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INTRODUCTION

pervasive presence in aquatic ecosystems and the atmosphere, potentially leading to adverse effects [12]. Among

these microplastics, textiles and synthetic fibers constitute the most prevalent airborne particles, posing a
potential threat to human health [2]. Additionally, the urgent need to curtail energy consumption and reduce reliance on
fossil fuel-based materials has fueled the quest for sustainable alternatives. This endeavor has propelled the popularity of
innovative materials such as bio-based polymers [36,38], natural fibers, and their derivatives. For instance, a study by
Taimour et al. [42]_with very particular applications researched the use of functionally graded materials (FGM) to improve
the bearing performance of pinned joints in cross-ply glass fiber-reinforced epoxy laminated composites. The study found
that the FGM pinned joint had higher bearing strength than the conventional pinned joints technique.

D ] icroplastics, a consequence of plastic degradation in the environment, have stirred global concern due to their
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The petrochemical industry, pivotal in synthetic fiber production, stands as a significant contributor to major greenhouse
gases responsible for global warming [41]. Synthetic fibers are extensively employed as reinforcements for polymer materials
(FRPs), imparting superior mechanical properties. Notably nylon, polyester, fiberglass, and carbon fiber rank among the
most favored commercial fibers due to their desirable mechanical properties. However, their use poses a significant pollution
source, as FRPs reinforced with synthetic fibers exhibit poor biodegradability and their manufacturing processes contribute
to pollution in various ways [9]. El-Sagheer et al. [20] studied the flexural and fracture behaviors of beam-like specimens
made of conventional and functionally graded (FG) PCMs. Their research explores the flexural and fracture behaviors of
beam-like specimens manufactured from both conventional and functionally graded (FG) PCMs. Three distinct patterns of
FG-PCMs —linear, non-linear, and stepwise/layered— resulting from fiber distribution throughout the depth were
developed using long glass fiber-reinforced epoxy. Employing a three-dimensional finite element method, the study
illustrates the progressive damage process in both smooth and matrix-cracked specimens. Also, Atta et al. [8] researched the
flexural response of functionally graded polymeric composite material (FGM) using a hand lay-up manufacturing technique.
The unidirectional glass fiber-reinforced epoxy composite consisted of ten layers and had a fiber volume fraction (V%)
ranging from 10% to 50%. The experimental results showed that the failure mechanism of FGM beams during the three-
point bending loading (3PB) test initiates from tensioned layers, extending to upper layers and leading to delamination and
subsequent shear failures. Ultimately, the failure occurs due to crushing in the compression zone. Delamination between
layers significantly influences the rapidity of final failure in FGM beams. Numerical results underscore the importance of
the gradient pattern in FGM beams for enhancing their flexural behavior. Additionally, the V% in the outer layers,
specifically Vi% = 30, 40, or 50%, contributes to improving their flexural strength.

In response to this challenge, the advancement of natural fiber-reinforced polymeric composites (NFRPCs), also known as
natural fiber composites, has gained momentum. Offering a potential substitute for synthetic fibers, they contribute to
fostering a sustainable economy [14]. Natural fibers such as flax, jute, hemp, bamboo, and kenaf serve as reinforcements
owing to their numerous advantages: wide availability, cost-effectiveness, high specific strength, and stiffness, while also
supporting rural livelihoods [6]. Other studies include the effect of short fibers focused on the mechanical behavior of palm
fiber-reinforced epoxy-based composites with different weight percentage (Wt.%) ratios, ranging from 6% to 31.6%. They
also examined glass and hybrid fiber-reinforced epoxy-based composites. The research used the diametral tensile test (DTT)
and the small punch test (SPT) to determine the mechanical properties of the composites. The results indicated that the
natural fiber had better adhesion bonding with the epoxy than glass fiber, and the addition of palm fibers improved the
mechanical properties of the epoxy compared to synthetic glass fibers [4].

Furcraea sp., colloquially known as fique and indigenous to Colombia, has been cultivated since ancient times. Traditionally
its fibers were employed in sacks and tying material production, primarily by smallholder farmers [18]. Despite serving as a
primary income source for many, fique faces challenges such as low selling prices and inefficient production methods due
to decreased demand in recent decades. Hence, the utilization of natural fibers in material production opens new market
opportunities for rural areas, stimulating their economic development [106].

