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Joints are considered as the weakest points in order to integrate the constituent members of a structure to transfer
and bear the load. After checking the parameters, preparing the surface of the joint area using sandpaper on two
levels using sandpaper with grain numbers of 220 and 400 and also controlling the thickness of the adhesive layer
on two levels of 0.13 and 0.26 mm. The meter and the type of drill used to make holes on both surfaces were
selected using a saw drill and a wood drill for rivet joint. The integration of selected parameters of two adhesive
and riveted joints is considered in order to investigate the combined joint. In this regard, the experimental design
using the Taguchi method has been carried out in the Minitab test design software. The purpose of conducting
the experimental part of this research, as mentioned in the previous lines, is to obtain optimal joints according to
the defined parameters and levels in order to set a standard and compare with the values obtained after performing
the test on the mentioned joints under the effect of 80 degree Celsius applied to the samples for four hours. In
order to bring the results closer to the industrial conditions, we connected a number of adhesives, riveted and
combined samples using the optimal levels of parameters defined for each of them, based on the zigzag
arrangement of four rivets along the width of the area, which are the samples defined in this section.
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Table 1 Parameters and levels of adhesive joint

o les aels asls o leu) cla.w k_g)'LwAJLo] ez Y Cwls
Tyl (ool (o skee)

1 220 0.13

2 400 0.26

e Jlail 0 (s 0550 Gialesl (2ol (255 2 Jgu
Table 2 The output of the test design examined in the adhesive joint

B ) o las) o Ls)'L..;wLJ ez Y Cwls
O3] 0yles
(oolew dels” als (oske)
1 1 1
2 1 2
3 2 1
4 2 2

ey DUl 5 g Sl 5l alacasgame b yol> Griw o5 ol
VLl 51 plaS o 55 gy BB e (SaSTy 4 axg b og axlse
5 Olis> B lol 2 o35 cnl psl Gloy o9 SUL g (zn (oeex
Olge 4 e g a8 0 oolil )90 ae g5 el )y [11] Ko
L3 Jsuz Geb » ghw 99 50 (2 n Sl ol SehS 50 J5e el
sl 8,5 )18 55l 0550 0905 99 6,5

Sl 00 pni (o el )b 51 JSite (o prm o) (oS 5 L]
090y Ao e ez b mhw 90 0 Wllas & g0 4 SYLall il plaS
28,5 anlys 13 obyl 050 4 Jsuz 3k

7 il 55 gy 050 sl yiel )l 5 zokw 3 Jgur
Table 3 Levels and parameters investigated in rivet joint

o w5
1 a)ldil..e
2 ce de

=55 Jlal palejl (b (29,5 4 Jgur
Table 4 Design output of hybrid joint test

_ 5}“‘“’ L_g)'L.:ooLA] o &Y Cwls &9
0903 05les )
(ool 225" wls o,lou) (o sleo) A
1 1 1 1
2 1 2 2
3 2 1 2
4 2 2 1

4 Fernandes
5 Minitab

2275

Db oo o S90Sy s B> (25 @iy el p (S
otlplis 515 1) o YLl 5 o b 5 oSt o s
FB Oliee 4 00l (gaiaz ;0 Kged Ay (B S50 Seoglite yd aliSl
s 0925 4 00,0299 4>

iz 3l e ol om o993l 512020 Jw o [7] oS 5 '
basl s e sy SRimelS ensdfate 50y LAl o ealS
G35y 2 6932 5 228 logygesl sl o] Gaiod (el aisls I8
BLIN 3l oo aslow sboiym boad Cogdl 2uj90elS ad SO YLl
oy Gge3l 2T S (Semdly (sl Slge Sl end s a,bS,
S50 S (59585 bl VL] Gl plSoil i S 00
dmlie Sz 53l lagm 5l Getzmed lap] il oo b 5 S
Ol s o ges eolatwl (0 35melS e Sl b oole cpl jpax jo YLl
O 05— bz (oS 5 ad SO OYlasl jo oS sl s sadss
e 20l 1) a0 )3 191 plSovind (2l 38l lasgie job ) (S 590elS
Sl &5 S5 pl @ az g b 38 Gyl eslinl &5 ad by e 50
5 il 59,55 4 Canglin Cuglps 5 Lol 39 Jlail a3l
AB oo il All e 00,0 46.9 dgum jo oS 1) Jlasl e al38l 58

