
 

 

 

Abstract—This paper explains the fatigue failure and the 

estimation of stress in a standard mild steel specimen. Bar with 

grooves which is located at different positions is subjected to fatigue 

loading to determine the endurance limit and S-N graph is plotted. 

Shear stress is also calculated using the standard theoretical 

equations. The results which are obtained by the experimental and 

analytical approach is validated with the finite element analysis 

software ANSYS. 
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I. INTRODUCTION 

HE term fatigue was introduced by Poncelet, a French 

researcher in 1839. A fatigue is a minute crack at critical 

area where the stress is acting at its maximum. These cracks 

can be preexisting or flaws. A crack gradually occurs on the 

material. The crack initially initiated by the protrusion of small 

cracks [1]. These cracks will then gradually get enlarged by 

slowly creating what is known as beach marks. Then there will 

be the final fracture of the material. This will create the rough 

surface on the material at the site of crack. Therefore, the 

crack is initiated from the point which is called as the origin 

and takes place at final fracture [2]. 

The fatigue failures occur due to fluctuating stresses. These 

stresses are lower than the stresses required to cause failure at 

a single shot. Fatigue can affect any material that is in motion 

and can cause disastrous results especially in industries. 

     Present work involves in the preparation of a mild steel 

specimen which involves in machining of grooves at different 

locations and then it is subjected to fatigue loading. The 

endurance limit, stress vs number of cycles and the shear stress 

is determined. The results which are obtained are compared 

with the results obtained finite element method ANSYS.  
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II.  RELATED STUDY 

Qasim Bader et.al. [1] explained the effect of V notch shape 

on fatigue life in a steel beam made of AISI 1037.In this 

experiment, various specimen of the same geometric 

dimensions consisting of a V notch was used. In this work, the 

fatigue life has been estimated by the application of cyclic 

loading using stress life data of smooth fatigue specimen. For 

the experimentation, Finite Element Method is used, by which 

the mathematical form of fatigue life equation was obtained. 

By using the method of FEM the stress concentration factor 

was also calculated in this experiment, numerically as well as 

analytically. The final results were obtained by the S-N curve 

which was obtained from the fatigue test. The prediction in the 

experiment that has been made for the round specimen can 

also be used for the notched specimen upon the basis of stress 

development on the notch tip. It is observed that the predicted 

life is less compared to the experimental values. This might be 

due to the fact that life was predicted based on the maximum 

stress in the notched section. The method of FEA has proven 

to be successful in the case of life prediction in case of 

different stress amplitudes as well as at different number of 

cycles. The results also show that different notch angles give 

better predictions. Also, the maximum principle stress analysis 

is greater in small angle orientation while fatigue limit is more 

with an increased angle orientation. The maximum value of 

stress occurs at vicinity of cross section of the specimen where  

a relief groove is present. Rajiv Ranjan et.al. [2] worked on the 

various factors which  influences fatigue life of brass 

materials. More emphasis was given on brass materials with 

the composition of 70% copper and 30% zinc with the aim of 

studying factors as annealing, corrosion and surface roughness 

which affect the fatigue life of brass materials. After the 

experimentation, the endurance limit is determined by testing 

under different loads on the fatigue testing machine. The life 

cycle of each specimen was taken after failure of the specimen. 

Through the results it was found that annealing had a 

significant influence on surface hardness. Due to this, the 

hardness decreases and the ductility increases which further 

leads to fatigue failure of the material. Also, it was found that 

grooves under uniaxial loads have three various effects (i) An 

increase of stress on the groove root (ii) Stress gradient is set 

up from the root of the groove to the center of the specimen. 

(iii) Triaaxial stress state is produced. These three effects lead 

to a decrease in the life of the material. In order to avoid 
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fatigue failure, a carefully machining and design is to be 

carried out. Corrosion, on the other hand lead to an effect 

called pitting, which later acts at the notch and further 

develops stress raisers which have negative effect on fatigue 

properties. This accelerates the effects of both fatigue 

initiation and propagation leading to a fatigue failure. It was 

also found that humidity has a negligible effect on fatigue life 

(19.5-100%). Imran M Quraishi et.al. [3] explains fatigue 

strength and residual stress analysis of deep rolled crankshafts. 

