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Abstract 

The Ti-6Al-4V titanium alloy is commonly used in the manufacturing of aircraft components. These components are typically 
subjected to cyclic stresses during their operational life. The propagation of existing defects contributes to fatigue degradation, 
making a comprehensive study of the fatigue response of Ti-6Al-4V containing defects crucial for an accurate evaluation of 
component durability. This paper presents the outcomes of experiments conducted in an inert environment using smooth and 
notched Ti-6Al-4V specimens subjected to axial cyclic loading. The fatigue strength appears comparable among the notched 
specimens and is significantly higher for the smooth ones. The failure of one of the tested smooth specimens started from a location 
different from where stress concentration is expected, probably due to the presence of a micro notch. 
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1. Introduction  

Due to a remarkable corrosion protection capability and a high strength-to-density ratio, the Ti-6Al-4V titanium 
alloy is commonly used in aircraft engineering to manufacture airframe and engine structural components (Lütjering, 
2007), along with 7075-T6 aluminum alloy (Baragetti et al., 2019b; 2020) and high-strength alloyed steel (Solob et 
al., 2020). Aircraft components are typically subjected to fatigue stresses during their service life and present defects 
that can result from manufacturing processes (Grandt, 2011; Gupta et al., 2022, 2023; Renzo et al., 2022; Liović et al., 
2023) and possible impact of foreign objects (Peters and Ritchie, 2000; Arcieri et al., 2021, 2022, 2023b). 
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Consequently, localized stress concentrations (Morel et al., 2009) and residual stresses (Baragetti and Tordini, 2007; 
Baragetti et al., 2000; Mlikota et al., 2021) associated with the presence of such defects lead to the initiation of fatigue 
cracks, which propagate until failure (Božić et al., 2010; Mlikota et al., 2017, 2018; Čakmak et al., 2019; Cazin et al., 
2020; Vukelić et al., 2020; Khosravani et al., 2022). 

With the spread of additive manufacturing, recent studies in the literature focus on the fatigue properties of               
Ti-6Al-4V components made with this technology (Van Hooreweder et al., 2012; Leuders, 2013; Viespoli et al., 2020; 
Liović et al., 2021; Konda, 2023; Verma et al., 2023) pointing out that the high porosity and percentage of defects 
introduced is responsible for a significant decrease in fatigue life. 

In light of the above, the examination of the fatigue response of Ti-6Al-4V in the presence of defects is crucial for 
accurately assessing the behavior and durability of components. This has been undertaken in studies such as Yetim et 
al. (2010), Arcieri et al. (2018), Babić et al. (2018, 2019, 2020), Baragetti and Arcieri (2019, 2020), Kožar et al. (2020) 
and Monkova et al. (2020), addressing different mechanical problems. The behavior of Ti-6Al-4V under quasi-static 
stress conditions was examined in Baragetti et al. (2018, 2019a), where the detrimental effect on structural integrity 
provided by the combination of sharp notches with aggressive environments was highlighted. This paper presents the 
results of the experiments conducted in an inert environment on Ti-6Al-4V specimens with different geometries 
subjected to axial cyclic loading (Arcieri and Baragetti, 2023a, 2023b; Arcieri et al., 2023a). Fatigue strength appears 
to be similar among the notched specimens, whereas it is much greater for the smooth ones. The failure of one of the 
tested smooth specimens started from a point other than where stress concentration is expected, probably due to the 
presence of a micro notch. 

 
Nomenclature 

d notch depth 
Nf  number of cycles at which the failure occurs 
Nl fatigue life 
SCF stress concentration factor 
σ* stress range corresponding to a fatigue life of Nl loading cycles 
σf  stress range applied to the specimen in the failure load block 
σp stress range applied in the load block before the failure load block 

 

