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Abstract

Background/Obijectives: This study designed a model that used the sandwich-style notched tensile specimens of the same specifications
by applying to the properties of CFRP, stainless steel, and aluminum, and performed a test simulation.

Methods/Statistical analysis: The study used CATIA design software to perform the 3D modeling of the sandwich-style notched tensile
specimens with the properties of CFRP, a composite material, and stainless steel and aluminum, both ordinary metals, and then,
performed a tensile test simulation.

Findings: By designing the sandwich-style notched tensile specimens of the same specifications and performing a test simulation, we
were able to verify the tensile strength and durability of the specimens for the different materials. This study result showed that unlike the
specimens for the ordinary metals, those specimens with the properties of the composite material of CFRP first showed maximum load
instead of breaking immediately due to the fibers in CFRP, before they resisted displacement in response to the alternately increasing and
decreasing load until it fractured. To be specific, we saw that the CFRP specimens had the more excellent tensile strength and durability.
Improvements/Applications: The data obtained from the studies will serve as the basic data for studies on the composite materials like

CFRP and other various materials.
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1. Introduction

Today, materials meet a gradually widening variety of uses such
as machines, mechanical structures, automobiles, and ships. At the
same time, types of materials are diversifying, which include
single-metal materials, light-weight composite materials which
focus on lightness, and heterogeneous materials that are made of
materials with varied properties. Lately, composite materials,
which are both durable and light, are actively researched and
developed. Among all of them, CFRP (Carbon fiber reinforced
plastic), a composite material that draws attention for its durability
and lightness, is lighter and shows the tensile strength greater than
ordinary metals[1-5]. In this study, for which we took notice of the
composite material of CFRP, we compared and analyzed tensile
strength and durability, performed a simulation analysis by
designing sandwich-style notched tensile specimens that applied
to the properties of CFRP, stainless steel, and aluminum, and
verified the tensile strength and durability of the specimens for the
different materials. Thus, the study is concerned with tensile
strength with the properties of CFRP, a composite material that
draws attention for its excellent durability and lightness, and
stainless steel and aluminum, the widely used metals, and is
designed to acquire the data for future researches on the fracture
characteristics and durability of heterogeneous materials and
various composite materials. We believe that the data obtained
from the specific researches will serve as the basic data for
researches on composite materials like CFRP and other different

materials[6-10].

2. Research Method and Models

In this study, we used CATIA design program to perform the 3D
modeling of sandwich-style notched tensile specimens applied to
the properties of CFRP, a composite material, and stainless steel
and aluminum, both ordinary metals, and then, performed a tensile
test analysis. Figure 1 shows the specifications of tensile
specimens, which are identical as seen in the figure. The
specimens are 15mm wide and 80mm long. The width of the plate
is 0.5mm and that of the core is 1mm. The notches are 2mm wide
and 1mm long. In this study, we wanted to study the tensile
strength of such sandwich-style notched tensile specimens.
Additionally, Table 1 and 2 shows the properties that are applied
to the different sandwich-style notched tensile specimens to
perform a simulation analysis[11,12].
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Figure 1: Dimensions of notched tensile specimen
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Table 1: Material properties (Stainless steel and aluminum) decreasing gradually. However, we saw that owing to the fibers in
Material Stainless steel Aluminum CFRP, the load alternately increased and decreased. Figure 4 and
Density(kg/m3) 7750 2770 Figure5 showed that the maximum deformation and the maximum
Young's Modulus(GPa) 193 71 stress occurring in t.he CFRP-stainless steel core sandwich-style
— notched tensile specimen model were 0.0136mm and 77.31MPa,
Poisson's Ratio 0.31 0.33 .
- respectively.
Yield strength(MPa) 207 280
Ultimate strength(MPa) 586 310 CFRP-stainless steel specimen
Table 2: Material properties (CFRP) 60000 -]
Material CFRP 1
- 50000
Density 1.57kg/m3 . .
Poisson's Ratio(v12) 03 5 400007
Poisson's Ratio(v23) 0.74 3 30000
Tensile Modulus(E1) 132GPa 20000-_
Tensile Modulus(E2) 8.98GPa 10000
Tensile Strength(Xt) 1447MPa 0 -| — T T T T T
- 0 2 4 6 g8 10 12
Tensile St.rength(Yt) 51.72MPa Forced displacement (mm/min)
Compressive Strength(Xc) 1447MPa Figure 3: Graph of load due to forced displacement at tensile analysis
Compressive Strength(Yc) 206.2MPa (CFRP-stainless steel core notched tensile specimen model)

