
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

                                                                                                       ISSN: 2278-3075, Volume-8 Issue-8S2, June 2019 

1045 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: H11780688S219/19©BEIESP 

 

 

Abstract: In this study, the sandwich-style notched tensile 

specimens were designed with the same specifications by 

applying to the properties of CFRP, stainless steel, aluminum 

and brass and then the simulation analyses were carried out. 

CATIA design software was used to perform the 3D modeling of 

the sandwich-style notched tensile specimens. And then, the 

simulation analyses using ANSYS as the finite element analysis 

program were performed with the properties of CFRP, stainless 

steel, aluminum and brass. So, the strength characteristic of the 

sandwich-style notched tensile specimens could be predicted.  

Combining the study results, the stainless steel-CFRP 

specimen model was commonly shown to be the best in all results 

including strain, equivalent stress, and strain energy so that it 

can be affirmed that the model has a good capability to resist 

external forces such as tensile loads and that the structural 

stability is accordingly superior compared with other specimen 

models. CFRP is considered to be a material that not only has an 

outstanding capability to resist external forces but also can 

greatly contribute to the reinforcement of durability and strength 

characteristics when it is used as an inhomogeneous material 

together with other materials. In addition, while it was shown to 

be capable of contributing to the improvement of durability 

through the reduction of stresses when arranged with holes 

drilled inside the material, it could be affirmed that finding the 

optimum position for arrangement of holes rather than the 

number of holes was the best method for the  purpose of this 

study. 

Through the results of this study are considered utilizable as 

basic data in a study on the materials having defects along with 

cracks inside and in the design of mechanical structures. 

 

Keywords: Notched tensile specimen, Holes, Material, 

Simulation analysis, Strength characteristics 

I. INTRODUCTION 

Materials are most basic in production of diversified 

machines and mechanical structures, and are widely used in 

quite diversified areas. The outstanding durability or 

strength was seen to be more important than other parts in 

the past.  The light weight and bonding technique are being 

noted recently as important items for a material as not only 
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the durability and strength but also the economical efficiency 

of diversified machine and mechanical structures, because 

the increase of fuel efficiency of a vehicle emerged as an 

important item. Therefore, various studies to satisfy such 

conditions and developments of new materials are being 

realized. However, the fracture of mechanical structures 

occurs quite frequently despite the production of machines 

and mechanical structures using new materials having more 

advanced durability and strength characteristics than the 

existing materials. Namely, the fracture can be seen to occur 

at the situations producing the stress lower than the original 

yield strength of the material in use. Such a fracture is 

produced either inside the material constituting the 

mechanical structure or by existing cracks, where such 

cracks cause stress concentration in not only the existing 

materials but also new materials, eventually inducing 

deformation and fracture of the mechanical structure even at 

low stress environments. Based on this phenomenon, an 

attempt was made in this study to investigate durability and 

strength characteristics of a material having cracks and 

defects, and the tensile simulation analysis was performed by 

designing notched tensile specimens of inhomogeneous 

material having cracks inside and number of holes as 

variables, using material property values of stainless steel, 

aluminum, brass, and CFRP. Through the results of this 

study, the durability and strength characteristics for each 

tensile specimen model of inhomogeneous material could be 

investigated, and these results are considered utilizable as 

basic data at the durability study of the materials having 

defects or cracks inside and at the design of mechanical 

structures [1]-[10].  

II. RESERCH METHOD AND MODELS 

A. Analysis Models 

In this study, the notched tensile specimen models having 

cracks inside were designed with number of holes, and 

material as variables as shown in Fig. 1 to perform a tensile 

analysis study, and the notched tensile specimen models used 

in the simulation analysis is as shown in the figures as 

number of holes. All specifications for the individual 

specimen models excluding existence or non-existence and 

number of holes are 

identical, with an 

approximate specification of 

15mm in width of the 
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specimen model, 80mm in height, and 4mm in thickness 

[11]-[17]. 

