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The Fatigue of Wood VI.!

Fatigue crack-propagation of cracked specimens *'

Nobuhiro IMAYAMA*?

In this study we measured the length of the fatigue cracks in specimens of Agathis wood (Agathis
sp.) as the cracks propagated. We made the cracked specimens as follows: After a fatigue crack was
initiated at the root of the V-notch of a specimen by applying a stress of 200 kgf/cm?, we cut off
the V-notch. Thus the specimen having a crack was produced as shown in Figure 1. The results of
the experiment using the cracked specimens are summarized as follows :

1) By cutting off the V-notch from the notched specimen, there was no influence of the stress
distribution due to the notch on crack-propagation. 2) The process of crack-propagation in the
cracked specimens was divided into two steps. In Step I, the crack propagates in a straight line
gradually. The number of cycles of Step I consumed about 80 percent of the life of crack
propagation and about 40 percent of the width of the specimen. 3) Step I of the cracked specimen
corresponded to Step II of the crack-propagation curve of the notched specimen.V” 4) The number
of cycles to failure was proportional to the mean crack- propagation rate ((d//dN )pean) On a log
scale. 5) The mean crack-propagation rate was proportional to the alternative bending-stress () on
a semi-log scale. 6) Step I was divided into Steps Ia and Ib. In the former, the crack-propagation
rate (d//dN) decreased, whereas in the latter, the crack-propagation rate increases gradually. 7)
Also in Step Ib, the following equation between the crack-propagation rate (d//dN) and the
stress-intensity factor (Knay) existed in the cracked specimen : d//dN = C(Kpax)™

Keywords : fatigue of wood, cracked specimen, crack-propagation rate, stress-intensity factor.
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Fig. 1. Shape of specimen for fatigue testing.
Legend : L, longitudinal direction ; R, radial direc-
tion.
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Fig. 2. Fatigue crack-propagation curves for
cracked specimen (2) and notched specimen
(b).

Legend: ¢, : amplitude of alternative bending-
stress.
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Fig. 3. Curves of crack propagation at same stress
for different initial crack lengths (/;).
Legend: o, : amplitude of alternative bending-
stress. O—Q: =076 mm. @ - @ : ;=

0.39 mm.

389.4 0 5, =375.0
kgf/cm?

I (crack length) (mm)

N (number of cycles) X104

Fig. 4. Fatigue carck-propagation curves for
cracked specimens with different bending
stresses.

Legend: o, : amplitude of alternative bending-
stress.
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Table 1. Relationship between the number of cycles to failure and different initial crack lengths at the same

stress.
Specimen Bending Initial Specimen Ratio Number of
No stress crack length width L/w cycles to
’ (kgf/cm?) I, (mm) w (mm) (%) failure (X 104)
1 301.3 0.39 16.80 2.3 120.12
2 300.6 0.46 15.55 3.0 113.35
3 300.1 048 15.55 3.1 101.40
4 301.4 0.76 17.10 4.4 112.51
S 299.3 0.84 16.20 5.4 53.00
6 301.2 1.14 16.85 6.8 129.83
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Fig. 5. Fatigue crack-propagation curves for
cracked specimens with different bending
stresses.

Legend : ¢, : amplitude of alternative bending-
stress.
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Fig. 6. Fatigue crack-propagation curves for
cracked specimens with different bending
stresses.

Legend: ¢, : amplitude of alternative bending-
stress.
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Fig. 7. Relationship between ratio of crack length
(//w) and ratio of number of cycles of crack-
propagation (N/N,,) for different bending
stresses.

Legend : /: crack length. w: width of specimen. N :
number of cycles. N, : number of cycles of
crack-propagation. oy : amplitude of alterna-
tive bending-stress.
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Fig. 8. Relationship between mean crack-
propagation rate ((d//dN )gean) and number
of cycles of crack propagation (N,,).
Legend: »: correlation coefficient.
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Fig.9. Relationship between mean crack-
propagation rate ((d//dN)pesn) and ampli-
tude of the alternative bending-stress (a;,).
Legend : r: correlation coefficient.
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Fig. 10. Relationship between crack-propagation
rate (d//dN) and ratio of number of cycles of
crack prepagation (N/N,,) for cracked speci-
mens with different bending stresses.

Legend: [: crack length. N : number of cycles. N, :
number of cycles of crack-propagation. o :
amplitude of alternative bending stress.
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Fig. 11. Relationship between crack-propagation
rate (d//dN) and ratio of number of cycles of
crack propagation (N /N,) for notched spec-
imens with different bending stresses.

Legend: /: crack length. N : number of cycles. N :

number of cycles of crack-propagation. o :

amplitude of alternative bending stress.
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Fig. 12. Relationship between crack-propagation
rate (d//dN) and crack length (/) for cracked
specimens with different bending stresses.

Legend : N : number of cycles. oy, : amplitude of
alternative bending-stress.
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Fig. 13. Relationship between crack-propagation
rate (d//dN) and stress-intensity factor
(Knax) for cracked specimen with different

bending stresses.

Legend: o, : amplitude of alternative bending-

stress. » : correlation coefficient.
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Table2. Values of m and log C in equation d//dN = C(Ky.x)™ for Step I, of cracked specimens.
Specimen Bending Correlation
No stress m log C coefficient
' (kgf/cm?) @

1 384.9 2.258 —9.906 0.490

2 389.4 4.775 —17.170 0.956

3 352.9 3.559 —14.080 0.856

4 325.0 4.779 —17.804 0.922

5 302.8 1.454 —9.089 0.930

6 301.4 2.801 —12.849 0.956

7 275.6 1.155 —8.336 0.453

8 250.4 2.013 —10.937 0.934

9 224.3 1.703 —10.284 0.863
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Legend : r: correlation coefficient.
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