lss 950 5 gl gladdllae 2020 Jlo o [8] oS 5
S leosigh fate aisls plxil | 040 g gl (o5 5 Jladl (o285
00 00 1 5 ez 5 Juiawl 0,00 9 s < 9Y58 g CFRP iz 5l oo 0oy
5 GRS gl o | ags e¥last ol o] sl s SY14-M g4 5|
S oal a8 )T IS olee 51 G e SHe olym T oolaul b e 5 Sisls
45 Waged sgazma Lol 18l 5o so0e (sile e 4 il (oS 5 Jlasl
Jlasl 3 s sl el Sl o)z a4 s300 5 (225 s BLbail )
OB Jelod g 4525 3 50 Slge oleS 5 Jlail awais (Jlail 5Lise alex |
el Jlasl (b sla el (oles jlade Gl ad paseie 5 285
34l ead i (@l g (e ol jo (L2850 Shes ol
)05 5 nzr Jgko 9 SID ol3T axkad Jsbo S o g0 5 s ysledS S
GH9y e oS Joe 9 Vb plSoinl b o losliiul w8 paiin Grizen
il oo Jlas] plSottnl 5 95 adgl ol S50 sln slS

bl 15k -2
& Gialesl (b YLl 5 S5 a6l oud s sl yiell @ a4z b
latudgize 4 4z g b Sl GudoS )0 Sl adpdy el gt
G98 ez onsl 00y OBl 00t e lsie T (ygmST i (sl 0
5 Snelied JuS jslare an Vb i jsSins e Somols 90 o Lo Judo @
e L] 23 oy plow] 43 45 YU o 5 e 5 Byamo yos
Syl8 )0 sl (e ailonss S il s alie 03V (oS 5 s
S (o Jlall S ol o e sl el Jlss 4 plsds
5 el 5 ol el mtledgy geST ez 515 duasiio pras olud
Ozt 9 5950l 4 b oud sl sla)lS” ulsly @St (o JLai]
A alpwsg 4 Jlail 4zl mhaws (g3luoolol jally 90 (o slacyogame
@z 90 50 ez AY s 5400 5220 mhaw 9o 50 ool
5 [9] Slelp 5 a0 slo)l5 Bk o e 0.26 5 0.13 looslud

L
2 Axon
3 Yang



OlSess 5 Sblue s

LR520 [12] oS5l (55 $SlSe (2l 5 Jgorx
Table 5 Mechanical properties of LR520 epoxy resin [12]
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Table 6 Rivet specifications required for research based on the manufacturer's company information
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Fig. 8 (a) glass fiber fabric cut in the two mentioned dimensions, (b)
dacron fabric, (c) injection mesh fabric
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Fig. 9 (a) Transparent plastic tube, (b) spiral tube used in making
composite plates
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Nail: steel with galvanized coating
Rivet:Aluminum with 5050 alloy

Fig. 4 Blind rivet schematic
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Fig. 5 Cleaned plexiglass surface
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Fig. 6 (a) Plexiglas sheet bordered by sealing tape, (b) sealing tape
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Fig. 13 (a) composite plates after baking at ambient temperature, (b)
composite plates in the autoclave to perform the post-baking
process.
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Fig. 14 sample of adhesive dumbbells being stretched
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Fig. 10 Vacuum pump device.
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Fig. 11 Container for aeration of prepared resin
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Fig. 12 Resin flowing into the mold under vacuum

