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Effect of Small Stress Ranges on Fatigue Crack Propagation under Random Loading
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Summary

This is a part of the serial studies on the experimental method to infer fatigue life of a structural
member under service loadings. When a load profile can be approximated by a narrow band stationary
Gaussian random process, it has been pointed out that random fatigue tests are easily done with a
personal computer by simulating the envelope of the process by FFT. However, it may not be realistic
to repeat a time and cost consuming test to get the probability distribution function of fatigue life. In
this study a method is proposed to make the total experimental hours as short as possible by eliminat-
ing small amplitude cycles, that is, an experimental procedure is established to see the effect of the
elimination and determine the cut-off-level beforehand.
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Table1 Chemical composition and mechanical prop-

erties
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(%) (%) (%) (%) (%) (%)
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Fig.1 Shape and dimensions of specimen
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Fig.2 Narrow band stationary Gaussian random
process
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power spectrum
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Fig.3 Idealized power spectrum for the experiment

cut-off-0

no cut-off

512 cycles

S am ]
0.00 Time
(100%)
(x0g) cut-off-1
8.00 —( 0.8 ok cut-off)
§, 4,00 0.8 oy —

(73%) Time

(x0yg)

cut-off-2

1.0 o cut-off

K(t)
§

1
(60%) Time

cut-off-3

{ 1.20, cut-off )

K@
L
o
Q
kel

Time

Fig.4 Examples of time history without small ampli-

tudes (6x=6.2 MPay m )
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Fig.5 Partial flow chart of the controlling program
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Table2 Test conditions

cut-off-level
profile
Ok=5.0[MPaym ] | 0g =6.2 [MPaym ]

cut-off-0 0 0
cut-off-1 1.0 og 0.8 og
cut-off-2 1.25 og 1.0 ok
cut-off-3 1.5 0k 12 0k

BB BEOMEOREDOFELHRIBY DT 57
iz, FA—HBAEHNTcutoff-level 2 EET 2 X Sl
7z cut-off-level DEEEFF % Fig. 6 1R T, BHAH 4 mm
HET 58I cut-off-1, -2, 3RGOEL, ZOT—T—
vavT2EMRVIE LR, 28, E—&RHORAE% 3 BT

-7z,
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cut-off-1

cut-off-2
cut-off-3
cut-off-0

1st rotation

4mm
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2nd rotation

Fig.6 Change of cut off level

61.00
— 57.00F §
g - cut-off-0_#
E s300f _
~ E cut-off-3 4
- 49.00F
=] E ° 6BS1
%0 45.00F
L E ” * 6BS3
e 400 Pt
Q E & cut-off-0 2 6BS4
5 37.00 o ot
o i cut-off-3
33.00 |- =
= cut-off-2
29.00
25V(x)4 IS BT E IS ST UN AN ST TS IR ST SN Y I )
0 500 1000 1500 2000 2560 3000 3500
number of storms, Ns [storm]
Fig.7 a~Ns curves (6x=5.0 MPay m )
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Fig.9 Relationship between normalized da/dNs and
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Table 3 Crack growth rates per storm
O =5.0 MPalm

Speﬁ:'nen rot:;(ifn cut-off-0 {cut-off-1 | cut-off-2 jcut-off-3

1st 1.57 1.30 1.29 1.15

6BS1
2nd 143 1.49 1.34 1.11
st 1.51 1.34 1.25 1.09

6BS3
2nd 1.54 1.47 1.30 1.10
1st 1.18 1.04 0.99 0.81

6BS4
2nd 1.14 1.08 1.00 0.84
average 1.40 1.29 1.20 1.02
average / 1.40 1.00 0.92 0.86 0.73

-2
(x10 mm/storm)
O = 6.2 MPalm
sPerfJ:f‘e" rolation | cur-off-0 {cut-off-1 | cut-off-2 [out-off-3

1st 2.57 2.61 2.24 229

5BS9
2nd 2.60 2.52 2.53 244
st 2.58 2.40 2.44 2.30

5BS10
2nd 2.57 243 234 2.29
Ist 2.60 2.34 239 240
6BS10

2nd 2.67 2.55 242 233
average 2.60 248 239 2.34
average / 2.60 1.00 0.95 0.92 0.90

(<10 “mm/storm )
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Fig.10 Relationship between AKims and cut-off-level
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Fig. 11 Relationship between normalized AKims and
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YU Fig 1 »5DHMERERTH S, AL VHL X1,
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Fig. 12 Relationship between loading time per storm
and cut-off-level
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3.4 ¥3al—Larrnl
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BITEE IR, SV RAICEE O TRAEZAL
PAREN
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22T, m 3 i BEOBEBRAFD m T, BBREBCEL S,
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AIE x 1 B A BAERIEIRE T 2, KX, Z(x)
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oW, BlEcE—EEM I & 5 4K [E—E RS HAER

Table 4 Estimated values and properties of material

parameters
Parameter Estimated value and property
z-Y\o a=4.2
Fz)=1- exp;_(_y) ] B = 1.62x10°
Z(x) \ ’ ¥ = 2.34x10°
bp = 0.25
R,(7) = expl-byT)cos(27fyT) £, = L
64
— m= 2 =
Mo INmel e o
K() 32.5 MPaymt

* from ref. (11)

cut-off-level, x

Fig. 13 Relationship between total experiment hours
and cut-off-level
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1 AK; \™
da’—Z(x)( K0> (7)
a=23da; (8)
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g 08
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s [ ----- experiment
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L
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Fig. 14 Comparison of relationship between normal-

ized da/dNs and cut-off-level by simulation and
by experiment
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