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In this research, the load-bearing capacities of epoxy-based nanocomposite specimens
containing rounded-tip V-shaped notches made of epoxy resin LR 630 and nanographene
oxide were studied both experimentally and theoretically under pure opening mode
conditions. In order to fabricate the studied specimens, first, the tensile properties and
fracture toughness of pure epoxy resin and nanocomposite materials were determined by
uniaxial monotonic tension and three-point bending tests. Rectangular plates containing a
central rhombic hole with four blunt V-shaped corners with a notch angle of 60° and radii of
1, 2, and 4 mm were utilized as the samples for fracture tests. Then, the samples were
subjected to uniaxial tensile loading, and their load-carrying capacities (LCC) were measured.
For theoretical predictions, due to the ductile behavior of the studied specimens, a
combination of the equivalent material concept (EMC) with the well-known brittle fracture
criterion, maximum tangential stress (MTS), was employed. Then, experimental and
theoretical results were compared. The results of the experiment showed that by adding
nanoparticles to the epoxy resin, its strength improved by about 8%, and it was found that
the maximum discrepancy between the theoretical and experimental results was related to
the groove with a radius of 4 mm, approximately 9.2%. Finally, it was observed that the new
criterion (EMC-MTS) could predict the experimental results well without performing any
time-consuming and complex elastic-plastic analysis.

Keywords Polymer Based Nanocomposite - Ductile Fracture - Equivalent Material Concept -
V-Shaped Notch - Graphene Oxide

CITATION LINKS

1- A critical review: the modification, properties, and applications of epoxy resins, 2-
Mechanical properties of multi-walled carbon nanotube/epoxy composites, 3- Advanced
elastomer nano-composites based on CNT-hybrid filler systems, 4- The rise of graphene, 5-
In situ polymerization of graphene oxide and cyanate ester-epoxy with enhanced
mechanical and thermal properties, 6- Preparation of graphitic oxide, 7- Mechanical and
thermal properties of epoxy resin nanocomposites reinforced with graphene oxide, 8-
Mechanical and thermal properties of graphene oxide filled epoxy nanocomposites, 9-
Improving the mechanical and thermal properties of chemically modified graphene
oxide/polypropylene nanocomposite, 10- Experimental investigation on the compression
behaviors of epoxy with carbon nanotube under high strain rates, 11- Effect of graphene
nanosheets (GNS) and graphite nanoplatelets (GNP) on the mechanical properties of epoxy
nanocomposites, 12- On the use of the Theory of Critical Distances to predict static failures
in ductile metallic materials containing different geometrical features, 13- On the use of the
equivalent material concept to predict tensile load-bearing capacity of ductile steel bolts
containing V-shaped threads, 14- Evaluation of the equivalent material concept in mixed
mode I/III fracture estimation of V-notched Al7075-T6 plates, 15- Mixed mode I/II fracture
prediction of blunt V-notched nanocomposite specimens with nonlinear behavior by means
of the Equivalent Material Concept, 16- Estimation of tensile load-bearing capacity of ductile
metallic materials weakened by a V-notch: The equivalent material concept, 17- On the
crack extension in plates under plane loading and transverse shear, 18- Failure criteria for
linear elastic materials with U-notches, 19- Fracture study in notched ductile polymeric
plates subjected to mixed mode I/II loading: Application of equivalent material concept.

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://www.tandfonline.com/doi/abs/10.1080/03602559.2012.727057
https://www.sciencedirect.com/science/article/abs/pii/S0261306910002293
https://www.sciencedirect.com/science/article/abs/pii/S0266353809001973
https://www.nature.com/articles/nmat1849/1000
https://www.sciencedirect.com/science/article/abs/pii/S0169433214016870
https://pubs.acs.org/doi/pdf/10.1021/ja01539a017
https://www.tandfonline.com/doi/abs/10.1080/03602559.2011.625381
http://journalarticle.ukm.my/7055/1/14_Noorhafanita.pdf
https://mme.modares.ac.ir/article-15-10421-en.html
https://www.sciencedirect.com/science/article/abs/pii/S1359836814004417
https://www.ingentaconnect.com/contentone/asp/sam/2013/00000005/00000003/art00008
https://www.sciencedirect.com/science/article/pii/S0013794408001082
https://www.sciencedirect.com/science/article/pii/S0013794412004298
https://www.sciencedirect.com/science/article/abs/pii/S0013794420308420
https://www.sciencedirect.com/science/article/abs/pii/S135983681832362X
https://www.sciencedirect.com/science/article/pii/S092150931200010X
https://asmedigitalcollection.asme.org/fluidsengineering/article-abstract/85/4/519/395905/On-the-Crack-Extension-in-Plates-Under-Plane
https://link.springer.com/article/10.1007/s10704-006-0066-7
https://www.sciencedirect.com/science/article/abs/pii/S0997753817308124
http://dx.doi.org/10.48311/MME.24.4.215
https://mme.modares.ac.ir/article-15-74431-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOI: 10.48311/MME.24.4.215]

ooy 428 Lawld sasl g Ao gxe YV

Olie cxadgizme ol @8y gz 4 Pglge Ol a4 o
b diwwgay) BN IS 4y (ol oaiiSyy SaS d |y uSoal (45
L5 cajaels wys—o 4y g 03)S ol w39l by 5 (olisS
Blagad ool caojgmelSsils

