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Fig. 1. Stress-strain curve of grade 5 titanium alloy.
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Table 1. Mechanical specifications of grade 5 titanium alloy.
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Fig. 2. Four-point bending test settings.
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Fig. 3. Strain gauge rosette attached on grade 5 titanium alloy plate.
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Fig. 4. Geometry and boundary conditions applied to the finite element model.
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Fig. 5. The gray coloured areas in the finite element model are reached to yield.

Sy Seianl b g o jl oled F UK

Fig. 6. A view of meshing in the crack tip area.
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Fig. 7. Longitudinal residual stress along the symmetry line of the specimen
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Fig. 8. Geometry and boundary conditions applied to the finite element model (three-point bend-
ing) in fatigue crack growth simulation.
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Fig. 9. The radius of the plastic zone at the crack tip.
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Fig. 10. The J-Integral values in the 1.5 to 6 mm crack without residual stress.
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Fig. 11. The J-Integral values in the 1.5 to 6 mm crack in the presence of residual stress.
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Fig. 12. Experimental diagram of crack growth according to the number of cycles for 2 samples with
residual stress and 2 samples without residual stress.
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Fig. 13. Experimental graph of crack growth rate for samples with residual stress and without residual stress
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Table 2. Calculated values of C and m parameters.

ol aslllas ol anlllas L
)*ﬂ
(Slowy 25 L) (Wl 235 (y9) ’
1) YAt - C
Y/fa AVATA m

[2] N. Benachour, M. Benachour, A. Hadjoui, B. Mohamed,
Effect of the amplitude loading on fatigue crack growth,
Procedia Engineering, 2 (2010) 121-127.

[3] R. Bucci, Effect of residual stress on fatigue crack growth
rate measurement, in, ASTM International, 1981, pp. 28-
47.

[4] R.C. McClung, A literature survey on the stability and
significance of residual stresses during fatigue, Fatigue
& Fracture of Engineering Materials & Structures, 30(3)
(2007) 173-205.

[5] W.V. Vaidya, P. Staron, M. Horstmann, Fatigue crack
propagation into the residual stress field along and
perpendicular to laser beam butt-weld in aluminium alloy
AA6056, Fatigue & Fracture of Engineering Materials &
Structures, 35(5) (2012) 399-411.

[6] S.J. Maddox, Fatigue Strength of Welded Structures,
Woodhead Publishing, Limited, 2000.

[7] P.J. Withers, Residual stress and its role in failure, Reports
on Progress in Physics, 70(12) (2007) 2211.

[8]Z. Barsoum, I. Barsoum, Residual stress effects on fatigue
life of welded structures using LEFM, Engineering
failure analysis, 16(1) (2009) 449-467.

[9] D. Neto, M. Borges, F. Antunes, J. Jesus, Mechanisms
of fatigue crack growth in Ti-6Al-4V alloy subjected
to single overloads, Theoretical and Applied Fracture
Mechanics, 114 (2021) 103024.

[10] X. Luo, N. Dang, X. Wang, The effect of laser shock
peening, shot peening and their combination on the
microstructure and fatigue properties of Ti-6Al-4V

titanium alloy, International Journal of Fatigue, 153

ooy

Sl el 0ad 03)5l (V) Jgiz o & i & bgnye il

D) eSS ciliste sladwdin g b lIS,L ) (Sid jee

& S 4z — 0

Sy My 69y p Sl o i Pl adllas & (uizs cpl jo
bug (Sl Slowy (B3 A5 w3y 0 15 poslis SUT (Suus
S &y Sl 15 ol @iy A8 dbml slabil e Gied )
25 g Blowy A5 (5ilodand oAb (Priwdons Elgw (e (S (b
ol @l e85 el LagSUl sgae ol 1331 5 bawsgs (Siud Sy
P BULEE

g s s 9y 2y JB U Slewy (lais -
Db digel Cunss Clasuie

9 (Nwd S5 Ay €5 Sl o (S Slowy (A5 Y
Slowy GBS 205 (o0 (S joe (R 4 pxis jee ol &
Lad e il ) (Sd e dop 00 b duilS

298> ) (S S4By gy S selie el T 1Sl -Y
b go Slawy (sl yiis

‘;;‘3)459 M“.”
auild odge 1y gk pl (b Coles &S )l ) HLas olSiagy

D)8 o 13,08

&be
[1] G. Liitjering, J.C. Williams, Titanium, Springer Berlin
Heidelberg, 2013.



BOF 1 OFY ascis VoY o oF 0)led DO 095 «yusS ol Sl pusiio 4y 3

[16] J.A. Begley, J.D. Landes, The J integral as a fracture
criterion, in, ASTM Standard, 1972.

[17] K.B. Broberg, Crack-growth criteria and non-linear
fracture mechanics, Journal of the Mechanics and Physics

of Solids, 19(6) (1971) 407-418.
[18] C.L. Chow, T.J. Lu, On the cyclic J-integral applied to

fatigue cracking, International Journal of Fracture, 40(3)
(1989) 53-59.

[19] N. Dowling, J.A. Begley, Fatigue Crack Growth During
Gross Plasticity and the J-Integral, ASTM special
technical publications, (1976) 82-103.

[20] M. Noghabi, I. Sattarifar, H. Hosseini Toudeshky,
Estimation of Fatigue Life in Al alloy Specimens Using
FEA, Mechanic of Advanced and Smart Materials, 1(1)
(2021) 56-71. (in Persian).

[21] Y. Lei, N. O’dowd, G. Webster, Fracture mechanics
analysis of a crack in a residual stress field, International

Journal of Fracture, 106(3) (2000) 195-216.

(2021) 106465.
[11] H. Zhang, Z. Cai, J. Chi, R. Sun, Z. Che, H. Zhang,

W. Guo, Fatigue crack growth in residual stress fields of
laser shock peened Ti6Al4V titanium alloy, Journal of
Alloys and Compounds, 887 (2021) 161427.

[12] A.M. Sisan, The influence of prior thermal and

mechanical loading on fracture, University of Bristol,
2005.

[13] ISO12108. International Standard — Metallic material —
Fatigue Testing — Fatigue crack growth method, in, ISO,
Geneva, Switzerland 2018.

[14] M. Noghabi, I. Sattari-far, H.H. Toudeshky, The study
of redistribution in residual stresses during fatigue crack
growth, Journal of Mechanical Engineering and Sciences,
15(4) (2021) 8565 - 8579.

[15]J. Rice, A Path Integral and the Approximate Analysis of
Strain Concentration by Notches and Cracks, Journal of

Applied Mechanics, 35 (1968) 379-386.

Mech Eng., 55(4) (2023) 543-554.

DOI: 10.22060/mej.2023.22012.7556

A. Zangeneh, |. Sattarifar, M. Noghabi, A Numerical and Experimental Study on Fatigue
Crack Growth of Ti-6Al-4V Specimens in Presence of Tensile Residual Stresses, Amirkabir J.

a3 gl sl o ol 4 g

00¢



