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SUMMARY

I. PROJECT TITLE
Development of vacuum-press drying technology for structural softwood

lumbers and woods for special goods,

1I. RESEARCH NECESSITIES AND OBJECTIVES

Demands of wood worldwide have been increasing and timber resources have
decreased every year, A lot of timber has been imported from foreign
countries because of the shortage of timber resources, and rate of
self-supply is only 5 percent of total timber supply in Korea. Efficient
utilization of timber is a very important matter.

Various wooden items are manufactured through drying and machining
processes from logs. Green lumbers must be formally dried to equilibrium
moisture content(MC) for the improvement of qualities, lengthening of
service life, decrease of wastes and safety of wooden structures because
green lumber could develop drying defects such as staining, checking and
shrinking in use, Wood is usually air dried or kiln dried. The air drying
of wood required the long drying time, and could not dry below air dried
MC and drying defects occur. However, drying time is shortened and energy
comsumption increase with the kiln drying of wood, Large structural lumber
such as pillars are difficult to dry because of the occurrence of severe
drying defects and the very slow drying of timber, Also it is susceptible.
to check for tree disks, easy warping and waviness for thin decorative
veneers, These materials have a high drying degrade and poor quality in
the case of low permeable wood. Elevated temperature under atmospheric
pressure speeds up the drying rate, and drying defects occur easily due to
the reduction of wood strength. Severe end checks occur rapid end drying

of tree disks at elevated temperatures, Therefore, the method for reducing
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drying defects and increasing drying rates for large structural lumber,
pillars with pith, tree disk and decorative veneer is a very important
matter, Vacuum drying is essentially high-temperature drying in the
effects of the drying rate without the dangers of the defects at low
temperatures., The vacuum-press drying method in this study expects the
maximum safe drying rate and to save energy consumption in that the heat
is transferred to the lumber by direct contact with hot-water heated
plates,

The objective of this research was to elucidate proper drying
temperature and vacuum-press drying characteristics of structural softwood
lumber, pillars with pith, tree disks for wood crafts, and decorative
hardwood veneer, especially the reduction of warping for pillars with high

proportions of juvenile wood.

Ilf. CONTENTS AND SCOPE OF THE RESEARCH
This project was the development of vacuum-press drying technology for

structural softwood lumber and material for special uses as follows :

1. Development of Vacuum-Press Drying Technology for Structural
Softwood Lumbers

The species used were red pine(Pinus densiflora), white pine(Pinus
koraiensis), larch(Larix  leptolepis) and western  hemlock(Tsuga
héterophyl.la). The lumber thicknesses were 3, 5, 7, 9 and 1lcm.
Vacuum-press drying characteristics such as internal temperature, drying
rate, MC distribution, shrinkage, drying stress, check, warp and
strengths, electrical energy consumption and costs for 3, 5, 7, 9 and 1lcm
thick lumber were determined by applying mild, intermediate temperature
and severe drying schedules. The proper drying schedules were recommended

based on the drying rates and amounts of checks,
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2. Development of Radio-Frequency/Vacuum plus Mechanical Pressure
Drying Technology of Woods for Special Goods

1) Development of Radio-Frequency/Vacuum plus Mechanical Pressure

Drying Technology of Pillars for Heavy Frame

OStudy on a technology of low pressure steam explosion treatment in
order to shorten drying times and to prevent from surface checking

QObDevelopment of a stacking technology to reduce an expansion in
width of longitudinal kerf

QOlnvestigation of effects of radio-frequency/vacuum plus mechanical
pressure drying on prevention of drying defects

OAnalysis of a required electrical powers during drying

2) Development of Radio-Frequency/Vacuum plus Mechanical Pressure

Drying Technology of Log Cross Sections for Wooden Artifacts

Olnvestigation of shortening drying times and preventing from heart
checks by radio-frequency/vacuum plus mechanical pressure drying
process

OStudy on a control of shrinkage and a prevention of V-shaped cracks
by mechanical pressure during radio-frequency/vacuum drying process

(ObDevelopment of a stacking technology of log cross sections in order
to prevent from V-shaped cracks

OhAnalysis of a required electrical powers during drying

3) Development of Radio-Frequency/Vacuum plus Mechanical Pressure

Drying Technology of Decorative Veneers

ObDevelopment of a technology of shortening drying times and
prevention of burhing in a radio-frequency/vacuum plus mechanical
pressure dryer

ObDevelopment of a technology of reducing end waviness through
mechanical pressure during radio-frequency/vacuum drying

Olnvestigation of optimum thickness of each stacking layer within a
bundle of veneers in a radio-frequency/vacuum dryer

-12 -



(OStudy on the characteristics of infrared radiation drying of
veneers
QOAnalysis of a required electrical powers during drying

IV. RESULTS AND SUGGESTION

1.

A,

1)

2)

3)

Development of Vacuum-Press Drying Technology for Structural

Softwood Lumbers

Reéults

The internal temperature of the wood rose rapidly to a set point and
did not show an apparent difference between species and lumber
thicknesses. The small temperature gradients in the thickness
direction will contribute to the even drying of lumber,

A high drying rate was revealed by a severe drying schedule, Drying
curves are close to linear from the initial MC to about the MC of 20
percent, and then curvilinear below the MC of 20 percent, and
decreased curvilinearly as the lumber thickness increased. Effects of
lumber thickness on the drying rate were smaller than those of
conventional kiln drying. Red pine and western hemlock lumber
exhibited a high drying rate and a low drying rate was exhibited for
white pine and larch lumber, Drying times of 3cm and 1llem thick
lumber were about 2 and 4 times faster than conventional kiln drying,
respectively,

Lumber exhibited steep moisture gradient above fiber satuartion
point(FSP) and gentle moisture gradient in the thickness and
longitudinal direction below about the MC of 15 percent. Moisture
gradient did not exhibite an apparent difference between drying
schedules, and increased as lumber thickness increased. Moisture
gradients of red pine and western hemlock lumber were more gentle

than those of white pine and larch lumber,
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4)

5)

6)

7)

Thickness and width shrinkage proportionally increased as MC
decreased from the initial MC. Thickness shrinkage of dried
quartersawn lumber was higher than the width shrinkage, but there
" waere remarkable differences between thickness and width shrinkage
for flatsawn lumber, The shrinkage of Qacuum—press dried lumber was
smaller than that of kiln dried lumber and normal shrinkage,
Drying stresses increased as MC decreased during the early stage of
drying, and then remained nearly constant or decreased in the region
of a lower MC. Dried lumber exhibited very slight drying stress, The
drying stress of dried lumber did not exhibit a constant tendency
between drying schedules and lumber thicknesses,
The amount of end and surface check of dried lumber did not show a
constant tendency between drying schedules and lumber thicknesses.
The percentage of lumber that was end checked and maximum length of
end check increased as lumber thickness increased. Maximum length of
surface check increased as lumber thickness increased but there was
no relationship Eetween the lumber thicknesses for the percentage of
lumber that were surface checked, No internal checking appeared in
all the species, thicknesses and drying schedules, The quality of
dried lumber belonged to commonIby classification based on the
amount of checks using the existing standards.
The vacuum-press drying process resulted in small values in bow, cup,
crook and twist, Warps were not significantly affected by drying
schedules. Bow and crook of white pine, larch and western hemlock
lumber decreased and twist increased as lumber thickness increased.
The amount of warps were small for white pine and western hemlcok,
moderate for red pine and large for larch lumber. The degree of

warpage in this study was generally within tolerable levels,

8) Equilibrium MCs of vacuum-press dried lumber were lower than those of
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air dried lumber, Compressive strength parallel to the grain, MOR and
MOE of vacuum-press dried lumber were higher than those of air dried

lumber,

9) The electric energy consumption increased as MC decreased. The

10)

11)

electric energy consumption curves were split into three sections ;
Energy consumption increased rapidly above about FSP, remained
almost constant, and then increased rapidly. Electric energy
consumption increased as lumber thickness increased, Energy
consumption of vacuum-press drying was lower than kiln drying or the
high frequency vacuum drying process. The costs of electric energy
per cubic meter of lumber were 3,106 won for 3cm thick lumber and
5,972 won for llem thick lumber.

The vacuum-press drying process could rapidly dry and save a lot of
energy up to 15 percent of the MC from the initial MC, vacuum-press
dried lumber has a gentle moisture gradient, very slight drying
stress, low shrinkage and warps, no internal checking and good
mechanical properties, Therefore, structural softwood lumbers can be
economically dried by vacuum-press drying.

A proper drying schedule can be recommended a severe schedule for
below 7cm thick lumber and intermediate temperature or severe
schedule for above 9cm thick lumber of red pine. Also, recommended is
a severe schedule for below 5cm thick and intermediate temperature
schedule for above 7cm thick lumber in the case of white pine,
intermediate temperature schedules for all thickness of lumber in
case of larch, and a mild schedule for below 9cm thick Ilumber and
intermediate temperature schedule for llem thick lumber in case of

western hemlock(Table 2-2-4).
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B. Suggestion for application

1) Four species and five lumber thicknesses can be applied by one of the

drying schedules,

2) Lumber ranged from 3cm to llem thickness except the nominal thickness

mentioned can be applied by modifying the drying schedule.

3) Other softwood lumber excluding species used can be applied by
modi fying the drying schedule.

4) Cabinet lumber for furniture, interior wood-work and the like can be
applied by modifying the drying schedule,

5) The vacuum-press drying process had high drying efficiency for
thicker building and cabinet lumber,

6) The vacuum-press drying process can be applied for very large
structural material such as those used in the repair and
reconstruction of old palaces, temples and traditional houses,

7) Lumber prone to warp such as fast grown species, Jjuvenile wood
including small diameter log, reaction wood and wood with irregular
grain can be dried kept flat and straight by the vacuum-press drying

process,

2. Development of Radio-Frequency/Vacuum plus Mechanical Pressure

Drying Technology of Woods for Special Goods

1) Development of Radio-Frequency/Vacuum plus Mechanical Pressure Drying
Technology of Pillars for Heavy Frame

A radio-frequency/vacuum plus mechanical pressure(RF/VP) drying

process was significantly effective in shortening drying times and

preventing surface checks, blue stain, and resin exudation during

accelerated cycling test when pillars with 11 cm by 11 cm in cross scetion

of some domestic softwoods were dried. A RF/VP drying ability of the
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softwoods with poor permeability and high initial moisture content could
be significantly improved by the low pressure steam explosion treatment
(explosion treatment),

We suggest that the RF/VP drying technology is very useful for a
drying process of pillars and posts for heavy frames in Korean traditional
wooden construction,

The important results are as follows:

It can be seen that a longitudinal kerf play a role as efluent of the
inflated airs just after explosion because the drops of wood temperature
was larger in pillars with longitudinal kerf than pillars without
longitudinal kerf,

RF/VP drying times from green to in-use moisture content of outdoor
building materials were 66 hours to 138 hours, and they were very short
compared to residence times in a conventional kiln and air drying times of
other reports about drying of pillars,

Drying rates of larch pillars with and without longitudinal kerf
were prominently accelerated in above 30% moisture content by explosion
treatment, while there was little effect during late drying stage. Drying
rates of pillars of pine, pitch pine, and Korean red pine were not
accelerated by the explosion treatments,

Surface checks were significantly prevented by logitudinal kerfing,
but an explosion treatment and continuous press showed no relations to
controlling surface checks,

Expansion in width of longitudinal kerf was very slight in
continuous press, and it was dramatically reduced by continuous press when
the explosed pillars were stacked for mechanical pressure to apply
perpendicularly to longitudinal kerf,

Resin exudation did not observed during accelerating cycle test,

and blue stain during drying was very slight for Korean red pine,
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2) Development of Radio-Frequency/Vacuum plus Mechanical Pressure Drying
Technology of Log Cross Sections for Wooden Artifacts
" Log cross sections without any drying defects such as heart checks,
sapwood checks, V-shaped cracks could be produced with high yield, and
drying times were shortened by a radio-frequency/vacuum plus mechanical
pressure(RF/VP) drying process.

We suggest that the results is so useful for utilizing domestic low
quality logs such as small logs in diameter, crooked logs, and large limbs
as materials for wooden artifacts with high added value, and the
technology should be developed continuously,

The significant results are as follows:

RF/VP drying times from green to in-use moisture content of wooden
artifacts were approximately a week for most of drying tests.

Drying rates during early drying stage were more largely effected by
ventialted caul than'by end-taping treatment,

All log cross sections except 7.5 cm-thick pine log cross sections
were so slightly defected by heart checks,

Inserting ventialted cauls between log cross sections and electrode
plate had not direct effect on preventions of heart checks, sapwood

checks, and V-shaped cracks.

3) Development of Radio-Frequency/Vacuum plus Mechanical Pressure Drying
Technology of Decorative Veneers

All decorative veneers used in the drying test could be dried within
very short time without checking, end waving, and burning in a RF/VP kiln,
Stacking veneers in a RF/VP kiln was very easy because they were
close-piled with a bundle which is consist of several hundred sheets of

veneer,
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The results will contribute to improve a veneer quality, to increase an
yield of sound veneer, and to curtail drying cost.

