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C R E E P  O F  AN I C E  C O A T I N G  L Y I N G  U P O N  A H Y D R A U L I C  

F O U N D A T I O N  U N D E R  T H E  A C T I O N  O F  A C O N C E N T R A T E D  

F O R C E  

V. M. A l e k s a n d r o v ,  L.  M. M o n o s o v ,  
A.  M. T s y b i n ,  a n d  A. A.  S h m a t k o v a  

UDC 624.131+539.215 

We consider  an infinitely thin plate under cylindrical  quasistatic inflection conditions lying upon a hy- 
draulic  foundation, i.e., a layer  of viscous liquid of finite depth. The plate mater ia l  is incompress ible  and such 
that the intensity of the deformation rate deviator  and the s t r e s s  deviator are related by a power dependence. 
Such relat ionships are  often used to descr ibe  the s t r e s s - d e f o r m e d  state of construct ions of ice under conditions 
of developed steady state creep.  In the case of plate inflection by a concentrated force  asymptotic express ions  
are  found for  deflection at short  and long t imes.  The solutions constructed make it possible to find the depen- 
dence of the deflection of an ice coating upon time as found in fu l l -sca le  studies.  

1. Formulat ion of the Problem.  We will consider  the case of cylindrical  inflection of a plate of thickness 
h, lying upon a layer  of incompress ib le  viscous liquid of finite depth H (Fig. 1). The inflection is accomplished 
by- a concentrated force Q. To pe r fo rm experiments  on ice covers  a special  ice-cut t ing apparatus was used, 
weighing 2.5 tons, about 7 mlong, with a bearing surface of 0.13 m 2, and additiona! load weights f rom 2 to 30 tons. 
The thickness of the ice plate h = 0.25-0.35 m, with the thickness of the liquid layer  H = 10-16 m. 

We assume that the plate mater ia l  can be descr ibed by Glen's law, which assumes  a power relationship 
between the intensity of tangent s t r e s s e s  and the deformation rate [1], ~ = Bo b, where B and b are  a coefficient 
and the c reep  index (greater  than unity). In solving the problem we will use the steady state creep equation, 
i.e., the p la te ' s  deflection should increase  l inear ly  with time. In reali ty,  because of the interact ion between 
the plate and the base its deflection proves  to depend nonlinearly on t ime, but the l inear t e r m  is the main one 
at both shor t  and long relat ive time intervals .  

The deflection of the plate can always be expressed in the form y = Ye + Yc, where the te rm Ye considers  
elastic and plast ic  deformations which develop pract ica l ly  instantaneously upon load application, while Ye de-  

Moscow. Leningrad. Translated f rom Zhurnal Prikladnoi Mekhaniki i Tekhnieheskoi Fiziki, No. 3, pp. 
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Fig, 1 

scr ibes  the deformation which resul ts  because of creep of the mater ia l .  Considerat ion of the f i rs t  t e rm Ye as 
compared to the developed creep deformation Ye is unnecessary ,  only complicating the problem without affect-  
ing the resul t .  Neglect of elast ic  and plastic deformation components with respec t  to well developed creep is 
a general ly  accepted approach. 

We will model the hydraul ic  base by a viscoelast ic  Winkler base. Then the react ive  p r e s s u r e  acting on 
the plate f rom the direct ion of the liquid will be descr ibed by [2] 

p = ly  -{- m y .  (1.1) 

The problem of inflection of the plate with gradual hardening leads to a fourth o rde r  differential equa- 
tion [3] 

P = K[(v")~]", v = y. (1.2) 

Compar ing  Eqs.  (1.1) and (1.2) we find that for a reas  of the plate not acted upon by the concentrated force  
a solution must  be found for  the differential  equation 

g @ ' ) . ] "  + m~ + Zy = 0 (1.3) 

for  zero  initial condition YIt=0 = 0 with the fur ther  condition that the deflection and its f i rs t  derivat ive vanish 
at infinity 

y(_+c~) = O; (1.4) 

y'(___~) = 0. (1.5) 

In Eq. (1.3) the coefficients K and p charac te r i ze  the rheological  proper t ies  of the plate mater ia l  and are  
related to the rheological  constants in Glen's law: p = l / b ,  K = gDp, where Dp = B-Pb] z +2/2~(2 + p) c o r r e -  
sponds to the r igidity of the plate with respec t  to inflection under s teady state creep conditions [1]. 