3. Boundary Conditions

Figure2 shows the boundary conditions that were applied to the
different sandwich-style notched tensile specimen models to
perform a tensile test simulation. Here, the boundary conditions
applied to the specimens are identical and are all assumed to be
installed on the tensile tester. First, assuming that a specimen is
fixed in the lower load cell of the tensile tester, we applied a fixed
support to the bottom end of the specimen. Also assuming that the
specimens were being applied by the upper load cell, we
performed the experiment by applying force-displacement of
5mm/min to the top end of the specimen [13,14].

-Z axis Forced
Displacement
S5mm/min

Fixed Support

Figure 2: Boundary conditions of tensile specimen models

4. Simulation Analysis Results

Figure 3 shows in a graph the resulting load values as affected by
displacement, which occurred when we performed the simulation
analysis on the CFRP-stainless steel core sandwich-style notched
tensile specimen model. The analysis showed that with the load-
displacement in progress, the load that occurred in the specimen
model tended to increase gradually, with the load sharply
increasing until the load-displacement reached about 4mm and
slowly increasing until the load-displacement reached about 7mm.
It further showed that when the load-displacement reached about
7mm, the specimen incurred a maximum load of about 65,000N,
and that after the maximum load occurred, the specimen began to
fracture, with the load that applied to the specimen model

A1
Total Deformation

pe: Total Deforrnation
unit: mrm
Tirne: 1

0.013626 Max
0012112
0.010598
0.0000842
0.0075702
0.0060561
0.0045421
0.0030281
0001514
0 Min

Figure 4: Total deformation of CFRP-stainless steel core notched tensile
specimen model

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirne: 1

77.312 Max
62.78
60.249

s1.712
= 43.187
— 34.656
26125
17.593
9.0623
0.52118 Min

Figure 5: Equivalent stress of CFRP-stainless steel core notched tensile
specimen model

Figure 6 shows in a graph the resulting load values as affected by
displacement applied on the CFRP-stainless steel core sandwich-
style notched tensile specimen model. The simulation analysis
showed again that with the load-displacement in progress, the load
that occurred in the specimen model tended to increase gradually,
with the load sharply increasing until the load-displacement
reached about 5mm and slowly increasing until the load-
displacement reached about 6mm. It further showed that when the
load-displacement reached about 6mm, the specimen incurred a
maximum load of about 80,000N, and that from the point of the
maximum load, the specimen began to fracture, with the load that
applied to the specimen model decreasing gradually. However, we
saw that owing to the fibers in CFRP, the load also alternately
increased and decreased. Figure 7 and Figure 8 showed that the
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maximum deformation and the maximum stress occurring in the
CFRP-aluminum core sandwich-style notched tensile specimen

model were 0.0168mm and 95.15MPa, respectively.

| CFRP-aluminum specimen ‘

70000 —
60000 -
50000 —

40000

Load(N)

30000

20000 -

10000+

0 | L — 1 11T 1
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Figure 6: Graph of load due to forced displacement at tensile analysis

(CFRP-aluminum core notched tensile specimen model)

