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Abstract: The objective of this work is to study the physical and mechanical behavior of concrete
with the addition of 0.5% and 1.0% of coconut fibers subjected to two chemical treatments to reduce
their degradation and optimize their use in the elaboration of concrete specimens, which must
comply with the standards of the American Society for Testing of Materials (ASTM), the American
Concrete Institute (ACI) and the Instituto Ecuatoriano de Normalizaciéon (INEN). The coconut fibers
were obtained from the raw material by hand and cut to a length of 4 cm. Subsequently, the coconut
fibers were subjected to two chemical treatments: The first treatment is the immersion of the coconut
fibers in 4% sodium hydroxide (NaOH) solution and the second treatment, the coconut fibers were
immersed in gum arabic to consequently coat them with silica fume. A particular dosage was carried
out with a proportion of 0.5% and 1.0% volume of coconut fiber for the two chemical treatments,
replacing the volume of coarse aggregate. Simple concrete joists were made without fiber and with
the post-treatment coconut fibers, which were subjected to flexural tests. The results indicated that
the best chemical treatment is sodium hydroxide with a concentration of 4% and 1.0% coconut fiber
for strengths of 210 kg/cm? and 240 kg/cm?. In general, the joists with coconut fiber treated with
sodium hydroxide outperformed the fibers treated with gum arabic and silica fume.
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1. Introduction

Concrete is a dominant construction material used worldwide; its manufacture involves the
release of quantities of greenhouse-gas emissions into the atmosphere each year [1]. Hence, the
material selection for the design and manufacture of a sustainable product plays a vital role in the
field of engineering design. Therefore, researchers have shown a lot of interest in the development of
materials that can contribute to reducing greenhouse-gas emissions and helping the environment [2].
The most used is conventional concrete, which is known as reinforced concrete, due to modern
structural elements requiring high strength, toughness, and long-term durability [3]. However, it is
generally robust in compression, but not in tension, so steel bars are often used to improve its tensile
characteristics [4]. So, to develop high-strength concrete, the addition of different types of fibers is
proposed, and to reach this issue, researchers consider that is necessary to use alternative renewable
resources, different from metallic and synthetic fibers, in the production of concrete to maintain the
ecological balance, such as natural fibers [5].

Natural fibers are currently one of the most widely used reinforcement materials in terms of
sustainability and biodegradability because they have large-scale industrial production. Hence, for
the building sector, natural fibers used in structural elements can replace a portion of nonrenewable
natural resources used and improve their mechanical characteristics, helping in the reduction of CO2
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emissions from the surrounding environment. In addition, they can be found all over the world, are
cheaper than manmade fibers, have higher stiffness, and compared with synthetic fibers, they have
many advantages due to their abundance and availability [2], [6], [7]. As a result, there is an increase
in the demand for the commercial use of natural fibers and natural fiber-based composites in various
industrial sectors. Consequently, researchers are studying different natural fibers such as hemp, jute,
sisal, banana, coconut, and bamboo.

The coconut fiber is obtained from the husk of the coconut fruit, which compared to other typical
natural fibers, has higher lignin, lower cellulose, and hemicellulose, together with its high
microfibrillar angle offers various valuable properties such as resilience, strength, and damping [2].
It can be used as cement composite, and to reinforce concrete columns together with other types of
fibers, because it can improve the properties of concrete due to its versatility. Furthermore, it is
exceptional for controlling cracks produced by plastic shrinkage, it can also help distribute stresses
more uniformly throughout the material which increases its overall tensile strength [8], [9].

As disadvantages of natural fibers, it is their higher variability in physical and mechanical
properties, lower durability, low resistance to microbial attack, and low moisture resistance, which
depend mainly on the plant species, growing conditions, fiber cell geometry, each type of cellulose,
so is important to this type of material need to apply chemical treatments to help prolong its
durability [10]. Among the treatments that help us to prolong the durability of coconut fiber and
improve its mechanical properties before implementing it in concrete, we find alkaline and
pozzolanic treatments. Therefore, in the present research, the application of mercerization and gum
arabic together with silica fume was chosen [11], [12].

Fiber mercerization consists of applying NaOH in amounts of 2% to 10% before implementation
in the concrete mix because it cleans the fiber surfaces, promotes interfacial bonding, and improves
the mechanical properties of composites developed from such treated natural fibers. However, it is
necessary to understand the proper amount of NaOH concentration needed to produce better
mechanical properties desirable for such natural fibers [13]. Another chemical treatment is silica
fume, which together with gum arabic produces beneficial effects by reducing fiber degradation and
increasing protection against chlorides, as shown by Vivek and Prabalini [14].

