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STRESS RELAXATION, CREEP, AND UNIAXIAL STRAIN: GENERAL AND 

SPECIAL FEATURES 
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Papers devoted to the development of methods of describing the 
behavior of materials during creep and stress relaxation in terms of 
uniaxial strain data are usually base5 on the idea of the existence of 
a mechanical equation of state, i.e., an equation relating deformation 
or rate of deformation, temperature, stress, and time forsuch processes. 
The idea of a mechanical equation of state was first put forward by 
Nadai [1] and Zener and Holloman [2]. Holloman [3] has reported some 
experimental evidence for the existence of such an equation of state. 
However, Orowan [4], Dorn et al. [5], and Johnson et al. [6] have 
obtained data which are not in agreement with this idea. Freudenthal 
[7] has considered the physical basis of these processes and their math- 
ematieal description, and has not rejected the basic possibility of con- 
version of the data of one type of test into another, He ascribes the 
various difficulties in this area to insufficient knowledge about the 
nature of these processes. Ouiu and Pratt [8] have come to the same 
conclusion and have noted the complexity of the processes taking 
place in the material under test. 
It follows from the above papers that attempts to describe the mechan- 
ical behavior of a solid by a single simple equation of state with the 
same parameters for every type of test are unlikely to succeed. It is 
clear that the behavior of a solid under different types of test can be 
described by a generalized equation, but the parameters of this 
equation wi11 have different numerical values for each individual type 
of test, reflecting the particular physical conditions prevailing during 
stress relaxation, creep, and uniaxial strain. 
The possibility of describing stress relaxation, creep, and uniaxial 
strain by a single general equation is discussed below. An analysis of 
experimental data is used to exhibit both the general and particular 
features of these processes. 

STRESS R E L A X A T I O N  

~Iany w o r k e r s  h a v e  f o l l o w e d  M a x w e l l  and  b a s e d  

t h e i r  s t u d i e s  of s t r e s s  r e l a x a t i o n  p h e n o m e n a  in  m e t a l s  

on the  a s s u m p t i o n  t h a t  t h e  s t r e s s  r e l a x a t i o n  i s  p r o -  

p o r t i o n a l  to  t he  a p p l i e d  s t r e s s ,  i . e . ,  

- - d z  / d t  = K a ,  a = % e  - m  , ( 1 )  

w h e r e  K i s  a c o n s t a n t  r e p r e s e n t i n g  the  r a t e  of  s p o n -  

t a n e o u s  s t r e s s  r e l a x a t i o n ,  and ~0 and  cr a r e  t h e  s t r e s -  

s e s  at t i m e s  0 and t.  

t~0, ~ kg/mm2 
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Fig. i. Stress relaxation data for 

copper at room temperature ob- 

tained with the UMIR-10 machine 

for different initial stresses if0. 

It follows that if we plot the stress relaxation curve 
on a semilogarithmic scale we should obtain a straight 
line of slope equal to K. However, experimental stress 
relaxation curves for metals plotted in this way always 
have a considerable curvature during the initial period 

of time [9]. 
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F i g .  2. S t r e s s  r e l a x a t i o n  c u r v e s  

fo r  c o p p e r  a t  r o o m  t e m p e r a t u r e :  

s o l i d  c u r v e s  w e r e  o b t a i n e d  wi th  

t h e  U M M - 1 0  m a c h i n e ;  d a s h e d  

c u r v e s  w e r e  o b t a i n e d  by D a v i s  

[14]. 

