Aplikace matematiky

Zdenék Sobotka
Two-strip rheological model for simple orthotropic viscoelastic bodies
Aplikace matematiky, Vol. 11 (1966), No. 3, 238-241

Persistent URL: http://dml.cz/dmlcz/103021

Terms of use:

© Institute of Mathematics AS CR, 1966

Institute of Mathematics of the Czech Academy of Sciences provides access to digitized documents
strictly for personal use. Each copy of any part of this document must contain these Terms of use.

This document has been digitized, optimized for electronic delivery and
O stamped with digital signature within the project DML-CZ: The Czech Digital
Mathematics Library http://dml.cz



http://dml.cz/dmlcz/103021
http://dml.cz

SVAZEK 11 (1966) APLIKACE MATEMATIKY CisLo 3

PREDBEZNA SDELENI]
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ORTHOTROPIC VISCOELASTIC BODIES

[PRELIMINARY COMMUNICATION]

ZDENEK SOBOTKA

(Received November 30, 1965.)

The complexity of the two-dimensional rheological behavior of anisotropic visco-
elastic bodies needs, in some cases, a special representation. Therefore, the author
has introduced the two-dimensional rheological models, of which the two-strip model
on Fig. 1 for orthotropic viscoelastic bodies is the most simple. It consists of the Hooke-
an elastic zone H and the Newtonian viscuous zone N. In the direction of the x-axis,
it behaves like a Kelvin solid and in the direction of the y-axis like a Maxwell liquid.

The stress o, is decomposed into
i M % the component ¢, acting in the
0, elastic zone and into o,, acting in
—] the viscous zone.
e The normal strain rates at the

plane-stress state are given by

———— de 1 /do,, do
1) == (22 ) =
™ dt EX< dt ’ dt>
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de 1 /do do
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Fig. I. Two-Strip Rheological Model for a Viscoelastic 1
+ — (oy — vyaxz) s
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where 1, A, are the coefficients of normal viscosity,
Uy My, the elastic Poisson ratios,

v, v, the viscuous Poisson ratios.

238



Introducing 6, = ¢, — o, into (1),

do,, E, E. do,
4 gy = (0, — v0y) + py -
t

) dt A

x X

and hence

‘TE d
(4) Ox1 = e (Extl2) = (Gx - vxay) + - "g“'} ef>tlt= de + Oriop -
ol A« dr

Substituting (4) into (1) and performing the integration, one obtains

(5) e = o~ (Ext/ix) ‘o, — ) + &(}f_y oExtlix o 4 Oxi0 | _ ﬁ{a
* AN E, dt E, E, "

i.e.

t
(6) g, = e (Ext/A) {J v}_]* [0 — (s + v)0,] 5> dr + f{,g_o} ,

0 7x x

which also represents the solution of the following first-order linear differential
equation ~
de,

(7) j'x 7d7ﬁ + Exgx =0, — (.uv + v.r) O.y s
1

corresponding to the rheological equation of a Kelvin solid.

Introducing
(8) o = E&, + uo,,
obtained from (1), into (2), one obtains, after integration,
— t
9 &= 1= ity o, — HEs & + 1 [(t + pev))o, — vo, + v.Ee ] dr.
E E L) v

y y
After substituting from (6), this equation becomes
(10)

I — E,. _ ‘1 5
g, = Haly o, — HyBx = (Extin) {J T [o. = (1. + v.)o,] "~ dr + ‘f;lo} +
0 “x

y y x

1 (" : 1

+ "“I <(1 + pv,)o, — vo, + vE, f-’*(c"t“"){f 1 [0, = (e + Vo) 0,].
x oJ 0 0 *x

cebxtix gr 4 Txtol) g
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From (7)

(11) o, = E.e, + ix%‘ + (e + v oy
t

introducing this into (9) yields after differentiation,

(12) do, (L= vw)E, o, = B ey | (B wA) de .
dt (1 — pepy) 4, 1 — e, | dt E, 4, ) dt

corresponding to the rheological equation of a Maxwell liquid; hence

E ¢ )
(13) o, = e Gyt ) Ty 9& + &E + Ly& di‘ eSOt dr + Oyop s
’ 1 — ey Jo L de E Ay ) drt

¥

, E, WA
(14) o, = —— ,:8), + </‘yEx " ‘y’x) F'x] —

1 — E, A

xHy y y

2 . t
_ ( Ey ) [ — VVy e~CytJ‘ [Ey + (:uyE.\' + %) gy] eCyt dr + 0,0€ —C,.t’
I — pen, 2 0 E, Ay :

Ly

where C, = (1 — vv,) EJ(1 — p.u,) 4, is the reciprocal relaxation time.

Substituting (14) into (11) yields

(15) o, = Ee, + (e + v) E, e + WE; | vy e |+ A, de, _ (s + 7).
1= ppu, E A d

y 'y
E 21—y, _ ! L E. v, .
) ¥ . xVy e Cyt e, + 'IJ,A 4 £, eCyr dr + 40 ev(,,\-t.
1 A o E, Ay

= HiHy ‘y

The assumption of full compactness of the two-strip model yields, for the sym-
metrical shear stress and strain, the following expression

Ery
(16) 0, =0, =Ge, + 1 d—t‘ .
If however, the vertical boundaries of the model on Fig. 1 are free to deflect, the body
behaves at the vertical shear like a Kelvin solid and the shear stress o, is given by (]6);
for the horizontal shear, the equation of the Maxwell liquid is valid
do, G de,,

17 LIS a0, = G
(17) ot 5
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from which

t
(18) o, = e (1M <j G ey e Mdr + ny0> .
0

dr
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