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. 6 The quasistatic response of an infinite hollow' vibooeld I 4hdeF in berms of radial displacemend, strain 
and strew oomponentg is derived from the Wnduh&tata o-ponding to a time varying internal preasure by 
& n g  Fourier transform method and as g sfimcific example, the problem of an infinite hollow oylinder, 
made of eho& Bod d j e s & ~ & ~  aow&u& .iabeml pksure, has been solvd,analyti~~lfg. 

Analytical solutions for ;the uasist;ltiD rablema of viscoe~astic cylinders have been presented earlier. 
gf Lee', m d a  and Ch$isWse& usicg ~ r I l a c e  ttsniddw methal. The solutions for these problems 
are all based on the elastic-vimoelastic correspondence principle. 
; ' The present paper dea.&.dt% the solbtriol exptehded in the fom of dnsplacement, strain and stress 

components within an infinite hollow visqoelastic cylinder subject to time varying internal pressure. The 
ourior tramform methpd #hie4 has been psec here to abtain fhe solution, is considered more convenient 

'$r obtaining the quantitrrtiv@bhfion da'tbk firoblems *nccmiq visOoelastiit6aterials with the 
expressed as complex function of trequency. 

In polar cylindrical coordinates r,  8, z with axial symmetry the nontrival elastic equation of 
1 'idotion is given by 

where, q = u (r, t)is the radial displacement. Using Fourier transform method, the equatiofiis converted to 

where G=3'  (r; za), 9 being kindorm p s ~ i i a e h .  'Straid-$iepboernedt and shess-&rsin relation are given 
by 

where 
- 
i Transformed shear mdulw = p* ( iw )  

; 2 i!Crabsf6rmed ~dissod8 -r~tio: 

ij = ;, + = Transformed 1st invarient of strain 

S O L U T I O N S  F O R  D I S P L A C E M E N T  S T R A I N  A N D  S T R E S S  C O M P O N E N T S  

- I I l  

The solution for e i i  is obtained from (2) as 
- 
D i i = i j r + ,  (7) 



where the constants ij and Z) are determined from the boundary wnditions given by 
- 
U- (a, w) = P ( w )  or R (b, w)  = 0 - - (8) 

'a' and Ware internal and external radius respeatively. Using; (8) 
- 

On using (9) and (lo), equations (3), (4), (6) and (6) yieM solutions in tmnsfkmed form 

The solutions for an ebonite cylinder subject t o  canstant internal premam '&' cap be obtained in 
following manner, 

m 

$(@= 1 ~,H(t)e-~udr= ($), where H ( I )  = 1, t > o=. ; < 0 

determined by Lethersich and reported by Blanda 

v = constant Poisson's ratio 

By using the above relations and the Fourier inversion formula along with the table of Fourier t r a m  
forms4, the time dependent solutions for displacement, strain dnd stress can be obtained as . (r, t) = a, (r + S)  P (17) 

where 

a2 A sin n (1 + v) ( - v) i G I =  (@-.a) (la-'') 

* 
( - v) = Gamma function of ( - v )  

r b 
Choosing p = -, R = - , the displacehent and strain components can be expressed in non- 

a a 

dimensional form as 



Elimilsrly strain components are 

stress components are 

aa - ba 
am (r, t )  = - ( 62 - a'.$ - 7) fi I .. 121) 

N U M E R I C A L  C O i t f P U T A T I O N S  

b 
The geometry of the cylinder is such that - = R = 3. v = 0.014. Since the response is sufficiently a 

slow with respect to time calculation of radial displacement u*( p, t), strailgcomponents e*, (p, t) &I o*ee ( p, t) 
are performed at  different times between lC6 sec (approximately one day after loading) and 107 sec, and at 
different radial locations. The calculated results are tabulated in Tables 1, and 2. 

TABLE 1 

RADIAA DISPLAOEMENT U* CALUULATED AT D ~ E N T  TIMES AND AT DIPRERENT RADIAL POINTS 

8- OOMPONENT@ '*YY& '*BB , CALOrrLaTED AT DIWERENT TIMES AND AT DIPPBlBENT RABm POINTS 

- In the present problem which relates to the v k d s t i c  medium, it is seen that even though hhe loading 
is time-independent the response is time-dependent. This can be attributed to the dependence of the pro- 
perties of viscoelastic material on frequency on time. This time dependent strain or displacement is wued the 