S 3 S (sl i 31 slamiio )bl b gloy3gil (81,8
e b oS le @l o 53 o el Galo Gid @3Sy
03555 8 LS U o3l wlxbo slosd Jate an 4 SP?
Gl gladio 53 (35 Gy Mg e S5 S lagd]
Gl S5 51 8IS wlrio oz g o3 humd o g
O 4y S (el bl (6 el peyile b S @y 33l 2
Jiss sla 05,5 5SS osle S oS ST 3,S s
G393 0,393l S glsie s el JuwSg e siile (HfuwsS]
olsie 4 ilgie 5 03,5 il 395 Iy (g3l 4z gl (Jlonl
18 el 350 Sl (slogjy cagis sl culio (glaiyS
S g a8l (sl gy (5355 1S | 51 auuST (481,87 [5615,,8
Gl bume SO o ‘ula.i.wy ey iilo (598 oninS | S
HC KV SOWEETRN CP17 SRR CL

28y 5 38T (315550 (59, (55l lalllas il (slaJls 53
91l o ol sl (S350

Gloyesly (IS &5 4 dily JL8) ML e 5 4p)S
3313 518 ey 390 b Y iz S glgils b o s
EX @ diualy )l ot sle Golisle dblee S o]
sl iy «sinyS slili U oadh capsii slopenly i)
b 03815 £98 93 51 oy 0 M Sam 5 4y S (52 ogMe
ASlayy wSeyl S olgs y glite el g yhad
ol e |y alidee G55 (sl 20y b digad sz gl
(S o il yieS caalies b (481)5 a5 aingad samlie g 23sls 1,8
(§30)3 101V 39140 BT oy )3 9 318 (SlSe (olos 39540 52
b wedsb ol olsie bl Ghegly 125l g Jewli
En3b (gl ol b odd Spa0 3593 )5 05 3958 I Jso S sl
3yl (sladigas oS (6l yiSTum Ll sl el (g S |
5 Saadgia¥l sl dalad oladl b Iy wiiS Jomd aiilgiise
Oy 45 33y doeas ol g 9 A0S el Ghs Syl
ol 0393 20yd VO dga> i 2ol b bl ol SN
alols (55 camlio B3 saims plis GWEs] laie ol o
Ao b

JSo vl bz £95 93 58 1) Jaleo edlo pgpde (13105
aslllae 3950w 1 390 (65365l e |y 395 51 oadh 4oL
L Ol 3,90 (sladiged (630b b (o ol )3 31318
S8 (s Sge (Mean Stress) cpSibe (iS5 Hlisme dliwg
gy 3 skl wadge (ialeil ol 51 Jol> li .wé)S

VeV (5333958 oot oylad (YE 690

Pl sl carjosalS Sl 0y conkis Julns
30uST 815 @33l b oddh gl Syl
Jalse oalo ‘os.Qfm)" oslitwl b

"wﬁ ouwld Lol “UﬁLj 0y8 (g
ols! cylows oKy ( Silseo g 035Uls (3,8 >k ag)f'

o3uS>

Ca
Ghls (srealy dine cujoralSeil ladisas (il cudsb Wlie ol 5o
ST 531, 536 g LR 630 (uusSoal (43 31 o diloo 3,5 Sgi S vy Lud
aslllae 3,90 el (Saigbil 390 bl 5 (63555 (2 Uy 93,0 4
buogd ccjoralSsil s (alls uSsl o)) SilSe (ols> lual w85 )8
wslllae 350 sladised wilo jshio 4 bl do (had 5 GLES G305
Mz b S0 55 US g58) Elgw S Yol Shibaiuns wilmiie 10 s
ol Si 3 yiahae ¥ g¥ol (slaglad g az,s £+ L (sagli Lololed airsS
Gl i ndigad e .1 03lasteol i 905 (g1 digad lgie
s 5 58 51551 T 5l s 5 558,515 ysme 5 (25
S5 3l ez 390 gladigad 05 L8y Judsds (65955 slaie Gl gl
b @ oad anslidh 55 oSl jlimo SO L (EMC) Jsloe eslo pgpde (g,
5 a5 2l ol jl e g ab eslasul (MTS) Ghuse (25 oy slize
03938 b a8 3l gl Gialeil 51 Juols it i dulie pal (5,50
Oz S Ge I 391 TA 3905 ol eIl (uSsl 055 4 0356
cabb 4 baye nxi g 698 @l SWB] pytder Wb csalin
caled 3 2Bl 1AV 3945 g yiedie ¥ ogled bl 4 bayye (il
sladaled 45l ge Wlgie (emar a2 Sy Hlee b esalie
sladisad (shy eseluns 4 (2 gl «Spwdgiadl sdz 3 20k
S Ganolan |y GisselS gib

Sld-dslae osle psghe - cunSii- (g panldine; cojoalSsil aefladds
LS 315 - S (53

VeV /00 Bl s gyl
VX0 - Gpds ays

ghasemi@semnan.ac.ir :Jghume odiuuyg®

doddo -\
330 o)lgem (aibly 3140 (olg> L didy o Slge 4y liiws
Losely 023005 5 GuSal Gy sl 039y liixe 4z
S5l Ol 1S 393 0z 43 9 39ub (o8 Dgucne wirule)S
oS sl ;305 @ils ol 25he 2eSsyl b olpsnST Glole 05,5
Slaled gy wYlatl sl g 390 5b ey (23STy b 5o
0S5 S gaz 1ile 63130 4 lie LaaplS ol dlex
slayl b itk e lus 1Sl 45 35 5Ll ey (25 Ts
ca—ols 4 plsice of peled K03 51 syslie pald |y G
3l ol 4 Gle Saiunz 5 Gle Gl eneglio (Sl
oSty 51 (g sk 9 Saelan (0 em92 clils wiilo slge
&35 3 Fomly el GhIs —uSsyl o5) [HayS o)L
6l vz SG plgie 4y aS 039y w3l 4y s (g oy


http://dx.doi.org/10.48311/MME.24.4.215
https://mme.modares.ac.ir/article-15-74431-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOI: 10.48311/MME.24.4.215]