Nevertheless, it is considered that there are variables that can affect the performance of
composites reinforced with coconut fiber, such as the origin of the fiber, the amount to be
implemented, and the length of the fiber. It is known that coconut fibers have a hydrophilic nature
and the characteristics of composites that have been reinforced with coconut fiber may be altered
[15]. In general, adequate content is of utmost importance since it will depend on it to obtain high
performance and optimum behavior of the concrete. Although it is worth mentioning that the
knowledge about coconut fiber in concrete is scattered and unimportant, this article focuses on the
mechanical properties of coconut fiber-reinforced concrete under flexural tests to analyze its
feasibility.

2. Materials and Methods
2.1. Materials

2.1.1. Aggregates and concrete

The coarse and fine aggregate are extracted and processed from andesites in Pifo, Ecuador, while
the cement “Holcim Fuerte TM type 1” was acquired from Holcim, Ecuador. Aggregates and cement
were analyzed to determine their properties and the mix design. The properties of coarse and fine
aggregates are presented in Table 1, while concrete properties are shown in Table 2.
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Table 1. Properties of coarse and fine aggregates.

Property Unit Coarse Fine Ref.
Aggregate Aggregate

Nominal maximum size mm 19.05 - [16]

Modulus of fineness - - 2.76 [16]
Density (oven dried) g/cm?® 1.89 2.19 [17], [18]
Density (surface saturated dry) g/cm?® 2.35 2.23 [17], [18]
Absorption % 2.00 2.07 [17], [18]

Dry compacted density g/cm? 1.49 - [19]

Moisture content % 2.72 2.66 [20]

Table 2. Properties of concrete.

Property Unit Value Ref.
Density g/cm3 2.68 [21]
Normal consistency (moisture) % 23 [22]

2.1.2. Coconut fiber

The coconut husk, also called tow, was acquired from a local producer in Cojimies-Ecuador,
which is an important coconut production site, where the extraction of the fruit is done manually,
while the coconut tow is set aside by order because it is considered organic waste. It is considered an
important fiber that can be used in industry and construction, due to it is a multicellular fiber with a
high degree of stiffness and hardness due to its two components, cellulose, and wood. Among its
main characteristics, it presents low heat conductivity, resistance to bacteria and water impact,
durability, and resilience, which make it the right material for thermal and acoustic insulation works.
Each coconut can generate 125 grams of fiber and the extraction of these fibers from the husk also
produces about 250 grams of coconut powder [23].

The coconut fiber had a manual extraction process, which had to be carried out by hand. The
process consists of separating the exocarp and endocarp, with the stems in the acquired state, but
only the mesocarp was preserved because it contains the fibers and the medulla. The fragments of
very short garnet were removed because of the use of the machete in the extraction of the fruit and
the presence of mold. Then, the mesocarp was then dried by the sun for ease of storage and to
temporarily remove the moisture acquired at the extraction site. As aggregates and cement, the
coconut fiber was analyzed, and its properties were shown in Table 3, which were used to determine
the amount of coconut fiber to be used in the mixture.

Table 3. Properties of coconut fiber.

Property Unit Value
Density (saturated surface dry) g/cm? 0.582
Absorption % 145.5

The length of the fiber included in the concrete mix is a variable of notorious influence on the
mechanical performance of the final product. As demonstrated by Ahmad et al. [24], the best results
are generally obtained with coir fiber lengths close to 50 mm. Similarly, ACI 544.1R-96 [25] indicates
that the recommended length for cutting coir fibers is 1.5 inches (3.77 cm). Taking into consideration
the references [24], [25], the length of fiber was determined as a value closer to the average between
5 cm and 3.77 cm, therefore, a length of 4 cm (40 mm) was defined.
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2.1.3. Chemical products
e Sodium hydroxide or NaOH at 4%

The natural fibers are treated with an alkali, usually a sodium hydroxide solution, which leads
to fibrillation and causes the fiber’s bundles to break into smaller fibers. In turn, it induces the fibers
to develop a rough surface which results in a better interfacial adhesion with the matrix and thus
improves the mechanical properties. Another consequence of mercerization treatment is increased
thermal stability due to the partial removal of lignin and hemicellulose, substances more vulnerable
to degradation [26].

