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In predicting the deformation and conditions of fracture of mate- 
rials under complex loading program conditions one must consider the 
entire duration of the deformation process, 

The problem becomes complicated in cases of a simultaneous op- 
eration of various mechanisms of deformation and fracture, e.g., 
when plastic deformation is superposed (once or repeatedly) on creep. 

A promising phenomenological approach m this problem may be 
based on concepts of the mechanical equation of state of materials. A 
hypothesis of the existence of the equation of state depending on a fi- 
nite number of structural parameters was formulated by Krbner [1] for 
the case of the three-dimensional law of plasticity and by Rabotnov 
[2] for the case of creep and fracture under uniaxial stress state condi- 
tions. 

This article is concerned with the application of the hypothesis of 
the mechanical equation of state to the problem of deformation and 
fracture of materials (in the uniaxiat case) under complex loading pro- 
gram conditions, 

1. Bas ic  a s sumpt ions .  The  m a t e r i a l  is loaded in 
a c c o rdance  with an a r b i t r a r y  p r o g r a m  d e t e r m i n e d  for  

ins tance  by the t i m e  dependence of s t r e s s  ~(r)  and t(r) .  
To f o r m u l a t e  a phenomenolog ica l  desc r ip t ion  of the 

behav ior  of the m a t e r i a l  under these  condi t ions,  we 

make  the fol lowing a s sumpt ions .  
(a) The  s t r a in  components  a re  addi t ive  

de = da + de + dp, a = o / E + x t ,  

E = E (t), • = • (t). 

H e r e  a, a, e, and p denote the total  s t ra in ,  the r e -  
v e r s i b l e  s t r a in  (e las t ic  and the rma l ) ,  the p las t i c  s t ra in ,  
and the c r e e p  s t r a in ,  r e s p e c t i v e l y ,  E denoting the 

e l a s t i c i t y  modulus .  
(b) The va r i a t ion  in the p las t ic  s t r a in  on the dif-  

f e r en t i a l  por t ion of the loading path is d e s c r i b e d  by 

de = BldT + B2&I + Badt. (1.1) 

The t e r m s  in the r igh t  par t  of (1.1) d e s c r i b e  the 
s imul taneous  inf luence of t i m e - c o n t r o l l e d  p r o c e s s e s  
(diffusion, aging) on the r e s i s t a n c e  to p las t ic  d e f o r -  

mat ion (Rldr),  the m o m e n t a r y  i s o t h e r m a l  va r i a t ion  
in the p las t i c  s t r a in  due to s t r e s s  va r i a t ion  (R=da), 
and the inf luence  of t e m p e r a t u r e  changes on the r e -  
s i s t ance  to p las t i c  de fo rma t ion  (Radt). The  c r e e p  s t r a i n  

is g iven  by 

dp = IQdT (1.2) 

where  R 4 is the c r e e p  r a t e .  

(c) Values R l (l = 1 , 2 , 3 , 4 )  a r e  funct ions of t i m e  r ,  

s t r e s s  ~, t e m p e r a t u r e  t and s t r uc tu r a l  p a r a m e t e r s  

q r  (r = 1 , 2 , 3 , . . . , s )  

l t l =  ltz (~, or, t, ql, qz, "", qs). (1.3) 

The s t r u c t u r a l  p a r a m e t e r s  a r e  d e s c r i b e d  [2] by r e -  
la t ions  of the fol lowing type:  

dq~ = a~ad~ + a~d~ + a~aqt, (1.4) 

aij = aij (v, 6, t, ql, q~ . . . . .  q,). (1.5) 

Each of the coef f ic ien t s  R 1 and aij has  two b ranches :  
two va lues  c o r r e s p o n d i n g  to any given combinat ion  of 

r ,  ~, t and q r .  
One of these  b r a n c h e s  (R' / ,  a ' i j )  c o r r e s p o n d s  to 

ac t ive  p l a s t i c  de fo rmat ion ,  whi le  the o ther  (R"I,  a"tj)  
r e l a t e s  to the unloading s tage.  

