140-132 8718 ) 3 o plouls 16 0951395 sl 3 (ORI S (Wi Alxo

g3y el dstiale =
OV I w0 (SWOGO

mme.modares.ac.ir

ll

Tyl

D

U'TA/;‘“/;:Z;;

b oo do i M Tl o b 99 990 Sl (K0 B> (SS9 (2R (oWl ¥
kS (539 32 I 59y 3 o0kl b S

3 olis S0, 7 Slga eadl Hgalua bl

Fo o Mg (xRl (SlSe L wdiges (558> (sl ~1
Fo o Mg gixio oSl (SSlSe wtige oyluiils =2

Fp o Mg gixo oI ¢perly owdige liwl =3
choupani@sut.ac.ir c 1996-51335 i, sesio 5™

LXVLES

o wleb!

250 S 5 (7 Cope & G Gl 2 CnSd (495 )5 bagi ol il (lnogial 5 S Juta y 5 390 e (Ko
22 S¥ b odd dojiiz @M Slie Juta b youy & 93 3 S5 el (i Bges Awgty cunSid glagialojl sl 4B 5518 (g
9 20y b ol (b Joytiish S8 S | edlSlie Jito by (slaojiel 93 390 CnSd s ol 3 5ab ol G (slo
sodeo 4 0.8 b ilejl oyl )3 ool 3)50 (gladiges Cuolius sl 438 )3 bl 3500 (20 5 15 10 (i) Sz alises

Jo ings, e

1394 3107 il

1394 6519 : s i,
1394 3al 11 sl s )

[ Downloaded from mme.modares.ac.ir on 2024-05-15 ]

o 5ls Als”
€8 3 caalSd JolS mulad > 4 CanSis (65950 55 (gl odel Cnd 4y polie A3l a8 CialS Job ax ja o5 b lis ol g @Vpommﬁ%om){;j};&
Job g Sl alise glasoyn b oodle oyl 5l ol gloalam )b gla goxie & ob (i @l ceomes sl Jhysd oYL CSS 93 390
Mo BB 58l S a0 (Al b cusls 5 850 )5 5 005 (eSS Loy on b (gl S5 5 ) il glac oS ConSb (K
sl 4Bl Gl SY dopd Gl L baiges cilizie culiis 93 12 ) CunSd (5908 € 5 La9p0 NS el odly (L g5 ) - déjzi

5.54 5 oo y 55 122.19 i 4 o o 0.8 colss b plaiged )3 CnSls )90 1 5 (5290 By S e (i
10,5 20 Biges 4 by aipe yioshe 3 0955 10.258 5 oo (59 51231 oo 4 b L 5 ope yiosho 12 s
b i 295 1) awguire Glyudl Cunsis (5900 pmE g (5y900 H e digel Cuoliud 3 yudi b ol 039 Sty

Experimental and numerical investigation of mode ii fracture toughness of
rubber-toughened polymethyl methacrylate by using the essential fracture work
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ARTICLE INFORMATION ABSTRACT

Pure mode 1l fracture toughness of polymethyl methacrylate and its components has been studied by
essential work of fracture (EWF) approach via experimental and numerical methods. EWF fracture tests
with double edge notched tension (DENT) were performed on the RT-PMMA specimens at room
temperature. In this investigation, the mode Il fracture of polymethyl methacrylate/graft-acrylonitrile
butadiene styrene (PMMA/g-ABS) blends with different weight percentage of rubber (0, 10, 15, and 20)
and the thickness of 0.8 and 4 millimeter samples was investigated. The results showed that the value
for the specific essential work of fracture given by including lower ligament length may be more
accurate because the ligament is completely yielded. The results also showed that for the load-
displacement curves that have self-similarity in shape for the specimens with different rubber content,
specimen thicknesses, and ligament lengths and the specific work of fracture (wf) increases significantly
with the increasing of rubber content. The essential work (we) and the non-essential work (Bwp) of
fracture increase with the increased rubber for both thicknesses. The highest value of the specific
essential work and the specific non-essential work of fracture belong to 20% composition in 0.8 mm
specimen thickness 122.19 N/mm and 5.54 N/mm2 and in 4 mm specimen thickness 51.231 N/mm and
10.258 N/mm2, respectively. Significant changes were observed in the amount of essential and non-
essential work of fracture when the thickness of the samples was changed.