F i g u r e  1 s h o w s  t h e  s t r e s s  r e l a x a t i o n  d a t a  f o r  m a r k  

M2 c o p p e r  o b t a i n e d  at  r o o m  t e m p e r a t u r e  wi th  t h e  

r e l a x a t i o n  t e s t  m a c h i n e  UIV[IR-10 d e s i g n e d  by  B a u s h i s  

[10]. T h e  s p e c i m e n s  w e r e  a n n e a l e d  in  v a c u u m  a t  550 ~ 

C f o r  2 h o u r s .  T h e s e  c u r v e s  w e r e  o b t a i n e d  u n d e r  d i f -  

f e r e n t  e x p e r i m e n t a l  c o n d i t i o n s  a s  c o m p a r e d  wi th  [9] 

and a l s o  t a k e  t h e  f o r m  of  c u r v e s  r a t h e r  t h a n  s t r a i g h t  

l i n e s  on a s e m i l o g a r i t h m i c  s c a l e .  T h i s  c o n f i r m s  t h e  

q u a l i t a t i v e  d i f f e r e n c e  n o t e d  in  [9] b e t w e e n  the  r e l a x -  

a t i o n  p r o c e s s  i n  m e t a l s  and t h e  v i s c o e l a s t i c  p r o c e s s  

d e s c r i b e d  by  t h e  M a x w e l l  s y s t e m ~  T h e  a c c u m u l a t e d  

e x p e r i m e n t a l  da t a  s u g g e s t  t ha t  Eq.  1 d o e s  no t  r e f l e c t  

t h e  r e a l  s t r e s s  r e l a x a t i o n  m e c h a n i s m  in  m e t a l s .  

: B e l y a e v  [11] and  B a u s h i s  [12] h a v e  a s s u m e d  t h a t  

t h e  s t r e s s  r e l a x a t i o n  p r o c e s s  can  be  d e s c r i b e d  by an 

e q u a t i o n  of t h e  f o r m  

- - d ( I  / dt  = K(~ n, (2) 

w h o s e  s o l u t i o n  can  be  w r i t t e n  in  t h e  f o r m  

4 l 
(~ - -  ~) ~-~ (. - -  1 )  ~ n - 1  = - -  A t .  ( 3 )  

Analysis of the relaxation data obtained with the 
UMIR-10 machine (Fig. i) on the basis of the equa- 

tion 

I / % - -  I / a  = - - K t ,  

i . e . ,  f o r  n =  2, t h e  m o r e  g e n e r a l  e q u a t i o n  

t l % - - l l ( ~ = / ( t ) ,  

and for  o ther  va lues  of n has shown that  Eq. 2 does 
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not provide a sa t i s fac to ry  desc r ip t i on  of the  s t r e s s  
re laxa t ion  p roce s s  in meta l s ,  i . e . ,  K r eonst .  
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Fig. 3. The s t r e s s  r e laxa t ion  p a r a m e t e r  k as a 
funct ion of the in i t ia l  s t r e s s  g0: 1) data obtained 
with the UMIR-10 machine ;  2) Davis t data at 
room t e m p e r a t u r e ;  3) data f r o m  [9]; 4) Davis T 

data  at 165~ 

It was shown in  [9] and in  a subsequent  paper  [13] 
that s t r e s s  re laxa t ion  in me ta l s  and al loys at room and 
h igher  t e m p e r a t u r e s  can be desc r ibed  by the equation 

(~ : c~ o exp [-- kPtP]. (4) 

This  equat ion is  obtained by in teg ra t ing  Eq. (1) with 
K = pkPt p-1. It is c l ea r  that  the t ime  dependence of the 
s t r e s s e s  has  a more  complicated c h a r a c t e r  s ince  K = 
=f(t, g0) and, consequent ly ,  the re laxa t ion  p roces s  in 
meta l s  is not of the v i soe l a s t i c  type. 

The exponent p in Eq. (4) can a s s u m e  va lues  be t -  
tween 0 and 1 and is a m e a s u r e  of the degree  to which 
the re laxa t ion  p r o c e s s  in meta l s  approaches  the v i s co -  
e las t ic  p roces s  desc r ibed  by Eq. (1). The p a r a m e t e r  
k has  the d imens ions  of [T] -1 and c h a r a c t e r i z e s  the 
t rue  re la t ive  s t r e s s - r e l a x a t i o n  ra te  in the body, 1 /k  = 
:~ 7 is  the t rue  re laxa t ion  t ime ,  and K r e p r e s e n t s  the 
genera l i zed  or  effective re l a t ive  ra te  of s t r e s s  r e -  
laxat ion in the solid. 
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Fig .  4. Creep  curves  for oxygen- 
f ree  copper obtained by Davis  at 
165"C. Dashed curves  were  ob- 
tained by ca lcula t ion  in accordance  

with Eq. (13). 

