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Abstract
The problem of crack growth is a major issue in the prediction and maintenance of aerospace structures, 
as well as other structural elements in mechanical engineering. Fatigue crack growth as consequence of 
service loads depends on many different contributing factors. Due to the number and complexity of the 
mechanisms involved in the fatigue crack growth problem, no universal solution exists yet and there is 
no general agreement among researchers for any of the available models. Most of the results reported 
are dealing with geometry with some factors separately. This paper simulates the factors affecting the 
fatigue crack growth of metallic materials under cyclic loading. For the simulation purpose, three points 
bend (TPB) with span to width ratio 8:1 and compact tension (CT) specimen geometries were used. 
There are many factors affecting the fatigue crack growth in structures, such as initial crack length, 
stress ratio, aspect ratio and type of geometry. The behavior of such cases is shown using Forman 
model. The fatigue crack growth obtained from the two geometries was compared. Different values of 
these factors showed different effects on the fatigue crack growth. For further study need to validate the 
modelling procedure with experimental work as well as take into account the other factors such as; other 
types of geometries with fatigue crack models and environmental effects. 
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1. Introduction
The fracture mechanics scientists and 
engineers have made tremendous advances, 
from the basic practical approach 
dominated by Paris–Erdogan law [1] to 
more and more sophisticated crack growth 
models. Mathematical and metallurgical 
models, experimental analysis of simple 
models and testing of complex structures 
have resulted in thousands of publications, 
dozens of models for crack growth and life 
prediction. In some cases the difficulty of 
machining a full-size specimen has made 
investigators to design sub-size specimens 
[2-5]. There are many factors affecting the 
fatigue crack growth in structures, such as; 
stress ratio, thickness of the specimen or 
aspect ratio, types of specimen geometries, 

fatigue crack growth model etc [6, 7]. A major 
concern of fracture mechanics is the influence of the 
load ratio on the behaviour of cracks. This is 
expressed in the stress ratio (R), which is classically 
defined as: the ratio of minimum to maximum 
applied stresses [8].  
Many semi- empirical and empirical models for 
fatigue crack growth have been proposed in the 
literature to account for the stress ratio dependence of 
FCG curves [9-12]. It was argued that the reason for 
this influence is the crack closure effect which 
introduced first by Elber [13, 14]

From the previous literature papers, which 
studied on the effect of thickness on fatigue crack 
growth rate (FCGR) three different responses have 
been reported as; FCGR is not affected by thickness 
[15], FCGR decreased by decreasing thickness [16, 
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17] and FCGR accelerated by decreasing 
thickness [18]. Thus results reported by 
various investigators do not yield a general 
explanation for the thickness effect on 
FCGR.

Most of the results reported are dealing 
with geometry with some factors 
separately. Due to the number and 
complexity of the mechanisms involved in 
the fatigue crack growth problem, no 
universal solution exists yet and there is 
also no general agreement among 
researchers for any of the available models. 
In the present investigation, for the purpose 
of standardizing the fatigue crack studies 
for different geometries as well as the 
factors on metallic materials under cyclic 
loading, two types of specimen geometries 
were examined; three points bend (TPB 
8:1) and compact tension shape (CT). This 
study mainly focuses on the evaluating of 
the fatigue crack growth with application of 
the factors such as; initial crack length, 
stress ratio, aspect ratio and the capability 
of geometries to show their effects. The 
results from these different geometries are 
compared with application of these factors. 
The behaviour of such cases is shown using 
Forman model. The comparison shows 
different effects on FCG for these specimen 
geometries.
2. Theoretical Background 
A simple and well-known method for 
predicting fatigue crack propagation is a 
power law described by Paris and Erdogan 
[1], and it is also known as the Paris Law. 
The equation represents the first application 
of fracture mechanics to fatigue and is 
given by the following relationship: 

mp
p KCdN

da                                    (1) 

where Cp is the intercept and mp is the 
slope on the log-log  plot of da/dN
versus K. Equation 1 represents a straight 
line on the log-log plot of da/dN versus K
and thus describes region II of the fatigue 
rate curve.
 Although, Walker [10] improved the 
Paris model by taking account of the stress 
ratio, neither model could account for the 

instability of the crack growth when the stress 
intensity factor approaches its critical value. Forman
[19] improved the Walker model by suggesting a new 
model, which is capable of describing region III of 
the fatigue rate curve and includes the stress ratio 
effect. The Forman law is given by this mathematical 
relationship:
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where Kc is the fracture toughness for the material 
and thickness of interest. Equation 2 indicates that as 
Kmax , approaches Kc, then da/dN tends to infinity. 
Therefore, the Forman equation is capable of 
representing stable intermediate growth (region II) 
and the accelerated growth rates (region III).  
3. Methodology 
In this application three points bend (TPB 8:1) and 
compact tension (CT) specimen geometries (Figure 
2) are used [20,21]. For these geometries the stress 
intensity factors  were calculated using different 
equations depending mainly on the function f( ), 
where =a/w [22]. The equations for each geometry 
are shown in Table 1. Experience shows that the 
great majority of crack results from the opening 
(tensile) mode, while the other two modes (II and III) 
are rare and occur in a combined fashion only. It 
appears that the majority of such combinations are 
converted to mode I by nature itself, unless there is a 
preferred direction of crack growth in a particular 
material. 

