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Abstract. Carbon nanotubes indicate mechanical properties ideally examined for reinforced Carbon/Kevlar hybrid fabrics in the
intact specimens by SEM and EDX observations an Carbon nanotubes indicated mechanical properties that were examined for
reinforced Carbon/Kevlar hybrid fabrics in the intact specimens by SEM and EDX observations and after attempting six successful
ballistic impacts, at various targets’ angles: normal impact (0-degree), 10-degree, 20-degree, 30-degree, and 40-degree) with the
different volume of CNT% (0, 0.1, 0.3, 0.5, 0.7, 1, and 1.5) after attempting six successful ballistic impacts, at various targets’ angles:
normal impact (0-degree), 10-degree, 20-degree, 30-degree, and 40-degree) with the different volume of CNT% (0, 0.1, 0.3, 0.5, 0.7, 1,
and 1.5). Each sample was fabricated by the same curing unit and then evaluated by the three‐point bending universal testing
machine model (INSTRON-3369). Flexural Stress-Strain curves under 3-points bending in CNT epoxy composite laminates
calculated flexural modulus of elasticity and bending toughness at room temperature.
Keywords: Carbon nanotubes, 3-points bending, Oblique ballistic impact, Kevlar fibre, Carbon fibre, Flexural.

1. Introduction
In today's hyper-competitive technological industries, anti-penetration items have been much extensively applied for
bulletproof vests, armour; moreover, orbital debris and micrometeoroid protection layers for the space vehicles, structures, and
space suits [1]. Then testing on the plates after impact was interesting to conduct (in Figure 1). In literature, reinforcing composite
materials were in the Boeing 787 Dreamliner’s airframe [2] and more essential structure than most previous a wide variety of
commercial Boeing civil aircraft models (passenger and cargo), which illustrated in Figure 2 [2-3]. Equally important, the operating
design technique without applying preconceived concept encouraged Boeing specialists to determine the ideal material for
explicit applications all through the airframe design [1-3]. Otherwise, the discussed airplane, the world's first significant
commercial aircraft that utilizes composite materials as the essential material in its airframe design and consequently is
considered as the most eco-friendly commercial airliner due to its fuel-efficiency and lighter weight as well as lower carbon
emissions and energy consumption, consequently [1-4].
Carbon fibre–reinforced composite laminates are broadly utilized in the applications where remarkable mechanical properties
are important in mix with weight saving, enormous carbon fibre boards, and fuselage outlines produced using them [5]. Moreover,
the chance of utilizing composite fuselage cross beams is similarly used in the Airbus A350 XWB family [6]. In addition, the great
extent carbon-based composite laminates can endure a wide assortment of ecological risks – introduction to ionise radiation like
a tri-nuclear oxygen centred (salicylaldoximato) and sun powered radiation in space vehicles, lightning strike in airplane,
dissolvable assault, and especially impact damage being probably the most widely recognized [7]. Lately, 90% of the frames of
advanced marine vessels are made of composite laminates awarding strength and plan adaptability [9]. Furthermore, 90% or a
greater amount of work with composite bodies that is a considerable quantity. Composite body helps lorry industries to
manufacture products that are lighter in weight and also dimimshes carbon emission and thus improves petroleum products in
the motor car division. [10]. besides, the high obstruction of Kevlar ﬁbres affect and scrape area, empowers utilisation of these
filaments for body protections and impact resistances in the military division [11]. Eventually, carbon composite laminates are
delicate to out-of-plane loads emanating impacts during maintenance expressly instruments drops and service operations such
as lightning impacts and bird strike or runway debris [5-12].