 
Fig. 1 Analysis models 

B. Boundary Conditions 

Fig. 2 shows the boundary conditions applied to notched 

tensile specimens per condition in order to perform the 

simulation tensile analysis study. All boundary conditions 

applied to individual notched tensile specimen models are 

same. The analysis study was performed where the situations 

with specimen models being mounted to the tensile tester 

were assumed and the fixed support conditions were first set 

by being granted to the lower part of specimen models while 

force conditions were granted to the upper part and the 

tensile load was applied at the force of 2kN [18]-[22]. 

Material property values for individual specimen models 

used in this study are as shown in Table 1 and Table 2. 

 

 
Fig. 2 Boundary conditions of tensile specimen models 

 

Table 1: Material properties(Stainless steel, aluminum 

and brass) 

Material 
Stainless 

steel 

Aluminum Brass 

Density(kg/m3) 7750 2770 8300 

Young's 

Modulus(GPa) 
193 

71 110 

Poisson's Ratio 0.31 0.33 0.34 

Yield 

strength(MPa) 
207 

280 280 

Ultimate 

strength(MPa) 
586 

310 430 

 

 

 

Table 2: Material properties(CFRP) 

Material CFRP 

Density 
1.57kg/m

3 

Poisson's Ratio(ν 12) 0.3 

Poisson's Ratio(ν 23) 0.74 

Tensile Modulus(E1) 132GPa 

Tensile Modulus(E2) 8.98GPa 

Tensile Strength(Xt) 1447MPa 

Tensile Strength(Yt) 
51.72MP

a 

Compressive Strength(Xc) 1447MPa 

Compressive Strength(Yc) 
206.2MP

a 

III. RESULT OF ANALYSIS 

A. Deformation of Tensile Specimen Models Having No 

Holes 

As shown by Fig. 3, the strain results of notched tensile 

specimen models having no hole according to material by 

performing the simulation analysis study are shown. First, 

the maximum strain of about 0.0215mm can be affirmed to 

have occurred in case of the stainless steel-aluminum tensile 

specimen model, where the maximum strain can be affirmed 

to have occurred in the upper part of the relevant specimen 

model. The maximum strain for the stainless steel-brass 

tensile specimen model is shown to be about 0.0185mm, and 

similarly, the maximum strain is shown to have occurred in 

the upper part of the specimen model. Lastly, the maximum 

strain for the stainless steel-CFRP tensile specimen model is 

shown to have occurred as about 0.0130mm, and the 

maximum strain is also shown to occur in the upper part of 

the specimen model. When the derived results were mutually 

compared, the maximum strain commonly tended to occur at 

the upper part of the specimen model in all cases of three 

specimen models, with the stainless steel-aluminum 

specimen model shown to be most vulnerable to tensile loads. 
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(a) Stainless steel-aluminum specimen model 

 
(b) Stainless steel-brass specimen model 

 
(c) Stainless steel-CFRP specimen model 

Fig. 3 Total deformations of notch tensile specimen 

models(no holes) 

B. Equivalent Stress of Tensile Specimen Models 

Having No Holes 

Fig. 4 shows the contour of equivalent stresses at each of 

notched tensile specimen models having no hole by 

performing the simulation analysis study. The maximum 

equivalent stress produced in the stainless steel-aluminum 

tensile specimen model was shown to be about 126.65MPa, 

and it can be affirmed that the high equivalent stress 

distribution together with the maximum stress is observed at 

the crack part and the notch part of the relevant specimen. 

Then, the maximum equivalent stress produced in the 

stainless steel-brass tensile specimen model was shown to be 

about 110.56MPa, and similarly, the maximum equivalent 

stress as well as the high stress distribution were observed in 

the crack part and the notch part. In case of the stainless 

steel-CFRP tensile specimen model, the maximum stress 

produced in the specimen model was shown to be about 

77.39MPa, and the high equivalent stresses together with the 

maximum equivalent stress were produced at the crack part 

and the notch part in a similar way to the two other specimen 

models. When the derived results were mutually compared, it 

can be affirmed that the ranges of distribution of high 

equivalent stresses including the maximum equivalent stress 

were observed to be similar for all three types of specimen 

models. In a similar way to the comparison of strains, the 

maximum equivalent stress resisting tensile loads was shown 

to be the smallest in case of the stainless steel-aluminum 

tensile specimen model so that the model could be affirmed to 

be most vulnerable among the three types of specimen 

models. On the other hand, in case of the stainless 

steel-CFRP tensile specimen model, the maximum 

equivalent stress was shown to be the lowest compared with 

other specimen models so that the capability to resist external 

forces could be affirmed to be the best. 

