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ABSTRACT 

Heterogeneous microstructures of aluminium alloys such as 7075, which are extensively used 

in aircraft structures, render them highly susceptible to corrosion. Corrosion can adversely 

affect aircraft structural integrity since fatigue cracks can nucleate from corrosion pits and 

grow at an accelerated rate in corrosive environment. During its service life, an aircraft 

structure typically experiences corrosion between flights and fatigue loading during flight, 

thus pointing to the need for quantifying the effects of ‘prior corrosion’ on fatigue behaviour. 

This phenomenon, termed corrosion-fatigue, has an especially detrimental effect on the 

longevity of structures and leads to the premature failure of a component in service. 

In this work the fatigue life of as-received (pristine) specimens were determined at various 

stress levels. Specimens were also corroded in two conditions viz. 3.5% NaCl for 50 h and 

applying variable potential at a constant scan rate in same 3.5% NaCl solution. The fatigue 

life of pre-corroded specimens were also determined and correlated with that of the as-

received specimens. Scanning Electron Microscopy was conducted for observation and 

analysis of fracture surface and corrosion pits. The average pit size, depth and density were 

also calculated. It was confirmed that corrosion pits and constituent particles act as 

preferential sites for crack nucleation. Fine non-critical cracks on the corroded surface were 

also observed. 
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1. Introduction 

1.1.Aluminium 

Aluminium, the second most plentiful metallic element on earth, became an 

economic competitor in engineering applications as recently as the end of the 19th 

century. Aluminium played the role of an automotive material of increasing 

engineering importance after the electrolytic reduction of alumina (Al2O3) dissolved 

in molten cryolite was discovered – developed independently by Charles Hall in US 

and Paul Heroult in France. Within a few decades the Wright brothers gave birth to 

aviation industry which grew in partnership with the aluminium industry for 

development of structurally reliable, strong, and fracture-resistant parts for 

airframes, engines, and ultimately, for missile bodies, fuel cells, and satellite 

components.  

 

Among the most striking characteristics of aluminium is its versatility. The range of 

physical and mechanical properties that can be developed, from refined high-purity 

aluminium to the most complex alloys, is remarkable. More than three hundred 

alloy compositions are commonly recognized, and many additional variations have 

been developed internationally and in supplier/consumer relationships. The 

properties of aluminium that make this metal and its alloys the most economical and 

attractive for a wide variety of uses are appearance, light weight, fabricability, 

physical properties, mechanical properties, and corrosion resistance [1]. 

 

Aluminium has a density of only 2.7 g/cm
3
, approximately one-third as much as 

steel (7.83 g/cm
3
), copper (8.93 g/cm

3
), or brass (8.53 g/cm

3
). It can display 

excellent corrosion resistance in most environments, including atmosphere, water 

(including salt water), petrochemicals, and many chemical systems [2]. Hence, 

taking into account the high strength to weight ratio and corrosion resistance of 

aluminium and its alloys, they are used in virtually all segments of the aircraft, 

missile, and spacecraft industry — in airframe structures, engines, accessories, and 

tankage for liquid fuel and oxidizers. 
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1.2.Wrought Aluminium and Aluminium Alloy Designation System 

Aluminium alloys can be divided into two categories cast alloys and wrought 

alloys. For wrought alloys a four-digit system is used to produce a list of wrought 

composition families. The series is represented by 2xxx through 8xxx and the alloy 

group is determined by the alloying element present in the greatest mean 

percentage.  An exception is the 6xxx series alloys in which the proportions of 

magnesium and silicon available to form magnesium silicide (Mg2Si) are 

predominant. Another exception is made in those cases in which the alloy qualifies 

as a modification of a previously registered alloy. If the greatest mean percentage is 

the same for more than one element, the choice of group is in order of group 

sequence: copper, manganese, silicon, magnesium, magnesium silicide, zinc, or 

others. 

Table 1.1 Wrought Al Alloy Designation System 

Aluminium ≥99.00% 1xxx 

Aluminium alloys grouped by major alloying element(s) 

Copper 2xxx 

Manganese 3xxx 

Silicon 4xxx 

Magnesium 5xxx 

Magnesium and Silicon 6xxx 

Zinc 7xxx 

Other elements 8xxx 

Unused series 9xxx 

 

 

1.3.7075 Aluminium Alloy 

Zinc, in amounts of 1 to 8% is the major alloying element in 7xxx series alloys, and 

when coupled with a smaller percentage of magnesium results in heat-treatable 

alloys of moderate to very high strength. Usually other elements, such as copper 

and chromium, are also added in small quantities. 7xxx series alloys are used in 

airframe structures, mobile equipment, and other highly stressed parts. Higher 

strength 7xxx alloys exhibit reduced resistance to stress corrosion cracking and are 
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often utilized in a slightly over aged temper to provide better combinations of 

strength, corrosion resistance, and fracture toughness. [3] 

