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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

Efm;‘:;one 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.

ol oy (S ST (63 Ol 195093 039 3l S 9kS 100 2alS L docdo -1
aS ol 5haul o alS w005 53 )] 4 e (5158 5 o5luil b sl § S g B pan Sgut oS 39 b slogy0es b 5l Lol Bas o3 5l
5eelS was o JSis QT Ay 1y adss alews S 59 2,0 30 JI120 aS aes oo lis Slllas .l ()5 alST (60 oaiY] adgi liee LialS

Please cite this article using: tawbod 03wl o3 @yl 5l dlis opl @ gl 510
M. H. Shojaeefard, H. Saeidi Googarchin, M. R. Gheibi, M. A. Nik-khah, Simulation and strength and fatigue life improvement of adhesively bonded single lap joint using cohesive
zone model with cyclic degrading, Modares Mechanical Engineering, Vol. 16, No. 5, pp. 281-289, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.15.6
https://mme.modares.ac.ir/article-15-4367-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.15.6 ]

Oed 9 38 el wa Joxo

Glu»emﬂMngbd.\o‘S)ﬁ)mh‘slu.&uuandhmluﬁau;)uglpl.{zunléwg‘s)lwm

505l 1y el (g0, S b oVlasl jo 0 )15 coblB 5 i JLasl
P CONCEISUOW [ RV L S AP T KESE A L ST L AT YL PR
. - (& g 1 . B3 C e 5 g

2 edgriny (Sd el leand Gl 85 2 e TS 2
Gt Sl 4ol Joe Glsie con a5 coud 4t IS oo oYLl
coalitul 8)50 (Stud ol oo Caizmen 05,5 o SO gl > 0disd
S e 4 cuns a5 8y wales s b anii mhaw bl b ke
) Slesls @ (6 pRedsr Sjgpo & a2 @ a3 Sl S

D0 g0 yals

o S -2

Slp & an Jolae slal5l il SLilSs 5 0lge pllouinl 0,500,
Oles 3l 15,8 e 1B eolainl 0550 (S slaojle Suilely axlas
&g g ez ool Gl e bty orl sroab
L‘ Ldbo)iw) Cﬁ.l OISLQS ‘wl S99 Lo el w)f O g0 LtboT 6[.2.)9.:.45
OGSy e so,Sgs b cpl o s axlge olaiysguss
Sibuwdae 1) 993 Cds e Jo 53 adgl S5 jea> 4 5L 292y
“0p4 9 oA o)u':] slears pade sl 4ol ools ULM..: S5,
Ol 4 Sz 4>l Jow 0ads (Lo b lss (65,55 Sblse 5l (6,5
) St SilSe Jgol 5 ol 9,8 g3lodoe glp 1y (25 5 e
558 ey ol SaS & al s 085 oo S il 05 (3l e s
o B e e (Sly OMSE 5 e 03V gl ali (185 ka3 o
D38

Sloowz 4l Jow-1-2
5 s o Sptess Laly, p otis Vgons Sl 4ol slaoe
Pl o I35 nlpls il S5 b (o slaalnl>
[14] 05 o sl o5 a1, ool

HFE 5 GpellS Gy @ pil Sl e Slies a2l Jae
2 ez SYlail o oy iy ol Sileand ln Ghs, (n skl
o0 Sl g o] SlSe gzl 0 Joe ol 05 se a8 S LS
Sl S ealie jl 093 5Ses Sgnte slp g Sl AL angi
5 %o dlge g Plawe I (rms g5 sl Joo (l eizmen S0 0
S VIsSagy Sl b yarly day Kool (il Lels (Kenls
[16,15] el 33,5 )15 sslitul 590 s g oy jouelS

s cd S s o S ailes o |, Beiss o sl JoSls cass
a4l ;0 a5 0,5 (5,8 gl ols s Sy MalS olge (sl 1y cdln ) ol
Sl oole pabes 25 b plp g Coll Sl o i cuss cov
aouw&ﬂAJ.I)J):AJLN)o‘_;.;JGi;.:SSsl)in)L;@.[U]
Sy oy Slp Sl 4l Jow 51 oMy alsl jo .05 s502e
o o0,S 0ol Pty 55 S 6,55 Al 0,5 MalS slgs ,o S

S5 o Seop oguene (JeSlge (Saier lagys &5 05 22

® cyclic fatigue damage
® softening

" degradation

8 fracture process zone
® Griffith

5 o)leiis 16 095 1395 s o (yurde Suilse wiie

[21] 05 anlss aiesses Gus cnl @ S sl 55995 4 s

& slos¥sh jlaslitl 5095 iy ojle 139 205 slahy; 5l (S
ez OVl 505 ke Caje cle ol p0 ail e ol el jo il
Ol e38lie, eolawl a1y el lin 8 Slae o Jlasl slxl o
50 e loslatul 50 2009 Jls j0 4S5 jeb a4 el 0018 §gu g,
L8] el azls ws, 7% Lo

