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In various industries, structures are made by connecting parts with similar or dissimilar materials.
Among these, adhesive bonding is one of the methods for permanently joining structures and
creating a cohesive assembly. The single-lap adhesive joint is one of the most commonly used
joints in various industries, and its different aspects have been examined in previous studies.
However, no research has simultaneously investigated the effects of all mechanical properties of
the adhesive and its geometry. This study aims to examine the impact of both mechanical and
geometric properties of adhesives using Abaqus software and numerical simulations, which have
been validated against numerical and experimental results from a reference paper. The adhesive
was modeled using the cohesive zone model (CZM). For the Statistical Analysis, Minitab software
and the Taguchi method were employed, examining eight parameters including elastic and shear
modulus, tensile and shear strength, mode I and II fracture toughness of the adhesive, adhesive
thickness, and the elastic modulus of the substrate. The results showed that with the increase in
mode I fracture toughness, increase in mode Il fracture toughness, increase in shear strength,
increase in tensile strength and increase in the elastic modulus of the substrate, the strength of the
joint increases. Among the adhesive properties, the mode I fracture toughness has the highest
effect on the joint strength with a contribution percentage of 28.28. Following that, tensile strength
has a contribution percentage of 20.28, mode II fracture toughness has 13.24, shear strength has
8.14, and the elastic modulus of the substrate has a contribution percentage of 4.37 in the joint
strength. In conclusion, it can be stated that Mode I and Mode II fracture toughness values exert a
more significant influence on adhesive joint strength compared to other adhesive properties. The
thickness of the adhesive has less effect on the mechanical properties of the adhesive in terms of
joint strength.

Extended Abstract

1. Introduction

in composite structures, as joint areas lead to discontinuities in the geometry of the structure or the

D esigning and manufacturing suitable joints is one of the biggest challenges in structural design, especially

properties of the materials. The structural integrity, load-bearing capacity, and load transfer between
different components are directly influenced by the joints. Among these, adhesive bonding is one of the methods
for permanently joining structures and creating a cohesive assembly. In adhesive joints, stress is distributed over
the entire surface of the joint area, resulting in lower stress concentration at the joint compared to mechanical
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connections. Additionally, these types of connections exhibit good resistance to cyclic loads and fatigue. They also
reduce galvanic corrosion caused by the contact of different substrates.

Dadian et al. [ 1] conducted an experimental and numerical study on the shear strength of a functionally graded
adhesive single-lap joint, involving glass-epoxy composites and aluminum 7075. Their main objective was to
achieve the best grading of adhesive properties in the overlap area to maximize the shear strength of the single-lap
adhesive joint. They were able to attain a 206% increase in strength compared to the baseline sample by using
symmetric adhesive grading in the overlap area, resulting in a more uniform shear stress distribution and a higher
failure load. Kim et al. [2] investigated the failure force of a single-lap adhesive joint with functionally graded
adhesive properties. They employed the Taguchi method and response surface methodology to analyze the effects
of adhesive mechanical properties, substrate type, adhesive thickness, overlap length, and variations in adhesive
properties at the overlap area. The results indicated that increasing the overlap length while reducing adhesive
thickness, along with a lower percentage of soft adhesive compared to brittle adhesive, maximized the ultimate
failure force for the steel-steel overlap and substrate. Breto et al. [3] studied a composite single-lap adhesive joint
through numerical simulation. They continuously varied the adhesive properties as a function throughout the
overlap area and obtained the optimal distribution. Since the substrate materials were not identical, the stress
distribution along the joint was asymmetric; therefore, the functionally graded adhesive properties were optimally
asymmetric along the joint. The results demonstrated a 70% increase in joint strength compared to the single-
adhesive configuration. Rocha et al. [6] conducted a numerical investigation of various traction-separation laws in
simulating the initiation of damage and its growth in a cohesive zone model, comparing the numerical results with
experimental tests. They examined the length of the overlapping region and the soft and brittle adhesives for the
simulation. For each of the models, they estimated the constant parameters of materials. Antunes et al. [11]
validated the traction-separation law for adhesive bonding using Sika 7752 adhesive with various thicknesses both
numerically and experimentally. They employed the DCB test and calculated the mode I fracture toughness for
different thicknesses. For simulation, they used a cohesive zone model and a triangular model for damage growth.

2. Research Methodology

The aim of this research is to investigate the effects of adhesive mechanical properties, adhesive thickness and
substrate materials on the strength of single-lap joints. To this end, a numerical simulation of the single-lap joint
was first conducted using the cohesive zone modeling method and the Abaqus software. The simulation results
were compared with the results from the reference article [6], validating the current research simulation.
Subsequently, for Statistical analysis, the mechanical properties of the adhesive, including elastic modulus, shear
modulus, tensile and shear strength, mode I and mode II of fracture toughness, as well as adhesive thickness and
substrate elastic modulus, were considered for examination. Following this, an experiment design was developed
using the Taguchi method with Minitab software and the proposed experiments were conducted through numerical
simulation. Finally, statistical analysis was performed using the simulation results, identifying the main and
interaction effects of the parameters and a linear model was presented to predict the strength force.

3. Numerical simulation and verification

In the Abaqus software, the joint was modeled in two dimensions. To apply adhesive properties, the cohesive
zone model was used. The substrates were defined as homogeneous elastic-plastic materials. The properties of
materials were applied in accordance with the materials present in the reference article. A static solver and
geometric nonlinear analysis were employed for the simulation. Plane strain elements CPE4R were assigned to
the substrates and COH2D4 to the adhesive. A comparison of the simulation results with the reference article is
shown in Figure 1 to 3.

experimental[6]

= = numerical[6]

----- numerical-present study
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Figure 1. Comparison of the joint strength between the reference article and the present research - AV138
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Figure 2. Comparison of the joint strength between the reference article and the present research —Araldite 2015
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Figure 3. Comparison of the joint strength between the reference article and the present research —Sikafore 7752

4. Taguchi method

The effects of the mechanical properties of the adhesive and substrate were investigated using the Taguchi
method. Here, the length of the overlap area of the joint, the length, and the thickness of the substrates are kept
constant, while the thickness of the adhesive varies. The length of the substrates is set at 100 millimeters, the length
of the overlap area is 25 millimeters, and the thickness of the substrates is 3 millimeters. The parameters under
examination are shown in the Table 1. The L16 orthogonal array table of Taguchi method along with the answer

of each test is shown in Table 2.

Table 1. Parameters and their levels

Parameters Level 1 Level 2

Young’s modulus of substrate,E;[GPa] 20 200
Young’s modulus of adhesive,E,[GPa] 490 4890
Shear modulus of adhesive,G,[GPa] 190 1560
Tensile strength of adhesive,t, [MPa] 11.48 39.45
Shear strength of adhesive,t;[MPa] 10.17 30.2
Toughness in tension of adhesive,G;;[N/mm] 0.2 2.36
Toughness in shear of adhesive,G,;;¢[N/mm] 0.38 541

Adhesive thickness, t, (mm) 0.5 1.5

Mechanics of Advanced and Smart Materials Journal
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Table 2. Orthogonal array L16 with strength response for each test

Number of test E, G, t, ts Gic Gc ty Eg response
1 490 190 11.48 10.17 0.2 0.38 0.5 20 2898
2 490 190 11.48 10.17 0.2 0.38 1.5 200 3350
3 490 190 39.45 30.2 2.36 5.41 0.5 20 12021
4 490 190 39.45 30.2 2.36 5.41 1.5 200 12655
5 4890 1560 11.48 10.17 2.36 5.41 0.5 20 5705
6 4890 1560 11.48 10.17 236 5.41 1.5 200 5825
7 4890 1560 39.45 30.2 0.2 0.38 0.5 20 3806
8 4890 1560 39.45 30.2 0.2 0.38 1.5 200 5916
9 490 1560 11.48 30.2 0.2 5.41 0.5 200 8150
10 490 1560 11.48 30.2 0.2 5.41 1.5 20 3882
11 490 1560 39.45 10.17 2.36 0.38 0.5 200 4300
12 490 1560 39.45 10.17 2.36 0.38 1.5 20 7765
13 4890 190 11.48 30.2 2.36 0.38 0.5 200 8540
14 4890 190 11.48 30.2 2.36 0.38 1.5 20 5120
15 4890 190 39.45 10.17 0.2 5.41 0.5 200 5906
16 4890 190 39.45 10.17 0.2 5.41 1.5 20 3995
5. Result

To investigate the impact of each parameter and determine which parameter has the greatest effect on the
response, analysis of variance should be used. To create the analysis of variance table, the sum of squares for each
parameter must be calculated. The results of the analysis of variance are presented in Table 3.

Table 3. Results of the analysis of variance

Source DF Seq SS Adj SS Adj MS % of contribution
Ea 1 6512704 6512704 6512704 5.1
Ga 1 5216656 5216656 5216656 4.08
tn 1 10390952 10390952 10390952 8.14
ts 1 25872482 25872482 25872482 20.28
GI 1 36084049 36084049 36084049 28.28
GII 1 16900321 16900321 16900321 13.24
ta 1 496320 496320 496320 0.38
Es 1 5581406 5581406 5581406 437

Ea*ta 1 715716 715716 715716 0.561

Ga*ta 1 2010724 2010724 2010724 1.57

tn*ta 1 8142462 8142462 8142462 6.38
ts*ta 1 3124056 3124056 3124056 2.44

Gl*ta 1 1218816 1218816 1218816 0.95

GlI*ta 1 4032064 4032064 4032064 3.16

ta*Es 1 1275770 1275770 1275770 1.00

Total 15 127574500 100

As seen in Table 3, regarding the percentage of contribution, the greatest effect on the response is from the
Mode I fracture toughness of the adhesive, at 28.28 percent, followed by shear strength and Mode II fracture
toughness of the adhesive at 20.28 and 13.24 percent, respectively. The least effect is associated with adhesive
thickness and the interaction effect of adhesive thickness with elastic modulus and Mode I fracture toughness of
the adhesive.