Table 1.2 Typical Mechanical Properties of Alloy 7075 [4] 

Temper Tensile Strength (MPa) Yield Strength (MPa) Elongation (%) 

O  

Sheet & Plate 
276 145 9 

T6 

Plate 
510 434 5 

T651 

Plate 
538 462 9 

T76 

Sheet 
503 427 8 

T7651 

Plate 
496 421 8 

T73 

Sheet 
462 386 8 

T7351 

Plate 
476 393 7 

(For temper designation systems refer ASM Handbook Vol. 2, 1990, p.112) 

1.4.Fatigue 

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 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 [5]:  

 Cyclic plastic deformation prior to fatigue crack initiation 

 Initiation of one or more microcracks 

 Propagation or coalescence of microcracks to form one or more microcracks 

 Propagation of one or more macrocracks 

 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 
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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 in more 

general terms from the perspective of mechanical behaviour of crack growth. For 

example, another division of the fatigue process is defined as follows [6]: 

 Nucleation (initiation of fatigue cracks) 

 Structurally dependent crack growth rates (often called the ―short crack‖ or 

―small crack‖ phase) 

 Crack growth rates that can be characterized by linear elastic fracture   

mechanics, elastic-plastic fracture mechanics, or fully plastic fracture 

mechanics. 

 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. 

 

1.5. S-N Curves 

The fatigue properties of any material can be evaluated based on three types of 

approach as listed below. 

 Stress-life (S-N) 

 Strain-life (ε-N) 

 Fracture mechanic crack growth (da/dN-ΔK) 

The stress life approach or the S-N curve approach is one of the most used 

techniques for determining fatigue life of materials. The general property 

representation is S-N viz. stress vs. log number of cycles to failure. Failure in S-N 

testing is typically defined by total separation of the sample. 

General applicability of the stress-life method is restricted to circumstances where 

continuum, "no cracks" assumptions can be applied. The advantages of this method 

are simplicity and ease of application, and it offers some initial perspective on a 

given situation. It is best applied in or near the elastic range, addressing constant-

amplitude loading situations in what has been called the long-life regime. 
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1.6.Corrosion 

Corrosion is the degradation of material by chemical or electrochemical reactions 

with its environment. Two major areas [7] are usually distinguished in the corrosion 

of metals and alloys. The first area is where the metal or alloy is exposed to a liquid 

electrolyte, usually water, and thus typically called aqueous corrosion. The second 

area is where corrosion takes place in a gaseous environment, often called 

oxidation, high-temperature oxidation, or high-temperature corrosion, and called 

gaseous corrosion here. These two areas are referred to as wet corrosion and dry 

corrosion. This distinction finds its origin in some fundamental differences in the 

mechanisms, in particular the electrochemical nature of reactions occurring in 

aqueous solution (or in a non-aqueous electrolyte), as compared to the formation of 

thick oxide layers in air or other oxidizing atmospheres, at high temperature with 

fast transport processes by solid state diffusion through a growing oxide. The 

separation between the two areas, however, should not be overemphasized, because 

there are also similarities and analogies, for example:  

 The initial stages of reaction involve the adsorption of chemical species on 

the metal surface that can be described by the Gibbs equation for both liquid 

and gaseous environments. 

 The nucleation and growth phenomena of oxide layers and other compounds 

 The use of surface analytical techniques 

The fundamental understanding of electrochemical corrosion kinetics is based on 

the uniform dissolution of a non-filmed, pure, homogeneous metal that is equally 

exposed at all locations to a homogeneous environment. Corrosion engineers know 

that this description does not reflect reality in practical situations. In many 

engineering structures, dissimilar alloys are connected in a variety of ways, crevices 

often exist, and the environment is variable and dependent on local flow conditions 

[8]. 

 

1.7.Pitting Corrosion 

Many engineering alloys, such as stainless steels and aluminium alloys are useful 

only because of passive films, which are thin (nanometre-scale) oxide layers that 

form naturally on the metal surface and greatly reduce the rate of corrosion of the 

alloys. Such passive films, however, are often susceptible to localized breakdown, 
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resulting in accelerated dissolution of the underlying metal. If the attack initiates on 

an open surface, it is called pitting corrosion [9]. These closely related forms of 

localized corrosion can lead to accelerated failure of structural components by 

perforation or by acting as an initiation site for cracking. Fig. 1.1 shows an example 

of deep pits on a metal surface. 