Fig. 2. Specimen geometries (a) Three Point Bend 
(TPB), (b) Compact Tension (CT) 
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Table 1 Relations of aspect ratio for different 
geometries

Three Point Bend
f( )=

2
3/ 2

1.99 (1 )(2.15 3.39 2.7 )
(1 2 )(1 )

Compact Tension
f( )=

2 3 4
3/ 2

(2 )(0.886 4.64 13.32 14.72 5.6 )
(1 )

Many pipes and pressure vessels are 
subjected to complex cyclic loading 
spectrums ranging from small vibrations to 
large load excursions. To conduct structural 
reliability analyses of these applications, 
fatigue crack growth properties are crucial 
material data input parameters. Moreover, 
an understanding of the fatigue crack 
growth characteristics of the required pipes 
and pressure vessels grade materials is 
essential to evaluate useful life. A most 
common steel material used is ASTM A533 
for these purposes with the specification of 
the mechanical and fatigue properties 
shown in Table 2.

Table 2: Mechanical and fatigue properties 
of the material 

Yield Stress  (MPa) YS 485 
Ultimate Tensile Strength  (MPa) UTS 602 
Plane Strain Fracture Toughness 
(MPa m) K1C                           

121
Plane Stress Fracture Toughness 
(MPa m) K1D

242
Paris Law Coefficient (m/MPa m)n C 3e-12 
Paris law Exponent 3
Delta K threshold at R=0 (MPa m) Do 5.252 
Delta K threshold at R>0 (MPa m) D1   1.952 
Fatigue strength coefficient (MPa)  Sf’    1005 
Fatigue strength exponent      b -0.095 
Fatigue ductility coefficient   Ef’ 0.35 

Components and structures are subjected 
to quite diverse load histories; their 
histories may be rather repetitive with 

different values. Cyclic load history as a constant 
amplitude loading was used with this analysis. To 
account load ranges and mean of the load history, 
rainflow counting method was used. The two 
specimen geometries were analyzed under the cyclic 
loads with different initial crack ratio (6 to 14 mm), 
different aspect ratio (0.26 to 0.11). Most mean stress 
effects on crack growth have been obtained for only 
positive stress ratio, i.e., R 0. In the present analysis, 
to show the effects of different stress ratio from 
negative to positive are shown in Table 3. The 
Forman model was examined and the modelling and 
simulation analyzed based on the Glyphwork 
software package [23]. 

Table 3 Fatigue loading of load histories with stress 
ratios 

4. Results and Discussion 
For given stress range, the number of cycles required 
for crack growth depends on the initial crack length. 
Local stress range ahead of the crack tip will be 
higher for a deeper crack than for shallow crack 
because the stress intensity factor is higher for deeper 
crack. This explains why the number of cycles
required for crack growth in structures having a long 
crack would be less in comparison to the structures 
having a small crack, this shown clearly in Figures 3 
(a and b). The highest number of cycles is given by 
TPB geometry (Figure 3a). The differences between 
the numbers of cycles for the two specimen 
geometries in average are about 20%.  

The effects of stress ratio (R) ranging from –0.3 
to 0.5 on crack growth are shown in Figures 4 (a and 
b). The findings show that higher stresses ratio lead 
to the less number of cycles for fatigue crack growth, 
when it compared to the low stress ratio for the 
geometries. In the present results, although, the 
curves show the same behaviour, but the average 
differences are about 16% for negative to positive 
values. The results also indicate a good agreement 
with the finding in previous work performed by 
Maymon [24] and Huang et al. [25,26]. Generally, 
the TPB geometry gave the maximum number of 
cycles, while the CT geometry gave the minimum 
cycles for the same values of stress ratio. 

Stress Ratio 
(R)

Max. Load
(kN)

Min. Load 
(kN)

 0.3 146 - 44 
- 0.15 165 -24

0 190 0.2 
0.3 275 84 
0.5 385 195 
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Fig. 3. Effects of initial crack length on FCG 
for the following specimen geometries. (a) 

TPB and (b) CT 

Fig. 4. Effects of stress ratio on FCG for 
specimen geometries (a) TPB, (b) CT 

Among the factors affecting the crack growth is 
the aspect ratio ( ), which represents the ratio of the 
crack length (a) to the width of the specimen 
geometry (w). This factor was simulated and shown 
in Figures 5 (a and b) for the two geometries. These 
figures showed the increasing of the aspect ratio 
(reducing the width with constant initial crack length) 
gave less number of cycles and verse vice, which 
means the width has much effect on the life of 
different geometries. The difference in the number of 
cycles for the two geometries is about 20% in 
average and the number of cycles calculated for TPB 
is higher than for CT. 

Fig. 5. Effects of different aspect ratios on FCG for 
specimen geometries. (a) TPB, (b) CT 

5. Conclusion 
In order to simulate the fatigue crack on metallic 
materials under cyclic loading, two types of specimen 
geometries (TPB and CT) were examined. This study 
mainly focuses on the evaluating of the fatigue crack 
growth for these geometries related to different 
factors. The results are compared with application of 
initial crack length, stress ratio and aspect ratio to 
show their effects.  The number of cycles required for 
crack growth in structures has a long crack would be 
less in comparison to that with a small crack at the 
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same stress ratio. Local stress range ahead 
of the crack tip will be higher for a deeper 
crack than for shallow crack. The 
observation shows that geometry with 
higher stress ratio require less cycles for 
crack growth towards failure compared to 
that with lower stress ratio for all 
geometries.

Observation shows that high stress 
ratio leads to less number of cycles for 
fatigue crack growth compared to that with 
low stress ratio for the all geometries. As a 
general the geometry TPB gave the 
maximum number of cycles for the same 
values of stress ratio. For different aspect 
ratio the differences in the number of cycles 
for the two geometries is about 20% in 
average. Increasing the aspect ratio gives 
less number of cycles. 

Finally, there are a large number of 
factors affecting the FCG, so it is difficult 
to judge which one can be used as the 
standard one relating to such factors. For 
further study, need to take into account 
other factors such as; other type of 
geometries, FCG models as well as the 
aspect ratio, initial crack length and stress 
ratio.
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