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The  r e s u l t s  of  c r e e p  r u p t u r e  t e s t s  c a r r i e d  out  in a p l a n e - s t r e s s e d  s t a t e  a r e  p r e s e n t e d ;  the 
e x p e r i m e n t s  c o n f i r m  the  va l i d i t y  of  an e a r l i e r  e n e r g y  a p p r o a c h  as  r e g a r d s  the  t i m e  to r u p -  
t u r e  u n d e r  c r e e p  cond i t i ons  [1]. 

It was shown in an e a r l i e r  p a p e r  [1] tha t ,  in the c a s e  of  a u n i a x i a l  s t r e s s e d  s t a t e ,  the A = A(t) d i a -  
t 

g r a m s ,  ~anere 4 -: I oqdt, 77 i s  the  r a t e  of  c r e e p  d e f o r m a t i o n ,  w e r e  v e r y  s i m i l a r  in f o r m  for  a wide r a n g e  
0 

of s t r e s s  l e v e l s  and tha t  the  d u r a t i o n  of  the  c r e e p  p r o c e s s  up to the  poin t  of  r u p t u r e  t* was  c o m p a r a b l e  
with the  s p e c i f i c  d i s s i p a t e d  p o w e r  W ~ = ~ u n d e r  the  s t e a d y - s t a t e  cond i t ions  

w~ ~ / w,~ ~ = t,~* / th.* (1) 

In th i s  p a p e r  we s h a l l  p r e s e n t  s o m e  r e s u l t s  o b t a i n e d  in a p l a n e - s t r e s s e d  s t a t e :  t e n s i o n  with t o r s i o n  
and c o m p r e s s i o n  with t o r s i o n .  

The  e x p e r i m e n t s  w e r e  c a r r i e d  out  at  T = 275~ on tub t f la r  s a m p l e s  with i n t e r n a l  and e x t e r n a l  d i a m -  
e t e r s  of 18 and 20 m m  and a length  of  the  w o r k i n g  p a r t  equa l  to 80 r am.  The  s a m p l e s  w e r e  m a d e  f r o m  
D u r a l u m i n  D16T r o d s  in the  a s - s u p p l i e d  s t a t e  and w e r e  not  s u b j e c t e d  to any h e a t  t r e a t m e n t  a f t e r  p r e p a r a -  
t ion .  F r o m  each  r o d  of  the  c h o s e n  ba t ch  we m a d e  two s a m p l e s  and s u b j e c t e d  t h e s e  to t e n s i l e  c r e e p  t e s t s  
in o r d e r  to e s t a b l i s h  the  s t a t i s t i c a l  s c a t t e r  of  the  r e s u l t s  due to p o s s i b l e  i n h o m o g e n e i t i e s  of  the  r o d s .  In 
th i s  w a y  we s e l e c t e d  r o d s  fo r  which the s c a t t e r  of  the  e x p e r i m e n t a l  d e f o r m a t i o n  d a t a  r e m a i n e d  wi th in  a 
band of  ='-10% of  the  m e a n  va lue .  

The  c r e e p  e x p e r i m e n t s  w e r e  c a r r i e d  out  in fou r  s e r i e s .  