6. Conclution

In this research, the single-lap adhesive joint, in which the adhesive was modeled as cohesive zone model, was
simulated using Abaqus software. This simulation was then validated against the results of a reference article.
After validating the simulation, the effects of the mechanical properties of the adhesive, adhesive thickness, and
the elastic modulus of the substrate on the strength of the single-lap joint under tensile loading were numerically
investigated using design of experiments and the Taguchi method. The results of the analyses were obtained as
follows. With the increase in mode I of fracture toughness, mode II of fracture toughness, shear strength, tensile
strength, and the elastic modulus of the substrate, the strength of the joint increases. Among the properties of the
adhesive, mode I of fracture toughness has the most significant effect on joint strength, with a contribution
percentage of 28.28. Following that, tensile strength comes next with 28.20, mode II of fracture toughness with
24.13, shear strength with 14.08, and the elastic modulus of the substrate with 4.37 percent contribution in joint
strength. As the elastic modulus of the adhesive, shear modulus of the adhesive, and adhesive thickness increase,
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the strength of the joint decreases, with the adhesive thickness having the least effect on joint strength, with a
contribution percentage of 0.38. Among the interactive effects of adhesive thickness with the other parameters, its
interactive effect with tensile strength, , mode II of fracture toughness, and shear strength has the highest effects,
with contribution percentages of 6.38, 3.16, and 2.44 percent, respectively, while its least effect is with the elastic
modulus of the adhesive and the elastic modulus of the substrate, with a contribution percentage of approximately
1 percent. In brittle adhesives (high elastic modulus), increasing the adhesive thickness leads to a decrease in joint
strength. In adhesives with low shear modulus, increasing the thickness leads to a reduction in strength, while in
adhesives with high shear modulus, it results in an increase in joint strength. In adhesives with high tensile strength,
increasing the adhesive thickness results in an increase in strength, whereas in adhesives with low tensile strength,
it leads to a decrease in joint strength. In adhesives with high shear strength, increasing the adhesive thickness
decreases strength, while in adhesives with low shear strength, it results in an increase in strength. In adhesives
with high mode I of fracture toughness, increasing the adhesive thickness does not significantly change the joint
strength, but in adhesives with low first mode fracture toughness, it leads to a decrease in joint strength. In
adhesives with high mode II of fracture toughness, increasing the adhesive thickness results in a decrease in
strength, while in adhesives with low mode II of fracture toughness, it leads to an increase in joint strength.

Mechanics of Advanced and Smart Materials Journal 4(4) (2025) 597-622



FYV_BAY Sl Vot Jluo F o5l F o590 cokiaiigh g i iy Slge Slo

ra. YYAF-FYT- Lo iauligs g aid ping 2190 Llss jols alno

IS Jai oS! g o Selo g oawviid @ i1 gous -

S & '\.&fb" .
S (5,195, co

&bl Juloxs

fts;oﬁ.ow‘*@‘_;{)LcMM‘QML;)A&JM‘J‘Lg)LQTWmﬁ)%M

Pde by

mahyar.ahari90@gmail.com «;) 1 eyl 5 il S srio olRKiils sl sla (5,5li8 5 dlge 2IRKEIS aaiome (5,555 (goiils -

eskandari@mut.ac.ir ¢l pl el o5 il S gixio oRiils ol sla (5 ,5lid g slge 2Kiils maizrs wliv] &

mhallaee@mut.ac.ir oyl ! oy 5 ¢yl o Saio oKiils il sl (5,9l8 g dlge 2Rl moizes o Loliwl &

h_momeni@mut.ac.ir ¢yl oyl 5 il S gmio oKiils (oSl sla (5,0l8 5 olge KIS moize o )lutils ®

ppirali@mut.ac.ir ¢yl )5 sl Sdlo  sixins ol8isls (ol slo (5,5L3 g dlge AIKailS aaizme Loliwl?

RV

Sols 8519

Ok ol yo Wgd e aB L il pé b aliine sl iz b Slalad Jlasl ol calizes ol o
L Loy dsdin 5 o (SWlSe (plss pled 1 o1 jo a8 o Lol .oslasd 518 )y 8,50 o] calise
BUA}SLT)‘).‘J":JJ)‘ cél.b_.w‘l.:dfw‘ oww&muﬂ e o 413)1 9)5_‘0‘&49_,.» P R
Ploz Bl ey o Gl 00 (6)J0T aoris 2 o Allae SO 5 p2 g (g00e gl b oS soue (gilad
odmnz 4>l Jow 5l e (g5l Jow gl 0sd ails yy Jlasl sl s viin 5 S
Jed 5l el A g sl ool oolazul u>_z»;l.a &5)5¢w)\)élﬁ;}|6)ui&,.l:ﬁslx 230,85 oolazl
WJal 050 S8l (S yiz ial38l L aS ols Lis zuls axd )5 )13 ) 5550 ai ) Sl g
L oSl %;@Q—l}lw.%lo Jlas! sloul jo 1) 31y iy YAIVA o8 )Lt oo yo
\C/\"VL,:A.:.J){)‘ Sl g g ANVE L sy a8l VYV L pgo 050 Sy (Ko ya2 oV +/VA
ol OlF s L5 S e Glgredy il o Ils 1) Jlas! plSoul [0 o8 i g (2 i oy
Jlas! alSoxinal 1 sl a1 8l o oles Ay 4 Curnd po0 5 J3l 090 S (sla Ko jix 45 5,5

Syls Jlast plsouiul 1o (5 565 Sl ez (Sl (plem 4 Cond i Cules 5 Wyls

ad S s

«goue (6 lwands
«golel Julxs
S S g
oW

Jlail oS!

LS ADAN PRy W
VRV 6,555 g b

VPeX Y] YO: oy dy Gyl

oo =)

38 bl ool ol iaigds oo aB b alin e b aline slo iz b Slahad Jlas! 5l Laojle calizee molio o

FAANYYIVY VA0 1500 ¢ Jtns o gi 3

eskandari@mut.ac.ir 1S yiSIl Cany yo,0]


mailto:mahyar.ahari90@gmail.com
mailto:eskandari@mut.ac.ir
mailto:mhallaee@mut.ac.ir
mailto:h_momeni@mut.ac.ir
mailto:ppirali@mut.ac.ir

fy sl‘r.‘.il?.%‘cs“?‘“dﬁ*“"gslkwm‘ﬂ‘?é)m‘}b‘?‘d)uT&“"Mﬁ)L&“W

dwdin lge S0 (22359 9 (oo « Sy IS GleiS Lo laylyn g (1859,065) Jhg o Joud Sl il lio )
5 ot s Lojle (b o bl 585 5l (S clie Jlail calo 5 (b s 595 4y jasia 5lise (s 9
Joo il Sondo 098 o0 e Slge Dliogas g ol dwsin )3 (Swsnl & Jlasl (2l 1 sl (259008 slaosl
S o JLasl o el 59 325 0 0 Ua L s il b e sl o S JUEST 5 el slo
4>l JS' (59) » i (o VLAl po el 4z LSS dsgazme G ol g byl sals JLasl b g aig slals,
Ll 4655 ol (a3 Sl JLal s 55 5505 3 55 8 (oSl Ll o e 5 35500 it JLa
1y alizes sloai Ty wles 51 (G261 SIPIE (50,95 cVlasl cpl ijls (St g Glugs slasl plp j0 (095 gl
alin é g alie gla iz JLasl gl ol opdle i s sialdl o3l i Lial3dl b 1 o5l ol o i o ialS
e 3 GBS 5 e ez o blie 55 s o Jlatl Ll 5 (s Bl il Bl el 5 s o o0lit
aandhails Cans i (talel g (355 edany 50 Wz 000,80 (olss il Jlas Cugb 5 oo aiile (e Lyl
Las ols Jlail ;o s mte S 555 oy (ol (23) loslo )b oo )0 (g VLSl i 58 Coale Lo
(Slo i o] s & lyicom 523 e alazl 0,5 o Jlail sload ,5 55 0, & e JSb s ol
Sleiigsy 5250 (il )3 0,5 oylal oz (o3l 5 (2 b iluoslel & Sl iz iy o 20k (S ey

B9 0 0 Ll Loyl ay aslol jo aS sl oy bl gilgl 13

Gan Ty b ooz diedan zyoe slad Jlasl plloinl (go0e § (0225 oy 4 995 GiRgiy ,o [V Lany g Lol