 

 

Fig. 1.1 Deep Pits in a Metal 

It should be noted that, whereas localized dissolution following breakdown of an 

otherwise protective passive film is the most common and technologically 

important type of pitting corrosion, pits can form under other conditions as well. 

For instance, pitting can occur during active dissolution if certain regions of the 

sample are more susceptible and dissolve faster than the rest of the surface. This 

section concentrates on the better-known and widely studied phenomenon of pitting 

corrosion of passive metals. Pitting corrosion is influenced by many different 

parameters, including the environment, metal composition, potential, temperature, 

and surface condition. Important environmental parameters include aggressive ion 

concentration, pH, and inhibitor concentration. Other phenomenological aspects of 

localized corrosion include the stochastic nature of the processes and the stages of 

localized attack, including passive film breakdown, metastable attack, stable 

growth, and perhaps eventual arrest. 

 

 

 

 



 
 

8 
 

1.8.Corrosion of Aluminium Alloys 

Aluminium, as indicated by its position in the electromotive force series, is a 

thermodynamically reactive metal; among structural metals, only beryllium and 

magnesium are more reactive. Aluminium owes its excellent corrosion resistance 

and its use as one of the primary metals of commerce to the barrier oxide film that 

is bonded strongly to its surface and that, if damaged, re-forms immediately in most 

environments. Most of the interpretation of aluminium corrosion processes has been 

developed in terms of the chemical properties of these oxide layers. The film 

growth can be visualized as the result of a dynamic equilibrium between opposing 

forces – those tending to form the compact barrier layer and those tending to break 

it down. If the destructive forces are absent, as in dry air, the natural film will 

consist only of the barrier layer and will form rapidly to the limiting thickness. If 

the destructive forces are too strong, as in aqueous salt solutions or sea water, the 

oxide will be hydrated faster than it is formed and little barrier will remain. 

 

The corrosion resistance of aluminium alloys [9] is completely dominated by 

metallurgical factors. High-purity aluminium is rather resistant to corrosion in most 

neutral pH environments. The passive film is relatively insulating, protective, and 

non-catalytic. However, commercial aluminium alloys contain alloying elements, 

impurity elements, precipitated phases and intermetallic constituent particles. The 

precipitated phases and intermetallic particles can be anodic or cathodic relative to 

the matrix or can switch between the two with time as a result of selective 

dissolution. Anodic particles can be initiation sites for pitting corrosion, and 

cathodic particles can be active cathodes, supporting the cathodic reaction necessary 

for sustained attack. These phases can form at grain boundaries and result in a 

sensitized structure if the grain boundary precipitate or neighbouring solute-

depleted zone is susceptible to sustained attack. Wrought aluminium alloys often 

have an elongated grain structure, which can result in susceptibility to exfoliation 

corrosion or orientation-dependent stress corrosion cracking. Solid solution alloying 

of aluminium can alter the susceptibility to localized corrosion, either decreasing, as 

with copper alloying, or increasing the susceptibility as in the case of zinc alloying. 

Clearly, the metallurgical effects on the corrosion of aluminium alloys are varied 

and complex. When an alloy composed of a solid solution of various elements 
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corrodes, it is typical that one or more elements dissolve preferentially, leaving 

other elements enriched on the surface.  

 

1.9.Potentiodynamic Polarization Scan Technique  

The cyclic potentiodynamic polarization technique [10] for corrosion studies is an 

electrochemical technique which is built on the concept that predictions of 

behaviour of a material in an environment can be made by forcing the material from 

its steady state corrosion rate at a constant voltage scan rate and by observing how 

the current responds as the voltage force is applied at a constant voltage scan rate. 

The material is the alloy under consideration and the environment is that which 

promotes corrosion. Applied potential is the force. This potential is applied in a 

controlled manner to an electrode made from the alloy under study. The potential is 

ramped at a continuous, often slow rate relative to a reference electrode using an 

instrument called a potentiostat. Traditionally, the potential is first increased at a 

constant rate in the anodic or noble direction (forward scan). The scan direction is 

reversed at some chosen maximum current or voltage and progresses at the same 

rate in the cathodic or active direction (backward or reverse portion of the scan). 

The corrosion behaviour is predicted from the structure of the polarization scan. 