The significant results about RF/VP drying of decorative veneer are as
follows:

About 3300 sheets of veneer were dried within sixty five hours from
green to in-use moisture content of decorative veneer by RF/VP drying
process, Final moisture contents of veneer were more largely related to
initial moisture content than related to veneer thickness and veneer
grain,

There was little variation in final moisture contents among stacking
layers within a bundle after RF/VP drying.

Checking was occurred more seriously in the flat sliced veneer than in
the quarter sliced veneer, and veneer thickness has little effect on
formation of checking during RF/VP drying,

End waving was never observed in RF/VP-dried veneers, and RF/VP drying
was more effective jn controlling end waving than infrared radiation
drying. In an infrared radiation drying process end waving was more severe
in flat sliced veneers and thick veneers,

No burning was observed in all tested veneers during a RF/VP drying

process and an infrared radiation drying process,
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A& AL A 72y 4.

Table 2-2-1. Fundamental properties of lumber for mild drying schedule.

s I 27
4% A FA  ags AAE SR
(%)

(m) (m)  (m) (%)
3 3.1 4.4(1.0) 76 (22.6) 0.43 (0.03) 78.5 (19.9)
5 5.1 3.6 (0.9) 29 (32.1) 0.44 (0.05) 23.7 (8.3)
AR 7 6.8 3.6 (1.2) 8 (22.3) 0.48 (0.08) 28.1 (13.0)
9 9.1 3.6(1.2) 77 (24.5) 0.45 (0.04) 93.4 (29.9)
11 11.2 3.7 (1.3) 0 (33.0) 0.47 (0.05) 62.3 (23.8)
3 3.0 2.9(11) 3 (9.77) 0.40 (0.04) 89.6 (39.3)
5 5.2 2 (1.4) 5(7.22) 0.38 (0.01) 37.8 (12.6)
ALE 7 7.3 5.9 (0.8) 100 (4.4) 0.39 (0.01) 43.9 (7.8)
9 9.1 4.8 (1.6) 81 (29.0) 0.40 (0.01) 34.7 (5.8)
11 11.3 5(1.4) 85 (14.7) 0.44 (0.03) 34.1 (6.2)
3 3.0 4.1(1.0) 99(2.3) 0.47 (0.03) 32,7 (2.9)
5 51 4,2(0.8) 96 (5.6). 0.53(0.04) 26.9 (18.2)
Ul 7 6.9 3.8 (0.9) 0 (12.2) 0.58 (0.05) 29.6 (19.2)
9 9.3 4.7(0.8) 91 (3.3) 0.46 (0.04) 38.4 (8.8)
11 11.4 5.0 (0.6) 87 (4.0) 0.49 (0.04) 40.1 (7.0)
3 3.1 1.7 (1.7) 47 (36.3) 0.37 (0.02) 52.7 (20.7)
e 5 5,0 6.2 (1.1) 100 (0.0) 0.36 (0.02) 21.0 (2.2)
- 7 7.1 7 (1.4) 100 (1.4) 0.36 (0.02) 23.4 (17.3)
s 9 9.2 4.6 (0.7) 60 (15.3) 0.34 (0.02) 70.9 (14.7)
11 11.1 4.9 (0.8) 86 (25.2) 0.32 (0.01) 56.1 (16.7)

() BEUAY
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Table 2-2-2, Fundamental properties of lumber for medium temperature

drying schedule,

J1E AlA B e 7]
35 K4 FA ik 2 “(%) a1 F &
(em)  (cm) (mm ) (%)
3 3.0 2.9(0.8) 13 (30.4) 0.45 (0.02) 100.8 (20.1)
5 5.1 3.7 (1.3) 72 (35.9) 0.45 (0.03) 59.4 (24.4)
AUR 7 7.0 4.6 (1.2) 24 (35.0) 0.43 (0.02) 97.5 (33.6)
9 9.2 4.6 (0.8) 70 (6.4) 0.48 (0.08) 59.0 (19.9)
11 11.6 4.6 (0.9) 76 (9.4) 0.42 (0.03) 65.3 (14.2)
3 3.0 4.3 (0.8) 55 (42.7) 0.44 (0.02) 51.6 (23.8)
5 5.2 3.5 (0.8) 91 (13.7) 0.43 (0.02) 70.4 (25.0)
A 7 7.0 4.7 (1.1) 65 (29.0) 0.42 (0.03) 44.0 (16.1)
9 9.1 3.4 (1.2) 42 (18.4) 0.39 (0.01) 75.2 (28.0)
11 11.3 3.8 (1.6) 42 (17.2) 0.43 (0.04) 58.9 (21.9)
3 3.0 5.2(1.7) 94 (14.6) 0.54 (0.05) 35.3 (5.7)
5 5,01 5.9 (1.9) 94 (11.3) 0.49 (0.03) 32.2 (4.3)
s 7 7.2 4.8 (0.7) 90 (11.3) 0.46 (0.05) 39.2 (5.9)
9 9.1 4,4 (1,3) 100 (5.2) 0.58 (0.05) 42,5 (6.4)
11 11.5 4.0 (1.0) 95 (5.7) 0.45 (0.05) 35.3 (6.3)
3 3.0 3.8(3.5) 58 (41,7) 0.38 (0.03) 66.4 (17.4)
Aad 5 5.1 4.6 (2.3) 100 (0.0) 0.40 (0.03) 74.1 (18.4)
7 6.9 4.9(0.9) 71 (21.2) 0.39 (0.02) 76.9 (15.5)
ws 9 9.2 4.8(1.8) 78 (18.2) 0.36 (0.02) 28.1 (15.5)
11 11.3 3.8 (2.3) 73 (24.6) 0.40 (0.03) 31.6 (7.3)
() EEEAY
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Table 2-2-3. Fundamental properties of lumber for severe drying schedule,

| A1E AA B RErS %7
% FA ¥4 AEF "(%) A=) F g

(ecm)  (cm) (mm) (%)
3 3.0 3.5(1.6) 96 (8.9) 0.44 (0.03) 49.5 (24.4)
5 4.8 3.4 (1.8) 21 (27.2) 0.45 (0.03) 57.1 (28.1)
AUR 7 7.0 3.0 (0.8) 40 (46.1) 0.46 (0.04) 65.9 (26.1)
9 9.2 2.7(0.6) 33(48.8) 0.47 (0.06) 30.1 (23.9)
11 11.0 3.1 (1.6) 64 (24.5) 0.43 (0.04) 49.0 (17.0)
3 3.0 2.6 (1.0) 68 (42.9) 0.42 (0.03) 42.1 (10.5)
5 4.8 2.8 (1.6) 80 (20.0) 0.40 (0,02) 52.4 (12.2)
AR 7 7.0 7 (2.4) 94 (8.0) 0.41 (0.02) 60.6 (15.6)
9 9.1 4.3 (2.8) 61 (46.4) 0.40 (0.01) 53.1 (9.6)
11 1.0 3.2 (2.4) 80 (24.2) 0.43 (0.02) 44,5 (12.4)
3 2.9  7.7(2.2) 93(9.2) 0.51 (0.04) 30.6 (3.1)
5 4.8 5.3(1.9) 93(9.6) 0.52 (0.04) 45.0 (7.0)
vgs 7 7.0 7 (1.2) 93 (9.9) 0.52 (0.05) 43.8 (6.5)
9 9.1 4 (1.7) 89 (10.0) 0.48 (0.04) 39.3 (14.5)
11 11.0 5.1 (1.5) 94 (8.3) 0.49 (0.05) 38.2 (7.2)
3 2.9 1.8 (0.7) 97 (10.3) 0.38 (0.02) 79.7 (33.2)
daw 5 5.1 1.2 (0.3) 82 (22.5) 0.38 (0.03) 63.2 (24.6)
ha 7 6.2 1.2 (0.4) 100 (0.0) 0.37 (0.02) 42.3 (10.6)
uE 9 9.1 2.4 (0.4) 100 (0.0) 0.35 (0.02) 56.5 (20.4)
11 12.0 1.2 (0.3) 100 (0.0) 0.36 (0.02) 28.0 (2.8)

() Z&HA
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Table 2-2-4. Vacuum-press drying schedules for the controlling moisture

content,
REE
AT PEe(%) d22=(1C)
(cm) A R A3E ZTVEE AAE AW AvaE
>40 73 75 77
40~30 78 80 82
32} 5

30~20 83 85 87
<20 88 90 92
>40 71 73 75
40~30 76 78 80

7
30~20 81 83 85
<20 86 88 90
>40 69 71 73
9 40~30 71 73 75
30~20 81 83 85
<20 86 88 90
>40 69 71 73
: 40~30 69 71 73

1
30~20 79 81 83
<20 84 86 88
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Figure 2-2-1. Vacuum-press drying kiln and lumber stacking.
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a7 2-2-2. A23Y AJHA =39 ¥ He 4.
Figure 2-2-2, Method of quantifying displacement of prongs in drying
stress test,
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A3d Az d 2

1. 54 yH-2x a3

ZF72E AAES HLY AFARZ Y & MY AR F 44-F
& 5%A(3, 5, 7, 9 ¥ 1lem) A FA) FE W= IH 2-3-1~2-3-5
o} Zrl

Ztduto] 27] AL E(set point)o] EWdHe A|ZHE JAH Az FA
upel Atolslglrt. 27 MALES] EWdH= Al FA7F 3, 5 W Tem H2H
A9 1.5~2,5A17t M ZA A FAIZto] FHY Xolzp gAAAIRE, FA 9em
AAe] AL 3AIZE, 223 llem ALY BEE MKANBE £8F 9= vl
EAL AANLAFE 27 AL EUshe £8FE A2 =Frt ol
Ze A A FA 371300 et FA YREE o] L85 = o
Yzl7t wlgiste] E71Es 22 dRigcia s

7 3em A2 AS stdgto] 7] HFLXE 75T =EsAE of +5E
2 A B33 2AM2 £k AUR 7428 72.0C, IAUFE 73.8%)
72,2C, Y4 75.1¢ 74.6C, 22| P2¥ PUEL 74,69} 73.8CE E}
UG v, E325E 71 259 AL A4t Wgkon 33 F453Y
LERALE uf- @ubsisdct,

7 5em A=Y F$ tgute] XL E 75To] EESINE o 4+FEE A
Ao E23 ZFAE 25E AU 74.09) 68.1TC, SHF- 71.88F 65.7C, H¢d
% 75.09} 72.1C, 23 Y49 WE 74,29 73.0CEA, ¥EZFLEL it
2xo ALY ozt ugty, ¥E3 FHF] LEF A= ¢ @xbsialc

7 Tem AAY] A tdto] 7] HFLE 73Co] =S o +35E
2 Ao ¥33 2AS Lxl AU 58,08 51.0°C, AR 70,09} 63.0C,
Jai4 69.2¢} 48.0C, 2L JAH HUF 62,99 33.0CEA TS A3}
3 ChE 420 ¥Rl iUt 2ERT AA Wekn, ¥33 F457Y
LEZAE ul$ Fodrlh 28U ol $EL JMEA O] 2,54 HaFe] E
Z2el JIgY 5o AP en, 53 FAUSUY SEHAME RSt
Ak

7] 9em A2fe] F$ vigute] 7] HAFLE 71T ZEIINE W +3E
A2e] BE23 2AX ex AU 6509 64,0C, AR 70,08} 68.0C, 4
g4 63.2%} 59.9C, 222 YA WEL 62.89 60.3CEA FUF-&E AT
e 439 2Ll 7l &ERT 3 WAy, ¥ A4S 2
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EZ A= sl

F2A 1lem A2 B9 JtdRto] 7] HAALE 71T EUSAL of 434
AL B33 FHF =L AUF 63,29 58,0C, IR 70,08} 62.0C,
A% 70.02} 58.0C, | YA PFL 64.59} 59.0CEA LR} Y%
EF2EE £ f4AY USR] A3 B3 22441 7k

7tggte] 271 7] A5 EEY olF 4433 55 A iR
CEE ARA0o] 2o wlel AxFog FSidn B3I FHUSNY 2
EZ A FAF LR Fopgth, I URLEE AARILEU 2492E
(plateau- temperature§ -FX|3}4tt. LU EE Haje] sldd 433 84 4
353U A 285 do] AR FHE olF uf o] AL UAAFA
A He Exo|t} |

2 479 sidnt gAY AFA2 hH stdate] ARtk FHolA &
Agel 3, U™t o]Fo|x|&= HMARX(press drying) E 333} Jjd A
342y 59 R8-S A By, Hittmeier 5(1968)2 EFUE 5 94
2] F7] 0.5¢4% R=F dutldRF Iol2E(core temperature)= 7}g7|
3 FE3] Foy e AYLEE KA AR AAR oLHEE
A A3 Aastdl. TULEL EXle A3 glojoptt sl UL EY 2
AHe 4% wel F3Po] ti2r] wiEe] Aolditiz Rusiglc). Wang F
(1975)2 F7 15mm red oak %txje] HFARo|M Fole] ILYLEY Fx|77
< BZETF 49T, WRELEE UEEo] ulal m$ 2 zlo]7} QLS B
gt9lth. Simpson 5(1988)2 QFRHUY F7 4Q1X] loblolly pine A|zj2] @zt
Az FHolREIF AULENA] Fosh=ul 7ldure] sgiede]l F71dg4E
Zota, Ewz FA2Y] LEH A= 0l LS Rasiyc)

