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Application of composites according to their properties such as high strength to weight ratio,
high corrosion resistance, and their ability to build complex shapes in different industries are
increased. But due to composite’s vulnerability against unwanted impact loads, their usage
has been limited. Relatively higher costs of carrying out low-velocity impact (LVI) test, data
sampling limit due to short experiment time, and adaptation of quasi-static impact (QSI) test
results with LVI, convinced researchers to use QSI instead of LVI. This research investigated
the effect of different percentages of nanoclay (1%, 3%, 5%, and 7%) on impact properties of
glass-epoxy composite and for this purpose, the QSI test was used. To disperse and distribute
nanoclay homogeneously inside the resin, mechanical and ultrasonic mixers have been used;
EDAX photograph token from nano-resin section confirmed the success of this process. QSI
test results showed that adding 3% nanoclay to glass-epoxy composite, increases absorbed
energy and stiffness up to 16% and 12% respectively. It was also determined by perusing
SEM photographs that the mechanical properties of specimens containing 7% nanoclay had
decreased due to the agglomeration of nanoparticles.

Keywords Quasi-Static Test, Glass-Epoxy Composite, Nanoclay, Scanning Electron
Microscope (SEM)

CITATION LINKS

[1] An overview of the impact behaviour of fibre-reinforced composites. [2] The use of
quasi-static testing to obtain the low-velocity impact damage resistance... [3] Experimental
and numerical investigation on the residual distortion and stress fields... [4] Investigating
the effects of cooling rate on distortion of asymmetric composite laminates. [5] Impact
damage and residual strengths of woven fabric glass/polyester laminates. [6] Peridynamic
theory for progressive damage prediction.. [7] Composite damage model based on
continuum damage mechanics... [8] Impact behavior of cross-ply laminated composite
plates... [9] Barely visible impact damage assessment in laminated composites... [10] Failure
analysis of low velocity impact.. [11] Investigation of mechanical behavior of alfa and
gamma nano-alumina/epoxy composite.. [12] Composite adhesive-bonded joint
reinforcement... [13] Damage evaluation and strain monitoring of composite plates using
metal-coated FBG sensors... [14] Trapezoidal traction-separation laws in mode II fracture...
[15] A quasi-static indentation test to elucidate the sequence of damage events... [16]
Characterisation of indentation damage in 0/90 lay-up T300/914 CFRP. [17] Interlaminar
reinforcement of glass fiber/epoxy composites... [18] Impact damage resistance of CFRP....
[19] Effects of alumina nanoparticles on dynamic impact responses of carbon fiber... [20]
Impact response of Kevlar composites with nanoclay enhanced epoxy matrix. [21] Low-
velocity impact response of woven Kevlar/epoxy laminated composites... [22] Low-velocity
impact performance of nanofiber-interlayered aramid/epoxy nanocomposites. [23]
Addition of nanomer clays to GFRPs for enhanced impact strength and fracture toughness.
[24] Recent advances in nanoclay/natural fibers hybrid composites. [25] Effect of nanoclay
and different impactor shapes on glass/epoxy composites... [26] Development and analysis
of epoxy/nano SiO2 polymer matrix composite... [27] ASTM International. Standard test
method for measuring the damage resistance of a fiber-reinforced polymer matrix
composite... [28] Effect of milled glass fibers on quasi-static indentation and tensile
behavior... [29] Micromechanisms of crack propagation in hybrid-particulate composites.

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-

NonCommercial terms.


https://mme.modares.ac.ir/article-15-42376-fa.html

Downloaded from mme.modares.ac.ir at 11:43 IRST on Wednesday September 22nd 2021

U')Lin.b 9 uﬁ] O @.)La OFY

3 aladigad (o 5 logh ol 53 pluzl 3955 9 iy
113] 4t sy oy

Qlisad 4 4295 b (Sujseels wiehd 4 os)ly (slaps sl
5 @88 cmile S (slacal 51 Sy g 4 s Liilgi0
LialS |y gl SwilKe Lolsd weale 5 ¢ ond LI oS
g0 dps @b b cuslite ol abuw el 51 aes
I ez 3 LTl B 0390 wody iyt bl wglite
16139y amlgs )3l ((jerels wlaks