The electronic device used to generate the cyclic potentiodynamic polarization scan 

is the potentiostat equipped with the abilities to ramp the applied potential in a 

controlled manner and then measure the resulting current. Three electrodes are 

required for the measurement,  

(1) The corroding or working electrode made of the material of interest 

(2) The counter electrode made from an inert material such as graphite or platinum 

(3) A stable reference electrode such as saturated calomel electrode 

 

When the potential of the metal surface is polarized by the application of the current 

in a positive direction, it is said to be anodically polarized; a negative direction 

signifies that it is cathodically polarized. The degree of polarization is a measure of 

how the rates of the anodic and the cathodic reactions are affected by various 

environmental and/or surface process factors. The variation of potential as a 

function of current (a polarization curve) allows one to study the effect of 

concentration and activation processes on the rate at which anodic or cathodic 

reactions can give up or accept electrons. Hence, polarization measurements can 

http://electrochem.cwru.edu/ed/dict.htm#p06
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thereby determine the rate of the reactions that are involved in the corrosion process 

– the corrosion rate. The peak in the polarization curve indicates the occurrence of 

pitting corrosion.  [11] This technique can also be used to corrode a material to 

obtain corrosion pits of some definite average size. The pit size so obtained can be 

correlated to pits of similar size obtained in naturally occurring corrosive 

environments and thus the latter can be simulated and analysed.  

 

1.10. Corrosion Fatigue 

Fatigue caused under corrosive environment is termed as corrosion fatigue. It is the 

degradation of a material under combined action of cyclic loading and corrosion. It 

is known that fatigue failure constitutes for the maximum percentage of mechanical 

failures and thus parts exposed to harmful environments experience significant 

reduction in service life. Corrosion fatigue affects many metals and alloys like iron, 

titanium, aluminium and their alloys. And though high strength materials are 

developed with high threshold limits and can be used at higher stress levels, the 

primary concern lies in the tendency of these materials to resist corrosion. [12] The 

presence of a corrosive environment during fatigue loading eliminates this stress 

advantage, and the fatigue limit becomes almost insensitive to the strength level of 

the alloys. [13] 

 

1.11. Objective 

The objective is to predict the fatigue life of 7075 Al alloy in pristine condition and 

also after pre-corrosion. It is expected that the fatigue life will significantly reduce. 

Also the extent of reduction will be compared by changing the severity of the 

corrosion process. The two modes of corrosion will be (1) Open circuit corrosion 

by immersing the specimens in 3.5% NaCl and (2) Forced corrosion by applying a 

dynamic potential to the specimen at a definite scan rate. The results so obtained 

will be correlated with the extent of corrosion, corrosion pit size, density and 

depth. The role of both corrosion pits and constituent particles to act as regions of 

stress concentration will also be studied. 
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Chapter 2 
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2. Literature Review 

P.S. Pao et al. [14] studied the nature of initiation of fatigue cracks from corrosion 

pits in 7075-T7351 aluminium alloy. The objective was to predict the reduced fatigue 

life and estimate a general trend in the fatigue behaviour of the aforementioned alloy 

when subjected to corrosion. The medium of corrosion was 3.5% NaCl solution. The 

results showed that corrosion pits readily formed around/at constituent particles of the 

alloying elements. Due to the prior rolling of the sample the corrosion pits had 

elongated shape along the direction of rolling and sometimes coalesced with the 

neighbouring pits. It was found out that fatigue crack initiation time and the threshold 

stress levels were significantly reduced due to the presence of corrosion pits. It was 

deduced that the corrosion pits on the surface act as stress concentration sites where 

local stresses are elevated to levels required for crack initiation. By tracing the river 

lines of the fracture surface it was seen that the origin of the crack was located near 

constituent particles and higher magnifications revealed the origin of crack at 

corrosion pits.  

 

James T. Burns et al. [15] [20] studied the effect of corrosion severity on fatigue of 

7075-T6511 alloy using crack surface marker band analysis and a fracture mechanics 

model. Corrosion modified equivalent initial flaw size (EM-EIFS) predicted with 

AFGROW tool using measured initial aspect ratio, initiation cycles, and total fatigue 

life inputs; represents the corrosion damage effect on fatigue for a range of exposures. 

The specimens were subjected to multiple corrosion environments created in the 

laboratory and the time of exposure was varied to obtain different levels of severity. 

Quantitative analysis of corrosion features like pit depth and aspect ratio was done to 

understand their effect on fatigue behaviour. It was observed that crack nucleation 

tended to occur at local protrusions into the corroded area and after initial sharp 

degradation the fatigue life became independent of time of exposure to corrosion. 

