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Abstract

Stresses on adhesive scarf joints of steel plates have been analyzed by a two-dimensional finite
element method (plane strain case), and investigation of Lubkin’s analysis has been made. Stresses
in adhesive layers at distances greater than several times the layer thickness from the free surfaces are
uniform, and these values can be analytically obtained by taking account of the tensile stress caused
by complete restraint of contraction of layer in the direction of interface. At 52.47deg. of scarf
angle between the interface and the axis of joint (§) obtained by Lubkin’s equation, stresses are
completely uniform throughout the joint. The maximum values of the maximum principal stress
and the octahedral shear stress appear at the corners of free ends of the layer, and stress concentration
factor increases with the change of 6 from 52.47deg.. Stress distributions in the vicinity of free
surfaces show mutual similarity provided the aspect ratios of the adhesive layers are greater than 10
or 20. Progresses of cracks in brittle adhesive layers are estimated from directions of maximum
principal stresses and observations of fracture surfaces of adhesive layers. Influence of Young’s
modulus of adhesive on the stress distributions in the layer is small and that of Poisson’s ratio is
comparatively large.
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~Table 1 Mechanical properties of adherend and

adhesive in analyzed models.

Young's modulus Poiés‘on’s ratio
‘ (kg/mm?) .
Adherend — . =
(Steel) F=21000 0
Adhesive E, =320 v,=037
(Epoxy resin)

Agég

g
s B

t=atand

1=Q/cos0 (NOT TO SCALE)

h=Csin/5k : 5
1/h=10k/sin20 Number of Nodes: 479

(k=05,1,2,0r3)  Number of Elements:882  6=15~75 deg

Fig. 1 Finite element models and meshes for scarf
joints (0=15~75 deg).
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Fig. 2 Finite element models and meshes for butt
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Table 2 Aspect ratios { A ) of adhesive‘layét“s in
analyzed models.

’ ) 0 (deg) | o1 a0 | 45 | 5247 | 60 | 75 | 90
05 ? 10
1 2011510 104 | 11520 | 10
2 |40 | 23120 | 207 | 231 | 40 | 20
3 |60
4 10
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Fig. 3 Scarf joint composed of dissimilar
adherends.
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Fig. 5 Stress distributions in adhesive layer
(6 =15 deg).
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Fig. 6 Stress distributions in adhesive layer
(0 = 30 deg).
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Fig. 7 Stress distributions in adhesive layer
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Fig. 8 Stress distributions in adhesive layer
(0 = 52.47 deg).
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Fig. 9 Stress distributions in adhesive layer

(6 = 60 deg).
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Fig. 10 Stress distributions in adhesive layer
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Fig. 11 Stress distributions in adhesive layer
(6 = 90 deg).
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Fig. 12 Simplification of stresses in adhesive layer.
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Fig. 13 Interfacial distributions of maximum
principal stresses.
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Table 3 . Stress concentration factors f in adhesive

layers.
9 ) Stress concentration
l/h factor f

(deg) 9, _ Tea
20 2.75 1.73
15 40 - 277 178
60 2.56 1.89
30 115 2.35 1.73
23.1 2.19 1.69
10 1.37 1.26
45 20 1.32 1.24
10.4 1.00 1.00
5241 20.7 1.00 1.00
115 1.19 1.28
60 23.1 1.13 1.24
10 - 1.39 1.89
75 20 1.26 : 177
40 1.16 1.60
. 10 1.80 2.58
90 20 1.58 243
40 1.38 2.25
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Table 4 Comparison of stresses in uniform stress
regions with stresses calculated by
formula (13).

0 Stress in ufnform Stress calculated
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Fig. 18 Effects of mechanical prc;perties of ad-
hesives on stress distributions in adhesive
layers (6 = 30 deg).
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Fig. 19 Effects of mechanical properties of ad-
hesives on stress distributions in adhesive
layers (6 = 60 deg).
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layers (6 = 90 deg).
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Fig. A-1 Deformations of two bars of dissimilar
materials loaded in tension.
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