Mo o B g0 oz Jl 50 03, 12 JSb

gl plos g5l it 51 g w0y S S D390 (b e

o2 oo )l e slos o Ml jo el 24 Sos anl, T e
5 oad sl slodiges colod (59, (shwoee bl 31 g S0 6l
Joalygiws ay 4z g b ol diged (g S jgmalS ) Gudos ()

Oy Dae s g Led 48 L 00 i Laume (sled 15950 o] euiile S 0

1 Vacuum pump
2 Yang

2278

3359400 (5 )9Ud 9 pgle &y juis



e 9 ,Jlfl.w.o )Jl;

vmf,.ﬂ/dumuk5LQ\_u))J.olYouf)agu;)4‘dm\_a)|baﬂvmmfroKzuu|)aL;slnsub;mbubm).\hs.\_\.cgua)mum)).\

33)920l5 (5 )9Ud 9 pole Ay yubs

e S 18 Sreoliw 850 Bolial Cyz jo adBs 2 G 4,400
OllSen 5 1Sl 5 [9] Slalp 5 (s yie G | Seslinm Sz 5 e
zobws sailed Glgie 4y Jlail digas 90 17 IS0 10 el o0l sy [10]

ol oals ools ylias ool sdels 3l plaS o alwg a4y ool ool

sandpaper
400

Fig. 17 Two joint samples representing the surfaces sanded by each

of the sandpapers
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Fig. 18 Roughness meter and standard surface to calibrate the device
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Fig. 15 (a) sandpaper 220 and 400 (b) control of thickness 0.13 and
0.26 mm
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Table 7 Naming and specifications of adhesive joint samples
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Fig. 16 Determining the surface of the joint area
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Fig. 21 The sample was sanded with a 400 sander and a roughness
meter after measuring the Ra parameter
T 5525 oKiws 9 400 ool alwsy 4 00l (5,5 ool diges 21 JSCi

Ra sall s mSoslul 5l omy

Gy ez oxjle &S0 Jesdljgiws j0 0nls zy0 Cledbl 5k
S8 e sled (o yme j0 el 24 S ol e Cu S le]
— sl a2 0 70 glos 1o celus 16 Do 4y Sty g g g 0 5 0

R

Sl ‘5::..@ oKl %)Wls olf)lf )0 0990 UST 090 é';
Ll 0ol ools )|)5 23 Ji.w

-

Fig. 22 Adhesive joint sample after aplying adhesive and exposure

to thickness control constraints
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Fig. 23 Placing adhesive joint samples to perform adhesive post-

baking
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Fig. 19 The unsanded sample and the roughness meter after

measuring the Ra parameter
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Fig. 20 The sample was sanded with a 220 sander and a roughness
meter after measuring the Ra parameter
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Fig. 26 The sample fixed on the perforated mold after the drilling
process

S5 2l B ol 51 ey g5 B (59 005 oSome il 26 Y

gty g g B 5 Kged alb oo i poal ;5 &S jshailes

b 3l o loat e S03S6 59,2 02,95 Sl T sl v el

A8 oseiadll @ yo0 g Jleel 4 g (5, E g e 0

e I S, syl g |y Wigas 93 5 oK dlinsg 4 2o ie 5

£ a4 T s ()27 S8 5 055 e Lt 5454 o
el anlie LB 2y JLai! () «cosainasl]

