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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. 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. 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
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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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of 60 mm length

L SENT s ol 6\ﬁu ‘s:bub w,g\] leﬁtﬂf LSL‘Z’@-"'“ 14J&XZJ

60 mm Jsbo
35
30 T P
I ~.
=R ~.
g RN
=20 1 »=-1092x + 38.7 .
) r R*=0.925
S 15 - ¢
10 A
5 4
L I S S
0 0.005 0.01 0.015 0.02 0.025
a (m)

Fig. 15 Essential fracture energy (U;) per unit thickness versus crack
length for SENT specimens of 60 mm length
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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

Slp S5 Job ey s 9ty 4o (Up) st 518 (65,00 loges 18 S
90 mm Jsb L SENT (sla 4iges

1 ojloits 17 0993 1396 (123,558 (3o Sl uwdise

Jo e Ky owiin e gy 5o Slowla UL al> e o a5 >

Sz opl 5l aS 0ed so Jol> S5z g0 slrosls den 5 o i3l b aslg
A3 o Azl ools aati S Bl 4y o 1) (550 ol o2

90 mm Jgb LSENT sl digei iolo;l gols -3-6

s 5 Job b aiges 5 s 5l odel Casay olml> - L sla e
sy S5 A £ayh alid U Bloe L | oles Giike adyl
odaline a5 joblen loads ool lis 16 IS jo cll> cpl jo e
e et Uil 3590 S g) 5 AIWS0.6 aiges (onie L8, 055 o0
Dt g Seol 8,513 AW0.T aigad o 5l Somly (G 0l
s s ol a5 0y me Wl L 4o elol ol Wt (o)l
ECBERRE Rt )—“L e Sl 1 5 S Dy sl Slilxe
03ls Bd> s a5 09,0 HUaKl cwais 6 i, 3l eslanl L >
i slaosls gl | Josb M st At (oo e ol b it
el Jol>

390 9 (A5 4l gy Jo Anmwlixo ~1-3-6
Sloael Cawsy @ S Jsb cap U 23,5 65,0 sloesly loges
ol poad il slasmie Lol e 16 S0 plnl - L sla e
s g o somlie o5 jsluilan il o ool (Lis 17 IS5 o baeols
S o 50 Caly Gl pge ahai) AW=0.6 wgei L bl sols
) oad Aily (Goke a5 S &5 Cuul ooy b a4 (oS
oy Al Gl Ceomnn ol 8 Sla iy 50 oads )| Clxog illas
Sl cpl jo ol bl (Ponie cud polie aze jo el ools s YL
sl gl gsdse ol 4 g bl Ll w6 S,
azg 9l 5l 5 IS gy sl 2 U bl w2 sl S

sl 033,55 1) 1) 5 o]

i 5 B9y o Al —2-3-6
Job ez Ug (pomie om0 (B9, 0 Lgnje Sloalone plnil L
Gy 18 S8 & g W06 aiges b ,LLie ools Bio 5l ey @ S5
ools blas 3l edal Cowds Jo Jlade 0gi o0 cdnlie a5 jebilen .ol o
1.064 KIM? |y 1l dosls 1 oad ojly bs oot an,8) owslesdls

120
amw
100 4 coeeeeees 03
L - ---04 ’
80 + 0.5 R P
= [ — — =06 e N
Z 60+ — — 0.7 2 \
<8 P \
ot —_— \
o - —b
40 + .)/’./ \ N\ |‘
oA \
20+ LA | \ |
- | X
0 iy ! a
0 10 20 30 40
% (mm)

Fig. 16 Load-displacement curves obtained from SENT specimens of
90 mm length and different initial crack length
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