 

Q. Y. Wang et al. [16] studied the effect of pitting corrosion on high cycle fatigue 

behaviour of plate dog-bone specimens. Medium of corrosion was 3.5% NaCl and the 

time of exposure was varied. Fatigue crack growth analysis indicated that rate of 

crack growth for small cracks are higher than those of large cracks. Also critical pit-

crack transition size and cycles to failure were reduced in case of prior corroded 
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samples. Fractography showed that near threshold crack growth showed translamellar 

cleavage mode. 

 

Kimberli Jones et al. [17] conducted corrosion fatigue research on 7075-T6 

aluminium alloy in 3.5% NaCl solution to gain increased understanding of 

microstructural influence on pit growth, pit-crack transition and crack growth. Many 

specimens had non-critical cracks associated with constituent particles. But some of 

these cracks became critical after being subjected to a relatively short number of 

cycles if a crack from a corrosion pit had not caused fracture prior to it. Hence it can 

be seen that constituent particles and pits compete as stress concentration sites for 

nucleation of cracks. Also the pits tended to attain elongated geometry in the direction 

of rolling. In contrast to overall pit to crack transition the critical cracks propagated 

more rapidly. And at lower stresses the microstructure influenced this propagation 

more than that in case of higher stresses. A greater stress concentration was observed 

around areas associated with both a constituent particle and a crack than either a crack 

or pit alone. 

 

K. K. Shankaran et al. [18] investigated effect of corrosion pits on the fatigue 

behaviour of 7075-T6 alloy assuming an equivalent initial crack corresponding to the 

average pit dimensions. Specimens were exposed for varying time periods in a 

chamber in accordance with ASTM G85, Annex 5 dilute electrolyte cyclic fog dry test 

procedure. The observed pits were irregular in shape and were elongated along the 

rolling direction. Corrosion pits, assumed to be randomly distributed on the surface, 

led to decrease in fatigue life by a factor of 6 to 8. It was also found out that the depth 

of pits increased by interconnection of smaller pits located at the nucleation sites at 

various depths. 

 

K.M. Gruenberg et al. [19] studied the viability of a total fatigue life prediction 

methodology for material with pre-existing corrosion damage. Fatigue specimens of 

aluminum alloy 2024-T3 were exposed to a corrosive environment of NaCl/H2O2 

diluted with deionized water. A protective masking was applied to the entire specimen 

except the reduced-width portion of the gage section where the failures were desired 

to occur. The effects of three variables on fatigue life were examined: corrosion level, 

metallurgical plane exposed to corrosion attack, and applied stress level. The test 
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samples were taken from a single lot of material and corroded for three different time 

periods in three specimen orientations. In general, fatigue tests showed a decrease in 

life due to increased corrosion exposure. The spread from shortest to longest fatigue 

lives among the different corrosion conditions decreased at the higher stress levels. 

The main conclusion from this work was that a total fatigue life prediction 

methodology was shown to be a mostly successful tool in predicting the life of pre-

corroded test specimens. 

 

K. Genel [21] studied the effect of pitting on the bending fatigue performance of 

high-strength 7075-T6 aluminium alloy by conducting a series of rotary bending 

fatigue tests. It was observed that coarse constituent particles play the main role in the 

pitting process. An approximately 60% decrease in fatigue strength was obtained. A 

pre-corrosion test was performed by immersing the samples in 3.5% NaCl solution for 

different lengths of time. It is concluded that pit population, pit density as well as pit 

depth increase with increasing pre-corrosion time. Matrix dissolutions around the 

constituent particles (containing Al, Cu and Fe) are the preferential sites for pit 

formation. Pits, once formed, act as stress concentration sites and can also facilitate 

fatigue crack initiation when the stress intensity factor reaches the threshold value or 

promotes crack growth. 

 

N. Birbilis et al. [22] studied the initiation of localized corrosion upon high strength 

aluminium alloys which is often associated with cathodic intermetallic particles 

within the alloy. It was determined that Al7Cu2Fe may serve as a local cathode in the 

evolution of localized corrosion of alloy 7075-T651 and is capable of sustaining 

oxygen reduction reactions at rates of several hundreds of lA/cm
2
 over a range of 

potentials typical of the open circuit potential (OCP) of the same in NaCl solution of 

various concentrations and pH. Measurements were performed at different 

concentrations and pH levels. It is widely accepted that aluminum and its solid 

solutions dissolve readily at elevated pH values. As a result, the hydroxyl ion 

formation and associated pH increase previously mentioned may also be contributing 

to the peripheral damage. This phenomenon is often referred to as cathodic corrosion. 

