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Estimation of Moisture Diffusivity during Absorption by
Boltzmann Transformation Method*!
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ABSTRACT

Although the exterior wood such as column may frequently contact with liquid water, little work
has been found to measure liquid water absorption in wood. To investigate the moisture diffusivity
of wood in the longitudinal direction including bound water and free water movement, liquid water
absorption test was conducted at the room temperature. The order of magnitude for absorption
coefficient and diffusivity was Japanese elm, horn beam, hemlock, spruce, radiata pine, and painted
maple. The Boltzmann transformation method was used to determine the diffusivity from measured
moisture content distributions in the absorption test. The shape of the curve representing the
dependence of diffusivity with moisture content was similar in test samples. The diffusivity
decreased with increasing moisture content until around the fiber saturation point and then
increased at the nonhygroscopic region, which ranged from 10" to 107 m%/s.
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Hemlock
(Tsuga beterophylia)
Spruce
(Picea mariana)
Painted maple
(Acer mono)
Japanese elm
(Ulmus davidiana)
Horn beam
(Carpinus cordata)

Radiata pine
(Pinus radiata)

Species

Density and maximum moisture content of wood species

Softwood
Hardwood
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Fig. 1. Moisture distribution by Boltzmann
transformation method.
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Fig. 2. Changes of average moisture content and uptake with time. Solid line : moisture content,

dotted line :

moisture uptake.
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Table 2. Relation between moisture content and time, m=a t°

Species Duration (month) a b R’
1 01092 04494 0999
Hemlock 2 01246 04486 099
. . 1 01596 04037 0994
Softwood Radiata pine > 0195 03352 099
] 1 01627 03689 0999
Spruce 2 01709 03660 0998
. 1 02141 04385 0996
Painted maple > 01850 0379 0992
1 01248 02986 0980
Hardwood Japanese elm 5 01516 02912 0973
1 007997 04079 0999
Horn beam 2 006273 04193 0997
Table 3. Absorption and diffusion coefficients by egs. (3) and (4)
Species Duration A D
Species (month) (kg/mzsl/Z) (n,12/S7 x 10—10)
1 0028 855
Hemlock 2 0032 107
. . 1 0037 147
Softwood Radiata pine > 0032 112
Spruce 1 0032 122
P 2 0032 15
Painted 1 0072 660
maple 2 004 376
‘ 1 0016 379
Hardwood Japanese elm > 0018 308
1 0.028 11.0
Horn beam > 0023 700
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Fig. 3. Boltzmann transformation of the measured moisture profiles.
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Table 4. Diffusion coefficients over the whole moisture region by Boltzmann method, D=exp (ao

+ am + ax m® +az m)

Species I()nulrodrigr)l o a a a R?
1 2242 3575 6967 3394 006
Hemlock 2 23 1873 4065 1983 081
. o 1 214 5607 8212 2728 031
Softwood Radiata pine ) _21.852 —2.655 2263 g 0;5
S 1 2144 4180 9061 3822 062
pruce 2 2146 -6449 8893 2594 085
. 1 -1996 1026 1882 7299 066
Painted maple 2 2539 1575 1971 0508 075
) 1 2102 4526 7627 0410 064
Hardwood  Japanese elm > 2174 0057 6971 8768 082
1 2135 3783 1304 0921 076
Horn Beam 2 2145 69% 2054 1284 082
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Table 5. Diffusion coefficients at the nonhygroscopic region by Boltzmann method, D,=exp (ao

+ am + ax m® +az m)
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