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Impact Energy of Functionally Graded Steels with Crack Arrester
Configuration

J. Aghazadeh Mohandesi and A. Nazari

Department of Mining and Metallurgy, Amirkabir Univ of Technoligy
Azad University of Saveh

Abstract: Charpy impact energy of functionally graded steels in the form of crack arrester configuration was investigated.
Functionally graded steels which contain layers of ferrite, austenite, bainite and/or martensite could be produced by electroslag
remelting. The results showed that notch tip position and the distances of notch with respect to the bainite and martensite layers
significantly affect the impact energy of the specimens. Generally, the plastic deformation zone ahead of a crack in a functionally
graded material depends on the position of the notch tip where according to the direction of gradient slope may
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increase or decrease. The closer the notch tips to the brittle phase, the smaller the impact energy of the specimen and vice versa.
The effect of plastic zone size on impact energy of functionally graded steels was notionally investigated.

Keywords: Functionally graded steels, Impact energy, Crack arrester configuration, Plastic zone size.
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1. functionally graded materials 6. crack arrester configuration 11. upward gradient of impact energy
2. dynamic stress intensity factor 7. monolithic materials 12. downward gradient of impact energy
3. In-plane impact loading 8. delamination 13. superposition
4. functionally graded steels 9. slip-line field analysis 14. cleavage
5. electroslag remelting 10. finite element method
&l

1. Anlas, G., Santare, M. H. and Lambros, 1.,
“Numerical Calculation of Stress Intensity Factors in
Functionally Graded Materials,” Int. J. Fract.,
Vol. 104, pp. 131-143, 2000.

2. Bahr, H. A., Balke, H., Fett, T., Hofinger, L.,
Kirchhoff G., Munz, D., Neubrand, A., Semenov, A.
S., Weiss, H. J., and Yang, Y. Y., “Cracks in
Functionally Graded Materials,” Mat. Sci. Engng. A,
Vol. 362, pp. 2-16, 2003.

3. Erdogan, F., “Fracture Mechanics of Functionally
Graded Materials,” Mater. Res. Soc. Bull., Vol. 20(1),
pp- 43-44, 1995.

4. Tohgo, K., Suzuki, T., and Araki H., “Evaluation of
R-Curve Behavior of Ceramic—Metal Functionally
Graded Materials by Stable Crack Growth,” Engng
Fract Mech, Vol. 72, pp. 2359-2372, 2005.

(L;Wv‘\*éﬁ DL 4.'(_94»3.;{. J‘).A) \Y‘/\"\ ﬂlﬁ cY E)LQ-V.:' <Yq JLw ed%\

5. Goldsmith, W. Impact, The Theory and Physical

Behavior of Colliding Solids, Edward Arnold
Publishers, London, 1960.

6. Rouseau, C. E., and Tippur, H. V., “Dynamic

Fracture of Compositionally Graded Materials with
Cracks Along the Elastic Gradient: Experiments and
Analysis,” Mech Matter, Vol. 33, pp. 403-421, 2001.

7. Guo, L. C., and Noda, N., “Dynamic Investigation of

a Functionally Graded Layered Structure with a
Crack Crossing the Interface,” Int J Slo Struct,
Vol. 45, pp. 336-357, 2008.

8. Xu, H., Yao, X., Feng, X., and Hisen, Y. Y.,
“Dynamic Stress Intensity Factors of a Semi-Infinite
Crack in an Orthotropic Functionally Graded
Material,” Mech Mater, Vol. 40, pp. 37-47, 2008.

9. Hong, J. K., Son, Y. H., Park, J. H., Lee, B. H,,

Yoon, S. C., and Kang, C. G., Proceeding of 15th

\n


https://dorl.net/dor/20.1001.1.2251600.1389.29.2.1.1

[ DOR: 20.1001.1.2251600.1389.29.2.1.1 ]

International Conference on Nuclear Engineering,
Japan, 2007.