4l )0 o Lol (gomaz o i a4 olitws day ] ol Gas a5 Ve VO poaiagl] § oS gl i o jgualS
oliie (goax 0 b oS suuilys o] el oog (sladSS ez Jlasl ooy plSoninl ogel aion Sy Slhg-ee
Cewd plouinl ;o LY+ F Giulidl 4 Gl digad b dnlie 1o Sl b g oSSy ohp G5 el 4 Jlail Al e
orr Sy Lol S la (b ez (53 b 4SS Sl S (59 gz 2 [T e 5 o8 i,
Sl S Sl 25 5 N Sl 05 N5 Ll il i (5l 58,8 ool e il 5 255
Oy Ay Sl Py o JeS Qo0 i Cwls ol Sligen Job il L aS ol lis ol e 3 ks o
it b [Y] l5en 5 55 090 g0 ol enSit 2les (598 e 958 —0¥58 0l 5 Sligeen Jsb sl
lapyT wings peiasll 5 (oS sl ddnd Cajorals ool iz 0310 @SS (oS 5 (oo Sl gy 2 55158005
AS‘S;ALQ:.STJ 50591 Caws 4 1 Ay &390 9 Wld podl Algn O g0y § 1l Ojsoh |y ol (Jlail 4l Job o
el s 55 oz s ol JeIs a4 5 o (a0l JLil J5bo 53 5 359 s oy Lot 5 i
Sl Glad 1) e SO a4 cons Jlasl plSouisl gae s Voo ol mls cl o el O goa agy > o
6‘1.: dub; oolazwl 6..5): B )‘ A.Js_i? JL@)‘ ‘Sjwy 9 @u): r:Li?b.w‘ o Ls‘fm u\)&m 9 o ‘5>)_QLM:
oo aafllas ol F lw az 0 Yoo g Ve e laxe glalos jo Ve emmv/min g & iS F 50 (o I35 0 Ll s Jlasl oL
Ok oz (oSl ez ol &S BT 15 s 3)50 (B 4SS LAl )3 ez g9 R (s (2l 50 Sl
28lign ol Y (55l (Sl oS (5 5 o 3 05eko T (2 5 e St sl S
03031 53 Bz 5500 & S 55k — T a1l (o5 5 ez 3l s JLaT o VL (G5 a5 (S el
L ad SO pr Jlasl 85 9 G090 G (cmim 1 bl Jow 48l @M O 5 il Ll Ly A ST
Wil g e Sy Job 5l edelcasody Judlyas dolas J> (gl 03 ls  s0V¥g8 sloanl ) b e ol i
oolawl Sgdoe uLo.” 6)wa 9 qusl;—‘ )‘)S‘lu).s )‘ ‘5L~L7u J..\.o ‘_g)‘.\fw 6‘)" e AJ\))S oolawl 6»154 ‘_gl.b‘_g).w )l

! galvanic corrosion

£ o loid /¥ 0,90 NPT Jlo /doiiah g 4% iy Slgo SorilSo



cudsS (5,135 5L comi AT Jlai| pouin] 1 oy (Silo g (owaid Wl T goue -6yl Julxs \ad

it 50 Gl 15 i glaJae s00e oyp 4 1] (5)5en 5 g, s S a5 0 F ez slalezaiz
4>l Job o) anglie (o2 lapseil by gove @l 5wl sstez 4l oo o o] 0y 5 ol g55
335 e 1) Sl sla el )b e 5l plaShe (sl 538 s bt sl 1) 05 g P Slacer 5 Sliges
e Sl gl izl Jlail ool ez Zuald ) 4 89950 lall (5l b (V] o) Sen 5 S

oz b s o Jlail S (Sajiz ol )y 0 [A] Sen 5 1gale 0i0 S solil iVl olss |
o 63)-;‘ ol 6‘)’. aS Sl 60[.1)' 6).>J.'Ji~ 6‘)“5 cu.ul.' «SLO Jj..\.a l; k_;......u\J le.:a;,‘.w_? .A;J.&‘o)i calasio 9pp
Jlail gl (i 5 iledie @ (1] (600 dlie 1o aizen w05 oolitul Sphaiet (bjsrlS slaan] )
g Sty — Sl Jaw 90 5l putrs cans (gilodcd 6l L:aoi w095 Jol dlie o cunSs plet b oo
Sl 4l g oo 4l O jgoas 1) Wy wled ;o o] b aS e 5 olaasl .ais S ooliiwl st 4
S Slasive 6lp ez g9 S cyp 0 )] ) Kes 5 Wlo pai 0,8 Jao Setadb- SVl & g0t |y o
Loy Loy o), o5 (oSl b oz 5 apT sl lys mlio 5 3,8 Glp mesed (o JLail 55 ol 39
50,5 ooliiwl g doys £ B Fe Jgb sbajl LYL s pds SIS s slylo a5 b ,ST b e 5l g oo )0 F s obs)l
&5 mls G auxd 5 s s DCB g jlad- i « i slaislesl slp ) o o A g VP polie oz Cwlius 4l
Ol i el V] o Ses 5 gl sl 00gs 85 oz 5l sl Ve B F a5z 0 S5 ad; sl e
UM)LAJT Lﬁb‘j .Jia; Lg)Ufw S8 9 (G0ds U ygody calizre LSL‘”C“-"L"‘J’ 9 YVoy Kew (W L e JL.aS‘ 6‘)‘.‘ |)
4>l Jowe 5l gilwands gl ais S aulre |y alizes slaculbes sl 4 Jol 090 canSlss Koy g 0, 5 40 |, DCB
Caalies 2133l b a8 s, 4 cnl 4 N T] e 5 2,5 s, oolizad e Jow 51 el 08, (6l 5 o0t
Al Glg g A )T O jge Dlidsd 4 dx gl bl oo ialS Jlasl )b Jess Gl pYL ctees joliis oldl s 4
a V7] e ¢ Ighasls ol oats e (Sl asecis a4y Jlasl plSol o o) 150 5 conn Calbies iljdl a5 8,8
ez AJSS Jlasl (6 )38 )L ey 5 Zakas ‘_g)'LwoaLoT HESWE S MT).:) s SMT)J) Colbes iz Cwles Sl gy
@lp s bgie Sl 5 05 (L3 wSal o (L3 Glisd )y 65 a5l ez @lp amley so¥sd anln; b
oinlesl (b 6l T = 5h o, 5l bagT aia,S solatl ol peded plSoeiul 5 YU pules plSouial b Lui g0 51 oYsd
Sbely Sk i @l Ogee Sy Joe 9 8355 oy p | bl STl g Sl s eslanal b g wis S eslial
o i Sl s wyp d wsSUT 8l 5o (5luand 5l ssliul b V] o)) Kan 3 (6 e 050,51 Cows ay Jlaas]
35 o3 aS Wo,S oxw .x;ﬂﬁ)’ ad o c;":’.ﬁﬁ ez dd 50 (60,5 olxl L L{bQT sl ad SO Jlasl glaad o .).;Jﬁ)'j
oolaiwl b g 00,20 & g0 [Vol OHan g solawlSly aims iuli8l ) Jlas! plSoun] a5 Gals 1) lead jo 2
e Sald g Sligren 4l Jsb pal)l g9 auisly a5 lal pllotinl (g (gras 408 5 (25T s,
Jlasl alSoial s (6 i Sl oz Calieds dy Comnd Sligran Jsb 45 ols lis gl s 5 s s ilegl >k o 1,
2 59als JSB T Jlasl (Sealins i) oy 0 V7] (31000 5 (6 lime sl 522l Sl 53 ol o (2o 5 8510
o Jlasl (Seols [k, 5007 5 Jlasl Jloge Lkows bl aisls y a3, Jow bl 1 (slaly zyoe (conr a>b b
lodge JS& pis 5 Jol (ol Gl )0 yiS ao o TY gl aisls plowl T usS LT li8le 3 50 1)38 qwgins o b
JLasl Jgl sge conSls Jld, p cilises oo Slboe 136 )25 oy a0 VY] 3 5 oles S 0l (las 1) sl
552l gloansl s 6l 55 g (Freolis (S aigy by, des b (b Slides aiiBlsy pgiiiagllo 0l
Sl (Soiz (00,0 VY ialidl osims (i b ol plowl egitingll sloan ] sl 55 5 (ool g 5 5
OGPy & Ceamd Jgl 090 CenSlh (Sajiz oy VRl g (ool (g, Cams i s, 5l eslanl b sl oge

el 009 ‘5*54»..\...:94

2 Taguchi method
3 Abaqus

P ooylols [F 090 NPT Jlu /diaign g aid piy Slgo Silo



- S 7 gy o Fooge (e (IS (s oo i (6 )il yixe «(5 )T (s doto o Lt

«Dglite Cuoliud b clizes glacwsr Gl 4 4SS (o Jlail plotial wd S8 Gty slagiagh 50 45 sbiles
Pl 1) ez 5| (Sl olys 50 b S T B o @l o ilonds (Al O jp0a il glaanyly L
Jsde 51 bis ailige pol> Ghaghy Gilotrnd sl a5 7] (3500 5 Ly, alie ;o Jlioplsieds i8S o) Jlsi
oz 41 Juo ) 45 35y (it (sla oo & bgsye )T (o 9590 Sl sl iy § 030,51y ey Sz
4l Joe )0 45 e Sl pls3 plad Colas Llod 4 45 ol 0nd aaw 5l imgdy S 09 se ssliiul
Pl 3 PS5 b e g 29 Sl sl (i 5 cons Culd S L plojen g oo oolitl saipns
SISk 5o Jlasl plioctnl 13 6 S Sl s (o193 5 A drgd (gt &S Senl 009y (nl (o) 32 0l 5l B8 358 (o
S 2555 i,y 5l ol sl S s] Cews 4 ad S5 JLail 5l g 5V Sl o olss T seepe b ol b ails otas
el oo ooliiul s so 1) Copsles Julow Cagzr g )lel (slo s, dnds & G (5 505 sloials)]

Gz gy ="
woSLT 158l 5L g saiwe 4l (g5l Joe by, 5l eoliiwl b adSs Jlasl (s l53le 5 (g jlwancds losl jebate (s 0l oo

e 5 p99 5 ol (Soiz ohyr 5 ST el (b Jge «Sema¥l Jgao S 5l o (SlSs olss s le]
S3le 5l oolaiwl b aslol jo aias a8 5 Ll 50 cwyp g a5 didg else ol Sl Jode 5 cns Cuwlbus

