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Abstract

Sugar industry waste bagasse contains many natural fiber materials, and the application of natural fibers in asphalt
mixes such as SMA (Stone Matrix Asphalt) has become an attractive alternative for the construction of flexible
pavements. This study aims to evaluate the mechanical performance of an asphalt mixture modified by incorporating
0.3% sugarcane bagasse fiber and with a size of 20 mm. The asphalt binder was submitted to penetration, softening
point, and rotational viscosity tests to carry out this research, and the aggregates were characterized by specific mass,
particle size, and absorption tests. Furthermore, the Superpave dosage was performed to produce the specimens to be
evaluated in the splitting tensile strength test, resilient modulus, Marshall stability, and draindown sensitivity. As a
result, the modified asphalt mixture presented a better performance in all evaluated strength tests and the leakage
content within the standard specifications. Therefore, according to this, re-search, sugarcane bagasse fibers proved to
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be a viable alternative for SMA-type mixtures. Thus, the application of this material in asphalt paving and improving
some essential characteristics can significantly reduce the environmental impacts generated by the inadequate disposal
of these residues by sugar mills.

Keywords: Mechanical performance; Asphalt mixtures; Agricultural waste; Superpave; Sustainability.

Resumo

O bagaco de residuos da industria agucareira contém muitos materiais de fibra natural e a aplicacdo de fibras naturais
nas misturas asfalticas tipo SMA (Stone Matrix Asphalt) tornou-se uma alternativa atra-ente para a construgdo de
pavimentos flexiveis. O objetivo deste estudo é avaliar o desempenho meca-nico de mistura asfaltica modificada por
incorporacgdo de fibra do bagaco de cana de aglcar em 0.3% e com tamanho de 20 mm. Para realizagéo desta pesquisa
o ligante asfaltico utilizado foi submetido a ensaios de penetracdo, ponto de amolecimento e viscosidade rotacional, e
os agregados caracterizados por meio dos ensaios de massa especifica, granulometria e absorcdo. A dosagem
Superpave foi realiza-da para producdo dos corpos de prova a serem avaliados nos ensaios de resisténcia a tragéo por
compressdo diametral, mddulo de resiliéncia, estabilidade Marshall e escorrimento. A mistura asfaltica modificada
apresentou melhor desempenho em todos os ensaios de resisténcia avaliados e o teor de escorrimento dentro das
especificacbes em norma. Portanto, as fibras do bagago de cana, de acordo com esta pesquisa, mostraram-se uma
alternativa bastante vidvel para as misturas do tipo SMA. A aplicacdo desse material na pavimentacdo asfaltica além
de melhorar algumas caracteristicas essenciais, pode contribuir significativamente para a reducdo dos impactos
ambientais gerados pelo descarte ina-dequado destes residuos pelas usinas de agucar.

Palavras-chave: Desempenho mecénico; Misturas asfalticas; Residuo agricola; Superpave; Sustentabilidade.

Resumen

El bagazo de desecho de la industria azucarera contiene muchos materiales de fibras naturales y la aplicacion de fibras
naturales en mezclas asfalticas como SMA (Stone Matrix Asphalt) se ha convertido en una alternativa atractiva para la
construccién de pavimentos flexibles. El objetivo de este estudio es evaluar el comportamiento mecanico de una
mezcla asfaltica modificada mediante la incorporacion de 0.3% de fibra de bagazo de cafia de azlcar y con un tamafio
de 20 mm. Para la realizacion de esta investigacion, el ligante asfaltico utilizado se sometid a pruebas de penetracién,
punto de reblandecimiento y viscosidad rotacional, y los agregados se caracterizaron mediante pruebas especificas de
masa, tamafio de particula y absorcion. La dosificacion de Superpave se realiz6 para la produccion de probetas a
evaluar en los ensayos de resistencia a traccion por compresion diametral, médulo de resiliencia, estabilidad Marshall
y pandeo. La mezcla de asfalto modificado mostré un mejor desempefio en todas las pruebas de resistencia evaluadas
y el contenido de pandeo dentro de las especificaciones estdndar. Por tanto, las fibras de bagazo de cafia de azucar,
segun esta investigacion, demostraron ser una alternativa muy viable para las mezclas tipo SMA. La aplicacion de este
material en pavimentos asfalticos, ademéas de mejorar algunas caracteristicas esenciales, puede contribuir
significativamente a reducir los impactos ambientales que genera la disposicion inadecuada de estos residuos por los
ingenios azucareros.

