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Stress Analysis and Strength Evaluation of Structural Adhesive
Joints in Automobiles
— Bond Strength for Adhesive-Bonded Aluminum Alloy Single-Lap Joints —

Yeong-Chul Yu, Seung-Kyu Oh and Won Yi
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Abstract

Static tensile tests using adhesive-bonded single-lap joints of aluminum alloy were conducted

to investigate the effect of geometric factor, overlap length, adherend thickness, adhesive thick-

ness and material composition of adherend/adhesive on the strength of adhesive joint. The

average applied shear stress at joint fracture decreased with increasing lap length. However

increasing the adherend thickness resulted in a higher joint strength. Higher yield strength of

adherend and lower elastic modulus of adhesive is advantageous to the adhesive joint. Newly

proposed modified joint factor could be well evaluated the influence of lap length, adherend
thickness and adhesive thickness on the bond strength for adhesive joints.
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Fig. 1 Dimensions of tensile specimens.
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Fig. 2 Configurations and dimensions of single-lap
adhesive joints.
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Fig. 3 Effect of the lap length on the breaking

strength of A15052/Cemediine bonded joint,
adherend thickness : 3 mm, adhesive thick-
ness . (0.1 mm.

Table 1 Mechanical properties of the adherend and the adhesive.

Properties | Young’s modulus Poission’s ratio Yield strength Tensile strength
Materials (GPa) (MPa) (MPa)
Al 5052 65.47 0.34 168.9 224.8
Al 6061 67.29 0.37 238.2 288.0
Cemedine 1500 1.16 0.39 18.5 37.6
Epoxy 2.07 0.37 29.0 46.3
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Table 2 Breaking strength for A 16061/epoxy bonded joint.

Material of Materiz.il of Lap length f}f;i:: 3:;::;: I:trf:nkgi:f

adherend adhesive (mm) (mm) (mm) (MPa)
3 10.51

12.5 5 16.09

10 19.04

3 6.07

Al 6061 Epoxy 25.0 5 0.1 8.20
10 10.36

3 3.96

50.0 5 3.98

10 7.69
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Table 3 Breaking strength for A 15052/Cemedine 1500 bonded joint.

Adherend Adhesive Breaking
thickness thickness strength
(mm) (mm) (MPa)

Material of Material of Lap length
adherend adhesive (mm)

1 7.65
0.1 9.09

12.26
10.14
0.2 12.20
15.46
5.95
0.5 8.16
11.99
5.30
0.1 5.98
.38
.22
44
.59
.63
.91
.71
.34
.64
.76
.49
.06
.43
3.46
0.5 4.98
6.98
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Table 4 Breaking strength for Al 5052/epoxy bonded joint.
Material of Material of Lap length Ac‘lherend Ac.ihesive Breaking
adherend adhesive (mm) thickness thickness strength

(mm) (mm) (MPa)

1 4.16

2 0.1 4.80

3 5.76

1 4.80

12.5 2 0.2 5.60

3 6.24

1 4.10

2 0.5 4.74

3 5.50

1 3.23

2 0.1 3.44

3 3.84

1 4.51

Al 5052 Epoxy 25.0 2 0.2 4.82

3 5.74

1 3.47

2 0.5 4.64

3 5.12

1 2.46

2 0.1 2.98

3 3.17

1 3.21

50.0 2 0.2 3.74

3 4.37

1 2.63

2 0.5 3.13

3 3.56
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Fig. 4 Effect of the lap length on the breaking
strength of A16061/epoxy bonded joint,
adherend thickness : 5 mm, adhesive thick-

ness . (.1 mm.
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Fig. 5 Normal and shear stress distributions on the
interface of aluminum/epoxy single-lap
joint from finite element analysis.
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Fig. 8 Effect of the adherend thickness on the
breaking strength of A15052/epoxy bonded
joint, lap length : 12.5 mm, adhesive thick-
ness . (.1 mm.
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Fig. 9 Effect of the adherend thickness on the
breaking strength of A16061/epoxy bonded
joint, lap length : 12.5 mm, adhesive thick-
ness : 0.1 mm.
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Fig. 10 Effect of the adhesive thickness on the
breaking strength of A15052/Cemedint
bonded joint, adherend thickness : 2 mm.
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breaking strength of A15052/epoxy bonded
joint, adherend thickness ;| 2 mm.

14

Adherend/epoxy, t=3mm
12 | | L=12.5mm, h=0.1mm

Breaking strength{(Mpa)

Al5052
Material of adherend

Aleos1

Fig. 12 Relationship between the breaking strength
and material of adherend adhesive . epoxy,
lap length : 12.5mm, adherend thickness : 3
mm, adhesive thickness | 0.1 mm.
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