10.Jang, Y. C., Hong, J. K., Park, J. H., Kim, D. W, and
Lee, Y., “Effects of Notch Position of the Charpy
Impact Specimen on the Failure Behavior in Heat
Affected Zone,” J. Mater. Proc. Tech., Vol. 201,
pp- 419-424, 2008.

11. Bezensek, B., and Hancock, J.W., “The Toughness of
Laser Welded Joints in the Ductile-Brittle
Transition,” Engng. Fract. Mech., Vol. 74,
pp. 2395-2419, 2007.

12. Aghazadeh Mohandesi, J. and Shahosseinie, M. H.,
“Transformation Characteristics of Functionally
Graded Steels Produced by Electroslag Remelting,”
Met. Mater. Trans. A, Vol. 36A, pp. 3471-3476,
2005.

13. Aghazadeh Mohandesi, J., Shahosseinie, M. H., and
Parastar Namin, R., “Tensile Behavior of
Functionally Graded Steels Produced by Electroslag
Remelting,” Met. Mater. Trans. A, Vol. 37A,
pp- 2125-2132, 2006.

14. Marouf, B. T., Bagheri, R., and Mahmudi, R., “Role
of Interfacial Fracture Energy and Laminate
Architecture on Impact Performance of Aluminum
Laminates,” Composites: Part A 2008, article in
press.

15. Carreno, F., Chao, J., Pozuelo, M. and Ruano, O. A.,
“Microstructure and Fracture Properties of an
Ultrahigh Carbon Steel-Mild Steel Laminated
Composite,”  Scripta  Materialia, Vol. 48,
pp- 1135-1140, 2003.

16. Baron, A. A., “A Thermodynamic Model for Fracture
Toughness Prediction,” Enging. Fract. Mech.,
Vol. 46, pp. 245-251, 1993.

R

17.Gir, C. H., and Yildiz, 1., “Non-Destructive
Investigation on the Effect of Precipitation Hardening
on Impact Toughness of 7020 Al-Zn-Mg Alloy,”
Mater. Sci. Engng. A, Vol. 382, pp. 395400, 2004.

Between Fracture Toughness, Hardness and
Microstructure of Vacuum Heat-Treated High-Speed
Steel,” Mater. Process. Tech, Vol. 127, pp. 298-308,
2002.

19. Hertzberg, R. W., Deformation and Fracture
Mechanics of Engineering Materials, 4th ed., New
York, John Wiley, 1996.

20.McClintock, F. A., and Irwin, G. R., “Plasticity
Aspects of Fracture Mechanics,” ASTM STP,
Vol. 381, pp. 84-113, 1965.

21.Rice, J. R, and Rosengren, G. F., “Plane Strain
Deformation Near a Crack Tip in a Power-Law
Hardening Material,” J. Mech Phys Solids, Vol. 19,
pp- 419-431, 1971.

22.Vodopivec, F., ArzenSek, B., Kmeti¢, D., and
Vojvodi¢-Tuma, J., “On the Charpy Fracturing
Process,” MTAECY, Vol. 37(6), pp. 317-326, 2003.

23. Vodopivec, F., Arzensek, B., Vojvodi¢-Tuma, J., and
Celin, R., “The Charpy Fracturing Process in Ductile
Range,” METBAK, Vol. 47(3), pp. 173-179, 2008.

24, Kum, D. W., Oyama, T., Ruano, O. A., and Sherby,
O. D., “Development of Ferrous Laminated
Composites with Unique Microstructures by Control
of Carbon Diffusion,” Metall Trans A, Vol. 17,
pp- 1517-1521, 1986.

25.Nazari, A., and Aghazadeh Mohandesi, J., “Modeling
Charpy Impact Resistance of Functionally Graded
Steels in Crack Divider Configuration,” To be
published in "Mater. Sci. Tech.

(dw.l..é.ﬂ DL WM J\_,.n) \Y’/\‘\ J:J“lg <Y ;)LQ-';J qu Jl.w LJM‘


https://dorl.net/dor/20.1001.1.2251600.1389.29.2.1.1
http://www.tcpdf.org