The  f i r s t  s e r i e s  c o n s i s t e d  of  t e n s i l e ,  c o m p r e s s i v e ,  and t o r s i o n a l  t e s t s ;  in the  e x p e r i m e n t s  with t o r -  
s ion  the t a n g e n t i a l  s t r e s s  T was  d e t e r m i n e d  f r o m  the  r e l a t i o n  M = TSI{o ,  w h e r e  M is  the  e x t e r n a l  t o r q u e ,  S 
i s  the  c r o s s - s e c t i o n a l  a r e a  o f  the  s a m p l e ,  R 0 i s  the  m e a n  r a d i u s  of  the  c i r c u l a r  c r o s s  s e c t i o n .  The  m a j o r -  
i ty  o f  the  e x p e r i m e n t s  w e r e  t a k e n  up to the  c o m p l e t e  r u p t u r e  of  the  s a m p l e ,  but  s o m e  of  t hem w e r e  s topped  
when the  c r e e p  p r o c e s s  i n t e n s i f i e d  s h a r p l y ,  a phe nome non  which  m a y  have  b e e n  a s s o c i a t e d  with  a l o s s  of  
s t a b i l i t y  u n d e r  c o m p r e s s i o n  o r  t o r s i o n .  (Con t ro l  e x p e r i m e n t s  wi th  r e s t  p e r i o d s  at  v a r i o u s  l e v e l s  of  the  
t h i r d  c r e e p  s t a g e  showed tha t  a c o r r u g a t e d  o r  o v a l  s t r u c t u r e  a p p e a r e d  in the  s a m p l e s  i n t h e  t h i r d  c r e e p  
s t a g e  i m m e d i a t e l y  b e f o r e  r u p t u r e . )  D u r i n g  the e x p e r i m e n t s  we m e a s u r e d  the a x i a l  e l onga t i on  o f  the s a m -  
p le  and the ang le  of  t w i s t ,  f r o m  which  we d e t e r m i n e d  the  a x i a l  d e f o r m a t i o n s  ~ and s h e a r s  y ,  whi le  in the  
s t e a d y - s t a t e  s e c t i o n s  we m e a s u r e d  the d e f o r m a t i o n  r a t e s  77 = d e / d t ,  0 = d-y/dt .  

�9 ~ 2 r  

F i g .  1 

It  should  be noted tha t  in a l l  the  e x p e r i m e n t s  of  both  th i s  s e r i e s  and 
the s u c c e e d i n g  s e r i e s ,  the  i n i t i a l  t r a n s i e n t  s t a g e  of  c r e e p  was p r a c t i c a l l y  
a b s e n t  and the p r o c e s s  p a s s e d  v e r y  r a p i d l y  into the s t e a d y - s t a t e  s t a g e  
with  a c o n s t a n t  d e f o r m a t i o n  v e l o c i t y .  At  the  i n s t a n t  of  p a s s i n g  into the  
t h i r d  s t a g e  the  a x i a l  c r e e p  d e f o r m a t i o n s  w e r e  no g r e a t e r  than  1%, and at  
the  i n s t a n t  of  r u p t u r e  ~ 5%. Dur ing  the e x p e r i m e n t s  no c o r r e c t i o n s  w e r e  
m a d e  to the  load in r e s p e c t  to c h a n g e s  in the  c r o s s - s e c t i o n a l  a r e a  of  the  

N o ~ ) s i b i r s k .  T r a n s l a t e d  f r o m  Z h u r n a l  P r i k l a d n o i  Mekhan ik i  i T e k h n i c h e s k o i  F i z i k i ,  No. 6, pp. 140-  
143, N o v e m b e r - D e c e m b e r ,  1973. O r i g i n a l  a r t i c l e  s u b m i t t e d  M a r c h  5, 1973. 
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s a m p l e .  T h i s  n e c e s s a r i l y  l ed  to a s l i g h t  mono ton i c  d e v i a t i o n  in the s e n s e  o f  r e t a r d i n g  the  c r e e p  p r o c e s s e s  
u n d e r  c o m p r e s s i o n ,  a s  was  indeed  o b s e r v e d  in the t h i r d  s t a g e .  