(d) The  m o m e n t  of the s t a r t  of unloading co inc ides  
with the m a x i m u m  I e I. The condi t ion fo r  this  m a x i -  
m u m  may  be wr i t t en  in the f o r m  

e ( R (  4-1~( d6/dv + Ra' dt/dT) ~ O. (1.6) 

Here e denotes the plastic strain at the beginning 

of the unloading stage. 
If the condition for the maximum i e i is expressed 

through coefficients R"/, we obtain the necessary and 

sufficient condition for unloading in the form 

R('  + B( '  dG/:}v + R3" dt/~tv = O. (1.7) 

Condi t ions  (1.6) can be sa t i s f i ed  in many ways ,  
i. e . ,  dcr/dr and dt /dv dur ing unloading a re  not unique 
va lues .  Hence  it fol lows that  (1.7) should be iden t ica l ly  

sa t i s f ied ,  i . e . ,  at the in i t ia l  unloading momen t  R'~ = 

= O ( l =  1 , 2 , 3 ) .  
Funct ions  (1.3) and (1.5) a r e  unknown. A poss ib l e  

way of solving the p rob lem in ques t ion  would entai l  
s e l ec t ing  a hypothet ica l  f o r m  of these  funct ions on the 

bas i s  of a h e u r i s t i c  g e n e r a l i z a t i o n  of s i m p l e  e x p e r i -  
ments  and subsequent ly  ver i fy ing  the conc lus ions  
r e a c h e d  by e x p e r i m e n t s  under  complex  loading con-  

di t ions .  
The va r i a t i on  in the m e c h a n i c a l  p r o p e r t i e s  of so l ids  

is due to both t i m e - c o n t r o l l e d  p r o c e s s e s  (aging, d i f -  
fusion,  etc .  ) and i r r e v e r s i b l e  de fo rma t ions  (plas t ic  

and c r eep  s t r a ins ) .  
Bea r ing  in mind the d i r e c t  inf luence of i r r e v e r s i b l e  

s t r a i n s  on the va r i a t ion  in mechan ica l  p r o p e r t i e s ,  i t  
is convenient  to wr i t e  (1.4) in the fol lowing equiva len t  

f o r m  

The p rev ious  symbols  aij  a r e  used as the new co-  

ef f ic ients  in (1.8). 
Let  us apply the above concepts  to c e r t a i n  p rob l ems  

of de fo rma t ion  and f r a c t u r e  of m a t e r i a l s  under complex  

loads at a constant  t e m p e r a t u r e .  
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As the s t r u c t u r a l  p a r a m e t e r s ,  let  us take ql = u, 
q2 = v, q3 = ~, where  

u:i d , 
Here  the in tegra t ion  extends over the en t i r e  dura t ion  

of the deformat ion  p rocess .  The p a r a m e t e r  u r e p r e -  
sents  the specif ic  energy  d iss ipa ted  by the m a t e r i a l s  
as a r e s u l t  of sho r t - l a s t i ng  p las t ic  deformat ion ,  while 
v is the energy  d iss ipa ted  as a r e s u l t  of creep.  The 
th i rd  p a r a m e t e r  ~ r e p r e s e n t s  the degree  of damage of 
the m a t e r i a l  which is  equal to zero in the in i t ia l  s tate  
and to one at the m o m e n t  of f r ac tu re .  

% 

2 

Fig.  1 

The in t roduct ion  of p a r a m e t e r s  u and v re f lec t s  the 
fact that  s t r u c t u r a l  changes and the cha rac t e r  of f r a c -  
tu re  due to sho r t - l a s t i ng  p las t ic  deformat ion  and due 
to c reep  are  different ,  and this  d i f ference  can be taken 
into account by in t roducing  not l e s s  than two s t r u c t u r a l  
p a r a m e t e r s .  