The coefficient m cha rac te r i zes  the res i s t ance  to flow of the liquid beneath the plate due to increase  in 
t ime of the plate deflection, i.e., it cha rac t e r i ze s  the v iscous  proper t i es  of the Winkler base. Despite the slow 
increase  in creep deformation of the plate, we feel that considerat ion of the base viscosi ty  is significant, since 
it permi t s  sat isfact ion of the conditions at infinity, Eqs. (1.4), (1.5). It is assumed that for  a relat ively small  
depth tt (since the exper iments  were per formed in shoal waters) the coefficient m is inverse ly  proport ional  to 
the magnitude of tt and direct ly  proport ional  to the liquid dens i typ  and its v iscosi ty  ~. Thus m = ~p/H.  For  
g rea te r  depths m in general  ceases  to depend on H; some other  dependence of m on H does not change the e s -  
sence of the problem but affects only numer ica l  resul ts .  Finally, the quantity l in Eq. (1.3) is the bed coeffi-  
cient of the Winkler base l = p g, where g is the accelera t ion of gravity.  

At the origin of the coordinate sys tem the solutions of Eq. (1.3) for posit ive and negative x values must  
coincide, which implies absence of a discontinuity in the bending moment and equality of the discontinuity in 
t r a n s v e r s e  force to the specified force Q. Thus 

(y' )~I+o - -  (y")~ I-o = 0; (1 .6 )  

K{[(y")~]'l+0 -~- [(y")~]']-o} = Q. (1.7) 

We note that the condition y'  ]x =0 = 0 in the l inear case (p = 1) is automatical ly satisfied, while in the non- 
l inear  case (p +~ 1) its sat isfact ion is incompatible with sat isfact ion of the more  important  condition (1.6). 

We will const ruct  a solution to the problem of Eqs. (1.3)-(1.7) for  re la t ively small  t imes t in the form of 
an asymptotic  expansion in powers of t: for relat ively large t imes  the solution for y consis ts  of a l inear  ag- 
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g rega t e  in  t i m e  and an a sympto t i c  s e r i e s  in  p o w e r s  of s o m e  exponen t ia l  which v a n i s h e s  as t - -  ~ .  Both solu- 
tions a r e  applic~tble for  m o d e r a t e  t ime  va lues ,  so that  t oge the r  they e n c o m p a s s  the e n t i r e  t i m e  r a nge  t ~ (0, ~) .  

2. S h o r t - T e r m  Solut ion.  We wil l  s e e k  a so lu t ion  of Eq. (1.3) i n  the f o r m  of a s e r i e s  

Y = ~ Y~t~" (2.1) 
h = l  

We wi l l  f i r s t  l i m i t  o u r s e l v e s  to two t e r m s  of the expans ion .  Subs t i tu t ing  Eq. (2.1) in Eq. (1.3) we a r r i v e  at a 
s y s t e m  of two n o n l i n e a r  o r d i n a r y  d i f f e r e n t i a l  equa t ions  in y l  and Y2: 

- t,, 2 " 1 ~ - - 2  ~tyi'~ (y~),-1 § p, (~ __ 1)(Yl  ) (Yl) § ~y l /K .  = 0, 

y~ (y,~ ~ § (it - -  1) (~ --  2) LYe)" tYl) Y', -t- 2p. [(~ - -  1) IV "~.-.~ ,," ' "~" ' "~.-~ " - -  

y~ ] § 2 m y J K  + Iy l /K  = O. + 2 (~ - ~) v~ (uO - -  v ,  + (y~) ~-1 ~v 

One of the  soluti:ons of Eq.  (2.2) val id e v e r y w h e r e  but the point  x = 0 i s  

where  

(2.2) 

(2.3) 

yx A(Ixl § C) , (2.4) 

a = 2(t + }0/(1 - -  ,L0, ~z > 0; (2.5) 

= [4KILt (1 + 3~) (1--9) 2 " 

Subs t i t u t i ng  Eq.  {2.4) in  Eq.  (2.3), we f ind  an  equat ion  for  d e t e r m i n a t i o n  of Y2 

a IV --  3 ~" igx 2. " - -  A l y  2 = A2x-~a, xly2 ~ 8xly2 + - lYz ~ (2.7) 

A l = - - 8 ( t + ~ ) ( 3 + ~ t ) ( l  + 3 ~ ) / ( 1 - - ~ ) ~ ,  A I < 0 ,  x l = x + C ,  A 2 = - - I A A 1 / 2 r n .  

