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Cyclic Inelastic Deformation Behavior of Solid Polymers and an
Application of the Modified Overstress Model to Polyethylene
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Cyclic loading tests were conducted basically under completely reversed strain controlled
conditions with a strain rate of 1.1X10% ~10* and a strain amplitude of 0.1 at 25°C for polyethylene
(PE), polypropylene (PP), polycarbonate (PC) and polyphenylen-ether (PPE). The experimental
results show that stress-strain hysteresis loops of such solid polymers have a different shape than
those of metallic materials. PE, PP and PC have a small acute angle between the tangents to the
loading and unloading branches and PPE has a boomerang-like shape. The viscoplastic constitutive
model based on overstress (VBO) has been shown to reproduce various experimental hysteresis loops
of most metallic materials but the original model is not so flexible enough to represent these shapes
of polymeric materials. This paper suggests a modification method, which enable the modeling of
hysteresis loops with a cusp applying to simulate the cyclic motion behavior of PE in extensive
experiments within the framework of the VBO model.
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Fig.'1  Experimental hysteresis loops for PE, PP, PC, PPE in initial three cycles of completely
reversed cyclic strain tests under a strain rate of £ 1.0X10% at 25 °C showing unusual
shapes of a rugby ball (PE), a propellar (PP), a boomerang (PPE) and a usual shape PO

quite different from the first quarter cycle.
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Fig. 2 Schematic showing the elastic constant &
and the tangent modulus F; and stress
contributions of stress o, the equilibrium
stress g and the kinetic stress f for the
overstress {I} and the isentropic stress
{4} in the asymptotic state.
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Fig. 3 Experimental data of PE at 20°C for the
determination of material functions and
constants in the VBO model : three
tensile curves at constant strain rates
and four stress relaxation data of 10° s
duration to estimate the equilibrium
stress g at the strains of 1/4, 2/4. 3/4,
4/4 cycles.
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Fig. 4 Determination of viscosity function for PE
at 20°C : (@) Relations of viscosity function
k vs. overstress I” with a parameter of
strains 0.01, 0.02, + - 0.1’ obtained from
three tensile curves at three strain rates.
(b) Schematic relation of viscosity control

function B8 vs. cumulative inelastic strain
".
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Fig. 5 Numerical hysteresis loop of stress o and
equilibrium stress g for completely
reversed cyclic loading with use of the
strain-dependent viscosity function 7]
B1 in the VBO model, showing great
discrepancies from the experiments of
PE at 20Cexcept the initial loading
stage.
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Fig. 6 Numerical and experimental stress-
strain hysteresis loops with numerical
loops of equilibrium stress g for
completely reversed cyclic loading of PE at
25°C. Numerical results were calculated
with use of the slope control function C
in the modified VBO model.
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Table 1 Material constant values used in this
study for PE at 25C

Equations Mat. Constnts Values
Eq.(1) E (MPa) 1480
7= 02
Eq.(2) A (MPa) 104
1 10
Eq.(5) E, (MPa) 110
D, (s) 967

Eq. (9
D, (s/MPa) 039
B 0016

Eq. (10) £, 1.0%x107

& 1.03
Eq.(13) A 20
Eq.(15) a 043
M, 067

_ Eq.(16)
M, 325
N, 14

Eq.(17)
N, 30

X6 PEDPHA B/ 4 VA 7 MZBiT HFERERLE
iE VBO E57 /& RWEERONRY ~Y. 3
DOOFTHBEEDTNOE AT U AL L VR
FHCEBREN WA, R BdEglT e biviz g
DOEFELHRE L TE0, X 3 OIS/ HAEFERFER T
FHILIZE AT Y VAR E ioTRY, 7B -

TERERE CIRE LT AIBRATI I 2R R IE
B GHRIBS IR Y R ) DIE L TR LRVEER L
2o TWNA.

4.2 WHEELE U AT L IERMAR REOLERN
KBR U O BHRIEOD/ NSV IR H K X REEIRE TD
WAL RTINET B 12D, OTHORERI LIC
ORI N X DR U AR % 2 L
T & DU ZAT T, TR, EBOUT Ik
BT L TR 2 RIS & O (CRRHETER C
CEBRC,, EREL, EOTHOWHERD O
REFH—ERC, NS EIEELMZ52ET
FEMERR LT 52 L aV%hoT. #1O—PTRT

—119 —

RS PRSI SEpNpEy

Fig. 7

Strain Rate 1.0 X 107°(1/s)
© Experiments

-Analysis

----- Equilibrium Stress

Numerical and experimental stress-
strain behavior of a cyclic strain
loading with increasing amplitudes for
PE at 25°C. Numerical behavior of
equilibrium stress g is also shown. A
restriction and a modification are considered
for C function in the model.
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Strain Rate 1.0 X 10°(1/s)
© Experiments

Analysis

------ Equilibrium Stress

Fig. 8 Numerical and experimental stress-

strain behavior of loading, unloading
and reloading for PE at 25 °C.
Numerical behavior of equilibrium
stress g is also shown. An updating
procedure is considered for C function in
this case.
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