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Abstract

Currently, the cement industry causes great damage to the environment, generating immeasurable amounts of carbon dioxide
(COy). According to statistics, at least 8% of global CO2 emissions are caused by humans in the cement industry alone. Faced
with this problem, there is a need to reduce contamination by incorporating natural fibers into the cement mixture, in order to
obtain a more sustainable mortar, since this reduces the amount of cement. One of the intrinsic properties of mortar is its low
tensile and flexural strength, which leads to limitations in structural applications. In order to improve the mechanical properties
of the mortar and its durability, experimental designs will be established using different volume percentages of treated and
untreated cabuya fibers, cement and zeolite. The tensile strength and flexural strength increased when using a percentage of
7.5% chemically treated cabuya fiber, 50% zeolite and 42.50%.
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1. Introduction

Concern for the environment and overexploitation of fossil
fuels such as oil, drive a paradigm shift focused on the use of
renewable, sustainable and more ecological materials (AL-
Ogla & Salit, 2017),. taking advantage of the local productive
matrix to achieve a great regional sustainable economic
development. In this context, (BCE) 2021 specified that the
agriculture, livestock, hunting and forestry sector represented
8.61% of Ecuador's GDP, approximately 8,507.6 million
dollars during 2020.

Natural fibers are a renewable raw material and are
available in almost unlimited ways, in addition, their abrasive
nature is much less compared to other fibers, which implies
advantages in the context of recycling materials or composite
materials in general. (Bledzki & Gassan, 1999; Joshi et al.,
2004). On the other hand, natural fibres are composed mainly
of cellulose, hemicellulose, and lignin (Kunanopparat et al.,
2008).

When natural fibers are incorporated without any treatment
into a cementitious matrix, that is, without removing the
lignin, there is competition between the fiber and the matrix
for the absorption of water, and depending on the absorption
properties of the fiber, it can occur drying of the cementitious
mixture (Muensri et al., 2011), therefore, it is necessary to
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carry out some chemical treatment to the fibres in order not to
reduce the workability of the mortar.

Ordofiez Vifan et al. (2019) showed that when adding
0.50% of natural fibre of cabuya in a mortar, with respect to
the weight of the cement, for a water-cement ratio of 0.65,
there was an increase in compressive strength between 9 and
11%.

Further, Ulloa et al. (2018) showed an increase in
compressive strength, with large proportions of the activator /
zeolite ratio, in polymer mortars.

The addition of small percentages of natural fibers in
mortar reinforced with palm fibers, coir, sisal and jute
produced an increase in durability, especially in the attack on
sulfates. (Ozerkan et al., 2013; Ramakrishna & Sundararajan,
2005).

In this article, the mechanical behavior of a mortar
reinforced with cabuya fibers will be evaluated, replacing a
part of the sand mixture with zeolite.

2. Background

The fiber of the cabuya is extracted from the leaf of the
cabuya, likewise, this rice plant grows wild in the Ecuadorian
highlands and can reach up to 1.50 m in height in the
vegetative part (Guerrero et al., 2011).

Masaco (2018) pointed out that for 2% fibre percentage
there was a notable increase in the flexural strength of a mortar

© xxxx IOP Publishing Ltd



Journal XX (XXXX) XXXXXX

Author et al

reinforced with cabuya fibres. In the same way, Brisefio,
(2016) analysed the flexural strength of beams reinforced with
cabuya and showed that when adding cabuya fibres with
random arrangement, the flexural strength increased between
7.8 and 24.9% with respect to concrete without fibre. In this
frame, Coudert (2019) evaluated the influence of the surface
treatment of the cabuya fibers on the mechanical properties of
a cementitious mixture, denoting that in the case that only the
cementitious matrix is the one that contributes to the flexural
strength, the fiber treatment will affect the resistance to
bending of the mortar.

Ulloa et al. (2018) made mortars with zeolite incorporating
a steel corrosion inhibitor considered as activator, additionally
added alkaline activators (NaOH and Na,SiOs) in different
proportions, they concluded that the best mixture was obtained
with an activator / zeolite ratio of 0.5, Na,SiOz / NaOH of 3
and the ideal curing temperature was 60 °C.

