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유한요소법을 이용한 이중 외팔보와 경사진 이중 외팔보의 형상에

따른 구조용 접착제의 파괴 특성들에 관한 연구

A Study on the Fracture Characteristics of Structural Adhesives according
to the Shape of Double and Tapered Double Cantilever Beams Using
the Finite Element Method
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In this study, the fracture characteristics of structural adhesives were investigated according to the shape of a DCB and

TDCB by using the FEM. First, to obtain the reliability of the finite element method, the experimental and FEM analyses

were compared, and the reliability was secured. When the graph of reaction force to displacement on the TDCB test

specimen was examined, it was found that the smaller the slope, the stronger the exhibited property sustaining the load to

the end of the adhesive surface. Maximum reaction force occurred was just before the adhesive was removed. The shear

stress of the specimen exhibited the same characteristics and an equivalent stress. Thus, the data of this study resulting in

the fracture characteristics of the structural adhesives for each shape can be applied to the design with durability.
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1. Introduction

The industrial development in recent years has been fast and

diverse. In case of the automobile industry, the face lift cycle of a

particular model is being shortened compared to the past; within

one year, or two years at most. As these trends in technology and

design change rapidly, much research and development have been

carried out to match them. Many new techniques have been

introduced to meet these changes. In the field of research, the time

required for research is minimized by using the finite element

method, which is often referred to as “analysis”, because it requires

a large amount of time for experimentation. This finite element

method is a virtual simulation achieved through 3D modeling

rather than using an actual experiment, but it can be the output data

similar to that of an actual experiment when the physical material

data for actual material is applied. There are many ways to carry

out 3D printing faster than using injection and molds. In case of

general injection, matching molds must be made, and in this case,

3D printers are being manufactured to reduce the amount of time

and cost invested in mold making. Normally, a plate is joined with

a bolt or a rivet at a position where the plate abuts against another

plate. However, in such a case, a notch may be formed in the plate,

which may cause breakage.

In this study, the structural adhesives used in recent automobile
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bodies, not bolts or rivets, were used. The shape of test specimen

was manufactured and designed based on BS 7991. BS 7991 is an

experimental method for evaluating adhesive failure characteristics

by using a dual cantilever shape.1-7 For this reason, the above

method was applied in this study. The difference between a DCB

(Double Cantilever Beam) and TDCB (Tapered Double Cantilever

Beam) is that the former has a simple rectangular shape. The

reason for this is that a DCB is applied to a general plate or section

of steel, while in case of a TDCB, one side is higher and inclined.

These TDCBs were designed to investigate the shape under an

offset load. In order to describe the production of DCB and TDCB

test specimens by using 3D printers, the properties of ABS material

used in real 3D printers were identified and applied to analysis. We

designed the DCB and TDCB using Autodesk Inventor and

applied the model to the finite element method in order to ascertain

the fracture characteristics of adhesive. In order to establish the

reliability of finite element method, a typical case was tested to

confirm that it had a reaction force graph similar to that of the

finite element method.8-12

2. Study Results

2.1 Comparison of Experiment and Analysis

When the finite element method was used for analysis, we did

not know its error rate compared to that of the actual experiment.

Therefore, we selected one case and compared the actual

experiment with the model by using the finite element method. In

order to make this comparison, we compared the reaction force-

displacement graphs. Fig. 1 shows the test specimen used in the

actual experiment. It was made the same as DCB_40 in the finite

element model. Fig. 2 shows the condition under which the actual

test was performed. The lower end was fixed and the upper end

was applied by the forced displacement of 5 mm/min, and the

reaction force happening at that time was measured by the load cell. 

Using this method, a graph of reaction force-displacement was

shown. Fig. 3 shows the analysis conditions applied when the finite

element method was used. The lower part was fixed and the upper

part was subjected to forced displacement of 5 mm/min, as in the

actual experiment.13-15 Fig. 4 is the graph of reaction force-

displacement for confirming reliability between the experiment

and the analysis. The graph of reaction and displacement was as

follows. 