F igure  2 shows a plot  of In ~t  aga ins t  tP based  on 
the expe r imen ta l  data obtained with the UMIR-10 m a -  
chine and the data repor ted  by Davis [14] who used 
Boyd's  mach ine  to tes t  oxygen- f ree  copper  at  room 
t e m p e r a t u r e .  To obtain the graphs  of Fig. 2, the 
expe r imen ta l  data were  f i r s t  plotted in  the fo rm of 
lg L v e r s u s  lg T, where  L = In(g/g0).  These graphs  
gave s t ra igh t  l ines  whose slope was de t e rmined  by 
the p a r a m e t e r  p. Having de t e rmined  this  p a r a m e t e r  

f r o m  the graphs,  it was then a s imple  m a t t e r  t o  plot 
the exper imen ta l  data in the form of In g agains t  t p. 
The t rue  c h a r a c t e r  of the p r o c e s s  is  b e t t e r  exhibited 
in t e r m s  of these  coordinates .  

The data of Fig.  2 show that Eq. (4). i s  a good ap-  
p rox ima t ion  of the s t r e s s  r e l axa t ion  p r o c e s s  in  cop-  
per  at room t e m p e r a t u r e .  De te rmina t ions  of the va lues  
of p and k have shown that  the exponent p for this  m a -  
t e r i a l  is  p r ac t i ca l l y  independent  of the in i t ia l  s t r e s s  
used in  these  t e s t s  (p = 0.16 and 0.24 for  copper  at 
165 ~ C), while the quant i ty  k i n c r e a s e s  with dec rea s ing  
g0" It i s  c l ea r  f rom Fig. 3 that  k is  a l i n e a r  funct ion 
of g0" F igure  3 a lso  shows the data for h igh -pu r i t y  
copper repor ted  in [9] and Davis '  data for  copper  at 
165 ~ C [14]. 

Equation (1) can be obtained f rom the gene ra l  
Maxwell equation: 

do de d-T ~ E - ~  - -  K6 for ~ ~ const (K ~ const). (5) 

According to Maxwell, t he re  is  m e r e l y  a t r a n -  
s i t ion of e las t ic  de format ion  with t ime  into a new form 
of deformat ion,  namely,  v i scous  (viscoelast ic)  defor -  
mat ion,  and the in i t i a l  deformat ion  e 0 r e m a i n s  con-  
s tant  (pure re laxat ion) .  However, Eq. (4) can also 
be obtained f rom Eq. (5) when K ~ const  and e las t ic  
d e f o r m a t i o n  p a s s e s  into a p las t i c  deformat ion:  e -~ 
-> 6, i .e . ,  when the p roces s  is e l a s t i c - p l a s t i c .  Equation 
(5) can the re fo re  be rega rded  as a gene ra l i zed  equa- 
t ion de sc r ib ing  v i s coe l a s t i c  and e l a s t i c - p l a s t i c  p ro -  
c e s se s .  

5=7.0 

Fig. 5. Creep curves according 
to Davis [14] using Eq. (13). 