Published online: January 01 2021

840

Elias Randjbaran et. al., Vol. 7, No. 2, 2021

Fig. 1. Schematic configuration of conducting the tests

Fig. 2. Materials for Boeing 787 (Boeing report) [2-3]

Carbon/Kevlar hybrid fabrics and Carbon nanotubes (CNTs) are comprehensively adopted in structural engineering division
due to their thoroughly optimised ease of fabrication and geometry, with applications as structural members in which bending is
the dominant condition [13]. In the same way, ﬂexural bending is still comprehensively adopted like the reference condition for
demonstrating the bending resistance although structural members are exceptionally subject to flexural bending without
calculating a moment gradient [14]. Nevertheless, experimentally, determining and comparing the toughness, flexural strength,
and ﬂexural modulus via the length of a test specimen is not straightforward to attain [15].
The three-point flexural test is performed to predict the stiffness of composite plates in bending, as an inexpensive qualitative
test it is also used to evaluate both soundness of a material and the ductility. [16]. Moreover, it is a method for calculating yield
properties of certain materials, measuring the ductility, and evaluating the quality of materials by their abilities to resist cracking
or other surface irregularities during one continuous bend and they are assessed to obtain data about the bending properties of
materials deliberated for research and development, or even for industrial operation [17-19]. Furthermore, the specimens have a
tendency to fail under a similar application leading to catastrophic failure when the plates launch into fracture or utterly
fractures in course of the test being valid to assume [20-22].

2. Methodology
In the current research, characterization of three-point bending properties of carbon/Kevlar reinforced epoxy composite
inclusion of CNT into the matrix by varying concentrations were fabricated and after ballistic impact testing their responses were
studied.
2.1 Fabrication
In reinforced composite laminates with CNT processing, CNTs were gently dispersed in a matrix of epoxy resin [22-25]. Mainly,
MWCNTs type CM-95 were provided from ILJIN NanoTechnology limited company located in Seoul, South Korea [26-30]. A part of
the manufacturer, the size of it was 0.01-0.015 µm of diameter and 10-20 µm of length. Incidentally, Fig. 3 displays
CNT/composite laminates that were fabricated by inclusion CNT into the matrix, plus the dispersing agents were BYK 9077 (a
high molecular weight copolymer with pigment affinic adhesive groups) and Araldite 2016. Besides, CNTs and BYK 9077 alongside
ethanol were deliberately mixed for 5-minute, not long after followed sonication for an hour at ﬁxed yield intensity of 25-Watt.
Essentially, the blend was added and mixed 10-minute with high shear mixing homogeniser at 3500 R.P.M., trailed by 45-minute
sonication treatment. Importantly, the mixture was then positioned in the vacuum degassing oven and stayed at 25°C for 48-hour
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under 1-Bar, trailed by 24 hours under 1-Bar at 80°C for degassing operation (in Figure 3). Meanwhile, the open moulding process
in which constituents or consecutive plies of strengthening composite laminates or resin-impregnated fortifications were applied
to the form and the composite was developed and worked by hand. In addition, restoring is typically directed at surrounding
temperatures; however, the process could be expressly accelerated by elevating the temperature. Eventually, the hand lay-up
technique relatively fabricates the substantial aggregate of reinforced composite laminates [28, 30].
2.2 Three-point flexural tests
After being demoulded, the panels were marked to prepare them for trimming. Equally important, the dimensions for
trimming was as speciﬁed in ASTM D790 [31]. As a result, Figure 4 displays the schematic diagram that in accordance to the ASTM
D790 Standard; the three point bend test as a classical experiment in mechanics was ecclesiastically achieved by applying the
Universal Testing Machine model (INSTRON-3369), which facility utilised in this experiment was available in Department of
Mechanical and Manufacturing Engineering’s laboratory, Faculty of Engineering, Universiti Putra Malaysia (UPM) as reported.
Consequently, the test reactions of each sorts of samples are numerically plotted. In conjunction with qualities of the after
ballistic impact, neat epoxy resin composites and CNT/epoxy composite structures were lower than intact samples without any
type of initial cracks. Likewise, these quality request could be clarified by the quantity of filaments crossing close to the break
plane. Conjointly, it generally depicts the areas of splits got for each model and the comparing quantities of meeting strands [32].
Including, dissimilar to the fibre-based models, the work models contain a few focuses where numerous strands unite, and
accordingly the comparing appropriation plots show a few pinnacles, which delineate the number of filaments across every
specific plane clarifying the reasons for various estimations of qualities were acquired for various models. Accordingly, the
quantity of considering ﬁlaments at the split plane of each model was relative to the composite quality [29-31].
Tabulation of data was generated and processed automatically by the Bluehill® HV Software that is specifically designed for
the Instron®. In particular, ﬂexural strength of the composite was calculated using relationship (1) [31];
σ= (3PL) (2bt2)-1

