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In this study, the fracture property is investigated with the configuration of tapered double cantilever beam different from that of the
existing double cantilever beam. Aluminum TDCB (Tapered Double Cantilever Beam) specimens of mode IlI-type are bonded by an
adhesive. The specimens had thicknesses as a variable which were 35 mm, 45 mm, and 55 mm, respectively. In the case of the
specimen with a thickness of 35 mm, the maximum reaction force was shown to be about 0.4 kN when the forced displacement had
progressed by about 8 mm, while the maximum reaction force of about 0.45 kN occurred in case of the specimen with a thickness
of 45 mm when the forced displacement proceeded by about 7 mm, and the maximum reaction force of about 0.54kN occurred in case
of the specimen with a thickness of 55mm when the forced displacement proceeded by about 7 mm. In addition, the static fracture
analysis was performed for its verification by using the finite element analysis of ANSYS program, where it was affirmed that the
experimental results and the simulation analysis results were shown to be similar. Based on this observation, it is considered that the
simulation analysis data could be applied to the bonded interfaces of actual porous materials.
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1. Introduction

With the development of industries at many kinds of fields today,
materials constituting various machines and mechanical apparatuses as
well as mechanical structures are diversified withtheir characteristics.
Unlike the past when machines were produced simply by using steels
only, not only improvement of machine performance but also weight
reduction is currently devoted by using special alloy steels, composite
materials and light-weight materials. Furthermore, weight reduction
problems of materials are being emerged anew as the weight reduction
of transportation means such as automobiles and the correspondingfuel
economy problems are intensified. As a the fastening method for
machines and mechanical structures in such a weight reduction, a
fastening method by using only adhesives rather than the existing
method using bolts and nuts attracts public attention. Aluminum foam
is a very suitable super-light metal material for the relevant fastening
method, and is the materialwhich can be used in diversified fields such
as light-weight structural material for buildings, shock-absorbing
material applicable to vehicle bumpers or some frames for shock
absorption, engine noise preventive fixture and other sound absorption
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andsoundproofing materials and the special filter for heat exchangers.
In this study, the characteristics of aluminum foam bonded structures
were studied by using closed-type aluminum foam which is employed
mainly as a shock-absorbing material.'”” However, in case of structures
fastened by such adhesives only, fracture toughness data for the joined
joint part is essentially required for their safe use. Particularly, since
fracture characteristics of the bonded interfaces of aluminum foam as
a porousmaterial can be different as compared with nonporous
materials, studies on the fracture toughness of aluminum foam bonded
interfaces may be considered very important.3'? As this specimen has
the configuration of tapered double cantilever beam, one side is fixed
and the other side is free. This kind of cantilever beam supports the
load through the bending moment and shearing force happening at
fixed support and is used as the fixed structure of the bridge and tower
and the wings of airplane. Accordingly, in this study, Tapered Double
Cantilever Beam (TDCB) specimens of mode IlI-type with single-lap
bonding method were designed using closed-type aluminum foam
produced by Foam Tech Co., Ltd. on the basis of British standard (BS
7991) and ISO international specification (ISO 11343). As such, for
designed specimens having different Thicknesses, the static fracture
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Fig. 1 Configuration of TDCB specimen

tests were performed by using a tensile tester. As the crack is
propagated along the bonded interface at the TDCB composite under
the impact fatigue load, the fracture behavior is analyzed in this study.
Also, the static fracture analysis was conducted for its verification by
using the finite element analysis program of ANSYS and the shear
strengths of bonded interfacing for the bonded TDCB structures made
of aluminum foam as a porous material could be evaluated on the basis
of the derived results.">"

The study of static fracture due to the configuration of tapered
cantilever beam is carried out and this fracture property is derived and

investigated.

2. Research Method

2.1 Research model

To match the intent of this study, a TDCB-type specimen model of
single-lap bonding method was designed on the basis of the drawings
specified in British standard 7991 : 2001. As shown in the following
Fig. 1, the TDCB specimen model was designed with the Thickness
value t as a variable, where the lateral length of the upper side in the
model was 80 mm, the lateral length of the lower side as 130 mm, the
longitudinal length as 190 mm. In case of 50 mm, the value was
determined on the basis of shape factor, and 3 types of models were
designed at an interval of 10 mm for the Thickness values of 35 mm,

45 mm, and 55 mm, respectively.

2.2 Experiment conditions

Fig. 2 below shows the static experiment method for TDCB
specimens with the type of mode III to verify the simulation analysis
results. Tensile tester employed in this study was manufactured by
MTS Company. Since it was not possible to directly connect the
specimens to the upper load cell and the lower load cell due to the
experimental method of this study, a jig was additionally manufactured
to interconnect the specimen and the tensile tester as seen in the figure.
The upper load cell was fixed while a forced displacement of 3 mm/
min in z-axis direction was applied to the lower load cell to perform the
experiment.