However, despite the potential of natural fibers like fique, a substantial lack of information exists concerning their behavior
and properties, particularly considering variations arising from their natural origin [22,24,37]. This knowledge gap impedes
the complete utilization of natural fibers as composite reinforcements and inhibits their widespread adoption across diverse
sectors [11,15,29].

Researchers, such as El-Sagheer et al. [19], have conducted studies to characterize natural fibers under dynamic stress
conditions; the study by El-Sagheer et al. specifically aimed to predict the exact value of the fracture toughness (KQ) of
fiber-reinforced polymer (FRP) by suggesting unprecedented, cracked specimens, i.e., matrix cracked (MC) specimens, to
overcome the deficiency of the American Society for Testing Materials (ASTM) E1922 specimen. The MC specimens exist
in the matrix (epoxy) without cutting the glass fibers behind the crack tip in the unidirectional laminated composite. While
the mechanical properties of tribology have been studied, the paper aims to experimentally assess the mechanical and
tribological behavior of conventional and functionally graded (FG) polymeric matrix composites reinforced with continuous
glass fibers. The study used the hand lay-up technique to manufacture the composites, the small punch test (SPT), and a
pin-on-disc device to examine the mechanical and wear behaviors. The results indicated that the wear rate of the FG
composite was influenced by various factors, including disk speed, applied load, the number of composite layers, and average
glass fiber volume fraction [3].

Therefore, characterizing the fatigue behavior of fique-reinforced composites is crucial to understanding their performance,
thus positioning them as viable materials in design applications; thus, this research proposes the development of a Bio-Poxy
36 polymer matrix composite with a high carbon content reinforced with fique fabric, a plant cultivated in Colombia, using
the vacuum-assisted lamination method.
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MATERIALS AND METHODS

Raw materials and fiber processing
T he raw materials employed in the present study were fique natural fibers and the BioPoxy 36 two-component epoxy
system (resin and hardener) from EcoPoxy. The fique fibers (obtained from the leaves of the Furcraea plant native
to South America) were acquired in a woven configuration from Cohilados del Fonce (marketed as coffee bags No.
10), as shown in Fig. 1a. The fique textile underwent a chemical surface treatment to improve the adhesion between the
fiber and the matrix. Alkalinization with NaOH was chosen due to its low cost and effectiveness, with a concentration of
2% by weight as recommended by the literature [1,5,7,21,44] to avoid compromising the fibet’s properties with a highly
aggressive solution. The fibers were fully immersed in the NaOH solution (as seen in Fig. 1b) and manually stirred at 5 to
10-minute intervals to guarantee uniform treatment of the textile. Following a 30-minute exposure to the solution, the fibers
were meticulously rinsed with distilled water and subsequently air-dried in the shade for 48 hours.

Figure 1: (a) Woven configuration of the fique fibers (b) Alkalinization process of the fique fabric.

The properties of the BioPoxy 30, as listed in the manufacturer's datasheet, are presented in Tab. 1.

Properties Values*
Density 1.11 g/cm3
Tensile strength 57.9 MPa
Young’s Modulus 2.83 GPa
Elongation at break 2.80 %
Glass transition temperatute 54 °C

Table 1: Properties of the BioPoxy 36 *According to the manufacturer’s datasheet.

Tab. 2 displays the properties that were obtained during the tensile testing of samples of BioPoxy 36 resin. The observed
fluctuations in the ultimate stress and Young's modulus values, when compared to the values reported by the manufacturer,
suggest that storage conditions and the duration since the resin was opened may have an impact on the epoxy’s properties.

Properties Value Coefficient of variation (%)
Ultimate strength (MPa) 23.6+£2.85 12.06

Strain (%) 1.19+0.14 12.35
Young’s modulus (GPa) 222+0.11 4.89

Table 2: Mechanical properties of the BioPoxy 36 tested samples.
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A comparison was made between the mechanical properties of the tested fique textile and other studies reported in the
literature, as presented in Tab. 3. The fique fibers were considered to have a density of 0.87 g/cm?, based on a previously
reported study [35]. Using this density, an estimated volumetric fiber fraction V of 27% was calculated for each laminate of
the composite. Additionally, the estimation of the fique fiber area within the fabric was accomplished through image
processing in MATLAB, facilitating the determination of fiber diameter.

Properties Values Reference Values*
Ultimate strength (MPa) 400.81 £ 89.68 47 - 571

Strain (%) 4.64%+1.62 9.8
Young’s modulus (GPa) 9.4+1.26 8.2-9.1

Table 3: Mechanical properties of the fique textile. *Values adapted from Gémez Suarez & Cérdoba Tuta [23].

