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Effect of Low-Gamma Irradiation on the Impact Compressive Properties of Ultra High
Molecular Weight Polyethylene and Its Constitutive Model

Koichi Kosavasar ¥, Makoto Saxamoro * and Yuji Tanase *

by

*®

The effects of low-gamma irradiation on the impact compressive properties of ultra high molecular weight poly-
ethylene (UHMWPE) were investigated. Gamma irradiation was performed at 30kGy in nitrogen or at 29kGy in air
without post-irradiation treatment. Impact compressive tests using the split-Hopkinson pressure-bar (SHPB) technique
were performed to measure stress—strain relations up to a true strain of 8% at a strain rate of 260s~'. Gamma irradiation in
air significantly increased the Young’s modulus and the 0.5% yield stress, and gamma irradiation in Ny significantly
increased the 0.5% yield stress, as determined by impact compressive testing. The impact stress-strain behaviors of
both unirradiated and gamma irradiated UHMWPE specimens were compared by the elasto-viscoplastic model proposed
by Bergstrom [Biomaterials Vol.23 p.2329 (2002)]. We found that the elasto-viscoplastic model had a potential to predict

the observed impact stress-strain responses.
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Fig. 1 Schematic drawing of the split-Hopkinson
' pressure-bar apparatus.
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Fig. 2 Stress wave profiles of unirradiated specimen

measured by SHPB testing.
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Fig. 3 Representative true stress-time and true strain-
time relations of unirradiated specimen.
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Fig. 4 Representative true stress—strain curves for
each specimen.

Table 1 Mean standard deviations for the compressive

properties.
. Young’s modulus 0.5% yield stress
Specimen
(GPa) (MPa)
Unirradiated 0.871 £0.026 21.3+2.07
Irradiated in N, 0.930 £ 0.020 25.6 &= 1.94%
Irradiated in Air 0.981 £ 0.047* 25.4 & 1.94*

* Significantly difference (p<0.05) when compare with
unirradiated specimen by One-way ANONA with
Bonferroni-Dunn test (n=5).
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Fig. 5 Rheological representation of the elasto-
viscoplastic model.
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Fig. 6 Comparison between the elasto-viscoplastic

model and experimental data for specimen irradiated
in Ne.

Table 2 Material parameters for calculating stress—strain
relations shown in Fig. 6.

Present Bergstrém et al'¥
E (MPa) 930 1005
v 0.46 Same as left
E;(MPa) 532 Same as left
E;(MPa) 6.37 Same as left
8 0.01956 Same as left
1f (MPa) 8.387 Same as left
Aok 10 Same as left
Tpase (MPa) 12.45 19.06
m; 10.72 Same as left
my 1.741 Same as left
& 0.2259 Same as left
a 0.03219 Same as left

Table 3 Comparison between material parameters for
each specimen.

Specimen E (MPa) Tiase (MP2)
Unirradiated 842 +10.95 9.99 + 0.596
Irradiated in N, 914+ 18.17* 12.4 + 0.998*
Irradiated in Air 906 + 13.41* 12.1 +0.658*

* Significantly difference (p<0.05) when compare with
unirradiated specimen by One-way ANONA with
Bonferroni-Dunn test.
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