b-o
Fig. 27 (a) Riveting machine for aluminum rivets, (b) rivet joint
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Table 8 Naming and specification of rivet joint examples
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Fig. 24 (a) wood drill and (b) saw drill [8].
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Fig. 25 10 mm thick plexiglass mold with a 5 mm diameter hole
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Table 9 Hashin's two-dimensional criterion [13].
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Fig. 28 The window related to the specifications of single-layer
composite joint granulation
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Table 11 The design output of the combination test of Taguchi method
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Fig. 30 Diagrams related to the effect of the defined parameters of the
adhesive joint on its strength
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Fig. 29 Convergence of mesh number
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Table 10 The design output of Taguchi's adhesive bonding test
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Fig. 32 Stress-strain diagram of adhesive under the effect of
temperature of 80 degrees Celsius
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Fig. 33 Dumbbell samples made to check the mechanical properties
under the effect of temperature of 80 degrees Celsius
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Fig. 31 Diagrams related to the effect of the defined parameters of the
composite joint on its strength
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Fig. 35 Stress-strain diagram of composite multilayers under the
effect of ambient temperature
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Fig. 36 Multi-layered compogite samples under the effect of 80°C
temperature after tensile test
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Fig. 37 Schematic expressed in standard text (LAT) [15].
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Table 12 Mechanical properties of adhesive under the effect of ambient
temperature [14].
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Table 13 Mechanical properties of adhesive under the effect of
temperature of 80 degrees Celsius
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Fig. 34 Multi-layer composite samples under the effect of ambient
temperature after tensile test
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Table 16 The roughness values of the joint surfaces
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Fig. 39 Diagram of force-displacement of adhesive joints under the
effect of ambient temperature
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Fig. 40 Areas of adhesive joints under the effect of ambient
temperature after failure
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Fig. 38 Stress-strain diagram of composite multilayers under the
effect of temperature of 80°C
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Table 14 Values of mechanical properties of composite multilayers
under the effect of ambient temperature
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Table 15 Values of mechanical properties of composite multilayers
under the effect of temperature of 80 degrees Celsius
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Fig. 44 Surfaces of composite bonding areas under the effect of
ambient temperature after fracture
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Table 17 Obtained properties of joints under the effect of ambient
temperature
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Fig. 41 Diagram of force-displacement of rivet joint under the effect
of ambient temperature
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Fig. 42 Rivet joint areas under the effect of ambient temperature after
failure
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Fig. 43 Force-displacement diagram of composite joint under the
effect of ambient temperature

b slos Sl cos oS 5 Jlasl plle -5 50 g0 43 S0



e 9 ,Jlfl.w.o )Jl;

vmf,.ﬂ/d.umuk5LQ\_u)}J.olYouf)agu;)J‘qu\_a)|baﬂvmmffl§zuu|)aL;alnsub;mhbm)ﬂd.\_\.c)d)mum)).\

Force (N)

0.2 o 02 0a o0& o= 1 12

omHs-1 OHs-3

Fig. 49 Force-displacement diagram of composite joint under the
effect of temperature of 80°C

ol 5 il az )0 80 slos il coxd oS 5 Jlasl lowlr =555 )log03 49 JSCi

oHs-2

Fig. 50 Optimum composite joint surface under the effect of 80°C
temperature after fracture
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Table 18 The obtained properties of joints under the effect of
temperature of 80 degrees Celsius
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Fig. 45 Diagram of force-displacement of adhesive joint under the
effect of temperature of 80 degrees Celsius
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Fig. 46 Optimum adhesive joint surface under the effect of 80°C
temperature after failure
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Fig. 47 Diagram of force-displacement of rivet joint under the effect
of temperature of 80 degrees Celsius
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Fig. 48 Optimum surface of rivet joints under the effect of
temperature of 80°C after failure
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Fig. 55 Force-displacement diagram of composite joint under the
effect of ambient temperature
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Fig. 56 The surface of composite joints based on the zigzag
arrangement of four rivets under the effect of ambient temperature
after failure
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Table 19 Obtained properties of joints under the effect of ambient
temperature
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Fig. 51 Diagram of force-displacement of adhesive joint under the
effect of ambient temperature
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Fig. 52 The surface of adhesive joints based on the zigzag
arrangement of four rivets under the effect of ambient temperature
after failure
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Fig. 53 Diagram of force-displacement of rivet joint under the effect
of ambient temperature
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Fig. 54 The surface of rivet joints based on the zigzag arrangement of
four rivets under the effect of ambient temperature after failure
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four rivets under the effect of temperature of 80°C after failure
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Table 20 The obtained properties of joints under the effect of
temperature of 80 degrees Celsius
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Fig. 63 Numerical and experimental results of hybrid joint
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Fig. 57 Force-displacement diagram of adhesive joint under the effect
of temperature of 80 degrees Celsius
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Fig. 58 The surface of adhesive joints based on the zigzag
arrangement of four rivets under the effect of temperature of 80 °C
after failure
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Fig. 59 Force-displacement diagram of rivet joint under the effect of
temperature of 80 degrees Celsius
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Fig. 60 The surface of rivet joints based on the zigzag arrangement
of four rivets under the effect of temperature of 80 °C after failure
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Fig. 61 Force-displacement diagram of composite joint under the
effect of temperature of 80°C
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Table 22 The maximum strength of adhesive, riveted and combined
joints under the effect of temperature of 80 degrees Celsius

