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ABSTRACT 

Fatigue crack growth (FCG) show the structures is significantly dependent on bulk material properties that 

attend as nucleation locations for fatigue crack growth (FCG). It is hard to classify a FC in the structures 

through service. The main objective of this work is to evolve rainflow counting methods to generate vertically 

descending variable load to predict the fatigue life (FL) and FCG ratr based on fatigue crack test. To achieve the 

objective, three-point bend specimens were used for the experiments, simulation and prediction using ASTM 

A533 steel alloy according to the ASTM E647-00 standard. The expected results show that most of the 

fatigue models have a different background and not capable of representing all factors affecting the fatigue life.  
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INTRODUCTION 

The fatigue phenomenon is a quite a complicated process, which is apparently affected by a large scatter 

Hamam et al. [1]. Therefore, the prediction of FL is still really can be representing an experimental art rather 

than a science. Fatigue life assessment is a subject that is vital to be solved, especially when associated with 

VAL. Fatigue life prediction under VAL is more complex than under CAL. Nonetheless, accurate fatigue life 

estimation is Murthy et al.; Huang et al. [2,3].. It is important to highlight that the prediction models for crack 

growth under VAL vary from simple modifications of the CAL baseline up to complex models with a detailed 

description of the relevant fracture mechanisms Richard et al.; Rizov & Mladensky  [4,5]. Approximately 

models calculate the CG by averaging the applied load spectrum Kim et al. [6], while many other models tend to 

calculate the crack growth with the use of a cycle-by-cycle analysis Schijve [7]. The alternative to modelling is 

to carry out experiments for specific fatigue questions when they arise. Unfortunately, testing is not always 

possible due to geometry complications, time, cost, etc. This is also complicated by the fact that it is not at all 

easy to reproduce experimental fatigue conditions to give a relevant answer to the question raised. Thus, the 

overall fatigue life of a component is generally defined as follows: “Total life = Initiation life + Propagation 

life”. This can be represented in a block diagram as in Figure 1. 

 

Figure 1. fatigue life and relevant factors for different phases 

The fracture mechanical approaches are usually divided into linear elastic solutions and non-linear methods. For 

linear elastic materials, Irwin 1957 suggested describing the stresses in the vicinity of the crack by stress 
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intensity factors Alizadeh et al. [8]. Two kinds of crack behaviour, i.e. crack initiation and propagation, are 

dependent upon several factors such as materials, geometry and load levels Fleck et al. [9]. Figure 2 portrays a 

schematic log-log plot of da/dN vs. ΔK, which illustrates a typical behaviour of FCG in metals. At the 

intermediate ΔK values, the curve is linear, but the crack growth rate deviates from the linear trend at high and 

low ΔK levels Kohout [10]. At the low end, da/dN approaches zero at the threshold ΔK, below it, the crack will 

not grow Varvani et al. [11]. The sigmoidal curve contains three distinct regions, I, II and III. These regions will 

be discussed in detail in the following subsection. 

 

Figure 2. da/dN versus Δ K curve (Source: Stephens et al. [10]) 

The CG in development depends on the amplitude, frequency of the load and stress ratio (R) Huang et al. [2]. 

Because of the arbitrary idea of VAL, it is hard to effectively demonstrate all these persuasive parameters. 

Overloads are known to retard CG, while underloads accelerate CG comparative to the related rate Varvani et al. 