When k = 0 (p = 0, T = ~), Eq. (5) leads  to Hooke's  
law. Af ter  the appl ica t ion of an  ins tan taneous  s t r e s s  
to an e l a s t i c - p l a s t i c  body, such that  (r0 < (re, where  
ge is  the physica l  e las t ic  l imi t ,  the s t r e s s  re laxa t ion  
does not occur,  and i t  is  only for (re > ge that  s t r e s s  
re laxa t ion  takes  place.  The ra te  of r e l axa t ion  i n c r e a s e  s 

at the s ame  t ime:  (r -~ (v e, e -~ e e (ee is the deformat ion  
co r re spond ing  to the physica l  e las t ic  l imit) ,  and 

o - -  (~ = (e~ 0 - -  oe) exp [--kvtP]. (6) 

It is clear that, as the elastic limit increases, there 

is a reduction in g - ge -- g* (g* is the effective stress) 

and k. The parameter p is independent of the magni- 

tude of the elastic limit. The data shown in Fig. 3 

indicate that the elastic limit of the copper specimen 

investigated at room temperature is greater than zero, 

and it is only at 165 ~ C that the elastic limit of copper 

becomes equal to zero. 
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CREEP 

V~hen (7= const andK ~ const (0 < p < i) we have 

from Eq. (5) the equation of creep for an elastic- 

p l a s t i c  body:  

de K 
d~- = ~-- ~" (7) 

A s s u m i n g  as a b o v e  tha t  K =- pkPt p - i ,  we h a v e  f r o m  
Eq. (7) 

kp 
e = ~ -  t v ~ .  (8 )  

When cr < o- e t h e  e n t i r e  d e f o r m a t i o n  e in  Eq.  (8) 
i s  e l a s t i c  (e = cons t )  and t h e r e  i s  no o b s e r v a b l e  c r e e p ,  
i. e . ,  5 = 0. When  ~ > ~e, e l a s t i c  d e f o r m a t i o n  wi l l  
con t inue  t h r o u g h o u t  t he  t i m e  of the  t e s t  (e = cr/E = 
= cons t ) ,  and at  the  s a m e  t i m e  t h e r e  i s  an i n c r e a s e  in 
the  p l a s t i c  d e f o r m a t i o n  5: e + 5 = e ~ cons t ,  w h i l e  in 
Eq. (8) we h a v e  cr = a . .  S ince  d e f o r m a t i o n  r e a c h e s  an 
a p p r e c i a b l e  m a g n i t u d e  d u r i n g  c r e e p ,  t he  q u a n t i t y  e 
m u s t  be  i n t e r p r e t e d  a s  t he  t r u e  r e l a t i v e  d e f o r m a t i o n  
under  s t r e s s  e 1, i . e . ,  the  H e n e k y  d e f o r m a t i o n  which  is  

r e l a t e d  to t h e  C a u c h y  d e f o r m a t i o n  e 2 by the  w e l l - k n o w n  
r e l a t i o n  

el = In (t + e~). (9) 

Subs t i tu t ing  Eq. (9) in to  Eq.  (8) we  have ,  a f t e r  s o m e  
rear rangement ,  

l -L e2 = exp ~-~ tP~ . t .  (I0) 

If we restrict our attention to the first two terms in 
the series expansion of this function, we find that the 

total relative deformation during creep is given by 

k p e~ = e -~ 6 ~ ~- tv~,. (Ii) 

Figure 4 shows the creep curves (solid lines) for 

oxygen-free copper obtained by Davis at 165 ~ C [14]. 

These curves are plotted in the form of ig e 2 versus 
Ig t and can readily be converted into straight lines 

(Fig. 5). The values ofkP andp (p= 0.36 for all the 

curves) were found by a graphical method, and then 

Eq. (11) was used to calculate the Greep curves shown 
in Fig. 4 by the dashed lines. Thefaet that the solid 

and dashed curves of Fig. 4 are practically identical 
suggests that the Davis creep curves are satisfaetoz'ily 

described by Eq. (11). 

2.5 5.0 Z5 

Fig. 6. Stress relaxation pa- 

rameter k under creep con- 

ditions at constantly applied 

stress (copper at 165 * C). 

