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Determination of Pressure-Dependent Yield Criterion
for Polymeric Foams

Y. Kim and S. Kang

Abstract

In addition to lightweight and moldable characteristics, polymeric foams possess an excellent energy
absorbing capability that can be utilize for a wide range of commercial applications, especially in the
crashworthiness of the automobiles. The purpose of the present study is to develop experimental
methodology to characterize the pressure dependent yield behavior of the energy absorbing polymeric
foams. For the compression test in a triaxial stress sate, a specially designed device was placed in a
hydraulic press to produce and control oil pressure. For the test material, the polyurethane foams of two
different densities were used. The displacement of the specimen, the load subjected to the specimen, and oil
pressure applied to the specimen were measured and controlled. Stress strain curves and yield stresses for
the four different oil pressure were obtained. It was found from the present experiments that the
polyurethane foams exhibited significant increases in vield stress with applied pressure or mean normal
stress. Based on this observation, a yield criteria which included the effect of the stress invariant were
established for the polymeric foams. The obtained experimental constants which constituted the
pressure-dependent vield criterion were verified.
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Fig. 1 Sress-strain curve for polymeric foams associated
compressive loads
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Fig. 2 A schemetic of experimental apparatus

Fig. 3 The shape of the specimens
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Fig. 5 The variation in the stress-strain curve of the E-175
under the oil pressure as designated in the graph
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Fig. 6 The variation in the stress-strain curve of the E-35
4P3 under the oil pressure as designated in the gr
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Table 1 J; and J," of E-175 with oil pressure

p 0 kPa 30kPa 50kPa 60kPa
Ji[Pa] -80710 | -166880 | -246550 | -281210
TP | 882x10P | 1.97x10 | 3.11x10° | 341 X 10°

A J2(Pd’)
3.5010°

2.5610°
1.5¢10°

0.5010°

300 -250 200 -150 -100  -50 Ji(kPa)

Fig. 7 The least square fit for the data in table 1
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Table 2 ) and J," of E-354P3 with oil pressure

D 0 kPa 50kPa 100kPa | 150kPa
Ji[Pa] | -270500 | -440390 | 610770 | -786460
T2 [P’ | 244%10° | 281 x10°| 322x 10| 3.77 % 10"
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Fig. 8 The least square fit for the data in table 2
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Fig. 9 The stress-strain curve of E-175 under the

oil pressure of 40 kPa
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