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Tab. 1(a) The chemical composition of 0Cr18Ni9 stainless steel sheet

C Si Mn P S Ni Cr

0.061% 0.50% 1.08% 0.024% 0.004% 8.21% 18.27%

F 1(b)  0Cr18Ni9 AWM J1 2 M fE
Tab. 1(b) The mechanics properties of 0Cr18Ni9 stainless steel sheet

R,./MPa R, 2 /MPa E/GPa v o /MPa a n
730 283 203 0.3 183 2.96 4. 20
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Fig.1 Uniaxial stress-strain curves of 0Cr18Ni9 stainless steel at room temperature
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Fig. 2 The dimensions of compact tension
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Fig.3 (a) Experimental setup for I-type crack test and

specimen with Ftype crack (b) local magnification
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Fig. 4 Typical load and displacement curve for Fig. 5 Typical result for acoustic emission inspection

compact tension specimen with I-type crack
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Fig. 6 (a) Speckle image grabbed by top camera and (b) local magnification on crack-tip
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Fig. 7 Displacement fields and strain fields on crack-tip obtained by 3D-DIC at different moments
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Tab. 2 The fracture parameters of specimens

No. B/mm W/mm ap /mm F/kN a/mm No. B/mm W/mm  a/mm F/kN a/mm

1 14.77 39.98 20.915 27.5 21. 345 4 14.76 40. 10 21.078 23.0 21.191
2 14.76 39.92 20. 812 22.0 20. 899 5 14.75 40. 00 21. 290 23.0 21.449
3 14.78 40. 02 20. 437 22.6 20.531 6 14.75 40. 08 21.092 24.1 21. 254
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Fig. 8 Microtopography of cracked surface
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Fig. 9 (a) Schematic of J-integrals in crack propagation (b) definition of area (U,) for J-integral calculation
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Tab.3 The J-integral of specimens

No. 7),, U,/(N + m) Aa/mm J/(kJ/m*) | No. N U,/(N* m) Aa/mm J/(kJ/m*)
1 2.2433 49.10 0.430 1123.5 4 2.2461 42.71 0.114 351.4
2 2.2487 27.68 0. 087 248. 4 B) 2.2421 52,47 0. 159 534.8
3 2.2542 31.69 0.094 269. 6 6 2.2452 44,62 0.162 460. 6
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Fig. 10  J-integral and time curve calculated from displacement fields
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Experimental study and numerical analysis of
fracture toughness of OCr18Ni9 stainless steel

WANG Ya-jun', WANG Ru-wen', HE Qi-lin', ZHOU Hao-yang',
WANG Yu-ning®, JIANG Hao’, LEI Zhen-kun®
(1. Beijing Institute of Astronautical Systems Engineering, Beijing Key Laboratory of Cryogenic Technology Research, Beijing 100076,
China; 2. Aerospace Research Institute of Materials &. Processing Technology, Beijing 100076, China; 3. State Key Laboratory of

Structural Analysis for Industrial Equipment, Department of Engineering Mechanics, Dalian University of Technology, Liaoning 116024,

China)

Abstract: The fracture toughness of 0Cr18Ni9 stainless steel has been studied from two aspects:
experimental study and numerical analyses. Firstly, the accordance between stress-strain relationship
obtained by uniaxial tensile test and Ramberg-Osgood elasto-plastic constitutive model was verified,
and elasto-plastic constitutive parameters were obtained by global optimization algorithm. Then,
combining with acoustic emission technique and fracture section observation by scanning electron
microscope (SEM), the crack initiation load of Ocr18ni9 stainless steel compact tensile specimen and
the actual fracture toughness caused by type I cracks were determined. Furthermore, based on full-
field deformation obtained from digital image correlation (DIC) method, ] integral was calculated,
which increases gradually with the time. At the same time, the distribution of J integral along crack
front edge at the moment of crack initiation was calculated by finite element method. It is found that
the distribution of J integral is larger in the middle and smaller on the surface. Moreover, the average
value of J integral calculated by finite element method is close to that from optical displacement field
data calculation.

Keywords: 0Cr18Ni9 stainless steel; [racture toughness; J-integral; digital image correlation(DIC) ;

finite element method