 

 
(a) Stainless steel-aluminum specimen model 

 
(b) Stainless steel-brass specimen model 

 
(c) Stainless steel-CFRP specimen model 

Fig. 4 Equivalent stresses of notch tensile specimen 

models(no holes) 
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C. Strain Energy of Tensile Specimen Models Having 

No Holes 

Fig. 5 shows the contour of strain energy of individual 

notched tensile specimen models having no hole after 

performing the simulation analysis study. In case of the 

stainless steel-aluminum notched specimen model, the 

maximum strain energy was shown to be about 0.0358mJ, 

and can be affirmed to occur at the crack part and the notch 

part of the specimen model. It can be affirmed that the 

maximum strain energy for the stainless steel-brass tensile 

specimen model is shown to be about 0.0272 mJ, also 

showing occurrence at the crack part and the notch part of the 

specimen model. Lastly, it can be affirmed that the maximum 

strain energy for the stainless steel-CFRP tensile specimen 

model is observed to be about 0.0133mJ, In a similar way to 

the other two types of specimen models, its occurrence at the 

crack part and the notch part of the specimen model could be 

affirmed. When the results were mutually compared, the 

maximum strain energy causing deformation of the object for 

tensile loads was observed to be the largest in case of the 

stainless steel- aluminum tensile specimen model so that the 

model could be affirmed to be most vulnerable among three 

types of specimen models. On the contrary, the maximum 

strain energy was shown to be the lowest compared with 

other specimen models in case of the stainless steel-CFRP 

tensile specimen model so that the model could be seen to 

have the most outstanding structural stability. 

 

 
(a) Stainless steel-aluminum specimen model 

 
(b) Stainless steel-brass specimen model 

 
(c) Stainless steel-CFRP specimen model 

Fig. 5 Strain energies of notch tensile specimen models(no 

holes) 

D. Deformation of Tensile Specimen Models Having 

Two Holes 

Fig. 6 shows strain results for the notched tensile specimen 

model having two holes around the inside crack according to 

material by performing the simulation analysis study. First, 

in case of the stainless steel-aluminum tensile specimen 

model, it could be affirmed that the maximum strain was 

observed to be about 0.0152mm, occurring at the upper part 

of the relevant specimen model. Then, the maximum strain 

for the stainless steel-brass tensile specimen model was 

shown to be about 0.0131mm, and its occurrence in the upper 

part of the specimen model can be affirmed similarly. Lastly, 

the maximum strain of the stainless steel-CFRP tensile 

specimen model can be affirmed to be about 0.0099mm, 

which is also shown to have occurred at the upper part of the 

specimen model. When the derived results were mutually 

compared, all of three types of specimen models commonly 

showed the trend that the maximum strain occurred in the 

upper part of the specimen model, and the stainless 

steel-aluminum tensile specimen model was shown to be 

most vulnerable to tensile loads. Also, the reduction of strain 

can be investigated although it is a small amount compared 

with the specimen models having no holes. 

 

 
(a) Stainless steel-aluminum specimen model 
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(b) Stainless steel-brass specimen model 

 
(c) Stainless steel-CFRP specimen model 

Fig. 6 Total deformations of notch tensile specimen 

models(two holes) 

E. Equivalent Stress of Tensile Specimen Models 

Having Two Holes 

Fig. 7 shows equivalent stress contours produced in each 

of notched tensile specimen models having two holes around 

the inside crack by performing the simulation analysis study. 

