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Establishment for Failure Criterion of Adhesively Bonded Joint
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ABSTRACT

The objective of this work is to develop a criterion for predicting the failure strength of the
joints bonded by ductile adhesives. To obtain a criterion, first, fracture tests were carried out for
T-peel joint and Single-lap joint with widely differing joints geometries. Then using the fracture
loads obtained at tests, the finite element analysis were performed, in which the stresses in the
adhesive bonds were calculated in great detail. After examining four epoxy adhesives, it is
concluded that the fracture of adhesively bonded joint occurs when the maximum of the ratio of
the mean to effective stresses exceeds a constant value which can be determined from analysis
and test for each adhesive.
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Table 1 Material properties of Aluminum and FRP
(10-13)

Young's Poisson’s
modulus ratio
Al 5052-H32 69.3 GPa 0.33
Al 6061-T6 73.1 GPa 0.33
DMS 2288 19.3 GPa 0.25

Table 2 Material properties of adhesives

Curing Young's Poisson’s
Adhesive | temp. modulus ratio
() (at 25T) (at 26C)
DP 460 23T 1.85 GPa 0.40
Araldite
T 1, P 0.4
2012 23T 35 GPa 1
Araldite .
23T 1.25 GPa 0.41
2015
DMS 2169 .
120 1.15 GPa 0.37
(type 2)
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Fig.3 Finite element model of T-peel joint
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Table 4 Maximum value of ¢ mean/o eff for various
design parameters in T-peel joint(fillet=0%)

pves | Adver | b | | (B G [Tz
sive | rend |(mm)|{mm) N /mgm) Oy =™ Ogr ™
20 | 01 11.76 0.4649
Al 01 | 155 0.4653 0.4650
DP 460 + 25 | 02 16.47 0.4649 deviation
Al 03 1725 0.4647 : 0.0002
30 | 01 21.56 04650

Table 3 Maximum value of ¢ mean/c eff for var-
ious design parameters, adherends and ad-
hesives in T-Peel Joint(fillet=100%)

Adne- | Adne- | | L ::::L“;; (o) | [ e
sive rend |(mm) | (mm) N/mmm) Cofr Ooff
20 [ 01 | o104 | o450
Al o1 | es07 | 04646
v |25 |02 | e8| 04685
Al 03 | 6664 | 04649
30 | o1 | 8624 | oaes3
D 460 20 | 01 | 5684 | o0de52 0.4648
Al 01 | 84672 | 04647 deviation
: 25 | 02 | 83502 | 04648 * 000027
FRP 03 | 95648 | 04647
30 | 01 | 10349 | 04645
20 | o1 | a13 | 04516
Al 01 |37z | o4
« |25 02| B | ocades
Al 03 | 3685 | 0.4470 04484
Araldite a0 0.1 54.00 0.4500
2012 20 | o1 | 3214 | oa4m deviation
N 01 | 3685 | 0450 £ 000180
+ |25 ] 02 | maz] o4
FRP 03 | 4231 | om0
20 | o1 | 5123 | 04417
20 | 01 | 43904 | 04468
A 01 | 54086 | 04479
v |25 |02 | sass | oawm
Al 03 | 5684 | 0.4467 04T
Aralgite 30 | 01 |72o2 | 04479
2015 20 | 01 | 68208 0.4468 deviation
Al 0l | 83888 | 04465 * 000052
+ | 25| 02 ]800 | odese
-FRP 03 | 8800 | 04410
30 | 01 |102704| 04479
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Table 5 Maximum value of ¢ mear/o eff for

various design paramcters in single-lap
joint (Adhesive:DMS2169 fillet=100%)

Tailure
Cave | v | o ( : i Ll I e B
mm (N/mm} o i
762 | 0.0254 | 4654 | 0.4028
0.0254 | 678 | 04028
Al
« [127] 00762 | 658 | 04034
Al 0127 | 608 | 04027
254000254 | 764 | 04026
762100254 | 376 | 04024
0.0254 | 496 | 04019 | 0.4024
DMS Al
« [127] 00762 | 476 | 04014 .
2169 deviation
FRP 0127 | 444 | 04021 |: 0.00049
254 | 00254 | 592 | 04026
76200254 | 334 | 04025
cap 00254 | 414 | 04028
« |127] 00762 390 | 04022
FRP 0127 | 310 | 04018
25.4 | 00254 | 58% | 04019
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Table 6 Maximum value of O /0 g for various
design parameters in single-lap joint
(Adherend : DMS 2169, fillet=0%)

