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Simulation Study on Stress Wave Velocity in Wood
above Fiber Saturation Point**

Nobuo SOBUE*?

In the stress wave propagation method, a Young’s modulus above the fiber saturation point,
calculated from a stress wave velocity and a density, increases with increases of moisture content.
The calculated dynamic modulus contradicts the physical meaning of the Young’s modulus of wood.
In this paper, a simulation study on the effects of free water in cells above the fiber saturation point,
on stress wave velocity and a dynamic Young’s modulus is made.

Above the fiber saturation point, the mobility of free water, £, is defined as a ratio of the weight
of free water, which moves in the same phase as wood cell-walls, to the weight of total free water.
An effective density which works to generate a dynamic force, pers, in Equation (16), also is defined.
A true Young's modulus is introduced from the mobility of free water and the effective density as
the same vibration equation in a homogeneous elastic body. The stress wave velocity decreases
gradually with increases of moisture content, and the effects of the mobility of free water on the
stress wave velocity is large with the small mobility of free water.

From a comparison between the introduced formulae and experimental results, the mobility of free
water is estimated to be £#=0.78 at 200 kHz and £=0.12 at 1 MHz. Namely, free water which is left
from the vibration of wood cell-walls increases with increases of vibration frequency. The dynamic
Young’s modulus is shown to be constant at above the fiber saturation point as in the case of static
Young’s modulus.

Keywords - stress wave propagation, above fiber saturation point, dynamic Young’s modulus,
effective density, free-water mobility.
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Fig. 1. Stress induced in an elastic bar.
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Fig. 4. Effects of the mobility of free water, £, on
relationships between effective densities and
moisture contents.

Note: Mobility of free water and effective density
are defined in Equations 12 and 13, respec-
tively.
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Fig.5. Effects of the mobility of free water, &, on
relationships between stress wave velocities
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Note: Mobility of free water is defined in Equation
12.
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