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Torsional Vibration Test of
Sugi Boxed Heart Squared Sawn Timber*!

Nobuo SoBUE*? and Kiyohiko IKEDA*3

Torsional vibration tests were conducted to clarify their effectiveness as a practical testing
method of boxed heart squared sawn timbers. Shear moduli were calculated not only by the isotropic
torsional vibration theory but also by Goens’ solution based on Timoshenko’s beam theory of
flexural vibration.

A regression analysis between shear modulus and longitudinal Young’s modulus or density was
done. These tests were applied to sugi (Cryplomeria japonica D. Don) squared sawn timbers of 159
specimens in green condition and 29 kiln dry treated specimens, whose dimensions were about 4000
mm in length and 100 mm X200 mm in cross-sections.

The average values of shear moduli were 0.73 and 0.75 GPa for specimens in a green condition and
kiln dry treated specimens, respectively, and were about one tenth of the average value of longitudi-
nal Young’s modulus. The shear moduli of the D20 specimens of which the moisture content became
less than 20% increased by 7% after the kiln dry treatment. The shear modulus showed a weak
negative correlation with the longitudinal Young’s modulus. Timoshenko’s beam flexural vibration
method is not recommended for such large commercial-size specimens, because the accuracy of the
resolved shear modulus is not sufficient.

The torsional vibration method is recommended to evaluate the shear modulus of commercial-size
specimens, because it is easy to handle and analyse compared with the standard static bending and
torsion methods.

Keywords :  squared sawn timbers, sugi, shear modulus, torsional vibration, Timoshenko’s beam
vibration
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Table 1. Apparent density and moisture content of

specimens.
Green Kiln dry treated
P MC* P MC
Ave. 0.50 39 0.42 25
Max. 0.79 90 0.55 51
Min. 0.38 20 0.35 14
CV. 16 45 12 40
N 159 29

Note: p: apparent density (g/cm?®), MC: moisture
content (%), MC*: mosture content of 42
oven dried specimens, CV.: coefficient of
variation (%), N : number of specimens.
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Fig.1. Vibration tests.
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Fig.2. Typical spectra of center tap and edge tap
vibrations.

Note: spectral peaks of 133.75, 272.5, and 405 Hz
are resolved as those of torsional vibrations.
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Fig.3. Ratios of frequencies to the fundamental

frequency at higher ordered vibration modes.
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modulus at green and kiln dry treated condi-
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Table 2. Basic data of shear moduli and longitudinal Young’s moduli.

Shear moduli (GPa) Com/ G Young’s moduli (GPa) Fow/E E/G

Gg Guat Grg Gozo 20/ s Eg FEyat FEog Fbzo por es g kdt D20
Ave. | 0.73 | 0.74 | 0.70 | 0.76 1.07 7.33 | 7.19 | 6.27 | 6.80 1.09 10.2 | 9.9 9.3
Max. | 1.03 | 0.91 | 0.79 | 0.86 1.19 11.9 | 9.64 | 7.70 | 8.35 1.17 17.3 | 16.2 | 16.2
Min. | 0.51 | 0.52 | 0.51 | 0.52 1.00 3.90 | 4.56 | 3.90 | 4.56 1.03 4.4 6.2 6.2
CV. 13 12 10 12 4.7 18 17 18 16 3.3 23 26 28

N 159 29 13 13 13 159 29 13 13 13 159 29 13
Legend: G: shear modulus, E : longitudinal Young’s modulus, g : green condition, kdt : kiln dry treated, pg:

pair specimen in green condition to D20 specimen, D20 : moisture content is equal to/or less than 209,
CV.: coefficient of variation (%), N : number of specimens.
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Legend: Gkdt: shear modulus of kiln dry treated
specimens,
Gg: shear modulus of specimens in green
conditions,
Above 20% : moisture content is above
20%,
D20 : moisture content is equal to or less
than 209%.
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mens.
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