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Air Permeability of Softwoods
Imported from the Russian Far East’!

Woo-Kuen Jee™ - Gyu-Hyeok Kim™

ABSTRACT

Air permeabilities for both sapwood and heartwood of the three softwoods(Picea jezoensis, Larix
gmelini, Pinus sylvestris) imported from the Russian Far East. in the three different structural direc-
tions were measured using steady-state rotameter method. After measuring permeability. the lig-
uid absorption into the longitudinal permeability specimens was measured, and then related with
the measured permeability. The longitudinal permeability was overwhelmingly greater than the
transverse permeability. with the radial direction showing higher permeability than the tangential
direction. There appear to be species differences in permeability of the three softwoods. The mean
longitudinal sapwood permeability of P. jezoensis (3. 300darcy) and P. sylvestris(3.028darcy) were con-
siderably greater(ca. 25times) than that of L. gmelini{0.134darcy). Also the average longitudinal
heartwood permeability of P. jezoensis(0. 300darcy) was about 10 times as great as that of P.
sylvestris (0. 029darcy) and L. gmelini(0.024darcy). The average calculated radius of pit openings in
the heartwood was 0.101um for L. gmelini, 0.152um for P. sylvestris for. and 0.703um for P. jezoensis.
Heartwood permeability increases with the increase in radius of pit pore and the decrease in ring
width and in extractive content. even though the correlation between permeability and its affect-
ing factors was dependent on species. However. there was an inverse relationship between specific
gravity and permeability, showing poor correlation between them. The correlation between air per-
meability and liquid retention was fairly high. so it was revealed that prediction of ilquid absorp-
tion into the wood by using permeability was feasible.

Keywords | Air permeability. liquid absorption, Picea jezoensis, Larix gmelini, Pinus sylvestris, Russian
Far East
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Table 1. Description of sample logs of test

species’!,
) . o
Species Age Diameter Groyvth rate? Percent
(years) {em) (rings/em) heartwood
Picea jezoensis 128 31 4.1 73.3
Larix gmelini 185 27 6.7 93.3
Pinus sylvestris 126 26 4.8 81.5

*1 All values average ones of three logs,
*2 Tree age divided by diameter at breast height.
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Fig. 1. Procedure for permeability sample prepa-
ration.
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Fig.2. Appartus for permeability measurement.
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heartwood.
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Table 2. The mean values of longitudinal permeability at different radial positions by species .

Specific Ring Alcohol-benzene Permeability™
Species Position gravity width extractives .
(mm) %) Range e STD®
Picea Heartwood
Jezoensis Hi1 0.38 1.09 1.13 0.094~0.391 0.236 A*4 0.116
H2 0.41 0.60 1.03 0.182~0.488 0.336 A 0.089
H3 0.42 (.48 0.93 0.235~0.439 0.326 A 0.069
Avg. 0.40 0.72 1.03 - 0.330 -
Sapwood 0.39 1.09 0.79 1.334~5.694 3.300B 1.201
Larix Heartwood
gmelini Hi 0.47 1.33 1.60 0.018~0.027 0.023 A 0.003
H2 0.47 0.86 1.15 0.019~0.034 0.025 A 0.005
H3 0.49 0.67 1.06 0.020~0.026 0.024 A 0.002
Avg. 0.48 0.95 1.27 - 0.024 -
Sapwood 0.45 0.50 0.49 0.099~0.209 0.134B 0.041
Pinus Heartwood
sylvestris H1 0.32 3.00 2.01 0.011~0.034 0.024 A 0$.007
H2 0.34 1.71 1.99 0.019~0.026 0.024 A 0.002
H3 0.35 2.00 1.73 0.024~0.097 0.045 A 0.030
Avg. 0.34 2.24 1.91 — 0.029
Sapwood 0.34 0.57 0.98 2.856~6.237 3.028B 1.258

Longitudinai permeability (darcy)

*1HI1, H2. and H3 are inner-, middle- and outer position of heartwood, respectively.

*2 The values are measured at the pressure of 20mmHg,

*3 STD represents standard deviation.

*4 Mean values followed by the same letter are not significantly different (2{0.05) using Duncan’s multiple
range test.
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Table 3. The mean values of transverse permeability (darcy) by species™.

Picea jezoensis Larix gmelini Pinus sylvestris
Heartwood Sapwood Heartwood Sapwood Heartwood Sapwood

Radial permeability

Range 0.0006~0.0018 0.0051~0.0224  0.0003~0.0007 0.0017~0.0087 0.0001~0.0018 0.0019~0.0086

Mean 0.0013 0.0150 0.0004 0.0046 0.0013 0.0052

STD™ 0.0003 0.0057 0.0001 0.0023 0.0005 0.0023
Tangential permeability

Range 0.0005~0.0016 0.0018~0.0045  0.0001~0.0003 0.0008~0.0048  0.0006~0 0012 0.0006~0.0024

Mean 0.0010 0.0024 0.0002 0.0018 0.0008 10013

STD 0.0004 0.0008 (.0001 0.0011 0.0001 0.0005

*1 The permeability was measured at the pressure of 20maHg.

*2 STD is standard deviation.
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Table 4. Ratioof longitudinal, radial, and tan-
gential permeability values measured
at the pressure of 20mmHg.

LR T ratio R

Species Extreme range
(Mean values)

P. jezoensis

Heartwood 300:1.3:1 976 : 1

Sapwood 1.380:6.3:1 3.163: 1
P. sylvestris

Heartwood 39:1.6:1 162 1 1

Sapwood 2,970 1 4.0:1 10,395 : 1
L. gmelini

Heartwood 120:2.0:1 340 1 1

Sapwood 75:2.6:1 261 : 1

*1 Ratio of highest longitudinal permeability to
lowest tangential permeability observed.
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Table 5. The mean values of pit-pore radiusand
numbers per unit area for heartwood
by species.

- e Radius Numbers
Species  Pusition™ () a Ozf’cmz;
P.jezoensis  Hl  0.227+0.028 A  4.945+2 378
H2  0.551+0.105 B 4844332
H3  1.33140.242 C 18412
Avg. 0.703 1.815

L. gmehini Hil 0.097+0.016 AB
H2 0.079+0.023 A 17.79%+%14.555
H3 0.128+0.023 B 4,004x1.922
Avg. 0.101 8,961

5,083+2.468

P. sylvestris  H1 0.111£0.047 A
H2 0.096x0.006 A 11.175 23,626
H3 0.250%0.039 B 639 =267
Avg. 0.152 7.788

11.550 £7,590

*1 H1. H2, and H3 are inner-. middle- and outer
position of heartwood. respectively,

*2 Means values followed by the same letter are not
significantly different(2(0.05) using Duncan's
multiple range test.
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