¢ Gum arabic

It is a type of resin extracted from certain species of acacia, which has been used in the formation
of composite materials as a binder, together with metakaolin (pozzolan), lime, and hemp fibers. Its
combination has positive results in the increase of flexural and compressive strength, as shown in the
study by Brzyski (2021) [27].

e Silica fume

By using a pozzolan applied superficially to the fibers, it is intended to reduce the degradation
of the fibers [28], and the use of silica fume is recommended to improve the durability of natural
fibers in concrete, as it increases the resistance to acid and chloride attack in concrete with coconut
fibers.

Silica fume in contact with concrete causes a pozzolanic effect, which generates silicates and
calcium aluminates that consequently reduce the local pH, increasing the strength and cohesion of
the mix [29].

2.2. Chemical treatments

To develop the chemical treatments applied, the caustic soda and gum arabic were obtained
from La Casa del Quimico S.A., while the silica fume (SikaFumeTM ) was acquired from Aplika S.A.
The application of the chemical treatments was developed to preserve the coconut filament and
improve its properties [3].

2.2.1. Mercerization

This process involves immersing the cut fibers in a sodium hydroxide or NaOH solution at 4%
by weight. The fibers were submerged in the solution for 24 hours and then rinsed with ordinary
water until the fibers reached a neutral pH, followed by drying at room temperature [3]. During the
rinsing phase, it was observed that the water was brown due to the amount of lignin and other
components removed from the fibers (Fig. 1a).

2.2.2. Silica fume + resin

Silica fume treatment together with gum arabic looks for beneficial effects of both materials, in
reducing fiber degradation at the local level, as Vivek and Prabalini (2020) [30] called: in the vicinity
of the fibers.

For the application of this treatment (Fig. 1b), the powdered gum arabic solution was prepared
with ordinary water, so that the mixture obtained adequate adhesion. After that, the cut fiber was
immersed in the solution for one minute, the fiber was drained, and then the silica fume was added
to cover the whole fiber, and finally left to dry at room temperature [3].
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Figure 1. (a) Appearance of fibers during NaOH treatment, and (b) silica-fume treatment.

A sample of uncut coconut fiber was taken and subjected to the treatments described, another
part of the sample was not treated. Fifty specimens were obtained for each of the typologies indicated
above. Data such as weight and length were taken for subsequent labeling. Tests were carried out at
the Textile Polytechnic Center of the National Polytechnic School (EPN). The criteria described in
ASTM D2256 [31] were followed and Instron 3345 tensile testing equipment was used.

After placing the specimens in the test equipment, a load of ten silos was applied at a 30
mm/minute crosshead speed until they reached breakage. The breaking force (N) and elongation
(mm/mm) were measured with the machine, which did not allow obtaining the toughness (N/tex),
being the result of the breaking force divided by the linear density (tex), the latter being obtained by
calculating the weight of the specimen and its length.

2.3. Dosing process

The dosing process follows phases before starting the dosage process in a laboratory. First, is
necessary to determine the required strength which is greater than the f'c, and in the absence of a test
history, it was calculated based on Table 5.3.2.2. presented in ACI 318-08 (2008) [32]. Second, to define
the type of settlement Table A1.5.3.1 was used, which is presented in ACI 211.1-91 (2009) [33]. Third,
to define the nominal maximum size selection is necessary to determine the particle size analysis of
coarse aggregate, the sections or dimensions of the element, and the type of work; to define that we
used the ACI 211.1-91 (1991) [34], also this normative was used to define the quantity of water for
1m? based on the second and third step. Fourth, to select the water/cement ratio (w/c), compressive
strength is needed, which is found for different compressive strengths, with or without air inclusion
[34]. Finally, to estimate the aggregate quantity, the volume of compacted coarse aggregate, which is
dry at room temperature per unit volume, is needed. The apparent volume of coarse aggregate, in
m?, per unit volume of concrete is selected according to [34].

Once all components for the dosage have been reached, the ACI 211.1 (2016) [35] criteria will be
followed. The ACI method proposes the use of tables, which contain design values and these values
depend on the materials to be used in the mix. The following dosages, presented in Table 4, were
proposed as a proportion by the weight of cement, which were the starting point until the final dosage
was reached.

Table 4. Preliminary dosage for the strength of 20.59 and 23.54 MPa.