2 o3ly eyl e Ll i) 53 3k wlisixd (S
4y (Low Velocity Impact (LVI)) ¢yl wueyw asps Jloc! il
ell 3b; sladain ;e [710] ] ol el Ghjemels wielkd
oloy o 31 (ol aS sgama (55185 03l yuizen g LVI 094)’7
o 43 ) oLSdgd 51 (6305 slas vl ge3T plaxil oligS
Quasi Static Indentation ) iliw! dud 3583 (g, 3 ealisiwl
351 QST gy disitme ol Sdigy ool el 031 G ((QSD)
(2 3yl (35 walud LVI (g, dy JSib s g (g5Li8 5L g5
3 US &5 @glds Jus @ iz I (galasl Wiz 11T
ol g (Jlael (9500 S Tao 45 Wlos)S i)l gy 93 o
ey Lol stwd eiglase ‘a.mb oS byl 5y cawl 4l
o yxd d ymie &S (ole g5l 53 (WS pl a5 a3yl ledl
&l QST gy 51 lgie 1310 18lcinl juz b caigdd il
S ealastwl oy 1 (b WT sl ‘o}gl.ig Sl
beajoels Selke pols> s Gy ezl gladl o
ozl Ll a5 @l3gil (3938 diej 53 (glonyind (sbasidgly
— iy u_a)y.alfw Pm' S303d Yo 3wl 0
&S cuwl e930 ‘Oél)fsjlj Loyd +/Y0 (439381 Sl 5> Syl
5 JWSI silossmy o 0 395 el )5 7], Sen g 5LolS
@ gl Gis sleseys (3938l I asllhe 4y (8] (Sen
¥ 03938l oS L3S (IS 5 wBlsy GuSsil-00)S cojsels
JlaS el osd (glpd wuglio gm0 4 2o (o3l 20
w39l 5| alizo (slavso)s (139381 b Gigdy s e
(S-S CajoselS 4 (Gg ey 0 U ) ) Lol
CojorelSeil g 3358 (b5l 390 | gl 8 4 cuoglie
O3S e oy oloke @ Ty Laeoll Giig weys ¥ (sl
L:‘ as ‘33"33)5‘3)‘“‘:" U“"Q9)“ 2 )‘u [ZO]C)')‘S*A‘m 9 U 'Aj|°5)s
of §lupe pelyd (ouSal - )¥sS cuanels 4 gl (393!
olds 395 slauyy 5 BULKen 5 (85 cunl a8l d9u40
(Se2l- Y95 sloen;onelSeil ayys o993 > 4 Wsls
Multi Wall ) oylgassiz (53,5 dlalgili aoys +/0 (59l (sladigad
Cruias (55! duoyd Y0 Ui ((Carbon Nano Tube (MWCNT)
63 » oladlidxd 3 PAgllKan 5 535 ailess iz
SLlgil (39381 wilen)S (IS aSgal-sel)T (slacajgaels
Pl olgs (el ped baenjgrelS 4y (PA66) (5Ll

1Feo 2l3p0 oA oglad Y oy90

)J 0559315 )" obl&;&»l L_,.I.J.9ﬁ.’3 ).J." ),
~ ey (sloea jgualS Sl auds (6,138

ALY

i) aum Golo

5 <0l o8l (38 (glooaSitils updyy «SlSo usige

* ilal Loysame

5 <0l o8l (38 (glooaSitils updyy «SlSo usige

@3blho 20

Ol el oS (i (slaouSily sy (Sl uotiqe

b iy @ il cawd gsz elyd dhwly 4 baeajsels ulS
IS colo Sl izen 5 St 5 (S 4 cowd Vb cuglio
dos 4 Ll s azlge e sy L ilike gilio j3 sy
b ool oS walgdl glaus @lal by 55 slse ol sxdcaw
a3 a3l plasl (YU L sloainja cal 00 42190 (lbcadgame
pldl oligS ploj wise Juds  (gslap o3l casgame g (LVI) by weyw
LVI 09651 b (QS1) Subiuol aud 395 (y905T gl Gaabad 9 Byb S5 51 off
LVI 3057 (sl 42 QST 351 51 ealial (sl ) i Stmg iy S B3k 5|
) Loyl il (slosys 51 oslisul yuiliGimg i ol -l 03,5 seliia
s M3e ) GuSayl-ddod cuselS slans (olss y (1o Vg O W
39005530 ol ;18 oot 6l QST ogasT 3l sokate il (sl g 0313 418
3 Sle 3am I o) e 53 Pl Sed @1jsS sl sl o3y o
(EDX) 8ol gy @35l (bl owcinb o osdoslatul Saigulyil
2l sl 038 anli |y 3id ol 392 G890 cniygili gl 31 ool
—diiod sl A sl dops VS d8lsl 4 sly lio QST ae3]
A3 (50 dgan 1oy3 W L |y Sidw g auoys V8 B |y cadnds (6553 (oSl
gblis 51 (SEM) (5dug) 9,8d) oSang s (sl puSe (i b pizon
o2 oy 4 Guysil 2oy ¥ (gl gladiged &S wb i lagnj)sils
N 99) Sle pols @8l b @il s

o3l (uSpl-add cojspels (Sliul dud 3985 gejl lmeflaanls
gy GorSIl QS Se

WARLY /T bl s &yl
VB /YA s pdy fo,l

mrfarahani@ut.ac.ir : Jgiueo o3iuwgi®

doddo -
b iy 4 plSxinl cuwd (92 oly> dhwly 4 lacajsels
4 odzy JBGl cols 5 Suws 5 Sy 4 cwglie
lyd Sy Sl (silugyasn milie 13 slonyinS wyge
Ll 2pSe sh3 eslaiwl 390 38 9w g Ladlga
P& GRjgpels wlehd By el Glp 8 Rlacasgaxe
ol Shz )y 3925 K550 L5 4 (Lanm) S slocend
oS5 35,5 )18 awlsl ladys ()20 55 cunl (Sas wlakd
395 sile s3)lse 9d ol 4 cowl 4 e Slgise
3955 oxesi 3ol oz 53 5l b (S5 s (sladils