In F ig .  5 the  c r e e p  c u r v e s  a r e  sh i f t ed  not on ly  a s  a 

r e s u l t  of the  i n c r e a s e  in t he  a p p l i e d  p r e s s u r e  cr 0, but  

a l s o  a s  a c o n s e q u e n c e  of t he  a t t e n d a n t  i n c r e a s e  in k. 
T h i s  i s  shown b y  F ig .  6 wh ich  g i v e s  a p lo t  of k a s  a 
f u n c t i o n  of  ~0" T h e e l a s t i c  l i m i t  ge  f o r  c o p p e r  at  165~ 
is  shown b y  the  da ta  of F ig~ 6 to be  z e r o .  

UNIAXIAL S T R A I N  

The  u n i a x i a l - s t r a i n  p r o c e s s  i s  a l s o  a d e q u a t e l y  d e -  
s c r i b e d  by  Eq.  (5). When  a u n i a x i a l  s t r e s s  i s  app l i ed  
by c o n s t a n t  s p e e d  of the  t e s t - m a c h i n e  g r ip ,  t he  t r u e  

r e l a t i v e  d e f o r m a t i o n  i s  e 1 ~ c o n s t  and s ~ e o n s t  (s = P / F  
and cr = P / F 0 ,  w h e r e  P is  the  load,  F 0 i s  the  i n i t i a l  c r o s s  
s e c t i o n ,  and F the  r u n n i n g  c r o s s  s e c t i o n )  and, t h e r e -  

f o r e ,  (r ~ s on ly  f o r  d e f o r m a t i o n s  tha t  a r e  not  t oo  high.  

198 

M3-45# 

L 

Fig. 7. Uni~ial strain curves 

fo r  c o p p e r ,  p lo t t ed  in the  f o r m  
of lg B v e r s u s  lg t, w h e r e  B = 

= ES~ u s i n g  E q .  (18). 

As  in the  above  s t r e s s  r e l a x a t i o n  and c r e e p  p r o c e s -  
s e s  we sha l l  a s s u m e  tha t  K ~ const ,  i .e.~ K = p k P t  p - t  
(0 < p < 1). Subs t i t u t i ng  in to  Eq.  (5) and a s s u m i n g  in 

a c c o r d a n c e  wi th  e x p e r i m e n t  t ha t  s = a t ,  we have ,  a f t e r  

i n t e g r a t i o n  f o r  s e > 0 (Se = ~e ) 

,~ s, kPtP (12) el = -~- - k  -Z- 

P u t t i n g  E q .  (9) in to  E q .  (12) we ob ta in  

t @ e2 = exp q-  -Z- kvtP " (13) 

H e n c e f o r t h  we  sha l l  r e s t r i c t  o u r  a t t e n t i o n  to  the  
f i r s t  two of t he  e x p a n s i o n  t e r m s ,  so  tha t  

I k p 
e2 = ~ - s  ~- -g- f s .  , (14) 

w h e r e  e 2 i s  t he  s u m  of t h e  e l a s t i c  and p l a s t i c  d e f o r -  
m a t i o n s ,  i . e . ,  e + 5. 

It w a s  shown e a r l i e r  [15] tha t  in the  c a s e  of u n i -  
ax i a l  s t r a i n  in m e t a l s  

l i ( s - -  s~)% (15) e~ = 8 q - 6  = --Ks + T 

w h e r e  s e i s  the  p h y s i c a l  e l a s t i c  l i m i t  and y i s  t he  
c o e f f i c i e n t  of  p l a s t i c i t y  f o r  t he  m a t e r i a l  u n d e r  t e s t .  
F r o m  Eqs .  (14) and (15) we f ind  tha t  

E6~ / 7 = kP~" (16) 

T h e  l e n g t h  of t h e  s p e c i m e n s  t e s t e d  in  [15] w a s  100 

m m  and the  m a c h i n e  g r i p  was  d i s p l a c e d  a t  t h e  r a t e  of 

1 .2  m m A n i n .  T h e s e  da t a  and the  v a l u e s  of  3' and s e 
o b t a i n e d  in [15] w e r e  u s e d  to  p lo t  lg  B v e r s u s  Ig t, 
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where B = E5~ Since lg t3 = lg kP + p lg t, i t  was 
a s imple  m a t t e r  to find the va lues  of p and kP by graph-  
ical  methods.  The va lues  of p for al l  the m a t e r i a l s  
were  found to be equal to 0.50.  