Palabras clave: Rendimiento mecanico; Mezclas asfalticas; Residuos agricolas; Superpave; Sustentabilidad.

1. Introduction

Conventional asphalt mixes can perform well in most flexible pavement applications. However, the trend has been
increased traffic, severe weather conditions, and heavier loads in recent years. Thus, pavements have raised the demand for
improvements in the mechanical properties of traditional asphalt materials through modifications (Liang et al., 2015;
Mohammed et al., 2020; Varuna et al., 2020; Khasawneh & Alyaseen, 2020).

Agricultural activities produce significant residues from the harvest (Tripathi et al., 2019). Biomass acquired from
plants or crops consists mainly of straw, bark, and bagasse. The high generation of agricultural waste generates serious
environmental problems and issues associated with the landfill (Amin et al., 2019). It is known that fiber is a type of reinforced
material, and application in composites has become an essential alternative in the preparation of materials because of its
excellent properties (Klinsky et al., 2018; Badeli et al., 2018; Kim et al., 2018; Kim et al., 2018; Slebi-Acevedo et al., 2019).

The use of fibers in SMA-type asphalt mixtures (Stone Matrix Asphalt) has become a desirable alternative for
constructing asphalt pavements. Gradually, natural fibers were incorporated into asphalt mixtures showing an improvement in
fatigue resistance and permanent deformation (Abiola et al., 2014). Studies show the effectiveness of this material in asphalt
mixtures. Caro et al. (2016) investigated the incorporation of agro-industrial residues (sugarcane bagasse, corn cobs, and rice

husks) in the properties of the asphalt binder. The authors point out that the biomaterials provided an increase in the stiffness of
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the ligand.

Chen et al. (2019) developed research to evaluate the properties of the asphalt binder modified with cornstalk fibers.
The results indicated that incorporating these fibers increased the performance of the binder at high temperatures and decreased
its temperature sensitivity. Finally, Costa et al. (2019) investigated the effects of adding banana fibers of different lengths to
hot asphalt mixes. The results showed that banana fibers could reduce the drainage of hot asphalt mixes, and the modified
mixes showed resistance to permanent deformation again.

Bellatrache et al. (2020) analyzed the performance of the asphalt binder with palm fibers, which indicated an
improvement in the physical-mechanical characteristics of the binder. Mohammed et al. (2020), in their study on the
microstructure and mechanical properties of fiber-reinforced asphalt mixtures, verified an increase in stiffness and a gain in
fatigue, tensile and damage resistance due to induced moisture. Finally, Xing et al. (2020) investigated the effects of
incorporating various fibers, including lignin, on the properties of the asphalt binder. It was concluded that natural fibers such
as lignin could stabilize the binder and improve the resistance to permanent deformation.

Pirmohammad and Mengharpey (2020) evaluated the influence of natural kenaf and basalt fibers on the fracture
strength of hot asphalt mixtures. The results showed that both fibers provided increased fracture strength. The addition of 0.3%
of fibers showed the best performance in strength. Among them, the mixture with kenaf fiber obtained the most significant
strength gain. Khasawneh and Alyaseen (2020) observed in their study of asphalt mixtures modified with coconut fibers that
incorporation increased Marshall stability.

Li et al. (2020) investigated the performance of asphalt mixtures with the incorporation of 0.2% of sugarcane bagasse
fibers compared to asphalt mixtures modified by lignin fibers. The results showed that bagasse fibers have a corrugated surface
and irregular lumens and contain cellulose, hemicellulose, and aromatic polymers, mainly composed of amorphous
components and natural polysaccharides similar to fibers containing lignin. In addition, bagasse fibers improve fatigue
resistance and permanent deformation of asphalt mixtures. However, the performance of both blends was very similar.

Thus, in order to contribute to studies on the addition of natural fibers in asphalt mixtures, this study aims to evaluate

the mechanical performance of a modified SMA asphalt mixture by incorporating 0.3% of sugarcane bagasse fibers.

