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The recent  exper iments  of Barsom,  Imhoff, and Rolfe (cf. the review of [1]) have shown the rate of 
low-loading fatigue crack growth in high tensile nickel s teels  to be markedly different f rom that predicted 
theore t ica l ly  [2]. It has, moreover ,  been suggested [2] that a tmospher ic  moisture might affect the rate of 
crack propagation in such mater ia ls .  The present  paper  will show that the old theory  is capable of giving 
a sa t i s fac tory  descript ion of the experimental  data when modified to take this last  effect into account. 

Analysis  of the data of [3-6] has shown that the rate of fatigue c rack  propagation increases  markedly 
when the mater ia l  in question is exposed to the action of an aggress ive  external medium. The extent to 
which the propagation rate can be increased under such conditions depends on the activity of the m a t e r i a l -  
medium sys tem and the cycl ic  loading pa rame te r s .  The loading intensity being the principal pa rame te r  
controll ing breakdown in c rack  corners ,  it would seem that the effect of an external  medium on fatigue 
crack propagation could be brought out schematical ly  through the study of dl/dN vs K I d iagrams (Fig. 1). 
In Fig. 1, K c is the v iscos i ty  at sample failure,  and Ky is the threshold coefficient of intensity below which 
crack  propagation ceases.  Comparison of the slopes of propagation rate curves  in vacuum, 1, and in the 
aggress ive  medium, 2, gives a measure  of the effect iveness of the medium in promoting localized break-  
d o w n .  

There are two limiting types of localized breakdown. When the rate of crack propagation under static 
loading in the medium is much grea te r  than the rate of fatigue c rack  propagation in vacuum, the breakdown 
mechanism in the medium is the same, regard less  of whether it is static or  cyclical  loading. This s i tua-  
tion a r i ses  at lower loading intensities (K I < Kc) where the rate of fatigue c rack  propagation in the medium 
is much grea te r  than the propagation rate in vacuum (Fig. 1). It is significant that the data of [3-6] show 
the rate of c rack  propagation to have been 10 t imes  higher in moist  medium than in vacuum in the case of 
aluminum alloys and 20-30 t imes  higher in the case of high-tensile steels.  Hydrogen embri t t lement  of 
minute regions around the c rack  co rne r s  might account for crack propagation in this par t  of the d l / dN  vs 
K I diagram. 

The rate of crack propagation resul t ing f rom localized breakdown through a hydrogen embr i t t l e -  
ment mechanism (this case has been t rea ted  by G. P. Cherepanov in his monograph "Mechanics of E m -  
britt le me nt Breakdown") can be expressed  through the equation: 

dl/d.V = ~t F (];r,~,{[;ho) (1) 

Here A and K10 are empir ica l  constants,  Kie is the mean tensile component of the loading intensity, 
per  cycle,  defined by the equation 

T e I 
A:I' : ~ t" (KI'~' q- K~, st:, ,0:),.'t (2) 

0 

T e = ~<T is the duration of action of the tensile component of loading, per  cycle, ~4 being a function of R, the 
coefficient of a s y m m e t r y  of the cycle,  such that 0 -< • -< 1, and KIm and Kia are,  respect ively,  the mean 
value and amplitude of the loading intensity coefficient. 

The function y = F(x) of Eq. (1) is defined by the relation 

- z i  ( -  ~) = x - I  , ( 3 )  

-Ei (--y) being the integral exponential function. 
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A comparison of predict ions based on Eq. (1) with the resul ts  of measurements  on the rate of fatigue 
c rack  propagation in two high-tensile steels,  13 C r - 8  N i - 2  Mo (triangle) and 9 N i - 4  Co-0 .2  C (circles) 
[7], in sal twater  is shown in Fig. 2 [7]. Since the experiments  in question here were ca r r i ed  out under 
pulsed loading, ~t = 1. The theoret ical  curves  of the figure are  labeled with the number  1 in the case of the 
13 Cr steel and with the number  2 in the case of the 9 Ni steel. The values of constants used here were;  
for curve 1, Ki0 =88.5 kg/mm3/2, A =1.1" 10 -3 mm/cyc le ;  for curve 2, KI0 =115 kg /mm 3/2, A =1.5" 10 -3 
mm/cyc l e .  

The other extreme case of localized breakdown a r i s e s  when K I and Kc are  approximately equal in 
value. Over this par t  of the diagram, fatigue c rack  propagation is through breakdown result ing f rom final 
plast ic  deformation in the neighborhood of the crack corners .  Under these conditions, the rate of crack 
propagation is given by the expression [2, 8]: 

dl KI  m a x  " g I  m i n  Ke --  KI  max (4) 
dN  - - - -  ~ Kc 2 + ln Ke 2 -  K~ min 

where 
is given by Eq. (4) at all values of K I. 

When both factors  are  taken into account, the expression for the rate of fatigue c rack  propagation 
becomes 

d'- '~-- +IF - - ~  K l m a x - - K ~ m i n  A- [tt , m a x  

- . , K c  '~ ' K c  2 - -  K 7  ra in  

fi and Kc are  empir ica l  constants.  It should be noted that the rate of c rack  propagation in vacuum 

(5) 

The constants A, Ki0, fl, and K c must  be evaluated empir ical ly .  A comparison of curves  developed 
from Eq. (5) and curves developed from experimental  data on the rate of c rack  propagation in two high- 
tensile alloy steels  under periodic pulse loading [1] is shown in Fig. 3. The experiments  in question here 
were ca r r i ed  out in air  and at room tempera ture .  Points in the figure corresponding to experimental  
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m e a s u r e m e n t s  on the 10 N i - C r - M o - C o  s teel  a re  indicated by t r iangles ,  while the cor responding  theo re t i -  
cal curve  cons t ruc ted  with the p a r a m e t e r  va lues  A = 1,02 �9 10 -4 m m / c y c l e ,  KI0 =21.2 kg/mm3/2,  fi = 1.02- 10-1 
m m / c y c l e ,  and Kc =710 kg/mm3/2 is indicated by the number  1. The exper imen ta l  points for  the HU-130 
s teel  a re  indicated by c i r c l e s ,  while the cor responding  theore t ica l  curve  cons t ruc ted  with the p a r a m e t e r  
va lues  A =7 .6 .10  -4 m m / c y c l e ,  KI0 =46 k g / m m  312, fi =4.6-  10 -2 r am/cyc le ,  and Kc =566 kg/mm3/2 is indicated 
by the number  2. 
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