The maximum equivalent stress produced in the stainless 

steel-aluminum tensile specimen model was shown to be 

about 104.02MPa, and it can be examined that high 

equivalent stress distribution together with the maximum 

stress are observed at the crack part and the notch part of the 

relevant specimen model. Then, the maximum equivalent 

stress produced in the stainless steel-brass tensile specimen 

model was shown to be about 90.59MPa, and the maximum 

equivalent stress as well as high stress distribution was 

observed similarly at the crack part and the notch part. In 

case of the stainless steel-CFRP tensile specimen model, the 

maximum stress produced in the specimen model can be 

examined to be about 74.97MPa. High equivalent stresses 

along with the maximum equivalent stress were shown to 

occur at the crack part and the notch part as well as the hole 

part in a similar way to the other two types of specimen 

models. When the derived results were mutually compared, it 

could be investigated that the ranges for distribution of high 

equivalent stresses including the maximum equivalent stress 

were observed to be similar to the specimen models having 

no holes, and that the maximum equivalent stress resisting 

tensile loads was shown to be the smallest in case of the 

stainless steel-aluminum tensile specimen model in a similar 

way to the strain comparison so that the capability to resist 

external forces could be affirmed to be the best. Also, the 

reduction in the magnitude of produced stresses can be seen 

by compared with the specimen models having no holes. If 

holes are appropriately arranged inside the material through 

this result, then it is considered capable of reducing or 

eliminating fracture risks of the machines or mechanical 

structures by reduction of stresses. 

 

 
(a) Stainless steel-aluminum specimen model 

 
(b) Stainless steel-brass specimen model 

 
(c) Stainless steel-CFRP specimen model 

Fig. 7 Equivalent stresses of notch tensile specimen 

models 

F. Strain Energy of Tensile Specimen Models Having 

Two Holes 

Fig. 8 shows a prediction of strain energy for individual 

notched tensile specimen models having two holes around 

the inside crack by performing the simulation analysis study. 

In case of the stainless steel-aluminum notched specimen 

model, the maximum strain energy was shown to be about 

0.0197 mJ, and the occurrence at the crack part and the notch 

part as well as the hole part of the specimen model can be 

affirmed. The maximum strain energy of stainless steel-brass 

tensile specimen model can be investigated to be about 

0.0149mJ, also occurring at the crack part, the notch part and 

the hole part of the specimen 

model. Lastly, it could be 

examined that the maximum 
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strain energy of stainless steel-CFRP tensile specimen model 

was shown to be about 0.00902mJ, and that it occurred at the 

crack part, the notch part and the hole part of the specimen 

model in a similar way to the other two types of specimen 

models. When the study results were mutually compared, the 

maximum strain energy causing the deformation to the 

specimen was shown to be the highest in case of the 

stainless-aluminum tensile specimen model so that its being 

most vulnerable among the three types of specimen models 

could be affirmed. On the other hand, the maximum strain 

energy was observed to be the lowest compared with other 

specimen models in case of the stainless steel-CFRP tensile 

specimen model. In addition, the production of strain energy 

was also shown to be reduced as compared with the specimen 

models having no holes in a similar way to the results of 

strain and equivalent stress, so that it is considered that the 

fracture risks of machine and mechanical structures can also 

be reduced or eliminated by using appropriate arrangement 

of holes. 

 

 

 

 

 
(a) Stainless steel-aluminum specimen model 

 
(b) Stainless steel-brass specimen model 

 
(c) Stainless steel-CFRP specimen model 

Fig. 8 Strain energies of notch tensile specimen 

models(two holes) 