Urte SyilSo udige sole doliole


https://mme.modares.ac.ir/article-15-42376-fa.html

Downloaded from mme.modares.ac.ir at 11:43 IRST on Wednesday September 22nd 2021

oYY e Sailtal dud (651355l 53 @ly3gils 51 oalitul S2ag85 Bl sy

ML-506 (wSoal 1335 pols> (¥ o=

o9y j X5
V55 g/cm? &
4SS e Ji oley wae
AY¥ kgf/cm? ©olisd cwoglio
Y£\ kgf/cm? S @Sl
Y/AO K] /m? Apd 4 cooglio

o2l wlaxin ¥ Jgi> .cwl osd osliiwl & Instruments
U‘*S'C u_d)f 9 Wb = U‘“""JB" L A (50 UL/.MJ |) 0)593U
of @ty Sl lo (o536 @l 51 gy e8Il DgSws Sae

() S 390 osaliie Z9d9 4 plyise |y

digad el V-V

WY A cnjerels SO G ol )3 G uge cajssels
Gz Y gy 4 a5 el [0/0/90/90]s uz Y L o)like
VS 5 o S Gidaz ogms o cuwl oad disle (s
ol o3 0313 Liales

CLOISITE 15A (53l wlakdie (¥ Joi=

<Y % Cughy
<\e pm (d50) @lyd ojlail
Suda 5,
\I#% g/cm3 W=
d001=¥/#¥ nm XRay zulo

20.0kV X60.0K  'S@onm

CLOISITE 15A (w5l (slay jlisbo (V S

casrels el (sl Sl Gliaz 092 4 bayye le (Y JSb

Modares Mechanical Engineering

i Am30 i3l |y 4y (b oabsir (555 olie s oS
coglio y wy @39l b el I g5 2 PghSes 9
losls ool Iy ilelas euSayl-aidonds (slocasssalS 4y
3900 1 gl @l jedm e 1wl b ol Sewgl o
Fx35e ) oadd b Mol wly3gil calel 53 4 4 cuoglie
losyS il o o Skl iy 5]

2 @ldgil 39331 Sl dinej 53 (53l wlixini giSl sizse
55 lagyimggy slas Lol onselaul lacasssels lasys olss
b uSal-adnd slacajgrels 4 puygili @l (39331 1 3590
o3l @y aSST b twl 0393 3game sl g S SLJI
oupiad ey Jods 4 et SLJ g PG e s
28 sl 3y90 copjoelS gilio ;3 o35S g0 4y A0
sloroys 31 oslitl i dalllae JLos 4 Limgg ool 13 . 10,S
—ld cjerelS glans olsm p pugl Wl dilixe
Ly ot 1y QST 0gaiT 51 sk ol (sl 9 ansl (uS!
0San @598 uy (Sl el o3y o laeajerelSeil ol
oSl i 53 Gl il 1 50 o)) e 53 Gl
smglai g (Energy Dispersive X-Ray Spectracopy (EDX))
Scanning Electron Microscop ) (séug; (539,J! ro8ug, Ko
el o osliil ((SEM)

S al- e (slocajorelS (slasns olss Semp iwSel
(S 4 cuglie (S g JuIs 4 puygil i 39381 b
Slgise PllacajselS gl o3sr poiws 53 5 cuwlic cwld
LS e 5500550 isio (slaalS (59; 40 ) (s a @8
Aaledse 820 |y GRegl ol lel Saw &S (5890

laytlesT plosit g (55lusdigad -¥

b'gA L?Jl:c.?.ll -\-y

S add LI Gz 5l Glegiy ol 5> eadeslaiwl SLJI
53 ol Lolgs 45 sl AMP COMPOSITES wSyi el digs
ol o 03]y Hlid V Jgas

&y)l).u UT olS e § 550 (swiige dlgo Sy @ Gleie
10 Ver (59 Comd a1 dS cwl eSd e 4 @leis HL-11
9 G Leler B Y Joaz o ailesdicuSyi el
ol osdds gLl o3y ol SilSe

0ols> sl g eajarelSeil Al (gl Gaizd ol )5 puizen
BYK Additives Sy w>lo CLOISITE 15A (gl 51 (SslSo

eaiorels el ys aid) SIS0 aded SWI olss (V Jgaer

gz S5 Sl &9
Yo g/m2 &
O¢» mm e
o+ % cagby Lo)s
{YA+N/5cm - TA gL EL W]

