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Simulation and strength.and fatigue life improvement of adhesively bonded
single lap joint using cohesive zone model with cyclic degrading
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the static stiffness and strength as well as fatigue life of adhesively bonded single lap joint
Received 01 March 2016 (SLJ) are numerically studied using the cohesive zone model (CZM). In order to simulate the SLJ using
Accepted 13 April 2016 mixed-mode bi-linear CZM, the failure behavior of adhesive in modes 11 and 111 is considered the same.

Available Online 25 May 2016 Fatigue damage propagation is simulated through scripting USDFLD Subroutine in ABAQUS/Standard.

Static stiffness and strength and fatigue life obtained in this study are consistent with experimental

EZ’Q’:;'V‘QS'ZM Model results available in literature. Then, the effect of geometric parameters including overlap length,
single lap joint substrate thickness, and tapered substrates are investigated. The obtained results reveal that the increase
fatigue lifetime of the overlap length would lead to increase in the static strength and fatigue life prediction. While
adhesive degradation increasing substrate thickness results improved fatigue life, there are no a known relations between the

static strength and substrate thickness due to the changes of the loading modes. Tapered substrates also
have positive effect on the strength and fatigue life because of more compatible rotations. Therefore, to
improve the strength and fatigue life of a SLJ, authors suggest greater overlap length and thickness
along with tapered substrates.
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Fig. 5 geometry of simulated single lap joint [22]
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23.31 25.04 8.32 8.61 0.8
27.78 27.78 9.57 9.57 1.0
32.44 29.72 9.13 8.65 1.2
38.93 31.38 9.92 7.93 15
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Fig. 10 comparison of rotation of SLJ for different t/ty
Galisee sl Uty g1l 4 slad 5 Jlasl 25 > awslie 10 S

5 o)leiis 16 095 1395 Al po (e SuilSe wiie

i 5 plSl s Plaoain s ol 5y5e slagy ol 5t Loy
ool el 50500 i3s3 (3 JSL8) Lo cgled 5 sl st
e 4L Job slezell slie slul (lsie 4 h g to Lo (28,5 )L o
4 ootz 51 w5l ol g et Cwlks (9 Jsz) olag
85 3 o) 990 Mt 5 o Lo sl eyl s 5

g bl » Jlail Gligee 4l Job ST (cwyp Ol ool 5o
a5 aes e lid Canl ool &l 6 Jgao o a5 hai 00 Jlal e
o 5 o b oima g 03l plSxil yy JLsl 4 Jsb (sl
ol 4l Coluw ol oS 08 o LBU el cpl Slases plisjlo
PSS, 135 o o Jll sren 4G Jsbo el alanls & oo
G131y T Sl (o5 a5 008 e Y Jsb 5 (B 5
Gl b i g plSoid ialiil a8 55,5 e oonlin opdle 4 am3 oo
50 (il b ilS Sy b 3 ek abal, Sliges 4l Jsbo
5 ey 103 Cél v by 4 Sliges 4l Job 0 (guse)
eSS Ay el ol e 08 F e Jlail sl (gas s 26.6 il
33050 S gy S50 LS| e g8 i 5 Ll lojls ilS 3
Jsb Cusgame (58,5 i sl 00,5 e apog culply o) f sy
S 4ol g Sl Jlasl (5,55 oy 5 lbosiy
Sgd 08y 0y b b o (S

e Lot G0 Gl o b bodiias Culbrs [l dslllae
ol 038 S AL T Jgaz 0 g 4l )T O ygo odiws 50 2 0 Sl
ol S olg> Culbrs ioli8l aS 08 T o csalin T Jgux ol b
ol auleas lad SO Jlasl s (iol38) o codinz g0 olss

adherend ' I h

‘

Lo : adherend

—

Fig. 9 geometrical parameters of base SLJ
Lis (sl oS5 Jlatl ooz (sl el )l 9 S

Sl S5 Ll oud gin i (St pee dslio 5 Jgan
Table 5 comparison of predicted SLJ fatigue life

T yos (kN) 5,138 L
(%) las ol gose s [22] oy mls
3.17 128205 132400 4
1.77 26128 26600 5
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Table 6 investigation of L effect on strength and stiffness of SLJ

(kN/mm) Jlast i (KN) Jlasl plSovial  LiLg

18.52 7.72 0.5
23.53 8.01 0.8
27.78 9.57 1.0
31.77 10.03 1.2
40.11 12.12 15
56.09 17.05 2

*overlap length

2 tapered adherend
% peeling mode

4 shearing mode
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Table 8 investigation of h effect on strength and stiffness of SLJ

(kN/mm) Jlas! i

(kN) Jlas! plSocnsl

hity
o..\.:.,.m% 5.) oJJ.,..M% \SA G\.x.:\.?.nm?: 5& G\—\;.f-m?: &S_v
271.78 27.78 9.57 9.57 0
27.51 27.46 9.14 9.42 0.2
27.33 2741 9.09 8.98 0.4
27.04 27.17 9.23 9.43 0.6
26.55 26.86 9.12 9.37 0.8
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