Sy & Glgise 1) (Siwd 6,108 L cov sloojls Sl LS,
039 piskey cdel oy slagyge;l Lol cols 1,8 anlllas 390 (g00 5 o2y
aile o)lge (B 40 aSnl 83 bl caib e YU o] sl slaas ;e g
Ol il g0 sl (e i 228 Glgges] sl s S)i sleejl
1y i 5 035 2al5 Jlo 5 iloj i 51 s00s slagsilodse 2]
9> B 15l 0yse 8 slapges] i o5 Sjluise 0B Sige b 4
aS ‘):> Slesls ul...; (S yba JL§| &Sas LSLQL):’B) LERppma— 4 OYlas! 50
5 ooy Bro b IS Ll 5 sole i sl ly A el
4>l Joo wgose slaghy; ol 5o adlioe plodl JB (g eS anje
S cuz wilbie s oS 608 4 jase bl ahauly 4 (Sl
W3S 15 38liey 9 p)lS 3y9e oz VLAl o (Siud ol g5l
oo Sailols IS 5 sl (gilotends ;5 ol alivws daJoe ol 45 oo
S5 @ a5 cwl CuSs ol Job 0 Sl sl 28,0l s
SRy Dype Gl = (1S (gl 4 pomge (S5

SYlas! 5 L_,’_fl.m? MT ‘_g)'LwJ.M 6‘1.3 u’_a.l..m (_ngqu) Q}‘SU
A I (s yee LS oy, 5l (B 0l a8, 5 4 e
S ree i ln Wlse Gtgy il 4z 51 [4] el eas wi S
G b el wd, b el B ooy algss [0l Lol sl ashe
9y Oz SaS d onilendl bl plply oS s 1) (Ss
Eors slajle a5 col T iy, cnl Koo (ars g alss oloiws LB
bl ged SSE BB o] o Sid see ool a5 ool

1. . e VI

Bz 4 s,z |y (Sas L [9-5] ol Kaagy 5l (Bn ole 2l 2
S il g pole i Slewlome Sl (ag; (nl oS wlos S 5l
sals sl [11,10] 6,508 cuibiome colsl o ol Sae J..,.éZYb. >
W30S olgaien l)3g§‘°)5° e Gl ig; 5l eolatul clilos )b
- Jae [18,12] ol oais @1l (5,550 09,5 dawgs a5 30l olerdy o

4 o . ) ; e - 1
Oygo b Gi.....; G L g ol 0 (ISl 4 azg boo S
Coddse gl (piren ol dolys Jlosl diges 4y Siws b aiion o
SP b 5 E9rd sheihe 4 Sz 450 Juo Sl sl sl
Pl aslllas (sln 6595 Cnl 5l 38 gl Gl )0 &5 0D o (S
D5 035 0y Slad S Jlall  Sis yes g Sl

oWlail 028 sloaasin ez sob) glagiegy 4 S
PRI IR S DY IV UL JYR VLIS W COWE - KU g AR RS
ogdle 4yl 0038 T &l dhas yieS S Swbly g3l Jow i)
dwdip 4 dlaly gooe s sl Jow el oads (S5 la iaghy o

! Cycle by Cycle

2high cycle fatigue

3 cyclic extrapolation techniques
4 maximum fatigue load

282


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.15.6
https://mme.modares.ac.ir/article-15-4367-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.15.6 ]

Obed 9 38 el s Joxo

tsld';&e.\iyin.ﬁ._n_uéihfu.gnne&pud.\o‘s)ﬁf)l.{.}l{gl@.ﬁﬁdhﬁiluﬁm';)ugrﬂ&zimléw,‘sjbnéﬂﬁ

3 e 7 . . 2 -
Ol vl ool aid 5 0 o MTM))LAM Olee 42 L ply (6950 LIS
[22] wloas 41,1 (5) 5 (4) Laly, yo i @ Lo loxe

max {@,ﬂ} =1 (4)
O1c Olic
Gy "
Gie + (Gye — Gio) (GI T Gu) =Gy + Gy ()

5 el JsSle STy o Jloy i sains Lt o7) & les o(4) alay,
95 g0 iy 5 (6) aba ) 30 4

@ ={g 220 (©)

ol bobs Sl ez Ylail o Kins 61081 gileans jelate o
o5 uly o Sl 355 slo Alss 55 wrge oS SIS0 g5
olis 2 ISy gole camay ol oS 88 oo sile e Gl - pnS
sl 03 sl b Ll ol plsm 55 anld el ond sols
52 iy 25 Bk 5l siledse e (8) 5 (7) gy b o (Sis
el D (7) alaly 5 osde Jlesl Jow & s ISl es ol
iy Emayx 43,2 god BN (S ol g3 ADp ( S ol
g o @ g Joos alin] (15,5 @y oSl oldl jo Lol 5,8
el ol 25,5 ancin Slu lade Jeoo alin] 165 caxie sobe

[22] KESYPIR ISR COWCIp S R g U B v I SV-S [ BCOR gL g

% — {a(gmax - gth)ﬁl €max = th (7)
AN 0 + Emax = Eth

SaS @ a5 ol Sl (13,5 (1,5 5l jekaie e ol yo andl
[22] el ailoms B8 pgn ooz Calies sbiwl, jo (9) abal,
5]'15

= 9
Fns tadh ©)

O-I\

O-C \\\D F = O

/\ DF=1

Fig. 2 fatigue damage evolution [22]

[22] Ss ol 05,2 S

2 Maximal nominal stress criterion
% Benzeggah - Kenane Criterion

4 Macaulay

® USDFLD Subroutine

283

S5 Sty G 1 1y Jan ol 5 ol Ktagy, s (18] s ssms
Lol cslools anwes cilizes Jlus p ol Jlosl o ot il - as
L) Sloz 42U Jao )5 ad slge (Sl )18, (w2 sl 2S00
[19] wols 1,3 oolil 8 50 Sgaze (sl3zl g, LS o