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-42376-fa.html

Downloaded from mme.modares.ac.ir at 11:43 IRST on Wednesday September 22nd 2021

U')Lia.b 9 uﬁ] O @.)La OFF

Sailiaol auds 3985 (y905] planil s bgaye yiguas (V¥ S

Ceny g gulis &) -V

wlydgib gaje3 sy 1Y

310 st 53 ol @l (Sen gajsi uip sskie 4
raie sl oxd ol (WSl gip (5351 Gty b
o @h3gil eaims uSis lel yolic 51 (S0 «(Si) posmnliw
oSl 83y (551 bl i jlaged dunlio b 1 el
ghilo 5 gl 20)3 ¥ (59l ()59l diged ghie 4 bgise
09 g paie ol 49> G lgie LA Guj) dised
355 8 Vel lndigad ;3 oy )35l yod> 350 3 (o] @2j58
513903 93 dunlio U ccwl asidin € S )0 a5 job ylen
Sl ghie ;3 psruwliw yolic jpa> (iwdiib
Algise g3b90 ol 5 0391 ylien 29dg 4 il wid g5l
S 53 o9l @y culio @2555 Sl 9> Ayl sl
S o))

soba 5wy @39l cunlio gaj93 51 plinabl Jyas joliio 4
23 pommabin yaie (SaSly Gloled sly awcisb (eSS
ol i 0 S 53 45 yob e ol o oslitaol prass
285 4 (Mt gl S eimsylis &) eguuadiw yolic
Slosdiznjo 3,9l sladigel glaie ahw 53

Siliaol ad 3983 (9051 ol 9 3ol yolm 31 (sunyys ~¥-V
Al gy 4 cagh Jlo )31 pSam gajs5 51 plinabl 51 pu
ad dei ogeil @l p pogil Glike glasoy jsa>
—ox slylaged p3 TS Hlaged gl b el Sl
>l kz olgice Sluol dud 3945 (y30jl 4 bayye (il
QS ISy 4y bgaye oS Jsl auml )3 08 csalice |,
e alads g U aiS (0 iy (00 L i U 9500 adlise
oS 33,850 5T 095 x> 9,00 13wl gl 51y . duoy 4]

1Feo 2l3p0 oA oglad Y oy90

e 4 Sy ool 1350l () )3 9l w3 Ses 593 sl
03] o (SilSe g0 4y ABiBS 3 595 Wevr usyu Ly g 4818310
Caody il @l 1 (aluoysd piiizr ) rwlio @58 U i
Cunlie 2355 51 plinebl sl 5 ol ol cuelo YE 5 Gay 00
33200« (531> b 53 Guygili S (il puitiad 5 4
g0 4y A3 53 593 Veoo ey by g a8 10 wido 4y oSS
o9l gl 45915 (sl (gl pup U 035 o (SeilSe
L slge 393l y5pySam 3595 4 (damsy 9 (6 yiogySano dlal
el SONOPLUS HD 3200 Swgwhill (y3em 5l sl
wlg 10+ 4lg3 b 12614885 ¥+ so 41 yleJ] BANDELIN Sy
aahd b Les Gl I cailas johie a4y dad hsiye
390 30 O (551> o5 (5,503 B3k 515 )3 o3y Byb (hla)
eyl 3 4885 0 (hlatyl 48,85 0 40 51 Gy g b esls I8
awld eledl 5 e b GRS o3y s B sbe osls
5 aipe ¥ sl 2135 56 shite 4 @l3sil (g5l (a5 hlad)
W..»Jbe>|>)|)§:§l‘>¢l:’z.m)s¢ﬁ,:,§s\‘wu4g)l,:)m)s
dpogi @b g Blal Jsl=o @ patin cowd 4 oaiiSeduw
02 b Sile wygo 4 ddiBs ¥ e 4y o) ol =Sy
YOo slal y3 ol (jeelS slo@rg ez Y 5> edgew sl
Slocwels 4 gy jshio 4 . 2ad il ylele YO- 5
o (Bl sy 29> 9 LGy el seliyw 53 pluss
legamo) dijg (g3lasi Gz 4Y Mo 5y Sile I eslawl
s 3851 s b 0313 18 Landigad (59 0 oo (ﬁ)fgLJO Jslee
duogi dy d>gi b 3Ll (sles 5 ladigad (s S g celw Y
Post) JolS ey (sly Gijgeels wilzbio g3y oaijle wSyd
e 3 S0k 4355 Ve (Lo b oysS 53 el ¥ o 4y (Cure
JRCRV

wzaol o0 03)51 Y Jga2 53 ooy 390 ST (b Sy
Siliaol b 3985 5057 -¥-¥

Ui )b e i slge ,li) aallho jakiie 4 a5l ol
a3 Selondl Siliiasl aud 3985 (y9051 .59 )50 415 45 Silias] aud
SANTAM Sy iolus STM-50 ol Jawwg « idgiy (3l 3
ol 01 el ASTM 6264M-17127) 3l siliusl &y 4295 b
We 53 We sl )3 GijonelS wlxio (ysejl plxil (sl
shls cyge3] el sl eslaiwl 3yg0 CIB 230k ey yilolae
A 5l gr seilee Ve 3 Ve sladl b S Gipe diles
Sgi b JSd gllginl sauiS3gas 51 onlisl b osyly Sailial
2 reshe b gorian ey b oo Yo jh8 4y (59,5 pud
Shgbuebl gl (¥ JS8) wusl osd Jlac! ladigad 4 aids
390 3 ordaisle digad ¥ (9ej] balyd jo gl (s pdplST
el 485 )15 (905

