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A drop weight impact test was conducted in this study to analyze the mechanical and thermal
properties caused by the changes in the ratio of carbon fiber reinforced plastic (CFRP) to ethylene vinyl acetate (EVA) laminations. The ratios of CFRP to EVA were changed from 10:0
(pure CFRP) to 9:1, 8:2, 6:4, and 5:5 by manufacturing five different types of samples, and
at the same time, the mechanical/thermal properties were analyzed with thermo-graphic images. As the ratio of the CFRP lamination was increased, in which the energy absorbance is
dispersed by the fibers, it was more likely for the brittle failure mode to occur. In the cases of
Type 3 through Type 5, in which the role of the EVA sheet is more prominent because it absorbs the impact energy rather than dispersing it, a clear form of puncture failure mode was
observed. Based on the above results, it was found that all the observation values decreased
as the EVA lamination increased compared with the CFRP lamination. The EVA lamination
was thus found to have a very important role in reducing the impact. However, the strain and
temperature were inversely propositional.
Key words: carbon fiber reinforced plastic, drop-weight impact test, infrared camera, energy
absorption, impact resistance
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Carbon fibers have a low density, high elasticity, low thermal expansion coefficient, and high
electric-thermal conductivity as well as chemical stability and mechanical properties that include
a vibration attenuation capacity, creep resistance, fatigue property, corrosion property, and friction-abrasion property, not to mention they are lightweight and biocompatible [1]. Because of
those features, carbon fibers are expanding their scope beyond existing materials in the fields of
space-aeronautics, transportation including ships, automobiles, and trains, and structural materials including storage tanks and line pipes. Carbon fiber composite materials have advantages in
their strength and weight as well as in their mechanical and chemical properties. However, they
are vulnerable to impact because of their matrix material which is an epoxy resin. When a composite material is applied to airplanes, a sandwich skin, or automobile panels, protective coatings
are needed to reinforce the composite material protecting it from vulnerabilities to impacts because it is possible for the composite material to be easily exposed to high-low speed impact loads
such as external impacts [2]. Ethylene vinyl acetate (EVA) is one type of polyolefin type resin
produced with a high pressure method polyethylene polymerization apparatus, and when compared with the other type of polyethylene (PE) resin, it has excellent flexibility, perfect elasticity
and very similar properties as rubber. Therefore, it is used in a wide range of areas. Especially,
when using crosslinking with EVA foam molding, the kneading and formability with a foaming
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agent, a cross-linking agent and other additives are excellent. The
EVA foaming agent forms a fine uniform closed cell structure. It is
uncolored and lighter than rubber, and secondary molding is easier.
Thus, the use of EVA foam molding has expanded. The weight
average, molecular weight and relative index using the melt index
depend on the content of the VA. A material that uses EVA has different physical properties. Therefore, commercially, there are many
different kinds of sold EVA resins [3].
One of the common ways to measure the toughness of a material is to measure the energy required to break the material. Generally, to determine the impact property of an isotropic material, the
Izod and Charpy impact tests are used. These methods provide
information such as the notch effect and the brittleness-ductility
transition temperature of a material. Because the Charpy and Izod
methods provide useful information for different types of materials, they can be used when testing metals or polymers which are
isotropic and homogeneous. However, composite materials have
a complex failure mode; thus, those tests can only provide limited
information. Composite materials have different ways to absorb
energy depending on their failure mode. The failure mode is influenced by the orientation of fibers, the shape of the sample, the
collision speed, and so forth. The drop weight impact test is the
most commonly used impact test for composite materials [4].
Because this method is influenced by the structure of a material
and its surroundings as well as the form and frequency of the impact
when applied to a macromolecular material, it does not give clear
results in terms of dynamics. Unlike existing impact tests which assess the impact energy required to simply break a material, the drop
weight impact test can analyze the relationship between the impact
resistance and time during the dropped weight impact and is useful
to analyze even materials with peculiar failure behaviors. The failure
modes observed in the drop weight impact test of a macromolecular
material can be classified into three modes: puncture failure mode,
crack failure mode, and brittle failure mode. The puncture failure
mode (P-mode) refers to a complete penetration in which the diameter of the damaged portion is almost similar to that of the weight impact. Polycarbonate and polyethylene show such a failure behavior.