Composite manufacture

A modified vacuum-assisted lamination process was used to create the test BioPoxy-fique samples. The base for lamination
was an 8 mm thick glass measuring 60 x 40 cm. To make demolding easier, a layer of polyvinyl alcohol was applied to the
glass 24 hours before the procedure.

Initially, the resin and catalyst mixture was prepared with a volumetric ratio of 4:1 (resin: catalyst). The first layer for
lamination was poured, and a plastic spreader was used to distribute it evenly. Next, a layer of fique fabric was placed over
the resin. The remaining resin was poured over the fabric and spread uniformly. The complete process is shown in Fig. 2.

Figure 2: Pouring of resin layers.

After all the layers were in place, an acrylic sheet was put over the fabric (as shown in Fig. 3a). Then, a breather layer was
added to cover the entire work area. After that, a pneumatic hose was placed in position using butyl tape (as shown in Fig.
3b). Finally, the vacuum sealing plastic was put over the acrylic, with small tabs left to avoid tension in the plastic (as shown
in Fig. 3c). The final configuration is illustrated in Fig. 3d.

< B : %%ﬂ =
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Figure 3: Bag sealing and final setup of the process.
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Tensile tests

The tensile tests were conducted following the ASTM D3039 standard for polymer matrix composites. Rectangular-shaped
specimens were laser-cut to dimensions of 13 x 2.5 cm. To ensure accuracy, an extensometer with a gauge length of 25 mm
was used, along with an MTS machine operating at a speed of 2 mm/min.

Fatigue tests

The fatigue tests were carried out using a universal testing machine on samples with the geometry shown in Fig. 4, following
the guidelines established in the ASTM 3479 standard, at a frequency of 5 Hz. To calculate the material strain, the
displacement data recorded by the machine's load heads was used.

130

/0 ,

25
0

Figure 4: Geometry and dimensions (mm) of fatigue specimens.

To address the issue of conflicting stiffness behavior commonly found in fiber-reinforced natural composites, prior studies
[13,30,32] have emphasized the importance of cyclic loading with a constant strain amplitude. This approach is better suited
for analyzing the fatigue strength of composites as it avoids the introduction of new variables that could affect fatigue life
estimation, such as variable strain rates seen in constant amplitude stress tests [33,34,39]. Given the viscoelastic nature of
BioPoxy 36 and the high standard deviation of displacements, tension tests at displacement percentages of 130%, 115%,
95%, and 85% of the maximum measured strain were conducted. This enabled us to analyze both over and under the static
strain limit, employing a strain ratio (R) of 0.1 throughout the experiments.

Stiffness degradation

The putrpose of this analysis was to investigate how the material's stiffness changes over time. For this purpose, stiffness
values were compared at various stages of the fatigue test, enabling the assessment of stiffness degradation. Stress-strain
hysteresis curves generated during the fatigue tests were analyzed to determine the dynamic Young's modulus, also known
as the secant modulus. Subsequently, a comparison between the initial stiffness (E¢) and the residual stiffness (E) was
conducted at specific intervals of fatigue life to quantify the extent of stiffness loss. The residual stiffness was calculated
considering the maximum and minimum stress and strain values obtained from the complete load-unload cycle associated
with each analyzed cycle, as illustrated in Fig. 5.
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Figure 5: Calculation of the dynamic Young's modulus from the stress-strain cutve.
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Figure 6: Load-displacement hysteresis loop and mechanical parameters measured during the fatigue cycles.

Loss factor and energy dissipation

The area enclosed within each hysteresis curve, as observed in Fig. 6, represents the amount of energy (Eq) that has been
dissipated during that cycle. This area is a useful indicator of the material's condition. The dissipated enetgy is calculated as
the difference between the total energy input required to induce deformation (E;) and the energy recovered. To evaluate
damage progression in composite materials, the damping or loss factor () is widely used as it is more sensitive in detecting
changes compared to stiffness evolution. The damping factor quantifies the proportion of dissipated energy with the
potential energy of a given fatigue cycle [25,20]. It can be calculated using the following equation:

Eq
= 1
" 2, @
Low-cycle fatigue model

The modified Coffin-Manson model for low-cycle fatigue was employed in this study to predict the material's service life
under cyclic loading conditions. This model takes into account both elastic and plastic strain and is based on the correlation
between strain amplitude and the number of cycles to failure. The model is represented by the following equation:

B0 882G (on,) 4 (o) @

When implementing this model, two key parameters were identified: the fatigue strength coefficient (G'g), given by the true

stress at failure, and the fatigue ductility coefficient (€'s). These parameters represent the specific properties of the material
being studied.