Below we wil l  omi t  the s u b s c r i p t  of x. F r o m  Eq. (2.7) the E u l e r  equat ion  [4] 

4 

y~ = x -i/2 ~ C~x"~, ai = 5/4 =i= (1 - -  Aj)  I/~ (2.8) 
i = l  

i s  homogeneous .  A spec i f ic  so lu t ion  of Eq. (2.7) has  the fo rm 

y~ = - -  l A x - ~ / 2 m  (1 -- ~). (2.9) 

The p r i n c i p l e  involved  in  c r e a t i n g  equa t ions  of the f o r m  of Eq. (2.3) with an i n c r e a s e d  n u m b e r  of t e r m s  in 
Eq.  (2.1) i s  s i m p l e .  Thus ,  fo r  the k - th  t e r m  of the expans ion  of s e r i e s  (2.1) 

a , , , l , .  , , , ,  ,, ' ,  . ,  , , ,  . i v  
v,~ ~ a Yk) + m y d K  = - -  lyh_l /kK + F~ (y, . . . . .  Y,~-~; Y~ . . . . .  Yk-x, Y~ . . . . .  y~_V); (2.10) 

= ~ ( y ; p - ~ .  ( 2 . 1 i )  

F o r  example ,  if k = 3 then  

r '~ - - 1  z u 2 I' - - i  
= § Y~Y~ ]. F~ (--2/3)(~--2){[~'[yl) ] (w) § '} §  ][(y~')~ - ~v 

F o r  equa t ions  oJ~ the f o r m  of Eq. (2.10) we have homogeneous  E u l e r  e q u a t i o n s , t h e  so lu t ion  of which is  g iven  by 
Eq. (2.8). Knowing the f o r m  of the r igh t  s ide  for  each app rox ima t ion ,  we can  wr i t e  f i r s t  the p a r t i c u l a r  so lu t ion ,  
then  the g e n e r a l  one.  

We wil l  now t u r n  to d e t e r m i n a t i o n  of the c ons t a n t s  a p p e a r i n g  in  the g e n e r a l  so lu t ion  of the  p r o b l e m  for  
sho r t  t i m e s .  We will  aga in  l i m i t  o u r s e l v e s  to two t e r m s  in  the expans ion  of Eq. (2.1). The so lu t ion  i s  then  
g iven  by Eqs .  (2.4), (2.8), (2.9). We wr i t e  va lues  for  a i (i = 1 . . . . .  4) a ppe a r i ng  in  Eq. (2.8): 

a I = (~  § t / 2 )  > 0, a2 = - - (a  + t/2), a 3 = iBx,: 

a4 = - - iBx ,  Bx = (a 2 + a - -  9/4) '''~ > 0. 
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Cons ide r i ng  only the r ea l  component ,  we obtain  

y~ = clx~ + C~x-(~+~) + C~x-1/~ cos (B1 ~n x). 

The condi t ion at inf ini ty  p e r m i t s  the conc lus ion  that  C~ = 0. The gene ra l  solut ion for  this app rox ima t ion  
is then given by: 

y = Ax-~t  ~- [C~x-(l+a) + C~x-1/2 cos (B x In x) --  IAx-~/2m (t - -  IX)] t 2, 

x = i x l + C .  

H e r e  the cons tan t s  C, C2 ~ and C~ a r e  defined by the boundary  condi t ions  

C = [2mA/Q(c~ - -  t)]~/(~-I), 

C~ = (lA/m) [IX (t + IX)/(t - -  IX) tt + 3~)1 C § [(1 --  IX)2/2 (t § 3IX)] • 
g'~l  f t  f , 1 / 2 + ~  X [(i/2) cos (B 1 in C) ~- B 1 sin (B I la ~jj ~a,~ ., 

C~ = - -  C1/2-~D1 [~ (1 + a)l(a --  t)1 {[2 + a (t + a)/(a --  1)1 • 

• [(1/2) cos (B1 In C) + B 1 sin (B1 In C ) ] -  (a - -  i) (cr + 2) cos (B 1 In C)}-1,: 

D1 = -- lA/2m (1 - -  Ix). 

