In our
investigation, the combination of 1.60% coffee husk ash
and 1.10% pineapple fiber achieved a flexural strength of
82.81 kg/cm=demonstrating that these natural fibers not
only increase the strength, but also improve the durability
and load-bearing capacity of concrete.

Finally, the work by A. Gedefaw, B. Worku Yifru, S. A.
Endale, B. T. Habtegebreal, and M. D. Yehualaw [38],

revealed that the incorporation of 20% coffee husk ash in
concrete mixtures resulted in a significant decrease in
compressive strength from 35.1 MPa to 22.7 MPa.
However, the results obtained in the present investigation
indicated a different behavior. By combining 1.60% coffee
husk ash with 1.10% pineapple fiber, a maximum strength
of 271.55 kg/cm=3was achieved. This finding suggests that,
although the addition of coffee husk ash in high
proportions can reduce the strength of concrete, its use in
moderate amounts together with pineapple fiber can
significantly improve the mechanical properties of the
material. This combination of admixtures is presented as a
promising strategy to optimize the performance of concrete
in structural applications, highlighting the importance of
careful dosing to maximize the benefits of these
sustainable materials.

5. Conclusions

In conclusion, the results obtained from the tests clearly
show that the addition of pineapple fiber (PLF) and coffee
husk ash (CHA) significantly improves the mechanical
properties of the concrete. For example, the sample with
1.60% CHA and 1.10% PLF achieved a compressive
strength of 271.55 kg/cm=2at 28 days, while for tensile
strength it achieved 32.71 kg/cm=3in the same period. As
for flexural strength, this same dosage showed an
outstanding strength of 82.81 kg/cm=2The optimization of
fiber dosage was crucial, since higher dosages (such as
1.80% CHA and 1.30% PLF, as well as 2.00% CHA and
1.50% PLF) showed a slight decrease in strength,
suggesting a critical balance between the amount of fiber
added and the improvement of mechanical properties. On
the other hand, the appropriate addition to improve the
mechanical properties of concrete is 1.60% CHA and
1.10% PLF. These results underline the effectiveness of
these fibers as admixtures to improve the structural
properties of concrete, demonstrating their potential for
applications where high strength and durability are
required.

The results of the ANOVA analyses for the compressive,
tensile and flexural strength of concrete reinforced with
coffee husk ash and pineapple fibres show statistically
significant differences between the different proportions of
fibres used. In all cases, the calculated F-value was
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significantly higher than the critical value, and the
associated probability (p-value) was less than 0.05,
allowing the null hypothesis to be rejected. These findings
confirm that both coffee husk ash and pineapple fibres have
a positive impact on the mechanical properties of concrete,
improving its compressive, tensile and flexural strength.

In terms of limitations, it is important to recognize that
variations in the quality and characteristics of natural fibers
can influence experimental results. In addition, the optimal
dosage of fibers may depend on several factors such as the
type of cement used, water-cement ratio and curing
conditions, which may require specific adjustments for
different applications and construction environments. The
availability and cost of natural fibers may also affect their
economic viability for large construction projects.

For future research, it would be beneficial to further
explore the long-term durability of concrete reinforced
with these natural fibers. Investigating how environmental
conditions, including exposure to moisture and
temperature cycles, affect the strength and structural
integrity of concrete would be crucial to assessing its
viability in various climatic conditions. In addition,
studying optimization techniques in manufacturing and
mix design could help maximize the benefits of pineapple
and coffee husk ash in practical and commercial
applications, thus promoting their wider adoption in the
construction industry.
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