Avramidis $(1994)2 F7)2} Fo] 9.1cmQl western redcedar ZIz|E§ 233}
AFAZRF AR FHolREE ARZRJ|o) FASED, FUHBZ A
Ao FYLE FE4F o gl AR FUFY FolREE 3~5A2HE¢t
F43] Aol 1ULxe =Y ¥ 2ANFE FAECL AHREI AA"
thE AAM3] Agstact. AU SxFAks ol A3, 4o Ay
+5 UE AALES B33l Jung 5(1998)2 FA9 Fol 10X1031%] =7
Y f28 dEAY A 13 JAFARF AT 5ANFE L0F
A3 AEHYE ALY FA3} FAYYY FAolEE MAMF Asdlgoen riE
FlEo P goton, SERARE AP} FANGolA AEs] IA U
Elioltt, EY Simpson(1987)2 F7 190X R 1alE g2 (blankets)
rdAol %t AFH AlG HEAZRF FH Fol2x AHeIML Az A
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A= aA o] utet W3t wido] olhg Rusgn),

Anti(1992)2 YERNHR 5 393 22 NYPAE nlo|AZ Yol AzolA
U222 AsetAeld Fx2E7t oF 100T7kA F48 Aasis= 7z 10
0TolA A2 AYSHA RASE boiling phase 7|7, Tel2 H-AEHY o3}
M SE7F AM3] Bedhs 71RoR FREE xS vYe Rasiyc)

A N2 AeLEd LEAAE UR $£E2 3U o|E4E, 28
B A2EYS A7) W AzARE 4 53 WHAY BAYL Yok B Y
TEES Wde JtdEs Az Pyel mal aols} glalch & A3 yp
SE= ol B3E 1y d2dd USR] oda o] B S gl
A U LEZANE UL ggol Aolsigln, stdnt oAl AT AR
WreEHste 388 g el g4l

€ Aol URLEL] Fazt ul fnisto] wlel Ex) iR Red 2®9
Aol7t &o1EA Hrl. 2EAlo|7t o RE URHeold FUY $EZu
2 AAZL Vel = UA HR, FA) UREd 42l =7 gA "ok
AUl FR8FA7E HojA Aol AzgHo] WA ok wetd Az
EI oS oWy £ & AL ATNE 4 Y3 Bx AN Az
TYYH AR H48e] HolgE SoiFn @A AzEXE dg + s
Z3 A3 F= Aoz 47Yr
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Figure 2-3-1. Changes of plate temperature and internal temperature of 3cm

thick softwoods lumbers,
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Figure 2-3-2. Changes of plate temperature and internal temperature of 5cm

thick softwoods lumbers.
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Figure 2-3-3. Changes of plate temperature and internal temperature of 7cm

thick softwoods lumbers,
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Figure 2-3-4, Changes of plate temperature and internal temperature of 9cm

thick softwoods lumbers,
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Figure 3-5. Changes of plate temperature and internal temperature of llcm
thick softwoods lumbers.

-850 -



2. A=, HFUSFE, A=A W A=

7. Az
4432 557 A= AL ARAASE AR P42 FAE vehd
2238 13 2-3-6~2-3-103 Prh TS AZAUN] HANE =

2-3-13} Zen, R e ul$ &odrh ARAHES ARLEI} BE4E 2
2IAY 71€71E el A2IJAY FAe 2USSESE T4E 20
TEAoldle A AY HHFoer AAgon, I o|FREH HFUSE
7 e AR FFoR Fisigct §3] A2FJAY 71&7= UEE 1054
To|3HEE ulf- fAgisiac.

AZZHe] I HIBA  Avramidis 5(1994)2 WA 9. 1cm western
redcedar Z}218] 233} AFAZ FHL A9 43 A4LE Uehigde, A2
Aol ESTH A2FAY FAZL 2Nk EY Avramidis 5(1996) HA
9.1cm western hemlock ZtA¢] 13y} FAR ZML HGE3Ho|A oA A
8] A ZAE Veicist O o] ERE JHAo R 7AsY LS Ry
T} Harris 5(1984)2 F7 2¢1%]9] red oak A& |AYL/ AR} 233} A
FA2L AR Fele fABEAT a2Fv AFARALL dU1ARY
RETH 179 &= SE BIstgdcl

€ A7 ARITH2] el redcedar?} western hemlock?] A3} -§-A}314l%|
gt red oak Zzh= Aoldtdct. YutHoE AFAXINLE FHELE, Exl
T2} B3 Fol wet &2l £ UAAR, dAE Azxlolx HdREy B
7 ¥&A2e 43 YelE Uehi 2 o[FREE HZAR 3 I
44 Yelg Ushiz Uk & 479 AzIME 4710z 2Fn AR
o A7 wel AREOPOISN AWHOT 248 Ushiz Rtk

U HE3H5e3 AxAL |
4952 557 A AL AzAASE HEUYSLES ¥ 2-3-29) Pt} =2
AR, ESE J1ELE 1Y AXY BF HEULEL R E FEHYSLEL] A
H-&7HA A=F

AL F2E AAFHoAN A=) wE FFEL 15%0|5}, 20%0]5} W
205228 LESIL AL, 1995), FRE 15%0]3}E 7|Eo 8 39S #
$ Az &E0)] el I EFEoA T& 15971 ARo] 20FHE Fth
3 HA ARALE 247 ARTHA FolRH, T 3em A A LAUE
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t 249} 542170l MR 429} 54412, JdSS 363 4247, 2" @
52 249} 36X A= 205t 2 5em AAY] A AUEE 308} 364
olal, ZNLR 549} 78X 7, PSS 483 547, HA¥ EL 249} 544)
Z B=olgdnt. FAl Tem A Zf- AUHE 549} 6042, PR 782F 1204]
L, GEES 729 84X, HaY WSS 489 84A1T A =olydcrh £ 9em
A2Re] ZFe AVHF 783} 16842, FE 963} 166X, Y42 849} 2164
2 A" 9SS 849 16621 P ol FA 1lem RA|zje] AL AUHE 90
3} 132412, AR 1029} 150417, g4 1083 198117, gAE HE 903
120/t BE2A 53 A Frlof ulel gt zlojzb Ut EE AHx|
FAL) W4E 30wl 15%71x) £0FE ARAZY BAE 2 2-3-113
3, ¥ 3cm, Scm, 7em, 9cm W 1lem A2 AARRF ARA L AL}Fe] FS
2tz 22.2, 31.8, 44.0, 55.3 [ 62.7A1Z7tol3, IR AL zhzt 24.9,
37.0, 58.8, 61,5 @ 100, 1x3tolm, g4 A9 22t 34,5, 4.7, 57.9,
97.4 Q 124, 4N 7o), QIa® $Ee] H9 ztz} 21.7, 20.6, 32.6, 54.5 Q
78.9A] Zrol gl

T3 naoM ARLQAZHE AUF9} dAY WEL Fotz, PR}
Ga$2 Al £33 AR B3 zlole] 71QH Rog Mz}
59 %0 e T A ARALANE 2J|USE3 HE2§S0] W
Ad, Ee FJEARSEI} S5 AUk 222 AzeEs) e H3
Az 2o FBL2 Az TV Z2/1E4F oS ot

2 A7 FA 9em A2 ARALAQAIZHE Avramidis 5(1994)0] R.2% W
B 9.1 B v} AFARY 23AtRTE A3 APT JPL|A=R
AlZH 2098 WA gokelh B AFAIE Higgins: Az Flo] ulE €7
ZA A 4(drying time factor)& F7] 474U A$ 0.48 71208 gy
FAZE 1424 3AX7HR] ZF7igel] whel ARAIZASE 1.00, 1.758} 2.858
A R o AL A Yol 283 Kollmman 5(1968)0] H7|ARALE
Az T2 vl &2 AFol wlwEYche ARt WA FHgrh el Perré B
(1995)0] HFARAIZLL FYL/|ARA R} 3~58) AE wlEcin Ry
Helel §3tae, ARAZL HEL FAL AANLEE o Adch AFA=R4A)
2 BAje] B3pd, ARLEYG ATE Fo] HLHAY, sldwt ¢gaja AR
JRALE 230 AFARAZRC] 2 ol 31903, A=) £ o] ulE
A2£8 220 @7]1A=0] visle gt Jga APSFEolA ARGEE )
T =837 wiEged duA £R7 F43] FUl8lA "l
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tl. AxS4:

1) 37 A24E vz

4% 5FAY & ARLASE XE-STE AFUSE7A] Ad=2ANT
2] Az4x9 Y4E 30%E 15%71R) Herlo] AREKEE ¥ 2-3-29) Pt}
AARINTY A2EEE £330 2I1¢4E3 HAFHUSEL Aozt 7] o)
ol AZ ulasir|h ojgAgl, Al es 5o AT 2S¢ 24
I HEULEOl £EFF ZA uvelyrh ¥4E 30sEE 15%71A] ARGEE
A2 FAN &ETE, FE2TI BEFE IAA UElND, 370 AxGE
£ 49 #8o] A 3, vl AUF, RGeS gk 3
4L Bz Aoliewt oflze} Aot W9 P4 Ao uwlrlME epRich,
2 A3 &L 2UFE AU Jd4L e AREEE A&l
g5 =8l

Cividini $(1995)2 7] 2.7cm &V A8 71d2 ¢tAlA] AgARNM
W24z 27188 HF5rEo] 27 949} 14%0)a ARLE7L 95CY
7% 4.26%/hro] o3, Z7|ES4EI HFUTEo] 24 6859 20%0]5L ARLE
7} 90CY A$ 0.97%/hr2 Bttt FAZ vt 3em FAE AUNE A=)
A&z} viaste] Ry F4t AUF A24T7 o A, £ dels
Az2L=E Y3, AXNFAE FASY, HFUEEo] Yoked Jd" ZoE
o Az},

2)AAFAN AXEE ¥

M FHY ARAHES F L3l Y& 0%5E 158A10]o A 4459 A
2 FAZ A2&GEE] vlae 33 2-3-12¢) Urh

Zt %29 %7 3cm, 5cm, 7em, 9em Y llem Hz2}e] HF ARGEE LUFE
o] A% ztz} 0.691, 0,532, 0.465, 0.314 W 0,246%/hro]3, FLIES] AL 27}
2} 0.620, 0.434, 0.268, 0.249 ¢ 0.157%/hro]m, ugd4e] AL 0,441,
0.356, 0.265, 0.175 W 0.130%/hro]3, $SI28l &) AL 0.707, 0.548,
0.462, 0.306 B 0.198%/hr24 ARETLE A2 FA7} 2745 wal 243
Z#4E VeIt A2GEE A FA7 S0Hel whel UE4£EL ol%A
g7} vlE A o2 F1817] wEe] Lgict

Kollmann 5(1968)0] ¥4it&2 437I% Z Al vldstn F7| LB A A=)
FAo yHUTHE =gl HFo] BEH, £ 978 AXREEE dIARSGE
Yo} $AY %S @ s R22 Uikt
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th. A2F U5E3 dxAARY AA

AZ2F ezl AxSGE I¥she A FA, 2784E QL AN F
ALY BAE Uehie HAY, =X oJ& U=} 1A Ax2HE& FY
¥ R AN E 2-3-37 Urh Q¥ A A, 2I¢4E W A=
AL AZ2F HeE 2T BA) ok olF ARAUA} Mol of A=
3 UrEE e £33 EEY 5+ At
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Figure 2-3-6. Drying curves of 3cm thick softwood lumbers by drying
schedule,
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Drying curves of Scm thick softwood lumbers by drying
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Figure 2-3-9. Drying curves of 9cm thick softwood lumbers by drying
schedule,
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F 2-3-1. A2 A2} A22HSE P4SM)I F2AZHt) T FHAA.
Table 2-3-1. Regression equations between moisture content(M) and drying time(t) for lumber thicknesses by
drying schedules, '
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~x =) &g Ax2AF FUeE Az2AF g aAx2AS
° 544 R’ LR R? A4 R’
3 M=48506e " 0.9544 M=69.959¢ “%“" 0.9897 M=61.767¢ " 0.8410
5 M=22.449¢ 20144 0.9744 M=47.56¢ %" 09247 M=51.001e %% 09584
AUR 7 M=29.945¢ 0084 0.9715 M=75.057¢ 02 09747 M=107.5¢ %™ 0.9706
9 M=64.703¢ 0B 0.9648 M=117.05¢ 0 09577 M=66.095¢ 2924 -0.9905
11 M=64.432¢ 01 0.9912 M=61.251¢ *19 0.9762 M=56.825¢ 201" 09143
3 M=45.862¢ "V 09813 M=41.509¢ *** 09353 M=73.374e " 0.9448
5 M=35.592¢ 0%« 0.9951 M=70.438¢ 01%t 0.9996 M=55.098¢e "% 0.9953
AT 7 M=45007e > 0.9985 M=45,065¢ "4 09955 | M=64.143¢°%* 09771
9 M=34.038¢ 0% 0.9930 M=89.249¢ 0018 0.9567 M=58541¢ 0% 0.9838
11 M=34.688¢ % 0.9978 M=71.38¢ 20 0.9833 M=48.832¢ ™ 0.9820
3 M=30.346e™"" 0.9844 M=31.523¢ W4 09820 | M=33749¢""*" 0.9904
5 M=28.307¢ %21 09784 M=31.882¢ 2015 0.9990 M=46511¢ %> 0.9962
3444 7 M=36.166e 201 0.9854 M=42.017¢ 201 0.9759 M=44682¢™ 0013 09771
9 M=44.804e 0%0%* 0.9758 M=35.417¢ 001 0.9920 M=38.452¢ = 0.9838
11 M=39.649¢ B4 0.9984 M=35.886¢ 2204 0.9970 M=39.796¢ *%* 0.9910
3 M=43.764e "% 0.9653 M=87.32¢5" 0.9494 M=46.132¢ 0.8826
-9 5 M=20.41e_:0*’0$:: 0.9846 M=74.378e:~$ 0.99838 M=65.283e'°§z" 0.9925
I, 7 M=349¢™ 0.9904 M=46.508¢ 0.9805 M=88.85¢ % 09732
N 9 M=66.999¢ 2% 09625 | M=59.93¢" 0.9700 M=72.045¢ 001" 09191
1 M=30.19¢ % 0.9489 M=32.699¢ 0™ 09737 M=58.675¢ *1& 0.9979



¥ 2-3-2. {F¥UTE, A= U HFE 0%l A 15x89]e] AZLE.