I n c r e a s i n g  the n u m b e r  of t e r m s  used in Eq. (2.1) and ana lyz ing  the so lu t ions  obtained in a m a n n e r  s i m i l a r  
to tha t  used fo r  the p r e v i o u s  approx imat ion ,  it i s  s i m p l e  to e s t ab l i sh  the r e l a t i onsh ip s  between the cons tan t s  
fo r  the  p r e v i o u s  and next app rox ima t ions  at any s tep  of the so lu t ion  p r o c e s s :  

C~ = C~-~Dh/Da_t, Cha = C~-~Dk/Dk_l, k = 2 ~ . , .  

We note,  f o r  example ,  tha t  at  k= 3, D 3 = /2A/6m2(1 - p ) ,  at k =4 ,  D 4 = -A/3(2  + a)[1 + ( a -  2 )2 /16 ] /96m 3. 

3. L o n g - T e r m  Solution.  We will s e e k  a solut ion of  Eq. (1.3) in the f o r m  of a s e r i e s  

Y = Yo -~ ]o t + ~ ]~ exp (-- kRt),  R = const > 0. (3.1) 
h = l  

Since Ylt=0 = 0, then 
cr 

Yo = --  Y./k. (3.2) 

We will c o n s i d e r  the f i r s t  approx imat ion .  Let  

y = go  -~ lot + [1 exp (--Rt).  (3.3) 

Subst i tut ing Eq. (3.3) in the o r ig ina l  equat ion (1.3) and in t roduc ing  the notat ion of Eq. (2.11), we obtain  

(al'~')' + m/olK -- - -  lyo/K; (3.4) 

(a]~" + a']'~)' + (Rm --  l) ]I /KR = (l]ot/KR) exp (Rt). (3.5) 

We will i n c r e a s e  the n u m b e r  of  t e r m s  in expans ion  (3.1). Let  y =Y0 + f0 t + fl exp( -Rt )  + f2 exp ( -2Rt ) .  We then 
a r r i v e  at  a s y s t e m  of t h r ee  equat ions  for  d e t e r m i n a t i o n  of  f0, fl, and f2, with f0 and fl being found f r o m  Eqs .  (3.4), 
(3.5), r e s p e c t i v e l y ,  while for  f2 

(a]~ -{- a'];)" -{- (m/K - -  1/2gR) i2 = [n (IX --  2)/4] {[a' (]g)-x], (][), + 

[(tl) ~+ tjIVl. (3.6) A- 2 [a' (];)-11 [(/~')~]'} + (1/2)R (IX - -  t) [a(/;) -11 ,,2 

The homogeneous  equa t ions  for  Eqs .  (3.4)-(3.6) a r e  the s a m e  as in Sec.  2 - E u l e r  equa t ions  with known so lu -  
t ions  [4]. F o r  each  approx imat ion ,  knowing the f o r m  of the r igh t  s ide  of the equation,  we wr i te  the p a r t i c u l a r  
solut ion,  then  de r ive  the gene ra l  one.  

We will now tu rn  to d e t e r m i n a t i o n  of the cons t an t s  appea r ing  in the  gene ra l  so lut ion fo r  the c a s e  of  l a rge  
t i m e s .  We will  l imi t  o u r s e l v e s  to the expans ion  of Eq. (3.3). Then 

k 

u = (Yo + h) + (1o- RI1) t + I1 :E ( -  m)"/nt -=3 (3 .7 )  

We in t roduce  the notat ion:  
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F0 = Yo + ]i,  F1 = ]~ - -  M~, F~ = R2/r72 . . . .  , Fh = (--i)hBk]iTkl 

We e x p r e s s  f0, f l ,  and R in t e r m s  of F 1, F2, F3: 

]0 = F1 - -  (2/3) (F~/Fs) ,  II = - -  3F3/F~, ~ ]1 = (2/9) (F~/F~).  

In g e n e r a l ,  f o r  k _ 4, F k = (3/k) ( F J F 2 ) F k _  1, 

On the  b a s i s  of Eq.  (3.2) we conc lude  tha t  F 0 = 0. C o m p a r i s o n  of E q s .  (3.7) and (2.1) p e r m i t s  the  c o n c l u -  

s i o n  tha t  F 1 = Yl, F2 = Y2, F3 = Y3" E x p r e s s i o n s  fo r  Yl, Y2, and Y3 w e r e  p r e s e n t e d  in  Sec .  2. Thus 

y = (F1 @ 2 m F J l ) t  + It - -  exp ( - - I t ' /m)]2m2Fj l2 ,  

Fi  = A x - %  F~ = D x  -c' + C~x -(~+i) + C.~x -1/'~ cos (B1 In x). 

