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Table 1 Experimental conditions of EPS

Size of specimen/( mm>xmm>mm) Density of EPS/(kg-m™) Mass of drop-hammer/kg Drop height/m

100x100%20 20, 25, 28 9.8648 0.2,05,0.8
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Fig. 3  Stress-strain curves of EPS foam with different densities

under quasi-static compression test (0.001 s™)
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Table 2 Stress and CDIF of EPS at 20% strain

EPS28 EPS25 EPS20
Strain rate/s’  Stress/MPa CDIF  Strainrate/s’ StresssMPa  CDIF  Strainrate/s’ StresssMPa  CDIF
0.001 0.212 1.000 0.001 0.178 1.000 0.001 0.144 1.000
0.01 0.244 1.147 0.01 0.197 1.102 0.01 0.159 1.100
76.50 0.282 1.325 80.25 0.235 1.319 87.00 0.170 1.180
140.50 0.314 1.478 144.00 0.251 1.408 148.50 0.182 1.262
184.75 0.352 1.657 188.25 0.266 1.492 191.00 0.199 1.379
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Table 3 Stress and CDIF of EPS at 30% strain

EPS28 EPS25 EPS20
Strainrate/s'  Stress/MPa CDIF  Strainrate/s'  Stress/MPa CDIF  Strainrate/s’  StresssMPa CDIF
0.001 0.235 1.000 0.001 0.201 1.000 0.001 0.162 1.000
0.01 0.269 1.144 0.01 0.222 1.104 0.01 0.177 1.095
54.75 0.305 1.298 63.25 0.261 1.302 76.00 0.195 1.201
129.00 0.335 1.427 134.75 0.273 1.358 142.00 0.207 1.280
174.75 0.371 1.580 181.50 0.285 1.422 185.75 0.221 1.362

i 3 U5 % B CDIF 55 1o A8 2 9 0 B B M 2%, 1AL 6 i o Bt 5 B2 A3 K, CDIF MR, i
AR RGN R . CDIF 5 R AR FR 56 A i IR 250 0 oK
1.2043+0.0681ge, 1075 <é< 1125

CDIF(EPSZS) = (5)
—1.4545+1.3641gé, ex112s7!

1.1966 +0.0651ge, 107 s™' <&<118s7!
CDIF(EPSZS) = (6)
—-0.0389 +0.6611g¢&, £>118s™!

1.1233+0.0411gé, 107°s'<é<12257!
CDIF(EPszo) = (7)
—-0.5837+0.8581g¢, £>12257"
i o R 2 g A AT A, 15 BN [R] 0 A8 22K 1Y CDIF, F) 2 2% i i 25 0 748 2878 (% g g -1 A8
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Fig. 6 Strain rate vs. CDIF for EPS with Fig. 7 Dynamic compression constitutive curve of
different densities EPS28 under constant strain rate
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Fig. 8 Rate-dependent loading/unloading stress-strain curves

Elastic parameters Plastic parameters
Poisson’s Modulus/ Density/ Plastic Stress/ Plastic Yield stress Strain
ratio MPa (kg'm™) Poisson’s ratio MPa strain ratio rate/s™
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Table 5 EPS28 material parameters based on LS-DYNA MATS7 model

Density/  Modulus/ Poisson’s  Tension cut-off ~ Viscous Shape Hysteretic E/MPa 5,

(kg'm™) MPa ratio stress/MPa coefficient factor unloading factor

28 6.213 0 1 0.1 10 0.1 0.36 169.23
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Fig. 11 Comparison of EPS foam FEA model
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Dynamic Compression Characteristics of Polystyrene Foam Materials
LEI Zhonggi', YAO Xiaohu', LONG Shuchang', CHANG Jianhu®>, WANG Haibo®

(1. Department of Engineering Mechanics, School of Civil Engineering and Transportation,
South China University of Technology, Guangzhou 510640, China;
2. Hefei Midea Refrigerator Division, Hefei 230601, China)

Abstract: The quasi-static and dynamic compression tests of expanded polystyrene (EPS) foam material
were carried out through a universal material tester and a drop-weight impact machine. The density and
loading rate effects of the dynamic compression characteristics for the polystyrene foam material were
discussed. By considering the density correlation, the empirical formula of dynamic constitutive relation
under constant strain rate was modified based on the drop-weight test data. The constitutive model of EPS
foam was established based on the material finite element models of MATS57, MAT163 in LS-DYNA, and
Low Density Foam and Crushable Foam in ABAQUS. By simulating the impact process of drop-weight and
comparing with the test results, it shows that MAT163 and Crushable Foam model can predict the dynamic
response and energy absorption performance better. The results verify the reliability of the dynamic
constitutive model. Meanwhile, it shows that these two specific material models have good applicability in
simulating the impact problem of EPS foam.

Keywords: polystyrene foam; strain rate; density; dynamic compression characteristics; constitutive model
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