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INSTRUMENTED IMPACT TEST: DETERMINATION OF CRACK
RESISTANCE CURVES OF POLYMERS

S. Seidler and W. Grellmann*

The paper shows the advantages and disadvantages of using the
known standards and the ESIS TC4 testing protocol for toughness
characterization of high impact polymers. Several methods to
produce different amounts of stable crack growth where compa-
red. It can be shown that the multiple specimen stop-block techni-
que gives the most conservative results.

The influence of specimen thickness and crack length on the J-Aa
curves of ABS (acrylonitrile-butadiene-styrene) and nylon was
also investigated. A direct connection between the toughness of
the material and the necessary specimen thickness was found.

INTRODUCTION

The questions of a criterion for toughness in fracture of polymer solids have been
extensively investigated from both scientific and practical viewpoints. But, the
fracture mechanics toughness characterization of polymers has always followed
the leads of metals characterization and there are only a few experiencies about
the requirements on testing method, specimen geometry and crack geometry
especially at higher testing velocities.

EXPERIMENTAL

For the measurements, a Charpy impact tester with 4 J maximum impact energy
was used and load-deflection diagrams were recorded (Fig. 1). The dimensions of
the SENB specimens were: length L=80 mm, width W=10 mm and thickness
B=2-10 mm. The specimens were notched with a razor blade. The notch depth,
a, was 4.5 mm and the notch tip radius was 0.2 um. Stable crack growth, Aa,
was quantified on the fracture surface by light microscopy. The value of J for
each specimen was determined from the area under its load-deflection curve (1).
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RESULTS
Standard comparison

For the determination of J versus Aa curves under static loading, several standards
and drafts exist (1-3). Some of them were examined concerning their applicability
for polymers under impact loading conditions on example of ABS (Fig.2). In
principle, all standards and drafts can be used to describe the crack resistance
behaviour of this material. The different J-integral approximation methods and the
different validity limits lead to different technical crack initiation values J; ,.
ASTM 813 (2) recommends fixed offsets for the minimum and maximum crack
growth. Since the ligaments can be of any size, the fixed offsets will not always
guarantee that the J; curves are valid. Therefore, only crack growth validity limits
which consider the remaining ligament are useful. On the other hand, the ASTM
blunting line does not represent the real blunting process (4) and the strain
hardening behaviour of polymers under impact conditions is unknown. From this
it follows that the ESIS TC4 determination of J; , is a conservative determination
criteria which is in practice very useful.

Comparison of Methods

Figure 3 shows the comparison of the J versus Aa curves of a PP copolymer and
a rubber toughned nylon 66 using the stop-block and the low-blow technique. The
low-blow technique involved testing velocities in the range 0.5 < vy < L.5m/s.
For the stop-block technique the testing velocity was 1.5 m/s. For the construc-
tion of the J; curves, the ESIS test protocol (1) was used. Data point distribution
is very bad for the J; curves determined with the low-blow technique. Only a few
data points are within the validity limits Aay;; and Aay,,.

In (5) it is shown that there are now differences under static loading between
the single specimen method and the multiple specimen method but under dynamic
loading there are differences (Fig.4). Especially the slopes of the J; curves are
different. The differences between the J-Aa values increase with increasing Aa. It
is possible that the reason for this behaviour is crack tip blunting during un-
loading. If the crack tip radius after the first loading increases, then the energy
must also increase. Another aspect is the possibility of energy dissipative proces-
ses occuring during loading. If there are crazes in the material, the energy to start
a new crack must increase.

" ¢ specimen thicl

The J-integral values are geometry independent if they satisfy equation (1).
The constant ¢ is a material specific parameter and in (6), ¢ values between 10
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and 90 were found.

B; a; (W-a) > & (JJo,) 1)

Figure 5 shows the influence of specimen thickness on the J curves of ABS and
nylon. The knowledge of the general J-B connection permits the determination of
the critical specimen thickness and the respective € value. Figure 6 shows the
dependence of ¢ values on the crack initiation values J 1c and Jp4. As can be seen,
with increasing toughness the e values decrease. It is possible to use a fit of these
data points to get ¢ values of materials whose specific J versus B connection is

unknown.