RESULTS AND ANALYSIS

he results presented herein offer a comprehensive analysis of the mechanical behavior, fatigue resistance, stiffness
loss, loss factor, energy dissipation, strain-life relationship, and fracture morphology of the BioPoxy-fique composite
material in comparison to BioPoxy 36 resin. Below is an analysis summarizing the key findings:

Tensile properties
The BioPoxy 36 matrix demonstrates a linear elastic behavior until failure, which occurs suddenly due to its inherent
brittleness, as illustrated in the stress-strain curves of Fig. 7.
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Figure 7: Stress-strain curves of the BioPoxy 306 resin.

The behavior of the BioPoxy 36 resin demonstrated linear elastic characteristics until failure, specifically up to a 0.3% strain.
This behavior can be attributed to its inherent brittleness, representing the elastic and reversible response of the bio-
composite. In contrast, the BioPoxy-fique composite, shown in Fig. 8) exhibited a two-stage non-linear trend: an initial
linear phase (elastic) succeeded by a non-linear phase (plastic) until failure. This plastic behavior indicated the formation and
progression of damage mechanisms within the fibers, matrix, or their interface. Similar behavior in resin and fiber
composites has been extensively discussed by various authors [10,23,26]. The mechanical properties of the BioPoxy-fique
composite are listed in Tab. 4.

Properties Value Coefficient of variation (%)
Ultimate strength (MPa) 3428 £3.21 9.36

Strain (%) 2.87 £0.64 22.38
Young’s modulus (GPa) 2821023 8.31

Table 4: Mechanical properties of the BioPoxy-fique composite.
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Figure 8: Stress-strain curves of the BioPoxy-fique composite by the vacuum bagging method.
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Fig. 9 illustrates the comparison between the composite and BioPoxy 36 resin. The static mechanical properties of the
composite exhibit a significant increase in ultimate strength, estimated at a 45% increase in ultimate stress, a remarkable
145% increase in strain, and a 27% increase in Young's modulus compared to the BioPoxy 306 resin.
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Figure 9: Comparison between stress-strain curves of the composite and BioPoxy 36 resin.

Other studies, such as those by [24], delved into the influence of natural fiber twisting on mechanical properties, while
[32] provided computational models for these properties. Although these studies primarily focused on flax fibers, their
findings remain comparable to the results obtained in this work, even though flax is a more extensively studied fiber than
fique.

Fatigne behavior

During the fatigue tension-tension tests, the stress-strain behavior was examined by recording 40 real-time data points for
each load-unload cycle. Fig. 10 presents the hysteresis curves for cycles 1, 10, 102, 103, 10% and 105, at an 85% level of the
maximum strain observed in the static tests.

101 — 100 cycles
—— 10! cycles
081 __ 102 cycles
—— 103 cycles
061 __ 104 cycles

% —— 105 cycles
w 044
w
g
7]
0.2 1
0.0 1
-0.2 1
0.1 0.2 0.3 0.4
Strain € [%]

Figure 10: Stress-strain hysteresis curves for 85% of the maximum strain. (Where o1 denotes the maximum stress recorded in the first
cycle).
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It is worth noting that during the initial cycles, the hysteresis curves exhibited larger areas and maximum loads compared to
subsequent cycles. This suggests an increase in damage activity, particularly at the fiber-matrix interface, and the propagation
of damage within the composite. It is important to acknowledge that limited research has been conducted on the fatigue
behavior of natural fiber fique composites. However, studies by authors such as Dobah et al. [17], focusing on jute composite
reinforcement, and the extensive exploration of flax by Haggui et al. [26] and Goumghar et al. [25] served as references
guiding our study. Comparing the results obtained in our study with theirs showcases the promising performance of fique
as a reinforcement material for composites.

Stiffness loss

In Fig. 11, the stiffness evolution is illustrated in relation to the number of cycles for every strain amplitude tested. To
facilitate understanding, the dynamic modulus was normalized by dividing it by the initial value (Eo), which represents the
modulus in the first load-unload cycle of the stress-strain curves. Across all scenatios, a two-stage decrease in stiffness is
noticeable, displaying a proportional trend to the applied strain amplitude.