2. Materials and methods 

The axial cyclic tests were carried out on flat specimens having the shape depicted in Fig. 1 (Arcieri and Baragetti, 
2023a, 2023b; Arcieri et al., 2023a). Smooth and notched specimens were fatigued and for the latter the following 
values of notch depth were investigated: d = 0.5, 1 and 2 mm. The specimens were made from a rolled plate of               
Ti-6Al-4V alloy with the following chemical composition: 5.97% aluminum, 4.07% vanadium, 0.20% iron, 0.19% 
oxygen, 0.003% carbon, 0.015% hydrogen, 0.05% nitrogen and balanced titanium (Baragetti and Medolago, 2013). 
Ti-6Al-4V was not solution treated and over-aged. As a consequence of the chemical composition and the 
metallurgical process, the yield stress of the alloy ranges from 958 to 1050 MPa and the ultimate tensile strength 
ranges from 1000 to 1100 MPa (Baragetti and Medolago, 2013; Baragetti, 2013). To mitigate residual stress effects 
in the specimens, notches were created by low-speed milling. A plane stress linear elastic finite element analysis was 
performed on the model of a quarter of the specimens using the Abaqus/Standard code (2021) to determine the stress 
concentration factor (SCF) for each tested specimen. A homogeneous isotropic elastic material model was used for 
the analyses and the SCF was determined based on axial stresses. In the case of smooth specimen, stress concentrations 
occur at the fillet base. 
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Fig. 1. Shape of the tested specimens, adapted from Arcieri and Baragetti (2023a, 2023b) and Arcieri et al. (2023a). 

Before initiating the axial fatigue tests, the surface of the notches and the part of the front and rear surfaces of the 
specimens near the notches were polished using grit paper and diamond paste. In the case of smooth specimens, the 
side surfaces were difficult to polish. 

The step loading method proposed by Nicholas (2002) was employed for fatigue testing. This approach involves 
the sequential application of various load blocks to the tested specimens. Each specimen was loaded at constant 
amplitude for Nl cycles in each load block, where Nl represents the investigated fatigue life and it is equal to 200000 
loading cycles in this study. If the specimen does not fail in a load block, an increased stress is applied in the following 
one. The stress range σ* at failure corresponding to a fatigue life of Nl loading cycles is calculated using equation 1, 
where σf is the stress range at which the specimen fails, Nf is the number of loading cycles in the failure load block 
and σp is the stress range applied in the prior load block: 

𝜎𝜎∗ � 𝜎𝜎� � ��
�� �𝜎𝜎� � 𝜎𝜎��    (1) 

Nicholas' method provides preliminary fatigue data and fits well when fatigue cracks grow rapidly. However, the 
potential development of cracks in the load blocks before failure could lead to a modification in the stress state in the 
specimen, which influences the fatigue behavior.  

The fatigue tests were conducted at a frequency of 5 Hz, with a stress ratio equal to 0 and in an inert environment. 

3. Results 

Fig. 2 illustrates the experimental results, where the data referring to the notched specimens are taken from Arcieri 
and Baragetti (2023a, 2023b) and Arcieri et al. (2023a). The data that correspond to a number of cycles different from 
200000 refer to tests where failure occurred in the first applied load block. In these cases, the step loading formula 
was not employed. One of the two tested smooth specimens (SCF =1.14) failed in the first load block after 125644 
loading cycles, with an applied stress range of 407 MPa. The second smooth specimen failed in the second applied 
load block after 44633 cycles, under a stress range of 436 MPa. The specimen with a SCF of 2.48 (d = 0.5 mm) failed 
after 135544 cycles under a stress range of 234 MPa. The specimen with a SCF of 2.91 (d = 1 mm) failed after 160650 
cycles at a stress range of 255 MPa. The specimen with a SCF of 3.11 (d = 2 mm) failed in the first load block after 
139458 cycles, with a stress range of 251 MPa. Observing Fig. 2, it is evident that the fatigue strength of the smooth 
specimens significantly exceeds that of all the notched specimens tested while the stress at failure is similar among 
the notched specimens. Given the shape of the notch, its depth seems to partially influence the fatigue resistance of 
the specimens. Analyzing the fatigue behavior from a phenomenological perspective, the failure of one of the tested 
smooth specimens did not start from the fillet base but rather from a point on the side of the specimen’s gauge section, 
where a micro notch probably existed. 
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Fig. 2. Experimental results, some data are from Arcieri and Baragetti (2023a, 2023b) and Arcieri et al. (2023a). 