YvyY o b osd gl uSodl L (sle cuiarelgili o s Julod

Ol ) Jga 53 (S 9a3T 51 ol G1d)S -GS (sionio 4

RO WK

35S 81,1 puSal s oralSeili sl —Y-Y
O 31 et jlade 4y Gl 390 (02 0y 4 azgily Ll
oo b Jolo bl 5 oxd 4Ll suST S oS
30 .39 (50 6330 Yoo rpm 493 5> ddi8y Yo do a1 S50
LS 318 b 45315 51 (655l 5 yian @35 slake 43 sl
o V8 gy 5l oalainl ) ddids £0 wise 4y bglie () 5o
W pudlS)s 5 Vew glgs b Sdgualyall 55500 oBiuws (5510
Jds @ dlsge gl 53 35850 (Sonicate) cuSiigw 5ymglS
&l ey anles Vb i 4 Lo cbglie a3 gyl Jlau
ole 53 blie )b el 63Y Lo Gadli8l ol 31 s pSols
eoli oS Lol 4y £ sgum o] slos U 398 (5,145 &0 5l
IS @ tSidges 655 Jlacl sl puizen 35d dudly 4
03508 Sz oS GO S (5 dhiwg 4 ddids V¢ 5o blo (bylxe
Jolxe 53 2T 0315 wilmio (3,5 oaiSTy us 53 3580
315 wiliio yuin Ghals ede 4y ( Suigul T oSiuws bagi
a5 (n e (Sie 4 (5loge 5] Jslome S, S|
il JltanssS s uS3al53 3151 31 asli i35 g 53
s S0 wylie @l oamlie LB o)) &b 9 2
S wlxaogil gad b 5l glic (Jal=e U515 53 gile Jliwa S
o308 3lasl o5 )l o ol glae Stdlidl 5 0350 S0u55
oS s s 33 35 353l @aj98 i 51 u an
L di83 0 e b g o 8Ll bglxe s Veods Wo i b
oS e o5 ol ©Y (650 B 51 B 398 5o 03300 (25>
4 lal gohite ol (gly bl aidla s9=g byl j3 (ol
39790 sl U 3gd e osls wyly> byl ay Jadie dlug
— o0 4l WS (45T (953 balie (e coel balie b 4
g )l o 51 35 e 5l L o3l 1S Slaols b g
ol b o3 Gy isSrkia (slad )3 bskine culgd 3
el Y& eise 4y oaile sleiudion Gilho g odd disy Sl
6l ke 390 Gl digad G 3950 SBS huzmo sles 5
31 oslitl b ol S Sl oy (25 3405551 (5551
4 «gas9d ( CNC waterjet) weyily uglm Uiy oSy

g (50 043y glhe JS

25528530 (sladiged Sl Loly> (Vg4

ol (a0 g olSntal Spndl Jodo IS TS
(MPA) (MPA) (GPA) %

salo

YY/F v WY W eajsselSsil

Modares Mechanical Engineering

Ngo ladigal cusd Hl ot 53 Jolee osle pgehe
aol Shbl Sy 9 Szs8 Sty @uly 93 55 Olales]
olsd ) (6395 5 v @l o web wdilhe 5 (Sl
dgad s Hlidy asllhoe 45 [ yLKen 5 (gi3m0 3230
Il b () axislsyy 7075-T6 55 L jLuis (Il psaineg!T sl
L digad stz cwsd Sofiz pmel 4 G2 wise 4
90 blyd 55 )l alize glagled 9 Sy it sladyl;
U9y 51 ol b uepes 5 aiBlay ks T g 1 (usSys
3y Al |y ladiged cunsd Sapiz o Joleo osle pgeie
J3lse o3lo pgpde Sy Gl b padidn iyl aallhe 5
Sy (Sajiz o palie ol 2B 5Sile (13 jlume g
9 G S Gl 9> 4 D) @l axie (id)S blyd
Vokd bl Gjepelsil sladiged sy (1)) Sen
oo 3l eslisul U dligl (s 390 (5,380 baulyid s |y JSid
&5 ding ylade Tul gliagl asls 1,8 asdlhs 3590 Joloo eslo
O [y 0)3930 Cauwlio jladn g 018 i awlio Joyd (i3S
lodigal (5l cadyb yslio (=l wygo 4 Guaw 9 23S
oslo pggde Syl b caled )3 9 W3S s |y GjerelSail
Chiaxe (IS gaplden oad aibld 3y )lme 93 b Jolso
«(Mean Stress) U&Lm Ui g (maximum tangential stress)
Uy 33 odaline glial W3S gt b oot bl

S 5o Ghoien 29> 4l o @l ead Al Sy
@S doni lg3 (e coad ploxil iy wilallhe 4 azgi b
9 638 g0 355 cwS i 39053 03 plaxil wlelllas yidoy
a5 daugi 4 o ol s 5wl 039 ol s3I
Sz cdle ay uizean 3 diBlay 35 casld (5l 3930
S poguaz 53 «Saiuwdygiwdl gla =i (351 y0lej 5
wilallhe j9relSeili 5 ¢ rouly Slge (59, Liogate slge o)
o Sl s (gl ol ol el 0as plail (39420
O3S a5 ST 31,5 @l 393 b os b gl (5 peuly S0
s plil ol (595 J3lse e3le e (g, b (Sl wisllas