Generally, the failure behavior of the P-mode has great displacement
during the failure, and the impact absorbance energy is also great.
The crack failure mode (C-mode) is a mode of failure which can be
seen in polypropylene and propylene-ethylene copolymers. Around
the spot where the weight impacts, a deformation observed by whitening is created, and a crack occurs around the portion above the
spot, thus plucking the plate-like sample. In this case, the displacement and impact absorbance energy during the failure of the sample
is not greater than that of the P-mode. The brittle failure mode (Bmode) is a failure mode in which the crack is radially spread from
the center of the sample and is observed in the case of polystyrene.
The impact absorbance energy is extremely low in the B-mode [5].
Impacts on laminated composite materials cause indentations, matrix cracks, damage to the fiber matrix, delamination, and substantially damage which accompanies fiber damage with greater impact
energy. Additionally, internal matrix cracks can occur even when
superficial damage is not observed on the surface. Therefore, when
using a carbon composite material in an actual structure, the risk of
failure caused by a weight load should also be considered carefully.
In this study, a dropping impact tester and thermo-graphic
camera were used to study a carbon fiber composite material
with excellent mechanical and thermal properties by analyzing
the time-impact energy and impact energy-thermal properties of
the sample as well as the failure modes. To this end, an EVA
sheet, which has excellent flexibility and elasticity, was laminated inside a carbon fiber composite material with five different
carbon fiber reinforced plastic (CFRP) to EVA ratios (10:0, 9:1,
8:2, 6:4, and 5:5) to produce five different samples for testing.

2. Experimental
2.1. Sample preparation
Samples used in this study were made by hot-press molding
WSN-3K (prepreg carbon fiber; SK Chemicals, Korea) and an
EVA sheet (Hwaseung Industry, Korea). The fabrication proce-

Fig. 1. Carbon fiber reinforced plastic/ethylene vinyl acetate (CFRP/EVA) lamination process. (a) Prepreg, (b) prepreg of EVA laminated, (c) make guide, (d)
coating the release film, and (e) hot-press molding.
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dure for the samples is shown in Fig. 1, and the molding condition following the curing cycle is shown in Fig. 2. The charac-

Fig. 3. Schematic illustration of the impact test specimen.
teristics of the prepreg carbon fiber and EVA sheet are shown
in Table 1 [6] and Table 2 [7]. To obtain accurate results, the
laminations were done in five different ways. Each lamination
method is shown in Table 3. Standards for the samples are in
accordance with American Society for Testing and Materials
(ASTM) D 7136 shown in Fig. 3.

Fig. 2. Curing cycle of the carbon fiber reinforced plastic/ethylene vinyl

2.2. Drop weight impact test

acetate (CFRP/EVA) lamination method.

The impact test was conducted in accordance with the standard of ASTM D7136 [8] for the selection of the test condi-

Table 1. Chemical composition of the WSN-3K prepreg composite [6]

Thickness
(mm)

Fiber areal
weight (g/m2)

Resin content
(%)

Total weight
(g/m2)

0.227

240

41

336

Table 2. Mechanical properties of the EVA sheet [7]
Property

Value

VA content (%)

33

Weight (g/10m3)

0.96

Tensile strength (kg/cm2)

85

Elongation (%)

800
2

Tensile modulus (kg/cm )

900

Hardness

60

Softening point (Vicat, °C)

Below 40

Thickness (mm)

0.45

Fig. 4. Experimental system for the drop-weight impact tests.

EVA, ethylene vinyl acetate.

Table 3. Arrangement methods for the lamination types
Type
1

2

3

4

5

CFRP(24)

CFRP(7) + EVA(1) + CFRP(6) +
EVA(1) + CFRP(7)

CFRP(3) + EVA(1) + CFRP(3) +
EVA(1) + CFRP(4) + EVA(1) +
CFRP(3) + EVA(1) + CFRP(3)

CFRP(2) + EVA(1) + CFRP(2)
+ EVA(1) + CFRP(2) + EVA(1)
+ CFRP(3) + EVA(1) + CFRP(2)
+ EVA(1) + CFRP(2) + EVA(1) +
CFRP(2)

CFRP(2) + EVA(2) + CFRP(1) +
EVA(2) + CFRP(2) + EVA(2) +
CFRP(1) + EVA(2) + CFRP(2)

CFRP, carbon fiber reinforced plastic; EVA, ethylene vinyl acetate.
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Table 4. Experiment conditions for the drop-weight impact test
Impact
velocity (m/s)

Drop weight
(kg)

Impact-weight
energy (J)

Test height
(m)

3.94

5.219

40

0.83

tions, and test jigs in Fig. 4. The test was conducted for three
samples with five different types of laminations (Table 3). The
test conditions are as shown in Table 4. Moreover, to analyze the
thermal behavior of the samples during the impact test, a thermos-graphic camera was installed to capture images. Depending
on the properties of the samples from Type 1 through Type 5,
an analysis was conducted for the range of temperature, which
can differ by the ratio and arrangement of the prepreg and EVA
resin. Through the experimental conditions below, the absorbed
energy in the laminated layer of the composite material, caused
by the impact during the impact test, was assumed to be identical
to the energy loss of the impact body. The process for obtaining
the impact energy of the lamination layer of the composite material is shown in the eq 1 below.
(1)
Ei = measured impact energy [J]
m = impact of weight [kg]
vi = impact speed [m/s]
Equation 2 describes the energy absorbed.
(2)
Ea = impact energy
g = gravity [9.87m/s2]
d = impact displacement [m]

Fig. 5.