Al
Total Deformation

Type: Total Deforration
Unit: rmrn
Time: 1

0.016771 Max
0.014907
0.013044
001111
0.0093171
0.0074537
0.0055903
0.0037268
0.0018634

0 Min

Figure 7: Total deformation of CFRP-aluminumcore notched tensile
specimen model

Al
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: MPa

Tirne: 1
95.153 Max
84.653
74.153
63.653
53.153
42.653

32,153

21.654

11.154

0.65376 Min

Figure 8: Equivalent stress of CFRP-aluminum core notched tensile
specimen model

Figure 9 shows in a graph the resulting load values as affected by
the displacement applied on the aluminum-stainless steel core
sandwich-style notched tensile specimen model. The simulation
analysis showed that with the load-displacement in progress, the
load that occurred in the specimen model tended to increase
gradually, with the load sharply increasing until the load-
displacement reached about 4mm and slowly along a gentle curve
until the load-displacement reached about 5mm. It further showed
that when the load-displacement reached about 5mm, the
specimen model incurred a maximum load of about 100,000N,
and that after the maximum load occurred, the specimen model
began to fracture, with the load that applied to the specimen model
decreasing gradually. Figure 10 and Figure 11 showed the
deformation and the stress occurring in the aluminum-stainless
steel core sandwich-style notched tensile specimen model, with

the maximum deformation being 0.021mm and the maximum
stress being 118.94MPa, respectively.

‘ Aluminum-stainless steel specimen |

105000
90000

75000

60000

45000

Load(N)

30000

15000

0

T 1 - T - I 11
0 2 4 6 8 10 12
Forced displacement (mm/min)

Figure 9: Graph of load due to forced displacement at tensile analysis
(Aluminum-stainless steel core notched tensile specimen model)

Al

Total Deforrnation

Type: Total Deformation
Unit: rmm

Tirne: 1

0.020964 Max
0.018634
0.016305
0.013976

= 0.011646

4 0.0093171
0.0069878
0.0046586
0.0023293

O Min

Figure 10:.Total deformation of Aluminum-stainless steel core notched
tensile specimen model

Al

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

118.94 Max
105.82
92.691
79.566
el 66.441

+ 53.317
40192
27.067
13.942
0.8172 Min

Figure 11:.Equivalent stress of Aluminum-stainless steel core notched
tensile specimen model

Fig. 12 shows in a graph the resulting load values as affected by
the displacement applied on the stainless steel-aluminum core
sandwich-style notched tensile specimen model. The simulation
analysis showed again that with the load-displacement in progress,
the load that occurred in the specimen model tended to increase
gradually, with the load sharply increasing until the load-
displacement reached about 4mm and slowly increasing until the
load-displacement reached about 5mm. It further showed that
when the load-displacement reached about 5mm, the specimen
model incurred a maximum load of about 115,000N, and that after
the maximum load occurred, the specimen model began to
fracture, with the load that applied to the specimen model
decreasing gradually. Fig. 13 and Fig. 14 showed the deformation
and the stress occurring in the stainless steel-aluminum core
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sandwich-style notched tensile specimen model, with the
maximum deformation being 0.024mm and the maximum stress
being 136.78MPa, respectively.

| Stainless steel-aluminum specimen ‘

120000 -
105000 ]
90000 ]
75000 ]
60000 -.

Load(N)

45000
30000 —
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L e LA B S s s e
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Figure 12:.Graph of load due to forced displacement at tensile analysis
(Stainless steel-aluminum core notched tensile specimen model)

Al

Total Deforrnation
Type: Total Deformation
Unit: mm

Tirme: 1

0.024108 Max
0.021429
0.018751
0.016072

— 0.013393
0.010715
0.008036
0.0053573
0.0026787

0 Min
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Figure 13:.Total deformation of Stainless steel-aluminum core notched
tensile specimen model

A1l

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Timne: 1

136.78 Max
121.69
106.59
91.501
76408
61.314
46.221
31127
16.033
0.93978 Min

Figure 14:.Equivalent stress ofStainless steel-aluminum core notched
tensile specimen model