2. Methodology

This topic describes the materials and procedures performed during the experimental phase of the research, performed
by the standards of the American Society for Testing and Materials (ASTM), the American Association of State Highway and
Transportation Officials (AASHTO), and the National Department of Infrastructure and Transport (DNIT).

2.1 Materials

The asphalt binder used in this research was Petroleum Asphalt Cement with a 50/70 degree of penetration (PAC
50/70), supplied by JBR Engenharia LTDA, located in the city of Recife-PE. The study used granitic aggregates, 19 mm, 9.5
mm, and stone powder, all from the Rocha Cavalcante quarry in Campina Grande-PB. The lime used in the research was
acquired in the local commerce of the same city.

The sugarcane bagasse fibers used came from the Feira Central located in the city of Campina Grande-PB. The fiber
pieces were cut with a cutting tool to the lengths used in this work. The manual process used to obtain the fibers was only
viable because the number of fibers needed for this study was small. Therefore, mechanical extraction and cutting techniques
are recommended. According to Li et al. (2020), generally, the length of sugarcane bagasse fibers is less than 8 mm, and Vale

et al. (2014) point out that workability decreases when natural fibers larger than 20 mm are added to SMA mixtures. Therefore,
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in this study, a length of 20 mm was adopted for the fibers incorporated in the asphalt mixtures. Figure 1 shows the fiber from

sugarcane bagasse used in this research.

Figure 1: Fibers from sugarcane bagasse.

Source: Authors (2021).

Table 1 presents the physical characterization of the aggregates used in this research. In addition, the coarse and fine
aggregates were also characterized according to their particle size distribution according to the ASTM C136M (2019) standard,
and the series of sieves used in this test were the ones with the following openings: 25 mm, 19.1 mm, 12.7 mm, 9.5 mm, 4.8

mm, 2 mm, 0.42 mm, 0.18 mm and 0.074 mm. Figure 2 shows the particle size distribution of the aggregates.

Table 1: Physical characterization of aggregates.

AGGREGATE
TEST STANDARD 19.0 mm 9.5 mm Grit
Actual specific mass (g/cm3) AASSTTI\IC/I%112278((22001155))/ 2.77 2.52 2.3
Apparent specific mass (g/cm3) AASSTTI\IC/I%112278((22001155))/ 2.71 2.70 2.52
Absorption (%) AASS-I—TI\IC/I%112278((22001155))/ 0.51 0.95 0.15

Source: Authors (2021).
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Figure 2: Particle size distribution of aggregates.
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Source: Authors (2021).

According to the behavior obtained for the size distribution of lime, as shown in Figure 3, the curve showed modal
behavior with an average diameter of 9.87um, with D10 of 0.47um, D50 of 4.28um and D90 of 30.84um. Thus, for this lime,
there are no particles larger than 100um. Analyzing the values obtained, it is verified that the lime has a high content of fines,

presenting for the diameter of 5um a percentage of 54.30%.

Figure 3: Lime particle size distribution.
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Source: Authors (2021).
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The asphalt binder was physically characterized according to ASTM standards. Table 2 presents the results of the

characterizations of the ligand under study.

Table 2: Asphalt binder properties.

TEST LIMITS RESULT STANDARD
0.1 mm penetration
(1009, 5ps at 25°C) 50-70 53.00 ASTM D5M (2020)
Softening Point (°C) =46 48.00 ASTM D36M-14 (2020)
=274 432.50 (a 135°C)
Rotational Viscosity (cP) =112 223.50 (a 150°C) ASTM D4402M (2015)
57-285 86.5 (a 177°C)

Source: Authors (2021).

The value obtained in the penetration test was 53 tenths of a millimeter, an average value after taking five penetration
readings, thus being within the parameters of Resolution No. 19 of the National Petroleum Agency - ANP (2005), which
establishes a range of classification for the penetration values of PAC 50/70 binders between 50 to 70 tenths of a millimeter. In
order to verify the sensitivity of the binder to temperature variation, the softening point test was carried out, obtaining an
average value of 48°C that fits with the minimum limit value established in the resolution of ANP No. 19 (2005), which is a
temperature of 46°C in average condition. Viscosity results obtained at all temperatures fall within limits specified by ASTM
D4402M (2015). Therefore, the asphalt binder used in this research satisfied the normative parameters.