Furthermore, it has recently been postulated that independent of ‗cathodic corrosion‘ 

local compositional changes owing to preferential dissolution of solute at the particle–

matrix interface may also contribute to so-called ‗trenching‘ in 2024 Al alloy. 
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3. Experimental Procedure 

3.1.Fabrication of specimen 

Aluminium alloy 7075 in T6 temper condition was procured in the form of 25mm 

diameter rod. Tensile and fatigue test specimens (dimensions given later) were 

fabricated from the rod with an EDM wire cut machine. All specimens were 

fabricated in longitudinal direction of the rod. A disk shaped specimen of thickness 

15mm was machined for microstructure examination. 

 

3.2.Material Characterization 

The chemical composition and microstructure of the specimen are presented in 

Table 3.1 and Fig. 3.1 respectively. 

Table 3.1  

Chemical Composition of 7075-T6 Alloy 

Element % 

Cu 1.2-2.0 

Mg 2.1-2.9 

Mn 0.30 

Si 0.40 

Fe 0.50  

Cr 0.18-0.28 

Zn 5.1-6.1 

Others 0.15 (max) 

Al Balance 

 

       

  Fig. 3.1 Microstructure of 7075 Alloy 
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3.3.Tensile Testing 

Initially tensile testing of the sample was carried out in a Universal Testing 

Machine (UTM). The dimensions (in mm) of the specimen used for tensile testing 

are as shown in Fig. 3.2. The yield stress was determined and this data was used to 

plan the test matrix viz. the stress levels for fatigue testing were decided.  

 

Fig. 3.2 Tensile Specimen 

 

3.4.Fatigue Testing of As-Received Specimens 

Flat dog bone shaped zero gage length samples were used for fatigue testing and 

SN curve generation. The specimen dimensions (in mm) for fatigue testing are 

shown in Fig. 3.3. The fatigue test was also carried out by UTM which had a high 

frequency push-pull type dynamic loading profile. Prior to testing the procured 

samples were subjected to polishing on 600 and 800 grit emery sheets to remove 

any macro surface imperfections like uneven surface or presence of any surface 

layer. The samples were fixed in the appropriate grips designated for fatigue testing 

of miniature flat specimens and care was taken to ensure proper alignment. 

Alignment is a serious concern in dynamic loading tests because any small 

misalignment will lead to sudden buckling of the specimen and the test will not be 

completed successfully. The stress ratio (R) was maintained at 0.25. However 

initially one test was carried out at R=0.35 but when the sample did not fail after 

almost       cycles it was concluded that adequate stress reversal was not taking 

place. Hence the subsequent tests were carried out at R=0.25.  
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                    Fig. 3.3 Fatigue Testing Specimen 

3.5.Pre-corrosion and testing of pre-corroded specimens 

Five fatigue testing specimens were polished on 600 and 800 grit emery sheets to 

remove any existing surface layer (presumably formed due to action of air and 

machining) and remove any surface unevenness. Then they were subjected to open 

circuit corrosion by immersing them in a solution of 3.5% NaCl of pH of 8 for 50 

h. After 50 h the specimens were retrieved, dried and subjected to fatigue testing 

according to the similar procedure followed for the As-Received specimens.  

 

In addition to the aforementioned corrosion process, a forced corrosion was carried 

out by applying an external potential between the specimen and a reference 

electrode in an electrolyte of 3.5% NaCl. The corrosion was restricted to a strip of 

width 2mm at the centre of the gage by insulating the rest of the portion by paint 

and adhesive tape. The process was carried out by the potentiodynamic 

polarization scan technique with a potentiostat with the presence of another counter 

electrode in addition to the working and reference electrode. The potential range 

was varied from -1.5 V to 0.4 volt and the scan rate was maintained at 0.8mV/s. 

The typical polarization curve is as shown in Fig. 3.4. 

 

Fig. 3.4 
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Chapter 4 
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4. Results and Discussions 

4.1.Tensile Test Results 

Table 4.1 

Sample No Avg. Width 

(mm) 

Avg. Thickness 

(mm) 

Gage Length 

(mm) 

Yield Strength      

(MPa) 

1 2.930 1.234 9 274.55 

2 2.946 1.250 9 286.39 

 

Average Yield Strength = 280.47 MPa 

 

 

Fig. 4.1 Tensile Test - Sample 1 

 

   Fig. 4.2 Tensile Test - Sample 2 

As observed from the above figures the irregular variations near the end of the tests 

i.e. just prior to fracture are due the occurrence of slipping at the area where the 

specimen was gripped. This might have been possibly due to the very small grip area. 

However our concern was to determine only the yield stress and as we can see 
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yielding already took place before slipping occurred. Hence the error introduced due 

to slipping can be safely ignored in our calculations. 