Code Design f'c (MPa)  Cement fa/c calc w/c
M1 20.59 1 1.32 2.81 0.53
M2 23.54 1 1.16 2.61 0.39

" fine aggregate/cement ratio (fa/c), coarse aggregate/cement ratio (ca/c), water/cement ratio (w/c).
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To verify that the dosage is adequate, a compression test was carried out after 7 days of curing
two concrete cylinders and it was observed that it did not reach the reference resistance, which must
be 65% of the design resistance. Therefore, this dosage was modified, until it reached the reference
resistance after 7 days. Consequently, the dosages present in Table 5 have been taken as the definitive
dosages.

Table 5. Final dosage for the strength of 20.59 and 23.54 MPa.

Code Design f'c (MPa)  Cement fa/c calc w/c
M1 20.59 1 2.07 1.66 0.57
M2 23.54 1 1.77 1.36 0.50

" fine aggregate/cement ratio (fa/c), coarse aggregate/cement ratio (ca/c), water/cement ratio (w/c).

2.4. Specimen Preparation and Analysis

The joists were prepared and tested at the Laboratory of Strength of Materials, Soil Mechanics,
Pavement, and Geotechnical Engineering of the Pontificia Universidad Catdlica del Ecuador. Joists
of 100 x 100 x 350 mm ASTM C1399/C1399 M-10 (2015) [36] were prepared. Joists with and without
coconut fiber were manufactured for design strengths of 20.59 and 23.54 MPa at 14, 28, and 56 days
of age. Coir fiber was used in a volume percentage of 0.5% and 1% and similarly distinguished by
the chemical treatment to which the fiber was subjected (mercerization and silica fume treatment),
based on the mixes detailed in Table 5.

Seven joists were manufactured for each of the categories, i.e., by mix design, fiber content, fiber
treatment, and cylinder age, for a total of 210 joists (Fig. 2a).

At the corresponding ages, the joists were tested according to the guidelines indicated in ACTM
C1399/C1399 M-10 [36]. The modulus of rupture was also determined based on the failure third of
the joist, as seen in Fig. 2b [37].

Figure 2. (a) Specimen for bending test, and (b) Bending test.

2.5. Determination of residual strength and modulus of rupture

Having performed the test, which provides us with data that allows us to obtain the load-
deflection curve distant from where significant cracking damage has occurred providing a post-
cracking resistance being affected by the fiber reinforcement. In calculating the average residual
strength, the deflections of the beam are used.

To calculate the average residual strength (ARS), the loads determined at the curve deflections
of 0.50, 0.75, 1.00, and 1.25 mm are used by applying the following formula:

P, P, P P,
A+ Pg+ P+ D)*k )

ARS =
3


https://doi.org/10.20944/preprints202305.1939.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 May 2023 doi:10.20944/preprints202305.1939.v1

ARS: Average Residual Strength, MPa.

Pa+Ps+Pc+Pp: Sum of recorded loads in the specified time — deflections, N.
L: Length of section, mm.

b: average beam width, mm.

d: average depth of the beam, mm.

The modulus of rupture is obtained by loading the joist with equal concentrated loads on the
thirds of the span, such loads increasing until cracking failure at the tension face of the beam [37].
The calculation of the modulus of rupture is obtained in two ways:

— In case the fracture occurs in the middle third of the specimen length, the following equation is
used:

PL
fr = W (2)

— In case the fracture occurs in the third half of the span length and does not exceed 5% of the span

length, the following equation is used:

3Pa
= ®)
Where:
fr: Modulus of rupture, MPa.
P: Maximum applied load of the machine, N.
L: Length, mm.
b: Average sample width, mm.
d: Average depth of the sample, mm.
a: average distance between the fracture line and the nearest support, mm.

In the application of the above equations, it is necessary to have the dimensions of the beam to
be tested. Furthermore, it is worth mentioning that, for the calculation of the modulus of rupture, the
fracture of the joist occurred in the middle third of the total length of the joists, therefore, equation 2
was used.

The theoretical modulus of rupture was calculated based on ACI 318-19 [38], paragraph 19.2.4,
which uses the following expression:

fr = 0.620Vf'c 4)

Where:

fr: Modulus of rupture, MPa.

f'c: Concrete strength, MPa.

