344-333 yoye 4 o lesd 16 093 1395 ,u5 (Y rSe SuilKo wIigo Alxo

gy ele dolinle =
—b;
< . -Eh i
OV 0 Sl  wiigo = &
Jany
mme.modares.ac.ir u/')/;‘g;:%,

J JISE1 w9 3 odlaiwl b 8 40 390 90 (ol 9 9 b Skl (Ko i (6 95 01l
‘5'459.03.,\3.%
3 . *2 . oo 1 N
B3, pSyse T Phgd Aeutn ol p yae
o Mg (Srino o8I (Sl i ¢(5 58 dg}pﬁd‘.}'l
Sy i (sixino oK (SlSe pwdige ¢ luatsly =2
Sy N (ke o8I ey (puige bl =3

choupani@sut.ac.ir 51335 -1996 iy 55000 3y ™

S dlio eyl

T 55 bowgs ] 45 55 g S]] Comglin i B 13 b 5 g lain S5 ol g yie ¢ ol by oKk oy canSed 5l Jo ingsy e
Sl 15 g (sloyiolly it & (Soris 6ySeilhl > lidsho syl e IR isxio 5 J LS5l agpel 2955 5o yaiiio 1394 5115 et »

; ; ; . . < . . 1394 el 11 syl
By gy dlio ol ) ol Bun Wb oo e3latwl pwdine sdp)5 3 (clojinS jobay ¢ Wlond s SutwMy= SVl cunslss 1395 ctgun) 11 el » o)

=S¥ S dgvge (glad,luilinl coley b I-R oo oy9] cund @ 53 JLS51 3,500, b cpbig i VT S g0 390 cansls o5l 5
\) J..s L)M:Lo)] dLe(ﬁ” t_uLua "y dl&élibw )?‘“‘Sﬁ )'l Uy dl)?] 5 .wbu,o ol L}Ll JIC )inp M o le)a.:l} A_i:.lw)’t: &wm—&lew&u
90 wols) 11 LAl 390 b (an,3 0 aygly) | Lalls 390 cls i cdominn S5 S yo 390 (6)l3,b Ciliste clacdls yilojl g 03,5 )by 3 sl
bl ) (B g )8 8 calpd (5 b dnr el ol 0 )5 0300 23l g0 el |y Ll (s (oS5l g (429 IR e
53R o ioxia 4025 5 3 S5 ppolis a5 slyy Mo 03y5] Cam & usSU J33lp 5 (654 L g 393e ] sy 31 odlizl ub‘i I oie 250
Wl 045 Ml E1820-13 5 skl 51 IIC (e55 (glys g ASTM-DB068 oMy aisee 3yliilinl b Gollee (glaigeisis 3, B3 T
losd duglio 015 b g ans y25 slagialel 5 oolil b (cdls 7) 45,5 15 a5 L oS )5 Vs 5 11 390 d 390 Caoglio (sloinio

A oo i |y T (g 38,1 550 4y o35 slacdls jd odlo oyl o yin )b ¢ ols gl
Measurement of Mixed-mode Fracture Toughness of Polypropylene using
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ARTICLE INFORMATION ABSTRACT
Original Research Paper For ductile fracture, the toughness can be measured as a single parameter value or in a resistance curve
Received 06 December 2015 format (J-R curve) and is often characterized by the J-integral for elastic-plastic materials. Because of

Accepted 01 March 2016

Available Online 30 April 2016 their effectiveness in measuring toughness, the J-integral and J-R curve have become the most

important material parameters in elastic-plastic fracture mechanics, and have been applied widely in
practical engineering. Polymeric materials are widely used for load-bearing structural applications and,

Keywords:

Elastic-Plastic Fracture therefore, understanding their fracture properties is becoming more important. In this study, mixed-
Mixed-Mode I/11 mode I/11 stable crack growth experiments were carried out on a commonly used polymeric material,
j-antegral polypropylene, using recently modified fixture. Multi-specimen R-curve method was used for obtaining
-R curve

J-R curves of different states of mixed-mode loading conditions from pure mode-I to pure mode-Il by
varying the loading angle by 15° steps in accordance with the standard ASTM-D6068 and then the
resulting R-curves have been evaluated to determine the values of initiation toughness, JIC,
following the schemes of the E813 and E1820 standard procedures. Finite-element analyses were done
by ABAQUS and mode-1 and mode-Il non-dimensional stress intensity factors and geometric work
factors of elastic-plastic fracture were obtained for different conditions. Results show that for this
material the value of JIC is much more than the value obtained for the JIIC. This material also exhibited
a greater resistance to ductile crack growth in mode-I.

Modified Fixture
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Mode II
Fig. 1 Modified Arcan fixture [9]
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Fig. 6 J-R curve and Jc data-qualifying schemes according to ASTM
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Fig. 10 True strain-stress curves obtained from tension tests
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Fig. 11 True stress versus true plastic strain curves obtained from
tension tests
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Fig. 13 Fracture tests under mode-I, mode-I1 and I/11 mixed-mode
states with increment of 15 degrees for loading angle
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Fig. 18 Meshing of the fixture and specimen in ABAQUS
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Fig. 19 Mode-I and mode-11 non-dimensional stress intensity factors
versus mixed-mode I/11 loading angle
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Fig. 21 Total work factor, #, for several in-plane mixed-mode
loading angle versus load
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Fig. 17 Measurement of crack growth, 4a [15]
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Fig. 24 Polypropylene mixed-mode I/11 J-R curves according to
ASTM D6068

DB068s lastsl llas I S o350 15 v sl IR slasimie 24 S5

slacdls gy IR mie o 35l alaly 93 IS5 Jlymo laie 3 Jou
S ye 550 50 anlllas 3,50 calizes
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Fig. 22 Mode-1 J-R curve according to ASTM E1820-13
ASTM E1820-13 o jlailiw! b gllae | 950 -R  ieie 22 JSCi

100 "
90 | Aa,,;,=0.05 mm .~ 0.2 mm Exclusion line
_— Exclusion line 5
ol | T g S
unting line, /=20,4a

_ 70 & & ,
£ 60 4 Power law: J=31.2344q 8184
5 | R?=0.9955
= Linear: J =24.519 Aa + 5.3997
& 40 1 R?=0.9818
= 30 o Test Points
Ee 20 A o Qualified Points

10 - Aa,,,=0.1b,mm  —Power law regression line

Exclusion line —— Linear regression line
0 T T T T T T T

0 0.5 7 § 15 2 2.5 3 3.5 4
Crack growth, Aa (mm)

Fig. 23 Mode-I J-R curve according to ASTM D6068
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