
The case  when only one of the cyl inders  is per turbed is obtained if in the solution we always put ~1 or  ~2 
equal to zero .  

By analyzing conditions (3.11) and (3.12) we see that the f i r s t  stagnant zone is formed at those peaks of 
the depres  sions of the inner cyl inder  fo rwhich  cos [(m2/ml)lr(2N + 1) +~P0) ] takes its g rea tes t  value, and for the 
outer  cylinder,  converse ly ,  when cos [(ml/m2)(2vn-~P0)] takes its least  value.  

Figure  1 shows the case  then m I =4, m 2 =8, and ~a0=0. On the surface  of the inner cyl inder  the stagnant 
zones are  formed in all depress ions  simultaneously,  since cos 2~(2n +1)= 1 for  any n. On the outer cyl inder  
stagnant zones a re  formed f i rs t  at points 1, 3, 5, and 7, since at these points cos n~r = -  1, and c r i te r ion  (3.12) 
is sat isfied for  the leas t  values of 5, .  

If m 1 and m 2 do not have a common divider, a stagnant zone is f i rs t  formed at one point. If m 1 =m2, s tag-  
nnnt zones a re  formed simultaneously at all peaks of the per turbat ions of the inner or  outer cylinder.  If for  
assigned p a r a m e t e r s  it turns  out that 5,1 < 6, 2, stagnant zones will f i rs t  be formed on the inner cylinder,  and 
if 5.1 > (5,2 stagnant zones will f i r s t  be formed on the outer  cylinder.  If 6,1 = 5 , 2  , stagnant zones wi l lbe fo rmed  
on the inner and outer  cyl inders  s imultaneously.  Eliminating 6 f rom (3.11) and (3.12) we obtain a relat ion be-  
tween the p a r a m e t e r s  for  the simultaneous format ion of stagnant zones on the rigid boundaries of both cyl inders .  
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R E L A T I O N S H I P S  B E T W E E N  T H E  C R E E P  S T R A I N  

I N C R E M E N T S  AND T H E  S T R E S S E S  

F O R  N O N S T A T I O N A R Y  L O A D I N G  M O D E S  

A.  F .  N i k i t e n k o  a n d  O. V.  S o s n i n  UDC 539.374 

It is known that the s imi la r i ty  of devia tors  of any t ensors  is a neces sa ry  and sufficient condition for a 
quas i l inear  isotropic relat ionship between them [1]. Experimental  investigations per formed in both domestic 
and foreign labora tor ies  on the c reep  in isotropic  mate r ia l s  in s tat ionary loading modes (under simple load- 
ing conditions for  plast ici ty) confirmed sufficiently well the s imi lar i ty  hypothesis between the deviators of the 
s t r e s s  t enso r  and the s t ra in  increment  t enso r  [2]. This just if ies extensive propagat ion of the theor ies  of p las -  
t ici ty and creep which a re  based on a quas i l inear  relationship between these t ensors .  The s imi lar i ty  between 
the deviators  of the above-mentioned tensors  is spoiled for nonstat ionary loading modes and its absence is 
apparently associa ted  with the nonlinear nature of the relation. The purpose of the experimental  investigation 
pe r fo rmed  is to set  up the regular i ty  of the deviation of the rat io between the creep s t ra in  increments  f rom 
the s imi la r i ty  condition and the s t r e s s  deviator  for  a step change in the s t r e ss  state with different combina-  
tions of the axial tension ~ and shear  T. 

The exper iments  were  pe r fo rmed  at room tempera tu re  on tubular  specimens (17- and 15-ram outer and 
inner  d iameters ,  respect ively ,  and 50-ram length of the working section). The initial blanks for the speci-  
mens  were  cut f rom 20-ram-th ick  slabs of one of the titanium alloys.  After fabrication, the specimens were 
not subjected to any heat t rea tment .  Some data on the elastoplastic p roper t i es  and the creep proper t ies  of 
this mate r ia l  a re  presented  in [3]. Despite a cer ta in  anisotropy in the creep proper t ies  of this mater ia l ,  the 
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ra t io  A e / A  7 was c lose  to the appropr i a t e  values  of (7/37" fo r  all  s t a t ionary  loading mode  combinat ions  of a, 
and re ta ined its magni tude up to rup ture .  Deviat ions obse rved  in the equali ty of these  ra t ios  with r e spec t  to 
both exaggera t ion  and reduct ion indicated that  s i m i l a r i t y  of the s t r a i n  i n c r e m e n t  and s t r e s s  dev ia to rs  was 
sufficiently s a t i s f ac to ry  in the s t a t i o n a r y  loading mode .  