In case of the analysis, we found that the tendency appeared

quickly in preparation for the actual experiment. However, it could

be seen that the maximum reaction force and the tendency of

experiment and analysis approached with each other. A slight error

occurs because the material properties of ABS are made up of the

only elastic areas. If the properties up to the plastic region are

added, they may indicate the closer values between experiment and

Fig. 1 Shape and size of specimen used in actual experiment

Fig. 2 Experiment conditions

Fig. 3 Analysis condition of model using finite element method
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analysis each other. Based on this, it is believed that the analysis

can be deemed reliable.

2.2 Fracture Characteristics of Structural Adhesives by the

Finite Element Method

2.2.1 Specimen Design Shape

 The reliability of analysis was established via comparison of the

experiment and the analysis in Section 2.1 above. The reliability of

the adhesive was evaluated by the shape of specimen. Fig. 5 shows

a picture of DCB specimens used in this study; DCB_30 and

DCB_40, are specimens with width of 30 mm and 40 mm,

respectively, and for the DCB_loadblock_30, a load block was

added to its end. Fig. 6 shows the calculation method for obtaining

the shape factor determining the slope of TDCB test specimen. The

shape factor of the TDCB is mainly a function of the adhesive

interface and the height of the specimen tip. TDCB test specimens

designed using these shape factors are shown in Fig. 7. The

specimens with shape factors of 0.7, 0.5 and 0.3 were compared,

and the characteristics of each adhesive failure were investigated.

Fig. 4 Comparison of experiment and analysis reaction force-

displacement graph

Fig. 5 DCB Test specimen shape

Fig. 6 Calculation for obtaining the shape coefficient of TDCB test

specimen

Fig. 7 Configuration of TDCB test specimen with shape factor
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2.2.2 Analysis Results according to Specimen Shape

Fig. 8 is the graph of reaction force-displacement on DCB test

specimens by configuration. DCB_40 showed the magnitude of

maximum reaction force followed by DCB_30, DCB_loadblock_30,

respectively; the maximum reaction force was 362.98 N for

DCB_40, 362.98 N for DCB_30, and 307.52 N for DCB_

loadblock_30, respectively. Based on these results, we inferred that

the width of the specimen affected the maximum reaction force. In

addition, when load block is added, the maximum reaction force is

decreased, but the reaction force has a property which is sustained

until the end of the displacement.

Fig. 9 shows the graph of reaction force-displacement on TDCB

test specimen. The maximum reaction force was found to be the

highest when the shape coefficient was TDCB_m = 0.7, followed

by TDCB_m = 0.3 and TDCB_m = 0.5. As for maximum reaction

force, TDCB_m = 0.7 was 344.73 N, TDCB_m = 0.3 was 322.01 N,

and TDCB_m = 0.5 was 310.98 N. Based on these results, it was

found that the reaction force happened differently from the DCB

test specimen. The lesser the inclination, the more it tended to

TDCB_m = 0.5 and TDCB_m = 0.3.

One of the advantages of the finite element method over the

actual experiment is that it is easy to check the stresses inside the

test specimen, which can be hard to visually recognize. Fig. 10 is

the contour of the equivalent stress happening inside the DCB test

specimen at the maximum reaction force. It was found that the

greatest stress was exerted at the time when the adhesive was

peeled off, and it could be inferred that the maximum reaction

force occurred just before the adhesive was peeled off. The

maximum equivalent stress at this time was found to be 53.668

MPa in DCB_30. The maximum equivalent stresses of model

DCB_40 and DCB_loadblock_30 were 57.18 MPa and 202.41

MPa, respectively. Additionally, Fig. 11 is the contour of

equivalent stress happening inside the TDCB test specimen at the

maximum reaction force. It was found that the greatest stress was

exerted at the time of peeling of the adhesive, which was the same

as DCB test specimen. 

