
I N F L U E N C E  OF T H I R D  S T R E S S  D E V I A T O R  I N V A R I A N T  

ON C R E E P  OF  N O N H A R D E N I N G  M A T E R I A L S  

A .  F .  N i k i t e n k o  

Starting f rom the hypothesis of the existence of the creep s t ra in  rate  potential function and following 
the ideas developed in [1, 2], we propose a par t icu lar  fo rm of the potential function for incompress ible  
nonhardening mater ia ls  with different creep charac te r i s t i c s  in extension and compress ion .  Arguments  
a re  presented on the determinat ion of the experimental  constants of the mater ia l .  

1. Let  us assume that the c reep  of nonhardening mater ia ls  in the uniaxial s t r e s s  state is descr ibed 
by a re lat ion of the form 

n = B I ~ I  ~ (1.1) 

The creep exponent n is a ssumed  to be the same in extension and compress ion,  the creep coefficients 
B are  assumed to be different in extension and compress ion  and hereaf te r  are  denoted by B+ and B_ 
respect ively ,  ~? is the c reep  s t ra in  rate,  and a is the s t r e s s .  

We write ~he potential function ~, homogeneous in the s t r e s se s ,  for the creep s t ra in  rate  in the form 

@ = Bo (S~ k -~- ~$2k-1"5~$3~ )(n~l) / u~, ~lij = OO / Ozlj (1.2) 

Here 

Here o'ij a re  the s t r e ss  tensor  components,  ~ij a re  the creep deformation rate deviator components,  
B0, k, n, k are  constants of the mater ia l .  

If we introduce the s t r e s s - s t a t e  angle ~, where 

sin 3~ ~ 1/~ "1/'~'~ / 3~'1~ 

then (1.2) takes the form 
q) ~_ Bo3,h (n+~) [ i -~ ~ (sin 3~) ~ ]'A (n§ / 

The creep deformation ra te  deviator  components will be 

(1.3) 

lit i - -  (a -]- tyBoS~ ~ (n-D [ l  ~ - a  (sin 3~) x l V" (n+l-2k)/k { [ i  -Jr- u (2k- 3~)(s in 3~) k ] 
2 [k 2k J 

(1.4) 

We obtain the following relat ion for the deviator  ns imilar i ty  phase n ~0: 

i 8q)/O~ 3 Lu (sin3~)X-lcos3~ 
t g o =  2S2 O0/OS~ ~-- 2 k l_]_a(sin3~)x (1.5) 

It is obvious f rom (1.4) that for mater ia ls  with different creep charac te r i s t i c s  in tension and c o m -  
press ion  it is neces sa ry  that ~ be an odd number .  
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F i g .  1 

In many  e x p e r i m e n t s ,  [4], f o r  e x a m p l e ,  s o m e  a x i a l  c r e e p  has  been  
o b s e r v e d  f o r  p u r e  t o r s i o n  of the  s p e c i m e n s .  In o r d e r  to d e s c r i b e  th i s  
e x p e r i m e n t a l  f ac t  we m u s t  on the  b a s i s  of  (1.5) s e t  X = 1. 

Thus ,  to s p e c i f y  the  po t en t i a l  func t ion  (1.3) we m u s t  d e t e r m i n e  the  
p a r a m e t e r s  n, a ,  k ,  B 0. The  c r e e p  exponen t  n is  u s u a l l y  found f r o m  (1.1) 
[2]. F u r t h e r ,  s e t t i n g  in  (1.4) s e q u e n t i a l l y  n o n z e r o  e l l  = e > 0 (~ = _ l / ~  v) 
and  ~33 = a < 0 (~ = 1/6 v) and c o m p a r i n g  the r e s u l t i n g  r e l a t i o n s  wi th  (1.1) 
we  ob t a in  

a - -  A _ + A .  ' A.~-= \ n+-T ] , A_= n + i  (1.6) 

w h i c h  t o g e t h e r  wi th  (1.5) m a k e  i t  p o s s i b l e  to f ind a and k .  The  r e m a i n i n g  
c o n s t a n t  B 0 i s  e x p r e s s e d  in t e r m s  of t h o s e  a l r e a d y  de f ined  

Bo = [ : /2 ( A  + A+)I (n+l) / ~ 

We s e e  f r o m  t h e s e  r e l a t i o n s  tha t  i f  the  c r e e p  c h a r a c t e r i s t i c s  in 
t e n s i o n  and c o m p r e s s i o n  a r e  the  s a m e  B+ = B_, then  a = 0 and r e l a t i o n s  
(1.3) and (lo4) b e c o m e  the u sua l  r e l a t i o n s  [2,5] and  then  ~ = 0. 