G. Deformation of Tensile Specimen Models Having 

Four Holes 

Fig. 9 shows the strain results of notched tensile specimen 

model per material having four holes around the inside crack 

by performing the simulation analysis study. First, in case of 

the stainless steel-aluminum tensile specimen model, it could 

be examined that the maximum strain was shown to be about 

0.0250mm, and to occur at the upper part of the relevant 

specimen model. The maximum strain of stainless steel-brass 

tensile specimen model was shown to be about 0.02mm, and 

the occurrence of maximum strain similarly at the upper part 

of specimen model can be affirmed. Lastly, the maximum 

strain of stainless steel-CFRP tensile specimen model 

became about 0.0155mm, and was also shown to occur at the 

upper part of the specimen model. When the derived results 

were mutually compared, a tendency was observed where the 

maximum strain occurred at the upper part of the specimen 

model commonly for three types of models, and the stainless 

steel-aluminum specimen model was shown to be most 

vulnerable to tensile loads. However, since the strain was 

observed to be rather larger than the specimen models having 

no holes despite the arrangement of four holes to attempt the 

dispersion of stress inside the specimen model, it was shown 

to be the specimen model with the highest fracture risk.  

 

 
(a) Stainless steel-aluminum specimen model 

 
(b) Stainless steel-brass specimen model 
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(c) Stainless steel-CFRP specimen model 

Fig. 9 Total deformations of notch tensile specimen 

models(four holes) 

H. Equivalent Stress of Tensile Specimen Models 

Having Four Holes 

Fig. 10 shows the distributions of equivalent stresses 

produced in each of notched tensile specimen models having 

four holes around the inside crack by performing the 

simulation analysis study. The maximum equivalent stress 

produced in the stainless-aluminum tensile specimen model 

was shown to be about 135.6MPa, and the contour of high 

equivalent stress distribution along with the maximum stress 

can be affirmed at the crack part, the notch part and the hole 

part of the relevant specimen model. Then, the maximum 

equivalent stress produced in the stainless steel-brass 

specimen model was shown to be about 116.79MPa, while 

the maximum equivalent stress and high stress distribution 

were shown similarly at the crack part, the notch part and the 

hole part. In case of the stainless steel-CFRP tensile 

specimen model, the maximum stress produced in the 

specimen model could be examined to be about 89.54 MPa, 

and the high equivalent stresses along with the maximum 

equivalent stress were shown to also occur at the crack part, 

the notch part and the hole part. When the derived results 

were mutually compared, it could be affirmed that the ranges 

for distribution of high equivalent stresses including the 

maximum equivalent stress were shown to be similar to the 

specimen models having no holes, and the maximum 

equivalent stress resisting tensile loads was shown to be the 

lowest in case of the stainless steel-aluminum tensile 

specimen model as in the strain comparison, so that the 

model could be affirmed to be most vulnerable among the 

three types of specimen models. On the other hand, in case of 

the stainless-CFRP tensile specimen model, the maximum 

equivalent stress was shown to be the lowest compared with 

other specimen models and hence the capability to resist 

external forces could be affirmed to be the best for this model. 

However, since the magnitude of produced stresses was 

shown to be rather larger than the specimen models having 

no holes despite arrangement of four holes to attempt the 

dispersion of stresses inside the specimen model, it was 

found to be the specimen model of the variable with the 

highest fracture risk. This result is considered attributable to 

the stress concentration phenomenon occurring at each of 

four holes arranged. Namely, the holes arranged to eliminate 

stress concentrations may be considered to produce rather 

larger stress inside the specimen than when there are no 

holes, consequently increasing the fracture risks further, for 

which reason it is considered attributable to the fact that the 

holes have been arranged too close. 

 

 
(a) Stainless steel-aluminum specimen model 

 
(b) Stainless steel-brass specimen model 

 
(c) Stainless steel-CFRP specimen model 

Fig. 10 Equivalent stresses of notch tensile specimen 

models(four holes) 

I. Strain Energy of Tensile Specimen Models Having 

Four Holes 

Fig. 11 shows the contour of strain energy for each of 

notched tensile specimen models having four holes around 

the inside crack by performing the simulation analysis study. 

In case of stainless-aluminum notched specimen model, the 

maximum strain energy was shown to be about 0.0374mJ, 

and can be affirmed to occur at the crack part, the notch part 

and the hole part. It could be examined that the maximum 

strain energy for stainless steel-brass tensile specimen model 

was shown to be about 0.0298mJ, which was also shown to 

occur at the crack part, the notch part, and the hole part. 