If the loading p rog ram ~(~-) and the s t a r t i ng  condi-  
t ions  a re  known, the sys tem of equat ions  (1.1), (1~ 
and (1.9) is  not suff icient  to de t e rmine  all  the s t rength  
c h a r a c t e r i s t i c s ;  an addit ional  r e l a t ion  of the (1.8) type 
is n e c e s s a r y  in the form 

d~p = hldu -~ hedv. (1.10) 

Condit ion (1.10) r e p r e s e n t s  an a s sumpt ion  that the 
damage of the m a t e r i a l  is  produced by i r r e v e r s i b l e  
s t r a in s .  Values  h i and h 2 a re  obviously funct ions  of 
r ,  q , u , v ,  and ~b. Taking th is  into account  and us ing 
(1.1), (1.2), (1.9), and (1.10), one can wri te  the s y s -  
t em of equat ions de t e rmin ing  the behavior  of a non-  
aging m a t e r i a l  in the form 

de = Hedcl, dp = H4d'~, du = (~de, du = (~dp , (1.11) 

d~p : h ldu  -~ h2dv. (1.12) 

Here 1/~ 2 is  the p las t ic i ty  modulus .  
2. Fat igue.  In this case it is n e c e s s a r y  to take in 

the sys tem of equat ions (1.11) and (1.12) R 4 = 0 and to 
choose the form of funct ions R2 and h 1. The function 
R 2 can be obtained f rom the law of repea ted  de fo rma-  
tion 

2 - -  "3 a , m - [  d (e - -  e ,) -- m ( z%~ -/ d (~/~-- ~,,) 

Here  ~0 and e 0 denote, r espec t ive ly ,  the s t r e s s  and 
plast ic  s t r a i n  at the momen t  of s t r e s s  r e v e r s a l  (Fig . l ) ;  

m is  a s t r u c t u r e - i n s e n s i t i v e  c h a r a c t e r i s t i c  of the m a -  
t e r i a l ;  and (r k is a s t r u c t u r e - s e n s i t i v e  p a r a m e t e r  ana l -  
ogous to the " ins tan taneous"  yield point. 

Relat ion (2.1) e xp r e s se s  the Mazing p r inc ip le  [3] 
with the p a r a m e t e r  ~k in t roduced to desc r ibe  the in -  
s tabi l i ty  of the p las t ic  h y s t e r e s i s  loop during cyclic  
loading. F r o m  the standpoint  of accepted phenomeno-  
logical  pos i t ions ,  one should r e g a r d  ak as anew s t r u c -  
t u ra l  p a r a m e t e r  and add a re la t ion  

da~ = g~du -~ g~d~. (2.2) 

In a s impl i f ied  va r i an t  let  us a s s u m e  in tegrab i l i ty  
of (2.2) and the ex is tence  of a r e l a t ion  in the form 

~k=  %, (u, ~p). (2.3) 

The hypothesis  (2.3) can be used to i n t e r p r e t  data 
on the va r i a t ion  in the p las t ic  h y s t e r e s i s  loop dur ing 
cycl ic  deformat ion  [4] and to desc r ibe  the di f ferences  
in the behavior  of m a t e r i a l s  that harden,  a re  s table ,  
or  weaken under  the inf luence of cyclic  loads.  It ap-  
pea rs  that the mos t  typical  va r ia t ion  in o~: dur ing cy-  
clic loading is when the inf luence of s t r a in  hardening  
p redomina te s  in  the in i t ia l  s tages leading to a s l ight  
i n c r e a s e  in Ok, af ter  which o k begins  to dec rea se  with 
i n c r e a s i n g  n u m b e r  of s t r e s s  cycles  as a r e su l t  of weak-  
ening m e a s u r e d  in  t e r m s  of the degree  of damage ~b. 

Ce r t a in  exper imen ta l  r e su l t s  point to the exis tence  
of a s tab i l iza t ion  stage to which co r re sponds  a con-  
s tant  (or a lmos t  constant)  value of ~k" Let us wr i t e  
(2.3) in the form 

vk = v~o (l - -  ~) S (u). (2.4) 

Here S(u) is  the harden ing  function re f lec t ing  the 
inf luence of s t r a i n - h a r d e n i n g  on the yie ld  point and 
~k0 is  a m a t e r i a l  constant .  