1.0 ® Experimental data 130%
—— Fitted curve 130%

» ® Experimental data 115%
9 —— Fitted curve 115%
Experimental data 95%
° - Fitted curve 95%
0.9 e Experimental data 85%
Fitted curve 85%

o
)

Stiffness E/Eo

o
~

0.6

0.‘0 0i2 0;4 0.‘6 0.'8 1:0
Normalized cycles N/N¢

Figure 11: Evolution of the dynamic modulus for all strain amplitudes.

During the initial stage of material life at all levels of strain amplitude, a systematic softening is observed, which stabilizes
in the following stage [33,39]. This finding suggests that the damage mechanisms are more prominent in the eatly stages of
fatigue, before reaching the threshold of 0.4 N/Ng At higher levels of strain amplitudes, a significant loss of stiffness
exceeding 40% is evident.

The observed stiffness degradation in the initial cycles contradicts the findings of previous studies [30,31,39] conducted
under constant stress amplitude conditions. This discrepancy is attributed to the progressive increase in strain amplitude
over the fatigue life of the material. It has been reported that this significant increase in strain can counterbalance the
degradation caused by internal damage mechanisms during the loading cycles, leading to a misleading petception of
structural improvement in the material [33]. However, it is worth noting that this phenomenon is not evident in similar tests
conducted at high frequencies [28].

Tab. 5 provides a comparison between the initial dynamic moduli for all strain amplitudes and the static Young's modulus
obtained from the tests. A noticeable disparity is observed between the static modulus and the values obtained from fatigue
testing. It is worth highlighting that the loading rate employed in the static tests, which was 2 mm/min, is significantly lower
compared to the rate used in the fatigue tests, conducted at a frequency of 5 Hz. This discrepancy in loading rates accounts
for the observed increment in stiffness.

Loss factor and energy dissipation
The monitoring of energy dissipation serves as a reliable indicator for assessing the crack propagation velocity in the
composite. The area enclosed within the hysteresis curve provides a direct measure of the energy dissipated during each
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cycle, which correlates with the applied strain level. Similarly, the area under the loading curve represents the maximum
potential energy. Fig. 12 illustrates the progressive changes in the loss factor for each tested strain level, thereby establishing
a clear relationship between these two forms of energy.

Testing parameters

Elastic modulus (GPa)

Coefficient of variation

)

Tensile test 2.82+0.23 8.31
Fatigue 130% 3.92+0.13 3.34
Fatigue 115% 435+0.13 291
Fatigue 95% 4.29 +£0.34 7.88
Fatigue 85% 4.27 £ 0.07 1.77

Table 5: Comparison of static and dynamic test modulus.
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Figure 12: Evolution of the loss factor as a function of the number of normalized cycles.

Similar to the observed behavior in stiffness loss, it is possible to identify two stages. In the first stage, there is a rapid
decrease in energy, followed by a second stage of stabilization where degradation is minimal. The loss factor is commonly
regarded as a more precise indicator of the degradation process in composite materials due to its higher sensitivity compared
to stiffness evolution [25].

The energy dissipated per cycle is generated through internal friction, which produces heat, and micro-plastic strain, which
involves crack formation [25-27]. Internal friction increases proportionally with the applied strain level, implying that energy
dissipation is higher at higher strain levels.

Strain-life curve

In the analysis of the strain-life relationship, the stabilization of the loss factor was used as the failure criterion. It was
obsetved that stabilization occurs at different values of normalized cycles depending on the strain percentage: 0.8 N/N¢ for
85% strain, 0.6 N/Ns for 95% strain, 0.4 N /N for 115%, and 0.2 N/N¢ for 130% strain. Notably, as the strain percentage
increases, the stabilization of the loss factor is achieved more rapidly. The strain-life curve, depicted in Fig. 13, was fitted
using the Coffin-Manson model, described previously.

SEM analysis
The analysis of fracture surfaces was conducted through scanning electron microscopy (SEM). Fig. 14 illustrates the cross-
sectional surface of a specimen that did not undergo complete fracture during fatigue tests. Regions rich in resin ate evident,
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accompanied by surface defects like bubbles, a byproduct of the manufacturing process. Additionally, the matrix shows
areas of fiber-matrix adhesion and fiber-matrix debonding, an occurrence assumed to be a consequence of stress transfer
between them.
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Figure 13: Strain-life curve for the BioPoxy-fique composite.
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Figure 14: Cross-section of a sample tested at a 130% strain level.

