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Most promising and extensively utilized to describe the process of metal creep at high 
temperatures is, at this time, the hypothesis of the equations of state of Rabotnov [i]. 
According to this hypothesis, the creep strain rate tensor Pij is determined by the running 
values of the stress tensor ~ij, the temperature T, and the structural parameters qx, q2,..., 
qn, whose changes can be described by the appropriate kinetic equations 

l 'u = ~j (~kz ,  r ,  q,, q~. . . . . .  q.), ~,~ =_: ~, , , (%. r,  q,, q.. . . . . .  q~). 

~aking these relationships and the structural parameters specific permits describing 
all three stages of the creep process, or some of them. 

Let us henceforth limit ourselves to the one-dimensional case at a constant temperature 
so as not to investigate the question of the influence of the kind of stress state or the 
variability of the temperature on the creep process. 

To describe the creep rupture process in [1-4], one scalar structural parameter ~(t) was 
used. In substance, this "microstructural" parameter reflects the degree of internal dam- 
age of the material and varies between zero in the undamaged state and one at the time of 

rupture. Selected as such a parameter in [5-7] is the magnitude of the energy D(t) = ~a~dt 

dissipated during creep, which is the "macrostructural" parameter reflecting the dissipative 
nature of the creep process and taking its limit value at the time of rupture. 

i. Let us examine the creep process as a unit and interaction between two irreversible 
cumulative processes, the cumulative creep strain p(t) and the cumulative damage ~(t). From 
the thermodynamic viewpoint, these two processes are elements of one irreversible energy 
scattering process. As in [5-7], we assume that this energy takes on its limit value at rup- 
ture. The concept of the "effective" stress ~/(I -- ~) [2, 8] is ordinarily introduced for 
materials that become brittle during creep. The concept of the scattering power for a unit 
"effective" volume can also be introduced, which is related to the "effective" stress 
o/(l -- ~) by the relationship ~(t) :~(i -- m). Then the kinetic equations for p(t), m(t), 
D(t) and the rupture criterion are written in the form 

~ ",11. 

= B - i"Z- '~)  , p ( 0 )  = O; ( 1 . 1 )  

�9 ( r )m (1 .2 )  
o J = A  T ' S - f f  , m ( O ) = O ;  

( c r ) , , + t  ( 1 . 3 )  
/ ) = B  T S ' f f  , O ( O ) = - O ;  

I .  

j Ddt = D ,  = eons t .  (1.4) 
0 

Here A, B, m, n, D, are temperature-dependent material parameters. We integrate (I,1)-(1.3) 
under constant o .  We obtain 

B - n - m  ! - -  (1 - -  to ( f q m + t - n  
= , - -  ; (1.5) p ( t )  - T u  - -  ~ , , - , - i - , ~  

I (1 .6 )  
m (t) = 1 - ( t  - A (m + i)  o " t ) " + ' ;  

D(t) = B o . + l - m  l - -  ( i  - -  co (t))  " - ' ~  ( 1 . 7 )  
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TABLE i TABLE 2 
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71 
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Taking account of the rupture criterion (1.4), we have for the values of the time to 
rupture t.(o) and the strain at the time of rupture p.(o) from (1.5) and (1.61: 

! -- (I - (,). (o)) m D* 
~* .... A ( , , , - i  I )~  m ' ( 1 . 8 )  

I~ . m ! - (! .... oJ. (.)~-,.H-- (1.9) 
p ,  ~ o  - ,. i l - - , t  

where  ~ . ( o )  i s  t h e  magn i tude  o f  the  damage a t  t he  t ime o f  r u p t u r e  ( e x p r e s s e d  in  te rms of  D. )"  

�9 / | D ,  m _ n  .~ l ( m - n )  
, 0 ,  (o)  : t - -  ( t  - -  (m - -  n) T o -]  . ( 1 . 1 0 )  

The boundedness  o f  ~ . ( 0  <~.  <1) and p .  f o r  any e imposes  the  f o l l o w i n g  c o n s t r a i n t  m~<n on m 
and n. ~ l i s  c o n d i t i o n  i s  l e s s  r i g o r o u s  than  the  c o n d i t i o n  m~<n <m +1 t h a t  r e s u l t s  from the  
boundedness  o f  p .  f o r  the  r u p t u r e  c r i t e r i o n  ~ .  =1 I1 ] .  