Sl sl giloacs olp iz wlax - mis olsd
ks g Gl = GRS o8l (Galsd ol s 31[20] 5l a5
IS0l g0l Cangarne QT Sl oyl )by zlzal Sole Jdo
50 Sl oads ooy Hlas 1SS jo el8 ol gl gl )l (g 138 8L 5 LS
O iz CaSS (655 G oSl Gl adgl saw E (Y3 )l
o] piel )b D gilwolil maS b bl Giolas o) ogjlwoly] iiS
Sapsb & ol (2l S5 Fasil 2 8) les Gialazr B 5 et
WS oo Joow 1y o)L e 5590 Sl ol (D = 1) Qi 3w
[21] el oas @11 (3) b (L) Laly, (o 958 opl o oS> E¥olas

J E§ , §<¢
5—0
. 1
55 = GS0sd (1)
0 , 8§26
[
5i:EC (2
26,
§f:—c (3)
O.C

ol ool Lt (gl 5 oz YLl Failely Sl oo
Oz 0 bl I oge g 1 oge 5l oS 5 (OYlail ol cuss oS
g1 sladge 51 o 5o 4 bgrpe Sl 4l laJas bl (Sondy
S5 Aoy & Slinz 46 Joo 4 Toge LIS 1 5 55,5 0 (eass
oald &8 L aliwcs 3 11 g | sladge G 4y SO inlas = auiS (ulgd
@ s (K 390 LS 4 (o5 5 390 Foly K05 Ol 4 13580
Olbes 00l 50 a8l (Al 090 99 51 Sy 5o Gy 4 TG0 5 Wil o 4S9k
O PRVPCER S PSS ISR -5 CE Y NV U0 || ISR S FE

Sge iz - (iS ll eanS Gwd layell S e
&l @lalil 1S (B 5 B) A1 51050 50 adgl oo Julis (oS 5
(Gic 5 Gie) I 51 050 ;5 St slaggsil 5 (ame 5 0ic) dl 5 1 050
Sy 5 E9,%0 Cend 93 8 lp (oS 5 90 Jlre QLRI izren i
Al Lo Sl g cnl 50 sl L5 0590 (8 cnl et (sl o
g A

D=0
O-C

Ge
D=1

Fig. 1 bi-linear traction-separation law [21]

[21] s 59 Gl = S (58 1 S

! mode-mixity

5 oolaiis 16 095 1395 sl e (yude SuilSe wlise


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.15.6
https://mme.modares.ac.ir/article-15-4367-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.15.6 ]

Obed 9 38 el s Joxo

Sla3 )2 0 Mgubumds Sy Al Jdo G a5 )l b slad o5 Gy Juasl Kud jac 9 LSzl Sgug 9 65 Lwdads

Cohesive Elements

(COH2D4) Plain Stress Elements

(CPS4)

Fig. 4 finite element meshing
Sgaze gl gunasis 4 S
Wl 0030 ,5 oolaiwl wouls &1 2 Jaam o a5 Il g | oge L bl
e GBS el oo b e (ileand (> 3 Grien
1 . e I c
boplp sSemy gl cors g onoS bl (Sp gladss o)
el oo 48,5 a5 s 0.00001

S oo (63 lwdats ~2-3
OB el cdl gk 5l Sued cpwl giludae ragh ol o
syl vgame lizl Jaw a5 (6950 4 Gl A3 T O g lolas - S
00 JysS (sload omsiflyppns o5 b 3 bl usSLT 1531 o5 4 ea
oo

(St ol Sl ;5 Coenl Bl el (7) alaly 4 255 L
ghe jl AL & ats Sl glagldl (Lol slaasS ain
9 Slwdoe 3o g Sqz @ (nlpls il o (S ()I8)L aeiey
GRS 5l ead giluand Gl S5 aisel gl Slslre oz talS
sl 00 oslial (6 JS8) (Slogi 6550 sl 405 IS8 )50 &

[26] (slad S5 Jlasl yo azd, IS slge  SeilSe Slastie 1 Jgue
Table 1 material properties of single lap joint specimen [26]

sl ploeal ECOUmIov | g PRV

. | p ooLe
goolsy sy
(MPa) © (MPa)
570 0.33 68400 2024-T3 pguiasl
45 0.4 2000 FM73 e

[22] FM73 v Sl sloyzal b 2 Jgo
Table 2 traction — separation parameters of FM73 [22]

O YT T O S IO TS | P RS R RS
(KIm?) 1 sge  (KIM?) I 540 (MPa) (MPa) s
2.8 14 66 114
P
D=0 AN
Pma
pit D
Time step
(No. of cycles)
Step 1 Step 2
N=0 N= N¢

Fig. 5 geometry of simulated single lap joint [22]
[22] oo (g3luamnts 16 & 36 (slad oS5 diges bl 5 S

! viscous damping coefficient

5 o)laiis 16 093 1395 sl po (e Suilse wiie

el Sl gsS ere i 4 (8 96n) 5 (& gen) walaly cpl jo o8
il goban 5 Jlogs sliely 55 55 wlas (Fabil ye 5 Slier
Ol ez Ylasl giluJas jo Sl aslb Jow sl oolatwl coje
Sl (6 )5 )L o | onig oy ol Al o0 0B Joo 45T ol