.b)‘b):g o el

Lo pialosT g o diged el clgo ¥

audgl slge —1-¥

Orzed 9 S )8y 5 oy w2y BB ke s 4
5% olshd slaaglS b LR 630 usSal o5y comly 955
9 4 @lsie 4 mige slajlisle g wlehd il gaiw;
Gl wSal 25y sy (Hardener) yisyla (ylgic 49 H 630
o il yis)le suoys g i )S &y Ml s0 as sl b .0k
2 ek ) cady 4 ceaienelSeil sladiged il sl
495 b ecnjorelSail (Suile olgs adly 5o % +/+0 9 4>

Volume 24, Issue 04, April 2024


http://dx.doi.org/10.48311/MME.24.4.215
https://mme.modares.ac.ir/article-15-74431-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOI: 10.48311Y/MME.24.4.215]

ooy 42l Lawld sasl g Ao gxe  TIA

Ui 93 w30 4 plgise 1y xS dge iS55 S8
11315005 4ly) Saodly 5 Sso)

1 p
(SED)¢or. = (SED), + SED,, = 5 0yey +f op de, 4
&y

Ms'ﬁ€y=% gy palud (23,8 (18,5 a5 )3 by yeiS]
4 oniz F dhaly 3 daly (Il 5 (508 LSl £g,i

:[13]J.,QT R Samwd

of (%
(SED)¢or. = oF + f Kepde, )
&y
| |
14 ~ o
¥ mm

> 4

L : L
J 4
. L i . i —‘,"\ |

S 9051 (gladiges (VS

u
L8| s Bl e B Bt S :
1
y : f
Oyf-------- l 1
1 1 1
1 1 1
1 1 1
b4 ! 1 |
| : | :
1 1 1
1 ] 1
1 1 1
1 1 1
1 1 1
1 1
E 1 - i
1 1 1
1 1 1
1 - 1
gy =g €u &f

05 350 sl e GRS (T Hlages (VUKD

VeV (5333958 oot oylad (YE 690

lalosT 3lasliw] g eoljugad -¥-¥
se S5 S ol SaS as i olgs dlie oyl )
sy oy esle 09,3yl s oBitlejls pliias Sy
Xeyiz g ASTM- D638 3luiliwl b @lhae «oylyl oudda i o
ol (yausi (ASTM-D5045 3ylsilivsl b gollae Lndiged wonsSis
Sy g0 4y Sl dellhas (gly oad Gl gladiges cul
Sz 5 ol by 53 S (s39) Elgw o b Gl anio
S 53 A8l e s JS vl S8 4 Elyse ol adsS
—digad ¥ S )0 g Sl (9905 (sladiged slal g Sailews <)
ol osdd sl holed ccwsS C)9‘°5T Sly oads aisle sl
- 03031 oled ;3 45 Ama e Lt |y ludd gl JS 5 2aelly
glod p el prizan sl 0ad 48T 3 53 azys ol Lo
Fo¥a sl ojlul bold gled aw wsge olis |y L
el 04 4i8)S Jai,s laylid (gl diged el (gly ytaskis

Jales o3le pgedo -¥

CRVE 3¢ MSLJWw Mgo (sl s glo Julxd ASBUT)l
ol ade gl OGS L e gl i iplej
ud3) Bl 2l 43‘)' |) (EMC) d)l&.& oo ‘GQ.Q.Q.A hLbufw
S (65 B o8l eslaiwl b Jalse esle eoie
(RS 3031 33 GEES -5 ixie yl3303 105 axbass e luse)
Sy oS S5 iy g ady LT aais B edly i S5 osle
6ileo 353 (5 03le SO b camd 0 lid 393 I Sy g
Jslse 3yl (il dtamnsiad] Jado a5 s Suwdl i,
Lg ilxe 355 ool (led GdS Sl (a5 50
6|Ww§@b)bylyw&u@)vw)§#p
Slgo 5l cadib (gilae 355 g eslo 5 (=Bly oy osle (sl
i o Sy ol osle oo (B Sy b iy S
)5 (53l B 39de e (5)9 g 4 )
Sl saely g bwgs oads iz i3S (555 &8lg 53 (SED)
ol .)'9A

S sm8lg esle (3 55 Sz V-
wyso 4 piadSd osle S (RS- Hlagel WS
0y bt oSl 3y (5T 53 o a5 0313 Giglas Siles

ilie S IS & 5 osle (S plSnial

S sl ezed JB ke b pdadSl ol SOl
Wl )3 ESS-(Bi gl dlaly )5 Hlaiys b g Sl
eyl olgie Stk

o, =Kep Q)

OlyS g Sty IS ol W g g 0y dhaly ol )3 &S
e GRS g d S 30 1 5 K pastie  itaud Sty
Al Slge Sl (olsS 4 dinalg oS sisus i plsd s


http://dx.doi.org/10.48311/MME.24.4.215
https://mme.modares.ac.ir/article-15-74431-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOI: 10.48311/MME.24.4.215]

i o b osd gl uSodl L (sle cuiarelgili o s Julod

o 48)S )3 55 il 3lge (led LSl b Vgase g il (o
YW

o 0315 (el «hume (S G yiden slizo psgde OJSD 5
O dalxe gly 9 390 olss 52 5 Gl dlold
old sl 5 sabaily el (55900 (JSE VL Joo Shume
D8] oads (i)lS pudize bawgi adiS 43 il

