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1. Introduction

Many research scholars paid considerable attention in finding solution of thermoviscoelastic problems.Valanis (5) represented
his paper thermal stresses in a viscoelastic cylinder with temperature dependent properties.Muki & Sternberg(3), Morland &Lee(4
),Christensen(1) did sufficient work in this field. The problem of thermal stresses in an isotropic viscoelastic thin —walled circular
cylinder with temperature dependent has been considered by Lockett & Morland (2).On the basis of this theory,a perturbation
scheme using the thin walled approximation has been used which leads to a set of simpler

Equation .The response in dilation has been taken as elastic. In this paper we have studied on thermal stresses in a
viscoelastic tube assuming wall is thin.

2. Constitutive equations
The consecutive equations are taken as (if disturbance strain at t=0)

21 %éij (ﬁ): RO); (M)JFTR'(( -0 (X_f')df '

22 %ém(x,t)=z<{%w(x,4)—3aoé(x,c)},

T,{R(t)=0, vt(0},R'(t)

K
where R(t) is the shear relaxation modulus at temperature is its derivative and is the bulk
modulus .
We take the equation of heat conduction in the form

oT
2.3 kVZT (LJ): E(ﬁ) , Where k is assumed to be temperature —independent .

We take the bounding surfaces of the cylinder to be r=a and r=b (a<b), as cylindrical polar co-ordinate system (r,8,z),with
origin on the axis of the cylinder and the x-axis coinciding with the axis, taking the geometric ratio

b-a
24 h=——
a
And dimensionless radial co-ordinate X,
2
r-a Ir—a
25 X=——=——
b—a ah

then the cylinder covers the region O < X <1 .Suppose the cylinder is thin —walled,h<<1.Taking plane strain conditions(in the
r,0-plane) and radial symmetry , so that all field variable are functions of(x,t) only.The non-vanishing quantities are the radial

displacement k, radial and circumferential strainfr and/, ;radial ,circumferential and axial stresses ¢r,¢9and¢ , and the

prescribed pseudo-temperature 6. The strain-displacement relations are
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26/, =——,0, =——— where Uis the dimensionless displacement defined by
h ox 1+hx
u

27 U=—.
a

The single compatibility equation is

GE 0
_—h -
2.8 ” |:£r X(ng)}

The equation of equilibrium (in the absence of body forces and with quasi-static conditions),

2000 _ [% - (x4 )}

8

Then equation (2.1)and (2.2) becomes 3

-4, {x.5)=RO), —%}(x,g)+jR’(g—g’)@r —%)(X'g’)dgx

2.10 2

11 %{&r+¢39—2q3x}(x,g) = R(O){?r+?9}(x,g) + ER'(g_g'){ere}(x'g')dg',
2.12 %{(ﬁr +d,+9, }(x,g): k{%r +7, —3aoé}(x,g).

In (2.10), (2.11) & (2.12) using the Laplace transform and calculating for the individual stress components ,we get

A

213 39, (x,5) = :3k +SR(s)[7, (x,5)+ [3k - sﬁ(s)]?e(x, s)—9ka,8(x,0)

~

214 39, (x,5)= :3k —sR(s)[7, (x,5)+ [3k + sﬁ(s)]?r (x,5)— 9k, 0 (x,5)

= _3k-2sR(s) 7 = 90 ksR(s) =
215 4,(x.5)= 23k+sﬁ(s)_{;§r+¢9kx’ s)- 3k+sR(s)9( °

from (2.13) & (2.14),

216 §,(x,5)=sA(S)B, (x,5)+SB(5)7, (x,5)— 35C (s )ry O (x, S)

where

3k —2sR(s) B (5)= 4sR(s)k + SR(s)| o sC(5)= 6ksR(s)
3k +4sR(s) 3k +4sR(s) 3k +4sR(s)
From this we get A(g), B(g) & C(g) and, the convolution theorem defines A(g), B(g) & C(g)

to be solutions of a Volterra integral equation 4

2.17 sA(s) =

<

2.18 [3k +4R(0)]y(¢)+ 4I R'(c—¢")y(g")ds =3y(s)