E a r l i e r  [2] one  of  us  showed  tha t  m a t e r i a l  of  the  D16T type  s u b j e c t  to c r e e p  t e s t s  behaved  in the  s a m e  
way  in both t e n s i o n  and c o m p r e s s i o n .  Subsequen t  i n v e s t i g a t i o n s  showed  tha t  th is  c o n c l u s i o n  was  only  v a l i d  
fo r  m o d e r a t e  i n t e n s i t i e s  o f  the  c r e e p  p r o c e s s ,  e x t e n d i n g  o v e r  t ens  and h u n d r e d s  of  h o u r s .  F o r  s h o r t -  
t e r m  p r o c e s s e s  the  d e f o r m a t i o n  r a t e  in  t e n s i o n  i n c r e a s e s  c o n s i d e r a b l y  m o r e  r a p i d l y  than  the  d e f o r -  
m a t i o n  r a t e  in c o m p r e s s i o n  f o r  equa l  s t r e s s e s  in the  two c a s e s .  Th i s  d i f f e r e n c e  canno t  be exp l a ined  by  a 
change  in the  c r o s s - s e c t i o n a l  a r e a  of  the s a m p l e s ;  the  s a m e  e f fec t  o c c u r s  when the  l o a d s  a r e  a d j u s t e d  to 
a l l o w  for  the  change  in c r o s s  s e c t i o n ,  t h i s  a r e a  b e i n g  r e c a l c u l a t e d  fo r  e v e r y  0.3% a x i a l  d e f o r m a t i o n  d u r i n g  
the  e x p e r i m e n t  f r o m  the i n c o m p r e s s i b i l i t y  cond i t ion .  Ana logous  c o n c l u s i o n s  m a y  be  d r a w n  f r o m  a n u m b e r  
of  o t h e r  i n v e s t i g a t i o n s  [3]. 

The  e x p e r i m e n t s  of  the  f i r s t  s e r i e s  showed tha t  the  t e s t  m a t e r i a l  D16T was  a n i s o t r o p i c  and exh ib i t ed  
s l i gh t  d i f f e r e n c e s  in i t s  p r o p e r t i e s  u n d e r  t e n s i o n  and c o m p r e s s i o n .  

T h e s e  e x p e r i m e n t a l  r e s u l t s  e n a b l e d  us  a p p r o x i m a t e l y  to e s t i m a t e  the c r e e p  p r o p e r t i e s  o f  the  m a t e -  
r i a l  and c o n s t r u c t  c o n t o u r s  in the  z ,  ~- s t r e s s  p l ane ;  a t  any poin t  of  t h e s e  c o n t o u r s  the  s p e c i f i c  d i s s i p a t e d  
p o w e r  "~X~ = cry? 0 + ~'O in the  s t e a d y - s t a t e  s t a g e  was  the s a m e .  The  g e o m e t r i c a l  l ocus  of  po in ts  in the  ~ ,  ~- 
p lane  with  c o n s t a n t  Vr ~ va lue s  was  r e f i n e d  e x p e r i m e n t a l l y .  The  next  t h r e e  s e r i e s  of  e x p e r i m e n t s  w e r e  
a i m e d  at  d e t e r m i n i n g  t h r e e  W~(a, ~) = c o n s t  c o n t o u r s  i n t e r s e c t i n g  the p o s i t i v e  (r ax i s  at  the  po in t s  a I = 8 
k g / m m  2, (r 2 = 10 k g / m m  2, cr 3 = 12 k g / m m  2. 

In F i g .  1 (p lo t ted  in c o o r d i n a t e s  of  ~ ,  2T) the  po in t s  i n d i c a t e  the  s t r e s s e s  at  which the va lue  of  W1 ~ 
4 . 1 0  -3 k g / m m  2. h was  o b t a i n e d  in the  e x p e r i m e n t s .  T a b l e  1 i n d i c a t e s  the c r e e p  d e f o r m a t i o n s  ( s t r a i n s )  
and ~/ fo r  v a r i o u s  va lue s  of  t i m e .  We s e e  f r o m  the d a t a  p r e s e n t e d  in the  t ab l e  tha t  the  d e f o r m a t i o n  r a t i o  
~/y r e m a i n s  p r a c t i c a l l y  c o n s t a n t  d u r i n g  the  e x p e r i m e n t  un t i l  the  s a m p l e  a c t u a l l y  r u p t u r e s .  The  a r r o w s  
in F ig .  1 i n d i c a t e  the  d i r e c t i o n s  of  the  r e s u l t a n t  i n c r e m e n t s  in c r e e p  d e f o r m a t i o n ,  which a r e  p lo t t ed  in c o m -  
ponents  of  2~, ~, m e a s u r e d  in the  c o r r e s p o n d i n g  e x p e r i m e n t s .  The  d i r e c t i o n s  i n d i c a t e d  a g r e e  e x c e l l e n t l y  
with the  d i r e c t i o n s  o f  the  n o r m a l  to the  con tou r  d r a w n  th rough  the  s t r e s s  po in t s  fo r  which ~ ( a ,  T) = c o n s t ,  
and ,  as  a l r e a d y  m e n t i o n e d , t h e s e  d i r e c t i o n s  r e m a i n  c o n s t a n t  up to the  r u p t u r e  point .  It fo l lows  tha t  the  r e l a -  
t i o n s h i p  b e t w e e n  the c r e e p  d e f o r m a t i o n  ve loc i ty  c o m p o n e n t s  and the s t r e s s e s  (as e x p r e s s e d ,  fo r  e x a m p l e ,  
in the  f o r m  of  a s i m i l a r i t y  b e t w e e n  the c o r r e s p o n d i n g  d e v i a t o r s  