Table 2-3-2. Final MC, drying rates from initial MC to final MC, and from 30% to 15% MC.

okt AAE Zex: 2AE A% A&
23 =4 AZE%(%/h0) A22 % (%) , AZEE (%/hr)
i ?;m)] Final MC 30%e1 A | Final MC s0%elA | Fmal MC 30%1 A4
(%) AAZIT (%) AAFZ7T (%) ARz

15% 7} A 15% 71 A} 15% 7t A

3 65 060 065 108 087 058 56 132 0.84

5 85 021 031 8.1 071 058 6.1 071 0.70

207 7 86 0.14 018 9.0 0.79 062 50 077 060
9 119 0.25 018 77 051 033 83 0.54 0.44

1 10.0 031 025 246 036 020 129 0.33 0.30

3 88 0.46 0.49 59 064 065 84 1.60 073

5 130 030 030 80 062 057 171 074 042

3 7 12.8 022 0.19 84 0.30 031 2.1 053 0.30
9 67 0.17 0.20 77 035 026 11.0 0.39 029

1 151 0.20 0.19 139 0.18 0.12 98 0.18 017

3 94 030 037 71 033 046 69 0.39 0.50

5 116 021 026 107 0.30 033 95 0.49 0.48

gas 7 169 0.26 023 104 0.30 032 196 0.34 0.25
9 180 0.13 0.10 129 0.23 022 151 0.5 021

1 10.0 0.09 0.10 137 0.13 0.11 179 023 0.18

3 ] 056 057 65 111 082 52 0.8 0.74

arg 5 73 0.19 0.33 97 0.90 062 66 0.79 0.70
b 7 82 035 0.44 85 0.47 0.49 100 0.70 0.46
= 9 117 0.24 0.18 110 0.47 036 105 052 0.38
11 123 0.16 0.9 159 0.16 0.16 83 028 025
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¥ 2-3-3. A2F ¥5e3 A4S GYsHs AN BA
Table 2-3-3. Relationship between moisture content and factors that

influence drying rate,

TF 2A & 34 R*
FH2AE M = 31211t + 02958 - 0.2234T - 0.5863 0.6789
AR F27A1% M = 27181t + 047311 - 0.4465T - 6.8437 0.6167
Beg2AZE M = 46032t + 025271 - 0.5051T - 2.0466 0.6729
% M = 34301t + 0.2940I - 0.2923T - 0.0808 0.5146
g AAE M = 14106t + 058001 ~ 0.1496T - 2.7806 0.6959
AL} F72k241% M = 51001t + 0.4060I - 0.1876T - 19.1847 0.7639
T Be2AE M = 36306t + 0.28671 - 0.2555T - 1.3154 0.6071
% M = 3.2087t + 0.38911 - 0.1645T - 81739 05757
P 2AE M = 17283t + 0.53941 - 0.0989T - 1.9559 0.7402
NYEPY F2AE M = 24071t + 047251 - 0.1492T - 5.7102 0.5839
Za2AE M = 1.8561t + 045621 - 0.2479T + 2.7736 0.7902
% M = 1.8382t + 0.4638] - 0.1014T - 3.0779 0.5782
g 2AE M = 23192t + 047531 - 0.1603T - 6.5001 0.6030
as F2AE M = 41148t + 025411 - 0.4415T - 0.0115 0.5719
B Ba2AE M = 44224t + 041691 - 0.3597T - 12.4387 0.7641
% M = 3.2827t + 0.3388I - 0.2426T - 5.8036 0.5665

# M=858(%), t=AA FA(cn), =273 &%), T=234Zk(hr)
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Figure 2-3-13. Transverse moisture content distribution of 3cm thick

lumber during vacuum-press drying,
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Figure 2-3-19. Transverse- and longitudinal moisture content distribution for lumber

thicknesses of western hemlock,
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4. AzxF3 AxHAY FAY ¥ +5&

7l. 423 ¥4 589 A

442320 F7 5eme} 7em ALY ARF ¥4& FAY F 458 A=
a7 2-3-203 Zth Hego| ALY uiEl FAY F 4582 vl
Z718tgch. {482 BABRY 15552717 Ae Moz ALsdn, L
O FRE|E ZFMFog ATt ARIJHML /1877 E4F 4$3te] T
o F £589 7|&7E #AFcl

+%&L F7 5me} Tem Ao FIY o]} gidich. FAY F +&E
Zte] zlole $E3} A FAl ulg} tia o7t vehta dded, ole o
F218) 7|9} BHEH ZoE gAML & FHY Ff T 58 FoA
3 F £&80] AR, HY F9Ee FEIG UEde] UrhiA Hr)h £
A7 FAAE dFELS 28A U1 YR mixed graing M= 71
¥ Aoz AHct

Baj 4go] HREHF o322 Z4HY AAY «EYUE #5314 =
Tl durF o 83l glE EHal MAAze FPAUAR ol By
BEgego] HFE3AE ojME HHAo] dojildl, ol EFE HF
E3Hg ol3l2 AxHIL UFS ARERY ol Fprh ol ol ©ist
o Kollmann 5(1968)0] 2lstd EHal £&&L2 AN P48 225 E&= 25%
Helalo] RN FHH g FUIBitrl Y& 22~24% o|SHEE] ARFHOR
of wie} JMHo g FURicin Rastgct

£ drdzes By 27%4pE0] vy &2 AN Sem W 7om A&}
GeiS Tom ALY £HEL AR P& 2Ux oYM E o] ALY
o] uwle}l FJHFer Frislale vl ZHdR ANA AFA=ANES HeEHd 4
82 AL YLD A4 vif Fold & 4 ) oleh T2
Aol Faj2] AJAAZR = VYL AR AFFo & $£EAAE UehidA
AzFolZAu, 7l AA AFAREY A FAYYY =AW 3
3, wetd, $AR7 vay FUT AR A FUY 4Fo] a4lo] HE
R gl

U. A28 $4&

1933 A FAY 21U4EVH AFUSE7I JHAR gAY WA=
¢ AF3} DR AA TS F 422 F 2349 Ytk BV P& 30w
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oA 124712 Y& A4 Eo) it FEM FY AMNY FAY F +£H5E2
£ 2-3-5%} Tt} ¥ 2-3-48) AA FAY F £582 £33 A FAEA
met 27184&3 HFU4Eol 42 Aoly] Wi 33 A FAER
$&82 AVNE Ay LE ulasty] oyl

upetA, P& 30%EHE 124712 ST P PAEo st AN F
B3 nEe T F £ AN RE £39 FEI uEY FA
Z7l5te] wal Fre & £282 AV Y ZFES vehlx] dgich 2
Y RE 420 JHY £ £582 & £&gHcl YA sl BEE A
A FAE FPAE BT FALEEU S5458Y v(T/WHE)L &R
1.48, IIE 1.53, Y4 1.88, AE {UF 1.6028 X 4£F o] kel A}
ol Uehida, RE %3 A& YUY B399 /&S 1.61& YEhiR
ol gich.

nE AS URE FA 4582 F £585c} AW e A
P& QB Azl FAL A$E AU FHrl RE FrY 588 FU
722 T/¥&E $348 ARy LU 1,12, 3R 1,15, $g$ 1.22, S
28 UF 0.9924 $£F7o] ozt zlolE vz Yt BE +F} F
AE Y 459 T/F&S 1.10& Vel AT

olatz} Zo] TiR-E T/W&o] 1,00& 2I3l3 glglch ol 7Hdzt UAIHo]
lkg/ci BEANMNE FA$EHL it FAFI, o F432 ik dAH:
Azte] UV Aoz QzEch =Y FFY T/HEo] &L ART & &
Vel gt olet 2 A= A dFzte] Avs WY BAVL 9l
= Rog AR, & AEY AP Jtgut oA JFARE o FAYR
S Aawas Ak, & Y by dxstA "ok e P
3 £282 YAMY $5ZHc 2B E o A7) W] FAUBY FA £
&L AR, dtdo] WA & %8 HolUch 2y EFY P
E AE3 Aol Wby $A4 45448 i, JAUYY S48 2
A JvehtA el

2 d7 A34g WA= gz F ohE Raug was] BE, &
A1 T/F&L Cividini(1995)7} A& 7}d%t A4 AFAZRY FA <
28L & £32xr) gutdeor aA Ueldddded, T/W&E Scotch pined
0.952 4 oY Bx2 Aox, TFUFE 2.783 UYtE(walnut) 3.75
fluel 43t} Hittmeier 5(1968)2 cypress$] 84%2] AR B¢ F
W 4382 & 4£3251r} HLE KB, Simpson 5(1988)2 loblloy
pined] @utARo|M ko] JiglEo] FIIULE Fr4SE] FUIHE B
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T @7 T3 4718 olE 3 Y £%&3 v B, 2 &
(1994)0] B el Papdgat JA e 714714 382 22 44
7} 2.97%2} 5.40%0) 5 AU} 1,803 4.34%0|m, Y42 33242} 6,43%,
A3 uF YAEATA(1987)014 Hagt a” S| whapidaral gaw
B AFHEES 47 4,268 7.8%0I30Th. B APYY &g Fapa
TEHEY YL ¥ +583 22, ok £353ET AY KAk Y
A FAS & 589 UL EAY YdH $£383 21, £345380)
SsE "rl mEtA ol 39 WE £389 U3 & d7Y T =
TEHEY YL FUY AZRE 2ol Batsle] wlmspd, B A9 syt
gAY AgAzANe $3E2 YL HET} A Uehdeh Cividini(1995)
= 7tET dAY AFA2RAY £4&L Qutgor A4 vastd B
A +H5ES A3 F $£582 AA vehdria 1812, Scotch pinez}t X}
T B BTSSR AW, duEY A9 08y IA Jehte
& %ol w2t Fojsitia Bastych £ 938 A= Scotch pined} i}
F 582 2o Y= gch Harris $(1984)2 red oak?] 3y 2
FTAZA AN FAWY £35S BYIIARAAY AR} HYS
B33 v gleh Zhdwt b4 A 22 £548L e Azde] 93 R
R} AA vehte Aoz AT
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Figure 2-3-20. Relationship between moisture content and shrinkage of
softwood lumber during vacuum-press drying,
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E 2-3-4. 214N HSU5FE7A] AFA2Y FEI wFY FAY &
F5L.