(1)

Consider a rectangular plate with the uniform thickness, where σ was stress in the outer specimen at midpoint (flexural
strength) [MPa], P was maximum load on the load deflection curve [N], L was support span length [mm], b is width of the sample
[mm], and t was thickness of the sample [mm].
The flexural modulus, E was obtained from the formula below. With this purpose in mind, the value of m was calculated by
drawing a tangent to the steepest initial straight-line portion of the load-deﬂection curve and using the equation (2), the value of
E was obtained [31] respectively, providing the following equivalence:
E= (mL3) (4bt2)-1

(2)

where E was modulus of elasticity [MPa], L was support span length [mm], b was width of the sample [mm], t was thickness of
the sample [mm], and m was slope of the tangent to the initial straight-line portion of the load-deflection curve [N.mm-1].

Fig. 3. Structure for the fabrication in the CNT composite laminates [29]

Fig. 4. A) under load specimen B) schematic of three-point bending ﬂexural test setup following the ASTM D790 [31]
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Three point bending is the most frequently applied set-up, and involves a long sample being placed on two supporting pins, a
set distance apart, with a roller descending to contact the specimen midway between two supporting pins [31]. Therefore, the
loading arm descends at a uniform rate to bend the specimen, first it deformed it elastically, then plastically. Finally, fracture
occurred when the specimen was the force required within the limit of the load unit and sufficiently brittle.

3. Results and Discussion
Analysing needed use the SEM images and describe the graphs.
3.1 Morphology
Figure 5 shows the SEM image of a raw MWCNT. Moreover, uniform, smooth, and straight tube walls of MWCNTs are observed
showing no structural defects and own high aspect (diameter/length) ratios.
The SEM inspection verify the results and observing the failure systems of deliberated composite laminates, microscopic and
nanoscopic images were taken by SEM via a distinctive fracture surface. Similarly, they show the matrix debonding, microcracks
and because of the strength distribution of the fibers, weak fibers are the ﬁrst to fail. Furthermore, Figure 6A illustrates matrix
cracking is the initial flaw occurring in composite loading. On the other hand, matrix cracking is a fracture-mechanics issue and
first step of failure mechanism due to epoxy laminate is outermost layer of epoxy laminating system and first layer bearing
flexural stress strength (from top to bottom of the specimens), respectively. Moreover, Figure 6B shows fiber breakages under
flexural loading specimens. Fiber breakage is a last step of the composite laminates' life-cycle. Finally, Figure 6C displays
debonding of matrix and fiber and vacancies of fibers at epoxy matrix.

Fig. 5. MWCNTs magniﬁed by SEM (500nm)

Fig. 6. Damaged samples A) dispersed 1.5% CNT on surface, B) fibre breakages, and C) debonding of matrix and fiber