[11]. These connections, which are highly dependent upon the loading sequence, make the prediction of  FL 

under VAL more complicate than under CAL Lee et al. [12]. Different models have been developed to predict 

the fatigue life of components which are subjected to VAL Taheri et al. [13]. The rainflow counting is the most 

famous and probably the best technique for cycle inspection. The counting method was first suggested by 

Matsuishi and Endo 1968 and reported by Amzallag et al. [14]. With load-time , stress-time, or strain-time, 

history designed such that the time axis is vertically descending Jono, M. [15]. These authors explained that the 

lines went level from a reversal to a succeeding variety as rain flowing down a pagoda roof signified by the 

history of peaks and valleys Dowling [16]. In this way, the technique was called “rainflow”. Rain water is 

allowable to fall from the top onto the pattern measured as a roof construction and the paths followed by the rain 

are followed. In any case, it is significant that various standard guidelines are followed and the methodology is 

preferably increasingly intricate and subject to mistake over the repository technique Repetto [17]. the 

magnitude of one cycle of stress represents the width from the stress level, at which the water is started until it 

leaves the roof, Jones, M. [18]. Therefore, it is essential to sequentially from each starting point follow the flow 

paths, and then move ggradually from the farthest point to the nearest points McInnes & Meehan [19]. Pagoda-

roof method applied to the example time history is shown in Figure 3.  
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Figure 3. Pogoda -roof rainflow counting method (Source: Dowling [16]) 

EXPERIMENTS OF FATIGUE CRACK GROWTH 

The experimental work includes material characterisation, VAL fatigue tests and the experimental setting. Exact 

size, data achievement, analysis, among the main factors in the process of calculating the performance of 

structures is testing. Furthermost structures continue in a advanced stage of design processes, it is to rely on 

various techniques in the analysis using computer programs to determine the mechanism of failure under VAL 

historical. Therefore, through specific programs, there is an opportunity for the designer to appreciate the effects 

of the change that is taking place geometry, material and loading performance. To give an engineering 

description of an engineering environment or component by using an appropriate pressure intensity solution. In 

addition, many of the reliable and derived solutions are the mathematical description of the relationship between 

crack size and pressure range for engineering applications. For conducting the FCG tests, single edge notch 

beam (SENB) tension specimens were fabricated from supplied 10 mm thick sheet. In this investigation, ASTM 

A533 steel shell has been used, ASTM A533 standard is for the purpose of achieving stiffening by cold work 

and used in pressure vessel applications. It uses a type of steel that has a lower carbon content around 0.25 wt. 

% C.  

This type of metal usually consists of a microscopic structure consisting of ferrite and perlite and has a ductility 

between 20-25% and a tensile strength of 637-825 MPa as well as a yield strength of 585 MPa. As a importance, 

Although these alloys have superior ductility and strength, but at the same time these alloys are soft and 

toughness, in addition the fact that they are machinable, weldable and most important of all, steel is the least 

expensive to produce. For the structures and components. Different attempts have been made to tackle the 

fatigue problems.  All the initial attempts have been conducted on the CAL due to the restricted information of 

the subject and other technical reasons. The FG life is affected by the sequence of loads, so the engineering 

structures are subject to random loading under VAL. This can lead to invalid life predictions. Many engineering 

structures are subjected to random loading in service. Fatigue growth life is affected by load sequence Huang et 

al. [2]. due to the complexity and number of cycle ,it is to difficult to generate an algorithm to quantify these 

effect on  fatigue crack propagation (FCP) Meggiolaro & Castro [20]. 

Cycle-by-cycle analysis can be analysed with or without containing interface effects, i.e. the effects of a load 

cycle on the CG in later cycles. Both the CA and VL loadings are shown in Figure 4. For the variable loading, 

related programmable VAL histories, as given by Ray and Patanker [21] with different values, for the purpose 

of finding different values ranging from lowest to highest and highest to lowest were used as shown in Figure 5 

for different load cases 1 to 4. The most probably rainflow methods of cycle counting and block loading 

methods. For this reason, the combination between the rainflow and block loading methods was utilised in this 

study.  
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Figure 4. Constant and random load histories 

 

 

Figure 5. From lowest to highest and highest to lowest for different load cases 1 to 4. 