t 

The c r eep  d i a g r a m s  A=A(t) ,  where  A = ~ d s +  TdT, with the s t r e s s  i tensi ty  a i = 65 k g f / m m  2 a r e  r e p r e -  
0 

sented in Fig. 1. F o r  compar i son ,  the dashed l ine d e m o n s t r a t e s  the por t ion  of the d i ag ram for  s t a t ionary  
loading modes  of the s a m e  intensi ty.  Shown schemat i ca l ly  in the upper  lef t -hand Corner  is the sequence of 
over loads  along the level  ~i = ~  =65 k g f / m m  2. The r e su l t s  in d i ag ram 1 r e f e r  to the exper iment  con-  
ditions in  which the v e c t o r  mapping  the s t a te  of s t r e s s  is ro ta ted  in the a, ~-~ Plane through anang le  Ao~ ~r/20 
f r o m  pu re  tens ion  to pu re  t o r s ion  in At = 504 h (the spec imen  ruptured in the ninth cycle  with a durat ion of 
t .  = 4030 h). The data of d i ag ram  2 r e f e r  to the expe r imen t  in which the vec to r  of the s t r e s s  s ta te  was r o t a t e d a n  
angle A~ =1r /6  f r o m  p u r e  tension to pu re  t o r s i o n  and back  in At =504 h (the spec imen  ruptured  in the tenth 
cyc le  with a dura t ion  of t .  =4500 h). The data in d i ag ram 3 were  obtained under  conditions analogous to ex-  
p e r i m e n t  2 but with the angle of ro ta t ion  of the s t r e s s  vec to r  A~= 7r/4 (the spec imen  rup tures  in the tenth 
cycle  with a t .  =4510 h durat ion).  The data in d i ag ram 4 r e f e r  to an expe r imen t  with a loading s cheme  ana l -  
ogous to expe r imen t  2 but with the over load  f requency  At = 168 h (the spec imen  ruptured in the f i f teen thcyc le  
with a dura t ion  of t .  =2420 h). 

It is seen  f r o m  Fig. 1 that  up to rup tu re  the magni tude of the ene rgy  d iss ipa ted  during c reep  A .  =A ( t , )  
is p r ac t i c a l l y  the s a m e  in all  the expe r imen t s ,  is independent of the loading h i s to ry ,  and c lose  to the values  of 
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A .  in the exper iments  with a s ta t ionary loading mode.  A cer ta in  intensification in the creep p rocess  is ob- 
served  at the t ime of the overloading, which will last  on the o rde r  of 200 h, af ter  which the creep p rocess  will 
p roceed  at same  intensity as in the s ta t ionary  loading experiments .  

Diagrams of the ra t ios  Ar as a function of t ime f rom the t ime of the overload in experiment 1 are  
represen ted  in Fig. 2. The points here  denote values of Ar  the solid lines indicate the general  nature of 
the change in these  ra t ios  with t ime,  while the dashes indicate the magnitude of the rat io a /3 r  in the c o r r e -  
sponding loading cycle  (the numbers  r e fe r  to points of the s t r e ss  state in the same loading cycle).  As should 
have been expected, the vec tor  of the creep s t ra in  increment  deviates substantially f rom the normal  direct ion 
to the contour  a t =cons t  towards  rota t ion of the vec tor  mapping the s t r e s s  state at the t ime of the overload 
even in such an exper iment  with a weak unilateral  change in the form of the s t r e s s  state.  As t ime elapses 
the rat io As /A T tends to some constant  value c lose to the appropr ia te  value of a /3 r  but this quantity was not 
reached in any of the cyc les .  

Analogous d iagrams  are  represen ted  in Fig. 3 for experiment 2. Here,  as in the preceding case  of a 
uni la teral  change in the s t r e s s  state,  the rat io As /AT does not reach the appropria te  value of a /3 r  in the f i r s t  
d iagrams along the ver t ica l .  For  subsequent overloads at the same point of the s t r e ss  state, the rat io Ar  T 
dioes reach  the appropr ia te  value of cr/3r. The tendency of the quantity Ar the appropria te  value of a/3T 
apparently proceeds  considerably  m o r e  rapidly for cyclic changes in the s t r e s s  with a multiple re turn to the 
same point of the s t r e s s  state a and T. 

Analogous d iagrams of the respect ive  experiments  3 and 4 are  represented  in Figs. 4 and 5. The dia- 
g rams  of these exper iments  conf i rm the previous  deduction: s imi la r i ty  between the deviators  of the creep 
s t ra in  increment  t enso r s  and the s t r e s s  t ensors  is r es to red  sufficiently rapidly under multiple cyclical  duplica- 
tion of the same s t r e s s  state.  

It is seen f rom an analysis  of Figs.  1-5 that the duration of intensification of the creep process  after  
an overload (see Fig. 1), and the durat ion of an abrupt  deviation of the values of Ar  T f rom the s imilar i ty  
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condition (see Figs .  2-5) p r ac t i c a l l y  ag r ee .  It hence follows that  fo r  t ime  in te rva ls  d i rec t ly  a f t e r  the o v e r -  
loads,  and fo r  thewhole  dura t ion  of the p r o c e s s  during a continuous change in the s t r e s s  s ta te ,  the conditions 
of a quas i l i nea r  i s o t r o p i c  re la t ionship  be tween the c reep  s t r a i n  inc remen t  and the s t r e s s  t enso r s  a r e  not s a t -  
isfied and nonl inear  t e n s o r  re la t ions  m u s t  be  used to de sc r ibe  nons ta t ionary  p r o c e s s e s .  
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