Table 2-3-4, Thickness and width shrinkage from initial MC to final MC

for vacuum dried edge grained and flat grained lumber,

= 35 B
*)[:‘% 7(“2“-[—77“ o 2 & O 2 o = ) A )
(cm) FATEE ZEEg FATEHE Z3&g
(%) (%) (%) (%)

AUR | 3 | 493 (160 | 336 (124) | 461 (130) | 394 (155)
5 | 372(150) | 360 (094) | 401 (1L71) | 3.80 (136)

7 | 495 (158) | 273098 | 397 (146) | 351 (125)

9 | 533(130) | 332 (084) | 342 (146) | 3.05 (139)

11 | 352(146) | 208 (084) | 288 092) | 259 (0.74)

W& | 431 (164) | 292 (L14) | 387 (150) | 345 (139)

AUF | 3 | 464 (189) | 289 077 | 284 (124) | 404 Q7D
5 | 335(116) | 167 (086) | 283 (120) | 213 (096)

7 | 30146 | 180 050 | 325 17D | 128 (064)

o | 365055 | 267(108) | 305(135) | 291 (126)

11| 251097 | 180 (090) | 207 (109) | 225 (122)

W& | 333 (149) | 212 (097 | 288 (1.40) | 254 (176)

994 | 3 | 415(098) | 278 (105) | 358 (146) | 3.02 (125)
5 | 326 (135) | 194 (050 | 274 (143) | 241 (089)

7 3.40 (0.97) 1.05 (0.51) 3.03 {1.34) 2.42 (1.35)

9 | 358(130) | 130(086) | 217 (116) | 152 (080)

11 | 304 (L60) | 225107 | 28 (152) | 243 (0.69)

W@ | 347 (132) | 191 (L09) | 287 (143) | 237 (113)

e | 3 | amam | smaw | amasm | 52 aw
5 5 | 498 (218) | 255 (0.8) | 480 (149) | 423 (179)

7 | 380 069) | 210 (089 | 342 (096) | 326 (13D)

9 | 434(126) | 284 (308) | 282 (089) | 3.25 (2.44)

11| 381 (180) | 195 (069 | 254 (101 | 296 (156)

W& | 422 (165) | 245 (167) | 382 (148) | 392 (18D

HEE | 3 | 459 5D | 310 (LOD | 401 (159 | 416 (190)
5 | 387(170) | 260 (L1§) | 345 (168) | 3.08 (155)
7 | 361139 | 175009 | 344 142) | 269 (146)

9 | 420137 | 251 (190 | 288 (130) | 271 (169)

11| 324155 | 200(088) | 258 (1200 | 254 (L1D)

W& | 382 (159) | 235(129) | 335 (153) | 307 (170)
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E 2-3-5. ¥4 12%0] A 30%71A] AFARY FE E FAY F £F
£,

Table 2-3-5. Calculated shrinkage of thickness and width from 30% to 12%
MC for vacuum dried edge grained and flat grained lumber,

A) A A& HE
TF A FATEHE Z55E FAFEE Z5EE
(em) - (%) (%) (%) (%)
AL 3 4.28 (1.88) 2.73 (0.77) 3.82 (1.24) 3.15 (1.00)
5 3.28 (1.19) 3.16 (0.67) 3.64 (1.14) 352 (1.00)
7 3.99 (1.32) 2.17 (0.65) 3.38 (1.09) 3.08 (0.74)
9 4.32 (0.97) 2.70 (0.67) 3.42 (1.78) 3.12 (1.83)
11 3.56 (1.12) 2.18 (0.92) 3.18 (1.15) 2.58 (0.74)
b i 3.83 (1.34) 2.59 (0.85) 3.51 (1.31) 313 (1.17)
A 3 3.71 (1.46) 2.31 (0.55) 2.37 (1.07) 3.34 (241)
5 3.87 (1.72) 1.86 (0.65) 3.22 (1.77) 2.26 (0.99)
7 413 (2.69) 2.81 (2.02) 3.57 (1.66) 2.10 (3.09)
9 2.94 (0.58) 2.10 (0.80) 2.73 (1.31) 2.47 (0.91)
11 3.09 (1.09) 2.27 (1.29) 3.18 (2.57) 3.03 (1.53)
ua 3.50 (1.62) 229 (1.21) 2.98 (1.65) 2.59 (1.97)
G4 3 3.44 (0.8 2.31 (0.89) 2.96 (1.17) 2.48 (0.95)
5 3.80 (1.59) 2.62 (1.58) 3.14 (1.67) 2.66 (0.91)
7 5.07 (2.43) 1.68 (1.06) 3.78 (0.87) 2.94 (0.99)
9 4.73 (2.76) 1.46 (0.68) 293 (1.94) 2.15 (1.30)
11 3.73 (1.73) 2.85 (1.22) 298 (1.34) 277 (1.24)
L 4.14 (2.05) 220 (1.18) 3.16 (1.53) 2.60 (1.16)
A= 3 3.55 (0.93) 2.84 (0.83) 3.61 (1.00) 4.03 (0.94)
g 5 4.66 (1.51) 271 (1.45) 436 (1.25) 372 (1.14)
7 3.05 (0.90) 1.87 (0.67) 3.04 (0.87) 2.94 (0.99)
9 3.92 (1.07 251 (2.44) 2.91 (0.93) 3.34 (2.22)
11 3.62 (1.33) 2.29 (1.67) 3.10 (1.04) (3.10 (1.21)
iy 3.85 (1.27) 2.41 (1.68) 3.44 (1.14) 3.49 (1.40)
g 3 3.78 (1.41) 2.50 (0.77) 3.23 (1.23) 3.33 (1.52)
5 3.85 (1.52) 2.66 (1.16) 357 (1.56) 3.01 (1.16)
7 4.32 (2.18) 212 (1.36) 3.42 (1.23) 2.79 (1.75)
9 4,10 (1.74) 2.20 (1.46) 2.98 (1.52) 2.76 (1.66)
11 350 (1.33) 2.38 (1.31) 310 (1.57) 2.86 (1.20)
9y 3.82 (1.61) 2.37 (1.25) 3.27 (1.43) 296 (1.51)
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5. AxF3 A= BA Y A28

7l AxF §9S2 Ax892 #A

4% 5 5cnet Tem AAY A2F eI AREYY WAL I
2-3-213 Zth F7] Sem ARG ARAIZNE 4L Ten A ART} FH
Al Ztastyot deddat da" PEL AR AR 484 Bol o] ARAZ
ol Zztgdell uiel 238 HU4&ol FIISHE Bo|yt Hido] Lelykien}, o=
A 2RgRelo] whel 27)%4& ol B AREE 2lolo] J]AH R gt}

&3 A28 BAAN 2 A2EYL A2AYS oW P48 2
AN fe&e] A9 HLEGE) vt Frele ARS Yehjgch
U 47 +533% A T, § AR da™ PBEL 5en Axj} ALpRE
R Y Ton Az AUFE G0l ol2 A Zashe Fe Vel
th Hof A2EYL Az AR 2ol7} 9lgdR, AW PSS A3 v}
52 Tem A2 Hof AREHLS 5em A2 AR} o Aok o A=LY
o A8 Fe AR 2U1gEe] WA} Fo)o] BAHLY,

Simpson(1991)2 BB A/ AXNAN AR$Ye] WAL hydrostatic tensionz}
TE5E zojo] AT, FHL ARXI)0] ALY, AzFI)o gxLYL
Uehle & A2F #4483 2289 W3l ujste] syl Harris 5
(1984)2 F7 2¢A] red oak 2] 1FV} AxFo|= BEL 279} Z7)0)
A4S & Uehichyl AzFole] Q4 wE USJEE Ushigds, B3y
Azt AF3} AFAZFT] A2EYY HEL FABIUR S Raslgrc).

2 AFolA ciE-E A FFLS AR 24AF] Au)3 RPN
Uelitizl 3 ol Fole EHAESEE veh2 gk, ¥24 gk
BRENAzeG 23 WA R Yot oot B A Az
of F2e] 2§3h= 4&E, ER A FAUPA e LAl o3t
A FeE 2E AR} 2E &0 70" RLE AL

U, AzxEAe] Ax8Y

4553 554 AREA] ZEAHM ZF(prong)e] AZS A Bz s}y
th AREYY FEE Uehl= T8 A W9 (quantifying displacement)
= 38 2-3-228 rl. RE A2FAY Ax$YL u)¢ Fu)stdct. 4 11
em@d B AL FHLE AAEE FLY F9Y T4 9l slAY ¥E
Ao G ARAAHAEE FRY FRE AY Fol /IS A=Y SEHA
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€8 UeEld 2 Y thE $39 A Fre) A2L5E J Y AzEH
A ol Aoy FARARNSHZ e, AREY AN 43T AA
FAZ 282 FEAHEL RFINLE FRE xolg vehiA sttt £
Aold ZTFel o3 WUt R AL AL T Ten WS AL oyt A
ZAAEE ALY FARA 0,00301903, 7H & R £ llem Yg$ A
9 7y ARAASEL LY FExEA 0.1440]%0ct 493, 554 % @22
A& LY 604 FolA BFH ML 0.10001310 R 3N BA bwo] E3}
stglch.

Harris 5(1984)2 7] 22X red oak®] IFul AFA=RAet @7|A=T
of ¥33 U3 S$YEXE el fAE Bustdct. Simpson(1987)L £
1212 red oak A|xje] :Fvl AFARAY TrjeAe|d g 43 HE
0.1750]912u}, EriedAeFol 0.1198 HLsigdon, 32%AE ALHALS
Rasigch, 3 5(1989)L T 5emQl vhasAwe] dr1AZAY 43 Hee
0.930]3, F7 4cm®} 5emd] HAH #WF ¥ Hele 22 0.8032 1.0022
A FA& A=Y A7 o ek Rice(1988): Wi FAL AAE F& A
AEct 22L&y A7 o §& Rastdch

dutzeog Q7|AR, 2272 W 1F AFARY ZFL AW VY A
Zg¥o] {3 wio] AREYE AANALU m}v}?l s-l%ﬂ AzF 7o) &
tedAeE Fgsla ok £350] tlEXR gt gAY AgdzAge A
2EYL A3y AFARAYL] ANt FAU3, EI AR f£Fo AT
A71AZAY RART} ot AREFA) FAo] wheld A=REH Aolst U}
L] ¢lglel,

ARSFo] WA AZSEL 4% ¥ £Y 59 A=2A¢ U UA
3 Bo] 9y, AxFol® AN o] AREY X4H3E of
315l =R Exj7} oA 4 oY) wliol EriedA e E At st

7rdt gAY AZARAE AREYo] ALY EA3A] 7] wFel It
Nl g 3 Y= vl AMY 4 & Aolth. :
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Figure 2-3-21. Relationship between moisture content and drying stress of

softwood lumber during vacuum-press drying,
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Figure 2-3-22. Quantifying displacement of prong for softwood lumber
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6. & A

7. A gAx2HAEH WAL
4553t 55 A AgAz2ASE FhH g FRYY A ¥
A d&3 Hojdol], FUH TEA) PSS ¥ 2-3-6~2-3-92 Utk

1) ¥ &

AUHE A2 HgAHEE ¥ BELS T4 S Axle AR2H &9
A22E7 &5 YA P& Hudest F7stalx, the Foe Al
Ae A2LE 7ol wiet Y ZB¥E Uehlx] v, Z¥ dz290&
A gAlol WEA A& Hrjdolst viay A vEikisch

B A2 B9 FA Ten e ARLET HETE FA G4EHS
Hridolsl Aoy, tE $AY AAE AZLE F7l] wel AR Y
LRyl edstet.

g AL B4 BE A FAAN FA2Ee Fi AxLAE A&
Aol L] Pg&3t Hrhdolst F7stalch

A& UFe Fe= AHEA2LA S ulel @A) UFEI Hrjdol=
AP B vehiA] gfolch

2) ¥Eyy

AUF Az FE2AEE EREEL T 9 AAY B A=
7t &4F $EA UL Hujdolrt iy, e FAY A B¢
£ ARAASY] Zojol whel dBY F¥US VehA] gt

AR F7) 9em A= ARSEI &E5F A UL} iAol
7} Z71std e, thE FAY AA) B9 ARLSE xjolo] uwiel Y AY
& YeRJR] ¢kl

G452 £ llem AR AREET E24E P BAE} Yo
7t F7Hstg.en), e R AA Ze ¥HEz) UAdEo] FU2EY A A
ZLAE FEAlode 48 ARAFAE FEA R HUAW, HojPol: FIY
2lol & UERA] 9Fgkth.

ALY WEY FA 5cmet 7om A2 ARLET HSTE ¥HEA UAAE
o] FrIstd eyt ool Y4BT ZBH¥E UrhiA] gttt oE FAY AR
B ARLAG wiel €A WAL ool dBY FE ViR
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ookt

3) uFud

4423 557 AA UFEEL ouyt AR2AE L ME LA
ohgith ol L A= EXARoIM Folyt ¥iolrh. &rdxs aFv}
AZAz 5 7Hdol Ay AR 27|120] Zspd A2F7)e] UFEH]
dgsts Zo] dwraolch tdwt IAA ANFA=2Y B UELESL] FHAL
Zulge] wlzl UFe RE F4Ut I2F A=Yl uwiet EF ARAME
(tension set)7} 3 AzF7]o] vj§-o Aol H2d 7]UE A Zrh

. A FAE gdu
4453 557 Y 7] HE A2LASES FUSH] U FHAUH
2 RAYES ¥ GAde Hodols 1Y 2-3-23~2-3-248 Hth

1) 3Py

AU A=A FAE B g dAdEd HdZol: 3 A B¢
30%, 1.9cm®} 5cm A|xNE] Z-$ 23%2} 1.7cm, 7em A& B9 49%, 1.9cn2} 9em
A2l 7% 35% 2.6emst llem A2 Z-9 5%} 1.9mBA UPA] UF &}
HuZdole A FAIe] 4B AYE vEl)A] it 2Ela BE FA4
B g YL} Hojdol st 2. 1en2 A vlaA FHcl

AR A2 FAE B A P& Hridols 3em AL B§ 49%
9} 1.6cm, 5cm A|zHe] Z-$ 81%2} 2.3cm, 7em A& Z-$ 65%2} 3.2cm, 9em A|
z1e] 79 70%e} 3.6cm, 1lem Az|2] 7§ 95%2} 2.9mBA FAJ} FNUTLE
ggda) gL} Hudol: vz Frisle AL vehidlch ala RE
T B3 gdA UBE&} Hoidols 72%24 2.8emZA B2 FHlr).