The graphs given in Fig.  7 for  copper  [15] show that  
Eq. (16) is a ve ry  good r ep re sen t a t i on  of the uniaxia l  
s t ra in  p rocess .  

GENERAL AND SPECIAL FEATURES OF THE PRO- 
CESSES 

It i s  c l e a r  f rom the above account  that uniaxia l  
s t ra in ,  creep,  and s t r e s s  re laxa t ion  a r e  s a t i s f ac to r i ly  
descr ibed  by the genera l  equation 

ds del 
a--t- = E -~-  - -  K s  (g = pk p t ~ l ) .  (17) 

Hooke's law (K = 0) is  obtained f rom Eq. (17) when 
p = 0. Whe p = 1 we have an equat ion de sc r ib ing  the 
mechanica l  p r o p e r t i e s  of a v i scoe las t i c  body. When 
0 < p < 1 we have an equation desc r ib ing  the mechan-  
ical  p rope r t i e s  of an e l a s t i c - p l a s t i c  body. When s 

const  and e 1 r const,  Eq. (17) d e s c r i b e s  un iax ia l  
e l a s t i c - p l a s t i c  s t r a i n  (0 < p < 1). F o r  s = const  we 
obtain the c reep  equat ion of Eq. (11), and for  e I = 
const we have the condit ion for  s t r e s s  re laxa t ion  in  the 
e l a s t i c - p l a s t i c  body given by Eq. ( i ) .  

In pure  s t r e s s  re laxat ion,  the e las t i c  de fo rmat ion  
goes over  to a genera l ly  d i f ferent  deformat ion ,  namely ,  
plastic deformation, i.e., e --> 6. This is a dislocation 
process, and since according to [16] for plastic de- 

fo rmat ion  6 = (s~ "5 - e~ where  e d and e u a r e  
the block s i zes  (i. e . ,  the s i zes  of reg ions  r e spons ib l e  
for  coherent  s ca t t e r ing  of X - r a y s )  in  deformed and 
undeformed meta l ,  i t  follows that this  p roce s s  is  con-  
nected with the f r agmen ta t ion  of blocks or the co r -  
responding  i n c r e a s e  in d i s loca t ion  dens i ty .  

Since s = ~/E, a n d s  + 6 = s0, w e f i n d f r o m E q . ( 4 )  that 
the i n c r e a s e  in  p las t i c  de format ion  with t ime  dur ing  
the s t r e s s  r e laxa t ion  p r o c e s s  is given by 

6 (1) = 6 / e0 = t - -  exp [ - - k  p tp]. (18) 

Here, and in the ana ly s i s  given below, the s u p e r -  
sc r ip t s  (1), (2), and (3 ) r e f e r ,  r espec t ive ly ,  to r e -  
laxation, creep,  and s t r a in  p r o c e s s e s .  

The quant i ty  5 (1) i n c r e a s e s  throughout  the s t r e s s  
re laxa t ion  p r o c e s s  f rom 0 to 1, and the i n t ens i t y  of 
the p roce s s  i n c r e a s e s  with i n c r e a s i n g  e o (or ~ ,  s ince  
k = f ( e o ) .  When 0 < s 0 ~ e e t h e r e  will  be no s t r e s s  r e -  
laxat ion s ince  then p = 0. 

According to Davis '  data (Fig. 3), the p a r a m e t e r  k 
is t e m p e r a t u r e - s e n s i t i v e  and appea r s  to depend on the 
na ture  of the m a t e r i a l .  According  to the data repor ted  
in [13], the exponent p is  s ens i t ive  to both t e m p e r a t u r e  
and m a t e r i a l  s t r uc tu r e .  