R VES IRV et 59500 e S
o T $o3e a
(N) (N)
13.01 6051.96 5264.1 oz Ll
8.51 1511.93 1640.6 sz Jlasl
15.47 5826.03 6727.79 =S 5 Jlasl

20lae 5 L loged oo 4 24 523 sl Jsaz 567 566 sla s )

9 @7 Sladiged 10 (55 9 (Fp e SYLA] gl Al (5950
U"l 6)“;@{’['; el 0o o0lo ul—“‘“ ) )l.e‘> jl)_ii) u,u‘j L goas
O ygmo & (GNgung A5 Sols (pl bodgr o lailin] slaaiges ailen adiges
b o @ sk ol 5l esliiul (B jlaie 4 (Bg 5 goue

Force (N}

10000

Displacement (mm)

—— AFARAMEX = ALARAMNUM = RI-4R-AM-EX RI4R-AM-NUM e HI-ARAMMEX e HU-4R-AM-NUM

Fig. 66 Comparison of curves of experimental results and numerical
simulation of joints based on zigzag arrangement of four rivets under
the effect of ambient temperature
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Fig. 67 Comparing the curves of experimental results and numerical
simulation of joints based on zigzag arrangement of four rivets under
the effect of temperature of 80 degrees Celsius

ool oYLlasl goae (giluand 5 025 @S sla cove dnnlie 67 S
S8 il 4z 50 80 sles il e gy Yoz STK5 il

4 Ambient
5 Experimental
5 Numerical

2291

Ot 45 D50 alie @ bgyye sl loged B5 564 Sla s )
S5 9 T ez SYlail ol gilean b goe 5 020wl
oo ools ylas ol )F il 4z 15 80 g las slos g0 il o ol
&z Jlail sl Gy g 4 L loged 3| Sypn (5, NSk Lol
3550 Slod Byre i 4 o5 pladiguny L3 oS 5 Ll 52 2 L]
E5 ¥ At i g ol 5 clw a> 5 80 slos g lama slos ol
e iie (o5 Cg0e 508

55 9 TR ey SYLall Wil ain 9822 921 oo
R A PP X RPN EY

8000
6000

4000

Force (N)

2000

Displacement (mm)

AFAM-EX AFAM-Num RI-AM-EX RI-AM-Num

HI-AM-EX

HI-AM-Num

Fig. 64 Comparison of curves of experimental results and numerical
simulation of standard joints under the effect of ambient temperature
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Fig. 65 Comparison of the curves of experimental results and
numerical simulation of standard joints under the effect of
temperature of 80 degrees Celsius
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Table 21 The maximum strength of adhesive, riveted and combined