Ya$ A FAE B LEA LSS Holdole 3em A B-F 77%
¢} 1.1cm, 5em HA}e] Z$- 65%2F 1.6cm, 7em A|A|2] % 86%2} 2.3cm, 9em A
AN AL 67%2} 2.2em, 1lem A|A|e] F9 70%2} 3.3cmBA FAI F14e] w
gt gl &3 Hudole dAY A¥E UehiA] gdrh e B
F78) B gda) Y3&3 AoidolE 73%8} 2.1enE A w| L3 FH9ct.

28 WUE A2 FAE BE P LBE&3} HelFole 3 ARY A
9 30%2} 1.1cm, 5cm A|z]e] 79 40%2} 1.5cm, 7em 2] -9 60%2} 2. 2cm,
9em AAHL] A 70%2} 2.4cm, 1lem AAAL] A9 70%2} 4.4nBA FA 7} FH

- 86 -



$40] ulel F7ishe A¥E vehidich el BE FA9 B A ¢
A&zt Hrjdol: 5448} 2. 6cmo] QlTH

$3EE By P PA4SL A7 MY A, e 2k ¥
g, bRl Jdg efldeh HojZols AUt Ydgol JHE AR,
=2 fla® WE} NPE S

feLtehs Qe d5dolsl 6412 AR W& 54 AEAE
Zo] YE Yyoid ago] wASHD itk oY UHS AAM FAY AAME
fayoe Yoy Yglo] WAY £47t UEFHI glvh. & A7 FUA
AEE ol 2AE AAUCHE Fhd P2 FuY AR AL

2) ZRYY

AU A FAE B @A) P3& HejPole FA 3en A B5
14%¢} 5.9cm, S5cm A4} -9 21%2} 8.4cm, Tem A2 -2 16%2} 6.9cm, Iem
A2l 7% 14%8} 14.3cm, 1lem HAH Z-9- 5%2} 10.4emZ2 A FA7F F7HL el
ulel A% APS VeRA oict. 223 BE FAY B #$EA GEE
3} #Hehdol: 714%2} 10, Ocno] AT

AT A FAE B gEda) LAE] Hojdols 3em AN B 26%
¢} 4.3cm, 5cm AjAN2] A$ 63%2} 10cm, 7em AANE] AL 60%2} 17.7cm, Yem A
8] A$ 28%9} 20.2¢m, 1lem AAHe] S 53%e} 12.9mBA FAZ} F713to]
ulel HojZdols F71she A Uehigloy A UAES 43T S
Uehdx] ekgtel ZeEla BE FA9 B3 gEA $3&3 rjdol: 4649}
13.3em3 A u¥]Z3 FH<gic}

deodd A FAE HF gEA LA3E Hodols FA 3em A= H-¢
44%2} 7.9cm, Scm AANE] A$- 67%2} 8.4cm, Tem AMzxjL A9 79%2} 13.5cm, 9
cn A|xRL] AL 56%2} 24.8cm, llcm #H|=xRL] -9 65%2} 33.5emEA FAIZ} F7}
3o uwiel F7hste AL Jehigcol aela BE S8 BEA e 62%8)
18.3cn2 A H| 23 Hgic}. ‘ :

A2 WE A FoAE B EA $EE HoiFdols 3m A FF
14%2} 6.1cm, 5cm A|=J2] B9 35%2} 10,6cm, 7cm AR F-F 49%2} 10.2cm, 9
e Az} 79 28%9} 16.5cm, 1lem AN2RL] Z-$ 58%2} 20, 0cmZBA FH|7} 57}
ol ulzl N2 F7lste A% Uehidcl. d2ln BE FAS A
£ 37%8} 14.0cn2A v HQc)

+2H8 2y g PA&S AUETE MR AQa, o 4 #E,
e} a4 ek ool &R B Aola, shiFe gl
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WE JdE et

Bl A2} Fd #EZA7E A7 5] ARrEHHI HE ®F
o #&3lEiL 3t HREIA olAE RAIFh= Bl 3] BF $£F0] o
Aol EFols AF§Yo] AUt o] ARGYo| FAz Y ZFxrrl AW
oAz FHddo] YA Hh

Bramhall 5(1976)o] 2J31d A FEF3} UF Alo], PrAbydat AW
g ao], ZE|a FAAe} o) YA Alo] £H/E Alolof 7]AH HS F
ERtl o 3AA dojyttia stydth. Simpson(1991) Hulwigtyzl §Hyyde
FAY Fol FrEsF sty 4ok Eadch Rice(1999)& AT2E
100 “FollAl 230 °F7lA] A ARAASEES ALY eastern spruce studs?] 67)
2y Mo Foaez] AL 30.9~74.0 Helol HFX|= 56. 6%0]n
URatde] 39E 20.3%~63.0% W0l BFA = 40.4%2A n|d el 2
A HhSHA Vet tE& B asiolrt

HPee stud] FAE 1-7/8QAX oA 41x] Helel vl 8 38 A=)
FAL} fArste] £ A8 ZE Riced] B2} waste] By &ubFel gl
d #E2 3 sRe g4 & Ho| &3t 5 £53EE xol7t Add
th ¥gS4 F2E] ZFS FdAuds whgHe] oy A= 18K o}
v stal ot £ ££8 54 ZUIwkE st ok whebd] 2 de] ¥y
PP 2] L3 FF5E FEUCH B & 52 dAX oty W&
of A4 F2E& A FFol wel EFE T3 1FF2RAY 25220l
A 150 &3t 23 E4& Ve



¥ 2-3-6. ZAXAASE 7FE% gAY AFAR L5 A ¥E.
Table 2-3-6. Checks of vacuum-press dried red pine lumber by drying
schedules,

guw g ¥uga B EE]
ig az | wag 0 E L) 0 L)
@ || 2ae Hj Qo) TA & Huj Aol LA &
(%) (cn) (%) (cm) (%)
M 60 26 (1.0)* 40 59 (4.6) 0
3 1 7 06 (-) - - 0
g% 23 04 (0.2) - - 0
M 40 0.9 (0.6) 20 23 (0.7 0
5 I 54 19 (0.5) 31 | 142 (159) 0
S 67 21 (1.4 13 59 (2.8) 0
M 7 0.7 (-) 20 33 (25) 0
7 1 73 26 (16 7 102 (-) 0
S 69 1.2 (0.9) 23 9.3 (6.3 0
M 20 0.7 (0.4) 13 6.8 (0.8) 0
9 I 92 26 (1.8 39 13.7 (13.0) 0
S 100 30 2.1 40 17.3 (19.0) 0
M 100 21 (1.2) 15 173 (5.2) 0
11 1 60 06 (0.2) 47 38 (0N 0
S 100 23 (1. 13 26.8 (20.8) 0

ookt ARAAE Y F0LeT Az2AE U AW AzAAS

* -
o wEext
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E 2-3-7. Az2HAS&E 14T A AFA=2 bR Azl g
Table 2-3-7. Checks of vacuum-press dried white pine lumber by drying
schedules,

A4 Az zra:]g - @@zﬂmw L“;a%ng
| e | was Aol | wee | aduel | was
(%) (cm) (%) (cm) (%)
m" 73 2.1 O™ 47 42 (45) 0
3 12 62 11 (06) 31 46 (24) 0
g% 13 10 (0.6) - - 0
M 67 2.1 (13) 67 99 (99) 0
5 I 100 28 (12) 60 110 (8.3) 0
s 77 18 (0.9) 62 89 (69) 0
M 20 24 (21) 53 272 (22.4) 0
7 I 7 22 (09) 39 125 (5.5) 0
S 100 41 (22) 87 138 (11.8) 0
M 92 29 (16) - - 0
9 I 20 26 (02) 13 75 37 0
s 100 43 (23) 67 22.8 (166) 0
M 100 37 (21) 39 191 (141) 0
1 I 87 15 (08) 53 54 (40) 0
s 100 33 (20) & 167 (15.4) 0

N ookt AZANE h 2eE Az2AAE U AW Az2AE
e - B



¥ 2-3-8. A2AASE Jidut Al AFA2R JgS AR .
Table 2-3-8. Checks of vacuum-press dried larch lumber by drying

schedules.

Bgw 8y Fugd weay
jil;:]' Az | waA - EEE) - 2aA
e | ZAE | #AE | Ho e | d4E Ao Qo | A&

(%) (cm) (%) (cm) (%)

m* 40 0.2 (o.n™ 7 132 (-) 0

3 r? 100 2.0 (1.3) 60 95 (45) 0
g9 92 05 (0.3) 31 30 (19) 0

M 87 1.3 (1L0) 62 (5.0) 0

5 I 100 17 12) 58 (4.1) 0
S 19 (L0 60 156 (89) 0

M 1.0 (1.0) 60 121 (89) 0

7 1 100 24 (L7 100 151 (9.4) 0
S 100 i 29 (2.0) 80 129 (8.4) 0

M 7 04 (-) 20 102 (6.8) 0

9 I 100 24 (1.3) 100 307 (133) 0
S 100 22 (1.4 53 206 (11.2) 0

M 13 0.3 (0.0) 13 98 (6.6) 0

11 1 100 37 (26) 87 266 (15.0) 0
S 100 33 (1.2) 100 439 (19.3) 0

oot AzrAAG

" mEwa

I Z20eE ARAAE
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¥ 2-3-9. A2AHSE 719 AN AFAZ 2T ¥E AL g,
Table 2-3-9. Checks of vacuum-press dried western hemlock lumber by
drying schedules.

Haw gy EREl yRgy
g‘;ﬂ az | wad o gaA 5 oL
o | ENE | wae Ay o) | WS Ao o) | WAL
(%) (cm) (%) (cm) (%)
M 20 06 (05" - - 0
3 1? 53 16 (0.7 33 63 (2.0) 0
g 15 0.2 (0.1) 8 49 (-) 0
M 13 1.0 (0.8) 20 43 39) 0
5 I 47 L7 (D 33 104 (55) 0
S 62 15 (0.9) 54 136 (9.6) 0
M 13 12 LD 20 5.1 (5.3) 0
7 I 93 2.7 (1.4) 60 149 (139) 0
S 77 15 (1.1 69 71 (52) 0
M 20 14 (L1 7 6.2 (-) 0
9 1 100 31 (13 47 23.1 (25.1) 0
S 92 1.9 (1.2) 31 75 (5.1) 0
M 100 69 (1.3) 80 225 (15.6) 0
11 1 20 1.4 (0.8) 47 78 (6.7 0
s 02 29 (2.9) 45 296 (40.1) 0

0 oml ARAAE N Z20LE ARAAE TV AN ARAAE
" mEuA
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Figure 2-3-23. End checks of vacuum-press dried softwoods

thicknesses,
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Figure 2-3-24. Surface checks of vacuum-press dried softwoods lumber by

thicknesses,
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7. Bold

7t. Azx2AE F&d BoF

4543 2] 557 A=Y AzAAE FHLd AREANY HolFgE, ISR, &
HES 9 uERY Huigoldt F2He Hulgelth MY ¥E&ES E 2-3-
10~2-3-133} g} ZolFE, HFATSI vEHS BE £33 Al FA A
st oy, Un|EeS aubR, 3Ee Jddg Axs 4dF AR2HAE 3
£2] Zolnt WS vfg Fuldtgct. BE +353 A FAA 3714
ARAAE &, ZVAR, 342E A2 4 ZUAR 25 & wlely 4% &
ojFe AxE AW A¥YS el dslrh olg} T A= AR2AAS]
o] LEAO|(2T)7F UF FojA ool Fd¥sx] Rstz, cigt A AT
2] B iglo] w2 AEZY Aot Ry 5o UAxtel &3A zpEe= A
L= Az :

Simpson 5(1988)2 loblolly pined] &3t ARA2 Bl njd5alg W
o] 713 7ME EAje tlE #49 FAL FARct FHdn, TFUFAM 4
A= ARUE(top log)olA A AR HYSS By uie} o], & o
FoAE FA Az F2HE7F dBA 43 dAE A AAE AHE3N] o
Eoll Aol wiel A7, He¥® R 840 tl27] wEel EoHY BET}
Ztz} Aol¥t Ao AZHL],

Y. $%3 =2 FAE E0F

4422 3714 259 ARAASS ALY A2 FAY ZdolFe, FAIE
g u]BY] Zzte] FFAE= 1Y 2-3-25~2-3-273 Pt Yol B¢ 4
L £7) 7en AROIN 71 #42 FA7F TenRT) golA ALV EALSE
Zrastdct e A2 FAo] el F22 BEE dAY YL Vel
golch. a8y Y43 29 U8 B F7Hel wiat gadte AR
Vel Qlglch 4$3¥2E ARl g2 #8e] Hodn, AURE F30)
o Jjgo] AldlgiTt.

