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Bending in Laminas of NFPR: Type of Reinforcement, Fracture and Properties
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Natural fiber reinforced plastics (NFRP) have awakened considerable interest in the area of polymer 
composites, because of the need to develop new, environmentally friendly materials. One of the most complex 
ways of manufacturing this type of material is in the form of ultrathin laminar layers; however, this process 
hinders mechanical testing, mainly three and four-point bending. The present investigation faces this challenge 
and shows the influence of parameters, such as the grammage of reinforcing fabric and lamination process, on 
strength, stiffness and fracture characteristics for three-point bending in this type of structural element. The 
industrially manufactured laminas were composed of orthophthalic polyester resin reinforced with licuri fibers. 
Macromechanical and micromechanical analyses were conducted in the study of fracture characteristics for all 
the parameters. The mechanical behavior in the three-point bending of the laminar composite showed that the 
use of licuri fiber to obtain natural fiber-based plastic is completely viable. 
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1. Introduction

Composite materials, which result from the combination of two 
or more materials that exhibit better properties than their original 
structures, have become increasingly important in a host of industrial 
applications1. 

The structural application of composite materials has grown in 
recent decades because of improvements in manufacturing processes 
involved, as well as designing of new reinforcement fabrics and 
laminar structures2,3.

The use of natural fiber-based polymer composites, also known as 
natural fiber- reinforced plastics (NFRP), has also increased, mainly in 
structural elements submitted to small loads. This is because natural 
fibers generally exhibit worse mechanical properties than those of 
synthetic fibers, precluding their use in medium and high-performance 
structural elements4,5.

The search for new composites that use natural fibers, or a mixture 
of natural and synthetic fibers (hybrid composite) as reinforcement, 
aims at decreasing this impact on the environment, since part of 
synthetic reinforcement is replaced by natural fibers. 

Despite the limited structural application of NFRP, there are 
many other possible applications, mainly in packaging, automobile 
accessories, different types of wrapping, among others. Other 
advantages of natural over synthetic fibers are cost, light weight 
and strength. However, some of these fibers also pose problems 
with respect to mechanical performance, moisture absorption, 
among others. This does not prevent further investigation aimed at 
improvements in final performance. On the contrary, researchers 
should seek to develop new materials that meet desired structural 
expectations6.

The purpose of the present study is to investigate mechanical 
behavior, under a three-point bending load, of natural fiber-reinforced 

plastic, a new material that uses licuri fibers as natural reinforcement. 
This type of loading was selected because fiber/matrix interface 
adherence is extremely important in final material performance, a 
parameter that stands out in this test, mainly if laminas are used. 

Licuri fibers, a promising candidate to meet this challenge, comes 
from the Syagrus coronata (Martius) Becari palm tree, Figure 1a and b, 
abundantly found in the state of Bahia7. Some important information 
about the physical, morphology and mechanical properties of licuri 
fibers can be found in references6,8. 

Licuri fiber, obtained from the palm leaf, is sufficiently malleable 
to be woven. A unidirectional fabric, obtained on a manual loom, was 
used in this study. It was impregnated with orthophthalic polyester 
resin, giving rise to laminar composites

In the proposed study, special attention was given to studying 
the influence of parameters, such as the grammage of reinforcement 
fabric, on strength, stiffness and fracture characteristics. Two 
different grammages were used for the licuri fiber: G1 fabric (low 
grammage) and G2 fabric (high grammage), corresponding to two 
different laminar composites denominated LG1 (laminar composite 
with grammage 1) and LG2 (laminar composite with grammage 2). 

Finally, a comparative study of the two grammages was 
conducted, as well as macroscopic and microscopic (optical) analysis 
of mechanical fracture characteristics. 

2. Materials and Methods

The composite material created in this study had a laminar 
structure, that is, only one reinforcing fabric layer was impregnated. 
Since natural licuri fiber was used as reinforcing material, the fabric 
was manufactured from this fiber. 
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These fi bers come from the city of Caldeirão Grande, in the 
semiarid region of Bahia. They were removed from licuri palm trees 
growing in the same soil. The unidirectional fabric was produced on 
a manual loom. 

The grammages obtained in the licuri fi ber fabrics used in the 
present study were 418.21 and 572.48 g.m–2 for grammages G1 and 
G2, respectively. Figure 2 shows the unidirectional licuri fi ber fabrics. 
The purpose of the transverse fi bers observed in the fabric was to 
keep the strands parallel.

Laminar composites were obtained industrially (Tecniplast Ind. 
& Comércio Ltda.) in the form of sheets (laminas), using the hand 
lay-up technique, where licuri fi ber fabric was impregnated with 
orthophthalic polyester resin (Novapol L120), very common process 
in the reinforced plastic industry. The laminar composites were 
denominated LG1 (grammage 1) and LG2 (grammage 2).

The manufactured sheets were 45 cm wide and 65 cm long. The 
“in natura” fi bers were not previously treated to avoid increasing 
production costs and to study the “real” interface adherence of this 
type of fi ber with polyester resin.

