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ABSTRACT
Many failures of equipment and machinery occur under the operating conditions in various industries such as
petrochemical industry where many types of vessels such as drum with agitator are used largely for the purpose of
homogeneous mixing of the product. These failures of equipment are generally caused by preexisting notches or flaws in
the component initiating the crack that grows and leads to fracture. Therefore it is important to calculate the fatigue
crack growth rate for safe working of equipment. Hence in this paper an effort has been made to study fatigue crack
growth rate of high strength metallic material for circumferential round bar (CRB) specimen with inclined crack of
different notch depth radii for V shape notch. The study was carried out on R-R More fatigue testing machine under
mixed mode loading and the experimental results have been presented in this paper.
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1. INTRODUCTION
Fatigue failure of engineering components and structures results from progressive fracture caused by cyclic or
fluctuating loads. The magnitude of each individual load event is too small to cause complete fracture of the
undamaged component, but the cumulative action of numerous load cycles, often numbering in the hundreds
of thousands and millions, results in initiation and gradual propagation of a crack or cracks. Complete fracture
ensues when the crack reaches critical size. Fatigue is an important potential cause of mechanical failure, as
most engineering components or structures are or can be subjected to varying loads during their lifetime. This
article focuses on fractography of fatigue. However, it should be noted that fractography is only part of the
failure analysis of a fractured component. As with other fracture modes, proper identification of fatigue
requires understanding of the fracture behavior of the particular material subject to failure analysis. At least
some knowledge of environmental and service conditions is usually necessary. Evaluation of loading
conditions, often in conjunction with fractography, also provides useful information regarding the
fundamental cause of failure.
Fatigue is the progressive, localized, and permanent structural damage that occurs when a material is
subjected to cyclic or fluctuating strains at nominal stresses that have maximum values less than (and often
much less than) the static yield strength of the material. This process of fatigue failure can be divided into
different stages, which, from the standpoint of metallurgical processes, can be divided into five stages:
1. Cyclic plastic deformation prior to fatigue crack initiation
2. Initiation of one or more micro cracks
3. Propagation or coalescence of micro cracks to form one or more micro cracks
4. Propagation of one or more macro cracks
5. Final failure
This division is defined by the characterization of the underlying fatigue damage of a material. It also clearly
defines the requirement of plastic deformation for the onset of crack initiation. In general, three simultaneous
conditions are required for the occurrence of fatigue damage: cyclic stress, tensile stress, and plastic strain. If
any one of these three conditions is not present, a fatigue crack will not initiate and propagate. The plastic
strain resulting from cyclic stress initiates the crack; and the tensile stress (which may be localized tensile
stresses caused by compressive loads) promotes crack propagation. The stages of fatigue can also be defined
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in more general terms from the perspective of mechanical behavior of crack growth. Nucleation i.e initiation
of fatigue cracks is a fatigue process is defined as follows:

(a) Structurally dependent crack growth rates (often called the “short crack” or “small crack” phase)
(b) Crack growth rates that can be characterized by either linear elastic fracture mechanics, elastic-plastic

fracture mechanics, or fully plastic fracture mechanics
(c) Final instability This definition of the stages in the fatigue process is roughly equivalent to the first,

except that crack propagation is expressed in terms of crack growth rates, and nucleation is meant to
include all processes leading up to crack initiation.

In general, the fatigue process consists of a crack initiation and a crack propagation phase. There is,
however, no general agreement when (or at what crack size) the crack initiation process ends, and when the
crack growth process begins. Nonetheless, the separation of the fatigue process into initiation and propagation
phases has been an important and useful advance in engineering. From the literatures review it can be
concluded that many researchers or scientist had done the work on circumferential round bar (CRB) specimen.
There exists an experiment on CRB specimen with the mixed mode loading. Hence in this paper the efforts
have been made to present the effect of mixed mode loading on fatigue crack growth rate of Aluminum alloy
6061 T6 specimen with inclined V-notch.