Urte SyilSo udige sole doliole


https://mme.modares.ac.ir/article-15-42376-fa.html

Downloaded from mme.modares.ac.ir at 11:43 IRST on Wednesday September 22nd 2021

[N A e Sailtal dud (651355l 53 @ly3gils 51 oalitul S2ag85 Bl sy

| & Au

468
416,
364
312
260
208] O

156|

i
!
|
!
|
|
\
{

%80 13 26
lsec:231  4Cnts  1450keV  Det: Element-C2B

si ,
104 ‘ Au
52| kil R4 v b ‘ ) ) "
;S‘M' ' . Jﬂhh‘._‘\.ﬂljn;m.\h.‘_ bl ol dankl s aabiads. e il ...'}“..fs_..i..‘ Ji s
39 52 65

(

Au

D
8 91 104 1.7 130

| ¢

65.7]

584

Au

S1.

438

36.

292 P ok O e A2,

i
|
5
[
|
219‘ (0]
146

4.
mu
7.3 )
S|

oML L M L i L
%80 13 26 39 52

|

a1l | ulAu
J‘MA!IWUI‘GLLh'.dJJJA-lvl‘.ill.l&mu;-)-l—h.l.lilIlnh‘-hujlu..pI-,. F¥y-] YRYR TR

(=

Au Au

78 9.1 104 1.7 130 |

Lsec: 252 7Cnts 1.410 keV Det: Element-C28

2oy ¥ g9l o2y sl b polie SUSET ey amuwcinb 13903 (@ a5y sl ahw ypolic SUSET e aduiinb jlages (Wl (F JSb

<l j9y0 gy ((SiduS plise LI L pgw sl 5
i g 330 oyly JolS g 4 SjselS §rg Sl U S e
al>yo 3y 513905 (SiduS pad JolS b S jgae T J51s 5!
B3 o 39290 SBhel Juds @ 9508 o )3 45 39850 oyl
Ygaso Lol )3 w0 il Loy Jladie 4 digad g arius
3950 hiS 0 4l ol

b Sl (slocn500lS5il Sl aud 3051 s
2ol el csaline B Y S 55 Lyl dilizo (slaio)s
ceoglie il 1oys ¥ (53l (sladiges 45 el oyl jl Sl
Ol Sl g diadan 9 wilosls lid 93 51 39ai ulys 55y
o5V sl diged cwl i ladiged plw 1 50 odiged
slodigad g 313 518 gy dindion J jl (gamy 4y 5> Luyeil
dgad b lidio didens (59525 Loyl (uygili 2oys ¥ 5 0 (55>
3o s |y 0393l g

33l Olise lalz-g s 43900 55 b coluse dwl=e b
i e ooy Soilinl aud 39wl (b ssdois
saoys il Ll 53 SlensSpmes piE bl ol
a3l il 4 4 cwglie glhise » ol ke
Sl Gegh 4 wsdode @l olise ol O ol
5 GSeibiwlands slayls yily 53 ea;srelSeils YL cuoglio
29 2l (glapys

A PS5 H dilike gladiged gy ylie ol dunlio b
395 31 6 iter @l pysil 2op3 ) 9 ¥ (59l ladigad oy
4 13ilonyS iz 395 4y (gytden @3l lise 5 Wlesls plas

Modares Mechanical Engineering

o3l

ghie 51 Sl 933 (655 Ghlp ainb 4 bgie pgai (O JS&
ol o3 ¥ (g5l o))

o 3 aaml ol 5o el Sty S s 4 bgiye
b olie ahatis ol o5 sy 395 dindon Hlade B mbe iall
393 3ol gu 4l 4y 39,5 9 (SiduuS £9,8

oo
Yl
) ()
Yo
Y.
o
e
X
D
Ass
Vsl

(acke) (bl
Sl 3585 3ialh8 @y bgsye (lalz—g i slaged (F JS&

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-42376-fa.html

Downloaded from mme.modares.ac.ir at 11:43 IRST on Wednesday September 22nd 2021

ohlSen o ciil (> Golo  OFF

gyl 5> ISy ) osle S ceoglie plise sbisS
dalei 3 wilgioe yhly ool Julad 1Y el gl 4 o3l
solie dulxo by il e Suilinl aud 3585 4y cuoglio
il 20y ) g ¥ (59l (sladigad (sl tw plie (ruSilee
Woaga> 1 63536 (g3 o3le 4y s 5 033 @ alidio Liwd
sl sladigad sl Ghw pasld ae3e lis |y Sau4 1oy
Lol 0393 939, by ajorels ailice (55li8) b uygili 2u0ys ©
9 0adb dzlge (LS Ly (Hhaw (gl 303 V (g5l diged gl