According to studies carried out by Bernucci et al. (2010), the temperature of the binder when mixed with the
aggregate must be such that its viscosity is between 150 and 190 cP (Range ). The temperature of the aggregates must be 10°C
to 15°C higher than the temperature of the binder. In addition, binder and aggregate temperatures must not be lower than
107°C or higher than 177°C. Therefore, the compaction temperature must be such that the binder has a viscosity between 250
and 310 cP (Range I1). It is essential to highlight that the values obtained align with ANP No. 19 (2005) resolution, which
stipulates minimum values of 274 cP at 135°C, 112 cP at 150°C, and 28-114 cP at 177°C.

The temperature of the mixture (machining) expressed in the Range | obtained is 157°C; this value is associated with
a viscosity of 170 cP commonly used in the literature, linked to a 10°C increase in the temperature previously obtained for
heating the aggregates. On the other hand, the compaction temperature is given by Range Il, in which the value of 145°C was
obtained for mixing the aggregates to the binder. Finally, it is important to mention an aspect noted by Gama (2016) in his
studies, where very low viscosities can cause slippage of the asphalt mixture when compacted by the action of compaction

rollers.

2.2 Methods

The study is a laboratory analysis, that is, the collected and discussed results were obtained through controlled
laboratory conditions (Pereira et al., 2018). The experimental program of the study was carried out in two stages: the first
consists of the Superpave dosing process of the asphalt mixture, and the second stage corresponds to the analysis of the

mechanical properties of the mixtures.
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2.2.1 Superpave Dosage

The Superpave dosage, standardized by AASHTO M 325-08 (2017), was chosen to determine the optimal content of
the asphalt binder for a pre-established particle size curve. From the Fuller curve and the granulometry of the aggregates, a
dosage that was within the parameters of the AASHTO M 325-08 (2017) standard was determined. Figure 4 shows the design
mixture delimited by the granulometric bands of the referred standard.

Figure 4: Design mix delimited by particle size bands.
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Source: Authors (2021).

Figure 4 shows the Fuller curve adopted to determine the proportion of aggregates used to find the optimum content
of the binder in the mixture. It is of fundamental importance to highlight that, according to the studies carried out by Costa
(2017), the initial binder content (6%) was insufficient for the superior and intermediate granulometric compositions, making it
impossible to obtain the necessary homogenization of the material. Therefore, the starting point of the research was to adjust
the particle size curve to the lower limit, with a bit of inaccuracy, according to Figure 4, as the results of the particle size
analysis did not favor the approximation to the maximum of the lower limit.

The proportion of aggregates to determine the optimum content of asphalt binder was 64% for 19 mm gravel, 12.5%
for 9.5 mm gravel, 15% for stone powder, and 8.5% for filler (lime). From this dosage, he determined the quantities of inputs
used to determine the optimum binder content of the asphalt mixture, as shown in Table 3.
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Table 3: Quantity of materials used to determine the optimal content of PAC 50/70.

THE AMOUNT (%)
Gravel 19 mm Gravel 9.5 mm Grit Filler :6?7%
Mix 01 60.48 11.81 14.18 8.03 5.5
Mix 02 60.16 11.75 14.1 7.99 6
Mix 03 59.84 11.69 14.03 7.95 6.5
Mix 04 59.52 11.63 13.95 7.91 7

Source: Authors (2021).

The specimens were molded to find the optimum binder content to be used in the SMA asphalt mixture. Therefore, the
optimal percentage of binder is associated with the volumetry parameters of each specimen in which it is calculated: the Void
Volume, Bitumen/Void Ratio, and Mineral Aggregate Voids (VAM). Therefore, the specimens were molded with the contents
of 5.5, 6, 6.5, and 7% for further analysis of the properties mentioned above, so all the criteria adopted to obtain the optimum
binder content was through the standard AASHTO M 325 -08 (2017). As a result, the optimum content of asphalt binder
established was 6.2%. Table 4 presents the results obtained for the volumetric parameters, which fit within the pre-established
parameters and the number of component materials of the asphalt mixtures, with and without the addition of sugarcane bagasse

fibers.