0

where }/(g) is
2.19
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k—%R(g), for,y = A

/6) - 4R} 4 RORI)

2kR(¢), for,y =C

O Sy 1

R(@§Wﬂdﬁg}fmny=8

Also applying the convolution theorem to (2.16), we get

3, (x,6) = A0, (x.)+ ] Als — '), (x.6")ds"+ BIO, (x.¢)+ [ Bc — 5,

(06"~ 3, C(0)G(x,) + Jc'<g—g'>z<x,g'>dg}
0
3. Solution

The equations obtained do not exhibit the constitutive laws to be evaluated in reduced time while treating the remaining
equations in real time. This uncoupling is achieved in the iteration scheme. We take the maximum strain and maximum stress
divided by an instantaneous modulus, as a first order quantity ,is to matching powers of h in an expansion solution. Expanding f(x
1) in ascending powers of h, we have

31 f(xt)= FOt)+hf(x,t)+h2F @ (xt)+h* f O (x,t) + v +h" () + ...

Where f(x,t) may be a strain, stress, displacement or temperature.
Substituting the corresponding series in (2.8) and (2.9) and equating
5
equal powers of h from both sides ,we get
oY)
32 —%-=0
OX
0

(n+1)
T =S =022..
X

3.3

6x_

a¢§n+l) m O (n)
35 = - X in=012,...
oX s ax( %o )

/0

0

2o 09_0D() 40 g0(t)

If the stress boundary conditions are in the form
3.7 ¢r(x't) = _Po(t)' x =0

0
From (3.2) and (3.4), it is clear that ¢r are functions of t only , therefore

and

~P(t)x=1
Then from (3.6) and (3.1) Pl(t)— P, (t) must be of order h or similar .Thus if we write Pl(t) = PO('[)— hA('[) then
09"

= ¢6(?0) + Po (t) '

3.9 ¢ =0,whenx = 0;¢" = A(t),whenx =1

3.8 ¢r(o) =Ry (t)
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310 4" =0,x=0&x=1,(n=234,....)
6
provided F’0 (t) is the 1% order magnitude of the pressures applied to both the boundaries .

We get from (2.20) written in (x,t) co-ordinate

¢ (x,t)= j¢t o (Al ()= sl t)Jar

311 +B(0)/9(t)- jﬁ(g)(t’)g[B{g(x,t)— c(x,t')dt’ - 3¢,C(0)8” (x, 1)

3, [ 0°(6,) 2 [C )<

Integrating through the wall thickness, using (3 8) and (3.9) , we get

3.12 g _[f 8ﬂ tt
Where
a3 f(tt')= [ Bl t)- st

QO(x,t) = AOWO )~ [ 40t)

3.14

340 k)32, 0 1,) S Clx )<l e

Here Q(O)(X,t) is a known function and 9(0) (X,t) is the first term in the development of 9(X,t) as a power series in

. . . . (0) (0)
h.Equation (3.12) is a Volterra Integral equation of the second kind for ﬁe (t) we find 59 (t)

.
(0)(

then ¢

(0 (0) — _
X’t) using (3.11) and ¢X ¢r using (2.15) and (2.13).If we take Pl(t)_ 0 , then we have PO (t) - hA(t).

As such PO(t) is not of the first order and from (3.8).

O ()=
DISCUSSION
¢(l) (1)

' can be obtained by (3.8)&(3.9) and ¢ to within an arbitrary function of time. The remaining quantities can be find as

in the first iteration and so on. The only first order stresses are ¢5’ ¢Z and the maximum cross-section shear stresses at fixed

#2(

(x,t) is given by 2 [ Xt ] .The required

© P (t)/
stress is given by (3.11)and (3.12) with the ¢' (t)& PO(t) omitted from (3.13) and (3.14) with A(t) replaced by ’ h.
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