Results of the drop-weight impact test for Type 1. (a) Relationship between the load and energy as a function of time. (b) Load and
displacement curve.

3. Results and Discussion
The impact test was conducted with three samples for each
lamination type. For each sample, the impact load, impact energy, maximum temperature, energy absorption, and impact resistance were derived and analyzed [9,10]. Fig. 5 shows the result
of the impact test for Type 1 and a picture obtained by the thermo-graphic camera. Table 5 presents the results of the test. The
results of the impact test for Type 1 were as follows: impact load
6.98 kN; impact energy 40.98 J; energy absorption 29.87 kN·ms;

and impact resistance 8.99 J/mm. The maximum temperature of
the sample was 53.99°C observed by the thermo-graphic camera
during the impact test, and the impact energy curve decreased
after reaching the maximum value. The load-displacement curve
showed a decreasing displacement after reaching the maximum
displacement. It can be inferred that the absorbed energy of the
sample was delivered back to the weight due to the elasticity of

Table 5. Results of the drop-weight impact test for Type 1
Sample

Impact load (kN)

Impact energy (J)

Max temperature (°C)

Energy absorption (kN·ms)

Impact resistance (J/mm)

1

6.67

40.99

57.41

29.66

5.22

2

7.52

40.89

49.56

29.84

5.34

3

6.75

41.07

54.99

30.10

5.26

Average

6.98

40.98

53.99

29.87

5.27

Standard deviation

0.38

0.07

3.28

0.18

0.05

Max, maximum.
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the sample instead.
Fig. 6 shows the impact test results and thermo-graphic image
of the Type 2 samples while Table 6 lists the results. The mean
values for the Type 2 test samples were as follows: impact load
4.58 kN; impact energy 41.09 J; energy absorption 30.13 kN·ms;
and impact resistance 5.47 J/mm. The maximum temperature

observed by the thermo-graphic camera during the impact test
was 46.03°C, and the impact energy curve decreased after reaching the peak similar to the case of Type 1. Additionally, like the
Type 1 case, the load-displacement curve showed a decreasing
displacement after reaching the maximum displacement. The
absorbed energy of the sample was delivered back to the weight,
due to the elasticity of the sample instead.

Fig. 6.

Fig. 7.

Results of the drop-weight impact test for Type 2. (a) Relationship between the load and energy as a function of time. (b) Load and
displacement curve.

Results of the drop-weight impact test for Type 3. (a) Relationship between the load and energy as a function of time. (b) Load and
displacement curve.

Table 6. Results of the drop-weight impact test for Type 2
Sample

Impact load (kN)

Impact energy (J)

Max temperature (°C)

Energy absorption (kN·ms)

Impact resistance (J/mm)

1

4.66

40.86

48.53

30.20

3.37

2

4.53

41.24

44.18

29.99

3.31

3

4.54

41.16

45.39

30.19

3.30

Average

4.58

41.09

46.03

30.13

3.33

Standard deviation

0.06

0.16

1.84

0.10

0.03

Max, maximum.
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Table 7. Results of the drop-weight impact test of Type 3
Sample

Impact load (kN)

Impact energy (J)

Max temperature (°C)

Energy absorption (kN·ms)

Impact resistance (J/mm)

1

4.01

40.82

43.66

18.72

2.18

2

4.39

40.93

49.33

19.12

2.26

3

4.27

41.03

41.01

18.75

2.16

Average

4.22

40.93

44.67

18.86

2.20

Standard deviation

0.16

0.09

3.47

0.18

0.04

Max, maximum.

Table 8. Results of the drop-weight impact test for Type 4
Sample

Impact load (kN)

Impact energy (J)

Max temperature (°C)

Energy absorption (kN·ms)

Impact resistance (J/mm)

1

4.11

36.84

40.23

14.01

1.53

2

4.51

36.85

39.16

13.98

1.57

3

4.16

37.15

42.63

14.33

1.66

Average

4.26

36.95

40.67

14.11

1.59

Standard deviation

0.18

0.15

1.45

0.16

0.06

Max, maximum.

