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Effect of Microstructure on Fatigue Crack Growth Rate
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Abstract:

Recently various trials to reduce life cycle cost (LCC) by the improvement of fatigue life of welded steel structures
were performed actively by heavy industrial fabricators. JFE Steel has developed the excellent fatigue resistant steel
plate “AF D™ which reduces the fatigue growth rate with a half level to that of conventional steels. In the AF D",
uniformly and finely dispersed perlite in ferrite matrix contributed to achieve good fatigue properties, however the
detailed mechanism has not been fully understood yet. In this paper, investigation results on the relationship between
fatigue growth rate and perlite morphologies using fatigue testing equipment in the scanning electron microscope

(SEM) which enables in-situ observation is introduced.

1. IFC&IC T B AERE I L s ’ﬁi&%%‘lﬁfﬁm& (AFD®)

REARE LY, Y A s I I R L, SR

ARG 72 O KBS O e TEMER IC B 1T 2 F da/dN 73 Paris Hi da/AN=C(AK)" IZH¢ 5 € SN 5 & 1118

TRELFEOVE DI, HAREO RN IS & > Thl Iz BT, AFD® T3S BEUEREOTERID 7 — 2 N

FC SNAPIHRED R 61 Y, IEERESETIIC B LT, KRR AR EE 25 1/2 2 TS vz (B1),

BRI R & AN & Y AR 2 TRAEL, 722U, FRHIZZAZTREE O A A =2 2120w IR
KR B, WWNCES 2 CRERZR T2 e hdH s, 1A

PR TIC B 2 T RRFELEOMHTEe LT3, e X 10°° . . .
Upper bound of .

conventional steel s

ETIG FLry s v rRes 54 o 2= X 38RO
Do —= 2RIz & 55 REHEIC T ORE,
EHER B IS O EPNRINTH 2 Z e PHE SN TW
220, L Lanss, Zho UL EEOMEEOT
NTOVREEPTICEA T2 2 2 IEBEMICIE#H LV, 20
7o, BB S & - TEHBHEOKE 2 Ui 2 T3
SO RPEFFMEIEE T 210ICANTHLIEEZD
Nz,

ek, A ORI BEURTEEE I 2 7 v AR B YRR

Fatigue crack growth rate, da/dN (m/cycle)

Mok & VBEEC3 Vv Shtar s JhCKL, JFE i%ifépi%uige?f * ;%TFaIr)g::e‘e’lf
AF—)TIF/8—F 4 MEREIZEHL, TMCP (Thermo- 109 ! . )
mechanical control process) <4 > 7 4 > BINHEGHIE i 10 20 30 40 ’ 50
Super- OLAC® #ER{Hi L S— T 4 F 2 — S+ 2 = v Stress intensity factor range, Ak (MPa*m'?)
1 AFD® DIEHERCHERE
2013 4E 9 A 23 H3Zf} Fig.1 Fatigue crack growth rate of AF D® steel



P25 B RUATEBL I RUE T 2

7 wifikoR

LLHL2ICINTESL T, RN $— 7 14 MERER
A OMEERE, AAFHIZE) ¢ OBIE IO W TOH]
Higdizw,

AHTIE, BTEMBIEN TR AR EREAR Y 20
BBREM 2N, 2O 7254 F/23—F 4 + 2418
AR B EMERRETIC O WL THRA L 7e, BRICH T 5E
T O—E AK M0 F ORI RAOERIKIIC I T
N—=F 4 MEREDREE L B ORI B OB
FOBIE» SN L7,

2. REBEE

TMCP &2 B L T 8— 5 4 F OJBRER Z5 2 12 2 Fil
D774 F/8—=F 4 bE MG v U CHEf L 72, Steel
LITEREM e DS NAWREH ST = 7 4 + R $—
T4 M LS NBHMTH Y, Steel 11 135 77 R
W (AFD®) ©7 =74 FRHARIC S — 5 4 29—
Bl chd s, WEREHIC255mm THB, b
HIR DG FRFFEL TR 1 IR T, MM L VR 2 1R TR
D/INEYGGEAER T 2 B L 72, Steel I ¥ Steel 1T ¥ & 1255k
FrigadBa b BT D38 FEAE /5 1) C B R HS B g /7 1
%5 EHIRMLI, Zhidzhz ol cofRiiaik
A (o L RAMD) e, 22 efErE3 IR
EII =51 MEREZZELSE TRAT 22D TH 5B, iF
ficBHERE o 2 2 afilfk O— 74 MERE) ORF#
ZH2 Y, Steel I TEHIMO7 254 P bk B Z2nE
PG &L SI8—F54 F D52y FT7—2RIEEL T 5, &
UL, Steel I Tid, FIOM» VW7 = 74 FHIZ =

(a) Steel I

ZA4 FPE—ICHMO LI 2o 2L TwE, 20
2o 7 nilROBZER SBT3 HID T =5 4 k
R S—=F 1 MEfRZR 2 IR,

=1 HEMO5 SR
Table 1 Tensile properties of tested steels
Steel plate | UYS (MPa) TS (MPa) El (%)
1 357 486 28.6
11 398 513 223

UYS: Upper yield stress

TS: Tensile strength
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Fig.2 Geometry of fatigue crack growth specimen
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Table 2 Aspects of microstructure

Steel plate

Average ferrite grain size

(um)

Average pearlite spacing

(uem)
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Fig. 3 Microstructures of tested ferritic/pearlitic steels
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Fig.5 Fatigue crack growth rate and crack path with microstructure for Steel I
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Fig. 7 Crack deflection behavior by in-situ observation
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crack and (b) a crack with stress shielding effect
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