4.2. Fatigue Testing – As-Received Specimens 

Table 4.2 

Sample No Max. Stress        
(MPa) 

Cycles Remarks 

1.  120* 5939251 Did not fail 

2.  160 1128069 Failed 

3.  170 104623 Failed 

4.  170 151476 Failed 

5.  180 104846 Failed 

6.  180 248796 Failed 

7.  190 202026 Failed 

8.  190 109267 Failed 

9.  200 118939 Failed 

10.  210 45780 Failed 

*Stress Ratio (R) for               was 0.35 and for rest of the specimens it was 0.25. 

 

Fig. 4.3 S-N Results of As-Received Specimens 

The test data constituted of significant scatter and the actual test data followed a 

different trend from the expected results viz. it didn‘t follow the expected monotonic 

decrease in fatigue life with increasing     . This is a general occurrence as a result 
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of the statistical nature of fatigue failure. This can be also attributed to the presence of 

fine internal cracks in some specimens which led to stress concentration and thus 

early failure. 

4.3. Fatigue Testing – 50 h Pre-corroded specimens 

Table 4.3 

Sample No Max. Stress        
(MPa) 

Cycles Remarks 

1.  170 472481 Failed 

2.  180 192325 Failed 

3.  190 131090 Failed 

4.  200 56361 Failed 

5.  210 104793 Failed 

Stress Ratio R=0.25 

 

 

 

              Fig. 4.4 S-N Results of 50 h pre-corroded specimen 

 

The S-N curve generated from the above set of data followed the general definite 

trend. The fatigue life monotonically decreased with the increase in maximum stress. 

The trend is more definite than the as-received specimens. This can be due to the fact 
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that the corrosive environment was identical to all the specimens and hence the initial 

degradation due to corrosion dominated any inherent statistical differences between 

the specimens. 

4.4.Fatigue Testing – Specimens Corroded by Potentiodynamic Scan 

Table 4.4 

Sample No Max. Stress 

       (MPa) 

Cycles Remarks 

1 180 32467 Failed 

2 190 23870 Failed 

3 200 10736 Failed 

Stress Ratio R = 0.25 

 

 

 

Fig. 4.5 Fatigue Test Results of Potentiodynamic Scan Specimens 
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  Fig. 4.6 

Fig. 4.6 shows the fatigue life of as-received (un-corroded), open circuit 50 h 

corroded and forced corroded test specimens. The corrosion exhibited a fall in fatigue 

life in all the cases. At the applied stress of 200 MPa the as-received specimen failed 

at 118939 cycles, open circuit 50 h corroded specimen failed at 56361 cycles and 

forced corrosion specimen failed at 10736 cycles.  Other stress levels also showed a 

fall in fatigue life on environmental exposure. This happens because the corrosion pits 

formed act as pre-existing cracks which propagate easily to result in early failure. 

Samples corroded by subjecting to immersion in 3.5% NaCl for 50 h showed lesser 

decrease in fatigue life than samples corroded by applying a varying potential. 

Specimens corroded by applying a varying potential showed almost 7 to 10 times 

reduction in fatigue life depending on the applied maximum stress. Post corrosion it 

was observed that samples corroded by immersing in 3.5% NaCl for 50 h showed 

slight corrosion visible to naked eye. Though the surface lustre was reduced, there 

wasn‘t any vigorous pit formation. Hence this approves with the slight reduction in 

fatigue life.  



 
 

25 
 

Specimens corroded by applying a varying potential showed vigorous pitting. The pits 

were mostly elongated along the rolling direction. Prior polishing with coarse emery 

sheets had resulted in very fine scratches on the surface. And most of the corrosion 

took place preferentially along these scratches.  

4.5.Fractography and Analysis of Fractographs 

 

Fig. 4.7 

 

Fig. 4.8 

Fig. 4.7 and 4.8 represent the SEM fractographs of as-received and 50 h corroded 

specimens respectively subjected to dynamic loading at             at 100X 

magnification. In case of the as-received specimen the crack initiated from the surface 
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grains. On the other in all corroded samples the crack initiation occurred from the 

corrosion pit. 

The region inside the ellipse in Fig. 4.8 shows distinct appearance than the rest and 

hence could be a corrosion pit that had grown into the interior of the specimen. The 

tip of that region certainly acted as a region of stress concentration because the lines 

that indicate the direction of crack propagation emerge radially outward from that 

point. From the associated scale the width of this pit is approximately 140µm and the 

depth nearly 200µm. 