Fig. 7 shows the impact test results and thermo-graphic image
of the Type 3 samples while Table 7 lists the results. The mean
values for the Type 3 test samples were as follows: impact load
4.22 kN; impact energy 40.93 J; energy absorption 18.86 kN·ms;
and impact resistance 2.47 J/mm. The maximum temperature
observed by the thermo-graphic camera during the impact test
was 44.67°C. Unlike the cases for Types 1 and 2, the temperature of the impact energy curve increased until the end point of
the test. In the case of Type 3, the load-displacement curve also
showed an increasing displacement toward the end of the test.
This shows that the sample absorbed all the energy due to the
EVA lamination and that the EVA sheet had a profound role in
cushioning the impact.
Fig. 8 shows the impact test results and thermo-graphic image
of the Type 4 samples while Table 8 lists the results. The mean
values for the Type 4 test samples were as follows: impact load
4.26 kN; impact energy 36.95 J; energy absorption 14.11 kN·ms;
and impact resistance 2.15 J/mm. The maximum temperature
observed by the thermo-graphic camera during the impact test
was 40.67°C. Additionally, similar to the Type 3 case, the impact
energy curve increased until the end point of the test. In the Type
4 case, the displacement also increased until the end of the test.
This shows that the sample absorbed all the energy due to the
EVA lamination and that the EVA sheet had a profound role in
cushioning the impact.
Fig. 9 shows the impact test results and thermo-graphic image
of the Type 5 samples while Table 9 lists the results. The mean
values for the Type 5 test samples were as follows: impact load
3.14 kN; impact energy 32.62 J; energy absorption 11.36 kN·ms;
and impact resistance 1.59 J/mm. The maximum temperature
observed by the thermo-graphic camera during the impact test
was 38.34°C. Additionally, similar to the Type 3 case, the impact
energy curve increased until the end point of the test. In the Type
5 case, the displacement also increased until the end of the test.
This shows that the sample absorbed all the energy due to the
EVA lamination and that the EVA sheet had a profound role in
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Fig. 8.

Results of the drop-weight impact test for Type 4. (a) Relationship between the load and energy as a function of time. (b) Load and
displacement curve.
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cushioning the impact.
Fig. 10 shows the thermo-graphic images which explain
how the heat is generated during the failure and how the heat is
distributed. The brittle failure mode and puncture failure mode
were observed as the failure modes in the five different types.
In the case of Type 1, which was laminated with pure CFRP,
the thermal distribution took the form of the brittle failure mode
along the direction of the fiber. However, when CFRP and EVA

were laminated at a ratio of 9:1 in the case of Type 2, as in the
case of Type 1, although both the brittle failure mode and puncture failure mode occurred simultaneously, the brittle failure
mode seems to be dominant due to the high ratio of CFRP. Fig.
11 shows the images of the specimens made with laminated
methods from the drop-weight impact tests.
The other cases from Type 3 to Type 5 showed heat and failure as well as the dominance of the puncture failure mode due
to the increased amount of EVA lamination when compared to
the Type 2 case. In the Type 1 and Type 2 cases, for which the
brittle failure mode was dominant, the number of CFRP laminations was greater than the EVA laminations. In other words, the
higher the ratio of the CFRP lamination is, in which the energy
absorbance is dispersed by the fibers, the more likely the brittle
failure mode occurs. In the Type 3 through Type 5 cases, the
increase in the amount of the EVA sheets, which absorbs the impact energy rather than dispersing it, clearly shows the puncture
failure mode.
Figs. 12-15 and Table 10 show the results of the drop weight
impact test for the five different sample types. Type 1 represents
samples laminated with pure CFRP, Type 2 with CFRP and EVA
at a ratio of 9:1, Type 3 with a ratio of 8:2, Type 4 with a ratio of
6:4, and Type 5 with a ratio of 5:5.
Fig. 12 shows a graph which comparatively analyzes the
maximum temperature and impact resistance for each type. As
the number of CFRP lamination layers decreased and simultaneously the number of EVA lamination layers increased, the
maximum temperature and impact resistance decreased. It was
confirmed that the number of CFRP laminations greatly influenced the failure resistance. As the number of EVA laminations
increased, the impact resistance became poor, while the maximum temperature also decreased in proportion to the failure
resistance.
Fig. 13 shows a comparison between the energy absorption
and impact resistance for each sample type. The graph shows
that the energy absorption and impact resistance are proportional to the impact resistance. Although Type 1 which is laminated
with pure CFRP showed the highest value, the value decreased
as the ratio of CFRP laminations to EVA laminations became
identical. Fig. 14 shows a graph comparing the impact load and
impact energy for each sample type. Similar to the above results,
the values decreased from Type 1 to Type 5. Although the impact
energy of Type 2 for which the CFRP to EVA ratio was 8:2 was
identical to that of Type 1 which was laminated with pure CFRP,
the strength rapidly decreased as the number of EVA laminations
increased.