A: Modification factor that takes into account the reduced mechanical properties of lightweight
concrete as those of normal weight concrete as well as the compressive strength. The value of A is to
be determined based on tables 19.2.4.1 (a) and 19.2.4.1 (b) of ACI 318-19, or as permitted in sections
19.2.4.2 and 19.2.43.
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3. Results and Discussion

3.1. Physical and Mechanical Characteristics of the Fiber

Three typologies were determined: NT (fibers without any treatment), CS (fibers treated with
caustic soda or NaOH), and SF (fibers treated with silica fume and gum arabic).

The treatment with caustic soda or NaOH shows a slight increase in the maximum elongation
of the fibers compared to the untreated fibers or the treatment with silica fume. It was also found that
there is a higher line density compared to the other two typologies. However, a lower value of the
average breaking strength was obtained for the CS fibers compared to the NT and SF fibers.

The dissociation of results is due to the heterogeneity of the coconut fibers, presenting
imperfections and defects in considerable quantities [39].
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Figure 3. (a) Average breaking strength, (b) linear density, (c) toughness, and (d) elongation.

The mechanical properties of coconut fiber were inferior to the rest of natural and synthetic
fibers, which could result in lower strength of the composite. However, the decrease in CS and SF
properties would be counterbalanced by a better adhesion between the coconut fiber and the other
components of the concrete mix resulting in a composite material with optimum properties [40].

3.2. Composite Concrete Density

We found that the addition of fibers in the percentage dosage of the joists caused a slight change
in the density of the composite concrete, reflecting values in the joists without fiber of 2.395 t/m3 and
2.396 t/m? for the design strengths of 20. 59 MPa and 23.54 MPa respectively compared to the density
of concrete with fiber, giving us values between 2.403 t/m? and 2.418 t/m? for the design strength of
20.59 MPa and between 2.4082 and 2.4356 for the design strength of 23.54 MPa.

Higher values were obtained as the percentage of fiber increased in the mixture and the volume
of voids was also considered [3].
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3.3. Average residual strength

Table 6 shows the average residual strength of the joists at design strength 20.59 MPa for each
of the types, i.e., without fiber (NT), joists with coir fiber treated with caustic soda (CS), and joists
with coir fibers treated with silica fume (SF) and with fiber contents of 0.5% and 1% at ages 14, 28 and
56 days.

Table 6. Average residual strength for a design strength of 20.59 MPa.

Mixture 14 Days 28 Days 56 Days
NF 0.3087 0.3722 0.4630
CS 0.5% 0.4192 0.5178 0.6121
CS1% 0.4336 0.5312 0.6178
SF 0.5% 0.3356 0.4607 0.5378
SF 1% 0.3727 0.4581 0.5486

In general, better results were obtained for joists containing coconut fiber treated with caustic
soda, as seen in Fig.4 [3].

0.7000 06121 0()178
0. 5486

0.6000 05178 0.5312 0. 5378
_ 0.5000 04630 04336 0.4607 0.4381
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14 Days m28 Days 56 Days

Figure 4. Effect of fiber percentage of the average residual strength (base dosage of 20.59 MPa).

Table 7 shows the average residual strength obtained from the joists with a design strength of
23.54 MPa, for the ages of 14, 28, and 56 days.

Table 7. Average residual strength for a design strength of 23.54 MPa.

Mixture 14 Days 28 Days 56 Days
NF 0.3750 0.4708 0.5655
CS 0.5% 0.4449 0.5581 0.6616
CS 1% 0.4440 0.5680 0.6737
SF 0.5% 0.4274 0.5458 0.6328
SF 1% 0.4479 0.5478 0.6651

Figure 5 shows the effect of coconut fibers with their respective chemical treatments on the
average residual strength of the joists. It is observed that there are higher strengths in the joists with
treated fibers compared to the joists that did not contain fiber. There is an increase in the resistance
from 14 days in the joists with fibers treated with both chemical treatments about the joists without
fiber, however, a slight difference is observed in the results of the treated joists, and it is determined
that the treatment with caustic soda presents optimum values.
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Figure 5. Effect of fiber percentage of the average residual strength (base dosage of 23.54 MPa).

3.4. Modulus of Rupture

The theoretical modulus of rupture was determined based on ACI 318-19 [41], paragraph 19.2.4.
It was determined that for a design strength of 20.59 MPa, a theoretical modulus of rupture of 2.81
MPa was obtained and for a design strength of 23.54 MPa, a theoretical modulus of rupture of 3.01
MPa was obtained.

