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A Study on the X-ray Diffraction Analysis and the Fatigue Crack Growth
Behavior for the Gas Piping Material
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ABSTRACT: This study investigates a relationship between fracture mechanics parameters (Stress Intensity Factor Range: AK
Maximum Stress Intensity Factor: Kmax ) and X-ray parameters (residual stress: o, half-value breadth: B) for SG365 steel at elevated
temperature up to 300C. The fatigue crack propagation test were carried out and X-ray diffraction technique according to the
direction of crack length was applied to fatigue fractured surface. The residual stress on the fracture surface was found to increase at
low K region, to reach a maximum value at a certain value of Kmax or K and then to decrense. Residual stress was independent
of stress ratio by arrangement of AK and half value breadth were independent of the arrangement of Kwmax. The equation of or -4
K was established by the experimental data. Therefore, fracture mechanics pararmeters could be estimated by the measurement of X-ray
parameters.
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Table 1 Chemical composition of SG365(wt%)
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or : Residual stress ,

v : Poisson " s ratio ,

= E/2(1+ v)-cot 6 - x/180- A2 )/ A(sin*¥) )

E : Young ' s modulus
K : Stress constant

¢ : Standard Bragg " s angle , M : Slope

Table 3 X-ray diffraction condition

Test condition

Parallel -beam method

C Si Mn P S Diffraction angle( °) 156.40
014 043 132 0.001 0.001 Characteristic X-ray CrK o
Diffraction plane (211)
Table 2 Mechanical properties of material Filter v
Temp. ;{éeelscl Zetrnjile Elongation \r{r(lg(l)]gglluss Tube voltage(kV) 30
() (MPa) (MPa) (%) (GPa) Tube current(mA) 8
25 386 560 36 196 Irradiated area(mm) ¢2
300 367 577 37 205 Irradiated time(sec) 10
Soller slit( ) 1
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Fig. 1 Geometry and configuration of compact tension

specimen
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Fig. 2 Schematic illustration of X-ray irradiated area on fatigue

fracture surface
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Fig. 3 Relation between stress intensity factor range and fatigue
crack growth rate at 25TC
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Fig. 4 Relation between stress intensity factor range and fatigue
crack growth rate at 300°C
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Fig. 5 Relation between the residual stress on fracture surface
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