Let us choose the function hi(a, u, ~) in the form 

hl = cl ( l - - ~ c  )~ F l  (u). (2.5) 

Here c i and 7 a re  m a t e r i a l  cons tants .  
The hypothesis  (2.5) is based on r ega rd ing  r as the 

degree of weakening of the m a t e r i a l  c r o s s  sect ion [5]. 
The funct ion Fi(u) should take into account  the effect 
of s t r a i n  hardening  on the m a t e r i a l  s t rength.  

Let us cons ider  cycl ic  deformat ion  of a m a t e r i a l  
us ing re la t ions  (2.1), (2.4) and (2.5). The change in 
u and ~ dur ing  one deformat ion  cycle  is  found f rom 
re l a t ions  (1.11), (2.1), (1.12) and (2.5), bea r ing  in 
mind  that the va r i a t ion  in u and ~ dur ing  one cycle is 
smal l  and that these  values  in the r ight  s ides  of (2.4) 
and (2.5) may be taken as constant .  In this  way we obtain 

d'-~ --~ E1 ~1 = (~de , (2.6) 

Here the in tegra t ion  extends over  one cycle ,  and n 
denotes the n u m b e r  of cycles .  

Using (2.1), f rom (2.6) and (2.7) we obtain for  a 
s y m m e t r i c a l  cycle 

~1 = ! (m, 0) A~m~ i , 
8 (2%) "n-1 
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~1 I (m, X) A~_:_m+ 1 
E (2%) m-i  

--1 
(2.8) 

H e r e  Act is the s t r e s s  i n t e rva l  (Fig.  1). F r o m  (2.6) 
and (2.7) and taking into account  (2.8), we obtain 

d ~  I d u  = c ~ A ~  F i  (u )  I (t - -~ )~ ,  (2.9) 

whe re  c z is a m a t e r i a l  constant .  
a) Fa t igue  at A~ = const .  Taking for  Fl(u) a power  

function 

F~ (u) = u -s (~ = cons0 (2. i0)  

f r o m  (2.9) at S~r = cons t  (h igh-endurance  fatigue) we 
find 

I -- (I - -  ~)~+i = ~" + ~ c~dxz~ u i-~. (2. i i )  

At f r a c t u r e  ~b = 1 and u = U, so that  f r o m  (2.11) we 
have 

A ~  = H U  -(i '-~)/~ . (2.12) 

H e r e  H is  a m a t e r i a l  constant  and U is  the value of 
u at the m o m e n t  of f r a c t u r e .  

If i t  is a s sumed  that  t he r e  ex i s t s  a s tage  of loop 
s t ab i l i za t ion ,  one may  take ~k =cons t ;  then,  f r o m  (2.6), 
the f i r s t  r e l a t i on  of (2.8), and f r o m  (2.12), we obtain 

u ~ A ~  re+in , U ~ A ~  r~+l, N, U ~ N  ~ 

(~ = ~+  (~ 4-~)(~--~))" (2.13) 

The symbol  ~ denotes  p ropor t iona l i ty ,  and N is the 
number  of cyc l e s  to f r a c t u r e .  

The e r r o r  due to a s suming  cr k = const  is compen -  
sated by the fact  that  function Fl(u) r e f l ec t i ng  the r e a l  

ins tab i l i ty  of the m a t e r i a l  is  d e t e r m i n e d  f r o m  fa t igue 

t e s t  r e s u l t s .  
Using (2.12) and (2.13), one can obtain the equat ion 

for  fat igue in i ts  usual  fo rm:  

Na~b= K ( b =  rn § l § t - - ~ ) "  (2.14) 

H e r e  K and b a r e  constants  d e t e r m i n e d  by fat igue 
t e s t s  at A(~ = const .  