Work is done on maximizing fatigue life of engine through 

crankshaft design optimization by quantifying fatigue strength 

for micro alloyed steels versus Cr- Mo alloyed steels, and to 

examine the deep rolled load and rolled fillet geometry. 

Effects of fillet rolling were basically determined on the 

standard test samples rather than on actual crankshafts. The 

fatigue strength has been investigated by the application of 

various different loads and different materials. Here, the 

combination of strain gauging technique to a production 

crankshaft has proven to be successful.  An analysis of the 

effect of residual stress under normal conditions to bending 

stress at dynamic load was performed. This correlation was 

determined to qualify the effects of deep rolling. The optimal 

chemistry for the micro alloyed steel which provides the same 

level of fatigue strength as the alloy steel was established. The 

fatigue strength varies according to the different chemistry. 

Zeljko Domazat et.al. [4] worked on the fatigue strength of the 

rolls with grooves. It was found that that a specimen with the 

rolls with grooves experienced fatigue on a three high 

roughing mill stand four times. Detailed analysis of these 

elements was carried out. The fatigue strength was determined 

by experimental testing. The tensile strength, bending strength 

and the hardness of the roll material were determined but 

crucial material data for the fatigue life prediction, that is, 

fatigue strength, was missing. Heat treatment was another 

problem due to which there were separate bending tests 

conducted on different machines.  

Qasim Bader et.al. [5] worked on effect of V shape notch 

location on fatigue life in steel beam made of carbon steel 

alloys with different content of carbon(low, medium and high). 

Fatigue life of notched specimens where there is a change in V 

notch shape is location is calculated by applying a fully 

reversed cyclic load. The fatigue experiments were carried out 

on a cantilever rotating bending fatigue testing machine. 

Fatigue simulation by finite element for notched specimen 

under stress controlled cyclic loading has been done. 

Mathematical form of fatigue life equation of specimen was 

obtained by experiment and use of FEA. The results depend on 

both, the notch depth and material properties. The final 

conclusion was made that the S-N curve generated from the 

fatigue test of round specimen can also be used for prediction 

of life for notched specimens based on actual stress developed 

at notch tip. Qasim Bader et.al. [6] worked on the study of V 

notch shape with various angle orientation and depths on 

fatigue life behavior in steel beam made of high carbon steel 

alloy AISI 1078 which has a wide application in the industry. 

The fatigue life and stress concentration factor in this case is 

calculated analytically and numerically by using the FEA 

method. The results indicate that this method was suitable 

while performing the experiments in order to give the right 

values. The experiment performed here was performed at a 

standard room temperature and by the application of a fully 

reversed cyclic load on a cantilever rotating-bending fatigue 

testing machine. Instruments used in the experiment are the 

hardness tester, fatigue testing machine, and a scanning 

electron microscope. The results show that the predicted life of 

the specimen as different when compared to the actual life of 

the specimen. The accuracy of the predicted life depends upon 

the material model and the accuracy of the value of the 

material parameters used. The prediction of the in this method 

depends upon the S-N curve (simple regression) which were 

obtained from the experimental results. The results show that 

maximum principle stresses are greater in small angle 

orientation whereas fatigue limit will be more with the 

increasing of the angle orientation. The results clearly also 

depict that there is an error between the numerical and 

experimental works. A Fatemi et.al. [7] worked on fatigue 

behavior and life predictions of notched specimens made of 

QT (quenched and tempered) and forged micro-alloyed steels. 

The fatigue behavior in this experiment was investigated using 

a circumferential notched round bar and double notched flat 

plate geometries, each with different stress concentration 

factors. The specimens for the experimentation were made of 

vanadium-based micro-alloyed forging steel, in both the as-

forged and quenched and tempered (QT) conditions. Notched 

fatigue behavior of the micro-alloyed steel is evaluated and 

compared with its QT counterpart. The results show that notch 

effects on fatigue life are very significant at long lives. The 

notch root strain and stress values obtained from FEA result in 

the best predicted fatigue lives. It was also found that the S-N 

curve predictions were more accurate than the strain life 

predictions which are due to the Goodman mean stress 

method. N A Alang et.al. [8] explained the effect of surface 

roughness on fatigue life of notched carbon steel. Rotational 

bending specimens have been worked on and tested in fatigue. 