Upper Load
Cell Fixed

Mode 3 Type
TDCB Specimen

-Z axis Forced
Displacement
3mm/min

Fig. 2 Experimental setup for static experiment

-Z direction
displacement
3Imm/min

Fig. 3 Boundary condition (left) and mesh of model (right)

Table 1 Numbers of nodes and elements of analysis models

Thickness of specimen model Nodes Elements
35 mm 10327 1859
45 mm 11982 2268
55 mm 14673 3083
Table 2 Material properties
Property Value
Density (kg/m®) 400
Young's modulus (MPa) 2,374
Poisson's ratio 0.29
Yield strength (MPa) 1.8
Shear strength (MPa) 0.92

2.3 Boundary condition for the simulation analysis

Fig. 3 schematically shown below, represents the boundary
conditions and meshes, respectively applied to the TDCB specimen
model. With the assumption that each specimen is connected and fixed
to the tensile tester, the holes on one side of the specimen model were
fixed by applying a fixed support condition. With the assumption that
forced displacement for the holes on the other side proceeded by the
lower load cell, the analysis was performed by pulling one side of the
test piece in Z axis direction with the forced displacement of 3 mm/

min. The numbers of nodes and elements for each specimen model is
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Fig. 4 Graph of reaction force due to forced displacement of the static
experiment (Thickness of specimen is 35 mm)

44444
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Fig. 5 Change of the equivalent stress according to the progress of
forced displacement (Thickness of specimen is 35 mm)

denoted in the following Table 1. For the model employed in this study,
Al-SAF40 was used as aluminum foam, and material property values
for the specimen model applied in the simulation analysis are shown in
the following Table 2. Also, the adhesive coated onto adhesive layers
of the specimen was an aerosol-type adhesive with an adhesion
strength of 0.4 MPa.

3. Research Results

3.1 Experimental results for the test piece with a Thickness of t =
35 mm

Fig. 4 diagrammatically shown below shows the static experiment
results for the specimen with a Thickness of t = 35 mm, where reaction
forces due to forced displacement are diagrammatically shown as a
graph. When the forced displacement proceeded by about 7 mm, the
maximum reaction force could be affirmed to occur in the specimen, at
which the maximum reaction force was shown to be about 0.4 kN.
After the occurrence of maximum reaction force, the adhesive force at
the bonded interface of test piece was gradually reduced, and the
reaction force was shown to become the value of 0 after the bonded
interface of the test piece was completely separated when the forced
displacement proceeded by about 12 mm. Also, Fig. 5 shows the
analysis results of the specimen with a Thickness of t = 35 mm,
showing the stress contour occurring in the specimen as a result of the
progress with forced displacement. While forced displacement
proceeded, it can be affirmed that the stresses occurred in the specimen
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Fig. 6 Graph of reaction force due to forced displacement of the static
experiment (Thickness of specimen is 45 mm)
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Fig. 7 Change of the equivalent stress according to the progress of

forced displacement (Thickness of specimen is 45 mm)

were gradually reduced to disappear.

3.2 Experimental results for the test piece with a Thickness of t =
45 mm

Fig. 6 diagrammatically shows the static experiment results as a
graph for the specimen with a Thickness of t = 45 mm, displaying
reaction force values due to forced displacement. According to the
results of performing the experiments, it can be affirmed that a similar
tendency to that for the specimen with a Thickness of t = 35 mm was
observed, where the maximum reaction force was shown to occur in
the specimen when the forced displacement was proceeded by about 8
mm, with the maximum reaction force at this time being about 0.45 kN.
From the time where the maximum reaction force occurred, the
adhesive force at the bonded interface of the specimen was drastically
reduced, and the reaction force can be affirmed to have become the
value of 0 as the bonded interface of the test piece was completely
separated when the forced displacement was proceeded by about 13
mm. The following Fig. 7 shows the analysis results for the test piece
with a Thickness of t = 45 mm, displaying a stress contour occurred in
the specimen as the result of progress with forced displacement.
Stresses can be affirmedto be gradually reduced with the progress of
forced displacement.

3.3 Experimental results for the test piece with a Thickness of t =
55 mm

Fig. 8 shows the static experiment results for the specimen with a
Thickness of t = 55 mm, where reaction forces are graphed as a
function of forced displacement. According to the experimental results,
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Fig. 8 Graph of reaction force due to forced displacement of the static
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Fig. 9 Change of the equivalent stress according to the progress of
forced displacement (Thickness of specimen is 55 mm)

it can be affirmed to show a similar tendency as those for the
specimens with Thicknesses of t = 35 mm and t = 45 mm, and the
maximum reaction force can be affirmed to occur in the specimen at
about 0.54 kN when the forced displacement proceeded by about 7
mm. After the occurrence of maximum reaction force, the adhesive
force at the bonded interface of the specimen was gradually reduced as
with other specimens, and the reaction force can be affirmed to become
the value of 0 as the bonded interface of the specimen was completely
separated when the forced displacement proceeded by about 13 mm.
The following Fig. 9 shows the analysis results for the test piece with
a Thickness of t = 55 mm, displaying a stress distribution occurring in
the specimen with the progress in forced displacement. With the
progress of forced displacement, the gradual disappearance of the stress
occurring in the specimen can be affirmed.

