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Abstract— The present investigation, the fatigue crack growth behaviour of surface cracked piping, pressurized  base 
straight component (PBSC 8-5) are performed on the basis of the linear elastic fracture mechanics (LEFM) principles. The 
stress intensity factors available in the open literature are evaluated to predict the crack growth behaviour of the component 
using the specimen tested material data. It is concluded that the available open literature stress intensity factor (SIF) solution 
like ASM and Bergman for external surface cracked straight pipe case having the semi-elliptical crack profile predicts the 
fatigue life of the component when having constant crack depth profile. 
 
Index Terms— Fatigue; Paris equation; Stress intensity factor solution; Crack growth behavior; Power plant component. 
 
I. INTRODUCTION 
 
Fatigue is one of the principal modes of failure to be 
considered in the design of components and 
structures subjected to repetitive types of loads, e.g. 
Automobile components, railway track components 
and rolling stock bridges. Offshore structures, ships 
pressure vessels, handling equipment like cranes, 
excavators and pipelines, aircraft and space structures 
are some of the components/structures, which are 
generally subjected to repetitive loads during their 
lifetime [1, 2].The crack growth study, one should 
consider all the possible crack growth mechanisms 
such as corrosion, erosion, fatigue, creep, flow 
induced vibration etc [5,6,7]. Whichever may be 
operative for the particular heavy water reactor 
(HWR), Primary heat transport (PHT) piping 
systems, fatigue is the only crack growth mechanism 
which cannot be totally ruled out. 
 
II. EXPERIMENTAL TESTED DATA 

 
The tensile properties of SA333Gr.6 carbon steel base 
material tested at room temperature have been 
considered in the present study. The material Young’s 
modulus is 203Gpa and the Yield strength is 
302MPa, ultimate tensile strength is 450MPa & 
Poisson’s ratio 0.3. The fatigue crack growth tests 
were reported [3] to be conducted on the standard 
three point bend fracture specimen. The material 
constants of Paris crack growth law had been 
evaluated by fitting the test data points that is giving 
in the form of equation below: 

 3.0344593.807 10da x K
dN

 
 

for stress   ratio (R) = 0.1          (1)              
Here da/dN is in m/cycle and ∆K   is in MPa.√푀 

 
The full-scale pipe used in the primary heat 
transporting system of Indian nuclear power plant has 

been taken in the present study [4]. The details of 
pipe dimensions are given in Table 1.  The test had 
been carried out at room temperature with the stress 
ratios of 0.1. This was tested under four-point fatigue 
loading as shown in Fig. 1. It can be seen in Fig. 1 
that the pipe specimen is having surface crack at the 
outer surface in the circumferential direction. Fig. 1 
also showed the shape of the crack profile in the 
experimental pipe specimen. The applied fatigue load 
and stress range is well within the linear elastic 
fracture mechanics applicability limits. 
 
III. METHODOLOGY USED  

 
With the use of crack growth laws it is possible to 
predict the life of the piping component subjected to 
fatigue. For a structure under fluctuating loads, the 
crack growth rate can be related to the variation of  
SIF, K, during a load cycle. K has considerable 
influence on fatigue crack growth and if K remains 
constant, the crack growth rate is also constant. Paris 
has expressed the relationship between crack growth 
rate (da/dN) and K as a power law in the following 

form:
 

 mKC
dN
da


             (02)

 

Where C and m are crack growth constants and K= 
Kmax - Kmin. The quantities Kmax and Kmin are the SIF 
values corresponding to the maximum and minimum 
stress levels in the fatigue load cycles.  
For the assumed initial crack depth, the number of 
cycles required for the incremental increase in crack 
depth can be calculated as follows from equation (3) 

 mdKC
dadN



                    (03) 

Kd – SIF range at deepest point of surface crack 
da   – Assumed increase in crack depth. 
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Then the extension of crack length at the surface can 

be calculated by putting the number of cycles 

obtained from equation (4) to the following equation: 

    m
cKCdNdc        (04)

 
where dc   - Extension of crack length and Kc - SIF  

range at surface crack tip. The computation of crack 

propagation along the two directions has to be carried 

out simultaneously since Eqns.(3) &(4) are not 

independent. Now the new dimensions of the crack 

are calculated as: 
daaa oldnew 

  (05)  
dccc oldnew  22   (06) 

 
The process is repeated until the crack reaches 
through-thickness or K reaches fracture toughness of 
the material. For every incremental increase in crack 
depth, the life cycles are calculated using Eqn.(3) and 
added up-to through-thickness, to give the total life of 
the piping component corresponding to through-
thickness crack. 
 
