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Evaluation Method of Bonded Strength in Adhesively
Bonded Structures of the Aluminum Alloys

N. Y. Chung®, J. H. Yi**

|

| Abstract }

In a view point of earth environmental protection and social requirement., adhesively bonded
structures of aluminum alloys have become to be employed for the purpose of decreasing fuel ratio by
weight reduction and to improve performance in various engineering fields such as aircrafts,
automobiles, rolling stocks and so on. In spite of such wide applications in adhesively bonded
structures of aluminum alloys, the quantitative fracture criterion and evaluation method of its bonded
strength have not been established yet.

The objective of this paper is to establish fracture criterion considering stress singularity at
interface edges in adhesively bonded structures of aluminum alloys. Through the analyses of boundary
element method and static fracture experiments with three different types of specimens in the
adhesively bonded joints of aluminum alloys, its fracture criterion was proposed and discussed about
strength evaluation of adhesively bonded structures.

Keywords : Stress Singularity(3-#E9]4), Adhesively Bonded Joint(2to]$), Interface Edge(AA),
Boundary Element Method(ZA84%), Adhesively Bonded Structures(33+2%),
Fracture Criterion(3##7]%&), Total Critical Stress Singularity Factor(HYAI2& &34
4%}, Separated Critical Stress Singularity Factor(2294A4 S8 E0|AAF)
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Table 1 Mechanical properties of adherend and

adhesive
Mechani.cal Young's modulus | Poisson’s ratio
properties
- E(GPa) v
Materials
Aluminum alloy 65.56 0.32
Epoxy resin 3.17 0.37
2.2 AlHBe| HiEt
2 AFdA AL HEolE AlgHY 8 2 AFe
Fig. 13 21, ZAAlolE, @& AA7|olE, 1dx v
di7|o}-5e] FaTx AEHE ARstAc.
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0.5, 1.0 mm2 ®3AZ AdHE AZsign. = &
< Sldi7lol & AgEe &3 4 h=0.1 mm? 72
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AEEY AR 4 dFE BAE 239 AT
ZIAEE ¥, AARL #8098 M= Hol#Hz AR Avt
E otx, ohA] #2209 A= HolHE FESE Avisitt
A AL ofEoz AT ¥ 22 A3 A2
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Fig. 1 Shape and dimensions of adhesively
bonded joint specimens
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Interface

Fig. 2 Model of the adhesively bonded
interface edge
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Fig. 3 Models of the BEM analysis in adhesively
bonded structures
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Table 2 Stress singularity index for specimens of

Fig. 1
Model Materials| 6:(°) | 820°)] 6() A
90 -90 0 10.2392
75 | -115 | 15 (0.2402
Scarf joint
Al/Epoxy 60 | -120 | 30 |0.1588
45 | -135 | 45 | 0.085
Single-lap 180 | 90 | 0 |0.3496
Joint
Single-strap
- Epoxy/Al|{ 90 | -180 0 0.46
joint
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A43l8l 1 & d & Fig. 4% Fig. 59 Jehigich.
Fig. 4% Fig. 5% 9& AA7o| &M HAZ2e T4
h=0.1 mmelx, A#Hel7}l 12,5, 25, 35 mmZE WHE
g o HAAR g £y AdgHY B¥E Y
el Flojt},

FAAUG N S E-F| Wk} oj$- Hajn, A
@3] viE £ HFol A Yehde d3E
BZr) ol SYEY AL FIAF2EJ Yehte
dukA Q) Aoz ol ¥ A gade A
A9l FARES Hrle T@sivin B N HI3p

289 ZEdNe YR g $Y5ole 58
8 2 AgHolx, A IRzl o o
717} s9E.

2

1 p 2L= 35m|-'n—~_

e e ————

Normalized stress (oy/ 0 o)
o

] : //" - e -

4 ’ ]

i’

[ 0.2 0.4 0.6 0.8 1

Normalized distance (r/2W)
Fig. 4 Normalized stress for the change of lap
length (single-lap joint, h=0.1 mm)
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Fig. 5 Normalized shear stress for the change of
lap length (single-lap joint, h=0.1 mm)
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Fig. 6 Extrapolation of stress singularity factor
at an adhesively bonded interface edge
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Fig. 7 Effect of scarf angle for total stress singularity factor
according to the change of adhesive thickness.
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Fig. 8 Effect of lap length for total stress
singularity factor according to the
change of adhesive thickness.
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singularity factor (h=0.1 mmm)
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Fig. 10 Experimental fracture stress according to
the change of scarf angle
(scarf joint, h=0.1 mm)
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Fig. 11 Experimental fracture stress according to
the change of lap length
(single-lap joint, h=0.1 mm)
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Fig. 12 Fracture criterion by total critical stress
singularity factor and stress singularity
index in adhesively bonded structures of
Al/Al adherends (epoxy resin, h=0.1 mm)
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