4. Conclusions 

This study compares the strengths of smooth (SCF = 1.14) and notched (SCF = 2.48, 2.91 and 3.11) Ti-6Al-4V 
specimens under axial cyclic loading. The tests were carried out in an inert atmosphere with a stress ratio equal to 0 
and adopting a step loading method. While the stress at failure is similar among the notched specimens, the fatigue 
strength of the smooth specimens is significantly higher. This suggests that, given the shape of the notch, its depth 
probably partially influences the fatigue resistance. One of the tested smooth specimens failed at a point on the side 
of the specimen's gauge section, likely due to the presence of a micro notch. Future developments could involve an 
in-depth analysis of the failure mechanism, including an assessment of potential contributions from micro notches that 
may exist. 

References 

ABAQUS, ABAQUS Documentation, Dassault Systèmes, Providence, RI, USA, 2021. 
Arcieri, E.V., Baragetti, S., 2023. Fatigue Behavior of Notched Ti-6Al-4V Not STOA Treated in Inert Environment. AIP Conference Proceedings 

2848, 020007. 
Arcieri, E.V., Baragetti, S., 2023. Strength of Notched Ti-6Al-4V Specimens Not Subjected to Solution Treatment and Over-Aging Under Cyclic 

Loading. IOP Conference Series: Materials Science and Engineering 1275, 012022. 
Arcieri, E.V., Baragetti, S., Božić, Ž., 2021. Application of Design of Experiments to Foreign Object Damage on 7075-T6. Procedia Structural 

Integrity 31, 22-27. 
Arcieri, E.V., Baragetti, S., Božić, Ž., 2022. Stress Assessment and Fracture Surface Analysis in a Foreign Object Damaged 7075-T6 Specimen 

Under Rotating Bending. Engineering Failure Analysis 138, 106380. 
Arcieri, E.V., Baragetti, S., Božić, Ž., 2023. Limit Load of Notched Ti-6Al-4V Specimens under Axial Fatigue. Procedia Structural Integrity 51,           

3-8. 
Arcieri, E.V., Baragetti, S., Božić, Ž., 2023. Residual Stress Modelling and Analysis of a 7075-T6 Hourglass Specimen after Foreign Object 

Damage. Procedia Structural Integrity 46, 24-29. 
Arcieri, E.V., Baragetti, S., Fustinoni, M., Lanzini, S., Papalia, R., 2018. Study and Modelling of the Passenger Safety Devices of an Electric Vehicle 

by Finite Elements. Procedia Structural Integrity 8, 212–219. 
Babić, M., Verić, O., Božić, Ž., Sušić, A., 2018. Reverse Engineering Based Integrity Assessment of a Total Hip Prosthesis. Procedia Structural 

Integrity 13, 438-443.  
Babić, M., Verić, O., Božić, Ž., Sušić, A., 2019. Fracture Analysis of a Total Hip Prosthesis Based on Reverse Engineering. Engineering Fracture 

Mechanics 215, 261-271.  
Babić, M., Verić, O., Božić, Ž., Sušić, A., 2020. Finite Element Modelling and Fatigue Life Assessment of a Cemented Total Hip Prosthesis Based 

on 3D Scanning. Engineering Failure Analysis, 113, 104536. 
Baragetti, S., 2013. Corrosion Fatigue Behaviour of Ti-6Al-4V in Methanol Environment. Surface and Interface Analysis 45; 1654-1658. 



 Emanuele Vincenzo Arcieri  et al. / Procedia Structural Integrity 58 (2024) 3–8 7
 E.V. Arcieri et al. / Structural Integrity Procedia 00 (2019) 000–000  5 

Baragetti, S., Arcieri, E.V., 2019. Study on a New Mobile Anti-Terror Barrier. Procedia Structural Integrity 24, 91–100. 
Baragetti, S., Arcieri, E.V., 2020. Study of Impact Phenomena for the Design of a Mobile Anti-Terror Barrier: Experiments and Finite Element 

Analyses. Engineering Failure Analysis 113, 104564. 
Baragetti, S., Borzini, E., Arcieri, E.V., 2018. Effects of Environment and Stress Concentration Factor on Ti-6Al-4V Specimens Subjected to Quasi-