Fig. 7. The EDXMA pattern of reinforced resin with the 1.5% MWCNTs
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The energy dispersive X-ray microanalysis (EDXMA) in Figure 7 observation proved the significant amount of silicon and
carbon, and oxygen bonded on the side multi-walled carbon nanotubes (MWCNTs). Nonetheless, paradoxical to what was
expected, probably oxygen is not only because of the existing of carboxylic acid group (-COOH) as the exchange group.
Considerably, also chlorine was revealed, and its presence can be ascribed either as an impurity or as part of acyl chloride groups
resulting from the functionalization process. Similarly, the lack of signals attributable to aluminium particles proposes
functionalising treatment due to the removal of the catalyst particles, which is indispensable for the CNT growth. Moreover,
microstructure of broke surface of specimens is investigated via the images of SEM (scanning electron microscopy) and EDXMA is
performed for the specimens' chemical characterization or elemental analysis. Therefore, the spectra of energy dispersive are
achieved containing Roentgen radiation beam energy (0 to 10 keV) then indicating in X-axis and number of counts per second,
CPS, indicating in Y-axis at 35-degree. In fact, spectra are generally set at the points in SEM images, at this specific point
compound piece is large diagnostically attained. Lastly, the incident beam energizes an electron in an internal shell then
catapulting it from the shell. Finally, the lower energy shell can be delivered as a Roentgen radiation beam energy being normal
for the distinction in energy between the dual shells while making an electron-hole filling by an electron from an external (the
highest level of energy) shell and the distinction in energy among the higher ones.
3.2 Calculations and plots’ interpretations
Figures 8-14 demonstrate the intact specimens and after attempting six successful ballistic impacts, at various targets’ angles
(present six different results on Effects of Volume of Carbon Nanotubes on the Angled Ballistic Impact for Carbon Kevlar Hybrid
Fabrics [29]: normal impact (0-degree), 10-degree, 20-degree, 30-degree, and 40-degree) with the different volume of CNT, which
added into epoxy resin including 0, 0.1, 0.3, 0.5, 0.7, 1, and 1.5 percent. In these single line graphs, X-axis indicates flexural strain
(in per-cent) and Y-axis indicates flexural stress in mega Pascal (MPa).
The line graph in Figure 8 illustrates Flexural stress-strain curves in Neat Epoxy/Carbon-Kevlar hybrid fabrics, after oblique
impacts between 0 and 40 degrees and intact sample. Overall, all maximum points of stress and strain of ﬂexural bending have
steadily declined by increasing the angles of impact. Then the latter has slumped or collapsed since reaching to maximum level of
stress while the downturn for the former began in 0 as stress and different levels of the strain. However, there has been a sharp
rise in crack initiation since multiple fibre fracture events. In composite plates, the maximum values of bending stress and strain
were of 0-degree at 16.03MPa and 2.26% strain, 10-degree at 14.52 and 2.54% strain, 20-degree at 13.5MPa and 2.04% strain, 30degree 11.99MPa and 1.81% strain, 40-degree at 10.94 MPa and 1.39% strain, plus intact at 3.23MPa and 3.23% strain. Moreover,
although the ﬂexural strength (maximum moment) of intact sample and after 40-degree impact one had dropped, it only
represented 74.3% decrease. As the ﬂexural strength began to fall in all impacted samples, in intact sample started to rise. It rose
steadily and the ﬂexural strength in strain by 3.23%. During the same strain from 0% to 1.3%, 40-degree sample reaching to
maximum and substantially shrank, but then rest of them started to grow more dramatically. 20-degree impact sample in 12.61
MPa at 1.73% of strain the multiple ﬁbre fracture events started and inﬂated, but fell to 13.5 MPa by 2.04%. This was slightly higher
than 30-degree impact sample, which shrank to 11.99 MPa and 1.81%. 0-degree impact sample on the other hand, overtook other
impact samples and accounted for just over 16.03 MPa of ﬂexural strength in 2.26% strain.
The line graph in Figure 9 compares the three-point bending flexural test on various composite intact and after oblique impact
from 11.43 and 29.35 MPa of the bending strength, plus between 2.11% and 3.33% of ﬂexural strain. Overall, the value of stress and
strain of 40-degree impact declined over the 2.11% of strain, whereas the amount of intact sample that increased at the same
point. Moreover, in 2.403% of strain, the highest value of the bending strength with intact sample was 27.78 MPa, being valued 2.06
times of 20-degree, 1.89 times of 10-degree, 1.67 times of 0-degree impacted samples. Consequently, this was far less than
maximum stress value of 40-degree impact sample, which were reached approximately 2.6 times. However, apart from a brief rise
from 2.63% to 2.97%, and the value of bending strength in 20-degree impact sample gradually declined over the 2.632% strain to
collapse at just under 13.7 MPa. In sharp contrast to this, intact sample valued the others at much higher levels. the bending
strength values increased gradually until they broke; intact at 29.35 MPa, 0-degree impact at 16.95 MPa, 10-degree at 15.04 MPa, 20degree at 13.69 MPa, 30-degree at 12.18 MPa, and 40-degree at 11.43 MPa. Notwithstanding, they then levelled off from 2.11% to
3.33%. After rising, crack initiation since multiple ﬁbre fracture events, soon after they collapsed.
The line graph in Figure 10 shows the three-point bend testing behaviour of carbon-Kevlar fibre-reinforced composite laminates
from 0-4% strain. Overall, the intact sample has been the dominant type and continues up to the fracture point with 33.05 MPa at
4.05% strain. After impact samples have represented a small and not significant proportion of total stress use and despite small
projected gains compare the intact sample; it is projected they continue dropping so. After 40-degree impact commands the
lowest amount of stress strength with 10.99 MPa in 2.49% strain, at the same point on 30-degree impact sample rising to
approximately 12.34 MPa in 2.41% strain to break and current trend is set to gradually continue with a projected ultimate stress
value of the others. Respectively, in 3.61% strain, 0-degree impact (normal impact) sample came in second, with 18.06 MPa stress
strength. However, intact sample overtook impact sample in all aspects and despite some fluctuations were crack initiation since
multiple fibre fracture events after yield point.