Also, Lynch et al. (2018) examined the effects of two
foaming agents, aluminium powder and hydrogen peroxide in
zeolite-based geopolymers, while NaOH, Ca(OH), and
NasSisO12 were used as alkaline activator, demonstrating that
geopolymer preparation methodology complied with
Ecuadorian regulations. in terms of compressive strength.

In another context, Almeida et al. (2013) evaluated the
incidence of natural fibres in the accelerated carbonation
process in cementitious composites reinforced with
eucalyptus fibres, concluding that accelerated carbonation,
after 2 days of curing, is viable for cementitious composites
reinforced with eucalyptus fibres.

Today, the cement industry causes great damage to the
environment, generating immeasurable amounts of carbon
dioxide (CO2). According to statistics at least 8% of global
CO; emissions are caused by humans only in the cement
industry. Faced with this problem, there is a need to reduce
contamination by incorporating natural fibers in the
cementitious mix, in order to obtain a more sustainable mortar,
since this reduces the amount of cement. One of the intrinsic
properties of mortar is its low tensile and flexural strength,
which leads to limitations in structural applications. In order
to improve the mechanical properties of the mortar and
durability, experimental designs will be established using
different percentages by volume of treated and untreated
cabuya fibers, cement and zeolite.

3. Materials and methods

Materials and equipment needed to make the fiber-
reinforced mortar:

3.1. Materials

e Cement

e Cabuya fiber

e Water
e Sand
e Zeolite

3.2. Equipment

e 1000 ml beaker

e Glassrod

e 500 ml volumetric flask

e  Analytical balance

e 1% sodium hydroxide (NaOH)

e Distilled water

e Tensile strength test machine

e  Flexural strength Test Machineral

3.3. Study development

For the present study, a set of mix design was established
to prepare reinforced mortars with treated and untreated
cabuya fibers with sodium hydroxide to the 1%. In addition, a
percentage of sand was replaced by zeolite in the samples. The
incidence of the volume percentage of natural fiber, sand and
zeolite in terms of resistance will be studied, additionally the
effects caused by the treatment of natural fibers in the
compression and tensile strength of the mortar will be
analyzed.

The cabuya fibers used to carry out the experimental project
were acquired through the Hilos Artesanales company,
located in the city of Quito. The fibers were obtained in 50 cm
filaments, therefore, to avoid the loss of workability of the
cementitious sample, the cabuya fibers were cut into
approximately 1 cm lengths, likewise portland cement type
GU and zeolite supplied by the Zeolite company were used.
SA located in the city of Guayaquil.

For the experimental design, treated and untreated cabuya
fiber was taken into account, obtaining the mix design for 14
samples, in which the resistance to bending and traction will
be estimated, among them 7 untreated cabuya samples and 7
cabuya samples treated with volume percentages of fiber,
zeolite, and sand. In total, 28 specimens were made, 14 for the
tensile tests and 14 for the bending tests.

The water-cement ratio was (W/C) 0.44, while the ratio
between cement and sand was 1:2.75 (ASTM C109, 2021).
Furthermore, two samples with 0% fiber were made, one with
sand, water, and cement (SP), while in the other test tube the
sand was replaced by zeolite (ZP). The following table shows
each of the specimens with the respective proportions of the
materials in terms of percentage with respect to 1 m3 of mortar,
additionally it specifies in which samples the chemical
treatment of the cabuya fibers was carried out.
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Table 1 Mix design of mortar reinforced with cabuya fibers

secimen | oo | oo | %Y | enment

1 5.00 20.00 75.00

2 5.00 80.00 15.00

3 10.00 20.00 70.00

4 7.50 80.00 12.50 No
5 7.50 50.00 42.50

6 7.50 50.00 42.50

7 7.50 50.00 42.50

8 7.50 50.00 42.50

9 7.50 50.00 42.50

10 7.50 50.00 42.50

11 11.04 50.00 38.97 Yes
12 3.97 50.00 46.04

13 7.50 92.42 0.08

14 7.50 7.58 84.92

SP 0.00 0.00 100.00

P 0.00 100.0 0.00

Figure-l cabuya fiber before and after treatment

Lewandowski (2015) argued that natural fibers from cold
climates are less resistant and finer than those from hot
climates. In addition, the well washed rope has more
resistance, in contrast the dirty rope has a great elongation
power. Subsequently, the treatment of the cabuya began where
they were immersed in an aqueous solution of sodium
hydroxide (NaOH), in a concentration of 1% by mass, diluted
in 1 liter of distilled water for 24 hours (Ipa & Di, 2017). In
the case of the cabuya fiber, a lower percentage of solution
was used because we wanted to observe the incidence of the
solution on the cabuya fiber, since no previous work had been
carried out in this context. The objective of this treatment in
the cabuya fiber is to reduce the amount of lignin, waxes and
impurities that the fibers contain, to improve the fiber-
cementitious matrix adhesion and thus increase the
mechanical properties of the composite materials subjected to
the bending and bending tests. traction.