cwl 03)F eél Joyd 1L 3gas
SIhE a0 ) 0T Glsie o5 (6,500 slaylme alez I
o] Sl 4 3ga5 3l b sdusaw] 4l colus
|y ciliee (sladigad 43 bgsye sdcaml ol yglai Ve JSb
SaS @ pglai ol ) cowl sl colue aa3pe lis
33 &S e buo duglie by . 3iloads (55505145 Digimizer /38105
Sl lade oS cwl (adde sleadesls plas W S
o0l 30)3 ¥ (531> cajspels )3 sl 4ol colue
Slaiie ol sl 1S 93 (940 ojerels 5SSl Ao 4 cad
4 Saap g)laie uygil 3opd 0 9 ) (59l slaenjsuelS (sl
20y Y (59lm aiemelS (sl Lol camsso ¢l |y 636 (g o3le
s 42130 (IR b coml 4ol colue (Sl (sl

10 mm

0% NC

1% NC

3%NC

5% NC

7% NC

eSal-dind gla wajselSeil s ol sl colue (1 IS
il aliks (slasoys by

VP alap0 oA gglad ¥ o593

W Cawd 39x9 20y VT B Guoygili doys ¥ diged oS (gldaigS
ol Loyd 0 L diged amsse ldd Ty 0353l (g diged
33 ol ol 0313 L 395 51 Lalls diged Jalse (g,lis, Ly yas
d>lg0 cuoglie cdl b Luygil 1oy Y (sl digad a il >
033535 (g diged &y o |y (¥l e3d oz (555l 5 0ndd
»Slam g J8las yusliae laged il 53 aizen a2d(0 oldd
o3ls laled pluse sl slaseys b sladigad sl 55

RO IFW)
e plgie lmle-gns Hlaged cud Juld b puizen
Gl (A JS8) 39T sy calitue gladigad gl |y (huw

Yo 3%
K - 1%
Your ! — —5%
‘ M o
!
BARTIE b ORY N\ - 7%
3 & (" %“9\‘.»
B ¥ Ry 2
Dy ! A
I/ y
frjs 2
5 4 ‘&
. " N
/v’ \:'; .....
y Y.
(Foslo) 2 lmlr

Gl Silinl b 358 a5l 4 bgnye olulz-g i Jlagel (Y JSb
gl Blide (g30)3 b GuSgl-adnd glacyselSsils

£

v
X ow
;2‘ i
-y,
:,f. 4
9. A
3w
~

. \ v ) v

u.:),Sl.i e yd

sl Sl 4 3985 (905l b ssdroda (651 Gline 13503 (A JSb
ool lize slasos b ulSal-adand glo cjselSail

o

i j I I I [
Yoo
. \ s o \4

,_’.a;jiliu\-a)a

b uSol-ddad glo wojoelial @ baye Gilaw gl (Y &
el Calixe (slaioys

(KN/m)  zéw
*

Uosde Syilse uwdige ele dolinle


https://mme.modares.ac.ir/article-15-42376-fa.html

Downloaded from mme.modares.ac.ir at 11:43 IRST on Wednesday September 22nd 2021

oFyY e Sailtal dud (651355l 53 @ly3gils 51 oalitul S2ag85 Bl sy

20.08kV X680 S@.@rm

20.0kY X1.S0K 2@.0sm

LAY

\ A5
X680  'S@.@sm

@
ol 20p3 ¥ (g5l (25593 (il 4 bgiye SEM juglal (W JSi
o9l 20)3 ¥ sl (sl 0593 55 oyl b 45905 (z 5

2 5> GuSogl-diind slacajerelSeils 3935 4y cuoglio ¢liwe
ssolie cealgd ;3 .85 )5 anllhae 3)50 Suilinl 4 (slaly
gl Mo Y g 0 g ¥ g ) lesoyy ol b
Gl 203 VT B sl o)y ¥ (g5l slaca;gualSeils
ol )3 sndcuwl 4ol colue § Mo iz (b
ey el e 030l e sloenjerelS 4
18,8 1,8 (sam sladdy 5 10)3 09 ) (551> (slavajerelSyil
gex Jubs @ pugil sop Vgl glaeajeelSail 5
Bl azlge (Sile olgs il b b olS fiSis 5 aguysil
39> 51 (s s 2o il (3 cujsels cuwd p3 G g
3l 2o ¥ sl locasamelSeil 14 aisls lis

A 513)85 5 (s sy (Goasyd ly 53 (6L eoglie

SilSe sudigo 0aidls 5l dlie B sungs il g s
sleosel 5 Gisz S Llesh e 5 s oKals

Modares Mechanical Engineering

—-
=

-
=

-

XS | b coluo

. \ s o v

a9l weyd
sl Saibinl b 3585 g305T b sdcaml 4ol colue (W JS&
ool Cilize slaaoys b uSgl-adad slacajorelSsils