Since complete fracture was not achieved during fatigue tests, some samples were ruptured using liquid nitrogen. Fig. 15
reveals fiber pullout, a phenomenon dependent upon the strength of the fiber-matrix union and the associated stress transfer
mechanisms. The fiber ends exhibit characteristics of a brittle failure mode. Additionally, the presence of river marks is
noteworthy, indicating damage to the matrix. These marks signify a loss of cohesion in the material, serving as evidence of
structural degradation.
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Figure 15: Rupture of longitudinal fibers.

Furthermore, Fig. 16a illustrates the rupture of a bundle of transverse fibers, displaying a failure process characterized by
the rupture of individual fibers known as singlets. A critical cluster of fiber breakage is formed as seen in Fig. 16b, eventually
leading to material failure [43]. Again, surface defects inherent to the manufacturing process are visible.

SEM HV: 30.0 kV WD: 14.54 mm MIRA3 TESCAN  SEM HV: 30.0 kV WD: 14.62 mm
SEM MAG: 500 x Det: BSE 100 pm SEM MAG: 150 x Det: BSE 200 pm
View field: 415 ym | Date(m/dly): 12/13/23 UPB-Bucaramanga View field: 1.38 mm |Date(midly); 12/13/23 UPB-Bucaramanga

Figure 16: Rupture of transversal fibers.

Fig. 17 illustrates the entire fracture surface in the testing area, revealing wear marks attributed to fatigue. The detachment
of transverse fibers from the matrix is observed, indicating a variable strength of the fiber-matrix bond across the surface.
The BioPoxy-Fique composite is estimated to have a fiber volumetric fraction (V) of 27%. In other studies, the fiber content
in the composite has been found to influence its fatigue failure mechanisms under tension-tension loading. Studies have
demonstrated that composites with a low fiber content exhibit a higher generation of surface cracks in the matrix during
the early stages of fatigue [40].
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Figure 17: General view of fracture surface at a 95% strain level.

The study offers valuable insights into the mechanical behavior and fatigue performance of the BioPoxy-fique composite,
which has great potential for various applications, particularly in structural materials. The thorough analysis highlights the
composite's mechanical behavior, fatigue resistance, stiffness loss, energy dissipation, strain-life relationship, and fracture
morphology. It also emphasizes the influence of strain amplitude, loading rates, and fiber content on the material's structural
integrity and failure mechanisms.

CONCLUSIONS

two distinct stages of behavior. The first stage exhibited elastic and reversible behavior, while the second stage

displayed plastic behavior associated with the development of damage mechanisms in the fibers, matrix, or interface.
Two degradation stages were identified in the BioPoxy-fique compound. In the first stage, the material underwent
progressive softening, while in the second stage, the degradation stabilized. The loss factor and stiffness degradation criteria
were used to characterize these stages, resulting in the following parameters for the Coffin-Manson equation in the strain-
life curve: o's = 12.10, €'s = 0.02, b = —0.804 y ¢ = —0.054. However, the low cycling analysis could be further enhanced by
considering the viscoelastic contribution of the BioPoxy matrix, potentially modifying the frequency of testing to capture a
more comprehensive understanding of its behavior.
Comparing the BioPoxy-fique composite with the BioPoxy 36 resin, significant improvements were observed in the
mechanical properties of the composite. The ultimate stress increased by 45%, the maximum strain by 145%, and Young's
modulus by 27% with the addition of natural fique fibers as reinforcement. Furthermore, the influence of storage conditions
on the response of BioPoxy 36 necessitates further exploration, particularly regarding the effects of environmental humidity
on its composition and mechanical properties. Understanding these variations is imperative for better control and
optimization of the manufacturing process. Moreover, given the sensitivity of mechanical behavior to different fiber
suppliers, a comprehensive study on fique suppliers in Colombia becomes essential. This investigation will provide valuable
insights into the variability of mechanical properties, ensuring consistent and reliable manufacturing processes.
The findings emphasize the importance of considering specific damage stages and the influence of strain amplitude on the
lifespan of the material. It is recommended to avoid using the initial dynamic modulus as a design criterion due to its
significant degradation in the first stage of fatigue life. Instead, the value of the second stage, where degradation is minimal,
should be considered.

T he static tests revealed a nonlinear response in the stress-strain curves of the BioPoxy-fique compound, indicating
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