joints under the effect of ambient temperature
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Fig. 68 (a) Coordinates defined for a single composite layer, (b)
Coordinates introduced for the adhesive layer in the simulated joint
models.
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Table 23 The maximum strength of adhesive, riveted and combined
joints based on the zigzag arrangement of four rivets under the effect of
ambient temperature
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Table 24 The maximum strength of adhesive, riveted and combined
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Fig. 71 Diagrams related to the shear stress component S12 of the
simulated samples based on the zigzag arrangement of four rivets
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Fig. 73 The path chosen to extract the S22 peeling stress component
from the composite single layer surface in the joint area
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Fig. 69 The path chosen to extract the S12 shear stress component
from the composite single layer surface in the joint area
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Fig. 77 Diagrams of changes in normal stress component S33 at the
edge of adhesive layers of simulated standard joints
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Fig. 78 Diagrams related to the changes in the normal stress
component S33 in the adhesion layer of simulated joints based on the
zigzag arrangement of four rivets.
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Simulated Joints
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Fig. 75 Diagram related to the peeling stress component S22 of the
simulated joints based on the zigzag arrangement of four rivets
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Fig. 76 The path chosen to extract the normal stress component S33
from the surface of the adhesive layer

Y o 51833 Jly s adlie gl sl cga ead QL) e 76 S0

2294

S)930l5 9L 9 pole Ay puis



399405 (5 )9Ud 9 pgle &y puis

OlSess 5 Sblue s

5l e (sles 40 el iy polie 4 Cu i | rals 11.18 410.94
b oo 55 Jlal 55 s oly (sl yrally Gl 5o s oo Lt 355
1,5 5 a5 80 (sles Jlael 1 o TS5 2T g Sl Jlae
=l D jgo 4 90,5499 5 12.89 plp cod 4 b sled 4 Sons
ol o0l lis 8e5 3l

iz SYlasl jo a5 0l aseie 485 O ygo o, b 06
990 sl QLeSe Jolie (b b oo lilinl sloaiges ulwlyy oats Gy pa5
(Jasl axb 0 g0 4 S5 Gtal)]) soi dyyas g o lasbwl cdl>
80 5 ams (slos 1 00 oy o e Lolys | sme oy yzaS
2 En ez SN Gl sl &5 pledigai jo 1) o5 il ez yo
st 28l 1) el o il Jlasl 4l gligy (sl

093] sz slesls (5,5 00 plonl Sleaslons 5 (a5l g T
§ o S8 (55l ke s (aseiie (DCB) sl 050 50 censls (6551
4 Soe a0l F il a0 80 oles Lyl s Jlael 51 ey Jsl 950 50 03,
olad vg3 1 ialidl a9 11.67 ¢ als s 945.74 Loy 4 cels
el 00ls

eSS 550 3e3l Sz m dilie 5 Sllxe plnil -8
350 13y} 5 e S (65,50 45 0 mseino (ENF) pgo 040 40
@ celwd Soe ol F il ax 080 ples Lyl s Jlael 51 pgo
losls lad og5 51 ali8l as 0 19.9 5 pals ww 03475 s 5

3 S ¥ 9 e SYlail goae giluan s pll 5l e -9
5 Jo JlE 59508 morsSle (2 5y5 ol 5 usSLl sgume plall Jl3le 5
oot BN dpaslos g )76 Sladigas 1o yially ek o b o] anylie
il oo leel LB oo (il sloJow 4 o aseine by

2 38 s o 9 (et 3ai5 (e plox ) ey <10
Sl & iy S (Z ) (o5 5 Joal S ol
1y 51 oyt s (g jlsoslel 01 51 s g 9l o o &Y ol
ubly dalys

55 5 2 e VLl 3 55,50 s Jlael f g 11
Gl gl Ll e plSomias] IS anls lge caled o 45 0 asie
ez Jlail o il gy BB alBlas & 4 SVl 1 plaS e g0
bl o Jlail 42l 53 00l Jleel oz o5 w00 (LSS (S 5
o BT 51 g 5 00y 055 (g5 S Tao &y Sy e g S5y S 955
A e oz 8S ge mS @ 428 b &S 050 00 oly> 24
520 Gl 4 a5 ol Cdl a4z g b > Jloasl jo Lol o o0
W el iy a5 aSS ol Babs g Sl ools F) (oo 15) 5l 1S
093 511y (et Y slales 13 g )3 00D 03 )8 arpgrinngl| (olo>
oS (390 g Cald el Gy yolie 45T 8T dz (lgT o il o oy

.J}‘aby

&=lw-21
[1]Dadian, R. and Zulfigari, A. “Improving the strength quality of
composite-steel edge joint by grading the joint area using carbon and
glass fibers and also creating a possible conflict using the reverse
step method,” Composite science and technology, Vol. 6, No. 3,
393-400, 2019.

