1643-1652 PP 3 o lasis 8 ala

o

SRSy sele g i
) § ”olf 3lis 5 @5l
http://jstc.iust.ac.ir u‘{‘wuﬁ‘, KA

90 sasYuis G595 Jol 990 30 LSl g I 5 Wiy g (Somd J 1y (65185 )L &l T asdlae

SLazus polal JSwd p gigy 3l eolatw! b

2 cowld L5 ool L ailyl oo Ol 40

Sl Lals olStils «SilKe cusdige )| cuslis 5 -1
HLalS (o LalS olKails «SilSo wiiges coliwl -2
ghasemi@kashanu.ac.ir 87317-53153 i, 3g0uo «Lals #

IR i wledMb!
4 S ok de) SlacujealS Gy08 Jol 350 50 950 Aoy 5 CeaSE (Sajir 55 p (TS (Sl S S gl cnl 5o 1400/08/20 :cdly 5o
bz b )l0 08 o S 55 4l albaised (511> (6)IL (2525 9 Sledod addlhae sl ol o0 oy 1 (2525 9 (o D90 1400/12/29 : b yo &y
65 515 slos g0 Sl IS o baiges ol aisle WSl (p3) 9 4SS aned SBLII 1 oolatul b atg>SS 4y 16 o 5lgauls

DS 055 lsins (M ) (SR (90 (sloiges Sl 03, Sy 085 5 S0 150 550 5 5, sl ol sl az 0 % 5 o JSew iy
obad Sy (bg, 5l eolital b beaiges (1S (yge3l olfiiws 3l bt <lys g Gialesl pls ;o a8 )S I8 cwjp yee 35 sy n cuSh Koz o lopS
&5 g a5 )18 580 evalia g (o)l 3590 oy adgl S allas (Sudil g S 5 ol s 05lail jekiie 4 (g0 90 Jlms sl Coseals
pskas g5 o, 3l eoliil b 8,8 15 solial 50 )28 sbaosls I il ymy oS Sz dpslno (sl ) (55,5 o,
5 e sbsesl s @8s 50,5 Joe sl Sloz b slagldl lgd ol oo 4 adgl S5 i Soi ol bligy
4 8555 Jsl 950 50 (Sl S (Sopiz a5 010 LS 5,5 Sl (g 2855 )18 oslitl 3550 (usSLT sgazms Lol 5dle 5

e 2ol ()L e S L L e il & jgodr 5 dliee (5l (Soed dugn 5l Sl Suld

Investigation of thermal fatigue effects on crack propagation and mode |
delamination of multilayer laminated composites using digital image correlation
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In this research, the influence of thermal cycling on the fracture toughness and maximum load in mode |
delamination of polymer matrix composites (PMCs) was investigated experimentally and analytically. To
eliminate the effect of the remote ply orientation on the fracture toughness during delamination initiation
and propagation, double cantilever beam (DCB) specimens with a stacking sequence of [0]ss using
unidirectional glass fibers and epoxy resin were considered. The specimens were thermal-cycled between
15°C and 65°C for 50-150 cycles. One group of uncycled specimens were tested at the commencement of
the investigation as a control group. During the DCB test and receiving universal tensile machine results,
the specimens were inspected by 2 real-time cameras to record the delamination length and initial crack tip
opening displacement (ICTOD). The strain energy release rate (SERR) approach was used for obtaining
the critical fracture toughness (G,c) from the experimental data. By employing the digital image correlation
(DIC) method, the initial crack tip separation profile was obtained. The measured bridging laws were used
with cohesive elements in ABAQUS commercial software to accurately model the delamination
propagation in DCB specimens. Investigation of load variations revealed that critical fracture toughness in
mode | of delamination is firmly affected by the thermal fatigue process.
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Table 1 Mechanical properties of materials

E; E, G v Egx
(GPa) (GPa) (GPa) 2 (GPa)

oy guolS
29.3 10.8 4.2 0.27 33 o
S glass
2.7 2.7 2.1 0.33 3.6 Oy

oS Ko iy dpmsle -4-2
A 33,5 dalone S5 08 9 £9,% (Sl Sl (Ko iz Sl Y (5951
3903 (595 2 iaml 0 il 3,95 905 Alall (40,5 Iy (61 Sgliie (g,
odd owd i b S5 ol g0 o lahal (Wl ol s 958
S e i 4y 955 b 4l I8l 0o ,0 5 s 4 labaii (@ e
Tl b Sl pbnle g0 Jlages o5 lalal )3 (7 g el 00w,
sl (S o 58 U8, bl S 05 g Cdes sl 6l 09 o0
Bl 5800 00y iz b aiged laad 5l S5 al, a5 labass I ey
odplive (uiS aesl olKiws l baosls oo (1o a5 4ieS les ey
2 g9y osalive b (lajen g o5l 53 SLST 5 SzsS als Sy s
Al oo otee cnl S8l BB 555 diion @ (s 51 Gl diged 59, S
5k g cnl s eoliial 3550  ple 05 )18, 1 2L

555 G5l @l 25k G 95 sl b 0,90 6551 [24] s
gl iy p) Oy & @lmlr [ llpd cos

du
G=-42 1)

&5 85 Gloy ailoe S5 IS coluw A g S Joily 551U &5
Al Sl 255 S5l @by E5 L Bl cuks (Sojiz wgise
35—l Al 5l ooliiul b Loges Sl you conSlts K jiz (GIC) 03,5 oo
205 o0 Ol

P2 dc

=% @

By S5 Jsb @ iged (2,6 B L3)95 £9,0 alaki ;0 gy o5luil Pas
Aligs )5 My (> g0y Dl dC/da

5o 55 Sl o sloosls slas £alS 5 ST gk

a0 lslinl )0 (5,05 Jgl o9 canSll (Ko jiz dnwle Gyuizmas g M0 8

55 (€ 5 505 Ol IS oy, (0 0l Dol 4d (6955 (A1 s,

0)15.0)351)0@&5a;)‘ﬁeéw“))yw&w L;QJDMWLS‘)J

93| e S S Sl Ly ol Sl oy o5 s
..).,.J)f )‘)5 olatuwl 8,90 00l C)LAJ.:S 89S

3P§

Gic = 2B(a + 1A 3)



et 5 aslul  Soduo e s 93els slaaN s (393 Usl 90 0 Sl 9 5 H5 by e SR Sioha IS )L el asllae

(a--)
120

100

20

Load (N)
o & 8 8
Load (N)
=) 5

0 2 4 6 8 10

Load-Line Displacement (mm)

(b-)
100
90
80
70
60
50

30
20
10

Load (N)
1) 5
Load (N)
o IS

o

2 4 6 8 10
Load-Line Displacement (mum)

(c-2)
80

70
60
50

30
20
10

Load (N)
o 5
Load (N)
=R 4@3 L =~ 0
o o o o o o o O

0 2 4 6 8 10

Load-Line Displacement (mm)

(d-=)

Load (N)
2N oW s oy
(=] (=] (=] (=] (=]

0 2 4 6 8 10

Load-Line Displacement (mm)

Fig. 9 Load-displacement curves fitted on maximum amounts for
specimens under different number of cycles: a) uncycled, b) after 50
cycles, c) after 100 cycles, d) after 150 cycles
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Fig. 11 Traction-Separation Laws for specimens under different
number of cycles: a.uncycled, b.after 50 cycles, c.after 100 cycles,
d.after 150 cycles
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