The mechanical behavior of laminar composites was determined 
by the three-point bending test. This type of test was used because 
three and four-point bending conducted with laminas can be used 
as a qualitative assessment of adherence to a fi ber/matrix interface. 
This qualitative assessment is achieved using a comparative study 
of properties involving different parameters related to the composite 
manufacturing process.

The three-point bending tests were conducted at ambient 
temperature of 25 ± 2 °C, on a Shimadzu AG-I universal testing 
machine. The test specimens were cut with a diamond wire and 
their sides were smoothed and polished according to metallographic 
techniques. Mean test specimen sizes and test specifi cations (Table 1) 
followed ASTM D790-079. All test specimen dimensions were within 
required tolerances of ±1%. 

Eight test specimens were assayed for each lamina and bending 
strength was defi ned as the stress at which failure occurs. It is 
measured on the bottom surface (where tensile stresses occur) of the 
test specimen. Stiffness values (elasticity modulus) were determined 
before damage onset and according to the equation established in 
the norm.

Previously fractured test specimens were analyzed and 
microscopic and macroscopic analyses of these specimens were 
conducted to study the fi nal characteristics of the mechanical fracture. 
An optical microscope (Olympus MG) was used for microscopic 
analysis. 

3. Results and Discussion

3.1. Three-point bending test for laminar composites

Three and four-point bending tests for laminar composites 
(a single lamina) exhibit peculiar characteristics in their mechanical 
responses, compared to tests conducted in laminate composites. When 

Figure 1. a) Licuri tree (Syagrus coronata); and b) “in natura” licuri fi bers.

Figure 2. Unidirectional licuri fi ber fabrics.
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the composite is in laminate form (composed of two or more layers), 
the mechanical bending response, mainly with respect to fracture, 
is visibly located in the tensile layers, exhibiting the characteristic 
response of bending tests10. This occurs because the structural element 
is thick enough for the fracture to be restricted to these layers.

In the case of bending tests with laminar composites, especially 
three-point bending, the mechanical response is unpredictable due to 
the small thickness. Since only a single reinforcing layer is involved, 
the manufacturing process used to obtain the composite infl uences 
the damage mechanism and in turn, the response of the material to 
this load.

The hand lay-up manufacturing process used to obtain the 
composites produced both resin-rich (surface in contact with the mold) 
and fi ber-rich regions (opposite surface), irrespective of grammage 
type. This means that the bending response of the composite depends 
on the surface to which the load is applied. In the case in question, 
the test specimens exhibited both resin-rich and fi ber-rich regions 
along their length, in addition to “undulation” characterized by the 
deviation of fi ber orientation, given that a unidirectional lamina was 
used (Figure 3).

In the bending test a line load (loading nose) is applied and 
depending if the central region of the test specimen (load application 
section) coincides with a resin- or fi ber-rich region, the load at damage 
onset may vary and thus infl uence strength (ultimate strength) to 
laminar bending. Therefore, all the tests were conducted considering 
the load application surface in contact with the mold during the 
hand lay-up process; that is, the bottom surface where fracture 
is characterized by bending becomes the region with the greatest 
likelihood of having a higher percentage of fi bers and consequent 
greater strength to bending in the composite. Figure 4 shows the 
stress × defl ection diagram obtained on the testing machine, for 
composite LG1.

Figure 4 shows that each curve infl ection corresponds to a fracture 
(crack) in the resin during the entire test. As the resin fractures, the 
load is transferred to the fi bers, characterizing new load support 
capacity in the composite. It is also observed that the lower the load 

intensity at which curve infl ection occurs (position of the fi rst crack 
on the tensile side coincides with a resin-rich resin), the lower the 
ultimate strength to composite bending. The mechanical properties 
of this type of structure (lamina) then depend strongly on resin 
properties.

The mean values obtained in the three-point bending test for 
ultimate strength, elasticity modulus and fracture defl ection, as well 
as their respective dispersions for composite LG1, are shown in 
Table 2. In both composites, the elasticity modulus was calculated 
for a defl ection range before onset damage load and dispersions 
were calculated as the absolute difference between maximum and 
minimum values. 

The large dispersion found for mechanical properties is due 
mainly to the infl uence of the manufacturing process to obtain laminar 
structures, given that the previously mentioned resin- and fi ber-rich 
regions have a direct infl uence on both onset damage load and fi nal 
composite response. These results support the qualitative character 
of the test, but are only valid in comparative studies.

The results obtained in the three-point bending test for composite 
LG2 are reproduced in the stress x defl ection graph shown in Figure 5. 
Infl ections occur with less intensity, causing inter-curve linearity to 
become more harmonious; that is, even linearity between stress and 
defl ection can be considered. 

Despite the lower dispersion in ultimate strength and elasticity 
modulus results for LG2, compared to those obtained with LG1, 
curve infl ections at onset of resin damage exhibited similar behavior. 