For the experimental part, the Instron dynamic software WaveMatrix application programme was used for 

general purpose fatigue testing of a wide range of specimens, as well as the type and magnitude of loading. The 

WaveMatrix software was installed in the Instron test machine systems used with accessories. Figure 6. Shows 

the specimen after fixing to running a test in a proper way as in. 
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Figure 6. The TPB specimen with extensometer 

An experimental FC programme was developed and undertaken on a simple crack geometry problem. After that, 

the results were compared with the predictions which were obtained from the three models discussed the 

previous sub-section. Meanwhile, the main items necessary for a set of experiments, i.e. specimen, apparatus 

and test procedure, will be elaborated in the next sub-sections. For the purpose of conducting the experimental 

of the specimen test used, this is done are SENB, which is loaded TPB and the compact tension (CT) specimens 

as shown in Figure 7. The SENB configurations are preferable due to ease of fabrication. According to the 

ASTM standard E399-90 (2000) and ASTM standard E647-00 (2002) and they are used specimens test were 

designed for the FCG analysis.  

 

Figure 7. Three Point Bend (TPB) 

Stress intensity factor ( K )was calculated using equation 1 depending mainly on the geometry function f(α), 

where α = a/w. The equation for each of the geometries is shown in Table 1. 

Table 1. Relations of the geometry function 

Specimen type Geometry function formula 

Three Point Bend 

 f(g) =

2

3/ 2

1.99 (1 )(2.15 3.39 2.7 )

(1 2 )(1 )

   

 

   

 
 

  

RESULTS AND DISCUSSION 

For the purpose of predicting the FCG correctly under variable loading. The interaction effect represents The 

effect of one variable on the other variable, this happens when there is an effect of the reaction and these are all 

sum of variables on the standard, while developing prediction models as a part of a cycle-by-cycle analysis. If 
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the block of loading cycle under CAL followed by another of lesser amplitude (descending) (Figure 8 (a) and 

(c)). If the two blocks or more of cycles possess the same maximum value but a different minimum value the 

retardation of CG is same to that of successive application of several overloads., it was observed that when the 

two differ the maximum value, the effect of the sequence will be smaller. If the loads included in the mass of the 

first cycle are less than the loads in the mass of the second cycle here the net result depends on ∆K as well as on 

the minimum values for those values (ascending) (Figure 8 (b) and (d)), the opposite holds: the rate of 

acceleration of CG decreases in relation to the effect of underdevelopment and the growth rate decreases at a 

CAL when the rate of growth in the first few cycles of the second block is greater than that of the CAL loading 

performed the multilevel loading sequence with zero mean stress to study the terms plasticity dominant fatigue 

and elasticity dominant fatigue to introduce replacement for the terms low cycle fatigue and high cycle fatigue. 

  

(a)                                                                               (b) 

 

(c)                                                                                  (d)                                                                                                                                                                                       

Figure 8. Fatigue crack growth for the set of experiments under different load history 

Hence, characterising the effects of VAL in fatigue crack propagation is the main purpose of this work. The 

ASTM A533 steel material specimens have been used under three-point bends (TPB), as expounded in the 

experimental testing. In current study, a systematic analysis of the FCG predictions was conducted. In particular, 

the effects of underload, overload, and sequence loading on the FCG were studied. 

CONCLUSION  

The present research focused on studying FCG under constant and variable amplitude loadings. A TPB 

specimen of ASTM A533 steel material was used in the assessment study on FCG under different loading 

conditions. In our case study, it varied with crack length and hence the number of cycles and its variation 

depended on the material properties, load history and loading conditions. Consequently, it is suitably correlated 

with five input parameters ( 𝑎, 𝑁, 𝐾𝑚𝑎𝑥  , 𝑅 and ∆𝐾  ) and the material properties (𝜎 , 𝐸 𝑎𝑛𝑑 𝐾𝑐  ). All the results 

have been obtained from the comparisons between the four cases under different programme variable loadings 
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agreed with differences related to the experimental finding. Therefore, these methods could be suggested to be 

used for critical applications in studying FCG for different structures under the VAL.   
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