2. METHODOLOGY
The experimental study was carried out on 20 V-notched specimens made up of Aluminum Alloy 6061 T6 as
per ASTM standards. For the study of crack propagation, the adopted methodology is presented by flowchart
as given in figure 1.

Figure 1: Flow chart for experimental study

Preparing the model as per ASTM standards

Plotting of S-N diagram

Calculation of fatigue crack growth rate

Preparing the specimen with inclined V shape notch of 1mm and
0.5mm depth

Experimentation is carried out using R. R. MOORE Fatigue
testing machine

Measurement of fatigue crack length
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3. EXPERIMENTAL SETUP
Fatigue testing machine is major equipment used for the determination of fatigue strength of metals and their
alloys materials in room temperature. Fatigue testing machine is characterized by high load, high frequency,
low consumption, thereby reducing test time and reduce test costs. The experimentation work was carried out
on R-R More Fatigue testing machine as shown in figure 2. The specimens as per ASTM standards used for
the experimentation are shown in figure 3 and figure 4

Figure 2: R-R More Fatigue Testing Machine

Figure 3: 3D CAD Model of Specimen Figure 4: Actual Specimen with
with Inclined V-notch Inclined V-notch

4. OBSERVATIONS AND DISCUSSION:
The specimen of Aluminium with inclined V-notch of depth radii 0.5mm and mm were tested using R-R More
fatigue testing machine. Each specimen was tested for initial load of 35N (i.e bending stress of 25.6 N/mm2)
for around 400000 cycles. Then the load was reduced to 30N ( i.e bending stress of 21.95 N/mm2) for around
next 20000 cycles. Finally the load was reduced to 25N ( i.e bending stress of 18.29 N/mm2) till failure of
specimen. Figure 5 and figure 6 show S-N diagram for the tested specimens having 0.5mm and 1mm notch
depth respectively.

Figure 5: S-N Diagram for Specimens with V-notch 0.5mm Depth
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Figure 6: S-N Diagram for Specimens with V-notch 1 mm Depth
From the experimental observation crack length “da” has been measured using Profile Projector and thus the
crack growth rate da/dN has been calculated for specimens having 0.5mm and 1mm notch depth, as shown in
table 1 and table 2 respectively.

Table 1: Fracture Toughness for 0.5mm depth specimen
Specimen

No.
Load(N) Bending

stress
(N/mm2)

da  in mm dN  in No of
cycles

da/dN

1 35

30

25

25.6

21.95

18.29

1.534

0.658

1.3094

40060

60090

1.63

3.829

1.095×

8.033×

2 35

30

25

25.6

21.95

18.29

1.95

0.981

0.567

40050

60070

1.17×

4.868

1.633×

4.846×

3 35

30

25

25.6

21.95

18.29

1.547

0.761

1.876

40073

60010

1.46×

3.860

1.268×

1.284×

Table 2: Fracture Toughness of 1mm V-notch specimen.

Specimen
No.

Load(N) Bending stress
(N/mm2)

da  in mm dN in No of
cycles

da/dN

1 35

30

25

25.6

21.95

18.29

1.297

0.432

1.517

2101

3039

7356

6.17×

1.42 ×

2.062 ×

2 35

30

25

25.6

21.95

18.29

1.092

0.796

1.119

2046

3084

5421

5.33 ×

2.58 ×

2.064 ×
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5. CONCLUSIONS
Circumferential notched bar of Aluminium alloy 6061 T6 with different notch depth radii was fatigued under
cyclic torsion with a bending load. The difference in the notch effect on crack behavior on the basis of LEFM
approach the main result summarized as follows:

 The CRB specimen with a V-notch having inclined 0.5mm notch depth radii was found to have longer life
than that of the V-notch having an inclined 1mm notch depth radii under constant bending & torsional
loading condition.

 In CRB specimen with inclined notch the crack initiation was found perpendicular to the axis of the
specimen with stable crack growth rate.

 In CRB specimen the crack growth rate was found to increase with increase in no. of cycle and decrease
in bending load.
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