50 b bl goae (gilhans O goa solpiing L;Lmu':..luﬂ g ol Al (2SU g, b k)':..3.l.a)'7 b a ‘cww
b Joe S g s jasin bl )l (J3 g Lol olil g e85 & g0 L;)LJJ?l;dd)’L»w =l ;) ooLé.';.,,ung)éT
ol o ools las gt sl sles wigy V UK Hoau8 )T &l alSouinl (g9 st Helaied

o9 syl sl wigy ) Sl

©oae glwanls =¥

e G 8l 3loend 53 Sl oad oolial Y YV ases GugSUT Il 5 g3l sl 2l gy 5
el o0l oolenw! canz (g3lw Jde gl sdiinz 4zl Jow 5l Jlasl Jeos BB (64,0

odivunz du> b Joo (5,955 - -

oolaiwl (Sl jo 9 (05900l (5318 Olgo o pnzr DYLas] jo Sl Judow gl oy jabas cdinz 4l o
Al Jow g,y lol oS oo gileJoe 1) (S ] oSl Sl pplie b odnz 4l Jow cwl ons

4 Minitab software

£ olos [F 0,9 oY Jlo /odaibgh g asb plioy Slge Sl



SRS (65 ) s A G Sl Kol g1 e (SilSo g o S i oo — 5 bl Juls P

U9y ol 31 85 plagledl il S5 S Bl ey ol g4l p0 onigde s 5 kSl aal) (Byxe b odi
Joe (nl slacu e 0 so (59,m " taliz— 25 (58 5l Glodl gains ol ateli e CgrnnnsS lagledl ) 9IS po Cuns
Sl gy opl e oo jo 51l sl 5, w59, o 51 eslatl B sl sud el (Sl ] (5le Joe sl

il el S adsl a3l g sl axly Jae S B o el 0y g g9,

Gre) Jsl 050 Sl ConSes (Sajiizr o (o g A )3 (o= (S 99 ) gelaws odizr 42U s 5o
S5isn (P8 S g0 et Y i (58 5l a8 ralaerm 15 Jlaged 5wl oo (Gric) psd S90Sl eSS (e iz
€955 Sl p odiaz 4>l (595 50wl o (a5 Sl O jg0h ol 9,5 51y adzen 9 1l 50 oz 18, 45
VY 4z e el R g Mt (el G5 alal) 90 0l 15 Jlme jo 0l g2y by 15 g 4l 2l 90 o]
Vaiy ceml 5 )S dlaly g0 Al 5508 lre 5o aizren ilead ools Lad Yoo ) alaly o o 5 A aS el L yiws (o
VAL Wloas eols Las ¥ g ¥ adasly jo i3 a5 aS Gl oyt 01 Y az 0 el 555

t t
max{(—ng.—s}=1 Q)
th ts
N (ts)?
ARG GRS Sl S | ™
{tno {ts"}
(Sn) Es
max{gn—o.gs—o =1 (T‘)

2 2
&0 g0

loadse i gt 91,0 gamino 3 by g soges sliwl,y ;o 2 sleadlie cui S 4ty g ty YU sleakal ) jo

EOges 6[3.w|))¢ u...:)f LgLasdJ)J}c Gl A Eg g Ep Sred Al Py J;".) Gw).: 9 (§OgeE ‘_gL'J....J) ) @‘)m oS

Cadle At axio JBIs (LB g ogee bl o Slu 85 sleadlie s 5w &0 8,0 g amio Sl by g

S5 531 1 ool b sl 0l 58 55 5 G ] 5,5 e gine 5 00 S wig,S <>

P i 4 a8 LS5 5 g e 90 51 S0 5o 5l Gl ge el 0y (oS5 050 Sl (6l 09 e J S
[VA] oges solaiul csloads oa)gT 740 Lgl.ﬂbd.]mb

G“ GY*
e oo -
Gic Gric
Gs\"
Gic + (Gic + Gyie) {G_} = G¢ *)
T
plosl L fas o Gy 9 Gy 0,10 1y 095 4y bgy e ol dac wsle o (gl a5 05 0 00l Jlgi Jlas sl )l @ a5

sodle o e bgye 2l aiilice (B 5 35es SLl 10 i Ol & barye (o albmle 5 25 L 00
ML:GA GT = GI + GS 9 GS = G” + GIII

al G5 ke Sl czr Gilodoe 3 [F] Gl 5 by, dlie Bilhae (giluad (5,105 amo Cyz pol> Glagh )
ol 00 solazwl w—‘ \.\.....:) (5‘)" ‘5"9_» )L..bo )‘ 9 w—‘ &9).....: (5‘)" Y 4> 50

3 cohesive

6 Traction-separation

7 triangular law

8 MAXS (Maximum Stress)

9 QUADS (Quadratic Stress)

10 MAXE (Maximum Strain)
' QUADE (Quadratic Strain)
12 Benzeggagh-Kenane

P ooylols [F 090 NPT Jlu /diaign g aid piy Slgo Silo



v sl‘r.‘.il?.%‘cs“?‘“dﬁ*“"gslkwm‘w‘?é)m‘}b‘?‘d)uT&“"Mﬁ)L&“W

3go Blasine -Y-Y

a5 AAGOS2 T651 iy UK yoeis § YU plSimial pgninagl] iz 5l a0 sly [F] oy5es 5 lrg, alin b
o i cawx AVI38 o 5 o 5l lacwns sl uiomed ol 00385 ooliiwl canl sals 00,61 V' Jgaz o o] Lol
oleE ¥ sz 0 el o eslital i 60,510 byl ol 45 Sikaforce 7752 b5y conz 5 T+ 10 2eglall)]

L] 00 oo)5—| 485 e sz otz 4l gilo Jow @ by e

[#] AA6082 T651 5 gusunnglT slo duatiinn V Jgu

Sl dastiv
1 E[GPa]
At oy[MPa]
ARA of[MPa]
YA e[ %]

7] buws Sl Glaxin ¥ Jgoo

AV138 Araldite2015 Sikaforce 7752 dastin
£/AQ VIAD -/F4 (XL, Jee) E[GPa]
“IY0 Yy s (O3wlyy o)V
TEIFa VY/PY YIVE (iuisS ks ,235) 0y [MPa]
Ya/F0 \AViay VV/FA (siisS plSeinl) o [MPa]
VY)Y FIVY YA/ A (oS Sl 23 )5) &¢[%0]
Vs g -1V (2 Jgow) G[GPa]
YOI s oIg (s pudes 25) Ty [MPa]
Yoy VYA (RYAN (s plSinl) 7 [MPa]
YIA AAVA) OFIAY (eSSl 35 ,5) ¥y [%]
- -fY YIvP (S 30 CenSls ( Kayix) Gre[N/mm]
“I¥A £y O/ (Goy 3o oS (Ko yi2) Grpe[N/mm]

[7] osimnzr 4ol Joo & bgrpo (0lss ¥ Jguo

AV138 Araldite2015 Sikaforce 7752 dasie
£/AQ VIAD -/f4 E[GPa]
V/os -0 -1\ G[GPa]

Yafo \AVay VV/EA t,°[MPa]
Yy VYA \RVANY ts°[MPa]
oY - /ey YIvs Gyc[N/mm]
“I¥A £Iv O/ Gic[N/mm]

Jlail awasn -¥-¥

2 Job olail g olul .ol oals a8 )5 Jlai 0 ¥ S aile 9 (gumge &gty wain Jow 4SS Jlasl gileans (o
Sl 00 00)51 ¥ J9~.\.> B Lmq.qu) Ceolses 9 Croles 5@“}.@ 4.;>l) Jﬁla n.\.u]f)

13 Brittle
14 Dyctile
15 Araldite

£ o loid /¥ 0,90 NPT Jlo /doiiah g 4% iy Slgo SorilSo



SRS (605 )y s AT Sl ool 1 o (Seilo g cwikid Ol 1 g0 - 6,lel Juli | FA

P

| —p L,
7] ad S Jlail s ¥ Ko
IS Jlail wssd wlaxin § (Jous
(mm) o3l i Slasin

Y ty
<Y ty
O+ NVIO X0 AYID Lo
VY- Ly

Gilw e by 3o -1

oS ol S Syt Sl arin ¥ S e oS5 Ll sngs 55l e sl osSUT 300 s
s ol e (ooled (59568 Gy 4 5k s 4z LS S al 5o 0,8 eslinl Wangy slaploll 5l 5 s5la e
Sl o LB 53,8 (stariion sl 4 53 L sla iy b o j5blas dlys (ol s 13 080 el oz
ol ad ooy plas! a4 sl odd 00,51 ¥ Jgao 0 a5 Lolg> 9 050 5 colaiw] sdimnz 4l Jow 51 Jlas!
Silotd Slp owiin bt e Jlod 5 (Sl 5 o 5l aians 5 a8 Sedl- Sl (Ses 0sle &0
5 st Jlael b 51 %00 Byl 5 15,5 0ty Jlail By o, ¥ S5 e 50 el Jlael (sl 0 onlic
ol ool a8 3 a5 o ol oo (gilwancd ol jo el a8 518 maS cog M s 5 Solisl O)ged X sl
b g lodends colio oty ymin a5 [7] 3illas com gl COH2DA 4 lonsyT 5 ol CPEAR (glamis 5,8 clooylell
ol e soin s o bl ojlailay sains axl Jow oS conl (S8 LB b ools elais] g sl oo gl
Gillae agyladl o3lail o oo + 1Y o Culbes @ azgi b ol plol i 4 ol Jdow 092 pll [V ] il oo
Jo oley a5 0o 5 Cll g9k i o3l pl ply sl oals ool Lad VO USS jo o Kad jloges 50l gy O Jgo
FUSs jo il as)F i o /Y Y e ojladl qglwancd 0 ¥ S 4 dzgi b duo 095 e o 5S4 (glwdads
el oa ools lis gas e 5 oles

oo ‘g])f.o.b wwyp ly byldlojlail & Jgus

(05369 oISl (595 (oshee) e 0315 e
Al o[V ) \
YA AL YN Y
avay AL MAS Y
ayvy A A \i
AYYA AL AT I\
aYYA SAE A 4

