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ABSTRACT

The rendering mortars must be able to absorb small deformations, in order to guarantee the stability of the
masonry (performance and durability). When this premise is not met, there is a greater propensity for the
appearance of cracks, one of the main and worrying pathological manifestations in mortar coverings. One of
the alternatives to combat this pathological manifestation is the addition of natural/artificial fibers in order to
improve the mechanical properties (mainly the traction strength) and, consequently, the deformation capacity
of the mortar. In this perspective, this work analyzed the behavior in the fresh and hardened state of mortars
with the addition of fibers obtained from the straw of the carnauba (Copernicia prunifera), an abundant tree
in the region of the Acu valley/RN (Brazil). For this purpose, mortars were produced in a 1:3 mass ratio
(binder:aggregate) with the addition of 3% and 5% fiber from the carnauba straw (CSF) in relation to the
cement mass and with the water/cement ratio (w/c) fixed at 0.72 for all mixtures. The effects of using fibers
with different lengths (20, 40 and 60 mm) were also investigated. The properties of mortars were evaluated in
a fresh (consistency) and hardened (compression and flexural strengths) state. The results indicated that the
addition of CSF results in mortar with less consistency and mechanical strength. However, in general, the
best performance was obtained for additions of up to 3% and for longer fiber lengths (20 mm).
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RESUMO

As argamassas de revestimento devem ser capazes de absorver pequenas deformacdes, de modo a garantir a
estabilidade das alvenarias (desempenho e durabilidade). Quando essa premissa ndo ¢ atendida, ha uma maior
propensdo para o surgimento de fissuras, uma das principais e preocupantes manifestacdes patolégicas em
revestimentos argamassados. Uma das alternativas ao combate dessa manifestacdo patolégica é a adicéo de
fibras naturais/artificiais com o intuito de melhorar as propriedades mecanicas (principalmente a resisténcia a
tracdo) e, consequentemente, a capacidade de deformacdo das argamassas. Nessa perspectiva, este trabalho
analisou o comportamento no estado fresco e endurecido de argamassa com adicdo de fibras obtidas a partir
da palha da carnaGba (Copernicia prunifera), arvore abundante na regido do vale do Agu/RN (Brasil). Para
tanto, foram produzidas argamassas em propor¢do em massa de 1:3 (cimento:agregado) com adicdo de 3% e
5% de fibra da palha da carnadba (FPC) em relagdo a massa do cimento e com relagdo agua/cimento (a/c)
fixa em 0,72 para todas as misturas. Os efeitos da utilizacdo de fibras com diferentes comprimentos (20, 40 e
60 mm) também foi investigado. As propriedades das argamassas foram avaliadas no estado fresco (consis-
téncia) e endurecido (resisténcia a compressdo e a tracdo na flexao). Os resultados indicaram que a adicdo de
FPC resulta em argamassa com menores consisténcia e resisténcias mecénicas. Entretanto, em geral, o me-
Ihor desempenho foi obtido para adi¢8es de até 3% e maiores comprimentos de fibra (20 mm).
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1. INTRODUCTION

Mortars are construction materials that plays an important role in the thermal and acoustic behaviour of
buildings. In general, rendering mortars must have moderate strength, watertightness, good adhesion to the
substrate and high deformability [1]. In particular deformability, mortars need to absorb small deformations
to prevent cracking and, consequently, to prevent the performance of building sealing systems from being
impaired. Due to the difficulty in avoiding it, cracking is considered one of the most common anomalies in
lining mortars (non-structural), which can compromise the water impermeability, performance and durability
of the masonry [2].

One of the most efficient alternatives in an attempt to improve the behavior of non-structural mortars
as to the appearance of cracks is the addition of fibers. From an environmental point of view, the use of fibers
in cementitious composites does not cause any harmful effect to the environment. [3]. Technically, the fibers
absorb the internal stresses generated in the structure [4], thus preventing the mortar from presenting plastic
shrinkage and cracks in the hardened state [5]. As a result, the tensile strength, hardness and durability of the
materials are improved [6].

Currently, there is a need to seek alternatives that have a low environmental impact and that contribute
to improving the performance of Portland cement-based composites. Within this context, the possibility of
using natural fibers to replace synthetic fibers is inserted, such as: polypropylene [7], steel [8], glass [9] and
carbon [10], among others, for composites production. The reasons seem clear, since compared to synthetic
fibers, natural fibers have a relatively low cost, low density, contribute to sustainable development and have
favorable mechanical properties for various applications in civil construction [3, 6, 11-16]. Therefore, the use
of natural fibers as a raw material for cement-based materials fosters environmental, energy and resource
conservation [17].

