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Abstract

In this paper, the experimental study and finite elements analysis were conducted on homogeneous and dissimilar metals single
lap-shear bonded joints to investigate the factor that affect the joint failure load. It was found that factors which have the significant
effects on the failure load of the joint was stiffness of the adherends. And from experimental results, it can be confirmed that the
failure load increases linearly with overlap length increases. And the failure load of dissimilar metal joints is approximately 1KN(10
~17%) larger than homogeneous metal joints. In order to confirm this phenomenon, the stress distribution and strain distribution of
the specimens were analyzed through the finite element analysis. The difference between homogeneous metals joints and dissimilar
metals joints is that stress and strain in adhesive are concentrated at the end of the overlap zone close to aluminium which has
lower rigidity than aluminium in case of dissimilar metals joints. From high rigidity of steel, the stress concentration in bonds are
decreased and it cause increase of the failure strength at dissimilar metal joints.
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Fig. 1 Single lap shear joint specimen
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Table 1 Design variables for homogeneous metal
bonded joints

Overlap | Adherend Width Failure
Adherend length thickness (mm) load
(mm) (mm) (N)
254
AA6061-T6 20 2 (1 inch) 5,989
AA6061-T6 40 2 2.5'4 9,334
(1 inch)
AA6061-T6 60 2 25'4 11,864
(1 inch)
12.7
AA6061-T6 40 2 (0.5 inch) 4,532
AA6061-T6 40 4 2?'4 9,262
(1 inch)
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Fig. 3 Failure load according to changing overlap
length in homogeneous metals joints
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Fig. 4 Failure load according to changing adherend
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Table 2 Design variables for dissimilar metal bonded

joints
dverend | Tength | thickness | VP | i
(mm) (mm) (N)
“essao | P |2 | e | 7O
“essio | 0 |2 | ey | 1029
“ession | 0 |2 | e | 13196
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Overlap length Overlap length

Fig. 5 Failure load according to changing overlap length
in homogeneous & dissimilar metals joints

© & o]oA]= Cohesive failure zone2] ZAle|t}. o] ZAA <
5'-7]71' % mo] Fe dFu)E £o] 2ERAN 9 2A el
94 Apol 2 Qlaf gFHlE & REfoA o 2
7]el Vehd @ o m BAE a1, ojd mE
olFABEI} F 10~17% A Udoe= o=

2.5 Finite element method

gEdtEoA e AlHe] UF X 9 HIES B4
3171 98l frekead| A (finite element method, FEM) <
ol g3ttt TR FEsiAs71A<l ABAQUS 6.14
(dassault systems Co.)E A8t Zd Tt

w5 9 2o A% 8= &7= 849 C3D8R(An
8-node linear brick element)< ©]-&3fo] WAIE 43}
L. BAeF E== Perfect bonding 2722 A4t}
BAZAE AA PR FLEE s on Fig. 69
=2 sleigint.
Freta iAol o 2rxo] ot TS HAK]
& AFAEE 53 Stress-Strain curveE FH3IT}
de B4 FH3P] 918l ASTM D638(standard test
method for tensile properties of plastics)< 7153}
2= AFAEE 73kt ASTM D638% 71502 3o

o,

=EAMTASSE =28 HB323 M13(2019.2) 3



Fig. 6 Boundary and loading conditions

Table 3 Mechanical properties

Elastic Ultimate Poisson’s
Material modulus strength .
(GPa) (MPa) ratio
AV138/HV998 4.5 41.039 0.35
AA6061-T6 68.9 310 0.33
SS400 190 400 0.26

AAEEE AZel9ar, MTS(material test system) 810
(MTS system)< AHE8H] 0.3mm/ming] == Q1G4 E
= A&t

iAol ARget7] fle S AR 7IAA &
9] Table 3o VERASITE

] UES

2.6 Finite element analysis results

>
=)
<l
by
Lo
ar
Jﬂ
ro,
)
H:
Y
S
e
E
ok

SRR PECRE)
B3kth Overlap length 40mmE
£ Fig. 7o YRSt
oA E ZRE T EE o
e = dnt. sk A=
EioA] 32 Mol HFE] = Ao
Al A ‘)rE]rx_ g @3 et SEEY] Fa
= glolsly] Y8 TEAT X EES 7|50 dlo] Ee
=48] 2t} o] Fig. 8o vehy

7 =
o, Zolwek 2Rl 5513 Out of plane ek 224

olo
o e
He
<
il r°
1]
‘O,
:qlé

AN m
it
_OL
£
olo
J
M
3!
ﬂl

N,

N,
ofy
S

g
b
mlj

ol
J

)

oY
A ok o o
(e}
oy
rlo

)
e
o
il
ot
(e}
ot
>
r
o rlﬂl

o
N
0
=

¥ 1o o

150990100

(a) (b)
Fig. 7 Stress distributions of bonds
(a) Homogenemous metal
(Upper side : Steel / Lower side :
(b) Dissimilar metal
(Upper side : Steel / Lower side : Al)
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Fig. 8 Stress distributions in longitudinal direction
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