(mm?) o,
~

wolue 5 Gl euboiz 5 ol gl pualis ee U8
Wi (slaptogh bl ouizes 9 cuwl 4ol
gl 20)3 1 g ¥ S dy (93938 4 Ao it 128 pdiegy
Ay oly paw yy o @lo sl b GuSgyl-ddiond cojanls 4
0 3985 yuly1 53 aoglie 5 SlSe (Rls5 Sen zse LSS
oleS aigld San 5 ZMS gow & slosay rewl
L Lol .ol oasis o3usls (Crack Bowing Mechanism) Syi (3,5
4 e il (39381 (aopd ¥ s gl doys pliae il
5 oans o] 4ol ol g ol 01 SwlKe Lolgs il
sl odd yidon

20y ¥ (s9l> (sladiged plSitwl wdl Juds 4 o3y (2 sl
el o 48, SaS (g (98I Q9Sig Sae 5l o9l
6l slepuigl gblie 4 baye glaguSe osalie b
0253990 53 a5 L sdalie (W JSU) Luygil Calis (slosuoys
B g o 4 gz b gl @3 (gl wops Vg5l
Sl Glole 4 395 o 1S oSy ad,y gile Lias abels
ﬁl.is.m 53 3l ol b sk ad Sy gg i aladi sl
5 S8 (BT JSHed (8yme 13 2lg ol gl 5L Jlac!
GSle ol il 4y i ssuy ol 13 AL 5o 4, oS3
oSy sl ol il Vb slesoys (5ol (sladiged )
53 ead osoliio (uygili 1eyd ¥ (59l (slaeysreili 3,90 53 dzul
09l Sl 53 285 gl @S W S 1l ik
02l 90 53 b a5l sy 9 Wlosdzyisl Bl weps ¥ g5l
Shdele amlis JUS 53 g9d90 ol d9dad csalive slge
ol ol (5LsS oSl 93 (65581 bl aioinb slanyl3ged
@590 Lyl 2oy ¥ (591> (slogyyil 5o wl)3gil gajes oS
Ol oly yu 0 elge skl b dlge ol 55 @il)3gil g o3g:
dud g8t ainlyd g L SyT Ly il )3 ceoglio wildiwilyi acSys
A g |y Siibiw!

Gihgex -F
6l Sl dud 3583 (3057 i 31 (glesyiud w90 45 5,4l
ol e slaans ply s ejswels cuglie Glugin
2 ol iz glasoys Jil(Giagly ol 53 390 50 eslawl

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-42376-fa.html

Downloaded from mme.modares.ac.ir at 11:43 IRST on Wednesday September 22nd 2021

U')Lin.b 9 uﬁ] O @.)La OFA

gamma nano-alumina/epoxy composite made by
vartm. Int ] Adv Biotechnol Res. 2016;7:731-6.

12- Ghabezi P, Farahani M. Composite adhesive-
bonded joint reinforcement by incorporation of nano-
alumina particles. Journal of Computational Applied
Mechanics. 2016;47(2):231-9.

13- Kim SW, Cha MC, Lee I, Kim EH, Kwon IB, Hwang
TK. Damage evaluation and strain monitoring of
composite plates using metal-coated FBG sensors
under quasi-static indentation. Composites Part B:
Engineering. 2014;66:36-45.

14- Ghabezi P, Farahani M. Trapezoidal traction-
separation laws in mode II fracture in nano-composite
and nano-adhesive joints. Journal of Reinforced
Plastics and Composites. 2018;37(11):780-94.

15- Wagih A, Maimi P, Blanco N, Costa J. A quasi-static
indentation test to elucidate the sequence of damage
events in low velocity impacts on composite laminates.
Composites Part A: Applied Science and
Manufacturing. 2016;82:180-9.

16- Symons DD. Characterisation of indentation
damage in 0/90 lay-up T300/914 CFRP. Composites
science and technology. 2000;60(3):391-401.

17- Kamar NT, Hossain MM, Khomenko A, Haq M, Drzal
LT, Loos A. Interlaminar reinforcement of glass
fiber/epoxy composites with graphene nanoplatelets.
Composites Part A: Applied Science and
Manufacturing. 2015;70:82-92.

18- Igbal K, Khan SU, Munir A, Kim JK. Impact damage
resistance of CFRP with nanoclay-filled epoxy matrix.
Composites Science and Technology. 2009;69(11-
12):1949-57.

19- Kaybal HB, Ulus H, Demir O, Sahin 0S, Ava A.
Effects of alumina nanoparticles on dynamic impact
responses of carbon fiber reinforced epoxy matrix
nanocomposites. Engineering Science and Technology,
an International Journal. 2018;21(3):399-407.

20- Reis PN, Ferreira JA, Zhang ZY, Benameur T,
Richardson MO. Impact response of Kevlar composites
with nanoclay enhanced epoxy matrix. Composites
Part B: Engineering. 2013;46:7-14.

21- Taraghi I, Fereidoon A, Taheri-Behrooz F. Low-
velocity impact response of woven Kevlar/epoxy
laminated composites reinforced with multi-walled
carbon nanotubes at ambient and low temperatures.
Materials & Design. 2014;53:152-8.