Table 4: Results of the volumetric and quantitative parameters of the component materials of the asphalt mixtures.

REQUIREMENTS FOR TEST BODIES COMPACTED IN
PARAMETERS RESULTS SUPERPAVE
Void Volume (%) 4.0 4.0
VMA (Mineral Aggregate .
Voids) (%) 17.14 17 min.
Asphalt content of the mixture 6.2 6 min.
(%)
THE AMOUNT (%)
Gravel 19 | Gravel 9.5 Grit Eiller Fiber
mm mm
Pure PAC 60.03 11.73 14.07 7.97 0
PAC + 0.3 % Fibers 59.84 11.69 14.03 7.95 0.3

Source: Authors (2021).

The choice of the percentage of fiber incorporation from sugarcane bagasse was 0.3%, determined from information
extracted from previous researches with the addition of natural fibers in asphalt mixtures (Pirmohammad & Mengharpey,
2020; Costa, 2017). Li et al. (2020) investigated the influence of incorporating sugarcane bagasse fibers in the 0.2% content,
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which justifies the use of a slightly higher content in this research to analyze the performance of SMA mixtures at 0.3% of

fibers from the sugarcane bagasse.

2.2.2 Mechanical Tests

The Splitting tensile strength test (ST) was determined through the test that follows the DNIT-ME 136 (2018)
standard specifications. Initially, three parallel diameters and four diametrically opposite heights of the specimen were
measured, using a caliper to obtain the average of the corresponding values, respectively, for diameter and height. Next, the
specimen was placed in an oven until reaching a temperature of 25°C £ 0.1°C; then, the specimen was positioned on a
cylindrical surface between two metal strips. When the plates were adjusted to exert a light compression capable of
maintaining the specimen, the load was progressively applied with a deformation speed of 0.8 + 0.1 mm/s until rupture
occurred by separating the two halves of the specimen. Finally, test according to the vertical diametral plane, acquiring the
breaking load that determines the maximum stress supported by the asphalt mixture before breaking.

The Resilient Modulus (RM) test was performed as recommended by the DNIT-ME 135 (2018) standard, where the
IPC UTM-25 hydraulic press was used in which cylindrical specimens of approximately 10 cm in diameter per 6.5 cm in
height were placed in a mold and subsequently a compressive load in a pulsating waveform was applied. A load equal to 10%
of the tensile strength value was applied, at a frequency of 60 cycles per minute (1Hz), with an application time of 0.1s and
0.9s of rest or unloading. The DNIT-ME 043 (1995) standard establishes the guidelines for carrying out the Marshall Stability
test, which measures the maximum strength in N (Kgf) (diametric compression) of a tested specimen. The importance of this
test lies in the fact that the mixture must have shear strength compatible with the efforts that will be applied to it. The
procedure began with the immersion of the specimens in a water bath for 30 to 40 minutes; then, each specimen was placed in
a compression mold at a temperature of 60°C. The compression mold containing the specimen is positioned in the press
according to the generatrix, and the creep meters are placed and adjusted in the test position. The press is operated so that its
piston rises at a speed of 5 cm per minute until the breakage of the specimen, which is observed in the deflectometer by
indicating a maximum. The splitting tensile strength test, resilient modulus, and Marshall stability followed the procedures
adopted by Carvalho et al. (2021).

The Draindown Sensitivity of asphalt mixtures aims to evaluate the amount of material runoff (drip) from a non-
compacted hot sample when subjected to high temperatures, comparable to those used in production, storage, transport, and
spreading. Thus, this experiment follows the recommendations established in the standard AASHTO T 305-14 (2018), which
advocates, among other factors, a maximum sag of 0.3% of the total weight tested. Therefore, the experiment was carried out
according to the recommendations of the standard, which boils down to placing the mixture (1200 g + 5 g) in a wire basket

positioned on a plate in an oven for 60 + 5 minutes and then obtaining the adhered binder mass to the plate.

3. Results and Discussion

This section presents and discusses the results obtained in the experimental phase of asphalt mixtures modified with

sugarcane bagasse fibers. All mechanical test results were obtained from the average of three samples for each mixing group.