3.4 Comparison between experiment and analysis for the test
piece with a Thickness of t = 55 mm

In this study, the static analysis using simulation was performed to
verify the experimental results of static fracture. As the study result, the
data at the Thicknesses of 35 mm, 45 mm and 55 mm have the similar
trends all together. As an example of the simulation static analysis
results for this purpose, a graph for the corresponding reaction force
data in the static fracture experiment for the specimen of a Thickness
t =155 mm when the forced displacement of 3 mm/min was applied and
a graph for reaction force data in static analysis are shown in Fig. 10
According to the analysis results, it can be affirmed that the maximum
reaction force was shown in a similar way to the simulation analysis
when the forced displacement was proceeded by about 8 mm. The
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Fig. 10 Comparison between experimental and simulation analysis
data (Thickness of specimen is 55 mm)

maximum reaction force at this time is about 0.52 kN, and shown to
have no large difference when compared with the experimental result
of about 0.54 kN. From the time of occurrence of the maximum
reaction force, the adhesive force at the bonded interface in the
specimen can be affirmed to be gradually reduced as in the static
fracture experiments, and the reaction force was observed to become
the value of 0 as the bonded interface was completely separated after
the forced displacement proceeded by about 12 mm. Also, the point
where the bonded interface was completely separated became about 13
mm in case of static fracture experiment, and about 12 mm in the case
of static analysis, affirming that there was no large difference.
According to the comparison results, the gradual increase in reaction
forces due to forced displacement until the maximum reaction force
occurs and can be affirmed in both the static fracture experiment and
the static analysis. The maximum reaction force can be affirmed to
occur when the forced displacement proceeds by about 7 mm and 8
mm, respectively. Considering the graph, however, it can be seen that
a difference exists between the analysis and the experimental data after
the occurrence of maximum reaction force, which is attributed to the
adhesive inertia impeding progress of forced displacement as the
adhesive coated onto the bonded interfaces of the specimen remained
without disappearing when the experiments were performed.

Also, as shown by the corresponding figures, the curves of reaction
forces are bent like stair. It is thought that the bonding inertia of
adhesive sprayed on the bonded interface of specimen prevents the
specimen from proceeding with the enforced displacement. Likewise,
as is explained above at Figs. 4, 6 and 8, it is estimated that the curves
of reaction forces are bent like stair at these graphs due to the same
reason.

Fig. 11 shows stresses at the bonded interface for the static analysis
when the maximum reaction force occurred in the specimen with a
Thickness of t = 55 mm, stress contour due to forced displacement and
appearance of experiment implementation for the comparison of
analysis. The above figure shows the stresses at the bonded interface of
the specimen when the maximum reaction force occurred, while the
two figures below represent the stress contour occurred in the specimen
with the progress of forced displacement and the process of experiment
implementation. When the maximum reaction force occurred in the

specimen, the stress at the bonded interface was shown to be about
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Fig. 11 Stress at bonded interface in a simulation analysis when the
maximum reaction force occurred in the specimen with a
Thickness of t = 55 mm, stress contour due to forced
displacement and experimental implementation process for
the comparison of analysis

1.249 MPa, and the contour of stresses due to the progress of forced
displacement as well as the shearing process of bonded interface in the
test piece can be affirmed in the figures below.

4. Conclusion

As the experimental and simulation results of fracture behavior on
the structures of TDCB Jointed with aluminum foam in tearing mode,
the following conclusions are made in this study:

1. In static fracture experiments, occurrence of the maximum
reaction force was observed when a constant forced displacement of
about 7 to 8 mm was proceeded in all TDCB specimens with different
Thicknesses of t = 35 mm, 45 mm and 55 mm. In the case of the static
fracture analysis performed for its verification, the maximum reaction
force was also observed to occur similarly when the forced displacement
was proceeded by about 8§ mm.

2. The maximum reaction force for each TDCB specimen was
shown to be about 0.4 kN in the case of the specimen with a Thickness
of t = 35 mm, about 0.45 kN for the specimen with a Thickness of t =
45 mm, about 0.54 kN for the specimen with a Thickness of t =55 mm,
and hence the maximum reaction force of a specimen was affirmed to
be increased as Thicknesses of specimens were increased.

3. According to the study results, the static fracture experiment

result and the static fracture analysis result for specimens were

confirmed to be similar. Therefore, it is considered that data for other
variables can be simply secured on the basis of the accumulated data
without the separate experimental processes, and that mechanical
characteristics can be analyzed for the bonded interfaces in the joined
TDCB structures with mode III type. It is thought that this study result
on the adhesive interface of foam structure can be devoted to systemize
the fracture property. Hereafter, this study aims at securing and
supplying the basic data for safer use and design at the composite parts
of automobile, ship and airplane where the bonding method using the
adhesive is applied.
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