[23,22] wles gk (Sis

@ JLl Giluand -3
oo 9 Sl plovind (cwyp Su S S5 oz Sl iluaned
G e GiBu 5 el S Ojge Gidu g0 0 o] (Ses
o (Slewl Jae «glad S Jlasl (Sslew! plSovinl 5 (b gl 5o
Joe sl eslaul gl Sd jas 4y oliws eIl 50 coul ouls ol
o sy (pl 90, 050 oo a3l T 4 pgo Jidy ;0 aS wil o (S

Wloads by Jads a4 dalol jo

Seilowl Jow (g jlwancd ~1-3
o ek 93 G A S o Sl sileand polate @
oolitaol o lailiwl LugSLT 1581 o5 5| FM73 (v 5 2024-T3 pgiiosl]
llas sl b (slad S5 Jlasl S dwnin Conds 45 (5,5b 4 el o0
e 132 4 S LT (b irdd ) Il ST & s 5 o5 3 S
s o (Sl Dlasin Gy yad 5l e el 00l e sl
o5 sl glie cnl sl ol a8 pdy Sge Jlail ganased
Wosinz Ga0aSed ln w4 (25 oz Sl bl laxio
Gz 4Y Cubro 5 a5 cwl (58 Ll Ll 00l 08 0 g
o yo B gz g oad ganaSed Sl glaplall jl s, S SLS
adF Sl e Sy Sl slaplll slaased sl 4 Lyl e
&9 099 ez b Jlail oo 50 58 brodiews (ganails [24] el oo
eSSl Jlasl 4l gl Gad je0 b Glaslre slaanie ol Jds 4
sl 00D 00 15 018 (6,5l O (GO

S dee ol yo ccwsl o ools lii 4 S o a5 jshailes ccod 5y
Glamio 25 Gl 56 5 5 > lamio (i bl 3553 51 s5le
Y 6lp 5 (25 ez Slowz QL1150 1 g loodinz ln (855 4
0.2%0.2 plp Sl slasladl o5lail )T 50 4 Cowl 00 00 040 o>
3 O 0 b glamio 25 slaplodl ojlail rimes ol MM
> LU 5l alss 285 (il 5 opdle b 850 30, oy Y (oo
ML Jlosl caz [25] 05h pSslr 5 Slear Juo goue
3 slad S5 el soly] Sl s ples wsipe Lulpd pea g (Sl
oo (sleil salil ez o 50 5 (B85 5 (B c(3908) o o (el
1L ply (B ollr s Sl 00 e (50,5 5 (50908) S,
ool 0oas0 5 Jles! o] ol ) oo Ll 4o mm

el 0ads 00,91 1 Jgaz ;0 o0y ooliiiw] conr g pguineg] Slaseive

JL..M} ‘_;Lm)lnbl.g: )‘| rewwe s Ag}/ B wi ‘_;)L.uw <5|)‘.W

l 0.2 mm
1
T I il 1 » P
4.37 mm — :
1 30 mm 1
1 75 mm 1

Fig. 3 geometry of simulated single lap joint [22]
[22] ot (slomnnts 315 4 56 (slad 5 aigei olad 3 JSCB

284


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.15.6
https://mme.modares.ac.ir/article-15-4367-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.15.6 ]

Obed 9 38 el s Joxo

G143 )2 0 Migubiumdl Sy Al Jdo G a5 )l b slad o5 Gy Juasl SKud jac 9 ezl Sgug 9 5)bwdads

Material and
Geometry
y
Stress
. Degradationbased on Dy
Analysis
A
Calculating D Calculating Dy using
using CZM USDFLD Subroutine and
updated for each increment

Obtain &, from FE
results for each

Can the joint

carry the P, ?
cohesive element

Fig. 7 The flowchart of the fatigue damage model in Abaqus
oS LT o (S ol Jae IS 50 5 Jloged 7 JSCi

8 T T T T T T

6 ——FEM ~ ¥
4l T Exp. [23] s i
1

Load (kN)

1 L i

0 0.05 0.1 0.15 02 025 0.3 0.35

Displacement (mm)
Fig. 8 predicted load-displacement curve of SLJ
Slad SO diged (gl oad Sa st &qul.?-”,;@x.ASJS.&
Sl S5 Jlasl goae 5 o205 (Sl plSoctd anslie 4 Jgas
Table 4 the experimental and predicted static strength

(kN) (Sl plSoxal
(%) > goae giludas

[22] o o5
43 957 10

4 sl il el glad S5 Lail goas 5 (025 (S 50 5 Jgor
Siledae mls oo sldail bl anslie aes o Lis 5 KN ¢ kKN
Iy, yol> goae il Jow Como o5 0S5 oo e 1) o8 s b ol

S s 9 Pl g i S $1 (e -5

Glad &5 Lt
"o a=b J}Io ‘Lcno..\.:.,....?: Cales 6"“)":*"‘)[1 J_;| ey Cound Cﬁ.l 59