These experiments were carried out on a cantilever rotating 

bending fatigue testing machine with the stress ratio being kept 

as constant throughout the experiment. Instruments like optical 

and scanning electron microscope were used to obtain the 

morphological observation on the fracture surface. The result 

shows that the number of possible fatigue crack initiation sites 

of courser specimen is higher compare to the finer one. The 

specimen were broken in transgranular fracture. It was 

concluded that at low fatigue cycle region there wasn‟t much 

of a difference caused in fatigue life, whereas in the higher 

fatigue cycle, there was a difference caused in the fatigue life. 

Nasim Daemi et.al. [9] worked on the experimental and 

theoretical investigation on notched specimens life under 

bending loading. In his experiment, he used the method of 

Manson-Caffin theoretical method in order to determine the 

bending fatigue life of notched specimen. The fatigue life is 
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calculated after obtaining the fatigue life of plain specimens by 

experimentation. The specimens are made of a low carbon 

steel alloy. By using the method of Manson-Caffin, the stress 

concentration factors and the fatigue life was determined. The 

result shows that this method isn‟t suitable enough to 

determine the fatigue life of notched specimen. But these 

shortcomings can be worked upon by the use of a proportional 

factor. The value of this factor needs more specimen and 

requires more experiments to be conducted upon in order to 

determine its value and have a better fatigue life prediction in 

this case.  

M Zehsaz et.al. [10] worked on fatigue life estimation for 

different notched specimens based on the volumetric approach. 

In his paper, the effects of notch radius for different notched 

specimen are studied. The material selected for this 

experimentation is Al 2024T3. Volumetric approach has been 

compared with those obtained from the Neuber and Peterson 

methods. The fatigue life has also been determined and 

estimated by the use of S-N curve and also the amounts of 

notch strength reduction factor which have been obtained from 

volumetric, Neuber and Peterson methods. The values of stress 

and strain around the notch roots are required to predict the 

fatigue life of notched specimens, therefore, ANSYS finite 

element code has been used and non-linear analysis have been 

performed to obtain the stress and strain distributions around 

the notches. Also, the plastic deformations of the material have 

been determined. The results show that the volumetric 

approach does a very good job for predicting the fatigue life of 

the notched specimens. It was found that the results from the 

Peterson method weren‟t that accurate in the determination of 

the high stress concentration. The Neuber method also when 

compared to other methods, in case of high cycle fatigue 

regions present relatively weak results. But in the case of the 

volumetric approach with all levels of loads and for all kinds 

of notches presents very good results. T E Ozdemir et.al. [11] 

worked on determination of the fatigue life of welded various 

steels by using finite element method. In this experiment, the 

pressure vessel 17Mn4 and AISI 304 stainless steel were 

joined together using welding wire of ER 309L TIG. FEA was 

conducted by fixing 2-D models for welded components. After 

looking at the linear and non-linear properties of the materials 

for various regions on the welded samples, static analysis were 

conducted for different stress values. It is seen that there is no 

hardness increase on the transition areas. Chiara Pirani et.al. 

[12] worked on cyclic fatigue testing and metallographic 

analysis of nickel-titanium rotary instruments. The aim of this 

experiment was to compare the cyclic fatigue resistance of four 

nickel-titanium rotary systems and to evaluate their surface, 

fractographic, and matrix morphology. It was observed that the 

NRT files had the highest fatigue resistance. Fractographic 

analysis found the crack initiation to originate at the level of 

surface irregularities. Optical microscopic inspection of the 

NiTi alloy matrix disclosed different sized nonmetallic 

inclusions among models. EDS analysis of these inclusions 

shows that they were composed of carbon and oxygen in 

addition to Ni-Ti. NRT files showed the longest fatigue life. 

All the rest of the samples showed surface irregularities and 

non-metallic inclusions. The angle of the curvature confirmed 

to influence the fatigue life of Ni-Ti instruments. These articles 

summarize that fatigue at a surface or a subsurface level is the 

most responsible and common case for failures which occur in 

the materials that are machined, processed and manufactured 

in the industries at a large scale for production to the masses. 

These fatigue failures could be responsible for the catastrophe 

of the entire work piece. In order to avoid this, there should be 

measures taken in which the surface and sub-surface flaws or 

pre-existing cracks can be reduced to a very minute level or 

can be eliminated. 