SYMBOLS USED

Vi = testing velocity (m/s)

Aa = stable crack growth (mm)

oy = yield stress (MPa)

REFERENCES

(1)  ESIS TC4-91, "A Testing Protocol for Conducting J-Crack Growth Resi-
stance Curve Tests on Plastics", 1991.

(2)  ASTM 813-81, American Society for Testing and Materials, Philadelphia,
PA, 1981 and 1989.

3) DVM-Merkblatt 002, "Ermittlung von RiBinitiierungswerten und RiBwi-
derstandskurven bei Anwendung des J-Integrals”, 1987,

(4)  Seidler, S., and Grellmann, W., "Impact and Dynamic Fracture of Poly-
mers and Composites”, ESIS 19 (Edited by J.G. Williams and A. Pavan),
Mechanical Engineering Publications, London, 1995.

(5)  Hashemi, S. and Williams, J.G., J. of Mater. Science, Vol. 26, 1991, PP.
621-630.

(6)  Grellmann, W., and Seidler, S., Int. Journ. of Fracture, Vol. 68, 1994,
pp. R19-R22.

(7)  Rimnac, C.M., and Wright, T.M., Polym. Engineering and Science, Vol.
28, 1988, pp. 1586-1589.

(8)  Huang, D.D., Proc. 7th Intern. Conf. on Fracture, ICF 7, University of
Houston, Texas, March 20.-24.1989, 1989, pp. 2725-2732.

(9 Lee, C.-B., Lu, M.-L., Chang, F.C., Polym. Mater. Sci. Eng., Vol. 66,
1992, 510-511.

(10) Barry, D.B., and Delatycki, O., Journ. of Appl. Polym. Sci., Vol. 38,
1989, pp. 339-350.

(11) Bernal, C.R., Frontini, P.M., Polymer Testing, Vol. 11, 1992, pp. 271-

288.

1841



ECF 11 - MECHANISMS AND MECHANICS OF DAMAGE AND FAILURE

Load - Deflection - Diagrams
Support Load
Stop Block Transducer
Striker
) Deﬂecl:tion f—os
Specimen T
Quantification of
Charpy Impact Ampliﬁer Stable Crack Growth
Tester Digital . e
IKBV-4] Oscilloscope Dynamic Crack Resistance Curv
- J I
ild .
Photooptical Deflection I Ty
System Sensor
Aa —

Figure 1 Test arrangement

10 STM 813-81 a 10 ASTM 813-8 b
N/m';ﬂ hon T A8 e N/m'g} A8 i 88 e =
T ! |
'[ 6 | 6
4 | 4
— ; )
21 i 2
|
% 12 mm 18 it 06 12 mm 1.8
e
10 c d
N/mm| Aa i Aa ax L_ A8 min A2 max i——
; DVM 002 1 ' ESIS TC4
6 61l
] b 0.6 !
14” ! J=67a 4 7=5.9 a7
2 I’ 2 +
| i ‘
o 0.6 12 mm 18 03 0.6 12 mm 1.8
| Aa ——>

Figure 2 Standard comparison on
example of a ABS resin

1842



ECF 11 - MECHANISMS AND MECHANICS OF DAMAGE AND FAILURE

10
Aamin Aamax
N/mm nylon 6
8t A single specimen method
A multiple specimen method

61
T 4
- ABS

24 ® single specimcn method

© multiple specimen method
0 : |
0 02 04 0.6 mm 0.8

Aa —_—
Figure 3  Single specimen method and
multiple specimen method

60 100
polypropylene copolymer N/mm rubber toughned nylon 66
N/mm
A low-blow 80 A low-blow
O stop-block 5 ©O stop-block |
40 /S a
S/
T ,, 4 4% T 60 s a
- A Al Atmin Mg 7
1 min z’ag,’ 40‘ l min ma:/A
20t Vs | s
/ off 098
A 1=252Aa%78 20 l s J=4814Aa"
A N
O;p{ ‘ Jo2 H
0 05 10 1.5 mm2.0 0 05 1.0 15 mm20
Aa —> Ag, ====—»

Figure 4 Comparison of the stop-block
and the low-blow technique
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