3.5. Tensile strength

To estimate the tensile strength, specimens called dog
bones were made, considering the guidelines established by
Zhang et al. (2015). The tensile force and the elongation of the
specimen were measured as a function of time, from this the
traction stress was estimated.

Figure 2 Tensile test

3.6. Flexural strength

Figure 3 Flexure test

The applied force and the deflection in the centre of the
beam were measured, taking into consideration the
recommendations described in ASTM C348 (2021). The
flexural strength was calculated with:

ar = 0.0028P

Where:
or = Flexural strength (MPa)

P = Total maximum load (N)
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4. Results and discussion

4.1. Tensile strength

According to the tensile tests, the following results were
obtained based on the percentage of fiber, zeolite and sand:

1%

Tensile strength (MPa)

0.00 5,00 730

Fiber (%V)

10.00 1104

Figure 4 Tensile strength as a function of fibre percentage

The maximum tensile strength was obtained for specimens
8 and 9, with a percentage of treated fiber of 7.50%, 3.26 MPa
and 3.06 MPa, respectively.
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Figure 5 Tensile strength as a function of zeolite percentage

The maximum tensile strength was also obtained for
specimens 8 and 9 with 50% zeolite.
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Figure 6 Tensile strength as a function of sand percentage

The maximum tensile strength was also obtained for
specimens 8 and 9 with 42.5% sand.

Estrella (2016) analyzed the addition of cabuya fibers to
concrete, determining that there was an increase in tensile

strength for 3% of treated cabuya fibres with respect to the
weight of the cement

On the other hand, Coudert (2019) studied the influence of
the fiber treatment on the mechanical properties of a
cementitious matrix fiber composite, and concluded that when
the fibers are not adequately washed after immersing them in
a NaOH solution, the tensile strength decreases compared to
when the cabuya fibers are not treated. Therefore, it is
important to carry out a correct washing of the fibers after the
chemical treatment.

4.2. Flexural strength
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Figure 7 Flexural strength as a function of fibre percentage

The maximum flexural strength was obtained for
specimens 8 and 9, with a percentage of treated fiber of 7.50%,
3.52 MPa and 4.61 MPa, respectively.
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Figure 8 flexural strength as a function of zeolite percentage

The maximum flexural strengths were also obtained for
specimens 8 and 9 with 50% zeolite.
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Figure 9 flexure strength as a function of sand percentage

The maximum tensile strength was also obtained for
specimens 8 and 9 with 42.5% sand.
Ordofiez Vifian et al. (2019) studied the addition of small
percentages of cabuya fibre in the flexural strength of
cementitious mortars, concluding that the optimum percentage
of fibre was 0.50% with respect to the weight of the cement,
since the flexural strength was increased by 11%.
Suérez et al. (2021) analyzed the incidence of adding 1%
percentage of fiber with respect to the weight of cement in
cementitious mortars, resulting in an 8% increase in flexural
strength.

5. Conclusions

The design of mixtures between fiber, sand and zeolite has
as its main objective to obtain the optimal percentage of each
of these compounds to obtain the maximum resistance to
bending and traction of the mortar.

When using cabuya fibers, the tensile behavior of the
reinforced mortar shows an increase in ductility.

According to the appropriate treatment, that is, when using
1% NaoH in the Cabuya fibers, the tensile and flexural
strength of the mortar improved.

The increase in resistance to traction and bending is evident
in the specimen 8, that is, when using a percentage of 7.5 %
of treated fiber, 50% of zeolite and 42.50%.

The natural polymer called lignin produces a notable
decrease in flexural strength, that is, when the fiber is not
treated with sodium hydroxide (NaOH), it is shown that there
are no improvements in flexural strength.
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