III. METHODOLOGY 

The entire process explains the experiment which is 

conducted and finds reasons for the fatigue failure that is 

caused. The related study infers the possible reasons for the 

crack generation and propagation leading to failure. It follows 

the steps which is undertaken from the start of the project till 

it's very end. It begins with the problem definition: that is, the 

determination of where and how the problem arises in the 

specimen. There can be different causes of the fatigue failure 

in a material, such as, flaws which already existed in the 

material which is being worked upon, small cracks already 

existing in the specimens, etc. These small factors play a huge 

role in the industry if and when failure occurs. The next step 

which has been taken into account is literature review, which 

is, referring various different sources through which extra 

information as well as the basic idea can be obtained. It also is 

helpful in order to determine the areas which need a deeper 

look into and where there is more work to be done [2]. Next 

phase is preparation of the specimen which involves 

positioning of the groves before it is subjected to fatigue 

loading that is experimentation.  Design and analysis involves 

the calculation and design part. The calculation part involves 

stress acting on the specimen, both maximum and minimum. 

The results which are obtained need to be validated with a 

standard tool or testing phases [3]. It also involves the 

validation to support the stress analysis which is carried out 

using the FEA method. Validation ensures that the test results 

are the same as the already existing results which were 

calculated earlier. The whole process also involves the 

repetition of the experiment again and again until the required 

suitable results are finally obtained.  All the data is collected 

and documented for future reference. 

The specimen is clamped at one end and concentrated force 

F acts at the free end of the specimen (Cantilever beam). This 

concentrated point load induces a bending moment Mb on the 

specimen [1]. The length of the arm of the specimen „L‟ = 

105mm.  As the specimen is rotating an alternating bending 

stress is constantly acting on the specimen [3]. The Maximum 

stress always acts on the shoulder of the stepped specimen. 

The bending moment is calculated using the following 

formula: 
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Mb = F . L                                                           (1)                                                     

where,  

F = concentrated bending load 

L = Gauge Length (length of the arm of the specimen) 

 

The section modulus „Z‟ of the specimen is calculated using 

the following formula: 

Z                                                                              (2) 

where, 

d = The diameter of the arm of the specimen 
 

Finally, the alternating bending stress for load F is 

calculated using the below equation: 

                                                                          (3) 

Thus, the stress amplitude for all the loads is found.  

Once, the fatigue analysis is over, A 3D finite element 

model of all the specimens are created using ANSYS APDL 

15.0.  Shear stress is determined along with the deformation. 

                                                                                                  
 

 

Fig. 1 Methodology followed in the Fatigue Analysis of the Mild 

Steel Specimen 
 

IV. FATIGUE TESTING MODELING & EXPERIMENTATION  

Figure 2 & 5 represents the MS specimen prepared, based 

on the dimensions of the standard fatigue testing specimen 

required by the particular fatigue testing machine. 24 identical 

specimens were prepared by lathe machine. The length of the 

shoulder of the specimen is 40mm. The length of the arm of 

the specimen is 105mm. The 24 specimens were divided into 4 

batches, with each batch comprising of 6 specimens. The first 

batch of 6 specimens was grooved identically at a length of 0.5 

times the total gauge length from the shoulder as shown in 

figure 3. Similarly, the second batch of 3 specimens is cut at a 

distance of 0.25 times the total gauge length from the shoulder. 

The third batch of specimens is cut at 0.75 times the entire 

gauge length (L = length of the arm of the specimen) from the 

shoulder of the specimen. The fourth batch is as it is [1].  

After the specimens have been cut, they are to undergo 

fatigue testing. Figure 4 shows the fatigue testing machine in 

which the specimens were tested. The first batch of specimens 

is prepared. The fatigue testing machine consists of cantilever 

loading with a maximum force of 300N. Each specimen from 

the first batch is tested at different load: 120N, 140N, 150N, 

160N, 180N and 200N. The No of cycles each of the 

specimens can withstand before complete fracture is noted 

down. The stresses are calculated. The S-N curve is plotted for 

each load [1]. Similarly, the process is repeated from the rest 

of the batches of the specimen, at the same loads from the first 

batch. The point of fracture for each specimen is noted. The 

Stress Vs Number of Cycles (S-N) curves plotted for all the 

loads and weld positions are compared and studies. The results 

are plotted and discussed [2].  