285

P(t
® t=02s
Pmax
Pmin
t
Fig. 6 actual fatigue loading
By (S 535,16 S

Tt e g0 ol (Soas ileae oo (LS SO &5 jshailen
(Pra) (S L s i b o )l 51 (658, e oI5 0 il
5 0580 Jlosl ol ooy Jlail 4 436 100 (b5 b S5 4
W05 o dunlore (Sliwl sgame slizl Jdow SaST 4y Lol sl i3 )S
5 sl 5 Jlas! S bias] oSl i Jolao Pruge 45 cansl ,55 4y 3
Sledl o (el Kot ol ke g0 ol L5 aile 5 KN L il
05 e o) (10) el Sl 4l 5 5 S s Sl
olie i oy 00,8 e | Sl waz (s)lake b (AN) 452 e
Sl lagledl gl 15 1050 0 cuSit slass il g Sla 225

. . AD
Di=Di' + (—F) x AN 10
F F AN ( )

slaglall ol sl i)S i wamz oo eles S35 o 50
b loaome (Kind ol uiie 9 00l e om god sl Sl
S b oo bl Sl b oles cdl wig, cpl 0gd o0 (3Rl wuax ke
asls 1y Glog b anin maw Joos SUlg 500 eans ol Jlas!
o 5l 2l gole Lolem il igile Jaw ol jo asiyl 53 LLS Logs
Sk ol 0nd S o LSy dilite slasge ;5 [22] g2 e wlie
Er L ez 5l s ol G Il g 1 age 50 Sl Slasie s
oole Hlad 7 S 5o )15 (50,5 O jee 4 Wy, ol b se (oS SLSS
PR CONCEUI P O RRCVSS (7) abaly 3l los cpl 4ol oa

Dy o 0olatul 3 Jgaz slaosls I ez 4y

@b o sliel -4

Gl cedi lad S5 Jlail giluoand @l )18 ame jlaie 4
oads 1)) [22] azyo o0 &5 oy o b o] (Ssbiwl plocinl & Jgox
ot Coro oy 43 sl b bl slhil 0o )T e anslie ol
B USS )3 Grizren S 0wl ) (Sl sl 6l mame o
@ L 5 lad ST diges bl - 550 o0 @l (S anlis
b ool oty (Sliwl (i 5 6,k a a5 el o1 e [22] (oj20
Wil (975 @l p bt ezl S

[22] S el slo el b 3 Jgu
Table 3 traction — separation parameters of mode | and 11 [22]

a B En

15 2 0.0319

! update

5 oolaiis 16 095 1395 sl e (yude SuilSe wlise


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.15.6
https://mme.modares.ac.ir/article-15-4367-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.15.6 ]

Obed 9 38 el s Joxo

Glﬁae&yi;hqméihf%@udh‘s)ﬁf)lﬁ_lgGIQJSﬂJWIUQMA)uQPKmIéﬂgﬁjM@

lad S5 Jlail (g 5 plSoil p bosis culied fl (o) 2 T Jooa
Table 7 investigation of t effect on strength and stiffness of SLJ

(kN/mm) Jlas!  xiw (kN) Jas! plSocenl o
m.\.;.f....% 5.) m.\.;.'..m_? «S; c..).;.'.....?: 5.) a..x;.f_...?: uS.y
16.27 19.38 7.41 7.83 05
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 12
38.93 31.38 9.92 7.93 15

SS9l St oibe Slp (s Cesgase pae Sjge 0 g el
Ly ppSots Jlasl sbnl o ojle ;o Jpses rodins 5l oolaiul
30 ol Sl il aojle ;0 o lgen aS) S8 LLE 00,8 yige Sbew
Qb o o359 4 ol cos b

O3l pmie Lie b B calses iuldl aSol o) 4 ol 0929 b
cde ol o zals Jlasl alSoeul T 51 Gas Lol el oo Jlasl plSoeral
Jlail ezl is e 10 IS8 gillas (Jlasl b oli8l Cga @ oS
ilge S (S g D90 2 (B 390 S K00 D)le 45 009 S
i g plSoual 1) glad SO Ll o & gl eolanul 518 Jgas
2 g 5l eolinul a5 siee o] Sl leesls Lamo e lis o] (Sl
S oS S lade 4 |y Jlasl Sobisl plSouinl 5 (hw s
e

2 S O e el bodinaz o (o bl & bl |
e 2l ) el o rosins 0 Fu bul 0ad oo oz Y

Fig. 10 comparison of rotation of SLJ for different t/to
dalize sla thy il glad S Jlasl is 2 anslie 10 S

5 o)laiis 16 093 1395 sl po (e Suilse wiie

i 5 plSil s Plaoain s ool 550 slagy ol 5t Loy
Lmbol (nl 2 o9 oo ailo (3 US) Lis slad S5 Jlasil (Sl
b ol Jsbo sl el cslise slel olsie 4 h 5 to Lo 53,5 L5 s
& sz 51w 3l g ojlail g edis cwlis (9 JSE) Slag
S38,8 )3 ey 090 Nty g o /Lo sl el b s 5

g bl n Jlail Gliges 4l Job ST cwyp Ol cnl 5o
a5 aes se lid el oads &l 6 Jgao o a5 Lhai 090 Jlal aw
St 3 5 e a5 ol oSl 2 Ll s Job (ol
0l 4l Colun o8l a5 098 o LBU el cpl Slases bl
PSS, 35 o Joil Sgpen s Jobo il alaly & o
I3 ) o ol o s g oad iz Y gk o by A
Gl L s g ploinl il38l aST 08 5 e camlie ogdle 4y 00 0
50 il | ialS o ,5k 4 i ot alal, Slines 46 b
5 e, 1903 Cél v iy 4 Sliges 4l Job 0 gus,o
gt 50 Ay el ol clde 00 5 o Jlail plSouinl (gas s 26.6 il
33050 S gy S50 35 LW S o i 5 JLail lojls 153
b Caspiome (28,5 i 5 b 33,5 oe dmogi calpliy )t
Slines 4l Job Sl | Ll 555 Casdy 5 laosiar
Sgd 03y oy b b o (Ses