1 K.,
= —{— \‘
e=on ac) 9

ly Glamio i) el 53 casd (Seyiz Kie YU (5 dail; 5
AR (0 uL/wJ

o -0

ladigad (SuilSe (yoly3 duwlxe —1-0

S5 S oiws SaS @ ladiged S Lolgs dlie oyl 53
oyl psle 03,5 yaly jiiuw olSialosT)s el Sy 0520
(ASTM- D638 sjlsilinl b @il (oylpl (eudgyn 5 pouls
G5elS3l (sladigas ()T - (IS Gizxie ol 0ad dawlxe
Gl o dlyl jlagad Gl .l oads odly lid T Y 5
4 oohy I 8 Ghe e 4l Gliseleil gladiged
9 Sty ISy gosims L cJoxd J8 )l o ptien
Sl ols> a4 bgiyo bt wblise ladigad J18) (139 08
ol 08 (iS5 ) Jgaz 5> ladigad

L J

*
Ef £

($lmo 355 o3l (1S - (5 (ko (FUS

Sl i o s lasme 25 45 glalaks
Gl I 308 1,

e I o yidian sl pgpde Glaled (OJSE

Modares Mechanical Engineering

ol
o? K
(SED)uor. = 5+ —— (%1 = &5*) *

S ey diged Sy g9y abamd )y aSil 4y a2 b eS|
a5 4 ol Gy iz sl 55 m Joi
Fodaly oulply o) LS)I'K?!L? ) Eutrue (2 LIS s>
3T e vy iz

o? K
ﬁ + n+1
S-S ke B )3 S« yimue 45l 553 4 )Y
39550 Ol 35 g 0 gy b of dhly g el s

Euerue = IN(1 + &) *

( n+1 n+1) (a)

gu,true - £y

(SED)tor. =

5l 355 o3lo (3,5 (5,3 (IS -¥-¥

S plSianl g S S ey o g &7 F S
659l I oF S 4zl b it (55l 355 e3bo (ales
(RS =l 1945 525 s wilue) (g5lne 355 eale (i)
MOLbl e paj alally Gollas

*2

[
(SED)gmc :Zf_E )

ilowe 353 osle (lgs plSouian] WY

oslo 235 (53l I8 b (Jslae oslo pgehe 4 azgi b
Gl oalnls bbby (gilxe 355 e3lo g (=Bly pdydSa
1161515 < 5 3loxe 355 03lo (aled plSaxiunl drunline

) yze @ Gilre 35 osle (e Pl dhaly el

D151 3T s s
2EK 0\ (*D/n
* 2 u _ on+l ]
af_jay+n+1((1<) &) ™

31 e @39 Ujg pd 07 jlaie dpuwlze (glys oS sl S5 ¢y 059
~O 13903 515 gl clus dawlxo Ly g 354 o3ldinl 4 dlay
B of slase ¥ by 51eslisl b g pis S esle (25,5
ge ol wlallho )3 alae gy ool cwl dulxe

el 48,3 J1)8 oslaul

35 cunsd Jlimo -F

JSB vl (gl shue RIS i cuwsd o -\-F

Jlo 535 odsl Gl Glhame (S Gapdon cwsSd jlise
3 kme ol 3 piiie M 5 glegyyl bawgs (63%e 14TV
Guwdige Sl 53 08 wsd i gle @8lse yidey
357 Sl Sl jlmo ol Gillao 390 odlaswl (el
0 (i (salold S p> Gl (T oS wil e sl Siles
G 3 3l 039 (50 035els (1) Sy dbold a5 )L S 5
Slgo olss siz iz (A5 0,5 dlge (gl S jola slge (o)

Volume 24, Issue 04, April 2024


http://dx.doi.org/10.48311/MME.24.4.215
https://mme.modares.ac.ir/article-15-74431-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOI: 10.48311/MME.24.4.215]

ooy 42l Lawld sasl g Ao gxge VYo

~ P g
V.l ”,” )% B*
}; Y ,’/
Y.l ,”
Yot ',I’:/”
Vol S
A
P R T S T T R T ST SN R
(mm) olul>

aail 4w e (33031 4 by (alamilz—ysu5 )lge3 (VS

2ElosT sladigad (sl cudsb 5 Jol> (20 gl -¥-0
03es] e ladigad I Jol> (aBllel bt 4 42gi b
G0k wudsb dlio ol s b Glibiwe sladigas Giis
S sloglad g azys #o )l digly 53 iselSail (sladiges
Ugad dwtid (9e] ol 3 Ad el seile (FoW) Sl
Slaasd b (i) 55 WSS (5,180 5 wibbe o) lite Yals
390 Ebgm JSb (59 3l 455 35 el 4 Jlael 350e
Sl glsas A IS 53 aiS e 4y 1) S palls 390 bl
b @l caol 0 0313 ioled ladiged (oloulo—gys sisie
Ulaled ) dgad (50l wadib (ixie Sy bl (e o
ol 0ad ALY Jgam LB s dadiged (60, cadyls a3 0
cadyl onmd Glis pave 9 Pi=((=123) Jesz ol 5
A (6 )b b du (Ske 5 e 4 3 Ladigal 5k
oled (530SI jshie 4 (a3l (al 53 oS el S3 @y 039
093] 3 oy 28, )18 (ioleT ol diise du lpdwsin

el 0 ai8)S i s s, L gladigas (gl S

Yo
Y.
Yoo
i Y.
E \F-X)
Al
'y
o/ \ V@ Y e v vl ¥
(mm) Jab yanis
S gl b Sisreliail diged llz—gym Gixie digad (AJSD
Sroke ¥ 5L