Static Loading. Procedia Structural Integrity 12, 173–182. 
Baragetti, S., Borzini, E., Božić, Ž., Arcieri, E.V., 2019. Fracture Surfaces of Ti-6Al-4V Specimens under Quasi-Static Loading in Inert and 

Aggressive Environments. Engineering Failure Analysis 103, 132–143. 
Baragetti, S., Borzini, E., Božić, Ž., Arcieri, E.V., 2019. On the Fatigue Strength of Uncoated and DLC Coated 7075-T6 Aluminum Alloy. 

Engineering Failure Analysis 102, 219–225. 
Baragetti, S., Božić, Ž., Arcieri, E.V., 2020. Stress and Fracture Surface Analysis of Uncoated and Coated 7075-T6 Specimens under the Rotating 

Bending Fatigue Loading. Engineering Failure Analysis 112, 104512. 
Baragetti, S., Guagliano, M., Vergani, L., 2000. Numerical Procedure for Shot Peening Optimization by Means of Non-Dimensional Factors. 

International Journal of Materials and Product Technology 15, 91–103. 
Baragetti, S., Medolago, A., 2013. Load and Environmental Effects on the Corrosion Behavior of a Ti6Al4V Alloy. Key Engineering Materials 

525-526, 501-504. 
Baragetti, S., Tordini, F., 2007. Fatigue Resistance of PECVD Coated Steel Alloy. International Journal of Fatigue 29, 1832–1838. 
Božić, Ž., Wolf, H., Semenski, D., 2010. Growth of Multiple Fatigue Cracks in Plates under Cyclic Tension. Transactions of FAMENA 34(1),                

1 – 12. 
Čakmak, D., Tomičević, Z., Wolf, H., Božić, Ž., Semenski, D., Trapić, I., 2019. Vibration Fatigue Study of the Helical Spring in the Base-Excited 

Inerter-Based Isolation System. Engineering Failure Analysis 103, 44-56. 
Cazin, D., Braut, S., Božić Ž., Žigulić, R., 2020. Low Cycle Fatigue Life Prediction of the Demining Tiller Tool. Engineering Failure Analysis 111, 

104457. 
Grandt, F., 2011. Damage Tolerant Design and Nondestructive Inspection - Keys to Aircraft Airworthiness. Procedia Engineering 17, 236-246. 
Gupta, A., Bennett, C.J., Sun, W., 2022. High Cycle Fatigue Performance Evaluation of a Laser Powder Bed Fusion Manufactured Ti-6Al-4V 

Bracket for Aero-Engine Applications. Engineering Failure Analysis 140, 106494. 
Gupta, A., Bennett, C.J., Sun, W., 2023. Low Cycle Fatigue Performance of SLM Ti-6Al-4V Aero-Engine Bracket at 200°C: An Experimental 

Study. Procedia Structural Integrity 46, 35-41. 
Khosravani, M.R., Božić, Ž., Zolfagharian, A., Reinicke. T., 2022. Failure Analysis of 3D-Printed PLA Components: Impact of Manufacturing 

Defects and Thermal Ageing. Engineering Failure Analysis 136, 106214. 
Konda, N., Verma, R., Jayaganthan, R., 2023. Estimation of High Cycle Fatigue Life of Additively Manufactured Ti6Al4V Using Data Analytics. 

Procedia Structural Integrity 46, 87-93. 
Kožar, I., Malić, N.T., Simonetti, D., Božić, Ž., 2020. Stochastic Properties of Bond-Slip Parameters at Fibre Pull-Out. Engineering Failure Analysis 

111, 104478. 
Leuders, S., Thöne, M., Riemer, A., Niendorf, T., Tröster, T., Richard, H., Maierad, H., 2013. On the Mechanical Behaviour of Titanium Alloy 

TiAl6V4 Manufactured by Selective Laser Melting. Fatigue Resistance and Crack Growth Performance. International Journal of Fatigue 48, 
300-307. 