ERFee AS AUR s 57 Taold AR 3, FA TemBTl ¢
&48 AYoy FAL Aol 4R Y-S Uehix] Yot e F
Pize] A9 YAY FLE VUehigd iS5 A48 U5 FAAs S
48 7asts ZARg Uehiz ddth $3d2E 3R ad g
A3 &R Y42 gl '
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HEHS] A AR ik WSS FASL St wel AxE S
vehlz dglen, FRet eSS T TemdllA 71 A3, FA TemBch
ol AL FANAE wf A3t £F7de AUF faY ¥Ho| A
I ARt YddS it

2}E Az uE BojHo #Y B ZA Simpson(1982)2 red oak £] 3
+%2] 217 6T EQ AzEE AXY duAz2 FAE H4E 254714 A
2 AFARY F g3 A=Y SHFS, ZolEE, UblF=I vEdy
BEE 350 Xol7t sldde=tl, red oak®] PAZHFE ARY A3} HujPAR
T AAY dudARz e BojR BEe 44 FHFSY B¢ 8/324 10/32, 2
o] F&2 12/322} 8/32, |2 1/648) 1/64& VERNz, ouiAz &
ool mXE= EIe= FHIA UZE Rusgc) Harris 5(1985)2 A% 7
HEo|x F7| 5/4X A APl nFut AFARANY Lol UHlFg&
3} N EYRLS AFA2AY AR AP FHEFEY BHolwt xpol7t gL
o, BT 8ol &3l o]el o] ARYHHEE FolA Aol AFW
AFAZAMY AeFHgol 7|d¥ AL2 FAEcl. Simpson 5(1988)2
loblolly pine @¥tziRafe] FoIF- @ute] 7}ote] 25psi 3-89 797} 5034
70psi A-$HT} Hg 28 By} Simpson(1991)2 EolAL HHwet &
& ool 7|AE N nj g5} Aol YANE XL Aol WAFRITi B
stgdch. Cividini(1995)& 7iazt A4 Qubnzajel Zolg-s, uula=3
v EH2 WASA 7AET 2xet Yo S UA] 4SS R
th £ 438 BolIE AHELEo ulelrE Alolrt fI AL nle]lax
ey A4x, A§ZY Av)et BUY 5o AL AA Ue FAoE ALy
glch. Shupe 5(1997) spruce pine?| F71A] AL &2 F¥olA L2A=
A2 FdolFdS3 FHFEL Aoy vIEHE o]/t ¢S Kastglct

2 A7 AHE AAFFel wiel Hrp] EW, vl Southern Pine
Inspection Bureau(1977)8] %3734 (grading rule)ol &Jspd |3 8z EQ
Select Structural, No. 1, Construction®} Stud T3 WIS 8/3291%], Z
ol T2 16/3291%], H]EHL 12/32AX]71#] ¥-E&3ta glem, No. 2, No. 3,
Standard®} Utility grades= o]& o]Ate] o] & ¥-&35}3 qlrl.

Sejvkel AtE 34 AE-ABE 5272 (1995)8] ‘5 AAe] EFF7
FZo]d A2 et A FHL 153 25°] 24 0.2%8} 0.3%0]3l2
A8t YE vl 2 d78 AHE ¥ AP0 wEH 15, 253 35 &
Sl ulgol AURe] HS A 27, 40%} 3o, R B 47
40%, 53%2} Txoln, Yei4o] AL zhzh 27%, 27%9} 46% o], AT W
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Z% 2zt 33%, 6052} %2 AW WHo| A $4Iigen, i 3
5, &uUFe Jgds £49ck 2 2 a7 AL njZFFef vlste] A
o] 20 E R 7] njF44 e LolFS2 16/32¢} Hwdle] R £ 4
B2 FEx19 FHEHe o &3P A AEFo &34rh.

&

lo,
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F 2-3-10. ARAHAE F&E 7MEY AAY AFA=2 LU0 A2 EAF

8 BE.

Table 2-3-10. Degree of warpage of vacuum-press dried red pine lumber
by drying schedules,

A : Ao F & e g Z20E S pES!
}__ 3 = =
S | Sl 30 ae | 30 L as | 3] we | 32 uee
(cm) (%) %) | = (%) (%)
(mm) (mm) (um) (om)
| 68 [ 0B - - 655 | 036 | 634 | 035
(223" (0.12) - - (4.44) | 025) | (1.80) | (0.10)
3 » 280 | 012 N - 236 | 013 | 38 | o021
239 | ©13) | - - | ase) | 008 | 229 | 013)
g™ 4,01 0.16 1.32 0.07 519 0.25 2.72 0.15
7D | ©.13) | 002 | 0.00) | (1.8D) | (019 | (1.23) | (007
N 643 | 036 | 185 | 010 | 803 | 045 - -
(345 | ©19) | - - |65 | 042 | - -
5 . 538 | 030 - - 307 | 017 | 432 | 024
@oe) | o) | - - | @i | 008 | 208 | 012
s 433 | 024 - - 535 | 031 | 632 | 035
(1.00) | ©.13) | - - | @63 | 020 | GOY | 017
iy 585 | 033 - - 1149 | 064 | 375 | 021
@on | 02 | - - | ®80) | (049 | A7 | (0.10)
. . 449 | 025 - - 554 | 03l | 729 | 04l
a2 | ©on | - - | @58) | (014) | @44) | (0149
S 854 | 047 - - 1133 | 063 | 289 | 016
(383) | ©21) | - - | ®73) | (048) | 1.88) | (0.10)
" 404 | 022 | 094 | 005 | 554 | 031 | 917 | 051
@15 | ©12) | - - | 609 | 034 | 424) | 024
o ! 441 | 024 - - 483 | 027 | 511 | 028
@25) | ©13) | - - | w2 | 0o | A7) | 010)
S 475 | 026 - - 567 | 032 | 397 | 022
226) | ©.13) | - - | @66 | 020 | 165 | (0.09)
" 606 | 034 - z 1053 | 059 | 512 | 028
66D | 031 | - - | @93 | 02 | 294 | (016)
I : 241 | 013 - - 420 | 023 | 720 | 040
©080) | ©04) | - - @5 | 008 | 259 | ©0.14)
s 363 | 020 Z - 544 | 030 | 673 | 037
082) | ©05) | - - | @32 | (©13) | @5) | (014

ook AzrASES
" gaux

7 ZeE ARAAS
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E 2-3-11. AZAAS A4 13 oA AFA= 3R A2 EolF

g BE.

Table 2-3-11. Degree of warpage of vacuum-press dried white pine lumber
by drying schedules,

AR éz do)|F& HFS Z2HFS v &9
P IR LR S R S S e B
(mm) G (zm) ° (um) (% (mm) )

Mt | 489 | 027 - - 752 | 042 | 251 | 014
(150" | (0.08) - - (6.69) | (032) | 1.2B) | (00N

3 - 483 | 027 - - 416 | 023 | 272 | 015
(137 | (0.08) - - (1.09) | ©06) | (1L23) | (00D

g 367 | 020 - - 382 | 016 | 465 | 026
(L.77) | 0.10) - - 219) | 014) | (213) | 012

M 203 | 016 | 114 | 006 | 362 | 020 [ 706 | 026
: 052) | ©.03) | (046) | 003) | (157 | (009 | 220) | (024

i 503 | 028 - - 722 | 040 | 340 | 019
5 @04) | (1D | - -l ase | 010 | @52 | (014
s 384 | 021 - - 437 | 024 | 268 | 015
(1.15) | (0.06) - - (251) | (014) | (1.15) | (0.06)

M 210 | 012 - - 229 | 013 | 630 | 035
(0.48) | (0.03) - - (092) | ©.05) | (2.65) | 0.15)

7 I 361 | 020 - - 49 | 028 | 441 | 025
(157) | 0.09) - - (3.02) | (017) | (333 | .19

S 678 | 038 - - 717 | 040 | 366 | 020
(2.81) | (0.16) - - (5.00) | (©28) | Q7D | 0.10

M 434 | 024 - - 404 | 022 | 364 | 020
205) | ©.11) - - (1.39) | (0.08) | (1.35) | (0.08)

9 I 211 0.10 - - 251 014 | 602 0.33
(1.03) | ©.O7) - - (1.28) | (0.07) | (2.33) | (0.13)

g 470 | 023 ~ - 611 | 034 | 44 | 05
0.83) | (0.10) - - @90 | ©1D | 218) | (0.12)

M 390 | 022 - - 328 | 018 | 370 | o021
(0.83) | (0.05) - - (0.74) | (004) | (1.41) | (0.08)

" I 373 | 021 - - 431 | 024 | 324 | 018
(2.35) | (0.13) - - (226) | 0.13) | (1.28) | (0.07

s 5.06 0.28 - = 6.16 0.34 4,55 0.25
(1.74) | (0.10) - - @11 | ©12) | 479 | ©.26)

1oy dAzraAE
"o mgux

i ZReE AZ2AE
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E 2-3-12. ARAAE 38 714 AN IFA2 GAS A 8ol

8 =,

Table 2-3-12. Degree of warpage of vacuum-press dried white larch
lumber by drying schedules,

AR . Holg & U g ZAFS CIR=a
A e | e | %5 | 49 | 78 | 30 | @8 | § |wew
- 53 o X o = 0, x 0,
o (mm) (%) (mm) (%) (mm) (%) (mm) %)
v | 260 | o4 - ] - 248 | 012 | 547 | 030
(LN | (0.06) - - 052) | (0.06) | (0.82) | (0.08)
3 2 | 766 | oa - - 775 | 043 | 501 | 028
: @10 | o1 | - - w2 | 023) | @42 | 0.13)
g | 891 | 050 - - 978 | 054 | 180 | 010
G16) | 02 | - - | 670 | 032 | ©066) | 0.04)
M | B55 | 031 | 128 | 007 | 437 | 024 - -
@51) | (0.14) | 020 | (001) | (169 | (©09) | - -
5 . 853 | 047 - - 840 | 047 | 358 | 017
@36) | 019 | - - | @wsw | 029 | @4 | ©.14)
S 610 | 034 - - 695 | 039 | 38 | 021
@s6) | 020 | - - | w6 | ©26) | ©50 | 0.03)
M 461 | 026 - - 488 | 027 | 1055 | 059
@30 | ©18) | - - | @an | ©013) | a374) | ©76)
. I 351 | 020 | 119 | 007 | 536 | 030 | 1443 | 080
@09 | 012 | - - | G43) | 0.19) | 654 | (0.36)
S 606 | 034 - - 592 | 033 | 236 | 013
Q7 | 015 | - - |l ew | 0w | 0 | 004
M 383 | 021 - - 235 | 013 | 561 | 031
150) | ©08) | - - | a4n | 008) | GoD | 0.17)
9 I 529 | 029 - - 689 | 038 | 58 | 032
299 | 017 | - - | @en | 028) | @59 | 0.14)
S 571 | 032 - - 662 | 037 | 410 | 023
(153) | ©08) | - - | @59 | 014 | @31 | 0.13)
M 271 | 015 | 106 | 006 | 336 | 019 | 482 | 027
09D | 005 | - - | aan | 008 | Ban | ©0.18)
I 534 | 030 - - 616 | 034 | 433 | 024
1 ©Q61) | 0.14) | - - | @3n | ©08) | @70) | 0.5
S 318 | 0.8 - - 488 | 027 | 566 | 031
(14D | ©08) | - - | a8 | 010 | @) | 022

ookt AzAAGE h Z27Len AZAFHE N AW AzAAS
. g&2ux
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¥ 2-3-13. AzxAFAE FLE 7MW gAY AFAR d28 ¥UE A Y
Bolde A=,

Table 2-3-13. Degree of warpage of vacuum-press dried white western
hemlock lumber by drying schedules.