0905 e sladigad 6mb cad)b I Jols i il (Ydsde
cilide jlds Soi sloglads b s

2a(deg.) p(mm) p1(N) p2(N) p3(N) Pave(N)

5t \ YA YEA¥ YYEA 1442}
5o i LA EU o SR 172 FIr
5o v FEYE FRIA vOM won

VeV (5333958 oot oylad (YE 690

o

b o
g Y f}. B e S
R " O paily 5,5~
L

Y. f‘ e}

)
e ey ¥ N4 By i VY ¥
S
031 uSsll cajaralSaili (ladiged (o) S-jids isie (5 JS&

KWLy

Sz dlxe -¥-0

sl 0353l 3 Sz 0sail 3l Jel> @mld G ol 5
350 sladigel cunSis Seyiz duole (gly .l oai 03y9]
L Golao .l oais oslasuwl ASTM-D5045 3,laibiwl I Liales]
iz duolzo (gl (uiselSeil (sladiges 3yluilivl oyl
8 Gl 90 bl dw (e gsajl 1 oslil b sl
LS VS 53 03a5T ol 0 bgaye (lzulz-g i laged w88
sl o3 03l

xisl ASTM-D5045 syailial b gilhao Ky jlaiie dawle (glp
iged s dhaii 5l 8 b ceand p olao AB b 1l
AB b o dy caud yilion 30y gy e b AB* bd e
O 513903 A8 BT G 398 ey (s3g0e bad 4 o
3Py $24) (Prax) y553e abili 3,5 1,8 AB* g AB bghs
35850 )8 (Keiz drulxe gl 1) dh

Py S
Ko = <—BV§3/Z)}”(X);
f(x)=3xY2[1.99 —x(1—x) (215—-3.93 x )

+ 2.7 x2)]
/l2(1+2x) (1-x)%7?
s W ils o8 S aliold S cdigas wolies B YU dhyly 45 a5
caol )5 43 03V 2blie W dy a cowd x 9 Sy Job a cdigad
ASTM- 3,/ 85l Gubo cahals duw (e (Lo digad S (49051
x= /00 a8 (a3 ;3 b ol 48,8 18 s 3y30 E399
Sl (Sayiz e eihee W pdse 9 stohis # csling
Cawd 4 1.02 MPavm ply Loyds 5900850 (sladiges
e
Gyt 03] sy jladie oo Wl (Sepis dulxe I as

ol Gl Jod B 4l 4y ihicaos (gly yshaie o2y 39
39 Lyl 535 65150 ,limo 1l o3yl ailieol

B, a, (W-a)>2.5 (12)2 v
Oy

dsoloen e IV dhaly gl yiolls (sl 0s pse puslie b oS

Aobse Hlaye5 ‘0)3’ oo g ed u—iﬂ)ﬁ’ &l oais


http://dx.doi.org/10.48311/MME.24.4.215
https://mme.modares.ac.ir/article-15-74431-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOI: 10.48311Y/MME.24.4.215]

v o b osd gl uSodl L (sle cuiarelgili o s Julod

ool Glaiz GVl oyl )3 Ghixe (s pslie @isS )3
byl (6555 i sl sl oslo psgie Gille .yl
b Gjoeliail gladigel 5> (Sha (A5 3l ladises (il
«85lze 355 (so3le (slp g odd duwlzo (olgd (S ‘aliaz.‘a:w|
— Ui 6l (EMC-MTS jlze @lho (puizpd osd oSl
dhds bl ceajsrelSeil diged S (il cudb
53 (966) Ghase (S «pigsi Voo Mo (931318 (5950 S gy
Sladigad 3y cusis dgdh dwlzo 0idd jative dhidi ol
4381 o G iloj (asome (25 iy slame ilhao 1o,
oslo (ol UMS‘O&LMJIJI Sz dold 53 Ghuse (i oS
5168 Gl ol i yils b ol iS55l s lone 3
s 4 yiaglio o[\ bl & ol jlaiie 5 4d duslxeledlal
oslasul b (sioly o cilgi oo ddigad (6 yn,b wad b ccwl oael

395 dualoee 19\ dlay, 5|

*

(o
L % 100N o)

Pemc—mrs =

(L]

S digad (S ke (s0923 (WS

Modares Mechanical Engineering

spalSils (sladigad (5l cudils (5985 ity -F-0
Sile 355 o3le (led o] diaolns -1-F-0

osle id,S (g5 uJLfo Jolee osle pgpdo y3 o R ESI
Sodin ad)S i )3 by (5lme 35 osle g (uBly iy JSd
coluo 13U sl ((g5lo 355 03le (uled ‘olS:z_‘»‘.w' dwlxo 51y
Ghis sladiged (=28ly (23S (LS (Haie Hlaged ) hw
ST 581 5 31 st ol sh <35 dralne cuisselsyil
oldged y5 el (gl ssslws di lade ol oads oslaiwl
Joso 8,5 Shaiys b ceplply aslse YIFE MPa lade
Slade Yabady 55 pslie ol (5,18l g ¥IY GPa diwaciw)]
Sl 3y osle (g el