fo r  i s o t r o p i c  m a t e r i a l s ,  o r  in the  m o r e  g e n e r a l  f o r m  

for  c e r t a i n  k i n d s  o f  a n i s o t r o p y  of  the m a t e r i a l ) ,  which  has  been  r e p e a t e d l y  v e r i f i e d  by e x p e r i m e n t a l  o b -  
s e r v a t i o n s  in the f i r s t  s t a g e s  of  c r e e p ,  r e m a i n s  va l id  in  the t h i r d  s t a g e  r i g h t  up to the  r u p t u r e  point .  

Ana logous  r e s u l t s  w e r e  o b t a i n e d  fo r  the  two o t h e r  l e v e l s  of  the s t r e s s e d  s t a t e ,  c o r r e s p o n d i n g  to the  
va lue s  W2 ~ ~ 1 5 . 1 0  -3 and W3 ~ ~ 4 5 - 1 0  -3 kg . /mm 2 . h. 

T a b l e  2 g i v e s  the v a l u e s  o f  the s t r e s s e s  o- and ~- in k g / m m  2 and the d e f o r m a t i o n  r a t e s  71 �9 103 and | �9 
103 h - t  c o r r e s p o n d i n g  to the  f o r e g o i n g  t h r e e  va lue s  of  X~ = cons t .  

F i b r e  2 shows  the  r e s u l t s  o f  t h e s e  e x p e r i m e n t s  in the  f o r m  of  A = A(t) d i a g r a m s  w h e r e  A = era + Ty.  
The  n u m b e r s  in the  f i g u r e  c o r r e s p o n d  to the  n u m b e r s  o f  the  e x p e r i m e n t s  in T a b l e  2. We s e e  f r o m  the  d i a -  
g r a m s  tha t  the  a v e r a g e  t i m e s  to r u p t u r e  fo r  the  v a r i o u s  s t r e s s  l e v e l s  c o r r e s p o n d i n g  to the fo r ego ing  d i s -  
s i p a t e d  p o w e r s  in the  s t e a d y  s t a g e s  a r e  t l* ~ 30 h, t2* ~ 10 h, t3* ~ 3 h, r e s p e c t i v e l y .  

The  fo l lowing  c o n c l u s i o n s  m a y  be  d r a w n  f r o m  the f o r e g o i n g  r e s u l t s :  the s u r f a c e s  of  the s t r e s s e d  
s t a t e s  e q u i v a l e n t  in the  s e n s e  of  t i m e - t o - f a i l u r e  c o i n c i d e  with the  s u r f a c e s  of  c o n s t a n t  d i s s i p a t e d  p o w e r s  
for  the  s t e a d y - s t a t e  s t a g e s  of  c r e e p  W ~ = c o n s t ,  whi le  the  l a t t e r  a r e  s i m i l a r  to the  y i e l d  s u r f a c e s ,  the  shape  
of which  r e m a i n s  c o n s t a n t  un t i l  the  m a t e r i a l  r u p t u r e s .  

Equa t ions  (1), which w e r e  v e r i f i e d  e a r l i e r  [1] in e x p e r i m e n t s  c a r r i e d  out  u n d e r  u n i a x i a l  l oad ing ,  a r e  
a l so  r e a s o n a b l y  s a t i s f a c t o r y  in a c o m p l e x  s t r e s s e d  s t a t e .  
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