Original Research Paper
Received 28 November 2015
Accepted 09 January 2016
Auvailable Online 01 March 2016

Keywords:
Rubber-toughened PMMA
Mode Il fracture

Fracture toughness
Essential work of fracture
Ligament length

[ DOR: 20.1001.1.10275940.1395.16.3.48.5 ]

Please cite this article using:

amles edlitwl Jo3 &yle 1 o ol @ gla )l g1

E. Haddadi, N. Choupani, F. Abbasi, Experimental and numerical investigation of mode ii fracture toughness of rubber-toughened polymethyl methacrylate by using the
essential fracture work, Modares Mechanical Engineering, Vol. 16, No. 3, pp. 132-140, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.48.5
https://mme.modares.ac.ir/article-15-12351-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-15 ]

[ DOR: 20.1001.1.10275940.1395.16.3.48.5 ]

Ol 9 g3laa bl

.LuuS.d»5),);4')[.\'u“»,))'leél.i.‘n‘.wll._;hﬁﬁmyhomu)ﬁeaﬂﬁﬂ&#ouggééywuio)ﬂ?‘séngwﬁw)x

Wr = w, Lt + Bw, Lt 2
Lolia by yo IS5 cupo g disei calbo tcialSd Jsb L ol o o8
[21] codl Sy

1l oo Caws 4 (3) dlay (Lt) el o (2) Al oS L

wp = % =w, + fwyl ©)
Setadly 5 ol3) b sladd Bl pardy S LS Be Jita Ly
oyt S0 e 5, Wl asS ke s ploxial gl 5yl b s
(codlis 5 Saiss)s g9o9) i ol (2SS (s Sgpe
S (Soyps 5 i sl gleel hlio o i blis 55 5 ez s
oy Ll (pSome g i e oole S gl 4 Lol polae g
the Bl b i |y sl Slakin ol ooyt s
(Sl 5Tl 5 5 55 polhe i e olyie ) Npane
it b g lomt S5,55 5 Sl polin S, |y S5,
31 S ol ans yorly cal (gl 058l (Sl 5l (xpmsy el (sl ]
Pl Sin a3 5 oo 3 osliid 3,90 o slocSizdh
Sz oy 4 Rl Gl eonS b 4 ey pl able
oolainl 0yg0 yuw dezmez lettinl Buus deds o icn (giluip ol
S b s o Sy Sy il o [22] w35 )5
50 203 33) jlo 5 ol ()T pils) csanatag (5,5 laoals 555
ool bzl o Syn lepnlsT (alidy, mlie 5 Giluplensls
5 Silelonlsn ) o 5 5 5 6T AB Dlxko Wy (ol
ek 29550 I & (3bodemesi! mlio jo 0oys 50 140 s50>
5 hF Seaglie g Bl oo b pedly (n S5eSome g o S 5l D ST
ol 05 MalS a5 il @ s > ol booyle ST Ll blae o
2 4 aas e ol 395 5l (a2 5l B sgas 1) (055 Ry 4 Coglie
S50 Sladon 5 (6 ks ;0 (50,15 awg Aials 4 4z g5 b oole ol >
[28] ol 55 5 4y
Lulyd 5l A6 asly 035 S 390 Aot g Ygene oole ;5 CuSh
oz dalllas (Js cnl 4 allioe 15 S 50 350 b g 93 350 (5,11
G b CaSs 99 g0 (b o 45 .[26-24] ol Cenl Pl g0 950 CnSi
A azg 950 i o Canl oV I w8 S 15 o) 090 ;S I
A g 0 S Gl oS ladiges Gl j0 onlpln 05
03 Slon sl <iygal (5ol ool 3 (5,5l o 5 o a5
59950 GNTL L S (5955 )l bagi S L o] 803 an iz

el B I 3050 50 5 5 (slassy J eolisd L alls

@ syl -2
Sl O St Juso by smio Joil,S Gadss ol j0 colaiwl 590 Slge
28 i o plid sy sk SFEES o5 5 08 (x JI 2850
15 10 (yao @ St Jute s 4 St Cond 1009y 9 a5 (somig 5

D9 Sy vey 20
do iz g OO St Juie b ad 90 0 S5 lyle caiS sladiga
Log oo oy cusls (9,0, Glaiolej] sl oY b )T b0
98 50 Linles] ladiges o eolitul pld] cdle il b (5, XJB

° Double edge notched tension (DENT)
19 polymethyl methacrylate (PMMA)
™ Graft-acrylonitrile butadiene styrene (g-ABS)
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! Stress intensity factor (K)

% Energy release rate (G)

® Linear elastic fracture mechanic (LEFM)

* Mode Il

® Essential work of fracture (EWF)

® Essential fracture work (W,)

" Nonessential or plastic work of fracture (Wp)
® Total fracture energy (W;)
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2 Shear yielding
® Fibrill

* Crazing

® Strain softening
% Necking
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Fig. 5 Plot of ultimate elongation length as a function of ligament
length with different specimen thicknesses: (a) 0.8 mm and (b) 4 mm
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Fig. 9 SEM micrographs of fracture surface of a specimen with
different magnifications and 0.8 mm specimen thickness (a) pure
PMMA and (b) 15% rubber.
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Fig. 7 Modeling and meshing of the specimen in ABAQUS
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Fig. 8 (a) Contours around the crack tip and (b) collapsed two-
dimensional element
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