Liović, D., Franulović, M., Kozak, D., 2021. Material Models and Mechanical Properties of Titanium Alloys Produced by Selective Laser Melting. 
Procedia Structural Integrity 31, 86-91.  

Liović, D., Franulović, M., Kozak, D., 2023. The Effect of Process Parameters on Mechanical Behavior of Selective Laser Melted Ti6Al4V Alloy. 
Procedia Structural Integrity 46, 42-48. 

Lütjering, G., Williams, J.C., 2007. Titanium, second ed. Berlin: Springer. 
Mlikota, M., Schmauder, S., Božić, Ž., 2018. Calculation of the Wöhler (S-N) Curve Using a Two-Scale Model. International Journal of Fatigue 

114, 289-297. 
Mlikota, M., Schmauder, S., Božić, Ž., Hummel, M., 2017. Modelling of Overload Effects on Fatigue Crack Initiation in Case of Carbon Steel. 

Fatigue and Fracture of Engineering Materials and Structures 40(8), 1182–1190. 
Mlikota, M., Schmauder, S., Dogahe, K., Božić, Ž., 2021.Influence of Local Residual Stresses on Fatigue Crack Initiation. Procedia Structural 

Integrity 31, 3-7. 
Monkova, K., Sun, S., Monka, P.P., Hloch, S., Belan, M., 2020. Durability and Tool Wear Investigation of HSSE-PM Milling Cutters Within Long-

Term Tests. Engineering Failure Analysis 108, 104348. 
Morel, F., Morel, A., Nadot, Y., 2009. Comparison Between Defects and Micro-Notches in Multiaxial Fatigue – The Size Effect and the Gradient 

Effect. International Journal of Fatigue 31. 263-275. 
Nicholas, T., 2002. Step Loading for Very High Cycle Fatigue. Fatigue and Fracture of Engineering Materials and Structures 25, 861-869.  
Peters J.O., Ritchie, R.O., 2000. Influence of Foreign-Object Damage on Crack Initiation and Early Crack Growth during High-Cycle Fatigue of 

Ti–6Al–4V. Engineering Fracture Mechanics 67, 93-207. 
Renzo, D.A., Maletta, C., Sgambitterra, E., Furgiuele, F., Berto, F., 2022. Surface Roughness Effect on Multiaxial Fatigue Behavior of Additively 

Manufactured Ti6Al4V Alloy. International Journal of Fatigue 163, 107022.  
Solob, A. Grbović, A., Božić, Ž., Sedmak, S.A., 2020. XFEM Based Analysis of Fatigue Crack Growth in Damaged Wing-Fuselage Attachment 

Lug. Engineering Failure Analysis 112, 104516. 
Van Hooreweder, B., Boonen, R., Moens, D., Kruth, J.P., Sas, P., 2012. On the Determination of Fatigue Properties of Ti-6Al-4V Produced by 

Selective Laser Melting, Collection of Technical Papers - AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials 
Conference. 



8 Emanuele Vincenzo Arcieri  et al. / Procedia Structural Integrity 58 (2024) 3–8
6 E.V. Arcieri et al. / Structural Integrity Procedia  00 (2019) 000–000 

Verma, R., Gairola, S., Kumar, P., Jayaganthan, R., 2023. Fracture Toughness and Fatigue Crack Growth Behaviour of Laser Powder Bed Fusion 
(LPBF) Built Ti-6Al-4V Alloy through XFEM. Procedia Structural Integrity 46, 175-181. 

Viespoli, L.M., Bressan, S., Itoh, T., Hiyoshi, N., Prashanth, K.G., Berto, F., 2020. Creep and High Temperature Fatigue Performance of as Build 
Selective Laser Melted Ti-Based 6Al-4V Titanium Alloy. Engineering Failure Analysis 111, 104477. 

Vukelić, G., Pastorčić, D., Vizentin, G., Božić, Ž., 2020. Failure Investigation of a Crane Gear Damage. Engineering Failure Analysis 115, 104613. 
Yetim, A.F., Celik, A., Alsaran, A., 2010. Improving Tribological Properties of Ti6Al4V Alloy with Duplex Surface Treatment. Surface and Coatings 

Technology 205, 320–324. 
 