16 Part
17 Shell
18 Ramp

P ooylols [F 090 NPT Jlu /diaign g aid piy Slgo Silo



f4 le.cmQ.H~‘@A9W‘d.ﬁcwm‘ﬁ6)mlp.d)hiwmﬁ)wqﬁm

mode

o (2| o 510805 ¥ STl

oz 9 adaT 15 (gady o B S

S wdiy  w Coo - ¢

Jlail o iz @iz Sligren sba Job g lacws Gl 4 ol ools 7,8 (gilwas a8 Y jidy 3ub a5 jsblen
ol o 0ols HLAS Y B OUSS jo 4 00 )5 duslie g e dllie ol b yol> iogh il § 08,8 O so (g3l

F(KN)

experimental[6]

——————————————————————— = — numerical[6]

____________________________ numerical-present study

10 20 30 40 50 60
LO(mm)

AVI38 cons — polo idgh 3 & po allio JLas] plSiorusiw] dunio B S5

£ o loid /¥ 0,90 NPT Jlo /doiiah g 4% iy Slgo SorilSo



S (55 )y s AT Sl il 1 o (SilSo g o & i gooe — 5yl Julos B

Araldite 2015

Experimental[6]
— — numerical[6]

----- Numerical-present study

LO(mm)

2015 ol T o — ol JiBg}s 9 &5 po Ao JlasT ol dulio £ JSis

Sikaforce7752

16 p---------mmmm e
14
12
10

experimental[6]

F(KN)

= = numerical[6]

----- numerical-present study

LO(mm)
" 9398 = il s 9 @ yo e Ja | pISxtus! duns o V' IS

72 Siloancd 5 W)l Glaie SWST[7] gz yo e 5 p0l> gl m @mlis oS 05d o0 canlin V O S0 5.l
oo g ol duslie a o Alis ilwand b yols ool gileand mls £ Jgas ;o fuzmen Cwl pwlio 285 )l
8y oaims lis 4 wbb e S 4 Sy o, Ked oo dlael sl sad 00 5] il slocws Gl o] T ol Ko
sl 0 o0l ylid laledl Bim Bz )0 ol 0l 5 9,0 alie Jol o i a A S 50 0l o (g5l
Dy & e (Glbgean 4ol (b 10 ol 0 oo it |5 iz 092 (LSl Jdd 4 058 o0 00alis S jglailen
i ol 4 bgrye sl o 50 a5 adloo ol £9,5 51 B8 Al po Sk Vojlod pigai A S5 5o 0l ge oy it
Slade as bagyledl 5o coml e load ;o a5 aib oo coml £9,8 KL ¥ o)leds pgal was oo lis HgulS o 1)) 5l e
o,lads pgai (0 g om0 oo sl |y g i oLl Bis 5 ol o ,05 0, ¥ oosled pgal ilonys S Bus g odw )
Slie Jolhe olbuls =)L loges 04 JSi 50 ailoas Bis 5 Cawl oy V Sladie 4 lagyledl ded o ol ate Jlade ¥
ol ol ools Hlas A S pglas 1 plaS L

1 Araldite
20 Sikafore
2! Correlation Ratio (R?)

P ooylols [F 090 NPT Jlu /diaign g aid piy Slgo Silo



o ‘51-9)-3%bvsia‘;h’owpa‘slkwMLﬁ‘S)m‘}wAd)u."wdm’*o)ww

[F] &2 yo ddlio b pol> g3y (g)lweundd guld (p amslie & Jgur

Jsk
4>l AV138 Araldite 2015 Sikaforce7752
o Sore 33 Sox 33 Sox
e s)bw Ls;l-»‘t.»fb R2 s)uw Ls)'wmfa 2 6;L~w s)'w«fa R2
R &z o allae R &z o allie ORR9% &z o dlie
(FesS)  (FgwdekS) (FesS)  (FawiehS) (F3glsS) (O 995LS)
\Y/0 Nid (A% fIv VA% Y/a Y
Yo YIY \A AIY AA O/A ZI\
1A <130 .29
A7 MY A4 \YIY Y/ AA an
O ARYAS ARYIN \2IY o/t VYA Y/

SDEG
(Avg: 75%)
+7.329e-01
+6.719e-01
- +6.108e-01
+5.497e-01

+4.886e-01
+4.275e-01
+3.665e-01
+3.054e-01
+2.443e-01
+1.832e-01
+1.222e-01
+6.108e-02
+0.000e+00

SDEG
(Avg: 75%)
+1.000+00
L 49.167e-01
+8.333e-01
+7.500e-01
+6.667e-01
+5.833e-01
+5.000e-01
+4.167e-01
+3.333e-01
+2.500e-01
+1.667e-01
+8.333e-02
I 10.000e+00

SDEG
(Avg: 75%)

+1.000e+00
+9.901e-01
+9.803e-01
+9,704e-01
+9.605e-01
+9.507e-01
+9.408e-01
+9.310e-01

+9.211e-01
+9.112e-01
+9.014e-01

+8.915e-01
+8.816e-01

SDEG
(Avg: 75%)

+1.000e+00
+1.000e+00
+1.000e+00
+1.000e+00
+1.000e+00
+1.000e+00
+1.000e+00
+1.000e+00

+1.000e+00
+1.000e+00
+1.000e+00
+1.000e+00

+1.000e+00

(fb\G)M)w)éw‘iw}585ﬁm‘_}>|}o/\w

£ o loid /¥ 0,90 NPT Jlo /doiiah g 4% iy Slgo SorilSo



SRS (65 )y s A G Sl il g1 e (SilSo g o S i oo — 5 bl Juls B

F(KN)

U(mm)

il b ylogai 4 UK

sinlojl 2,k -0

e ot Bl st oy Sl il S ISy 4S5 bl S oy i 2l g 5
R Oyge dwdin Sled IS8 el o ailo Jlail plSovinl » a5 cmr (SHle (ol Sl ow)n @
ol g el o 42810 4% il oty ] 5 Caslies 5 Jgbo o Ll lbgpan 4ol b L el yo il o ¥ S5 aile
Blod o lon T lonig 5 bt s in on Y lipons 4ol o ia e V- LT3 b b2 e i o
lboman 4l 1o L5 mgg8 aidl olaSy Ltz Ll banT ) a5 ey a5 Jlasl o 45l Sl 4 anl o
el 03 5 90 0975 )0 5 wblie 0l g0ty (A5 w5 wl Sglite iz slls 45 Sloj 5 o e S j50as
5 JEWLS Vel SCi¥ oo Sl (cuizr Jlal (gl anln; sl gl ool 50 it JIE ST cr o
atsls gl ol SVl Jaoe b (6 pSfaiir OB a5 it SVl Joow 90 oYU 0l s gl g sl 0ol
S 5o ol 5lead obml cdws jaliad § oaiS o 8L ple jo huw SN 1 aS sl oads a8 5 a3 jo il
Oly o8 Sl oud a3 5l jo wdl adls 05 5 )18 &S ez 95 90wz Sl (o p Slp 09d ARl (293
Ol £33 ez (Pls5 555 sy 293 |y Sl 99 G (S BB izes 5 ez Cuslns Gl L T S
Sy90 sl el )l olasd ool ;SO Dlrisgd 4y axgi b il oo AVI38 lan 0,5 cewx g Sikaforce 7752 canz olg>
sol)ly o 3l o (gl el 00l 00,51 Y Jgam jo aS aiil oo e 90 sl)lo plaS o aS sae A gty ol 4o o,y p
ol plas a8l ;53 LB 05 co 00ld zrudgr dalol [0 aS Conl oo colaiwl (ZSU hg, 3l @l g bl om0 g
ol 0al 0018 7 ] i Como g Do S sla iy 10 aS Canl iy, led asile (g5lead

O Tobw 9 (w32 9390 L yiol)l ¥ Jgu

Y b ) g ol

Ve v (a5 Szl Jgae) Eg[GPa]

FAQ- fq. (e Sl Jgow) E4[GPa]

\oF - V4. (e sy Jsie) Go[GPa]

ARTARN VV/FA (G 228 plSoxiul) t, [MPa]

ARVAT \RTANY (G (o plSil) tg[MPa]

AIARZ Al (o Jsl 950 CSlls Ko yi>) Gy [N/mm]
AR /YA (o 90 D50 CanSlls S ,i>) Gpe[N/mm]
Vi .10 (e Zwled) tg[mm]

