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Fracture characterization of rubbers by J integral testing
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Unlike metals for which the fracture characterization methods have been standardized in the context of
Received 06 October 2016 linear elastic and elastic plastic fracture mechanics theories, for polymeric materials the linear and
Accepted 24 November 2016 especially nonlinear theories of viscoelastic fracture mechanics have not been completely developed due

Available Online 08 2017 " ; ! . !
vailable Online 08 January to complexities regarding the viscoelastic nature of these materials. For rubbers, even the rate

independent theories based on nonlinear finite elasticity have not been widely used. In practice, most

Eﬁ{,ﬁ;’{ds‘ researchers make use of the same methods as applied for metals to rubbers. In this paper, the common
Ductile fracture toughness methods of fracture characterization of rubbers based on J integral and the different challenges
Jintegral regarding them are reviewed. Specificly, the energy dissipation effects in regions far from the crack tip
Multiple specimen method and the correction methods proposed to compensate for these effects are discussed. Performing fracture

Locus method toughness tests on SENT specimens of a rubbery material based on polybutadiene, it is shown that the

well-known multiple specimen method for determination of Jc has a strong sensitivity to experimental
errors that presents itself as initial crack length dependence of Jc values and is just useful when testing
numerous specimens and removing the experimental errors. On the other hand, the locus method of
dissipation correction gives a single reliable Jc value using a fewer number of specimens and with a
considerably lower sensitivity to the experimental errors. Also, using this method the specimen length
dependence of Jc values reported in the literature is removed, and hence, it is possible to obtain a
dimension independent Jc value.
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Fig. 1 Multiple specimen procedure for extraction of J. from load — displacement curves [43]
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Fig. 2 Standard procedure for construction of J-Resistance (J-R) curve
and extraction of J; [1]
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Fig. 3 Schematic load-displacement curves for specimens with different

initial crack length along with crack initiation points specified [63]
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Fig. 4 The definition of essential fracture energy (U.) for a specimen of
assumed crack length [63]
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Fig. 5 Schematic representation of variations of U, (per unit thickness)
vs crack length [63]
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Fig. 6 Preparation of test specimens with different initial crack length
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Fig. 7 Magnified view of crack tip region just before the crack initiation
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Fig. 8 Load-displacement curves obtained from SENT specimens of
120 mm length and different initial crack length
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Fig. 11 Essential fracture energy (U.) per unit thickness versus crack
length for SENT specimens of 120 mm length

Sy S5 Job s Cuwlies axly 4o (Ue) canss 518 6550 Jloges 11 SO
120 mm Jsbo L SENT sl aiges

100
aw
1, 03
80 T ----04
PN 0.5
2 60 T './f \\ _—_06
a /,— = = ‘\ —-—-07
40 T .x"- /./.-— — \. M
[ a4 y
[ 7 s Vo
20 + A//' | [
Wla S I
: 1 :
0 t | .. +
0 10 20 30 40
u (mm)

Fig. 12 Load-displacement curves obtained from SENT specimens of
60 mm length and different initial crack length
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Fig. 9 Strain energy values obtained from load-displacement curves for
SENT specimens of 120 mm length ploted versus crack length
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Fig. 10 J versus displacement calibration curves for SENT specimens
of 120 mm length
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Fig. 13 Strain energy values obtained from load-displacement curves
for SENT specimens of 60 mm length ploted versus crack length
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Fig. 15 Essential fracture energy (U;) per unit thickness versus crack
length for SENT specimens of 60 mm length

Glp S5 Job cans p Cules oy 5o (Ug) sl 15 (65,01 loges 15 &
60 mm Jsb L SENT (slo 4iges

169

&l osls O | ‘..\Mabsn g slalls 4 s Jg e slo b,
sl 0030 5 soliiw] cwiis 5o g 50 9 SK 3, 90 w0 Je 2 S

390 3 A 4l b9 Jo Al ~1-2-6
Shoael cawdy @ S Jsb e U i35 65,0 gloosls loges
Ol peads (il glo pioxie b ol pan 12 IS0 olnl> - (b slo e
30 S5 0 odlive aS jshiles el oo eols ylas 13 JSs o Leols
S 8 e @ cas oass il g Sl baesls  SausTy cdls )
Lo U lade b s ples o (e as) sloS 5 Job o iSsS b
b sl (bl oo (59, sl plea 5 (B0 cal a5 b GLuSs
e JS5 e ole ol il e WS0.3 5 aAW=0.4 sladises lnls
e dolae 3l oolial 1) 5 ol 0l 51,3 13l o SLlST 1 oty 33l 0
4 slesel BB smie cpl sbrosls Ol poss (ol dwlone (gl 0als i3l
S by ol oslail 1 iy Camslus sasmalis LBl o ced LS
el L VL a5 e g, el Jlist o slalls Blie ;s 50
S aSsle sl wms J1E 5t couv ot | ead i3l e alolae
2 5en 5 s ols Gl 1) GralesT gladiged slass wuly b g5 ! 55
wged 5y sl Galojl e 5o Szl gl

