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In the present paper, the effect  of  addi t iona l  v ibra t iona l  loading  

on the l i fe  of  a sample  subjected to tension is eva lua ted  on the  basis 

of  the we l l -known  ideas  of  S. N. Zhurkov. It is found that  this ef fect  

may  be pronounced, even for smal l  ampl i tudes  of the vibrations.  
S. N. Zhurkov [1, 2], l i ke  other invest igators  (see, ibr e x a m p l e  

[3]), has introduced a k ine t i c  concept  of  fai lure for the rupture of 

bonds at the m o l e c u l a r  l eve l .  According to this concept ,  the l i fe  t* 

of a sample  subjected to tension,  when the stresses (] and the t e m p e r a -  

ture T vary during the loading  process, is defined by the re la t ion  

1. 

0 

where r 0, 7 are m a t e r i a l  constants,  U is the ac t iva t ion  energy of  the 

bond rupture react ion,  and R is the universal  gas constant .  

Let the gas t empera tu re  be constant  and 

= ~o -4- a~ sin cot , (2) 

where (]0 is the pr inc ipal  tens i le  stress, (]t is the ampl i tude  of  the  

addi t iona l  v ibra t ional  loading,  and co is a frequency such tha t  t* >> 

>> 2~r lw. 
Substi tuting (2) into (1), af ter  some transformations,  we ge t  

r 
'" r "r (3) l exp (a sin 2=x) dx = ~ ,  a = ~ , 
o 

where t o is the l i f e t i m e  under a constant  tens i le  stress equal  to (]0. 

In conformity  with [4], the in tegra l  in the l e f t -hand  side of (3) is 

equal  to Ida),  where I 0 is a zero-order  BesseI function of an i m a g i n -  

ary argument .  

If  a = const and the t empera tu re  var ies  according to the law 

T : To -~ T1 sin cot (T t .,~ To ) , (4) 

then it  may be shown that  mak ing  use of F rank-Kamene t sk i i ' s  trans- : 

format ion  [5] the re la t ion  for the l i f e t i m e  retains  the form (3), whi le  

the pa ramete r  e is defined by the  re la t ion  

U - -  "ra 
a = ~ T I  , ( 5 )  

�9 Let the sample  be subjected to a stress tha t  varies  according to 

the law (g), at a t empera tu re  tha t  f luctuates  in accordance  with ex-  

pression (4). Substi tuting (2) and (4) into (1) and consider ing only the 

terms of  first order of smallness  in  the expansion of the exponent ia l  

function in  series in (]J(]0 and T i T  0, we find that  the I i f e t i m e  is ex-  

pressed in the form of (3), also in this  case, whi le  the quant i ty  a is 

def ined by the expression 

Tat U - -  "r~o ,1, 
a : = ~ ;  + ~ ~ .  (6) 

Let us obta in  some es t imates  for a nylon fiber with the constants 
U = 45 k c a l / m o l e ,  y = 0 .29  k c a l / m o l e - m m 2 / k g ,  for which, accord-  

ing to [2], t o = 106 sec at T = 300 ~ and a = 62 k g / m m  a. The addi-  

t iona l  v ibra t iona l  load o 1 = 5 k g / m m 2 - w h i c h  is less than 10%of  

the basic l o a d - y i e l d s ,  in correspondence with (3), the va lue  a = 2.4,  

which impl ies  a change  in l i f e t i m e  by a factor of I0(2.4) = 3. 

For a described by the expression (5), a f luctuat ion of  the t e m -  

perature  by 10" at  (] = (]0 leads to a change in l i f e t i m e  by a factor of 

I0(1.5) = 1. q. Under the s imul taneous  effect  of these stress and t e m -  

perature variat ions,  the l i f e t i m e  wil l  decrease  by a factor of I0(3.9) = 

= !0 .9 .  It can be seen from the computa t ion  tha t  even a smal l  ad-  

d i t iona l  v ibra t iona l  loading wi l l  apprec iab ly  reduce the l i f e t i m e  of  a 

sample .  We wish to emphas ize  that  these es t imates  do not inc lude  the 

e f fec t  of  stress raisers, such as cracks, e l ( .  

The results ob ta ined  are in good qualit:~tivu agreement  with the 

exper iments  described in [3]; the presence of  an addi t iona l  vibratory 

load does not affect  the e x p o n e n t i a l  d e p e n d e n c e  of the l i f e t h n e  on a 0 

but does decrease  the l i f e t ime .  In [3], the magni tude  of the addi t ion-  
al v ibratory loading  is not given,  so that  a quan t i t a t i ve  comparison 

be tween the ana ly t i ca l  and expe r imen ta l  data is not possible,  

The authors are indebted to G. i. Barenhlatt  for his va luab le  com-  

ments  and interest,  
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