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The previous monotonic compressive loading tests for high-density polymers including polyethy-
lene, revealed that the inelastic deformation behavior of these engineering plastics is remarkably rate
-dependent at room temperature. The viscoplastic constitutive theory based on overstress had
reproduced such deformation of the polymers successfully. In this study the overstress model is
applied to analyze the creep behavior of polyethylene beams at 25°C subjected to a linearly increasing
moment which is subsequently held constant. The numerical experiments show the significant
loading rate effects, illustrating that the stress distribution at the moment increase depends on the
moment rate. Such rate effects disappear with time when stresses are redistributed and reach
equilibrium stress curve. In order to verify the numerical results, four-point bending tests are
performed for polyethylene beams and the time-histories of curvatures obtained experimentally from
surface-strain measurements show a fairly good correspondence with the numerical results.
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Table 2 Equilibrium stress function g[e]
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Fig.2 Stress-strain curves and g function in monotonic
compressive loading tests® for polyethylene
rods used in this study

. Ny
7 =128 0dslon g1+ M2 e 16)

di:1.5y_iijw,»y_ff[6.-, 7:7]
+ﬂ70yy_;—f[o‘i, §i7] ........................ an

Lizhi> T, M 7 L T AERN16) Rai—
D BEATABRITORT o L THSHER
(17) % Ny fBRE SN 5, #RH, 82730 oM
) — ST, E—A Y N MOBEBEYRS 2T
(Ng+1) FED#EL—REMH> FHERA6), U7) &M<
TEihkB,

32 BRERIIFL Y OBNESE

3:2:1 HEAOMEEES L UMRESR  HiE
AR B LA BEOET - 7)) —7EBRTHW L EEE
HYVZFLVYIRBE0.95g/m®Dy 755 v 7
R WBR M TH Y, BT - EBROMHEE R
25°CELTwa, ZOFRFETFTTR2ERTELT &
HEDOITHABRT — 2O BN TEY, £V 57
Y¥—ya rREH»SMPOFEIE TR g bBRE R
NTW5B, TRODT —F b oMM b, KtEHIE
B B ARETBIENTES, BRELI g L BD
BHEEIE - EREER 2~ ITRL TS, £ E:
1200 MPa, XL TR WA oy K2 F R DT
lTHs,

3:2:2 MR SEIO#EFC BV TR, B
Wi D OXFRETTE & 10 sSOEMLL, 11 JC DL H M
SHBERXEB O TS, S I Bulrish-Stoer

Table 3 Viscosity function #[o—glel, Ble]]

A0
klo - glel Blell=c, CXP{AO "mX}
X =0-gle]
C,=1.0(sec), A,=773, D,=1.0(MPa)

Table 4 Viscosity control function Ble]

(Ulc + Uzc)' B,
& -2

Uy, = (gr - 2)'(]UC| - !Vr‘)

Uy = (14 - (4 )"

Ble]=E, e+

U‘=R|‘+Ro<’£ chRlc_R()c's
G (E.—E,)

Bc= < = <€ i
2R, R 2.B.-(1-(1+R. ™)

E,=383(MPa) . E, =6.1(MPa)

G, =23.5(MPa) » £, =25, Rl =0.1

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi neers

HEER Y AV O 7 ) — TR ERRE

1925

EHO A, FERAEMBEES 107 E L. &
TABOMBEEFES IR LI, Y RO EAER
w: 1X 30 U7 TRY, BEEHEIT LT TENCH
BORBEIE LI L 2HRL Tw5, BEmITERIT
KOWARTIT—AWCODLTEBLE, EELT
Case 1,2 MO AMHEEDOXNE %, Case 31T B
VNV DHERFARLZE2HBME LTV S, #ITH
HORFHREENZ 10°s(11~12 HED & L7,

33 BITHRoEE B3 I BERYTS 7 — R
DE—A> b EHEOBFREEMRITERTRLTY

Table 5 Positions of Gauss points

Gauss Point (S) S1 S2 S3 S4 S5
V.=y./h 0.013 10.067 |0.160 | 0.283 | 0.426
S6 S7 S8 S9 S10
0.574 10.717 [0.840 | 0.933 | 0.987
Ay
S10
h
L.
*-S1
h
b=h
. —

b

Table 6 Loading conditions of numerical experiments
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Fig.3 Moment-ratio vs. curvature-ratio for cases 1, 2,

and 3
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Fig.4 Stress vs. strain at the Gauss points with
g-function for cases 1 and 2
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Fig.5 Time-histories of stresses and curvatures for
cases 1 and 2
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Fig.6 Experimental beam bending bending model
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