 
Fig. 2 The Standard fatigue testing specimen with dimensions 

required by the Fatigue Testing Machine 

 

 
Fig. 3 The groove is placed along the length 

 

 
                           Fig. 4 Fatigue Testing Machine 
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Fig. 5 The standard specimen before machining 

V. RESULTS AND DISCUSSION  

Figure 6 shows the S-N curve for the specimen where the 

weld is placed at 0.25L. Similarly Figure 7, Figure 8, Figure 9 

represent the S-N curves plotted for the specimens where the 

weld is placed at 0.50 L, 0.75L and un-grooved specimen 

respectively. Using the equations 1, 2 and 3 the stress 

amplitude for each of the Loads: 120N, 140N, 150N, 160N, 

180N, 200N, are found. Once the fatigue testing is carried out 

for all the 24 specimens, the number of cycles the specimens 

can withstand before complete fracture is found and tabulated. 

Table 1, shows the number of cycles for all specimens at 

various loads, and the stress amplitude corresponding to those 

loads. It has been noticed from the results, that the Un-welded 

specimens can withstand the most number of cycles at every 

specified load. This is due to the lack of stress concentrators 

such as dents and air pores, which are otherwise found in weld 

joints. It was all noticed, that for all specimen welded at 0.75L, 

the fracture took place at the step between the shoulder and 

arm of the specimen and not at the groove. Figures 6,7,8 & 9 

infers that as there is rise in the stress the specimen takes very 

less number of cycles to fracture. 

 
TABLE I 

THE NUMBER OF CYCLES FOR EACH SPECIMEN AT VARIOUS LOADS 

Load 

(N) 

Stress 

(MPa) 

Number of Cycles the Specimen undergoes 

before Complete fracture For the corresponding 

Loads 

Groove 

Located 

at 0.25L 

Groove 

Located 

at        

0. 5L 

Groove 

located 

at 0.75L 

Un-welded 

Specimen 

120 248.857 15800 20000 

39000 50000 

140 290.335 10700 9500 

25000 37000 

150 311.072 8300 4200 

21000 32000 

160 331.809 7600 3500 

17000 30000 

180 373.286 6400 1980 

10000 27000 

200 414.762 5200 470 

7850 24100 

 
Fig. 6 Stress vs. Number of cycles  for the groove located at 0.25L 

 
Fig. 7 Stress vs. Number of cycles for the groove located at 0. 5L 

 

    Fig. 8 Stress vs. Number of cycles for the groove located at 0. 75 L 
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Fig. 9 Stress vs. Number of cycles for the un grooved specimen 

 
Fig. 10 ANSYS Analysis of v grooved mild steel specimen 

Modeling of the specimen is carried out in Creo software 

which is then analyzed in ANSYS software. Result shows that 

the maximum stress is experienced near the step and the 

groove which is 0.39 MPa and 0.26 MPa. The results obtained 

by the experiment shows that the fracture occurs near the step 

which is validated by the finite element stress result [5] also 

the S-N graph is compared with [5] the existing results which 

shows that it is very close.  

VI. CONCLUSIONS  

It was observed from the experimental fatigue analysis that, 

on the introduction of a groove in the specimen, the number of 

load cycles that the specimen can withstand before fracture 

will significantly decrease, compared to the number of cycles 

the un-grooved specimen can withstand until fracture. As, the 

specimen underwent the most number of load cycles before 

fracture. However, it was found that the specimen with groove 

at 0.25L could withstand more number of cycles at all given 

loads, compared to the specimen with groove at 0.5L. Thermal 

analysis can be carried out by welding at different locations on 

the specimen. Thermal stresses and the number of cycles can 

be determined for the same. Experimental results show that 

material will have maximum endurance limit when it 

experiences less amount of stress. Further work can be carried 

out by conducting the transient analysis on the specimen. Also 

different materials can be used to prepare the specimen which 

can be experimented to obtain S-N curves, which later can be 

compared with the Mild steel specimen.  
 

Nomenclatures  
 

Mb=Bending moment, N-m 

F = concentrated bending load, N 

L = Gauge Length (length of the arm of the specimen), m 

Z= Section modulus, m
3 

d= diameter of the specimen, m 

 = Alternating stress, Pa 
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