Many of these natural fibers have the potential to be used to reinforce cementitious materials, such as
wood fibers [18], coconut [19-22], sisal [23, 24], jute [6], bamboo [25], etc. In particular, fibers of plant
origin (namely, cellulosic fibers), in recent years, there has been an increase in interest in their use as rein-
forcements in composites. This observed interest is due to the fact that they are natural materials widely
available at a relatively low cost and that have interesting characteristics such as bio-renewability, recycling
capacity, biodegradability and others. [3, 11, 17].

However, much of the current studies are focused on investigating the use of these fibers (coconut and
sisal, mainly) in cementitious composites are exhaustive. For this reason, little attention is paid to other types
of raw material, such as fibers obtained from tree straw. In these scenarios, it is noted that studies on the ad-
dition of fibers from the carnauba straw (CSF) in cement-based composites are limited in national and inter-
national literature, neglecting their potential as a reinforcement material in coating mortars.

The CSF is obtained from carnauba (Copernicia prunifera), a palm native to the semi-arid region of
northeastern Brazil, whose main product is carnauba wax. Wax has several applications in the pharmaceutical
industry, food industry, cosmetics, electronic components, greases and lubricants and as mold release [26-
29]. After the extraction of the wax, approximately 352 thousand tons of lignocellulosic waste is generated
per year [30, 31], which constitutes an important and favorable scenario for the use of this biomass.

Of the few studies found in the national and international bibliography, two research are highlighted;
MARQUES [32] investigated the use of carnauba straw powder as a reinforcement for polymeric chitosan
composites. The results showed that the incorporation of the carnauba leaf powder without treatment causes a
decrease in the mechanical properties of the composites. In another study, MELO et al. [26] evaluated the
effects of different treatments of carnauba fibers on the mechanical behavior of biodegradable composites
based on polyhydroxybutyrate (PHB). Among all the evaluated treatments, the best matrix-fiber adhesion
was verified in composites with fibers treated in alkaline medium (5% NaOH) and with peroxide, that ob-
tained best mechanical too.

It should be noted that none of these studies investigates the use of CSF in mortars, which suggests
that the present study is pioneering, promising and with the potential to encourage the emergence of new re-
search. Based on these factors and considering that the content and length of the fibers influence the perfor-
mance of composites [33], this study evaluated the effects of different percentages (3% and 5%) and lengths
(20 mm, 40 mm and 60 mm) of CSF in the physical and mechanical properties of cement-based mortars. It
aiming to improve the behavior of mortars with regard to cracking and contribute to obtaining sustainable
built environments, favoring the circular economy due to the creation of jobs related to new uses of native
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plants in civil construction.

2. MATERIALS AND METHODS

2.1 Materials

In this study, Portland cement with high initial resistance and resistant to sulfates (CPV-ARI-RS) was used,
with specific density and compressive strength equal to 3.10 g/cm?® and 54.1 MPa at 28 days, respectively.
The use of this cement is justified because it is the most commercialized type in the region. Natural sand ob-
tained from a river bed with a specific density of 2.61 g/cm3 was used as fine aggregate for the manufacture
of mortars. Before being used, the sand was sieved in the laboratory to remove particles larger than 2.36 mm
and subsequently dried in an oven (105 + 5) °C for 48 hours.

Carnauba straw fibers (CSF) were obtained from carnauba trees located in the city of Carnaubais/RN.
For the preparation of the CSF the following procedures were adopted: (i) initially, the straws were collected
from the carnauba trees and dried naturally for 15 days; (ii) then, the straws were cut manually in order to
obtain filaments (that is, the CSF) approximately 15 mm thick and with lengths of 20, 40 and 60 mm, as can
be seen in Figure 1; (iii) Finally, the CSF were washed with distilled water to remove any residues present
and then dried in an oven (105 + 5) °C for 48 hours.
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Figure 1: Fibers cut to pre-established sizes.

Fig. 2 shows the CSF morphology obtained by scanning electron microscopy (SEM). It can be seen
that the CSF surface is porous, with cells in an alveolar shape. At first, these characteristics may favor the
adhesion between the cement paste and the CSF. However, a porous surface results in greater water absorp-
tion [17].
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Figure 2: Micrograph of the CSF surface.