2. F r o m  (1.2) the  p o w e r  W d i s s i p a t e d  in the  c a s e  of c r e e p  wi l l  be  

W = ~kjzij = (n + i) �9 (2.1) 

In s t r e s s  s p a c e  the  s u r f a c e  of  c o n s t a n t  e n e r g y  d i s s i p a t i o n  W = c o n s t  is  a c y l i n d r i c a l  s u r f a c e  w h o s e  
ax i s  of s y m m e t r y  i s  p e r p e n d i c u l a r  to the d e v i a t o r i c  p lane  and p a s s e s  t h rough  the  c o o r d i n a t e  o r i g i n .  The  
r e q u i r e m e n t  tha t  the  s u r f a c e  W = c o n s t  be  convex  i m p o s e s  c e r t a i n  l i m i t a t i o n s  on the c o n s t a n t s  a and k ,  
wh ich  a r e  found f r o m  e x p e r i m e n t .  In fac t ,  in the  p, 0, z c y l i n d r i c a l  s y s t e m ,  w h e r e  the  z ax i s  i s  a l i g n e d  
wi th  the  a x i s  of the  c y l i n d e r ,  the ang le  0 i s  m e a s u r e d  f r o m  the  d i r e c t i o n  in  the d e v i a t o r i c  p l ane  g iven  
r e l a t i v e  to the  ~l, a2, o~ a x e s  by the d i r e c t i o n  c o s i n e s  1/~ f2 ,  O, - 1/~f2 r e s p e c t i v e l y ;  the  t r a c e  of the  c y l i n d e r  
W = c o n s t  in  the  d e v i a t o r i c  p l a n e  wi l l  be g iven  by  the equa t ion  

p = C [ i  + a (s in 30) >' 1 - ' / ? ,  P = 1/3 V-3 ] / ( z ~  ,~)2 + (z~ - z~) ~ + (z8 - zx) ~ 

i 2z2 --  z: -- z3 ~ ~ ~: + z2 + c~3 
t g o =  g ~  :~:-~ :tg~, - T . . < ~ < T ,  = -  V-i 

(2.2) 

It  fo l lows  i m m e d i a t e l y  f r o m  (1.6) and (2.2) tha t  I o~ l < 1. F o r  convex i ty  of the  s u r f a c e  W = cons t ,  we 
m u s t  r e q u i r e  tha t  the  equa t ion  def in ing  the  i n f l ec t i on  po in t ,  

# + 2 \ - ~ - )  - - p  o~0 . . . .  

o r  in  expanded  f o r m  f o r  X = 1, 

(4k2i --  9)a z sin z 30 + 2 (4k --  9)ka sin30 + 9(t  --  2k)a2 + 4k z = 0 (2.3) 

not  have  a s o l u t i o n .  The  c o r r e s p o n d i n g  a n a l y s i s  of (2.3) i s  v e r y  s i m p l e  and t h e r e f o r e  i s  not  p r e s e n t e d  h e r e .  

The  f i g u r e  shows  the  s e c t i o n s  W = c o n s t  in the  d e v i a t o r i c  p l ane  fo r  the fo l lowing  in i t i a l  cond i t i ons :  

n =  9, B . / B - =  3, k = - - 3 ,  a =  0.32 (curve 2), 
n =  9, B + / B 2 =  3, k~--- t0,! a =  --0.8 (curve1)/ 

w h e r e  the  d a s h e d  c u r v e  shows  fo r  c o m p a r i s o n  the M i s e s  c i r c l e .  As  a c o n s e q u e n c e  of (2.1) the  c r e e p  
s t r a i n  r a t e  v e c t o r  wi l l  be o r thogona l  to the  s u r f a c e  W = c o n s t .  

In c o n c l u s i o n  we note  tha t  a s i m i l a r  a n a l y s i s  wi th  c o n s t r u c t i o n  of the  c o r r e s p o n d i n g  po ten t i a l  f u n c -  
t ion  can  be m a d e  fo r  m a t e r i a l s  whose  c r e e p  fo r  the  u n i a x i a l  s t r e s s  s t a t e  i s  d e s c r i b e d  by  a r e l a t i o n  of the  
f o r m  

~l = K exp (x~) 

wi th  d i f f e r e n t  c o n s t a n t s  K and n fo r  t e n s i o n  and c o m p r e s s i o n .  

The  a u t h o r  w i s h e s  to thank O. V.  Sosn in  fo r  h is  con t inued  i n t e r e s t  in  th i s  s t u d y .  
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