[2] Morgado, M. A., Carbas, R. J. C., Dos Santos, D. G., & Da Silva, L.
F. M. “Strength of CFRP joints reinforced with adhesive

2295

gl Glyie 4 o ks 013 iz 4 s (ol diged (oS 5 Jlai]
oz ksl Wigad (Bt gail 0 S Spgo gl sy 02

Jgoe S o (aseio of 5 il a 50 80 sled g Lasee (sled o 0y9uST
@ ol )5 il 4z 50 80 slos Jl cow sladiges ol ploul § Syl

5loswl oy jlade ar S elS o 0,0 1119 41893 5y

lss mals cplams o lii 095 5l 1, Lame sboo 5l jilie slodiges
Jheel v (59, 1 00 a8 5 plol S 5 e 45 800 o 5l ol
Sl casar aly o cel 4 loy e &y ol 5 6l 4z 0 80 sles
el 009 )l..\f).n‘ [ 6}““‘1"

SselS aVaizr Pl e o a8 plosl o) 0 -3
Slom o el plota] § SVl Jode a5 o aseive (o gl aiio )
@ e gloo 4y cos el 4 S 4 0 5 Bl 4250 80 gles Jlasl
oil38l ol aes o L o 1 Gaali8l s 09 9491 e 4 s
oS 285 4 olgi e aSST gl ol 3 (o 990 Jate 53 5l (i ss
Gy 2 55 Slgd celwd Sue 4 ol F Sl 4250 80 gles Jlasl
Slles plosl 5 a5t £90 5 9 )l soi anYaux caums S us SUJI
Slos ol 48 5 5o 0 55elS Vo> sladiged (55, 2 AT (S5
G ISs sliuly o celw 4 G 4y o 5 5l a0 80 wonis Jlasl
039es Joo Badod (nl )3 ooliital 3550 (35 S ek Sloo ) S 4z 2
]

5 Joo JB (595 (n it 59y 2 00b bl alie 3k 4
LSL‘“) 9 5o (o)l..b'L‘i_..Jl) kf"‘S)j 9 TR (e—T Yl 6_...\).» ﬁlS.?L'i_...'l
Ay g Jlasl yo ‘JMWQI;G‘QL»QPSO sl g s
el wd S ol F Sl waz 980 slos Jlasl 5l Gy polie oyl
odel ey polie 4y Cocs | LialS 00,0 27.61 §23.8 e 4 5 5
Sde immen dos o LS 095 3l ) laswe slos jo Jlail ol sl
ol 5 il 4z 10 80 slos Jlos! 3l oy oz 5 JLas 10 00l b (sl el by
polie Jlie o, jmals on,011.98 §3.86 ;e 4 welwd Gow @
Jlasl jo coles ,o .aols plis o9 5l dame glos sl 50 sl ey
OYlasl by plSoeiwl ¢ Jood (LB (59,5 (2 yimion polae digy oS 5
931.92 iy a el d Goe 4y ol 5 il 4z 0 80 slos Jlos! 51 sy
095 311, Lasme slod 10 oawl ey polie 4 cuns ralS oo ,0 34.68
A e lis