.\JT(_’A Cuwdds \WWO MPa

dgazee yladl 53 dvdiges Julod g (g5lw dunid -Y-F-0
b T Sy g 355 i SouilSle (slamylusio 51 olisol yglate d
Cadib ()58 Hmiin Gln prizer 9 Jrloe osle pspde
Syt &gt gl el @Y Iyl gladiged b
(SNgal palls 390 (Il cad adiged s S
Sgame gladl JI81 053 53 Ladigad yohie ol (sl 33,5 ouss
sladiged (g5l dud (gly Nade (5le Je (osSLD
skl sgame pladl gy 93 lodse Glayld (SujorelSyil
B3 G S 350 43 Glambio (1S bl wod g osd
o e Jae 1o IS8 5 8 IS8 3 s S el
o1 313 yioled dndigas Sgamme (sl ] 4L Sgi bl g SIS
gy iy U.!b)f Gl @9 dulye ol Gl Ui;hm 3wl
Syl oa oslasl adly (ialS 68 JIS0I b (glaxie
slaei b Julsd iz ol Jou8 BB S 4 (ol
hbivne sbJse Glp cwl o S8 alize slagyledl
—oS (533l wlzys g o Jlael 4 S5 (sloo)S 4y (S (59,5
3 sty g plad 3 S 50 4 Lndisad blie 4 sl
23555 ol Sl W g o 1 (sl IS 53 coansl o 4l
ol 0313 Gialad (yigud Voo (631318 (5955 (5l ddigad (il
digad dwsilV g W gla IS 53 (o2 &5 wwl S @ ‘4)3, ol
O oyl 53 517 0sd (G5l Jao G831 e 4 Giolej] wed
dwsiz (gl Jao Juds 4 Y IS gl g Ghue Gl glgie
OB plgie 4 575 «Jho (685 w2 3y g ($3908 g0 4
YolS 25 gloglane ol ol oad aid)S (a5 55 s
S5k 390 el 53 s cnims plid &S L )Eie
Gl ga3ei A baiye oS jy e ladiged (alls
Sleislee ¥ o ¥ ) Ikl gled (A8l b 4l 4 azsily
iy SRl Glage (B3 3lie (i3S o iy GhelS L2 5Shad
Sl el siteslee Fo V)Lt Soi glads )3 puiz e g AS 50
Sty 4356 ll 3 o a8 )l Sai Bhbl 4ol

Volume 24, Issue 04, April 2024


http://dx.doi.org/10.48311/MME.24.4.215
https://mme.modares.ac.ir/article-15-74431-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOI: 10.48311Y/MME.24.4.215]

oot 42l ol sl g Miod 30 YYY

-diged (535l cudsb (5598 9 HT dmlxe 43 bgyye gulis -0-0
gl SN lhse g Lo

(S0l wad)b 4 boie il (5555 5 Gt el I asy
23,k S glad g jled apgls 4 o gl s coud
lavdigad (50l oyl 4 byype ol .l o (38 VP S
OBIS Flgaz 1 30sSo b el s line 5 Va5
EMC-MTS jlise sl sl aseiios £ Jgus @ilas sl o
Goul bl 4y boyye (2 mlil el aldlys (9> 4
sdal oty BN 5 Kilee .S Gt | Hls, s (sladigas
Gy lgine Jlme ol oalply Adbe 28V Jhse ol
oslitul Iyl HisselSail wlabd iloy o owadd
YV

(S3k goz g (5345 duli-F
g Sl diej 4 ol PL’:U‘ Oy wlellbe 4 asgi b
S5 53 1y glie 58 5ady JSUb sl 5 355 slge 4 padudee
9 Ay ‘o).uKA 9 XI5 ulJ.MJ dg> )I L’SJJ&A Glizo Lng
b 63bj sl gl o3y slse 5 s S slge )3 ST Gbyind
slegysts (ol Jsay ad et rizen 5 A0S e
3 0A ‘oL>_|| uLVJLEA).u.u.u 55'9.0 33 A Ao 3 39290
sz Judods g oadd plouil Slge ) S (59 S die;
Slge 0 S (Sdine) 53 S92 90 ST 3% 2 b 9
el 038 ool inej ol 53 oS Gt wilallhe oyl JSB
I8 3y50 53 00 el sl iy Ad patie iz e
330 )3 a5 wilallbe 5 48 wge gl slajlll 5 el
oad plail v yonly lacajolel o el dlge sl

ol

® Experiment

(N) 5k cud b

—0—EMC-MTS

\ Y ¥ r 5
(mm) ;Lo Sy glad

et Sgi glad 4 cuud (g mb cudb wlues (PSS

2590l 93l (sladiged (5,555 9 22 (630U cad)b yslie (¥ s

7o \ Yv¥a YAAD

5o ¥ 23 FAVE

VeV (5333958 oot oylad (YE 690

s S35 Byl (s1y (e o2 (VoSS

Sun Feb 05 15:23:14 Iran

glad b Gijorelail digad gl hume (AT gujs8 Soileds (WJSS
Fo (oo V5L Soi

elad b 595089l diged (sl haume S @98 Sailes (WJSE
e o V5l Soi

7x  Sun Feb 05 19:55:

glod b iiopelSsils diged (sl haume (il @ajo8 Suileds (WSS
o han ¥ s S


http://dx.doi.org/10.48311/MME.24.4.215
https://mme.modares.ac.ir/article-15-74431-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOI: 10.48311/MME.24.4.215]

Yry o b osd gl uSodl L (sle cuiarelgili o s Julod

5- Ren F, Zhu G, Ren P, Wang Y, Cui X. In situ
polymerization of graphene oxide and cyanate ester-
epoxy with enhanced mechanical and thermal
properties. Applied Surface Science. 2014 Oct
15;316:549-57.

6- Hummers Jr WS, Offeman RE. Preparation of
graphitic oxide. Journal of the american chemical
society. 1958 Mar;80(6):1339-.