Re la t ion  (2.9) can be used  to compute  the condit ions 

of f r a c t u r e  at v a r i a b l e  A~. 
Let  us c o n s i d e r  the case  of s t epwise  leading ,  when 

the m a t e r i a l  is  sub jec ted  to n 1 loading cyc les  at Acrl, 

(n 2 - n l) cyc les  at Aft 2, e tc .  
In tegra t ing  (2.9) and taking into account  (2.12), we 

obtain the b a s i c  condi t ion for  f r a c t u r e  under  s t epwise  
loading condi t ions  in the f o r m  

(},_~ -- t (u~ = 0). (2.15) 
i=l  

H e r e  u i is  the value  of u at the end of the i - t h  cyc l i c  

de fo rma t ion  in t e rva l .  

The r e l a t i onsh ip  be tween U i and Aft i is  d e s c r i b e d  by 

(2.12). At ~k = const ,  i t  fol lows f r o m  (2.6) that  

u i  - -  u l - i  ~ AG~ 'n~l (n~ - -  n l -1 ) .  (2.16) 

H e r e  n i denotes  the number  of loading cyc les  a c -  
cumula ted  a t  the end of the i - t h  i n t e r v a l .  Taking into 
account  (2.12) and (2.13),  f r o m  (2.16) one can obtain 

U-~ ~ Ui__ 1 ( TiNt- 1 ) P- ~ n~ --ivini_ 1 

Ui--1 _ _  ~i--1 ( ~Vll ~P" v~ ~ \~_ /~ /  , (2.17) 

which makes  it poss ib le  to e x p r e s s  condit ion (2.15) as 

a function of n i and Ni. H e r e  Ni is  the number  of cy-  
c l e s  to f r a c t u r e  at A~ i = const .  

I I  

'As 

X, 

o.0 \ 

o~ z , 

Fig.  2 

The condit ions fo r  f r a c t u r e  fo r  a o n e - s t e p  loading 
p r o g r a m  a r e  obtained f r o m  (2.15) and (2.17) in the f o r m  

x = ~ - T '  Y =  N2 ' a = N T  " (2.18) 

For  5 = 0 we obtain f r o m  (2.18) the r u l e  of l i nea r  
addi t ivi ty  of fa t igue damage :  x + y = 1. F o r  va lues  
0 < 5 < 1, r e l a t ion  (2.18) p r e d i c t s  an i n c r e a s e  in en-  

durance  in the in i t ia l  s tage  at a > 1 (i. e . ,  when the 
lower  s t r e s s  is  appl ied f i r s t ) ,  which c o r r e s p o n d s  to 
the known p r e s t r a i n i n g  effect .  At a < 1 (i. e . ,  when 
the h igher  s t r e s s  is appl ied f i r s t ) ,  r e l a t i on  (2.18) p r e -  
dicts  a sharp  reduc t ion  in the endurance  in the in i t ia l  
fat igue s t ages .  Both these  fac ts  a r e  o b s e r v e d  in a m a -  
jo r i ty  of  t e s t s  under  s t epwise  cyc l i c  loading condi t ions .  

A c o m p a r i s o n  be tween  e x p e r i m e n t a l  data f r o m  [6] and 

r e l a t i on  (2.18) is shown in Fig .  2. 
Curve  1 r e l a t e s  to a s t epwise  va r i a t ion  in the s t r e s s  

s t r e s s  ampl i tude  f r o m  c h = 24 .3  (N 1 = 1.7 �9 105 ) to ~2= 
= 19.8 (N 2 = 2 .25 .106  ) c u r v e s  2 c o r r e s p o n d  to 

cr I = 19.8 (N l = 2 .25"106 ) if2 = 24.3  (N 2 = 1 .7 .10~) ;  
and c u r v e s  3 to c, 1 = 19.8 (N 1 = 2 .25 .10~) ,  cr 2 = 26 .5  
(N 2 = 7.104). ( S t r e s s e s  a r e  given in kgf/mm2.) 

