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A study on prediction of stress intensity factor and fatigue crack
growth behavior using the X-ray diffraction technique

Man-Bae Lim, Yu-Sik Kong, Myung-Hawn Boo, Gee-Jun Cha, Han-Ki Yoon
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Abstract

This study verified the relationship between fracture mechanics parameters( 4K, JKes, Kmax) and
X-ray parameters (g, B) for SG365 steel at elevated temperature up to 300°C. The fatigue crack
propagation test were carried out and X-ray diffraction technique according to crack length direction
was applied to fatigue fractured surface. The residual stress on the fracture surface was found to
increase low AK region, reach to a maximum value at a certain value of Kmax or AK and then
decrease. Residual stress were independent on stress ratio by amrangement of 4K and half value
breadth were independent by the arrangement of K. The equation of ¢.- 4K was established by
the experimental data. Therefore, fracture mechanics parameters could be estimated by the measurement
of X-ray parameters.
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Table 1 Chemical composition of SG 365(wt%)
C Si Mn P S
0.14 0.43 1.32 | 0.001 | 0.001

Table 2 Mechanical properties of material

Yield |Tensile . |Young” s
Temp. Elongation
) stress | stress %) modulus
(MPa) | (MPa) (GPa)
25 386 560 36 196
300 367 577 37 205
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Fig. 1 Geometry and configuration of compact
tension specimen
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E : Young ' s modulus
v : Poisson ' s ratio , K : Stress constant
© : Standard Bragg 's angle , M : Slop

0 r : Residual stress ,
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Table 3 X-ray diffraction condition

Test condition Parallel ~beam method
Diffraction angle( °) 156.40
Characteristic X-ray Cr-Ka

Diffraction plane (211)
Filter A%
Tube voltage(kV) 30
Tube current(mA) 8
Irradiated area(mm) ¢2
Irradiated time(sec) 10
Soller slit( °) 1
¥4
Incident X-ray
/ Perpendiculas lin
// o fi/xffmlu)n plane
. 7/ ) / Diffracted X-ray
4
;,‘7A ) s /X

| Fracture surface

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

Al
=

0

3. ]
31 I R2gEMNEAE
Fig3s AdLx A2dr $A(R0.170.58
HEste] A PYA FHZAEE s J2HE
AHEE dvdNT S AT HA AKE Fin|
Eii A2 Ayjolt) YutHoz AP IA HZA
L AKE Z AEYE £ YAL B AT = 3}
wola%‘ﬁ}_i TEHT Aol FABHA dolupr]
g0 whojel Aako] JElRth  ageld & 5 gl
o] AKY F719 @A dvdNe APdAH oz FI8t
31 glow SEnjo) o&EHM o =

[N 2
%lUEOLTg)\

i

23 2

-319-

7} =e 057} 0125 FAAHESE L wE
pi=g mtﬂ % l& 87t %

Ay

axdahfol ZF-sEo] A-&sty
g1He) FEHPo 2EEh X
R oocoﬂfﬂ 85 A o w2l of
%étﬂow HzggdAALEze 9
e A K9 F7bol el daidN
H]slA $Euo) dEHS & F

=2 T
%317\‘101 7~]/\1k]_04 7};] o\otq
A=

& 497 H2FRLAAEES} w2
4928, o9 2ol 4 K ANl e
Weg s REHAC ol
—5—471«1 2o Me Fud
Fe:0:9 Fes0s W0l Atstulupo] FAH:
oo o gdHT/F F2EY A
Uhepsgo

Figse FWATIE SAof U
HAYATE A K2 AP 3H ool tigh
e ﬁ‘%‘?ﬂﬂ Asted Yepdth agedA
B ule} o] Fuld oEFA de st
ez Ay & 5 dden exdeEde 9d
A Wt

g w8

b 32 Z

[+

L

2L1T

FEad

Test Temp.25°C

m
&

[da/dN=6.1815E-10aK> ™'

m
IS

384

da/dN=7.7695E-11AK

Paris' law

Fatigue crack growth rate da/dN (mm/cycle}
7
&

da/dN - C &K
QO R=05,C=6.1815¢-10, m-3478
A R=0.1,C-72695E- 14, m=3874

p—
10

1E6

Y
100
Stress intencity factor range AK(MPa mm)

Fig.3 Relation between stress intensity factor

range and fatigue crack growth rate at 25T
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Fig4 Relation between stress intensity factor
range and fatigue crack growth rate at 300°C
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Fig.5 Relation between effective stress intensity
factor range and fatigue crack growth rate at
25, 300C
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Fig.6 Relation between the residual stress on
fracture surface and maximum stress intensity
factor
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Fig.7 Relation between the residual stress on
fracture surface and stress intensity factor range
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