S gmn )l S Ete b aS U s I gul S gl e
Wlooyo S wlyl 14 IS j0 wnlice cawsy 13 S5 50 oo o)l
OFoml 3 YD) S5 ek (S g (e 4 banpe by s
Sy )b cnl el g) (3 sladiges sln oad S5 Jds Gles 4 (G
o 00,138 LS Jlo 5 L8 > ajlie g usus Uz gl ls (g

bl o de polie (JS3 Billae S0 (e I alsgn b
aals a5 Wl cowny 1731 kUM 4 1.391 kI/m? 0.686 kI/m?
b ol o Jo e adly o wms e oLt ) Jgd Blne SaisT
&l 0 85 Sl epdge plen (nl ablioe adsl S5 Jsb @ ans
4 el o 00ly e (65,1 AW &l ST a4y g o oLl UT 4o LS
Sl J6 5 oolical Bl azti 0y50 cnl 0 5040 5 ISy Gy, (S5 50
A2 ol Cewdy Je (sl 1)

b 3 (g 4 Jo dmwlno -2-2-6
Job oy Up polie cquwain olSe (g; 0 bgrpe Slawbro il L
ol b il el alo e o il oe sy 16 S5 Sy
ol 0025 428 5 18310 AW=0.4 diges a5 Logyye ools (JSb Bl laools
osls SaSTy ol g dol> o> (o5l 068 oo canliv a5 jsblen
oy ol ) el Gy Jo e el Joub BB L Las ol Jo>
L oS asboo 1.092 KIM? Ul s (Wosls oo o)l o cars 4z 3)
Ol csllas 55 (L8 digad glp odel oy yolie

oz oS il 5 ISy (g, WS oS sl (59,0 G5l 4 4z
s M U 1, el 4t JS wlsi o Laeols (S o (g5 s
SRSy 4 ool bl Saly cwai S s, j0 was 13 )_...L, Sz
Oilejl o o U 925 ) o (57505 Conmibi W 5 el 1205l
ol Jpglie (225 slallad blie )3 (B9, ool @8ly 55 00 3525 9>lg
Ol 35 85 00,5 o sl 5 (S gy (Slemlre 02,55 @ ol cal Sl

1 osloits 17 053 1396 (5335 38 (w3 Sl wise



Hiabsgals 303 9 lali L) puel

J JSil Ginle 3T i) Glise s o Suimod sl (olgd ¢yuss

IS a0 coailedl yuine ools blis &l wig, ol sllas ablb e
ools i g Cenl B canlie 33l b LS5 (gl Sliebl b
Jo e lgsran a8 cos JSihue jlad | owiin e (g, «puinels

S oo a1 Eadge onl 5 (LB polie b odel o

plxil g iulo3T acgome 31 sdwl Coway Jo yolin dumlic —4-6
oul
Sl slaialel 5l eanl cassy (Jo) pp Sl (Keyhz polie
L oS Gl glaJsb b SENT slaaiges g5, 5 ood plonil oS
(i S b9, 5 50 5 S il Gig)) Sliie (2, 50 51 eoli
el 0030 F ganzez 1 Jgaz ;o wlond dulxe
PO ¥ PRI SN PG PO VU IR IR RO Soal G,
95 lp )l 257y o bl ez 4 S gy (nl (Sleslxe
sl 00185 sy Jgud B ol 90 MM 5 60 MM Jobo L aiged (5 m
0.686 kIM?) J; (611 soel sy polia 60 MM Jobo L sladigas (sl
Jade 4 o g0l Sassy sl (1731 kIm® 4 1.391 kIm?
Sgliaie Jg oo SO adgl ST Job e gl @dly yo s 35 2Kl
90 MM Jsb b aiges gl il cos Joud b a5 ol ool sy
Syt ol Slolono 5 05y oolisal B 5 eiasls (IS ol 55, ol
Casdy yolie 120 MM Jsb b aigas (gl baid .canl o0y0, S5 plonil )]

0.3
L u
025+  %i1mm e-...
: e,
02 £ J:iS mm
s 3 mm
S 015 £ ®55mm
f X7 mm ..
01 £ *85mm ko SO
r e l0mm LSTP =
S ST u,
005 + L TTTT OO
0 5 10 15 20 25

a (mm)
Fig. 17 Strain energy values obtained from load-displacement curves
for SENT specimens of 90 mm length ploted versus crack length
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Fig. 18 Essential fracture energy (U.) per unit thickness versus crack
length for SENT specimens of 90 mm length
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Fig. 16 Load-displacement curves obtained from SENT specimens of
90 mm length and different initial crack length
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Table 1 Ductile fracture toughness (J.) values obtained from SENT
specimens of different length using two different extraction methods
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