The dependence  t . ( o )  i n  ( 1 . 8 /  i s  d e p i c t e d  i n  the  l o g a r i t h m i c  c o o r d i n a t e s  lg  o - -  lg  t .  
( t he  c r e e p  s t r e n g t h  c u r v e )  a s  a convex  c u r v e  w i t h  two r e c t i l i n e a r  a s y m p t o t e s  c o r r e s p o n d i n g  
to  t he  dependences  t .  = l / ( A ( m  + l )om)  ( b r i t t l e  f r a c t u r e ) ,  and t .  =D. /Bo n+'  ( v i s c o u s  f r a c t u r e ) .  
The p o i n t  o f  i n t e r s e c t i o n  o f  t h e s e  l i n e s  Oo =[A(m + l )D*/BI  ~/(n+*-m) i s  a c e r t a i n  s t r e s s  
hav ing  c o n d i t i o n a l  b o u n d a r i e s  be tween  the  v i s c o u s  and b r i t t l e  f r a c t u r e s  fo r  c r e e p .  The 
dependence  p . ( o )  i n  (1 .9 )  has  a growing s e c t i o n  p .  ~o n-m fo r  s m a l l  o and a d e c r e a s i n g  s e c t i o n  
p .  ~o -x f o r  l a r g e  o ,  i . e . ,  q u a l i t a t i v e l y  r e f l e c t s  the  e x p e r i m e n t a l  dependence  p . ( o )  i n  a s u f -  
f i c i e n t l y  l a r g e  range  o f  s t r e s s e s  [ 9 ] .  I t  i s  s een  from (1 .9 /  t h a t  op .  grows as  does  o,  and 
approaches its limit value D. .  This effect (the diminution in the  scattered energy at the 
time of rupture as t. grows, or equivalently, as o diminishes) was observed in a number of 
experiments [7 ]. 

2. Since the values of m are sufficiently large, as a rule, the quantity (I -- m.)m+* 
in (1.8) can be neglected as compared with one. ~lis simplification permits a sufficiently 
simple determination of the parameters A, B, m, n, andD., The dependences ~min(O), p.(o), 
and t.(o) are determined experimentally in a series of uniaxial creep tests up to rupture. 
The parameters B and n are determined by least squares from the dependence ~min(O). Analo- 
gously (taking account of the assumption on the smallness of (1 ~ m.)m+* as compared to 
one), the parameters A and m are found from the dependence t.(o). Let us express D. in 
terms of p. and o in (1.9) and (i.i0) 

,4 /% ,tm_~.] ~" I t - 
I I--(,. I ! " ) T  n (2.1) D ,  .... " - X ~  

l i t  - ' - -  IL 
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The relationship (2.1) permits independent processing of the dependences p,(q) and determina- 
tion of the last parameter D, as the mean in the whole range of stress variation. 

Let us examine a number of materials for which the experimental dependences ~min(O), 
p, (q), t, (o), and the creep curves are presented. 

i. Steel KhlSNIOT at 850~ and o =40-80 MPa ([3]). For it m=3.07, n =3.2, A(m +I) = 
0.22-10 -6 (l~a) -m h -z, B +0.63"i0 -s (~a) -n h -z, D, =8,5 }~a, ~o =170 MPa. 

2. Titanium alloy OT-4 at 500~ and ~ =100-180 MPa ([7], data taken from [4]). For it 
m =n =3.59, A(m+l)=1.9"I0 -z~ (HPa) -m h -~, B =0.33-10 -z~ (~a) -n h -z, D, =154 ~a, qo =890 
MPa. 

3. Low-alloy steel at 500~ and q =62-217 HPa ([i0]). For itm=2.69, n =3.2, A(m +i) = 
0.36"i0 -z~ (~a) -m h -z, B =0.52-10 -z3 (l~a) -n h -z, D, =2.1"103 ~a, qo =12"103 ~a. 

E=~erimental values of t, and p, (numerator) and those determined from (1.8) and (1.9) 
(denomlnator) are compared in Tables 1-3 for these materials, respectively. The dashed lines 
in Figs. 1 and 2 display the theoretical creep curves (1.5), while the solid lines are the 
experiment data. Curves 1-4 in Fig. i (for steel KhlSNIOT at 850~ correspond to o =80, 60, 
50, 40 l~a. Curves 1-5 in Fig. 2 (for the alloy OT-4 at 500~ correspond to a =180, 150, 
130, 115, i00 ~a. 

It is seen from the data presented that the first two materials are in the mixed rupture 
domain, while the third is in the brittle fracture domain. Therefore, the deduction can be 
made that the dissipative creep rupture criterion is applicable for metals that tend to brit- 
tleness. The creep strength curve is here approximated by two rectilinear lines in the ig 
o -- ig t, coordinates, and the possibility is manifest for independent processing of the 
experimental data for p,(q) and an indication of the brittle, mixed, and viscous fracture 
domains. 
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