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Modification of Isotropic Hardening Model and Application of Kinematic Hardening
Model to Constitutive Equation for Plastic Behavior of Hydrostatic-Pressure-Dependent
Polymers

by
Yukio SANOMURA"  and Kunio HAYAKAWA"

Hydrostatic pressure dependence of the mechanical behavior of polymers is studied by three constitutive modeling, in which
the yield surface is described by the first and the second invariant of stress and the nonassociated flow rule satisfies the
incompressible hypothesis.  An interna variable theory of rate-independent plasticity is presented, which incorporates isotropic
hardening and kinematic hardening. Both evolution equations of isotropic hardening variable and hydrostatic-pressure-dependent
variable are formulated and the previous model is modified. The predicted results of the model are compared with the
experimental ones of uniaxial tension and compression obtained by Spitzig and Richmond under high pressure.  Another plasticity
constitutive equation with isotropic hardening modd is derived from assuming a different yield function which also expresses the
hydrostatic pressure dependence. The predicted results of the model are compared with the experimental ones of torsion obtained
by Silano et. a under high pressure. Findly, plasticity constitutive equation is formulated by the application of kinematic
hardening theory to hydrostatic pressure dependence. The predicted results of the model are compared with the experimental ones
of reversed torsion under high pressure and compression after tension obtained by Kitagawa et. d.

Key words: Plastic constitutive equation, Polymer, Hydrostatic pressure dependence, Nonassociated flow rule, Isotropic

hardening, Kinematic hardening

o o 0

000000000000000000000000
000000D000000000000000 Y000
000000D00000000000000O0 000
000000000000 0000000000000n
0000000000000000000000000
0000000 200000000000000000
000000000000 0000000000000n
000000 MisssDOOOOOOOOO0DOOO0OOO
0000000000000000000000000
00D ¥0000000000D000DoOoonoo;
00000O0D0000O00O

gbbobooobooboobobobobboboo

gboobooobobbooooooooobobooonoo
O00000D0000 00000000000000
gboboboobobbooooooooobob 1000

oooooooooobobooooooooomobooooo

O00000D000000000000 000000
gboboboboobobbooooooooobobooonbo

000000000000000000000000 1
0000000000 200000000000000
00000000000 DO000DODOO0OO0ODOOOD
0000000000000000000000000
0000000000000000000000-000
00000000000 DO000DODO0O0ODOOOO
0000000000000000000000000
0000000000000000000000000
OODDO0 Spitzig O Richmond DO0ODOO 7’0000
Silenc®0 0 0000000000000 DOODO0OO
0O PCOO0ODOOODOOODDOOOODOOOOO
oooood
000D00O0D0D000DO0 MRudnickid Riced O
0000000000000000000000000
00000 20000Nemat-Nasser 000000000
00000000000 DO000DODOO0OO0ODOOOD
00000000 ©Y0oooo0ooD0oO00D0oDoooo
0000000000000000000000000
00000000000 DO000DODOO0OO0ODOOOD
00000000000 DO000DODOO0OO0ODOOOD

0o Ooooo oo O O 0 Receved

* 000 000000000000 0194-8610 000000 0O 6-1-1,Dept. of Mech. Eng., Tamagawa Univ.,Machida, Tokyo,194-8610
*»* 000 000000000000 04328561 00000 3-5-1,Dept. of Mech. Eng, Shizuoka Univ.,Johoku,Hamamatsu,432-8561



000,532 (2004-2), 000

O0oooOooOooo

000000000000000000000000
0000000000000000000000000
000000000000 0000000000000n
0000000000000 HDPEODOODOODOD
PCOOODOODOODN SpitzZigd Richmondo OO OO 7
00000000000 00000000000000n
00000000000 00000000000000n
0000000000000000000000000
00000000000 Slane00O00O00 20000
00000000000 00000000000000n
0000000000000000000000000
000000000000000O0O0OOOOOOOO
POM ODOOO0CODODOOCOD ®¥¥ogoooooO
000000000000 0000000000O

ooDOooOoOoooo

00000000000 000000,000000
000000000000000000000000 ¢
0000000&;000000¢,000000000
ooooooo

g; =€+l @

OO0O0O00O0D00O HookeOOOOOOOOODOOO

1+v v
;= g _Eakkaij 2

& =~ %

00000000 EQvO0000000D000000
000000D0000000000000000 Edvy
ooDoOooDooo ®o
21 0DO0O0OOOOOOO

00000000-0000000000000000
00000000000 00000000000000
00000000000 00000000000000
0000000000000000000000000
ooooooong

Figl 00000000 D0OO0OD0O00D0O000O00O-0
0000000000000000000000000
00 LO0O0D00D00000 00000000000
0000000000D0-00000000000000
000000000000 0000000000000n
0000000000000000000000000
ooooooo

0000000000000 000000FRg2000
0000000000000000000000000
0000000000000000000000000
000000000000 0000000000000n
000000000000 0000000000000n
000000D000000000000 A000000
000000AIO00DD0ONONONDDNOONDDNONOOD
oo

k=Cy (k" -k)EP (3a)

2/7

1© |
A k'1(1-23 7) Compression
Kk* Tension
A
2B kI(1-2B )
kol (1-2B o)
’ k . .
2B k(1-2B )
a—"’ T " -

&7
Fig.1 Schematic illustration of tension and compression.
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Fig.4 Tensle and compressive stress-strain curves a various
hydrostatic pressure.
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Fig.7 Identification of isotropic hardening model and
kinematic hardening model with experimental results of shear
stress-strain curves at various hydrostatic pressures.
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