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Propagation and Arrest of Fatigue Cracks from a Precrack
under Cyclic Torsional Loading in Medium -Carbon Steel
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Fatigue tests of crack propagation from a pre crack in thin walled tubular specimens made of
a medium -carbon steel were performed under cyclic torsion with and without superposed static
tension. The condition of the transition from shear to tensile mode and the propagation behavior
during this transition were investigated from the viewpoint of fracture mechanics. The direction of
fatigue crack propagation follows the direction of the maximum of the total range of the tangential
stress, A0 max near the crack tip and then gradually changes to the direction perpendicular to the
maximum of the total range of the principal nominal stress. The propagation rate is faster than the
uniaxial data when compared at the onset of crack extension and at high stress intensity factors. The
former acceleration is caused by crack closure and the latter acceleration is due to the non singular
T stress. The negative nonsingular stress induces excessive plasticity ahead of the fatigue crack, and
then accelerates the fatigue crack.
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Fig. 1 Shape and dimensions of specimen
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(1) Case A: JEHEHR=-1DELR LY OZEEH
HWT2E— FIESRR

(2) Case B: 6 AHR=0D#ELRL Y ORZ2H
T dE— FIESRR

(3) Case C: i AER=-10ELRALWIZLE 2%
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L7.
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3.1 ZHEBRNMKFRGSLIUVERERSY
RUT, SHRERMBBLVXHOEFREREEOE
B R%E Case A, B, CZOWVWTRT. RhOEEL
ERADEHEIRFEXALSOFHHWRERF A~
DERERELL, BARKREITFEHES2aic0 L
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7%, EHOERBKBENU LTS, BiEhTIZE
HPFRBONSBEHL R BEBE L. =T,
BEAHIXAEREEMNIX10"  m/cycle L W /M <

Table 1 Onset and arrest conditions of crack propagation from pre-crack

Onset -1 40~50 0 3.20~3.93 0
Sondnuous | 90~100 0 7.47~7.84 0

Onset 0 40~45 0 3.13~3.64 0
Gontinuous | o 80~90 0 6.58~6.91 0

Onset -1 35~40 35~40 2.80~320  1.40~1.60
Somtinuous | -1 75~85 75~85 575~6.64  2.88~3.32
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(a)7 =70MPa, 0 = OMPa, R =-1, N =2.1X10° (b) rﬂ=90MPa, o= OMPa, R =-1, N =1.8 X 10°
Fig. 2 Micrographs of arrested cracks in Case A
- “Mode |
.*"Mode 1
‘ Mode 11 ‘
M —_— =
s Mode I S
» Modell Mode |
(a) Propagation from micro-branch (b) Propagation from shear crack

inati T
or kink of a pre-crack ( TypeI) ahead of a pre-crack ( Type 1) (c) Combination of Type I and Type Il

Fig. 3 Schematic illustration of crack branching types
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X B E S R IR R 13 Case BOJR W HRBE WA ME W,
F 77, Case Ci¥Case Ak bR, I X HEHERRRA
NS R o, TRIBBNARIEIEMLD L
T, PEUROBBRBRITIEDEELLND. L
AL, ZOMBEAEBROKE TIIIEFRITIETL. E WL
Fo. X G IR BIRATR FT R LTI E ISR OB I3/ (a) 7,=100MPa, 0 = OMPa, R =-1, N =1.89x10" (Casc A )
X, X5, ZofEE— R M TR=-10%KGD
AK, =10.5MPa/ mk v iZIE<, AK  =2.9MPa/ m
IZIERITHI .

3.2 BHEEHOBBEMWBE  Case AlLBIT D
N RBRBEOEEXUOSEMERZR22ITRT. K2
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NLETPEXAEBILIRE (F—F1) KEABE
WU, ERLTWS. 2ok, TERE
WA SEAME (B—FI) THLEHAERLLZODL,
EF—Rljghotr b I ATER L. FRICTERL

S S0 B O L TR O BRI 72 S I X B BRI D i & R (b) T,=90MPa, o = OMPa, R =0, N =1.57x10° (Case B)
NHIRFEOkERE L, @B TERLEL. Fig. 4 Micrographs of not arrested cracks
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BT FEHLDDORIETER D Z 4 7 BRI R
T PEHOMBOBEANLZOE T I X BB HK
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Crack propagation direction, 8 deg.

(a) 7, =100MPa, 0 =0MPa, R =-1(Case A)
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Crack propagation direction, 6 deg.

0
00020406081.01.21416182.0
Crack length from pre-crack tip,c mm

(b) T_=90MPa, 0 =90MPa, R =-1 (Case C)

Fig.5 Fatigue crack propagation path
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(b) ra=100MPa, o _=0MPa, R =-1

Fig. 6 Fatigue crack propagation rate in Case A
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Fig. 7 Simple model for kinked cracks
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(b) Mixed mode (I+II), Case C

Fig. 8 Relation of fatigue crack propagation rate and stress intensity factor obtained by simple method
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Fig. 9 Relation of fatigue crack propagation rate and stress intensity factor obtained by body force method
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