e | ot Ky 4 Caled i b Wbonion uolied il aslllas
ol 0030, 5 1T Jgaz 0 5 48,5 Oygo i 50 2 10 Sl
ol K olg> Caalbrs iulidl aS 08,5 e canlin 7 Jeuo bl sl
Ol el oad glad SO Jlast a3l o codinz g olgs L

adherend ' I h

‘)

Lo : adherend

—

Fig. 9 geometrical parameters of base SLJ
Lo slad G Jlal iz slo el )y 9 S

@l S5 Jlail ond gy (St yos duglia 5 Jou
Table 5 comparison of predicted SLJ fatigue life

S jos (kN) (5,55t
%) ks ol goae mbs [22] oy mbs
3.17 128205 132400 4
1.77 26128 26600 5

sl S5 Jlast 2o 5 ol Sligen 40U Job 51 g 6 Jgor
Table 6 investigation of L effect on strength and stiffness of SLJ

(kN/mm) Jlast ow (KN) Jlasl plSovial LUl

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

286


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.15.6
https://mme.modares.ac.ir/article-15-4367-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.15.6 ]

Obed 9 38 el s Joxo

G143 )2 0 Migubiumdl Sy Al Jdo G a5 )l b slad o5 Gy Juasl SKud jac 9 ezl Sgug 9 5)bwdads

1y Glgee 420 Jsb i b plys Cuslies i il (Sp%z 13 S
S8l g el 00piS el 4 gl S Ll KieS e
S es ol 90 b S Culs islEl L aS 00 8 e csalis
Godkmnz 9 Sl Gl aSl S5 Ll ke Gl JLal
Pl S Kiged 4 Card bie o 5l G | T (S jas L]
JLasl 651381 Sge i (o)Ll aiged joe falS Jods ams oo Sal38l
ol YL Glackls o Lhp 0 A4 SSCws dge
by s SLigien 4L Job Gl 5 Cutls ledl Bl izeen
P St RS SIS mig gxdee onl e dgdioe (Sd ee
2 4>l Job Gl Gl 4 Sty a5 pelS g Jlail 4l sk
Jsb & ol (e pee Slpis 2y ol 14 IS8 0l Sligy
A5 S8 4 4z b peizmes wad o0 (LS (995 4 1) Slages 4l
IRl o bosinz )3 g S5l ooliiul () e il a5 (L

838 oo slad S Jlasl  Sows yes

60 T T :
—— One thickness, L/Lo= 1.0
SO — Both thickness, L/Lo= 1.0
----- One thickness, L/Z,= 0.5
i’\ === Both thickness, L/Lo= 0.5
Q. 40
Q
=
~ 30
g
Gt
R 20
o7 e
wsﬁ"—"
i
0 —__‘,-'l”— 1 1 1
0.5 0.8 1 1.2 1.5
tt
Fig. 13 investigation of t effect on fatigue life of SLJ
$ld S Jlasl (Kows o p culses Sl ow)n 13 SO
90 T T T
o)
o
>
Q
=
g
2&
O 1 1 1
0.5 0.8 1 12, 15
L/L0

Fig. 14 investigation of L effect on fatigue life of SLJ
lad S5 Jlail (Sous oe p Gligien 42U Jsb Sl (o) 14 S5

287

Sl S5 Jlas! e 5 plSonal p rodinnz 53,5 )10 Gy 5l cwyp 8 Jgur
Table 8 investigation of h effect on strength and stiffness of SLJ

(kN/mm) Jlas!  xinw (kN) Jlas! plSocnl hits

m.\.;.f_..._? 5& o\_\.;.'....._? «S; c..).;.'.....?: 50 a..x;.,_.‘.?: uS.y
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

ab salys Jlail Job 3 (ohp 5 SSIeSh e O &5 4 s
G by Ghagd el ssir (2hb ol 0 sz (11 )
@ e g e Rl Jlail el 5z wiS e Sales Ll
a5 89y ! andl (12 JSE) s S Cawg LRG ilil
e b (Kd pee o Jlail 4l s (LBp (25 s SESleSy

sl asls

—  base model

40 i
— =02 )
3
iy wy=04  fE}
_ ] . ht=06 H
& 201 i3 0 £ i
=3 e =038 5
1 ]
2 100 §
=
w2
8 Or
(5]
=
w2
10+
20} 1
30 i i . s i
0 5 10 15 20 25 30

X (mm)

Fig. 11 effect of tapered adherend on shear stress in overlap length
Jlail Sligpe aml Jsb o (o (235 5 F11L S50

600 T T T T T

= base model

— h4=02

o+
=3
S

Peel Stress (MPa)
w
S

200

100

X (mm)

Fig. 12 effect of tapered adherend on peel stress in overlap length
Jlail Sligen amb Job o (S g 5 3y 5112 JSb

5 oolaiis 16 095 1395 sl e (yude SuilSe wlise


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.15.6
https://mme.modares.ac.ir/article-15-4367-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.15.6 ]