7- Liu Q, Zhou X, Fan X, Zhu C, Yao X, Liu Z. Mechanical
and thermal properties of epoxy resin nanocomposites
reinforced with graphene oxide. Polymer-Plastics
Technology and Engineering. 2012 Feb 1;51(3):251-6.
8- Norhakim N, Ahmad SH, Chia CH, Huang NM.
Mechanical and thermal properties of graphene oxide
filled epoxy nanocomposites. Sains Malaysiana. 2014
Apr 1;43(4):603-9.

9- Gharebiglou M, Izadkhah MS, Erfan-Niya H, Entezami
AA. Improving the mechanical and thermal properties
of chemically modified graphene oxide/polypropylene
nanocomposite. Modares Mechanical Engineering.
2016 Oct 10;16(8):196-206.

10- Ma P, Jiang G, Chen Q, Cong H, Nie X. Experimental
investigation on the compression behaviors of epoxy with
carbon nanotube under high strain rates. Composites Part
B: Engineering. 2015 Feb 1;69:526-33.

11- Shokrieh MM, Esmkhani M, Shahverdi HR, Vahedi F.
Effect of graphene nanosheets (GNS) and graphite
nanoplatelets (GNP) on the mechanical properties of
epoxy nanocomposites. Science of Advanced Materials.
2013 Mar 1;5(3):260-6.

12- Susmel L, Taylor D. On the use of the Theory of
Critical Distances to predict static failures in ductile
metallic materials containing different geometrical
features. Engineering Fracture Mechanics.
2008;75(15):4410-21.

13- Torabi AR. On the use of the equivalent material
concept to predict tensile load-bearing capacity of ductile
steel bolts containing V-shaped threads. Engineering
Fracture Mechanics. 2013 Jan 1;97:136-47.

14- Saboori B, Torabi AR, Kamjoo MR. Evaluation of the
equivalent material concept in mixed mode I/III
fracture estimation of V-notched Al7075-T6 plates.
Engineering  Fracture = Mechanics. 2020 Oct
1;237:107259.

15- Torabi AR, Rahimi AS, Ayatollahi MR. Mixed mode
[/Il  fracture prediction of blunt V-notched
nanocomposite specimens with nonlinear behavior by
means of the Equivalent Material Concept. Composites
Part B: Engineering. 2018 Dec 1;154:363-73.

16- Torabi AR. Estimation of tensile load-bearing
capacity of ductile metallic materials weakened by a V-
notch: The equivalent material concept. Materials
Science and Engineering: A. 2012 Feb 28;536:249-55.
17- Erdogan F, Sih GC. On the crack extension in plates
under plane loading and transverse shear.

18- Gomez FJ], Guinea GV, Elices M. Failure criteria for
linear elastic materials with U-notches. International
Journal of Fracture. 2006 Sep;141:99-113.

19- Rahimi AS, Ayatollahi MR, Torabi AR. Fracture
study in notched ductile polymeric plates subjected to
mixed mode I/II loading: Application of equivalent
material concept. European Journal of Mechanics-
A/Solids. 2018 Jul 1;70:37-43.

Modares Mechanical Engineering

ladigad (31b cadyb (5355 5 20 @l 4 baype SVST (Fgax
EMC-(gly SMi3| lude

2a(deg.) p(mm)
MTS (%)
$e \ ¥/A
5. v $1)
$e £ a/y

oSl s S (53 lasdlhe eiST aS ol Juds 4
a3 e eyl 53 contd ol ST 31,5 33l b o i
SIS T 350 baulyd ) ajsrelSsil ol o) sl dalllae
3wl 0l Ab'b)g (Jalee osle potie gy RV BERCR o
295 BB 05,8 b eajsreliaili g palls uSail o))
o (st Loyl (Sl (olgs g o ais b (BIS el §
i3 $Stal 8353l (538381 b o 13 oL Juols gl s
wyge 4ol 5 Gy A5 Iy dam TA 393> uSsl
390 by 53 5l sladiges (6l wudsb (oKl
)’)Sl ‘o)J )| oalasiwl LJ e g KW RVeTx] oSl LS)'K)[J
ol calehyd Bud dlxe (53985 wyge 4 ldigad (il
KUY (53885 5 25 it Sis 5:Sile 45 08 Jool> azs

o e €0y Gheo )5 les S35 s Gl L s A5
5 lise Gl 7AIY B % ¢/ 51 aymd gl slas lade

yﬁdb&ao)bewb&wg)dswuww‘«m
slse b g oS b vl (i) (550 JBs oBs sline

S (0 G i (295 Ny

035 yitie il yut 5 Gl 4y g 53 5 el B siuss

RO
Sl sl mdlio ()l A5 dllio (ol )3 :@8lie (S)las
3185 39>

&lise

1- Mohan P. A critical review: the modification,
properties, and applications of epoxy resins. Polymer-
Plastics Technology and Engineering. 2013 Jan
15;52(2):107-25.

2- Montazeri A, Javadpour ], Khavandi A, Tcharkhtchi A,
Mohajeri A. Mechanical properties of multi-walled
carbon nanotube/epoxy composites. Materials &
Design. 2010 Oct 1;31(9):4202-8.

3- Lorenz H, Fritzsche |, Das A, Stockelhuber KW, Jurk
R, Heinrich G, Kliippel M. Advanced elastomer nano-
composites based on CNT-hybrid filler systems.
Composites Science and Technology. 2009 Oct
1;69(13):2135-43.

4- Geim AK, Novoselov KS. The rise of graphene. Nature
materials. 2007 Mar;6(3):183-91.

Volume 24, Issue 04, April 2024


http://dx.doi.org/10.48311/MME.24.4.215
https://mme.modares.ac.ir/article-15-74431-en.html
http://www.tcpdf.org