5. Comparison of Analysis Results and

Discussion

Table3 shows specific comparison results of simulation analyses
of the different sandwich-style notched tensile specimen models.
To compare the different specimen models, CFRP-stainless steel
core sandwich-style notched tensile specimen model showed the

maximum load of about 65,000N when the displacement reached
about 7mm, and CFRP-aluminum core sandwich-style notched
tensile specimen model registered the maximum load of about
80,000N when the displacement reached about 6mm. Moreover,
we saw that aluminum-stainless steel core sandwich-style notched
tensile specimen model showed the maximum load of about
100,000N when the displacement reached about 5mm, and
stainless steel-aluminum core sandwich-style notched tensile
specimen model showed the maximum load of about 115,000N
when the displacement reached about 5mm. Meanwhile, the
deformation and the stress for CFRP-stainless steel core sandwich-
style notched tensile specimen model were about 0.0136mm and
about 77.31MPa and the deformation and the stress for CFRP-
aluminum core sandwich-style notched tensile specimen model
were about 0.0168mm and about 95.15MPa, while the
deformation and the stress for aluminum-stainless steel core
sandwich-style notched tensile specimen model were about
0.021mm and about 118.94MPa. Lastly, the deformation and the
stress for stainless steel-aluminum core sandwich-style notched
tensile specimen model were about 0.024mm and about
136.78MPa. This study is thus concerned with tensile strength as
shown in CFRP among other composite materials, which draws
attention for its excellent durability and lightness, and stainless
steel and aluminum, which are widely used metals, and is
designed to acquire data with a view for future studies on the
fracture and durability of heterogeneous and various composite
materials. The data obtained from the studies can be utilized as the
basic data for studies on the composite materials like CFRP and
other various materials.

Table 3: Comparison analysis results of specimen models

. Maximum .

e equivalent stress Rl

deformation (mm) (l?/lPa) Load (N)
CFRP-Stainless 0.0136 \ 77.31 65,000
CFRP-aluminum | 0.0168 \ 95.15 80,000
Ll 0.021 118.94 100,000
stainless steel
Stainless steel- | ) 136.78 115,000
Aluminum

6. Conclusions

In this study, we designed sandwich-style notched tensile
specimen models that applied to the properties of CFRP, stainless
steel, and aluminum and performed a simulation analysis, reaching
the following conclusions.

By designing the sandwich-style notched tensile specimen models
of the same specifications and performing a simulation analysis,
we were able to verify the tensile strength and durability of the
specimen models for the different materials.

CFRP-stainless steel core sandwich-style notched tensile specimen
model showed the maximum load of about 65,000N when the
displacement reached about 7mm, and CFRP-aluminum core
sandwich-style notched tensile specimen model showed the
maximum load of about 80,000N when the displacement reached
about 6mm. Aluminum-stainless steel core sandwich-style
notched tensile specimen model showed the maximum load of
about 100,000N when the displacement reached about 5mm, and
stainless steel-aluminum core sandwich-style notched tensile
specimen model registered the maximum load of about 115,000N
when the displacement reached about 5mm. Meanwhile, the
deformation and the stress for CFRP-stainless steel core sandwich-
style notched tensile specimen model were about 0.0136mm and
about 77.31MPa and the deformation and the stress for CFRP-
aluminum core sandwich-style notched tensile specimen model
were about 0.0168mm and about 95.15MPa, the deformation and
the stress for aluminum-stainless steel core sandwich-style
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notched tensile specimen model were about 0.021mm and about
118.94MPa, while the deformation and the stress for Stainless
steel-aluminum core sandwich-style notched tensile specimen
model were about 0.024mm and about 136.78MPa,

The analysis showed that unlike the specimen models for the
ordinary metals, those specimen models with the properties of the
composite material of CFRP first showed the maximum load
instead of breaking immediately due to the fibers in CFRP, before
they resisted the displacement in response to the alternately
increasing and decreasing load until it fractured. To be specific,
we saw that the CFRP specimen models had the more excellent
tensile strength and durability.

This study is thus concerned with tensile strength as shown in
CFRP among other composite materials, which draws attention for
its excellent durability and lightness, and stainless steel and
aluminum, which are widely used metals, and is designed to
acquire data with a view to future studies on the fracture and
durability of heterogeneous and various composite materials. The
data obtained from the studies can be utilized as the basic data for
studies on the composite materials like CFRP and other various
materials.
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