Obed 9 38 el s Joxo

tsld';&e.\iyin.ﬁ._n_uéihfu.gnne&pud.\o‘s)ﬁf)l.{.}l{gl@.ﬁﬁdhﬁiluﬂm';)uglpmléwggjhuw

Sg0 LIS Cos g slojlo sladge ;o poss 51 36 s 58 wig, ol
i sl ez e Sal 55 pble b SISk G e
S e g Sl Gl s oz Y Jsb o A5 FESIS,
ol 00

il s T3 s o 50 by S el a3l ogde oy
LS L opgmd (Sl plSxial Gl ymie Logs) Ll 55,5
@ i il g il el (SSCwg A pge Sals Gl
1335 (o0 ALl S8l s ol (nl &S Wigd o0 3l o 4 (A0 )90
) 1, il (S o sortim 39 by Sy casbind G2l il 3975 |
A Cad 0dimn 98 50 Cwls (0o, 50 iuliEl 45T seu 4 s e
Ded o0 Jlail joe (s30,0 90 bogas o8l 4y e Luw CJl>

Pl 5 e (S G com s oz (05 b &
0.6 sl gas o syt |, Jlail (Fius s Lol 00,5 oo Lol Sl
AiSu g0 Sgne Egee ;008 L

el

[1] W. Xu, D. Chen, L. Liu, H. Mori, Y. Zhou, Microstructure and
mechanical properties of weld-bonded and resistance spot welded
magnesium-to-steel dissimilar joints, Materials Science and
Engineering: A, Vol. 537, No.1, pp. 11-24, 2012.

[2] W. Xu, L. Liu, Y. Zhou, H. Mori, D. Chen, Tensile and fatigue
properties of weld-bonded and adhesive-bonded magnesium alloy
joints, Materials Science and Engineering: A, Vol. 563, No.1, pp.
125-132, 2013.

[31 X. He, A review of finite element analysis of adhesively bonded
joints, International Journal of Adhesion and Adhesives, Vol. 31,
No. 4, pp. 248-264, 2011.

[4] A. Crocombe, G. Richardson, Assessing stress state and mean
load effects on the fatigue response of adhesively bonded joints,
International Journal of Adhesion and Adhesives, Vol. 19, No. 1,
pp. 19-27, 1999.

[5] S. Maiti, P. H. Geubelle, A cohesive model for fatigue failure of
polymers, Engineering Fracture Mechanics, Vol. 72, No. 5, pp.
691-708, 2005.

[6] O. Nguyen, E. Repetto, M. Ortiz, R. Radovitzky, A cohesive
model of fatigue crack growth, International Journal of Fracture,
Vol. 110, No. 4, pp. 351-369, 2001.

[71 K. Roe, T. Siegmund, An irreversible cohesive zone model for
interface fatigue crack growth simulation, Engineering fracture
mechanics, Vol. 70, No. 2, pp. 209-232, 2003.

[8] T.Siegmund, A numerical study of transient fatigue crack growth
by use of an irreversible cohesive zone model, International
Journal of Fatigue, Vol. 26, No. 9, pp. 929-939, 2004.

[91 Y. Xu, H. Yuan, Computational analysis of mixed-mode fatigue
crack growth in quasi-brittle materials using extended finite
element methods, Engineering Fracture Mechanics, Vol. 76, No.
2, pp. 165-181, 2009.

[10] A. Ural, K. Papoulia, Modeling of fatigue crack growth with a
damage-based cohesive zone model, Proceeding of European
Congress on Computational Methods in Applied Sciences and
Engineering, Jyvaskyla, Finland, July 24-28, 2004.

[11] A. Turon, J. Costa, P. Camanho, C. Dévila, Simulation of
delamination in composites under high-cycle fatigue, Composites
Part A: applied science and manufacturing, Vol. 38, No. 11, pp.
2270-2282, 2007.

[12] P. Robinson, U. Galvanetto, D. Tumino, G. Bellucci, D. Violeau,
Numerical simulation of fatigue-driven delamination using
interface elements, International journal for numerical methods in
engineering, Vol. 63, No. 13, pp. 1824-1848, 2005.

[13] D. Tumino, F. Cappello, Simulation of fatigue delamination
growth in composites with different mode mixtures, Journal of
Composite Materials, Vol. 41, No. 20, pp. 2415-2441, 2007.

[14] L. F. M. Da Silva, A. Ochsner, Modeling of adhesively bonded
joints, pp.155-182, Berlin: Springer, 2008.

[15] K. Katnam, A. Crocombe, H. Khoramishad, I. Ashcroft, Load
ratio effect on the fatigue behaviour of adhesively bonded joints:

5 o)laiis 16 093 1395 sl po (e Suilse wiie

s 0955 s & (VA i 058 sloase Ll 4y asil 53 oLls
3hoolatwl w90 ! )0 Conl Pl 4SS 0g) ABle> Sge j oz S
Goe 2 k¥ FB U &5 1z wll e 08 B 06 Goe cond b slagy
Sl Jlail (Ko

oSa3t 9 Lol GRal38 (28,8 J)8 ) 0)90 335 b &S Azl by
SIS L e L] canled lsie 4 glad 5 Jlasl (S o
5 Sosen 4ol Jsb ol Sl as o Gl Gb (oS 5
Sk sleosgume (235 53 e S5 Ll ply Bl & e
b eJlo plgre ariadlge ool plad anin g e ;o sLad o9 il el
5 11.8 yiol38l o N1o=0.6 2y 5l oolasiul aSul 0925 b (15 S 4y a5
Lol 598 g0 Io otz 59 9 SO bdiges (SKind jas (s00)0 244
o ey (lply e (IR Rl g0 Sl Gl 1) ladiged 0 an e
Sl sy JS5 4 b jally o 5 ez Jlasl b 5 005
Qg