The cons tan t  # in (2.18) is taken equal to 0.5 (on 
the ba s i s  of cons ide ra t ions  outl ined below). Constant  
6 = 0. 593 was ca l cu la t ed  f r o m  the condit ion of con-  

g ruence  of r e l a t i o n  (2.18) with e x p e r i m e n t  at a t = 
= 0. 0755; these  e x p e r i m e n t a l  r e s u l t s  a r e  shown in 

Fig .  2 by c r o s s e s .  
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So l id  c u r v e s  2 a n d  3 w e r e  p l o t t e d  f r o m  (2.18) f o r  
6 = 0 .593 ,  w h i l e  d a s h e d  c u r v e s  2 and  3 r e p r e s e n t  
t h e  c o r r e s p o n d i n g  e x p e r i m e n t a l  d a t a  f o r  a 2 = 1 3 . 2 4  

a n d a  3 =  3 2 . 2 .  

Y \ 

0.8 

\ \ 
> \  

Fig .  3 

b) F a t i g u e  a t  A e  = e o n s t .  T h e  r e l a t i o n  b e t w e e n  Ae 
and  A a  i s  found  f r o m  (2 .1 )  in  t he  f o r m  

Ae = {I-- 1 A, 
\ (2%) '~-1 

U s i n g  t h i s  r e l a t i o n  a n d  ( 2 . 4 ) ,  we  f i nd  a s o l u t i o n  of Eq .  
(2 .9 )  in  t h e  f o r m  

z, 

t - -  (l -- ,)l+-~/m : c s A e " "  ~ F (z) dz  , 
o 

F (z) = F1 (z) S (z)'~ a-l/m). (2 .19 )  

H e r e  c a i s  a m a t e r i a l  c o n s t a n t .  

If  one  s t a r t s  f r o m  ( 2 . 1 0 ) ,  s o l u t i o n  (2 .19 )  f o r  a k  = 

= c o n s t  i s  a n a l o g o u s  to s o l u t i o n  ( 2 . 1 1 ) .  F o r  t h i s  r e a -  
son  a l l  t h e  d e r i v a t i v e  r e l a t i o n s  h a v e  t h e  s a m e  f o r m  a s  
t h e  r e l a t i o n s  f o r  t h e  e a s e  of A a  = c o n s t .  T h e  t aw of 

f r a c t u r e  a t  A e  = c o n s t  i s  o b t a i n e d  f r o m  (2 .19 )  in  t h e  
f o r m  of t h e  Kof f in  f o r m u l a  

N A e  k = C k = 'n + t + - ( 2 . 2 0 )  
Itb 

H e r e  C and  k a r e  m a t e r i a l  c o n s t a n t s  d e t e r m i n e d  
f r o m  e x p e r i m e n t a l  d a t a  on l o w - e n d u r a n c e  f a t i g u e .  In 
m a n y  c a s e s  k ~ 2. 

T h e  c o n d i t i o n  f o r  f r a c t u r e  in  t h e  c a s e  of s t e p - w i s e  

v a r i a t i o n  in  Ae  i s  g i v e n  by  t h e  s a m e  f o r m u l a s  ( ( 2 . 1 5 ) ,  

(2 .17) ,  (2.18))  a s  in  t h e  c a s e  of  s t e p w i s e  v a r i a t i o n  in 
A~. 

F r o m  (2 .13 )  a n d  (2 .20 )  i t  f o l l o w s  t h a t  p a n d  k a r e  
r e l a t e d  a s  

= ( k -  l ) / k -  W-'.k. 

From this it will be seen that I~ ~ 0.5 in all cases in which k ~ 2, since 
l / ink is small (0.02-0.05). Formulas (2.15) and (2. 18) contain an- 
other unknown constant 8 which must be determined by experiment 
under nonsteady-state conditions (e. g.,  by tests in which Ae is varied 
stepwise from one level to another), 

In Fig. 3 experimental data on stepwise-cyclic loading [8] are 
shown side by side with graphs of formula (2.18) plotted for/l = 0. fi 
and 6 = 0.9, curves 1 and 2 corresponding to a 1 = 2.28 and a 2 = 0.231, 
respectively; constant 6 was determined from the condition that the 
theoretical curve (2. 18) should pass through one experimental point 
(x : 0.3, y = l ) .  