2.2 Mortar Production

For the production of mortars, the following criteria were established:

e A mixing ratio by weight of 1:3 (cement:sand) was used. The choice of this feature was due to its
wide use in civil construction works in the region;



(o) TR SILVA, M.A. ; PAES JR, H.R.; HOLANDA, J.N.F ", revista Matéria, v.26, n.2, 2021.

e Based on a preliminary study, it was defined that the ideal water/cement ratio (w/c) would be fixed
at 0.72 for all mortars studied, in order to obtain workable mixtures. This assessment was carried out
through the consistency test, according to procedures established by NBR 13276 [34];

e The fibers were added at percentages of 3 and 5% in relation to the cement weight. The choice of
these contents was based on preliminary studies and also on previous studies that showed that high
natural fiber contents contribute to reduce the workability of mortars [3, 33];

e Three lengths of CSF were used: 20, 40 and 60 mm.

Mortars were mixed in a standard mechanical mixer according to the procedure described by the Bra-
zilian standard NBR 16541 [35]. With these conditions established, a total of seven mixtures were produced:
one reference (REF) and six with variation of the percentage of addition and the length of the CSF. The
amount of each material used in these mixtures is shown in Table 1.

Table 1: Mixture proportions required to produce of mortars.

MIXTURES % CSF | CEMENT (G) | SAND (G) CSF LENGTHS (G) w/C
DESIGN 20 MM 40 MM 60 MM
REF 0.0 750.0 2250.0 0.0 0.0 0.0 0.72
3CSF20 3.0 750.0 2250.0 22.5 0.0 0.0 0.72
3CSF40 3.0 750.0 2250.0 0.0 22.5 0.0 0.72
3CSF60 3.0 750.0 2250.0 0.0 0.0 22.5 0.72
5CSF20 5.0 750.0 2250.0 375 0.0 0.0 0.72
5CSF40 5.0 750.0 2250.0 0.0 375 0.0 0.72
5CSF60 5.0 750.0 2250.0 0.0 0.0 375 0.72

2.3 Tests performed on mortars

During the first 24-hour, the surface of the specimens was protected with a glass plate to prevent evaporation
of the mixing water. After the demolding process, they were immersed in solution of water-lime for 28 days,
i.e., until the testing stage. Details on the size and numbers of the samples with the applicable normative pro-
cedures are listed in Table 2.

Table 2: Mortar characterization test.

PROPERTIES STANDARD SPECIMENS SIZE OF SPECIMENS

Fresh state

Consistency by flow table NBR 13276 [34] ‘ 3 ‘ -
Hardened state

Flexural strength NBR 13279 [36] 3 Prismatic (40x40x160 mm)
Compressive strength NBR 13279 [36] 6 Prismatic (40x40x160 mm)

3. RESULTS AND DISCUSSION

3.1 Consistency of fresh mortars

Figure 3 shows the results of consistency test of the mortars. Regardless of the content of addition and length
of fiber used, the incorporation of CSF resulted in mortars with less consistency (less fluidity), which may
indicate less workability. The reason for this result can be explained due to the porous surface of the CSF
(Fig. 2), which results in a greater absorption of water from the mixture, thus reducing the flow capacity of
the mortars. These results are consistent with previous studies [7, 16, 37]. These decreases in workability
reported by these authors are mainly due to the hydrophilic characteristic of natural vegetable fibers [17]
which absorbs part of the water of hydration, resulting in a reduction in the workability of cement mixtures.
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On the other hand, this effect can be mitigated by performing alkaline treatments based on NaOH, as seen in
previous studies [17, 38].
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Figure 3: Consistency of fresh mortars reinforced with fiber from the carnauba straw (CSF).

For higher levels of addition of CSF, the consistency has been reduced to values below the mini-
mum limit established by standard so that the mortars have adequate consistency when applied to wall and
ceiling coverings. This can be explained by the phenomenon that CSF tend to mix with the cement grains and
involve the aggregate particles, making it difficult for the mortar to deform and flow. However, if we consid-
er the consistency table required by the European standard UNE-EN 1015-3:1999 [39] (175£10 mm), the
production of mortars with 5% CSF is feasible.

3.2 Compressive strength

Figure 4 shows the results obtained with the compressive strength test of mortars reinforced with different
CSF contents and lengths. Unlike concretes, mortars do not need high strengths to be applied to masonry.
However, it is necessary that these materials have good resistance in order to withstand small stresses arising
from thermal movements and remain attached to the substrate.
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Figure 4: Compressive strength of mortars reinforced with fiber from the carnauba straw (CSF).