5 7 ez a5, iS5 sbosesl el 5l g -5
Il sl iy o5 s pladl o ol 5o gyl o lasbinl el jo (oS 5
5 epad Jail il > %5 sl b ez Jlasl sl 5
a0 80 5 lae sloo Lal, 5 g0 0 i S a0l g oladises
Aol duslio g o) S obl LIS cpl 5l Bas o g of 5 sl
o g 0 il el o SYLasl by Sl «Jass Ll (55,0
059y Jlail amb by sbiwl, 10 70 S5 Gl 51 Ste s ol
sy plol (Jezs LB (65,0 yiSTas sla el )by jslaie red 4y ol
§35.7 ol )5 il az 0 80 (slos ;o oo iy ya3 Cll> jo x JLasl o
095 3l lame sles ;0 sl ey polie 4 cuus | el o) 8.16
S5 T b e Jlael b oz JLaSl 3 (oniad cam o
Aol (Jos B (g9,m piSTas polie Jloasl a4l Lgy gbiul, jo
o5 g o il 450 80 (sles il o (sladiges 5l ool sy by



OlSess 5 Sblue s

layers”. International Journal of Adhesion and Adhesives, 97,
102475, 2020.

[3] Fernandez-Cafiadas, L. M., Ivafiez, I., Sanchez-Saez, S., & Barbero,
E. J. “Effect of adhesive thickness and overlap on the behavior of
composite single-lap joints”. Mechanics of Advanced Materials and
Structures, Vol. 28, No. 11, 1111-1120, 2021.

[4] Sonat, E., & Ozering, S. “Failure behavior of scarf-bonded woven
fabric CFRP laminates”. Composite Structures, 258, 113205,
2021.

[5] Hage, J. E., Challita, G., Capelle, J., Gilgert, J., & Alhussein, A.
“Influence of short-time thermal ageing on the behaviour of double
lap composite adhesively bonded joints”. SN Applied Sciences, 2,
1-12, 2020.

[6] 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
and Adhesives, 107, 102854, 2021.

[71  Li, W, Guo, S., Giannopoulos, I. K., He, S., & Liu, Y. “Strength
enhancement of bonded composite laminate joints reinforced by
composite Pins”. Composite Structures, 236, 111916, 2020.

[8] Li, X, Cheng, X., Guo, X., Liu, S., & Wang, Z. “Tensile properties
of a hybrid bonded/bolted joint: parameter study”. Composite
Structures, 245, 112329, 2020.

[9] Farahani & Safari. “Studying the effects of sanding process on the
strength of adhesive joints”. Amirkabir Mechanical Engineering
Journal. Vol. 50, No. 3, 619-626, 2018.

[10] Yang, G., Yang, T., Yuan, W., & Du, Y. “The influence of surface
treatment on the tensile properties of carbon fiber-reinforced epoxy
composites-bonded joints”. Composites Part B: Engineering, 160,
446-456, 2019.

[11] Khoran, M., Amirabadi, Safari, H., H &,. Habibullah. “Investigating
the drilling of composites with a drill”. mechanical engineering. Vol.
24, No. 5, 69-78, 2015.

[12] Ali Arefi Asgoi/Ali Davar. “Optimizing the width, thickness and
cell size of carbon/epoxy mesh composite plate in order to increase
flexural strength. Master's thesis”, Mechanical Engineering
(Composite Materials), Research Institute of Materials and
Manufacturing  Technologies, Malik Ashtar University of
Technology, 1400, 2021.

[13] Bagci, M. “Determination of solid particle erosion with Taguchi
optimization approach of hybrid composite systems”. Tribology
International, 94, 336-345, 2016.

[14] Ezzine, M. C., Amiri, A., Tarfaoui, M., & Madani, K. “Damage of
bonded, riveted and hybrid (bonded/riveted) joints, Experimental
and numerical study using CZM and XFEM methods”. Advances in
aircraft and spacecraft science, Vol. 5, No. 5, 595, 2016.

[15]JASTM. ASTM D638-14: “Standard test method for tensile
properties of plastics”. ASTM, 2014.

0940l (5 )9Ud 9 pole &y puiss

2296