S 5 4ol 9 S -6
JUasl (s o g (Solinsl (i g plSotl (o) 4 95 (0l 5
SheomsSLT Slsle s 5o Jlasl cnl slotends (lp ad sl slad S5
@l Se¥loole Jas 5l 5 ez ¥ gl (a3 g0 Sl a2 Joo
Gl S w1 )0 opdle a4y 5 oS soliiwl egiieg)] (slaodii
A Sl Gl Glp 555y le curd s oeae Sn
b 4z §
Gilwosly ol (g IA5 )L SaST L gl o S (gilwdnds sl (o
28l SeS & L (nl Cod e ool olsS S35 5 00
o35 Jlosl JLSe 25 LI g 1350 93 p2 sl s JlSliss ol
wlie Oldlas o0 wls 5l ol goue mls oo lael jglais 4
yol> BT (5038 (g Cono ‘C"L”‘ Ot o9 Bldal a5 ol a8 5 0 g,
Dged b |,

Sial3dl 45 il ledl g e 85 g a5 clasillas 4y axg b
o e Gl o sl S5 i i) 5 s o sk
cde a5 008 o o) (S jee pizen 5 (Sl w5 plSol

33

. One tapered adherend /

===== Both tapered adherend /

31t

301

29t

(10 g cycle)

28+

f max

N,

zn
Fig. 15 investigation of h/t, effect on fatigue life of SLJ
@l S5 Jlal (S e g Gos Sl oy 15 SIS

288


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.15.6
https://mme.modares.ac.ir/article-15-4367-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.15.6 ]

Oed 9 38 el wa Joxo

GIQ&eMﬁMJ%@UJMG)ﬁfﬂS_}l{gl@.ﬁﬁdhﬁiluﬁm';)ugrﬂ&zimléw,‘sjb»éﬂﬁ

[22]

(23]

[24]

[25]

[26]

[27]

289

adhesive- riveted joints, Journal of Science and Technology of
Composites, Vol. 2, No. 2, pp. 71-78, 2015. (in Persian _.,13)

H. Khoramishad, A. Crocombe, K. Katnam, . Ashcroft,
Predicting fatigue damage in adhesively bonded joints using a
cohesive zone model, International Journal of fatigue, Vol. 32,
No. 7, pp. 1146-1158, 2010.

A. G. Solana, A. Crocombe, |. Ashcroft, Fatigue life and backface
strain predictions in adhesively bonded joints, International
Journal of Adhesion and Adhesives, Vol. 30, No. 1, pp. 36-42,
2010.

L. F. Da Silva, R. D. Campilho, Advances in numerical modelling
of adhesive joints, pp. 19-22, Heidelberg: Springer, 2012.

L. Hamitouche, M. Tarfaoui, A. Vautrin, An interface debonding
law subject to viscous regularization for avoiding instability:
application to the delamination problems, Engineering Fracture
Mechanics, Vol. 75, No. 10, pp. 3084-3100, 2008.

C. Liljedahl, A. Crocombe, M. Wahab, |. Ashcroft, Damage
modelling of adhesively bonded joints, International journal of
fracture, Vol. 141, No. 1-2, pp. 147-161, 2006.

M. Abdel Wahab, Fatigue in adhesively bonded joints: a review,
ISRN Materials Science, Vol. 2012, No. 1, pp. 1-25, 2012.

[16]

[17]

[18]

[19]

[20]

[21]

an enhanced damage model, The Journal of Adhesion, Vol. 86,
No. 3, pp. 257-272, 2010.

M. M. Gift, P. Selvakumar, S. J. Alexis, A review on the
Cohesive Zone Models for crack propagation analysis, The
Journal of Mechanical Engineering,Vol. 55, No. 1, pp. 12760-
12763, 2013.

D. Dugdale, Yielding of steel sheets containing slits, Journal of
the Mechanics and Physics of Solids, Vol. 8, No. 2, pp. 100-104,
1960.

G. |. Barenblatt, The mathematical theory of equilibrium cracks in
brittle fracture, Advances in applied mechanics, Vol. 7, No. 1, pp.
55-129, 1962.

A. Hillerborg, M. Modéer, P.-E. Petersson, Analysis of crack
formation and crack growth in concrete by means of fracture
mechanics and finite elements, Cement and concrete research,
Vol. 6, No. 6, pp. 773-781, 1976.

N. Chandra, H. Li, C. Shet, H. Ghonem, Some issues in the
application of cohesive zone models for metal-ceramic interfaces,
International Journal of Solids and Structures, Vol. 39, No. 10,
pp. 2827-2855, 2002.

H. Khoramishad, S. Nasiri, Investigation of the effect of material
and geometrical parameters affecting the strength of hybrid

5 ooladis 16 095 1395 sl o (s e SuilSe wlise


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.15.6
https://mme.modares.ac.ir/article-15-4367-en.html
http://www.tcpdf.org