3. C r e e p .  L e t  u s  t a k e  R2 = 0 in  ( 1 . 1 1 ) ,  (1 .12 )  a n d  
a p p l y  t h i s  s y s t e m  of e q u a t i o n s  to  d e t e r m i n e  t h e  c o n d i -  
t i o n s  of f r a c t u r e  a s  a r e s u l t  of  c r e e p  a t  a v a r i a b l e  
s t r e s s .  

T h e  p a r a m e t e r  v w i l l  b e  d e s c r i b e d  b y  a r e l a t i o n  
s l i g h t l y  d i f f e r e n t  f r o m  t h e  f o u r t h  e q u a t i o n  in  ( 1 . 1 1 ) ,  

dv  = ~+~d'~ , (3 .1 )  

w h e r e  a i s  a c o n s t a n t  in  t h e  e x p r e s s i o n  f o r  s t e a d y -  
s t a t e  c r e e p  

d p =  D(~d.~.  

U s i n g  t h e  e q u a t i o n  of s t r e n g t h  in  t he  f o r m  

w e  o b t a i n  a c o m p l e t e  
of s t r e n g t h  i n  f a t i g u e  
d i t i o n  f o r  f r a c t u r e  in  

a 2 . . . .  a s h a s  a f o r m  

( f o r m a l )  a n a l o g y  of t h e  e q u a t i o n s  

a n d  c r e e p .  A s  a r e s u l t ,  t h e  c o n -  

s t e p w i s e  c r e e p  a t  s t r e s s e s  a t ,  
a n a l o g o u s  to  (2.15),  

~, - 1 (v0 = 0 ) ,  
vil-8" 

i=l  Vi I-~" 

w h e r e  Vi i s  t he  l i m i t i n g  v a l u e  of v i c o r r e s p o n d i n g  to  

f r a c t u r e  a t  a c o n s t a n t  s t r e s s  a i .  At  t h e  s a m e  t i m e ,  in  

a n a l o g y  to  ( 2 . 1 2 ) ,  w e  h a v e  

d~ = B'V:~ (1--$')/7'. 

F r o m  (3. i )  i t  f o l l o w s  t h a t  a t  a c o n s t a n t  a 

V = ~ + I T ,  V = 6 ~+1 T ,  

w h e r e  T d e n o t e s  t h e  t i m e  to  f r a c t u r e  a t  a s t r e s s  a ,  a n d  

r i s  t h e  t i m e  d u r i n g  w h i c h  t h e  m a t e r i a l  i s  a c t e d  on by  

t h e  s t r e s s  a.  F o r  s t e p w i s e  l o a d i n g ,  the  f i n a l  f o r m u l a s  

d e s c r i b i n g  t h e  c o n d i t i o n s  f o r  f r a c t u r e  t h r o u g h  T i a n d  T i 
a r e  (due  to  t h e  a b o v e  m e n t i o n e d  ana logy}  a n a l o g o u s  to  

t h e  c o r r e s p o n d i n g  f o r m u l a s  f o r  f a t i g u e .  

To  o b t a i n  t h e  c r i t e r i a  of f r a c t u r e  in  c r e e p ,  t h e  f o l -  

l owing  s u b s t i t u t i o n s  m u s t  b e  c a r r i e d  ou t  in  f o r m u l a s  

( 2 . 1 5 ) ,  (2 .17 )  a n d  (2 .18 ) ;  v m u s t  b e  s u b s t i t u t e d  f o r  u i ,  

V i f o r  Ui ,  T i f o r  n i ,  T i f o r  Ni ,  6 '  f o r  5,  a n d  p '  f o r  it. 
A t  t he  s a m e  t i m e  

W = 1 - (a + 1 ) / 8 ,  

w h e r e  fl i s  a c o n s t a n t  in  t he  e x p r e s s i o n  f o r  l o n g - t e r m  
s t r e n g t h :  

Ts~ = B .  

R e l a t i o n s  o b t a i n e d  in t h i s  way  m a k e  i t  p o s s i b l e  to  
d e s c r i b e  t he  n o n l i n e a r  a c c u m u l a t i o n  of d a m a g e  o b -  

s e r v e d  in  s e v e r a l  i n v e s t i g a t i o n s  (e. g . ,  [9]).  
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