Adhe- | Adhe-| < O Rl P O
) rend | tonm) strength | | =55 ] | [ ] e
sive 2 mm) [ (mm) (N/mm) ef i
76200254 334 0.4028
Al 0.0254| 480 0.4044
+ 12,7 10.0762 | 436 0.4023
Al 0.127 382 0.4033
254 10.0254| 588 0.4050
762 0.0254 | 239 .4029
Al 00254 317 | o040g7 | 04035
DMS
+ 12.710.0762 | 280 0.4020 ..
2169 deviation
FRP 0127 | 236 0.4029 : 0.0010
254 10.0254 | 409 0.4048
76200254 | 210 0.4025
FRE 0.0254 | 253 0.4032
4 12.710.0762 | 220 0.4028
FRFP 0.127 158 0.4055
254100254 | 386 0.4038

Table 7 Maximum value Of O wew/0qr for various
adherends in single-lap joint (Adhesive :
DP460, Araldite2015, fille=100%)

Failure
Adhe- | Adhe-| ¢ t strength | [ o‘,m,.] [ [
sive | rend [(mm)|(mm) SLreng Oy T ey Jue
(N/mm)
Al
+ 632 0.4493
Al
Al
DP 23
+ |2 02| 518 0.4484 0'%4_
460 deviation
| FRD | : 0.0008
FRP+
343 0.4473
FIRP
Al
+ 552 0.4340
Al
Arald
} Al 0.4346
ite 20 | 02 N
, * 426 0.4356 deviation
2015 | prp £ 0.0007
IFRP+
284 0.4342
'R

Aol st )@

048 ’7
—— T« podl joint

047 # Angle-lap jont
]
£
= 046 |
[
=]
T
g 045
£ i
L

044

043

DP460 Arddite 2015
Adhesive

Fig.7 Difference 0f [ mean/ 0 et Jmax for different
joint style and adhesives

5. 83 &

ol

A& vehdlE HEAA= el es &
o He HEF 239 FEE JE=517) 99 A
TolA AETe] Aol IAHAAY AFol
FHgle]l 22 MY RooaE AR ?J-J
A oA Von-Mises 8o tgt Ha &
o} Ble] Hdlghe] dA gl =28 Elrﬂ]

dvhe Aze @3 7ES ST,
= g/
¥ =R @AY ek 4R
2 ALILEE B AT dse G
Ao oozl RoeH od BAA o
JEE zju}zfau
e s

1. J. R. Rice and D. M. Tracey, "On the
Ductile Enlargement of Voids in Triaxial

Stress  Fields", Jowrnal of Mechanical
Physics Solids, Vol. 17, pp. 201-207,
1969.

448 99 27 189



2.

190

A. L. Gurson,
Ductile Rupture by Void Nucleation and
Growth : Part 1 -4 Yield Criteria and
Flow Rules for Porous Ductile Media",

"Continuum Theory of

Jounal of Engineering Materials and
Technology, Vol. 99, pp. 2-15, 1977.
P. F. Thomason, Ductile

Metals, Pergamon Press, 1990.

Fracture of

.A S, Argon, J. Im and R. Saforgly,

Metallurgical Transactions, 6A, pp. 825,
1975.

. M. A. Sutton, W. Zhao, M. L. Boone, A.

P. Reynolds and D. S. Dawicke, "Pre-
diction of Crack Growth Direction for
Mode UVII Loading Using Small-scale
Yielding Void  Initiation/growth
Concepts”, International Journal of Frac-
ture, Vol. 83, pp. 275-290, 1997.

ASTM D 638, Standard Test Methods for
Tensile Properties of Plastics.

and

. SAE 11863, Coach Joint Fracture Test.

oV

10.

11.

13.

=

ok

[}

. Douglas Aircraft Co.,

i

ASTM D 1002-72, "Standard Test Method
for Strength Properties of Adhesives in
Shear by Tension Loading(Metal-to metal)",
(Reapproved 1983)

ASTM D 3165-73 "Standard Test Method
for Strength Properties of Adhesives in
Shear by Tension Loading of Laminated
Assemblies”, (Reapproved 1979).

ASTM B 209-95, Standard Specification
for Aluminum and Aluminum-Alloy Sheet
and Plate.

E. A. Brandes, Smithells Metals Reference
Book, sixth edition, Butterworth & Co. Itd,
1983.

Fiber Reinforced
Epoxy Prepreg, 250°F Cure, DMS 2288,
DAC, 1988.

Hankuk Fiber Glass Co., Hankuk Fiber
Process Control Specification, HPS-1222,
HFG, 1990.