Lastly, it could be investigated that the maximum strain 

energy of the stainless steel-CFRP tensile specimen model 

was shown to be about 0.0156mJ, and that it occurred at the 

crack part, the notch part and the hole part as with the other 

two types of specimen 

models. When the study 

results were mutually 

compared, the maximum 
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strain energy causing deformation to specimen was shown to 

be highest in case of the stainless steel-aluminum tensile 

specimen model and it could be affirmed that the model was 

most vulnerable among the three types of specimen models. 

On the contrary, the maximum strain energy was shown to be 

the lowest compared with other specimen models in case of 

the stainless steel-CFRP tensile specimen model so that its 

structural stability could be affirmed to be most outstanding. 

Since the higher strain energy was shown to occur in case of 

specimen models having four holes around the inside crack 

compared with the specimen models having no holes also in 

the strain energy results, it could be seen with certainty that 

the four holes arranged inside the specimen rather increased 

fracture risks. 

 

 

 

 

 
(a) Stainless steel-aluminum specimen model 

 
(b) Stainless steel-brass specimen model 

 
(c) Stainless steel-CFRP specimen model 

Fig. 11 Strain energies of notch tensile specimen 

models(four holes) 

IV. COMPARISON AND DISCUSSION OF STUDY 

RESULTS 

Table 3 shows the study results for notched tensile 

specimen models having a crack inside as a table with 

existence or non-existence and number of holes and the 

material that were derived through an analysis study. When 

the derived study results for individual specimen models 

according to variable were mutually compared, the case of 

stainless steel-aluminum tensile specimen model was shown 

to be most vulnerable in all results including strain, 

equivalent stress and strain energy, while the case of stainless 

steel-CFRP specimen model shown to be the best in all 

results including strain, equivalent stress, and strain energy, 

allowing confirmation that the latter had a good capability to 

resist external forces such as tensile loads and hence the 

structural stability was outstanding compared with other 

specimen models. In addition, the specimen models having 

two holes inside were shown to be the best in all results 

compared with the specimen models having no holes inside, 

based on which it could be affirmed that the appropriate 

arrangement of holes inside could reduce or eliminate 

fracture risks of not only materials but also machines and 

mechanical structures by reducing stress produced in the 

specimen. However, in case of specimen models having four 

holes inside, they were observed to be rather more vulnerable 

than the specimen models having no holes, which was 

considered attributable to the stress concentration 

phenomenon produced at each of the four holes arranged. 

Namely, the holes arranged to eliminate stress concentration 

are considered to cause rather higher stresses inside the 

specimen than when there exist no holes, and hence to 

increase fracture risks further as the holes are considered to 

have been arranged too close. Considering such overall 

results, CFRP is considered as a material that not only has an 

outstanding capability to resist external forces but also can 

greatly contribute to the reinforcement of durability and 

strength characteristics when used as a inhomogeneous 

material together with other materials. In addition, while it 

was shown to be capable of contributing to improvement of 

durability through the reduction of stresses when arranged 

with holes drilled inside the material, it could be affirmed 

that finding the optimum position for arrangement of holes 

rather than the number of holes was the best method for this 

purpose.  
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Table 3: Comparison on analysis results of notch tensile 

specimen models 

 

Maximum 

deformation 

(mm) 

Maximum 

equivalent 

stress(MPa

) 

Minimum 

strain 

energy(mJ) 

Stainless 

steel- 

aluminum 

0.0215 126.65 0.0358 

Stainless 

steel-brass 
0.0185 110.56 0.0272 

Stainless 

steel-CFRP 
0.0130 77.39 0.0133 

Stainless 

steel- 

Aluminum 

(two holes) 

0.0152 104.02 0.0197 

Stainless 

steel-brass 

(two holes) 

0.0131 90.59 0.0149 

Stainless 

steel-CFRP 

(two holes) 

0.0099 74.97 0.00902 

Stainless 

steel- 

Aluminum 

(four holes) 

0.0250 135.6 0.0374 

Stainless 

steel-brass 

(four holes) 

0.02 116.79 0.0298 

Stainless 

steel-CFRP 

(four holes) 

0.0155 89.54 0.0156 

V. CONCLUSIONS 

In this study, an analysis study was performed to 

investigate the strength characteristics for notched tensile 

specimen models having cracks inside and the number of 

holes as well as material, and the following conclusions were 

derived. 

