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Summary

The effect of the shape of load exceedance distribution on fatigue crack growth behaviour
under random amplitude loadings has beeen investigated.

Fatigue crack growth tests were conducted under load spectra which were derived from a
two-parameter Weibull distribution,

Q(4Plo)=exp(~k(4P|a)1'k)
Q : Probability of 4P exceeding ¢
4P : Load range
0,k : Weibull parameters

Three kinds of spectra, i.e. convex, linear and concave shapes in load-log exceedance curve
were generated choosing the Weibull parameter, %, in the above equation as 1/2, 1 and 2 re-
spectively.

The fatigue crack growth behaviour under the spectra was discussed in terms of equivalent
stress intensity factor, 4K,, which was calculated from a linear cumulative damage law.

The effect of the shape of the load exceedance distribution on the fatigue crack growth was
significant in order of the concave, the linear and the convex shape in low 4K, region.
In this region, the fatigue cracks under the random loadings propagated faster than those
under constant amplitude loading. Even in the region where the 4K, was smaller than 4K,
obtained from the constant amplitude test, fatigue crack growth was observed under the load
spectra.

On the other hand, the difference in crack growth among the spectra was not found in in-
termediate 4K, region. The fatigue crack growth retardation was observed in this region.

The relationship between crack growth rate and stress intensity factor range under the
random amplitude loadings was examined for various orders of equivalent stress intensity
factor, such as root-mean-square, root-mean-cube values. It is concluded that the fatigue
propagation lives under the random amplitude loadings can be conservatively estimated in
terms of the equivalent stress intensity factor which corresponds to the slope of log da/dN-
logdK relationship obtained from the constant amplitude test, if the 4K, is ignored.
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Fig.1 Typical load-log exceedance curves
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Table 1 Chemical composition and mechanical properties

Chemical Composition (%)
Cc Si Mn P S Cu Ni Cr Mo \
0.12 0.24 0.94 | 0.012 |0.004 | 0.23 | 0.94 0.52 | 0.33 .04
Mechanical Properties
Y.P T.5 EL 2mmV  Charpy
Kgf/mm) | (kgf/mm )| (%) |(kgfm)
86 92 33 214 at -15°C
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Table 2 Test conditions and equivalent load range
Equivalent Locd Range, aPeg

No. | Spectrum| k Pmax, spect. Pmax. appl, m=2.0 m=2.8 m=3.0 m=4.0
Cal. [Exp. { Cal. | Exp. | Cal. | Exp. | Cal. | Exp.
1 |Convex [I/2 10.00 10.00 3.0413.043.2913.283.3513.34 |362|3.61
2 |Linear 1 20.00 10.00 24912591299 (3.15(3.11 |3,28|3.64}3.89
3 {Concave} 2 50.00 10.00 1.53]1.83|2.15|2,63 12,30 |2.82|2,98|3.68
4 | Convex (172 7.15 7.15 2.18|2.1812,35{2.35]2.40{2.39|2.59{2.58
5 iLinear i 13.20 10.00 1.72}1.72]2.10 2,09 {2.19|2,18 |2.64 |2,60
6 fConcave| 2 36.00 10.00 1.2411.3711.80(2.01(1.94 |2.16 |2.53 {2.87
7 {Linear 1 10.00 10.00 1.31]1.30|161(1591.681.64{2.05{197

unit in tonf
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“ i 2f : Probe [EifF@

2% 24 BHOAT, HHOMFE

a ® No.1 CONVEX -

& | aNo2 Linesr AKth at 2:6mm & AN -—— 7k, AFETE, 0.1uV OBEELIFESCTA
- ® No.3 Concave W5 ENTERETH D, FERIDZE(EFER0.05mm
¥ UTEEZBRD,

%0° : 1(1)‘ l 1&2 ' ¥é>3 ‘ 1&4 10°
EXCEEDANCE 4 *‘% % < % %
(2> (1) —EREFRET COEY XHURE
Fig.5 w—FRBHET COEY HEEARI VE
- DRI R=0 DEETICRT 5 X ZURHEE da/
—;\m_" . AN EIGHIERGREER 4K OBGRY R T, sk 4K
2 R RAWCTER LY,
- ax=84M0a g
gsﬁ AM: iy =— 4 v +EE=4P- W
5 L INes tov ot a-omi e F(a)W)=1.93—3.07(a| W)+ 14. 53(a| W)?
N A —95.11(a W)3--25. 80(a W)*
g e ks L o Fig. 5 FOERITKNTEREINDET —F DA b+
ExceEpANGE T4y b —=TTHbBs
¢)) da|dN=C(4K™— AK™) 14
Fig.2(a), (b) Load-log exceedance curves in C=3. 46X 10™10 _ da/dN (mm/cycle)
this study m=2.8 } it AK (kgf/mm?2)
QORI TRRTFIRC X bkde, 7, da/dN
oW . [T1ZBE A 5xX1078~1X 10" *mm/cycle DFFEHD F— 21X L,
a:—-—fr—cos i B,—B,’E, a3

B1= (eV/zk__1>/(eV/2k+1)
By=sech?(wf[2 W)
B3=sech?®(wd[2W)

log (4K) %I ZEH, log (da/dN) ZXBEHE LT
RADAZFEEC X VERKER L, KRN2RDI,
da|dN=C'AK™
C'=3.08x10710

(1%

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

TV R AHETTORFEUGRBCRETHEHES RO EE 527

Linear Spectrum

Concave Spectrum

Fig.3 Spectrum loading patterns
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Fig.6(a), (b) Fatigue crack growth curves under random loadings
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