 

Fig. 4.9 

Fig. 4.9 above shows the encircled area in Fig. 4.8 at a higher magnification. It can be 

clearly observed that the region has been corroded hence the presence of corrosion pit 

is confirmed. As previously established by many excellent researchers [14-28] it is 

concluded that fatigue life reduces with increase in extent of severity of corrosion and 

pre-existing pits act as regions of stress concentration and preferential site for crack 

nucleation. 
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Fig. 4.10 

Fig. 4.10 shows the micrograph of the fracture surface and the surface of the specimen 

contrasted with each other. The rough region is the fractured part. The non-fractured 

part inside the ellipse shows very fine cracks that were nucleated on the corroded 

surface during the loading procedure but before they could grow the specimen 

fractured at a different place where cracks already attained the critical size. The non-

critical cracks are oriented in transverse direction and are perpendicular to the rolling 

direction.  

 

Fig. 4.11 
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Fig. 4.11 shows the fracture surface of the as-received specimen tested at 200MPa. It 

can be seen that a crack has originated from a constituent particle and propagated 

inwards. Also the part where the crack has originated is relatively less fibrous than the 

interior of the specimen. This can be contrasted with the corroded specimens in the 

context that while cracks initiate from pits in case of corroded specimens, they initiate 

from constituent particles in case of pristine specimens. Hence constituent particles 

also act as stress concentration sites. As presented later, the EDS analysis of the same 

particle confirms the presence of higher percentage of Zinc and Oxygen. 

From Fig. 4.8 it was observed that fatigue cracks initiate and propagate from 

corrosion pits. In Fig. 4.12 we can see that in case of 50 h corroded specimens, fatigue 

cracks can also initiate from constituent particles. Presence of flat facets near 

concentration particles indicate that the presence of oxygen has led to increase in 

brittleness of that region. 

 

           

Fig. 4.12 
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Fig. 4.13 

Fig. 4.13 shows the corroded surface (darker region) and the fracture surface (lighter 

region) of the specimen corroded in open circuit method for 50 h. Corrosion pits 

were observed as shown. The pit density was approximately 44 pits per mm
2
 and the 

average equivalent diameter of the pits was found to be about 48µm. The pit density 

was calculated by counting the number of pits inside the square shown in the figure. 

 

Fig. 4.14 

Fig. 4.14 shows the corroded region for specimens corroded by potentio-dynamic 

scan. It can be seen that the corrosion is very severe as the initial surface layer is 

almost removed and the pits have a very high length to width aspect ratio. The 

corroded regions are elongated along the direction of rolling and polishing. The polish 

lines have acted as preferential anodic dissolution sites. 
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Fig. 4.15 

Fig. 4.15 shows the corrosion pit formed in specimen corroded by applying variable 

potential. Large size pits were observed which extended along the length of the 

specimen. The depth of the pit was nearly same as that of 50 h corroded specimens 

but due to increased area of pitting the sample failed at much lesser number of cycles.  

 

Fig. 4.16 
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Table 4.5 

 

Fig. 4.15 and 4.16 show the EDS results of the constituent particle shown in Fig. 4.11. 

The spectrum as well as the quantitative analysis confirms the presence of zinc and 

oxygen in the constituent particle. So either the constituent particle is some 

intermetallic compound forming in the matrix or it may be an oxide particle. However 

irrespective of the nature of the particle it is confirmed that it acts as a stress 

concentration point and cracks preferentially nucleate from the same. 
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Chapter 5 
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1. Conclusion 

1. The fatigue life of both the as-received and pre-corroded specimens decreased 

with increase in      and the fatigue life of pre-corroded specimens was less 

than that of as-received specimens. The extent of reduction in fatigue life 

increased with the increase in severity of corrosion.  

2. Corrosion pits act as pre-existing fatigue cracks and the tip of the pit acts as a 

stress concentration site. 

3. Fine non-critical cracks nucleated on the corroded surface which was transverse in 

orientation and perpendicular to the direction of rolling. 

4. Besides corrosion pits, constituent particles also act as preferential sites for crack 

nucleation. EDS analysis confirmed the presence of higher percentage of zinc and 

oxygen in the constituent particles. 

5. The pit density in case of 50 h corroded specimens was found to be 44 pits per 

mm
2
 with average equivalent pit diameter of nearly 48 µm. However in one case 

the maximum pit width was nearly 150 µm which might have formed by 

coalescence of a number of smaller pits. 

6. Extent of corrosion by applying dynamic potential was very severe with peeling 

off of the surface layer. The pits were elongated along the longitudinal direction of 

the specimen which was incidentally also the rolling and polishing direction. 

Large pits of identical depth of 200 µm observed in specimens corroded by 

applying a varying potential. 
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