In general, modulus of rupture values higher than the theoretical modulus of rupture was
obtained, in the case of a design strength of 20.59 MPa, as shown in Table 8.

Table 8. Modulus of rupture for a design strength of 20.59 MPa.

Mixture 14 Days 28 Days 56 Days
NF 3.61 4.34 541
CS0.5% 4.89 6.04 7.14
CS 1% 5.34 6.20 7.12
SF 0.5% 3.91 5.37 6.23
SF 1% 4.34 5.34 6.39

Figure 6 shows the modulus of rupture respectively for each of the typologies, and it can be
observed that optimum values are obtained in the joists with coir fibers treated with caustic soda,
with a slight difference with silica fume treatment. However, higher values are obtained with a fiber
volume of 1% with a small difference at 56 days.
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Figure 6. Effect of the fiber on the modulus of rupture for design strength of 20.59 MPa.

Similarly, Table 9 shows the values obtained for the modulus of rupture for a design strength of
23.54 MPa, in which it can be observed that values higher than the theoretical modulus of rupture
have been obtained.

Table 9. Modulus of rupture for a design strength of 23.54 MPa.

Mixture 14 Days 28 Days 56 Days
NF 4.37 5.49 6.59
CS 0.5% 5.57 6.50 7.72
CS1% 5.17 6.60 7.72
SF 0.5% 4.98 6.36 7.36
SF 1% 5.22 6.38 7.75

As in the previous case, Figure 7 shows the results obtained for the modulus of rupture, and in
the case of the joists treated with caustic soda for each of the specified volumes, values considerably
higher than the rest of the typologies were obtained, with a slight similarity with the joists with
coconut fibers treated with silica fume with a fiber volume of 1%, in which a slightly higher value
was obtained. However, it is considered that the CS joists yield optimal values compared to the SF

joists.
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Figure 7. Effect of the fiber on the modulus of rupture for design strength of 23.54 MPa.

4. Conclusions

The coconut fiber composite concrete was made with different chemical treatments, different
volume proportions of coconut fiber, and different test ages for the joists. High values of the indicated
properties were obtained for the coconut fibers treated with caustic soda or NaOH with a lower fiber
volume ratio and higher design strength. By adhering to the coconut fibers as another component of
the concrete, a higher performance was observed in the CS joists than the SF joists, even though there
was an unfavorable impact on the coconut fiber due to the application of the chemical treatments.
Based on the results obtained we can conclude:

e  One of the properties of the concrete that changed is the density, as the proportion of coconut
fiber increased up to 1% the density in relation to the joists that did not contain coconut fiber.
Similarly, this increase in density is because the water absorption of concrete reinforced with
coconut fibers is greater than that of conventional concrete because the coconut fiber retains air
spaces within its structure and therefore can absorb a large amount of water, filling these voids.

e  The application of chemical treatments helps in the conservation of the fiber within the mixture,
since it is a biodegradable material, its durability is affected. The treatments applied provided
superior mechanical properties; however, the caustic soda treatment achieved better results
concerning breaking strength, maximum elongation, and linear density, which is why it is
considered the most appropriate to apply to the fibers, since it enhances the toughness of the
concrete, allowing the reinforced concrete components to work as a single element, providing
response efforts to the cracks that may occur, preventing their propagation.

e  The workability was affected as the coconut fiber content increased in the mix since the fresh
mix has a higher hardness.

e A higher modulus of rupture values was obtained for the joists with coconut fiber tested
compared to the joists without coconut fiber. However, the inclusion of 1% coconut fiber gave
optimum results about the 0.5% proportion and conventional concrete, because the coconut
fibers increase the bending capacity by inhibiting the development of fractures due to the
interface of the coconut fiber around the cracks. Discontinuous stresses are produced in a
composite action that decreases the brittleness of the plain concrete.

e  The application of coconut fibers in the concrete mix allowed the average residual strength of
the joists to improve considerably, as evidenced in the tests performed under ASTM
C1399/C1399M-10 [36], which allowed us to verify the effectiveness of coconut fibers in concrete
since the concrete joists were tested with and without fiber, which were tested at 14, 28 and 56
days. Having performed the tests, it was evidenced an improvement of up to 33% of the joists
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with coconut fiber compared to the joists without fiber, thus concluding that the addition of
coconut fibers in concrete improves its mechanical properties, increasing its energy absorption
capacity and decreasing its brittleness even after cracking.
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