Fig. 8. Flexural Stress-Strain curves under 3-points bending in neat epoxy composite laminates at room temperature
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Fig. 9. Flexural Stress-Strain curves under 3-points bending in 0.1% CNT epoxy composite laminates at room temperature

Fig. 10. Flexural Stress-Strain curves under 3-points bending in 0.3% CNT epoxy composite laminates at room temperature

Fig. 11. Flexural Stress-Strain curves under 3-points bending in 0.5% CNT epoxy composite laminates at room temperature

The line graph in Figure 10 shows the three-point bend testing behaviour of carbon-Kevlar fibre-reinforced composite laminates
from 0-4% strain. Overall, the intact sample has been the dominant type and continues up to the fracture point with 33.05 MPa at
4.05% strain. After impact samples have represented a small and not significant proportion of total stress use and despite small
projected gains compare the intact sample; it is projected they continue dropping so. After 40-degree impact commands the
lowest amount of stress strength with 10.99 MPa in 2.49% strain, at the same point on 30-degree impact sample rising to
approximately 12.34 MPa in 2.41% strain to break and current trend is set to gradually continue with a projected ultimate stress
value of the others. Respectively, in 3.61% strain, 0-degree impact (normal impact) sample came in second, with 18.06 MPa stress
strength. However, intact sample overtook impact sample in all aspects and despite some fluctuations were crack initiation since
multiple fibre fracture events after yield point.
The line graph in Figure 11 illustrates the number of flexural stress–strain curves received by the three-point bending flexural
tests according to the type of ﬂexural stress and strain in the intact and impact samples from 0 to 5.5% strain. Although the main
reason for breaking, indicated lower energy absorption characteristics or brittleness of samples by performing a bending test at
the breaking point. However, the intact sample owned the largest amount of flexural stress in relation to the bending. During the
test, the ﬁgure for the samples steadily increased and reached the highest points for 0-degree at 19.48, for 10-degree at 17.37, for
20-degree at 15.61, for 30-degree at 14.38, for 40-degree at 12.51, and for the intact at 36.57 MPa flexural stress. Beginning with
yield points then the cracks initiation in different points, the value of bending strain in regard to the composition of materials
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based on level of CNT into the resin between 0 and 4.32%, stress slightly went up from 12.51 to 19.49 MPa before experiencing a
dramatic rise to the peak of approximately 3 times less than intact sample. On the other hand, the value of stress steeply
increased in the intact sample at 12.51 MPa, since that value rest of them went up reasonably stable during the same value. The
last noticeable item in 30-degree impact sample, the value of stress caused by bending stabilized in going up until it broke to a
low point of 14.38 MPa till 2.41% strain, then it and continued to incline steadily until breaking.
The displayed line graph in Figure 12 illustrates the values of stress-strain curves in the three-point bending flexural tests
between 0 and 5.85% strain. Overall, the value of failure stress obtained by three-point bending developed at first and declined at
culmination with a stable trend. Since it is observed in the graph of 40-degree impact, the value of failure stress was only about
12.74 MPa in 0.66% strain. By decreasing the angles of target, the value of failure stress improved slowly from 14.67 MPa to 19.76
MPa between 1.4% and 2.66% strain. In intact sample, from 0 to about 5% strain, the stress’ value boomed from 0 to 37.55 MPa. For
0-degree impact sample, there was no change at all in term of trend from 0 to breaking point of the rest of impact samples. The
intact sample compares with the 0-degree impact, the value of failure stress went down rapidly from 37.55 MPa to 19.76 MPa, i.e.,
1.9 times greater. At the end of the breaking of all of them, the value of stress plummeted from 37.55 MPa (for the sample of
intact) to 12.74 MPa (for the sample of 40-degree impact), i.e., 2.95 times stronger than 40-degree sample. In fine, the graph shows
the highest value of failure stress tested for the samples of impact is 19.76 MPa while the lowest one is 12.74, i.e., 0-degree sample
is 1.56 times more stable than 40-degree sample.
The line graph in Figure 13 compares the number of three-point bending test for six different samples in intact and impact
samples from 0% to 6% strain. Overall, it can be seen tensile strength was far higher in intact sample than in the other five
samples throughout the ﬂexural. To begin, the stress at failure in bending of in 0, 10, 20, 30, and 40-degree samples, followed a
fairly similar pattern over the yield points. The general trend though for the impact samples was a decline in the values of
strength stress over the breaking points. In contrast, intact experienced an upward trend, starting at approximately 2% strain, and
breaking at just 6.07%. Interestingly, strength stress in 40-degree impact sample reached at 13.83 MPa, which far less than intact
sample, which is about 3 times less than intact one. They then ﬂuctuated over the yield points, reaching a peak and breaking
slightly lower than intact one.