1. By performing the simulation tensile analysis study for 

notched tensile specimen models having cracks inside and 

number of holes as well as the material, the contours of 

equivalent stress, and strain energy were investigated.  

2. According to the results of this study, when the strains 

for each of notched tensile specimen models were compared, 

the maximum strain commonly tended to occurr in the upper 

part of the specimen model for all specimen models, and the 

stainless steel-aluminum specimen model was shown to be 

most vulnerable to tensile loads. Also, the strain for the 

specimen models having two holes was shown to be smaller 

than that for the specimen models having no holes or having 

four holes. In case of the specimen models having four holes, 

rather a larger strain was shown than for the specimen 

models having no holes so that the fracture risks were shown 

to be higher. 

3. In case of the contour of equivalent stresses for each of 

specimen models, it could be affirmed for the specimen 

models that the maximum equivalent stress and a high 

equivalent stress distribution were shown at the crack part, 

the notch part, and the hole part. In addition, the stainless 

steel-aluminum specimen model showed the highest 

equivalent stress commonly in comparison variables, the 

model could be affirmed to be most vulnerable among three 

types of specimen models. The magnitude of stress produced 

was shown to be smaller for specimen models having two 

holes than the specimen models having no holes or having 

four holes. The specimen models having four holes showed 

the occurrence of larger stresses than the specimen models 

having no holes, indicating higher fracture risks. 

4. In case of strain energy for each of specimen models, the 

stainless steel-aluminum specimen model showed also the 

highest strain energy commonly in comparison of the 

relevant results for comparison variables so that the model 

could be affirmed to be most vulnerable among three types of 

specimen models. The magnitude of strain energy produced 

was shown to be smaller for the specimen models having two 

holes than the specimen models having no holes or having 

four holes. In case of the specimen models having four holes, 

the model similarly showed the strain energy larger than the 

specimen models having no holes, indicating higher fracture 

risks. 

5. When the study results were compared, the specimen 

models having two holes were shown to be better than the 

specimen models having no holes in all results, from which it 

could be affirmed that appropriate arrangement of the holes 

inside could reduce or eliminate fracture risks of not only the 

material but also machines and mechanical structures by 

reduction of stresses produced in the specimen. However, in 

case of the specimen models having four holes inside, the 

models were shown to be rather more vulnerable than the 

specimen models having no holes, which is considered 

attributable to the stress concentration phenomenon 

produced in each of the four holes arranged. Namely, the 

holes arranged to eliminate stress concentration may be 

considered to produce rather larger stresses inside the 

specimen than when there exist no holes, hence increasing 

fracture risks as the holes are considered to have been 

arranged too close. 

6. Combining this study results, the stainless steel-CFRP 

specimen model was commonly shown to be the best in all 

results including strain, equivalent stress, and strain energy 

so that it can be affirmed that 

the model has a good 

capability to resist external 

forces such as tensile loads 
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and that the structural stability is accordingly superior 

compared with other specimen models. CFRP is considered 

to be a material that not only has an outstanding capability to 

resist external forces but also can greatly contribute to the 

reinforcement of durability and strength characteristics when 

it is used as an inhomogeneous material together with other 

materials. In addition, while it was shown to be capable of 

contributing to the improvement of durability through 

reduction of stresses when arranged with holes drilled inside 

the material, it could be affirmed that finding the optimum 

position for arrangement of holes rather than the number of 

holes was the best method for this study purpose. Through 

such study results of this study, the strength characteristics of 

each specimen model can be identified, and the derived 

results are considered utilizable as the basic data for studies 

on the materials having defects together with cracks inside as 

well as for designs of mechanical structures. 
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