Thus ,  knowing the  s o l u t i o n  os the p r o b l e m  f o r  s m a l l  t i m e  v a l u e s ,  the  so lu t i on  for  l a r g e  t i m e s  can  be w r i t -  
t en .  The  s t u d i e s  c a r r i e d  out  in  S e c s .  2 and 3 p e r m i t  the  c o n c l u s i o n  tha t  we have d e t e r m i n e d  s o l u t i o n s  of  non-  
l i n e a r  equa t ion  (1.3) va l id  fo r  any m o m e n t  of  t i m e  and c o n v e n i e n t  for  p r a c t i c a l  a p p l i c a t i o n s .  

4. F u l l - S c a l e  S t u d i e s .  The  e x p e r i m e n t s  w e r e  p e r f o r m e d  on the i ce  coa t ing  os one of the  a r c t i c  s e a s  of 
the  USSR. The  p r e s e n c e  of a f r e s h  w a t e r  s o u r c e  and low a i r  t e m p e r a t u r e s  a l lowed  c r e a t i o n  of  i ce  c o a t i n g s  of 
v a r i o u s  s a l i n i t i e s  and t h i c k n e s s e s .  P r e p a r a t i o n  fo r  the  e x p e r i m e n t s  invo lved  c r e a t i o n  of a s t a b l e  i ce  coa t ing ,  
and d e t e r m i n a t i o n  of the  t e m p e r a t u r e ,  t h i c k n e s s ,  s a l i n i t y ,  and t e x t u r e  of the  ice  in the  v i c i n i t y  of  the  c o n t r o l  
a r e a .  The  d e f l e c t i o n  of the  n a t u r a l  i c e  coa t i ng  wi th  t i m e  was  d e t e r m i n e d  by s i m u l t a n e o u s  s t e r e o p h e t o g r a m -  
m e t r i c  and c ine  p h o t o g r a p h y ,  and u n d e r w a t e r  p h o t o g r a p h y  and t e l e v i s i o n .  To do t h i s  a 1 x 1 m g r id  of s t a k e s  
was  e s t a b l i s h e d  on the i c e f i e l d ,  s u c h  t ha t  the  s t a k e  length  above  the  i ce  was  0.3 m, with 1 m showing  benea th  
t he  i c e .  U n d e r w a t e r  p h o t o g r a p h y  and t e l e v i s i o n  m o n i t o r i n g  of the  l o w e r  b o u n d a r y  of the  i c e  coa t ing  and i t s  
t e x t u r e  w e r e  c a r r i e d  out.  The  i m a g e  was  fed to  a m o n i t o r  and a v ideo  t ape  r e c o r d e r .  Al l  the  p h o t o g r a p h i c  
m e t h o d s  w e r e  o p e r a t e d  s y n c h r o n o u s l y .  

The  e x p e r i m e n t s  c o n s i s t e d  of  p l a c i n g  w e igh t s  f r o m  2.5 to  32.5 tons  on the i ce  and t u r n i n g  on  a l l  the  p h o t o -  
g r a p h i c  e q u i p m e n t  to r e c o r d  the  bend ing  of the  i ce  o v e r  t i m e .  F o r  a l l  the  app l i ed  l o a d s  i t  was  p o s s i b l e  to d e -  
t e r m i n e  the steady state creep and measure the deflection at various points in the ice coating. Figure 2 shows 

characteristic points 1-3 of the experimental studies for Q = 2.5 tons,h = 0.25 m, H = 12 m, with sensors located 

i, 2, and 3 m from the load, while lines I-III show results of calculations with the expressions derived in Secs. 

2 and 3. Comparison of the theoretically calculated plate deflections over coordinate x with time t with those 

measured in the real ice coating shows good qualitative and satisfactory quantitative agreement. In the cal- 

culations the rheological constants for the ice were taken from [5] (B = 5.6(0.1 MPa) -b sec -I, b = 1.72). 

