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measuremen r modulus and damping

of wood: An application of the Vybris-Torsion device
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Shear properties of wood are an important factor for the “sound quality” of wood, and are necessary for a more complete material description.

Parameters affecting sound Microstructural parameters
- E,/G- ratio is like a low-pass filter for suppressing some high-frequency noises that The sub-structure of the wood cell, especially the secondary cell wall (S2) and
make the sound of wood distinguishes itself from other materials (Nozaki et al. 1988) its microfibril angle (MFA), influences the vibrational properties, including

elastic modulus and damping, in axial and shear (Obataya et al. 2000).
Secondary metabolites (extractives) and grain angle can also affect these
properties (Bremaud et al. 2010; Minato et al. 2010).

» G 7 shear modulus plays an essential role in the soundboard of string instruments
(Viala et al. 2018)

 Criteria for determining wood quality for instruments (Brémaud 2012):
Violin: high damping of high-frequency vibrations and low damping in the low-
frequency range
Piano: high specific elastic modulus (Tatemiti 1960)

Axial bending vibrational properties are primarily affected by MFA, while the
shear vibrational properties are rather influenced by the cell wall matrix =>
measurements of both axial and shear properties on the same sample should
provide insight into the structure-chemistry-properties relationships.

Apparent E| |

H A compact device for the dynamic bending properties had been built in LMGC
Vibration Shear (E/G)
mode 1 deformation? o s and, in the present work, a new version for dynamic torsion properties was
(Ono 1980; Obataya et al. 2000) anof developed and tested.
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Material: Acer pseudoplatanus L. (sycamore maple, wavy maple), Picea abies (L.) H. Karst (resonant spruce) Tors ST
4 groups of each species, 8 specimens of each group, 64 specimens in total ) /

Nominal dimensions: 150 mm (L) x 12.5 mm (R) x 1.75 mm (T)
Environmental condition: 20+2°C and 65+5%RH, stabilized for more than 3 weeks (Bremaud and Gril 2020)

Length of span: 80 mm - e —_— L aser Ly
b - - |
The mass moment of inertia (I.) of the ~ The elastic modulus of shear is then triangulatl Specimen
downer clamp set was experimentally  calculated with the following equation: a: width of the specimen (m) b: thickness of the specimen (m)  ©n S~
calculated with a plastic specimen: S: span between clamps (m) f;: resonant frequency (Hz) Sensor
2.6 x106 kg-m? h: length of the small section clamped in Electro-magnet

o
blG CbZ S 127.[2 ZS ab a2 + bZ the bottom Clamp (m)
I, = - [ pz > — pp(a® + b?) (h + —)] G = - b; [Im + pab( 3 ) (3h + 5)) p: density of specimens (kg/ms3)
12{Smf, 3 a pp- density of the plastic specimens (kg/m?)

G- Shear modulus of plastic specimens (Pa)
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The longitudinal dynamic elastic modulus (E,’) and damping (tan 6,) were measured by the “classical” Vybris device
(Brémaud 2006) in bending

The shear modulus (G, ), its damping and the natural torsion frequency (f©) of each specimen were also acquired

Bottom clamp

Our correlation data of tandz/tand, with E°/G’ have trends similar to those in the literature (Obataya et al. 2000) with
low E’°/G’ ratio for wavy maple (6.7 ~ 11.5) and a high ratio for spruce (8.9~21.8). This is in agreement with data from
Nozaki et al. (1988), with 8.6 values for maple and 17.8 for spruce, and with the possible range of E’/G’ ratio obtained
by Carlier et al. (2018) of 5.2 ~ 24.3 for resonant spruce and 4.2 ~ 11.5 for wavy maple.

The axial-to-shear ratios in damping (tan os/tan §,), compared to the possible range from Carlier et al. (2018), is 1.6 ~
3.3 for resonant spruce, and 1.7 ~2.8 for wavy maple. Our data for the groups of resonant spruce are relatively low,
while those from group | of maple fits with this possible range.

However group | of wavy maple is out of the general trend for E’/G’. Their density are the highest (0.72 g/cm3) among
the wavy maple groups (0.53 ~ 0.69 g/cm?) but this could not explain the unusual trend, so the examination on the
other aspects should be conducted and more experiments should be done to verify the representative of the current
data for this group.
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The preliminary results suggest that the range of values of measured properties are realistic when compared with literature 5 10 15 20 5 30
values E,’/G;’
Yet, some non-fitted data worth a further examination for their singularities, supported from the other aspects Comparison of the present data with literature (Obataya et al
Also, trends in the data still need to be examined with more specimens to be clearly revealed 2000, the figure has been revised). Black dots are the
R f N experimental values for spruce in the literature data: (a) is the
eerences S NN NN NN N RN NN NN NN NN NN NN NN NN NN NN NN EEEENNN NN NN EEEEEEEN regression line for spruce, (b) is the regression line from 101
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