Regarding the addition content, it is noted that as the CSF content increased, the compressive
strength decreased. These observations are consistent with a previous study [40]. As for the overlapping ef-
fects, it should be noted, above all, that the higher CSF content increases the amount of voids in the mixture
and this makes the mortars less compact and, therefore, less resistant. This behavior could probably be due to
the superposition of some phenomena: (i) poor distribution of fibers within the matrix [23, 40, 41], which
gives less load bearing capacity; (ii) durability of the fiber within the matrix due to the attack of calcium hy-
droxide [17, 23, 41], resulting in loss of mechanical strength; (iii) the hydrophilic nature of the fibers of plant
origin and, consequently, the greater absorption of water [17] explain the obtaining of less compact mixtures,
as previously discussed. This characteristic also causes the fibers to undergo dimensional variation due to the
water loss process during hydration of the cementitious matrix [42]. As a result, there is a detachment of the
fiber in the matrix and, therefore, it is expected that mortars with higher CSF content show a reduction in
their mechanical behavior.

It was also observed that the use of long CSF (60 mm) contributed to obtain better results, which can
be attributed to the increase in the ductility of the mortar. As the length increases, the fibers act as retardants
in the crack openings. Thus, when the compression is broken, the stresses are absorbed by the fibers and the
material has a pronounced deformation capacity. Similar observations were made by SILVA, et al. [43] when
studying the effects of adding coconut fiber on the compression strength of mortars.

3.3 Flexural strength

The incorporation of CSF regardless of the content and length incorporated resulted in mortars with less re-
sistance to bending, as shown in Figure 5. Bearing in mind that this mechanical property is influenced by the
porosity of the matrix [41], it can be inferred that a higher fiber content contributes to obtain less compact
mixtures due to the fiber dispersion deficiency in the cementitious matrix. As a result, mortars with lower
flexural strength are obtained.
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Figure 5: Flexural strength of mortars reinforced with fiber from the carnauba straw (CSF).

In a recent study, TEIXEIRA et al. [41] observed that the inclusion of curaua fibers, while increasing
the toughness and reinforcement of composites, the transfer of tension between the fibers and the matrix is
deficient. This may explain the decrease in the flexural strength of mortars with the incorporation of CSF.
However, it was observed that with increasing fiber length, the flexural behavior is improved, regardless of
the incorporated content (3% or 5%). This characteristic is appreciable because higher tensile strengths sug-
gest mortars with greater capacity to resist retraction stresses [44]. Thus, susceptibility to cracking will be
less.

The highest values of flexural strength were obtained for the combination of greater fiber length
with less fiber, as shown in Figure 5. The addition of 3% CSF in 20 mm and 40 mm lengths (3CSF20 and
3CSF40, respectively) showed a 20% reduction and 12%, respectively, in the flexural strength compared to
the reference mortar (REF). On the other hand, the mortar produced with CSF of 60 mm obtained flexural
strength superior to that of the reference mortar, whose increase was 10%. As reported by PELLEGRIN et al.
[44] longer fibers provide better mechanical performance, especially in flexural strength. These authors
comment that this improved performance is due to the acting of the fibers as a bridge between the openings
of a crack during its propagation. This is important because the addition of CSF improves the tensile strength
in flexion and, consequently, can contribute to delay the appearance of cracks in mortars.

As previously discussed, in general, fibers increase the ductility of mortar [45], which contributes to
the increase in flexural strength and provides a delay in crack opening, as well as a reduction in its width
[46]. Although a reduction in the properties of compressive and flexural strengths has been observed, it must
be recognized that the incorporation of CSF improves the deformation capacity of mortars, which is appre-
ciable for the good performance and durability of the rendering mortars.

4. CONCLUSIONS

The use of carnauba straw as fiber for reinforcing cement-based mortars was investigated in this research.
For that, mortars were produced with different percentages of addition (3% and 5%) and length (20, 40 and
60 mm) of carnauba straw fiber (CSF). The properties of mortars were changed by the incorporation of CSF,
regardless of the content or length used. Consistency of fresh mortar and compressive strength have been
reduced as CSF content and length have increased. The inefficient distribution of fibers in the matrix was
decisive for obtaining less resistant mixtures. The flexural strength in flexion has been improved with the
incorporation of CSF, especially in the 3% incorporation with length of 60 mm has been combined. Thus,
although there is a need for more specific studies for improving the stability of the fiber in the matrix and
evaluating other properties of mortars, it is admitted that it is possible to use CSF to reinforce cement-based
mortars. Notwithstanding, these results are expected to contribute to foment sustainable development and
promote the circular economy in civil construction.
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