P ooylols [F 090 NPT Jlu /diaign g aid piy Slgo Silo



oy sl‘r.‘.il?.%‘cs“?‘“dﬁ*“"gslkwm‘w‘?é)m‘}b‘?‘d)uT&“"Mﬁ)L&“W

= $C b -1-0

OmeS gl 105 (st oud (asiine slayiell e | ol 5SUSS Slagl (lgiee (25U by Sl eslitul L
o tole;] > b asS oo (55l g oo e Hhaine iolejl (6l gl op e a0 a5 Lalge 50,51 Cawd s ,0 1y Lo ooy 00
k}""j) \)5“‘5@ L)QM 0 r:l?u‘ ‘5‘>‘).’a 8D ol 00} u...o.’}u )L.\.a.a la @3‘5 E'L:Lu ML&A 9 LD)...A‘)Lv ] C}Ja...u )
oialejl ploj 5 e (o5 yeS amiys g lahalesl slass g 52eS (97 llie (lole sloig, b alis 10 (255U
3T obes orl 5o 0)le |y ate ol (it Suledye 5 Silee Do lagialesl als plol 5 blite sl ST o 2 bl
sl iale;l slass 5l a8 Lae cpoy el oyl slacge a8l 5 ol 0ol oolaiwl J,9556 5 dole S5 oy, 99 ;0 Cuje
aclgd 3l sL(aui..lLo)"‘ szl b Glp 28h wS oo ardllas 1 1) el )l oo Jliie 51 g oo ool (6 oS
plnl b b oS o ply8 1) Sl ol selaie slaas])T ams oo Sl aslaie sloas!,)l lgie b o Jgom 5l slacgome ools
o ol )b Lol slo il anllae oSG >lib Lol Gun digd cwyp Jliie 5 ol sla 3l iolosT olaws o jiaS (ols
Soleie glaas!)] Hloduz & jgo cpl 10 aS 05 soliiuwl j5 Hbgd blite sla il s slp Hlef oo Sl O yg0 50 Ll ol
8y el S aslen (Tl 058 gy yel)ly Wiz b g0 G blie 51 Sy azsliz (2556 (3g)50 05 walss Dglics
delaie 41,1 05l zhaw 90 plaS y2 A sel)l A slowd gl (25U 0gd o 0ol olais ol 4 seleie 41T 5 S g odd
J“ 6‘;» ‘) U] )i:é us..u..: V Q‘}‘\SQ (_SJ"ol J...A‘)l) /\ » 05)}& as Mbsc Uﬁw \O 6‘)‘;) 4.)‘)] &)“‘ 45 MQGQ \)LW ‘) L16
slasy a5 a8 by el audy b con Calses 3105 il Lol sl el b pogdle imghy cpl jo .8 i o obgos J5las
Sly 9y 99 (ZSU (IS jebas 0gi oo JueST L16 slaal)l ygiw plod > ol 4o a8 wiloads (o el co yal,b Y
REPPP N A WES,

hale3T o sl r JUasl plSimiasl 59,00 sty b L16 olsia aglT A Joar

) &b E; te Giic Gic ts tn Gq Eq el
YAQA ' « 10 <I¥A <Y ARVANY ARTAZS V4. fa. \
Yo Yoo VO <I¥A <Y ARVANY ARTAZS V4. fa. A
\Y-Y)Y ' « 10 AR YIX? Yy Ya/fo V4. fa. s
\Y200 Yoo VO AR YIXY? Yy Ya/f0 V4. fa. A
INEIA ' <0 AR YIXY? YeNY VY/FA \og- fAQ- O
BAYD Yoo VO AR YIXY? YeNY VY/FA \og- fAQ- 7
YA ' <0 <IYA LS Yy Ya/f0 \og- fAQ- \4
A4 Yoo VO <IYA LS Yy Ya/f0 \og- fAQ- A
MO Yoo <0 AR LS Yy VY/FA \og- fa. q
YAAY ' VO AR LS Yy VY/FA \og- fa. \-
fy.. Yoo BN AW A4 ARVANY Ya/f0 \OF - fa. VY
YY#ZO Y. VO AW A4 ARYANG Ya/f0 \OF - fa. \Y
AOY - Yoo BN AW A4 AIRIAY VY/FA V4. fAQ- 'Y
IR Y. VO AW A4 ARIAY VY/FA V4. fAQ- \VF
0.7 Yoo BN AR <Y ARYANYG Ya/f0 V4. fAQ- VO
Y440 g VO AR <Y ARYANYG Ya/f0 V4. fAQ- \#

osbyly Jelos plonil g b el )y 31 aulone Slie p aS Conl (23, (lod 398 0 428 5 lailinl 3, o 4 a8 sl oo,

£ o loid /¥ 0,90 NPT Jlo /doiiah g 4% iy Slgo SorilSo



SRS (505 )y s A G Sl o] g1 e (SilSo g o S i oo — 5 bl Juls  OF

Camd () dx 12 038 o oo ) Lasine Jlade S BIbl o SasSly Mg 4 Sl Cad (Ko leds ol g
olos @8lyys b ialojl ainl Jds @y (iaghy oal 5o 09 alys Sne seiie o] 1 g 035 eS (ST il yien
e Gialeyl s, 5o 1SS g aigd co (&5l wgSLT l38le 5 50 selaie l)T Jgo @ az g3 b aS aiien olo Julos
oor ) Sl polie a5 Jsl (hg) 5l jekate aos IS ced I (segtde g Line 1S5 09k oo 138l 5 )0 LSy sz @
Lol yed o yiolosl s s A Jgaz 50 el oads solail < e 13810 5 51 (2956 Judowi (sl 00,5 o eoliziwl 0S5 o

iloads 00)51 CnS 89 C"L"’

@obel b -1
ol 00 00ld sy Wl oo Caws a4 (8L Lo 5l a8 calisee (g L] s s cpl o
" il yly S -1 -1

ool g o 5 sl 8,5 by 1y 1 e o 2Ly e 3 el 5 S 58 6,551

S TS e 3 55 e sl 5 3 sl Slatn gorme it ol ly by 55 51 39
5555 oy IS Slte fyna bl o Slotyn Eyon 53,5 s 45 32 om0l ol (53, 11, ol 2
g dibise FpS ol zakw olawy 1 axly S Lol sla sl gol3l az jo sl g0 Cews 4 Vo v sae j oal ol lase
Jgaz 50 il yly Judos ol sl oo cawd @ 1 a0 lad e (Lol slo ol )b soliT am 0 oy 5l J3las @l i1 golj] a0
0 bl s gl o (sl el o el )b 1SS po 31 (55 saimolid S jlie auojo ably o .l s 00,41 4

sl 00l 48,8 a5 5 w0 A0

syl 3o S Hlie w0 0 g il ylg Judoxs @l 4 Jou

% of contribution Adj MS Adj SS Seq SS DF Source
ON FOVYY-Y FOVYY-Y FONYY ¥ \ Ea
fI-A DY\NPFPOF DY \NPFPOF INRkedN4 \ Ga
VAR V-Ya-90Y V-Ya-90Y IR R YA \ tn
Y-IYA YOAVYTAY YOAVYTAY YOAVYYEAY \ ts
YAIYA Y#-Af-fQ Y#eAT-fQ Y. AT-fQ \ GI
VWYY FATRAR A FATRAR A FATRAR A \ GIIL
AW fasyy. fasyy. fasyy. \ ta
A7An% DOMY -7 DOMY -7 DOMY -7 \ Es
QN \AINALS \AINALS \AINAL4 \ Ea*ta
VoY YeVevyy YeVevyy \RARAARY \ Ga*ta
ZIYA MEYErY MEYErY MEYTPY \ tn*ta
Y/T¥ YAVE-oF YAVE-oF YA\VY-07 \ ts*ta
AN \YYAAYEZ \YYAAYEP \YYAANE \ Gl*ta
YINE f.vy.2f f.vy.sf f.vy.rf \ GlI*ta

\ \YYOVY- \YYOVY- \YVOVYY- \ ta*Es
Voo AN ARE \o Total

(Ll s 55y gl 53 |y il iy 5 Lice o 4y dzgi b 05 co oanline A Jgaz 43 45 jsbylan
W G GRV-ESPNE SC o] I PRVS FREWWE LN S-S ES R PR S UN S-S F{ FEVIC SN SPR CH. P KW | VA & g

22 Signal to Noise Ration(SNR)
23 Analysis of variance(ANOVA)
24 percent of contribution

25 Confidence level

P ooylols [F 090 NPT Jlu /diaign g aid piy Slgo Silo



8o le.cﬁq:b~H~‘GBA’oM“5{ﬁcwm‘ﬁ6)m|P‘d)hiw..\m)*o)w.&.w

.JJ)L) e Jj‘ dyo

gl Jgae -¥-1

sloaaiuis Lauste oo Jol ly Jaar ool gnly Jpar Jols il s el Jgar 2 edle (o255 Lol ol

Gy 5 DS polie Wed oo )15 Joor (nl o a5 R sleatls ool gl e il mla o gl Eb
QT dastin bwgio polas (13 S>gS 5 (3 S,0 OS5l as des o lis |y el e 51 jlase OS] ol b il
w).a U”f)"‘ ‘1,5 La u_af)LAf).uL )l QMTWQ“J d)‘l..}‘ )J.)LQA u.uL..u‘ » ‘) LQUT ‘LQ).M‘)L’ Lsd...uc\...v) “\"]GA Cawd L )...a‘)l;
Ol s izrad ey Jgor Sloslinal b i s gealy 1) 53l i ba el )l S g az e S pusay 035 o0 S
A% 00)51 Vo Jgo 50 gl Jeu bl o5 bl S oo 3503 ‘/;:;;“LA)"I Son |y b as el o mlaw o s

2 yiol)ly Fl buwgso sl gl Jguzr Ve Jgax

Es ta GIIL Gl ts tn Ga Ea Level
AR 7f\ 7 oYYy FYYA farA OFYF ZANY FAYA \
SAY - et YYFY YV¥) VoL v-¥5 23 0¥ i
VA Yoy Y08 Yoof YofY VY VIFY 38%2 s

§ A Y \ Y ¥ Y 0 WS,

S50 CanSll (Sw i Wil o Jol sl ol )l sanas, Slo a5 Rank e oo cdnlic Ve Joax Gub a5 joblen
SO (goad, S co (Srre bl T 65 A o)l b iz Clies 5 00 5,108 Glgieas ) ojlel by e
B8 Slstran g 00l 03,51 b, lg o j8 a5 &S Lie duo 0 b oo

W yiolyly A1 g ol @il 1 loges ¥
Ol A1l Fuss Jloged card az o iload muy LT Y ) zohaw & azgi b bl )ly (Lol il Jloges IS0 4o
D23 olis gy 59y 2 1y el o (sal8 5 (2alS Sl 4 cote 5 hte et g Sl S el