3.1 Splitting tensile strength test (ST)

The tensile strength test aimed to evaluate the maximum tensile strength of specimens with and without fibers.
Therefore, it is of fundamental importance to highlight that the length of the fibers has considerable relevance for a better test
result in terms of rupture tension, so the size adopted for analysis was 20 mm, as mentioned above. Figure 5 presents the

tensile strength results for the evaluated mixtures.
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Figure 5: Splitting tensile strength test results of SMA blends.
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Based on the results obtained in Figure 5, it can be seen that the incorporation of fibers from sugarcane bagasse to the
SMA mixture caused a gain in tensile strength. It is verified that there was an increase of 5.67% in the tensile strength when
adding the fibers. This result corroborates previous research carried out by Valenca (2012) in which they evaluated SMA
mixtures modified with curaua fibers, Vale et al. (2014) with coconut fibers, Costa et al. (2019) with banana fibers, and
Mohammed et al. (2020) with cellulose fibers. Li et al. (2020) did not analyze the tensile strength of mixtures with sugarcane
bagasse fibers.

According to DNIT-ES 031 (2006), the minimum value for tensile strength is 0.65 MPa for bearing layers. However,
according to Figure 5, the results obtained were higher than the minimum required by DNIT.

3.2 Resilient Modulus (RM)
The Resilient Modulus test investigates the relationship between the horizontal stress resulting from the cyclic load

and the corresponding horizontal deformation obtained from the recoverable displacement (resilient) of the specimen under
analysis. Therefore, the load used in the evaluation of this experiment must be between 5% to 25% of the tensile strength
according to the specifications of DNIT-ME 135 (2018), being used in the test 10% of the test mentioned above value. Figure 6

shows the results obtained in the resilient modulus test for the SMA asphalt mixtures, tested at a temperature of 25°C.
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Figure 6: Results of the resilient modulus of SMA mixtures.
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Incorporating sugarcane bagasse fibers into the hot asphalt mixture increased the resilient modulus value, indicating
the modified asphalt mixture is more resilient than the conventional one. The gain of the modified mixture compared to the
conventional one was 5.32%. According to Bernucci et al. (2010), the modulus of resilient values for dense asphalt mixtures
should lie within a range of 2000 to 8000 MPa. In this research, the modulus of resilient values obtained was within the usual
Range mentioned above.

According to a study carried out by Leal (2013), with the addition of sugarcane bagasse fibers with a size of less than
1.2 mm in asphalt mixtures, an increase in modulus for mixtures with cellulose fibers was observed. Thus, when analyzing the
results obtained in this research about the study mentioned above, it is verified that there was a significant improvement when
adding 0.3% of fibers in the size of 20 mm. On the other hand, Costa et al. (2019) pointed out a decrease in the modulus of
resilient of SMA mixtures by incorporating banana fibers in sizes from 5 mm to 20 mm. The authors justify that the SMA
mixture studied in their research contained a high percentage of asphalt binder, and the reductions in binder viscosity caused
by the increase in the test temperature may have led to a destabilization of the mixture. However, the optimum binder content
in the present study was equal to that of the research mentioned above, 6.2%. Therefore, the behavior of reducing the modulus
of resilient in the mixtures by Costa et al. (2019) may be due to the composition of the fiber itself, which is different from that

used in this study.

3.3 Resilient Modulus/ Splitting tensile strength test Ratio (RM/ST)

Based on the results obtained for the tensile strength and resilient modulus tests, it is possible to have the relationship
between these two parameters, called the RM/ST ratio, allowing to evaluate the behavior of the asphalt mixtures concerning
cracking, indicating that the lower the RM/ST value, the greater the tendency for improvement in the mechanical behavior of
the mixture, since it combines flexibility with good tensile strength. Thus, a reduction in the RM/ST ratio value can even lead
to the use of smaller thicknesses of the coating layer for the same fatigue life. Figure 7 shows this relationship for the analyzed

mixtures.
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Figure 7: RM/ST ratio of SMA asphalt mixtures.
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The relationship between these two parameters, resilient modulus, and tensile strength, has been used as an indicator
of the fatigue life of asphalt mixtures, as it analyzes the relationship between stiffness and strength (Tebaldi, 2016). Mixtures
with high modulus of resilient values require high tensile strength values due to the concentration of stresses present in their
interior (Boeira, 2014). The results demonstrate that the RM/ST ratio decreased with the incorporation of sugarcane bagasse
fibers concerning the conventional mixture, being in the order of 0.33%, which is beneficial for the performance of the asphalt

mixture. Therefore, the modified asphalt mixture with bagasse fiber is less susceptible to cracking.