When the maximum equivalent stress at this time was checked,

Fig. 8 Graph of reaction force-displacement on DCB test Specimen

Fig. 9 Graph of reaction force-displacement on TDCB test specimen

Fig. 10 Contour of equivalent stress of DCB test specimen by shape
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it was found that the equivalent stress of 140.84 MPa was the

maximum at TDCB_m = 0.7. The maximum equivalent stresses of

TDCB_m = 0.5 and TDCB_m = 0.3 were 64.536 MPa and 134.74

MPa, respectively. Fig. 12 shows the shear stress of DCB test

specimen with respect to the inside of the bonding surface when

the maximum reaction force is applied. It could be seen that the

largest shear stress was exhibited at the portion where the adhesive

was peeled off on all the shapes. It could be seen that this was an

equivalent stress. 

In DCB_30, the maximum shear stress of 29.182 MPa was

examined. The maximum shear stresses of model DCB_40 and

DCB_loadblock_30 were 104.04 MPa and 97.099 MPa, respectively.

Therefore, the largest shear stress was found in DCB_40. By

comparing the above two results, it could be observed that

DCB_40 was safer than the other models. Finally, Fig. 13 shows

the shear stress of the TDCB test specimen when the maximum

reaction force is applied to the inside of the bonding surface. It

could be seen that the largest shear stress was observed at the

portion where the adhesive was peeled off equally in all the shapes.

These shear stresses showed up to 72.515 MPa shear stress at

TDCB_m = 0.7. The maximum shear stresses of TDCB_m = 0.5

and TDCB_m = 0.3 were found to be 32.568 MPa and 75.163

MPa, respectively. Therefore, TDCB_m ≒ 0.3 showed the largest

shear force. Comparing the above two results, it was observed that

TDCB_m ≒ 0.3 was safer than other models.

3. Conclusions

In this study, the fracture characteristics of structural adhesives

according to the shape of a double cantilever beam and tapered

double cantilever beam were investigated by using the finite

element method. The conclusions are as follows.

(1) In order to obtain the analysis reliability, an actual

Fig. 11 Contour of equivalent stress of TDCB test specimen by shape

Fig. 12 Contour of shear stress on adhesive surface of DCB test

specimen

Fig. 13 Contour of shear stress on adhesive surface of TDCB test

specimen
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experiment was conducted, and the conditions of the analysis and

experiment were equal. When we investigated the graph of

reaction force-displacement, the graph indicated faster results for

the analysis than the experiment results. However, when we

checked the tendency of graph, the maximum reaction force was

almost the same, and the graph shape was similar. Based on these

results, the reliability of the analysis could be obtained.

(2) When the graph of reaction force-displacement according to

the shape of DCB specimen was examined, the maximum reaction

force was the highest for DCB_40, followed by DCB_30 and

DCB_loadblock_30. These results suggest that the width of

specimen has a great impact on the maximum reaction force. In

addition, when the load block was added, the maximum reaction

force decreased, but the reaction force demonstrated a property that

sustained until the end of displacement.

(3) When we investigated the graph of reaction force-

displacement according to the shape of TDCB test specimen, the

maximum reaction force was the highest when the shape

coefficient was TDCB_m = 0.7, followed by TDCB_m = 0.3 and

TDCB_m = 0.5. These results show that the reaction force happens

differently from the DCB test specimen. The tendency to maintain

the reaction force to the end of bonding surface was as follows:

TDCB_m = 0.7, TDCB_m = 0.5 and TDCB_m =0.3. This means

that the lesser the inclination, the more it tends to sustain the load

to the end of the plane.

(4) When the equivalent stresses happening at DCB and TDCB

test specimens were observed, it was found that the greatest stress

was exerted at the point when the adhesive was peeled off. This

suggests that the peak reaction force happens immediately before

the peeling of the adhesive.

(5) When we examined the shear stress of the adhesive surface

of DCB and TDCB specimens at the maximum reaction force, the

maximum reaction force happened when the adhesive was peeled

off equally in all shapes. This means that it shows a tendency that

is an equivalent stress.

(6) Based on the results of this study, it is thought that the data

for the fracture characteristics of structural adhesives for each

shape using DCB and TDCB test specimens can be applied to the

design with durability.
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