22- Goodarz M, Bahrami SH, Sadighi M, Saber-
Samandari S. Low-velocity impact performance of
nanofiber-interlayered aramid/epoxy
nanocomposites. Composites Part B: Engineering.
2019;173:106975.

23- Shelly D, Singh K, Nanda T, Mehta R. Addition of
nanomer clays to GFRPs for enhanced impact strength
and fracture toughness. Materials Research Express.
2018;5(10):105013.

24- Saba N, Jawaid M, Asim M. Recent advances in
nanoclay/natural fibers hybrid composites. Nanoclay
reinforced polymer composites. 2016:1-28.

25- Naresh K, Rajalakshmi K, Vasudevan A, Senthil
Kumaran S, Velmurugan R, Shankar K. Effect of
nanoclay and different impactor shapes on
glass/epoxy composites subjected to quasi-static

1Feo 2l3p0 oA oglad Y oy90

sy Sl (6,503 435 53 9iS T lie ol i8NS aganls
wLa:uT odge 43 jud oT a.:Lu oo g 639

lie ol G5 5 43,5 mdlie U3)lel digSaun gilio (Bylas
.é)‘.&j 3929

Stmgdy o(Jsl odinnsd) ) puwe Golo igBaiugs pgu
(093 03iungd) Sl Lojre=e «(4V0) dlio cﬁ)&s/&ol
sdiungh) (s3UDhe sume 1(110) Lulid (gl el Sitmg
(¥ (s slel Shalos [ Lol Sitimg3y c(pow

03 paals Wlio (Baiunss som 5l boaise 45 e gilie

!

&l

1- Hancox NL. An overview of the impact behaviour of
fibre-reinforced composites. Woodhead Publishing,
Cambridge, UK; 2000.

2- Sutherland LS, Soares CG. The use of quasi-static
testing to obtain the low-velocity impact damage
resistance of marine GRP laminates. Composites Part
B: Engineering. 2012;43(3):1459-67.

3- Khoshrooz P, Farahani M, Farahani MS, Khazaee R.
Experimental and numerical investigation on the
residual distortion and stress fields in un-symmetric
hybrid composite laminates induced by the
manufacturing process. Mechanics Based Design of
Structures and Machines. 2020:1-7.

4- Mobarakian M, Safarabadi M, Farahani M.
Investigating the effects of cooling rate on distortion of
asymmetric  composite laminates. = Composite
Structures. 2020;236:111875.

5- Davies GA, Hitchings D, Zhou G. Impact damage and
residual strengths of woven fabric glass/polyester
laminates. Composites Part A: Applied Science and
Manufacturing. 1996;27(12):1147-56.

6- Kilic B, Agwai A, Madenci E. Peridynamic theory for
progressive damage prediction in center-cracked
composite laminates. Composite Structures.
2009;90(2):141-51.

7- Kim EH, Rim MS, Lee I, Hwang TK. Composite
damage model based on continuum damage mechanics
and low velocity impact analysis of composite plates.
Composite Structures. 2013;95:123-34.

8- Mili F, Necib B. Impact behavior of cross-ply
laminated composite plates under low velocities.
Composite structures. 2001;51(3):237-44.

9- Saeedifar M, Najafabadi MA, Zarouchas D,
Toudeshky HH, Jalalvand M. Barely visible impact
damage assessment in laminated composites using
acoustic emission. Composites Part B: Engineering.
2018;152:180-92.

10- Tita V, De Carvalho ], Vandepitte D. Failure analysis
of low velocity impact on thin composite laminates:
Experimental and numerical approaches. Composite
Structures. 2008;83(4):413-28.

11- Ghabezi P, Farahani M, Hosseini Fakhr M.
Investigation of mechanical behavior of alfa and

Urte SyilSo udige sole doliole


https://mme.modares.ac.ir/article-15-42376-fa.html

Downloaded from mme.modares.ac.ir at 11:43 IRST on Wednesday September 22nd 2021

OFY . Satlial et 8L 5 wlyisil 1 aslitul zusE 3

Modares Mechanical Engineering

| s

punch shear loading. Advances in Materials and
Processing Technologies. 2018;4(3):345-57.

26- Christy A, Purohit R, Rana RS, Singh SK, Rana S.
Development and analysis of epoxy/nano SiO2
polymer matrix composite fabricated by ultrasonic
vibration assisted processing. Materials Today:
Proceedings. 2017;4(2):2748-54.

27- ASTM International. Standard test method for
measuring the damage resistance of a fiber-reinforced
polymer matrix composite to a drop-weight impact
event. ASTM International; 2007.

28- Saravanakumar K, Arumugam V. Effect of milled
glass fibers on quasi-static indentation and tensile
behavior of tapered laminates under acoustic emission
monitoring.  Engineering  Fracture = Mechanics.
2018;201:36-46.

29- Kinloch AJ, Maxwell D, Young R]. Micromechanisms
of crack propagation in hybrid-particulate composites.
Journal of materials science letters. 1985;4(10):1276-
9.

Volume 21, Issue 8, Agust 2021


https://mme.modares.ac.ir/article-15-42376-fa.html