During c reep  the re  is  an analogous p r o c e s s  of spon-  
taneous  t r a n s i t i o n  of e las t i c  de fo rmat ion  into p las t i c  
deformat ion  but, in  th is  case,  e las t i c  de fo rmat ion  in  
the body i s  ma in t a ined  at a constant  level .  If we wri te  
Eq. (11) in  a fo rm analogous to Eq. (18), i .e . ,  

~2)  = 6 / e = kP tP - -  1, (8 ~ ~e) , (19) 

we obtain for  5 (2) n u m e r i c a l  va lues  of between zero  
(9 and 5 = const  (at the end of t h e p r o c e s s ) .  During 

equal t ime  i n t e r v a l s  with e (2) = e (~) we have 5 (2) >> 
>> 6 (1) and, therefore ,  p(2) > p(1). According to Davis '  
data (Figs. 3, 6), k(2)is somewhat  g r e a t e r  than k(1)(at 
165 ~ C) at the same  s t r e s s .  

For  uniaxia l  s t r a i n  and e e > 0 we have f rom Eq. (14) 

5 (a) = 5 / e e =  kp tp. (20) 

The quanti ty  5 (3) v a r i e s  between zero  and 5 (3) >> 5 (2) 
for  a given t i m e  in t e rva l .  In the case of un iax ia l  s t r a i n  
the level  of e las t ic  de format ion  e i n c r e a s e s  cont in-  
uously  and, therefore ,  the r a t e  of s t r e s s  re laxa t ion  is 
h igher  than dur ing  creep:  k (~) >> k (2) and p(3) > p(2). 
The p a r a m e t e r  k dur ing  the s t r a i n  p r o c e s s  is  d e t e r -  
mined by the quant i ty  Se and, consequent ly ,  by the 
coefficient  7, whose magni tude  is  a lso de t e rmined  by 
the ra te  of de fo rmat ion  [16]. The p a r a m e t e r  p is  
equal to 0 .50 (for all  m a t e r i a l s )  as shown above (Fig. 
7). 

Pu re  s t r e s s  re laxat ion,  creep,  and uniaxiaI  s t r a i n  
a re  thus e s sen t i a l l y  p r o c e s s e s  of i n c r e a s i n g  p las t i c  
de format ion  due to spontaneous  t r a n s l a t i ona l  fac tors  in  
the c ry s t a l t i t e s  which make up the po lyc rys t a l l i ne  
m a t e r i a l s .  

Calcula t ions  have shown that expe r imen ta l  data on 
re laxat ion ,  creep,  and s t r a i n  for va r ious  types  of 
copper at room t e m p e r a t u r e  and at 165 o C are  in  sa t -  
i s fac tory  a g r e e m e n t  with Eqs. (18),~ (19), a ~ d  (2.0/. In 
genera l ,  for a given t e m p e r a t u r e  p(lt < p(2)< pt3), 
k (1) ~ k(2) and k (z) << k (3[ It is c l ea r  that  the p a r a m -  
e t e r s  k and p, which a re  quan t i t a t ive  c h a r a c t e r i s t i c s  
of the ra te  of t r a n s l a t i o n  phenomena,  have di f ferent  
va lues  in  di f ferent  cases ,  s ince  the way in which the 
e las t ic  de fo rmat ion  is  ma in ta ined  at each ins tan t  of 
t ime  i s  d i f ferent  for  the above p r o c e s s e s .  

The poss ib i l i t y  of a m o r e  p r e c i s e  desc r ip t ion  of the 
behavior  of m a t e r i a l s  dur ing  c reep  and s t r e s s  r e l ax -  
at ion in  t e r m s  of sho r t -pe r iod  t e s t s  involving un iax-  
ial  s t r a i n  is  c lose ly  re la ted  to the p r ob l e m of f inding 
m o r e  accura te  quant i ta t ive  r e l a t ionsh ips  for  these  
p a r a m e t e r s .  This  will  be a m a t t e r  for  f u r t he r  study. 
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