IV. RESULTS AND ANALYSIS 
 
Using the described methodology and two SIF 
solution (ASM and Bergman) available in the 
literature, the extreme point SIFs (depth and surface) 
are determined at initial crack depth of 5.98 mm for 
the pipe case PBSC 8-5. The yield strength for the 
material is 302MPa. In this case, the applied nominal 
stress range is 87.5 MPa, which 0.28 is times the 
considered higher as compared to the yield strength 
of the material. Therefore, for the particular case the 
plastic zone correction is not applied. The two 
extreme points SIFs are determined at physical crack 
depth The details of crack depths at which these SIFs 
are determined are given in Tables 4.1, 4.2, 4.3 and 
4.4 Corresponding crack lengths determined are also 
given in these tables. The determined SIF range for 
the case is found lesser than the fracture toughness of 
the material. Therefore, using Paris equation, the 
crack growth prediction process is repeated up-to 
through-wall crack depth.  
 
Table 4.1 Predicted results using ASM SIF   solution 

for pipe case PBSC 8-5 

 

Table 4.2 Predicted results using ASM SIF solution 
for pipe case PBSC 8-5 

 
Where dN- Cumulative cycle  
 
Table 4.3 Predicted results using Bergman solution 

for pipe case PBSC 8-5 

 
 
Table 4.4 Predicted results using Bergman solution 

for pipe case PBSC 8-5 

 
 
V. RESULT DISCUSSION  
 
Figure 5.1 it can be seen that in PBSC 8-5 pipe using 
Bergman solution the SIF results at the deepest point 
is higher as compare to ASM solution. It can also be 
observed that Bergman solution predicted lower 
value of surface SIF as compared to ASM solution. 
 

 
Figure 5.1 Variation of SIF range with crack depth for case 

PBSC8-5 
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Figure 5.2 showed the comparison of predicted crack 
growth behaviour with experimental results. It can be 
seen that the crack growth behaviour predicted by 
Bergman SIF solution compares well (3.27% over 
prediction) with the experimentally determined crack 
growth behaviour of the component. In the present 
case it can also be observed that ASM SIF solution 
highly over predicts (226.52%)the fatigue crack 
growth life of the component 
 

 
Figure 5.2 Variation of crack depth/ thickness with fatigue 

cycles for pipe case PBSC8-5 
 
The comparison of predicted and experimentally 
determined increase in length on the outer diameter of 
the pipe surface is shown in figure 5.3 for the pipe 
case PBSC 8-5. In this case, it can be seen that the 
increase in crack length during the process when 
surface crack becomes through-wall is negligible. 
The increase in crack length predicted by Bergman 
SIF solution (0.31% over prediction) is better than 
that predicted by ASM solution (2.17% over 
prediction). 
 

 
Figure 5.3 Variation of aspect ratio with fatigue cycles for pipe 

case PBSC8-5 
 
In case of pipe PBSC 8-5, the variation in aspect ratio 
of crack profile under fatigue loading is shown in 

figure 5.4 it can be appreciated that Bergman SIF 
solution better connects the two experimental points. 
 

 
Figure 5.4 Variation of crack length with fatigue cycles for pipe 

case PBSC8-5 
 
The variation of aspect ratios with the increase in 
crack depth has been shown in figure 5.5for the pipe 
case PBSC 8-5. It can be seen that the two SIF 
solutions predicts well the results as shown in figure. 
 

 
Figure 5.5Variation of aspect ratio with crack depth for pipe 

case PBSC 8-5 
 
CONCLUSION 
 
It can be concluded that in the present case these SIF 
solutions predict the fatigue crack growth life of the 
component in case of pipe 8-5, where Bergman is 
giving better prediction. The predicted results that the 
initial crack size, aspect ratio of crack, applied 
bending stress range, stress ratio, diameter of the pipe 
are some of the factors affecting the fatigue crack 
growth life of the piping component. 
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NOMENCLATURE: 
 
2 C -  Total length of initial crack  
a eff.- Effective crack depth 
a-  Initial crack depth  
C- Fatigue crack growth constant (Paris constant)  
da/dN  -Crack growth rate 
dN - No. of cycle required for  a crack growth 
Δ a - Change in crack depth direction 
Δ C- Extension of crack length  
Δ K - Change in Stress Intensity factor 
Δ kd - Change in Stress Intensity factor in depth 
direction 
Δ Ks    -    Change in Stress Intensity factor in surface 
PBSC   -   Pipe base straight component 
PHT     -   Primary heat transport 
PHWR -   Pressurized heavy water reactor 
PWR   -    Pressurized water reactor 
M - Fatigue crack growth constant (Paris constant) 
 

 
 
 
 

 
 
 
 
 