Main Effects Plot for Means

Data Means

Ea Ga tn ts GI GII ta Es

8000
7500
7000
6500

N

6000

Mean of responses

] ] AN -] ] o Q Q o -3 NS el el N o
&Q ) \g')b \,\?. ﬂ)q?‘ \Q.\ %Qr} “r.‘/ ,,;_5 Q'.\J g)?‘ D7 NS W A8

W ol sy ol ol 51 yloges Vo JSCi

9 P90 98 CanSh (Soyiz (B Lol (sl 390 Sl (Saojizr <SS 4 e 2l Ol 5l S 4 azg L

2 Delta
27 Rank

¥ oylos [F 0,90 [VFeY JL«»/WQ&,MM ->|5.n Sl



S (605 )y s AT Sl ool 1 o (Seilo g cwikid O 1 g0 — 5,lel Juli | OF

55 sl yially ol pgo i aad oo Lt dagyl ot (305 e 5 a8l a3l 5 o o ptien (o (o2 Pl
5 45l gn Lol ool 3 s (1 05 oy Cealinds S5 & g b i o JLa plSinial (2131 4 2k o
Cely o Sl g Lo Jooe Gioli8l oren 090 oo Jlasl sl palS 4y jorie Cwlies ioli8laST ams e lis
5 s oSl Jpn 45 2lge e & o il dig e dalogel & 455 b s Lol plSil alS
5l St Jgae g p9d g Jgl g0 CanSlls Koy ¢ S o by plSotinl 5 03 ol e 10 e Culrs
Gl ploinl (59, aiin e sgamme (ledl (Siluaned ;o ol Jlosl g aicge zolaw 4z g3 b aiily 595 poo mhaw

S 00 00)3] d.m.nlﬁ.a S ‘5'>;L| LSOLQF\M wuLa)] \# )‘ Gwla ‘BIS?LA-AAJ‘ 63).»4 Adion \ \Jju\? o Mbso \ ’Jsd?
el 00 08l Lt (%3 (gl el b o ealieds s (1315 SLAT VY B VY gla S o

s yol )y adnte Tolaw 31 (U it plSinl (69508 1Y Jgux

(9.8) gy Eg tq Gric Gic ts tn G, E, il
VY200 AR V0 AR YIX# ARYAY Y/t V4. fa- s
\VO- - AR <10 AR YIX# ARYAY Ya/fo V4. fa g

Interaction Plot for reponse
Data Means
70001 - Ea
—e— 490
- -=—- 4890
2 6500
=]
g
)
«, 60001 .
o ~
= e
e ~
) ~ ~
= 5500 S
at ‘_‘-‘.
5000+ i :
0.5 1.5
ta
oy Colnd g oy St Jguw o (S 105 511 IS8
Interaction Plot for reponse
Data Means
7500 Ga
—e— 190
—--=—- 1560
o 70001
=
g
5
5 6500
=]
g
g
> 6000
5500 7
0.5 1.5
fa

Ceoles Il L ojls vszg 50 P iz Culrs g SVl Jgow (o (6990 B a5 05l 0 cdalie S0 5ub

P ooylols [F 090 NPT Jlu /diaign g aid piy Slgo Silo



oy

S 7 gy o Fooge (e (IS (s oo i (6 )il yixe «(5 )T (s doto o Lt

Sg sod odmlive Frwly )3 (wgmo yodS WL o e Blgyd w53 Sl mhae ;0 ST Jgue &S (90,0
B9 oo Jlasl plSotinl ol 4y i all 05 ez @dlg 0 o oYL maw jo Sl Jouw a5 Sbey (I

Cooled g (o Jodwe o A ST S0Ls a5 Wlos )5 oloml aygly oo b ol gy a3 90 a5 098 o0 cdaline S0 5l
Jsoe o5 Slej g Jlail plioial (fals 4y jomie a8l o5 (2B Jooo o5 Gloj Culed (lBI L (izred 0Bl o0 conr
55 0m 55 e Joal pSial 4y x5 508 (o Sy a5l 355 gm o plSintal ialj8 a0 e w3l o Sy

Mean of response

Interaction Plot for reponse

Data Means

8000
7500
7000
6500 |
6000
5500
5000

4500

tn
—e— 1148
39.45

-

05

15
ta

o Caoliod 3 o it plSinl o ST 1A S

ciiS ol 4 gloj .o,ls 0g2g (S0 il iz Coles ¢ LaitS plSoninl (o a5 06d o cdaline A S 5l
Wil 0g3 0l jlade jo grniS plouul a5 Jloj g Jlasl pllouinl jrals 4 jore Cwlbes yiolibl aall 995 o5 Jlade o

WS e My 33l Calieds a8 Sloj a5 asly il e ) oo S 0 so Sl lSoiasl 33l ) ponte ealieds i3l
a7 2 45 355 en ez S390e SR Sbml 4 e g iy ez 59y Rl AT (G stes litS (e
5don st Jual plSnil il S oy S St

85001
8000
7500
7000
6500
6000 |
5500
50001
4500

Mean of response

Interaction Plot for reponse
Data Means

0.5

1.5
ta

s
—e— 10.17
—--=—- 30.20

oy Cenldid 3 oy (o USR] 1 S15 518 S

.Q)LD Sg>g Gl?‘..\.: )."M Wwﬁg_g‘*’)-’ lblS.?LH»‘u.».)soM 3 Ja}s\) 0092 c.‘ol.o...ad.sbyl.v a Ji“"d—‘-]"
aS 285 5 Jlasl plSorinl il 4 pore Culbrs il bl o 093 o5 lade sl Ly plSoriul S8y aS s ebay
o el il 39 o Jla] plSiind 2alS 4 yonie caelied Lialsdl il e 055 ol e gl oy plSiad

Dgd oo p s Jlail plSovinl 4 e SYL

¥ oylos [F 0,90 [VFeY JL«»/WQ&gwM ->|5.n Sl



SRS (505 ) s AT Sl o] 1 ey (SilSo g ok O i1 g0 —o,lel Juli  OA

8000

Mean of response
(=) ~
=) (=]
(=} (=
(=} (=

L
(=
=
=]

4000

Interaction Plot for reponse
Data Means

0.5 1.5
ta

GI
—e— 0.20
—=—- 236

b 4 Gl s 5 gl 090 CulS (o jix o SIS Sl ibglad ablay asgly 4 ax g L USG5l
e e Sl Gl aBl e 355 0 ke glyls eSS (Sajhx By 855 p5bay wBbigo S LI S
e Ceales o8l il co 093 15 ke glyls Sl Koy aS S8y (g aiS ed ol Jlasl plSual jo o

8000

7500

Mean of response

55001

5000

Interaction Plot for reponse
Data Means

70001

65001

60001

0.5 1.5
ta

9o Jlail plSioal 2alS o

GII
—e— 0.38
--=-- 541

bl o0 42 55 Bz Sl 5 pgd 350 Sl (S jix o (SIS Sl cboshas abli aygl 4 az s ) - S Bk
aS S8y g Jlasl plSorinl Jolidl 4 i Cwles Giuli8l il oo 095 o5 lade jo Sl Sy J8g 4S5 ebay
D5 g0 Jlasl pllouinl rals 4 jone Cwbes (iali8l bl o 095 o) Hlake jo CulS (S jax

Interaction Plot for reponse
Data Means

7000

Mean of response
(=) (=)
= [
[= =
[==] [==]

L
Lh
[=]
<

5000+

0.5 15
ta

Es
—e— 20
--a—- 200

EESRY Slaas o s, g0,k oyswfublos)‘}\%aau@sxﬂﬁj Sl oo o VY IS 3ube

B oyla /¥ 093 1Fe¥ Jluo [ oiaiigh g i iy lge Solso



3 sl‘r.‘.il?.%‘cs“?‘“dﬁ*“"gslkwm‘ﬂ‘?é)m‘}b‘?‘d)uT&“"Mﬁ)L&“W

Calbes iol38l il o 095 ol jlaie jo al ;) SVl Jgae a5 By aib oo Cuolbes g o SVl Jgde Cyw
o e 53 4z SR Jpe 5,90 59 wibiai Stz il ) s 5bon JLal il olidl 4 i
Jose &5 Gloj 9l Wlgs oo cnl O s w098 o0 JLail plioinl S pinr 28l 4 jomie Culus il cdloe 355
e G @235 50 GOk Bl ez Sl sk g Sl oS Jlail (phed Carlo 00 (6508 e w5 Sens

D9 oo Jlasl plSorinl ol 4y e g o)l0

b Joho (ppess - £-1

slaall Joaz j0 a5 bl o O 5 (Lol sla el )l @l il 4 4z b (2556 Jlos j0 <5 e Jl38le 5 50

Aiwd  ohaw dz 0 a5 b alyl oud (6 )1050S polie (o ISl L aS W) e feedd s Jae G clonld (i i dslee

4 5550 adaily o cwl oals Il Culpl Jaao 5l AL e ddoles 4 alayly o a8 o cmiim |y 29 el jlade
g g0 Jlasl (1)) sae YU mhaws sl 9 (-)) v ol maw gl 058 0 (6,10 Ol bgpe oS da il )b sl

F = 6239.63 — 638 Ea — 571 Ga + 805.88 tn + 1271.63 ts + 1501.75 GI + 1027.75 GII —
176.13 ta + 590.62 Es — 211.5 Ea X ta + 354.5 Ga X ta + 713.38 tn X ta — 441.88 ts X ta + Q)
276 GI x ta— 502 GII X ta + 282.38 ta X Es

