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Analytical modeling of fracture toughness Jic of austenitic—
martensitic functionally graded steels with crack arrester
layers

S. A. Sadough. Vanini'", M. Moori. shirbani’

1- Prof. of Mech. Eng., Amirkabir Univ., Tehran, Iran
2- MSec. Student. of Mech. Eng., Amirkabir Univ., Tehran, Iran
* P.O.B. 1587573491 Tehran, Iran. sadugh@aut.ac.ir

Abstract- In this article, fracture toughness of austenitic—martensitic functionally graded steels fabricated by
electroslag remelting with crack arrester layers is investigated by experimental and analytical methods. The material
contains austenite phase in addition to martensite layer. The Young’s modulus and the Poisson’s ratio have been
assumed to be constant, while other mechanical properties like the yield strength and the strain hardening exponent vary
exponentially along the specimen thickness. In analytical case, improved method of unloading lines is modified to
calculate the critical value of J-integral for cracked three point bend specimens while standard specimens with different
crack lengths are tested in experiments. The effect of crack length on the fracture toughness has been studied. It is
observed that, as the crack tip goes toward a martensite layer, fracture toughness of the specimen decreases
considerably. The obtained results from the proposed model are in good agreement with the experimental results.
Keywords: Fracture Toughness, Functionally Graded Steels, Crack Arrester Arrangement, Electroslag, Remelting, J-Integral.
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2. Electro Slag Remelting (ESR)
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1. Functionally Graded Steels (FGMs)
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7. Water Jacket
8. Slag Bath
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1. Ferrite

2. Austenite

3. Martensite

4. Bainite

5. Wire Cut

6. Point Load Displacement
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2. Plain Carbon Steel
3. Stainless Steel
4.CO2
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1. Freezing
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2. Hot Pressing Process
3. Grinding Process
4. Metallugraphy
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1. Starter
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4. Tensile Test
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1. Etching
2. Micro Hardness
3. Vickers
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2. Initial Fatigue Crack
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