Fig. 12. Flexural Stress-Strain curves under 3-points bending in 0.7% CNT epoxy composite laminates at room temperature

Fig. 13. Flexural Stress-Strain curves under 3-points bending in 1% CNT epoxy composite laminates at room temperature

Figure 14 compares changes in the three-point ﬂexural bend tests distribution among the six different samples from 0 to about
6.34% strain. The only sample where the maximum value of bending stress is expected to increase by 43.05 MPa is the intact
sample, while 40-degree sample is expected to have the greatest drop in value of flexural stress over the bending test. Also, the all
samples are showing the fluctuations once reaching to the flexural strength until breaking. Equally important, from a relatively
small values of strain for typical of the impact samples from 0.78% to 1.302%, i.e., by decreasing the angles the maximum
difference can be about 66%. Further, for 0-degree sample, breaking point is 2.82%, about 16% more than 10-degree impact, then
maximum of stress is 33.9 MPa, about 36% more than 10-degree. Besides, this is almost a reversal of the situation for 30 and 40Journal of Applied and Computational Mechanics, Vol. 7, No. 2, (2021), 839-848
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degree impact samples, which stood at 16.67 and 14.66 MPa in 1.86% and 1.62% strain. Moreover, it is expected to continue its
steady decline to reach the breaking points. In addition, another notable trend can be seen in the data for the samples, which is
the region of strain at the maximum of bending stress to show an increase in all over the testing. Nevertheless, the prediction of a
decline, albeit small, looking forward to breaking. Finally, these results reflect those of Mohsen et al. (2017) who also found the
results in the flexural Stress-Strain curves indicate the integration of CNTs into the system had a statistically significant effect on
the flexural strengths.
The bar graph in Figure 15 illustrates the modulus of bending tests, which conducting in hybrid with different value of CNT on
six types of samples; intact and after impact. In terms of angled target impact and the CNT volume fraction, neat epoxy owned
the most at 10.25 GPa. The ratio of stress to strain in ﬂexural deformation for 1.5% CNT after 10-degree impact was the highest
one (59.11 GPa) compared to the 0.1% CNT after 10-degree impact, which acquired the least (8.61 GPa). For 1% CNT, at normal (0),
30, and 40 degrees possessed about 30 GPa and 10-degree is nearly 40% more than the intact one, respectively. On the other hand,
the lowest ﬂexural modulus was on 0.1% CNT at 20 and 30-degree, which accounted for nearly 8.3 GPa in all the samples. The
0.3% CNT at the intact one had most on these items at just 16.71 GPa that is around 73% of 40-degree (9.68 GPa). For 0.7% CNT, 40degree specimen was doubled he intact one, 70% more than normal impact, about 40% more than 10 and 20-degree impact, 22%
more than 30-degree impact. Otherwise, for 0.5% CNT, the difference between maximum and minimum of this category is about
71%. Overall, the category of 1.5% CNT that all specimens acquired high level of bending modulus, which was about ﬁve times
higher than on the average of neat epoxy.
Bar graph in Figure 16 illustrates some interesting results about some toughness of composite laminates with and without CNT
after impact and intact from three-point bending specimens. In addition, they allow comparisons between specimens owning
different CNT amount versus intact and after oblique impact, and shows specimens possessing of the highest and the lowest