S dzis =V

ool b w5 il Jow vz 4l Joo Oyt oz ] 10 a5 4SS g Jlasl lal igsy ol o
il 6 S a0 5| g 005 (miscimo ar e dllie @l b gilodend nl G 9 35 (S3loaned GosSLT 5l
ez olrd i (S ol slayall S gy 4 5308 S ppon (U s, 5 Gtalesl (b ool L
b a8 sl &30 ol & gl ol asls,y o228 6 NS ,L con adoSs Jlasl plsoviul 55, 1 ol SVl Jsoe s
ol g (oS plSoiul (al33l o b Lol (a3l ipgs S50 Sl (Ko jiz Sl gl S90 CunSE (Ko yia 34
S5l 22 )3 b Jol 090 CenSl (S i oz 2193 (50 b e SR el plSoninl (e w5 SV Jgone
b po dg0 oSl Kajiz ¥+ /VA b o288 alSovinl oo 3 a o1 51 ey 0y Jlai] plSonial o 1 31 s 5 st YAIYA
Jsoe Gl bl Jlas! plSoninl o &5 jLae oo ys BIFY L ol g StV Jode 9 ANVE L 8 plSocial 5 VYIYE
b cesr Culis Gl 0 &5 wboe ol Jlal el pliee conz Sl 5 coz (2B Jode o SV
S5 5 el b 4 b e Caalied (5103 G131 51l Jasl il s 1y 51 o 568 oS Lie sy + /YA
e 8 e o3 YIFE g YN8 SIPA L o 5 4 g plSoxinl 5 g Sge ConSdh Koz o oS plSoinl b ]
;3 ) Loy o8 L oo b a5 SVl Joe 5 oy Sl Jooia b T Sl 31 0 a8 g sl n s 1, 50
Jose b ez 10 090 oo Jlas! plSoin] (ials 4 jonie o cwlbes iali8l (YU SVl Jauw) 05 e )0 0l oo
208 (oo Jlail plSoial il yoie Vb (B0 oo b conzr )3 g plSoctnl (fals @y jomie Culed Galifl ol (22
s omly (oS Al b ez 50 g plSoial (aldl a4y jomie oy Cualied a8l L 88T il b e o
oz ) g plSial 28l 4y e e Cals (YL (G0 sl b ez 0 098 o0 Jlail plSial 20l
e Saalid Gl Vb sl 390 CnSd (Seojiz b cr )3 098 o0 plotial (Al 4 e (ol (Shp el b
Pl ol & e (omb ol 090 CanSih (Kajiz bz 59 (Jy S (oo Sl Jlail plSoeial jo Slaiz s
bz 0 5 plSoinl 2ol 4 e i Caalid (al33l L pgd 990 Sl (Sajiz b a3 095 o0 L]
2005 g0 Jlail plSoeial (b L jonie ol pg0 950 CanSl (Ko yix

£ o loid /¥ 0,90 NPT Jlo /doiiah g 4% iy Slgo SorilSo



S (55 ) o A G Sl il 1 o (SilSo g o i goue — 5yl Julos  Fe

Authorship Contribution Statement

Seyed Mahyar Mir Biography: Seyed Mahyar Mir Mohammad Hossein Ahari is currently a Ph. D
Mohammad Hossein Ahari 4, dent at Malek Ashtar University of Technology and his main research interests
are composite structures.

Contribution Statement: Conceptualization, Methodology, Validation, Formal
analysis, Investigation, Software, Project administration, Visualization, Writing
— original draft, Writing — review & editing.

Prof. Jafar Eskandari Jam Biogl‘ﬂph!z Jafar Eskandari Jam is Professor of Mechanical engineering at Malek Ashtar

University of Technology, Tehran, Iran. His current research focuses on composite
structures, plates and shell analysis and Nano mechanics.

Conlribution  Statement:  Investigation, Visualization, Formal analysis,
Validation,Writing- Original draft preparation.

Dr. Mohammad Hossein Biography: Mohammad Hossein Alaei is currently an Assistant Professor with the
Alaei Department of Mechanical Engineering, Malek Ashtar University of Technology, Tehran,
Iran. His current research focuses on composite structures.

Conltribution  Statement: Investigation, Visualization, Formal analysis,
Validation,Writing- Original draft preparation.

Dr. Hossein Momeni Biography: Hossein Momeni is currently an Associate Professor with the Department of
Mechanical Engineering, Malek Ashtar University of Technology, Tehran, Iran.. His
current research focuses on Materials, Metallurgy and Welding.

Conltribution  Statement: Investigation, Visualization, Formal analysis,
Validation,Writing- Original draft preparation.

Dr. Pooya Pirali liogmphg: Pooya Pirali is currently an Assistant Professor with the Department of
Mechanical Engineering, Malek Ashtar University of Technology, Tehran, Iran. His field
of research is Impact mechanics

Conlribution Statements Investigation, Visualization, Formal analysis, Validation,
Writing- Original draft preparation.

&l -A

[1] Dadian A, Rahnama S. Experimental and numerical study of optimum functionally graded Aluminum/GFRP
adhesive lap shear joints using Epoxy/CTBN. International Journal of Adhesion & Adhesives. 2021;
107:102854

[2] Myong-Ho Kim , Hyon-Sik Hong, Yong-Chol Kim. Determination of failure envelope of functionally graded
adhesive bonded joints by using mixed mode continuum damage model and response surface method.
International Journal of Adhesion and Adhesives. 2021.

[3] Breto R, Chiminelli A, Duvivier E, Lizaranzu M, Jiménez M. A. Finite element analysis of functionally graded
bond-lines for metal/composite joints. The journal of adhesion. 2014.

[4] Shahrokhinasab S, Sahraeeyan R, Sabet A. Assessment of mixed adhesive in single lap and peel joint with
composite substrate. In Persian, Journal of Science and Technology of Composites. 2017;4(2):189-194.

[5] Stein N, Mardani H, Becker W. An efficient analysis model for functionally graded adhesive single lap joints.
International Journal of Adhesion and Adhesives. 2016;70:117-125.

[6] Rocha R J B, Campilho R D S G. Evaluation of different modelling conditions in the cohesive zone analysis
of single-lap bonded joints.The Journal of Adhesion.2017;94(7):562-582.

[7] Gleich D M, Van Tooren M J L. & Beukers A. Analysis and evaluation of bondline thickness effects on failure
load in adhesively bonded structures.Journal of Adhesion Science and Technology.2001;15(9):1091-1101.

B oyla /¥ 093 1Fe¥ Jluo [ oiaiigh g i iy lge Solso



9 sl‘r.‘.il?.%‘gs“?‘“dﬁ*“"slkwm‘w‘?é)m‘}b‘?‘d)uT&“"Mﬁ)L&“W

[8] Hasegawa K, Crocombe A. D, Coppuck F, Jewel D, Maher S. Characterising bonded joints with a thick and
flexible adhesive layer. Part 1: fracture testing and behaviour.Adhesion & Adhesives.2015;63:124-131.

[9] Hasegawa K, Crocombe A D, Coppuck F, Jewel D, Maher S. Characterising bonded joints with a thick and
flexible adhesive layer. Part 2: Modelling and prediction of structural joint responses. Adhesion &
Adhesives.2015;63:158-165.

[10] Saleh MN, Budzik MK, Saeedifar M, Zarouchas D, De Freitas S T. On the influence of the adhesive and the
adherend ductility on mode I fracture characterization of thick adhesively-bonded joints. International Journal
of Adhesion and Adhesives. 2022;115:103123.

[11] Antunes R P R O, Campilho R D S G, Silvaa F J G, Vieira A L N. Numerical validation of cohesive laws for
adhesive layers with varying thickness in bonded structures.30th International Conference on Flexible
Automation and Intelligent Manufacturing.2021;55:213-220.

[12] Grant L D R, Adams R D, da Silva L F M. Experimental and numerical analysis of single-lap joints for the
automotive industry. International Journal of Adhesion and Adhesives.2009;29(4):405-413.

[13] Da Silva L F M, Carbas R J C, Critchlow G W, Figueiredo M A V. Effect of material,geometry,surface
treatment and environment on the shear strength of single lap joints. International Journal of Adhesion &
Adhesives. 2009;29:621-632.

[14] Metehri A, Madani K ,Campilho R D S G. Numerical analysis of the geometrical modifications effects on the
tensile strength of bonded single-lap joints. International Journal of Adhesion & Adhesives. 2024;134:103814.

[15] Rangaswamy H, Sogalad I, Basavarajappa S. Experimental analysis and prediction of strength of adhesive-
bonded single-lap composite joints: Taguchi and artificial neural network approaches. SN Appl. Sci. 2020.

[16] Mokhtar M. and Shahravi M. Numerical and experimental analysis of dynamical behavior of composite T-
joint with step wise graded adhesive zone based on functional behavior model. In Persian.Journal of Science
and Technology of Composites. 2017;4(2): 319-326.

[17] Kariman Moghadam. A, Rahnama S. Experimental investigation of the effect of different surface treatment
on mode I fracture behavior of composite/aluminum adhesive joint. In Persian. Journal of Science and
Technology of Composites. 2023;9(4):2116-2127.

[18] ABAQUS® Documentation. 2009, Dassault Systémes: Vélizy-Villacoublay.

[19] Benzeggagh ML. and Kenane M. Measurement of mixed-mode delamination fracture toughness of
unidirectional glass/epoxy composites with mixed-mode bending apparatus. Composites Science and
Technology.1996; 56(4):439-449.

[20] Feih S, Shercliff HR. Adhesive and composite failure prediction of Single-Lap joint structures under tensile
loading. International Journal of Adhesion and Adhesives. 2005;25:47-59.

£ o loid /¥ 0,90 NPT Jlo /doiiah g 4% iy Slgo SorilSo