3.4 Marshall Stability

The results obtained for the Marshall stability test are shown in Figure 8. According to the specifications of the
AASHTO M 325-08 standard (2017), the minimum value established is 620 kgf, verified in the SMA asphalt mixtures
analyzed in this search.

Figure 8: Results of the Marshall stability test of SMA mixtures.
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Source: Authors (2021).
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Based on the results presented in Figure 8, an increase in the Marshall stability value of 13.25% can be seen in the
mixture with 0.3% of fibers about the conventional asphalt mixture. Therefore, although the DNIT-ES 031 (2006) standard
establishes that the Marshall minimum stability values for the coating layer are 500 kgf, as shown in Figure 8, it modifies both
the reference mixture and the asphalt mixture stability results Marshall were superior to those required by the standard.

Li et al. (2020) observed a 5.1% increase in Marshall stability of asphalt mixes after adding 0.2% sugarcane bagasse
fibers compared to the conventional mix and a 9.6% increase compared to the asphalt mix with the addition of sugarcane
fibers. Lignin. Therefore, it is concluded that adding a higher fiber content of sugarcane bagasse provided a more significant
gain in Marshall stability values.

3.5 Draindown Sensitivity

In the sag test, the behavior of the mixture with fibers (0.3%) not compacted at temperatures of 150°C and 165°C
were analyzed, which were adopted to verify the amount of binder drained from the tested samples, aiming at the existing
compatibility with the production, storage, transport and spreading of asphalt mixtures. The test with the conventional asphalt
mixture was not carried out because it has already been evaluated in other works in the literature and verified, for the most
part, that it does not meet the maximum limit recommended by the AASHTO T 305-14 standard (2018). Figure 9 shows the
runoff contents for the mixture with the addition of sugarcane bagasse fibers.

Figure 9: Draindown for fiber-modified SMA asphalt mixture.
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According to the values obtained in the graph in Figure 9, it can be concluded that the levels of runoff at both
temperatures were well below the maximum recommended by the AASHTO T 305-14 (2018) standard, which is 0.3%. Costa
et al. (2019) also verified the runoff of asphalt mixtures produced with PAC 50/70 and modified with banana fibers in the
content of 0.3% at the same temperatures presented here. The authors point out the results of 0.05% for a temperature of 150°C
and 0.23% for a temperature of 165°C.

Thus, it can be inferred that incorporating fibers from sugarcane bagasse is more effective when referring to the sag
parameter. For the same incorporation content and at the same temperatures evaluated, these fibers had even lower values than

banana fibers.
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4. Conclusion

This research evaluated the effects of incorporating sugarcane bagasse fibers in the length of 20 mm and the content
of 0.3%. Given the results obtained in the discussed tests, it could be verified that the SMA asphalt mixture using sugarcane
bagasse fibers presented promising results in strength and stiffness evaluations, which matches this type of mixture.

The modified mixture showed strength gain in all tests carried out, and it is essential to highlight that the sag test
showed that the mixture fits within the parameters of the analyzed standard, being essential to avoid the appearance of
pathologies after the application of the mixture.

According to this study, Sugarcane bagasse fibers proved to be a very viable alternative for SMA-type mixtures. Thus,
the application of this material in paving and improving some essential characteristics can significantly reduce the
environmental impacts generated by the inadequate disposal of these residues by sugar mills.

For a better approach to the content treated in this research, it is suggested to study the interference of the addition of
sugarcane fiber at different contents than those used in this study on the mechanical properties of asphalt mixtures, as well as
to analyze the mechanical behavior of the SMA mixture with fibers of sugarcane bagasse through additional fatigue strength

and dynamic modulus tests.
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