For engineering applications approximate expressions for evaluating the rheological characteristics of 

the ice coating can be used. We will assume that in Eq. (2.1), Yl, Y2, Y3 .... are known. We will limit ourselves 

to two terms of the series, considering lira y~ and lira y~. We will evaluate all terms in the expressions ob- 
oe---> 0 X~O 

r a ined .  It i s  obv ious  tha t  the  t e r m s  con t a in ing  the  c o n s t a n t  C 5 a r e  s m a l l  in  c o m p a r i s o n  to the  r e m a i n i n g  ones ,  
so  we wi l l  n e g l e c t  t hem.  F i n a l l y  we o b t a i n  

b = --2(ly~ @ 3mg2)/(lg~ -~ 2my~) (4.1) 

(where  Y2 < 0 a l w a y s ) .  In the  c a s e  c o n s i d e r e d  Y2 = - y ~ / ( 3 ~  - 2 ) / 8 m ( a  - 1). A f t e r  s i m p l e  t r a n s f o r m a t i o n s  i t  
can  e a s i l y  be shown t h a t  the  n u m e r a t o r  in Eq.  (4.1) i s  a l w a y s  nega t i ve ,  whi le  the d e n o m i n a t o r  i s  a l w a y s  p o s i t i v e .  

F o r  B we find the  e x p r e s s i o n  
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B = h ( m ~ 2 . 2 9 ( a + t )  [ t(;~, ~2--4 [,nh~ ~ ]b 
~ ] (=_ ~)~ u~ L 9 ~ _  4 iV)  u~]. 
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Considera t ion  is given to c o m p r e s s i o n  and bending of a plane infinite wedge at whose t ip a concentra ted  
force  P(t) is applied vary ing  with t ime  by a specia l  rule .  The ma te r i a l  is a s sumed  to be incompress ib le ,  p l a s -  
t ica l ly  inhomogeneous,  and it obeys  an exponential  hardening rule .  In essence ,  this ma t e r i a l  may also r e l a t e  
to a nonl inear ly  e las t ic ,  nonl inear ly  ducti le body whose compres s ib i l i t y  may  ignored.  A study is also made of 
the effect  of ex terna l  f o r ce s  with which points of the body complete  v ib ra to ry  and monotonic movemen t s  in t ime .  
Concentra ted  fo rces  a re  de te rmined  cor responding  to the deformed s ta te  of the wedge being considered.  Ques-  
t ions of unloading a re  not d iscussed ,  and t h e r e f o r e  for  the case  of p las t ic  bodies a study is  also made of the 
s t ages  of movemen t  which lead to loading. 

The s t r e s s e d  s ta te  in p las t i ca l ly  inhomogeneous bodies under  dynamic ef fec ts  has  been studied in [1-3, 
and o thers] .  A s i m i l a r  analys is  of dynamic p rob l ems  for  p las t i ca l ly  inhomogeneous bodies is  given in [4, 5]. 
A study of dynamic deformat ion  quest ions for  a p las t i ca l ly  inhomogeneous i ncompres s ib l e  body is  of in te res t ,  
p a r t i c u l a r l y  f r o m  the point of view of studying the effect  of iner t ia l  fo rces  on the s t r e s s e d - s t r a i n e d  s ta te  of 
the body. 

Dynamic  p r o b l e m s  for  i ncompres s ib l e  ductile m a t e r i a l s  with a x i s y m m e t r i c  and p lana r  deformat ion  have 
been considered in [6, 7]. 

1. Equations for  deformat ion  theory  of p las t ic i ty  for  an incompress ib le ,  inhomogeneous ma te r i a l  with an 
exponential  hardening rule  in the case  of plane s t r a in  have in normal  notation the following form:  

di f ferent ia l  equations of motion 

O~r I OTtO Or--~O 02u 

OwrO 10~o 2 O~v 
a7 + -7 -~ + -7 ~,o  = P ~t  ~ ; 

(1.1) 

re la t ionsh ips  between s t r e s s  and s t r a in  in tensi t ies  

e _[%~3, g = g ( r ,  0), O--~K] 
t " /  .2 2 

~o = T ~ (~  - -  ~~ + 4~o, ~o = } / ( ~  - -  ~o) ~ + 4~o 

(1.2) 

[K(r, 0) i s  a known function cha rac t e r i z ing  a p las t i ca l ly  inhomogeneous mater ia l ] ;  

Erevan .  Trans la ted  f r o m  Zhurnal Pr ikladnoi  Mekhaniki i Tekhnicheskoi  Fiziki ,  No. 3, pp. 160-165, May-  
June,  1987. Original  a r t i c l e  submit ted  March  3, 1986. 
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