Table 3 gives mean mechanical property values for composite 
LG2, with respect to ultimate strength, elasticity modulus and fracture 
defl ection, as well as the respective dispersions found in the three-
point bending test.

3.2. Fracture analysis for laminar composites

The fi nal loss of support load for composites LG1 and LG2 
resulted from complete rupture of the resin in the central region and on 
the tensile side of the test specimen, but without fi ber rupture. In this 

Table 1. Dimensions (mean values) and specifi cations for the three-point 
bending test.

Composite LG1 Composite LG2

Thickness (mm) 2.5 2.8

Width (mm) 25 25

Total length (mm) 60 80

Span (mm) 40 50

Displacement 
velocity (mm/min)

1.0 1.3

Load application site Center of the span Center of the span

Figure 3. Undulations in fi bers originating rich regions in resin and fi ber – LG1.

Figure 4. Stress × defl ection diagram for composite LG1 – Three-point 
bending.

Tabela 2. Propriedades mecânicas para o compósito LG1.

Mechanical properties Mean values Dispersions (%)

Ultimate stength (MPa) 85.37 27.81

Elasticity Modulus (GPa) 3.29 31.36

Defl ection (%) 3.66 21.13
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case, the structural element loses its entire load support area, making 
defl ection excessive, without fi ber breakage. Figures 6a and b show 
fi nal fracture of the test specimen, where resin rupture without fi ber 
breakage is observed, while Figure 7 depicts excessive defl ection. 
Both characteristics were observed in the two laminar composites 
under study. 

With respect to fracture analysis under optical microscope for 
composite LG1, Figure 8 shows the occurrence of total resin fracture 
without licuri fi ber breakage. Figure 9 illustrates the presence of 
transverse cracks in the resin that do not rupture the fi ber, but spread 
to the entire resin region. Micrographs depict the central region of 
the test specimen and the tensile side.

Table 3. Mechanical properties of composite LG2.

Mechanical properties Mean values Dispersions (%)

Ultimate strength (MPa) 78.58 12.40

Elasticity modulus (GPa) 2.84 21.78

Defl ection (%) 3.58 31.04

Figure 5. Stress × defl ection diagram for composite LG2 – Three-point 
bending.

Figure 7. Excessive defl ection in the three-point bending test – composite LG2.

Figure 8. Total resin fracture without licuri fi ber breakage in composite LG1.

Figure 9. Transverse crack in the resin without licuri fi ber damage in 
composite LG1.

Figure 6. Test specimen fractured in the three-point bending test: a) composite 
LG1; and b) composite LG2.
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For composite LG2 optical microscopy showed similar damage 
characteristics to those observed in composite LG1 (Figure 10), where 
total resin fracture without affecting licuri fi ber occurred. 

Also in relation to composite LG2, Figure 11 demonstrates that 
the fracture occurring in the matrix does not result in fi ber breakage, 
but only slight fi ber/matrix detachment, called adhesive fracture. 
However, this characteristic was not observed for composite LG1. 

This type of fracture response is not observed in the natural fi ber-
based laminated composite. Not only is total rupture observed, but 
also localized damage, mainly in the region below the neutral line 
(tensile side), in which other fracture characteristics can be observed11.

Comparative study of mechanical properties for composites 
LG1 and LG2

A comparative study of mechanical properties in three-point 
bending of composites LG1 and LG2 is shown in Figure 12.

The following percentage differences in mean mechanical 
properties between composites LG1 and LG2 were observed: ultimate 
strength: +7.95%; elasticity modulus: +13.68% and defl ection: 
+2.19%.

Despite the complexity of the test and its bending response, the 
percentage differences between the composites are within the normal 
range. There is therefore no marked superiority between them in terms 
of the infl uence of grammage.

A marked characteristic that should be underscored is the fact 
that both composites exhibited very similar defl ection, indicating that 
there is no superiority in bending capacity, even with different fabric 
grammages in the composites analyzed.

Figure 10. Transverse crack in the resin without licuri fi ber damage in 
composite LG2.

Figure 11. Adhesive fracture in composite LG2.

Figure 12. Mechanical properties of composites LG1 and LG2. a) Ultimate strength; b) elasticity modulus; and c) defl ection. Three-point bending.
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hybrid composite: the effect of water aging on the mechanical properties. 
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4. Conclusions

The following conclusions can be drawn from the study results:
•	 Compared to other natural fiber-based laminar composites4,12, 

composites LG1 and LG2 showed comparable mechanical 
properties, with respect to three-point bending;

•	 Overall mechanical behavior of the laminar composite in three-
point bending demonstrates that resin properties predominate, 
characterizing the non-influence of reinforcement fabric 
grammage;

•	 The presence of excessive deflection in both laminates resulted 
in total resin rupture without licuri fiber breakage;

•	 The presence of adhesive fracture on the fiber/matrix interface 
was observed only for composite LG2; and

•	 The use of licuri fiber is completely viable if compared with 
other natural fibers like reinforcement to reinforced plastics.
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