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Influence of Microstructures on Fatigue Crack Initiation and Propagation in Low-carbon Steel

Tomoyasu Kitano, Tetsuya Tacawa, Syuji Amara and Takashi Mivata

Synopsis : The influence of microstructures on fatigue crack initiation and threshold behavior of crack growth in large fatigue crack

was investigated using notched specimens and CT specimens.

Three different microstructure of low carbon steels

simulated heat affected zone of welds were prepared. The crack initiation behavior for each materials were also
discussed from fractographic examination and iz situ observation tests in SEM with notched fatigue spesimens.
Bainitic microstructures showed higher threshold stress intensity factor renge for fatigue crack growth than ferritic
microstructure. The difference in threshold level between microstructures tested would be mainly resulted from the
crack closure, but the influence .of microstructures on large fatigue crack growth could not be described only in terms
of crack closure mechanism. On the other hand, the small crack region which occupied the most of fatigue life was

affected by microstructures.

Particularly, the effects of microstructure on the shape and growth of Stage [ fatigue

crack. The Stage I fatigue crack size is almost correspondent with the microstructural unit size, i.e grain size or lath

packet size.

Key words : low carbon steel ; crack initiation ; crack growth ; threshold stress intensity factor range; crack closure ; fatigue life ;

Stage I fatigue crack ; Stage II fatigue crack.
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Table 1. Chemical composition of steel tested.(wt%)
C Si Mn P S Al
0.08 0.18 1.59 0.003 0.003 0.002
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Fig. 1. Microstructures of steels tested.
(a) Steel A. (b) Steel B. (c) Steel C.

Table 2. Mechanical properties of steels tested.

oy(MPa) cu(MPa) Hv
SteelA 371 522 170
SteelB 454 608 191
SteelC 544 749 272
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Fig. 2. Specimens (unit in mm).
(a) ImmR notched round bar specimen.
(b) ImmR semicircular single edge notched
plate specimen.
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Fig. 3. Fatigue crack growth behavior at R=0.1 & 0.8.
(a) da/dN-AK. (b) da/dN-AKy;.
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Fig. 4. Crack closure behavior at R=0.1.
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Fig. 5. S-N curve for ImmR notched round bar
specimens.
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Fig. 6. Fractographs of fatigue crack initiation in ImmR notched round bar specimens.

Fig. 7. Cross sectional views of Stage I fatigue cracks.

BAHGNED, DL B AR A SRR R T
LOWTEEINTEY, Z2060BBROFTRIIET<HD
FHENZIB-> T b EAMINTL RO, fitH T, 246
OEIITAMBIOMEE Y UlcStage ] SR EFZTL D
DEBbLNE, ZDOPAWNAIDStage | & HDOFREPLKE S
BEMAMIZIOVBEL->TEFY, HBOBELXRIZUT
W5LE5THS, 7254 NIV EMERDSteel AT, 7
54 MR P KM L1 EAESRIELERO b O
£, Steel AlZ¥ 1} 5Stage I 3 HIFig. 6 (b), (c) iR
TEOCHEMLNECI > TRTROVDHMEEL LD O
MREHIIZ 2 ~ 3B bl THELCVD A LN S,
T4 b F A4 MEAHIEDSteel BT IEFig. 6 (d) <

52

RT LT ARMRED 5 PR 7 =54 Piho T3
Bl EE b sStage ] SEPIBEINLZ . NAF4 b+ E
B DSteel CiZ34> T b Steel B & JEEL L e VIBIEE S 1
72(Fig. 6 (e)) o4 +4 M 2 H U4 L oStage I s
7 x5 A4 MEREEROME L B L TEHRD 5 AHERED
e ML L MR b DY Z R D B,

Fig. 7 \=Stage | s ROMWHBETEL R T, wTD
¥l b Stage I 3 ZUIBIREHIC A L TH4E IZfHC TR Y,
HAMNCERLIEHTH S I LD 5, Steel AT I
7254 PRIBET N SEAVERLTCBZ EdTbh 5,
—7%, Steel B, Steel CT iXStage I & ZE T OB IIIRK
TAWISHO KM HaEERL TE Y, HREAWND



Hlrk 5 AHFMH—FL AR TEBEMC SEPRELR
boLELLNB, 212, N4 F4 FEMERDSteel CT I
Stage ] 3HOKE S (FR3)P ML TKREL, 202
L 53Steel COEFH RO BIBRELLFORC-—RTH 5 LFH
265,

Fig. 8 2 %‘Wﬁ)“@ﬁ&ﬁif%ﬂmé N7:Stage | s ®HOH
Kk L BRI NIRIEDBIMR # /R .Stage I SHJEE L
TStage I 5ZLEREMOES PBRAEICNE~DEZES
¥ LTEHAIL 72, Stagel 5 -1kt Steel B, Steel CT I
BMFEICL O RS CREMNMLLZCDIZMNLT, 7251

b EARDSteel AT MEREMIZ E & 72 5 KStage] &
SFEORA LA GBS, Steel ADStage I & ZUER IR
HAFEELoxns b, SWERCIR IESMICZELNLGD
Cx LT, BRIVAVHERCEAIE 2 26 3R D
2o TEAMBIMERLICHE, BRI SRERPENBT 5
RHTHEEELOND FIRGWY 7= 754 MLREERD
FEHC TR AMBIOEBRY s L £ 2 o T8
VRSP ED DB LS LT 5,—7, Steel BPSteel
CTi2Stage I 3 #MTRYDHMPE 2 THKN I HEOD
WHREERLL L OB L w5 T, Steel B, Steel
CltooleRA=F 4 v 2 KR 5Stage | R ERE
ARG IRON TV 3 2 ARG, INLOD
iDL, NA =T 4 v 7 BT = 5 A4 b AR E TR

£ 180
=4
- 160 [
id @-
g 1of 0 o
a m]
S 120 ,
& - o
Come
s wf
‘w60 o8 4 A
g 40 O SteelA
E [ A SteelB
¥ 20 O SteelC
2 0 PR DN I n 1. " I - 1

100 120 140 160 180 200 220
Stress amplitude,ca,MPa

Fig. 8. Effect of stress level on maximum size of
Stage I fatigue crack.
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Fig. 9. Change in the surface states of notch root at about 1.1 times the fatigue limit stress.
SteelA, g, =142MPa, Nf=3.14 X 10°.
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Fig. 10. Observation of small fatigue crack growth.
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