Fig. 9. Results of the drop-weight impact test for Type 5. (a) Relationship between the load and energy as a function of time. (b) Load and
displacement curve.

Table 9. Results of the drop-weight impact test for Type 5
Sample

Impact load (kN)

Impact energy (J)

Max temperature (°C)

Energy absorption (kN·ms)

Impact resistance (J/mm)

1

3.06

32.17

38.80

11.14

1.16

2

3.18

34.16

38.16

12.20

1.32

3

3.19

31.52

38.06

10.73

1.12

Average

3.14

32.62

38.34

11.36

1.20

Standard deviation

0.06

1.12

0.33

0.62

0.09

Max, maximum.
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Fig. 10. Infrared thermograph images of the specimens with the different lamination methods from the drop-weight impact tests. (a) Type 1, (b) Type 2, (c)
Type 3, (d) Type 4, (e) Type 5.

Fig. 11. Images of the specimens with the different lamination methods from the drop-weight impact tests. (a) Type 1, (b) Type 2, (c) Type 3, (d) Type 4, (e)
Type 5.
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Fig. 12. Correlation between the maximum (max) temperature and im-

Fig. 14.

Fig. 13.

Fig. 15. Correlation between the maximum temperature and strain for

Correlation between the impact load and impact energy for
the five lamination methods.

pact resistance for the five lamination methods.

Correlation between the energy absorption and impact resistance for the five lamination methods.

the five lamination methods.

Table 10. Results of the drop-weight impact tests
Type

Impact load
(kN)

Impact energy
(J)

Strain
(mm/mm)

Energy absorption
(kN·ms)

Impact resistance
(J/mm)

Max temperature
(°C)

1

6.98

40.98

1.62

29.87

8.99

53.99

2

4.58

41.09

2.59

30.13

5.47

46.03

3

4.22

40.93

4.33

18.86

2.47

44.67

4

4.26

36.95

5.42

14.11

2.15

40.67

5

3.14

32.62

6.65

11.36

1.59

38.34

Max, maximum.

4. Conclusions

Based on the above results, it was found that all the observed values decreased with an increase in the EVA lamination compared to the CFRP lamination alone. The EVA
lamination was thus found to have a very important role in
reducing the damage caused by impacts. However, Fig. 15
shows that the strain and temperature are inversely proportional.

Drop weight impact tests were conducted in this study to
analyze the mechanical and thermal properties caused by the
changes in the ratio of CFRP to EVA laminations. The CFRP
to EVA ratios were changed from 10:0 (pure CFRP) to 9:1, 8:2,
6:4, and 5:5 by manufacturing five different types of samples,
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and at the same time, the mechanical/thermal properties were
analyzed with thermo-graphic images.
First, the results of the load-displacement curve show two
tendencies. Types 1 and 2, for which CFRP is the major lamination source, show decreasing temperature and displacement after reaching their peaks. However, Types 3 through
5 show an increase in temperature and displacement until the
end point of the test. Because the absorbed energy is transformed into the elastic force by CFRP which has a high elastic modulus in Types 1 and 2, part of the absorbed energy is
delivered back to the weight, and this causes the displacement to decrease. Types 3 through 5 with a high ratio of EVA
lamination, which absorbs the impact energy well, had different results.
Second, the thermo-graphic image during the impact test also
shows two different types of thermal distributions. Type 1 and
Type 2 showed the brittle failure mode while Types 3 through 5
showed the puncture failure mode. CFRP lamination was dominant in Types 1, and 2, in which the thermal distribution showed
the brittle failure mode. The impact energy was dispersed by
the fibers of the CFRP which caused the brittle failure mode. In
Types 3 through 5, EVA, which has a high impact absorbance
rate, greatly influenced the absorbance of the impact energy;
therefore, the thermal distribution and failure took the form of
the puncture failure mode.
Third, the impact load and energy were higher in Type 1,
which was laminated with pure CFRP, than in all the other types.
However, the strain was relatively lower in Type 1 than in all the
other types. This result occurred as the number of EVA laminations increased. Because EVA has a higher impact energy absorption capability than that of CFRP, it is better in cushioning
the impact energy. This causes the impact energy to be allocated
more to the increase in the displacement.
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