value toughness. Besides, the intact specimen with 1.5% CNT is striking at over 218 J.m-3. Additionally, specimens with 0.1% of
carbon compared to the other specimens showing the second toughest samples to break due to the toughness value from 13 to
175 J.m-3. Furthermore, 0.7% CNT is third tough specimen, roughly triple as much as intact and double more than the normal
impact with neat epoxy, which is the only sample with less energy absorbed by 8.45 J.m-3 than all of them. Systematically, in terms
of toughness for less volume of CNT by 0.1%, intact is the toughest specimens by 64 J.m-3, more than approximately double
normal impact with 33 J.m-3. Comparatively, 0.3% CNT is the third tough material to absorb by about 80 J.m-3 at the intact sample
then by increasing the angle of impact the level of toughness dropped to 14 J.m-3. Relatively, 0.5% CNT has over three times more
than neat epoxy, double the 0.1% CNT, and 56% tougher than 0.3% CNT. Nevertheless, the toughness of 0.5% CNT is nearly 8% less
than 0.7% CNT, 41% less than 1% CNT, and 76% less than 1.5% CNT for the intact samples. As for after impact, intact 40 degree
impact is the least value of toughness with 8.45 J.m-3. Overall, in the after-40-degree impact, 1.5% CNT shows the highest value of
toughness, about four times more than the intact sample, about double the 1.0%, 0.3%, 0.7% and 1% CNT, 78% more than 0.5% CNT.
However, after-20-degree impact, 1.5% CNT has by far the greatest value of toughness. Moreover, there seems to be correlation
between the angle and the value of CNT.

Fig. 14. Flexural Stress-Strain curves under 3-points bending in 1.5% CNT epoxy composite laminates at room temperature

Fig. 15. Flexural modulus of elasticity for the specimens
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Fig. 16. bending toughness of the specimens

4. Conclusions
Briefly, current work considered the flexural strength of reinforced Carbon/Kevlar hybrid fabrics affected by impact damage
and compare it to the strength of the intact specimen. The results presented a number of Flexural Stress-Strain curves under 3points bending for different volumes of CNT epoxy composite laminates at room temperature. Moreover, the elasticity modulus
and bending toughness of the specimens were calculated. Based on the outcomes, the flexural mechanical behaviour of
composite laminates reinforced with CNT in impact damage and intact mode, it may be concluded: with addition of CNT into the
epoxy, as a filler, there was an increase of the modulus of elasticity and a reduction of the angle of ballistic impact limit. Intact
specimens repeatability presented in the results indicated a magnificent process of fabrication.
 For the intact samples of the neat epoxy composite laminates (10 MPa and 41 J.m-3), the flexural strength and toughness was
increased compared to the CNT inclusion in the system, 1.5% CNT (59 MPa and 218 J.m-3). In addition, after ballistic impact
damage, the flexural properties for the reinforced Carbon-Kevlar® hybrid fabrics laminate with even the highest volume of
CNT (1.5%) exhibited a reduction of the ﬂexural modulus and the maximum ﬂexural stress when the ﬁbre fracture was
increased due to the impact damage, in the range of 0 to 40 degrees analytically examined.
 For future works, it is requisite to accomplish flammability experiments to verify the efficacy of the efficacy in decreasing
the flame extinction duration and the rate of flame propagation, substantiating the possibility of using the reinforced
composite with CNTs in interiors of civil aircraft.
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