A | e o 2dEE WulE S zugg MY
= @ A o Ao o &

oy | 2% | o | BE | wa | BE | gq | BE | g | MED
{(nm) ° (nm) ° (mm) % (mm) N

v |21 | o1 - - 341 | 017 | 212 | o012

(150" | (0.09) - - (1.84) { (0.11) | (0.54) | (0.03)

3 @ | 7% | oal - - 643 | 036 | 261 | 014

: ©0s88) | 005 | - - @I13) | (012) | ©80) | (0.04)

oo | 461 | 026 - - 510 | 028 | 339 | 019

189 | 01 | - = | aso | 008 | @20 | 0.12)

v | 224 | o1 - - 244 | 014 | 204 | ont

1.09) | 008 | - - 102 | oo | 14D | 008)

5 I 431 | 024 - - 470 | 026 | 339 | o019

©085) | 005 | - -l asy | 010 | ©92) | ©05)

5 410 | 023 - - 587 | 033 | 453 | 025

189) | ©11) | - - | @9%) | 018 | 302 | 017

M| 334 | oxo - - 436 | 024 | 798 | 044

ain | ©0oe | - - | @68 | 015 | (132 | oD

] . 542 | 030 - - 489 | o027 | 413 | o023

230 | 013 | - | ass | 0o | a2 | ©on

S 394 | 02 - - 560 | 031 | 189 | 011

1.30) | 00D | - - | ©@9%) | 016 | 049 | 0.03)

v | 366 [ o - - 344 | 019 | 1212 | 087
@02 | 011 | - - o | 0 | - -

o : 375 | 021 - - 424 | 021 | 316 | 018

©84) | 005 | - ol aey | 012 | ©78) | 004

S 446 | 025 - - 584 | 032 | 187 | 010

(143) | ©08) | - - 1 @1 | 01D | 046 | 0.03)

M| 38 | oa - - 492 | 027 | 568 | 032

as52) | 0o’ | - - @o) | 01D | 349 | .19
u I 318 | 018 - - 291 | 016 - -
1.00) | ©08) | - - a3 | 0w | - n

S 421 | 023 - - 581 | 032 | 566 | 031

©s5n | 003 | - - @Oy | 01D | @02 | 02

ookl AzAAE B E7LE AR2AE U ZY Azx2AG
. mEwa)
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Figure 2-3-25. Bow of vacuum-press dried softwoods lumber by thickness.
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Figure 2-3-26. Crook of vacuum-press dried softwoods lumber by thickness.
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Figure 2-3-27. Twist of vacuum-press dried softwoods lumber by thickness,
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8. A=xEA ] BYUT&3} 71AH 43

7t B3PS

Al 443 AFARAY] Z4AE g AR ZAH waAA o]
E AzEA12 HHU,E, FUBLE, AT 9 BEAFY FEx o 2EH
zt, 2l AFAzA AAARAY ALY tFF A B 2-3-149 #
1=

AU, FUR, g4 28 #8e] AFAzAY PP 1A
o] ARt 72} 2.2%, 2.4%, 2.2% W 3.0 ZAIAL, BAYLE 1% £FoA
f23Q x| 7} LElRtiTh,

Lee 5(1984)2 BY 252 &% ZZo)A red cakd] 3y AFARY
BYPP5-EL AFAZXAY AR 0,62% HAsATHe Ry -8 F33d
t}.

. 71AFEA

olE $32 ZAZPALY RN FUFHEY B AUE, FELL 9
28 WEL AFARAE 717428 AR} 742} 19.3%, 22.9%2} 18.3% F 713}
gdom, BAYHLE 1x £FoA {23 xlolE Ul gt e dy
4 AFARAE FY&Z=E7E /1A ARch 4t AR {FoFH Aol
VERER] ¢kglct.

UAREY ZAS A2U%, 3R AgAzAe 713209 AR 4 & A&
Ueha glgeu BAFeE {3 xol& vehlx] ddch U YES$
I d48 BUE AFARAE 717028 AR} 22} 23.0%8} 23.8% FUHSIAlL
o 1% $FoA {23 Alo]E VERIATH

g Ao AL A HE AFAZRAe] 7] A REcL 6,9% FIH3IA
3 5% FFolA xjol7t LIeltEE, AR, 3R} YgS 52 93 Aol
& Uvehtx] ostrt.

Hittmeier 5(1968)& red oak & 94%2 ¥g 5 AxZAYo] ¢gl= ¥3t A
Z7)¢] /3 (toughness), BES} nfRE AYF/| AR A3t Aoz} glrial B
23t em, Wengert $(1982)2 MR n3y AFAz et AYPQ7|ART
o AE2} QL2 AolJ} ¢l R3gTh. Lee 5(1984)2 red oak®] ILFx}
AZAze AFARZY HAE, BAS, FAVRLE Y FEE F43 Ao
7} vehdx] okokz, gt AEFAZRANY FUEFEE 27 AFARAQRTG
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¢ 5%3= o Zded, ole AFARAY wFe]l AFA=xAY ZEtt 4
71049 Zolgta Busigict.

ol gzt o] AFy AFA=RAL JIAFGAY ke ARY el A7 A=A
AR Aol 53 F=GE wet dFY Fe= ZAY Ee A7t
Uehe & AdolstAl Ea= ot

£ d7ZAIelM AFA2zAY AR EEAL AR 7] AEr) &
A vehda lglch olgh B2 A FAY 4L ALUS4F FEIH F
7 9l7] uigol AFAZANY Po] JAAY AT} ¢ H2 A= T
2o ALEYE Aolrh

- 106 ~



E 2-3-14. 7192 gAY AFAzAY ALY BEUFEH JAH LAY

] L,
Table 2-3-14, Comparison of EMC and mechanical properties between
vacuym-press dried and air dried wood.
sx  gzae TTUGE BMAZE Wi= WA
(%) (kg/cnt) (kg/cnt) (kg/cnt)
AUR HdAA=A 13.9(0.42)" 352(19.9) 680(39.6)  76360(3736)
ALAZ 11.7(0.89) 420(47.4) 737(96.2)  79370(8428)
Z7+2 (%)%  -15.8 +19.3 +8.4 +3.9
t3t 7.025" 5.465™ 1.941™ 0.946™
ApE BAARA 13.7(0.56) 297(40.6) 612(24.5)  67070(4720)
ALAZA] 11.3(0.25) 365(53.5) 620(111,0) 65300(13820)
F1-&(%) -17.5 +22.9 +1.3 -2.6
tZk 12.522" 5.325" 0.657™ 0.070™
o4 AAZA=RA) 13.7(0.27) 505(20.9) 817(69.7)  95940(5008)
AgAZA 11.5(0.37) 584(77.5) 1005(134.2) 95620(14800)
& (%) -16.1 +15.6 +23.0 -0.3
t3k 15, 668" 1.959™ 5.505" 0.345™
glasl AAARA  14.4(0.49) 334(12.3) 629(38.4)  77940(3645)
yE  AFA=RA 11.4(0.66) 395(54.7) 779(87.0)  83300(3458)
F & (%) -20.8 +18.3 +23.8 +6.9
t3k 11.525" 3.329” 5,144 2.470"

¥ 1 EEUANE BAY
¥ AQAARA ZAL NELE T FU8Y
* > t=2,262, t(9, 0.05)=2,262
*k > t=3,250, t(9, 0.01)=3,250
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9. Ax4 Qo9 u]-§

7}, AzA I Q6= #AA

4522 557 A=A ARAE FUEE(ke)d LAV VA (kwh)=
3 2-3-283 v}l BRE 433 Az FA Fu4EY AvlduAs HAitFe
2 B ARAT AIHYSE ZA4)0 wiel Fuistdcet. £t siEe AR27)
of vld F&3IA F7Isltizl, L F AL dFIA RAE F vhA FEIA
Z7}8te 3tA WS Jehiz dgdch ARVNE AZAHAEY 2LEE
A AL o] AREET} FZAF] oulA] 4bl ZAdIoT

Az A 7147 %F0e B YRS 27 AFLEA A5 dE
o] A=V U778 71d Bol &3t doluA|7t 42857 wjEeltt 7€
2o £20FE dFe BAu|F £ 271U5&0] 545 S8 Tl
gr|zto| o] FEEE d2 A5 A Fdel 2e¥rh ARG Sl
713 Zdut 2057 g 2FFIE ExfsHe 7| Mol AlAUA| 7L A
o] GASA £LEZAch 2L KT AAE thol AP FEole 7
Bt ohel FHatdo] o7t FALL AT UFEol LA
olel FHFe R F/E7] wie] ARFEI], 53] AUSFE HedA AR
A7lyA] Lezko] FIHHI gt

Simpson(1991)0ll &Jshd FAPL o] 20x-EHE ol3E HAHUSTH
A4FAR e Z/RICID Bastded, £ A9 A2F H4E&E ot 20%
FFo]| =gsh= Azl FRElE ARA 0] FUUTF 28A7dUAE A5
# %718 Vel gglch

i}, iR A=A

A4 45429 A FAYE FULEY 209 AJoUA= = 2-3-159 ¢
2, A T SU4EY 208 AUy FAE 17 2-3-2991 Ut

A ARNTEY 49%F9) FUseEY AV|oyR])e] BEFXE FA 3 A2
zgparae] AS  0.488kWh/kgolglth. FAl Sem  Axle] EaAY AL
0.484kWh/kg2 A MZ u|3dtgch. FA Tem AAY Z$ LAUFY T E
el AL 0.617kWh/ke: S dlad WS ERAFHY A&
0.900kWh/kgR T} o3, 4429 /IZHFXE 0.691kWh/kgol it F7 9en
Az A AuPRel bRl Eghzbae] 0.691kh/ kel S fla® #
o] EYHe 0.891kWh/kgRr}t &9, 4% 7FEE I 0. 767kWh/kego]
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gt FA lem A2Ne] Z¢ LU A BEe ZybabEel 0,699kWh/ke
= e} dede %ﬂ 12 9] 1.084kWh/kg Tt H A3, 445%9] 7HFHFA
& 0.888kWh/kgo] It

AX FAT F71AeE A2200UAE F718A0L. T Tenol 4] A
2 7‘-?* T3 Y IFq FUFEY 208E UL Aolst 9lgl

th HSER AJeurE Ax&EI & 2UR, E: gAY WS gy
el :’-%011*1 AU, ARGET} =) RUR, BE Udddo] HHY TN
Ziodet,

Resch(1990)oll &]3tH Z Ui ke olux] L7k Az, whukz} me|ge

H Al 228 79 1.11~3.33khho] 4053, A 233} ATAzRY] AL
 L67khEE 28Hcty RIslgch Avramidis $(1992)2 3717 4%, &

EH g Ayt W&, tiaA Wy le*E*‘ HEAYY oY 2+F g
of IF3 AFARY ZA FUSE k¥ 20HE Asoux|: Zzt
2.406kJ, 2.639kJ3} 2.603kJo] £8% 9112]-57_ B3stgdct.  E3Z Perré £(1995)
< 271Hrgo] AY FYY FA 27m HPF-e} YRR siaje] sldst ¢}
AA AFARNAN  oyx]  Au|ke zZtzt 2,612 1.43kWh/kgo]ZL, hot
climatised air kilnoJA] 57 27m2} 54mm UL #xje] A7 Az #AL o
WA 4HFE 242t 3,143} 4,00kWh/kgl B Rastgn], IR o] Az
SE7F =8 £33 283 FAL AzNLEF ouz] 7o At

£ Ao 286U = %h—}-r-@} s 2R FYla, F4A] £
oM AREET} 23] Y42 ARSGET) wiE AR R g9,

7tz A AFARY Le0uRE A AN FALLEE Z7}519
cul. ole BAl FAt FALSE UESEo) IR ol5Aw s} 2rEHA
Az&E7 L8A)7] d&olch. & A3 ouz] Lnjeke J|& a3y AR
29t @714z ZAfHEt Fgr)

TEFL L85 d32 B2 2523 HERSR2] 1A wiel
et 271U4E HEUFE0] HETE 20HE ouRE 27814 F
€ Hh & 4R RE £33 Az FAoM £08E ouxEs 2734
4 HFHULLol BETFE Itk 53] AFUpLo] I3 UESE 407
€ oyl wi¢ vl wely Baje] Axxs ARl whal duA A
Zslojof Bl HE ARE oUA|7} YulEH 7] wjBe 2PE ojo} & Ho|r},

th. A7z ul§
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B4 1439 Az FAEE AA]F 0.45¢0 AzE 1o (30040]) & 24
32 27|48 50xollA HEHSE 159714 AR3E dlo] 228 A7l
2] 482 A& A= F 2-3-163 Po] ul$ AHstgct. T 3en AR = of
o} 3,106%900] £22% %3 llem e 5,972400] £8F Hig} o) Az} FA 7}
Z715te] wiel A7) v Gy Frstdnt £ A7 v g ibg 24 v}
E A%, & U0 ¢ & o 3L £EY AU E 4075
gt AN A7) v} 0] &2 FU1SHA ok =Y Azxiu]Fo] 0.45Kc)
& Bfole 3% 8%, A7) L8 v]§o] ZASIA E Zo|tt

Ao £LHE oYL AR Wyo] el Rol7} Az, FUY APl
JolHE %, B FAY TR A7 2EeES HFUTE 5 FA
ZA3 ARAAEY 7ot ulel xpo]7} YA Hrh ARu[ g s oY
A, AFH BHEE, F, Ad3t 3y, 20z 5 Fedxte ARAARY
298 ARA A" uigl AMgdhe AR FF7 delAlal oy ulgo]
aA 4%E& 7INA "k =R ARXAHe wel AxFe FFA &3
degrade costo] ¥¥ir}, degrade costi= 32} Hx|3tel wiel ZA G
t}, Lamb 5(1984)& A7|AGARY Z-¢ AN #4E& 224712 IMBFE A
Z8H= AAU| L $28.50]2 AvloUR] ¥]-&-2 $14.302AM o 50% 2}2|3}3]
2, @Az S Aol Y& 6471 IMBFE AR H|-&2 ARYST
7493} 219 48" ul ANH]| L Ztz} $37.233) $74.30019%, AHI A7
€2 72} $12,759} $38.257} £ 85 S-& Ry uiel ol ouiA] ulgo]
el BES Aosly 91eS o 4 oltl, EY Avramidis 5(1997)2 A4z
9] 22y} AFARA ok EFajEct FAL FExjolA Az2u]go] AAEYE
o F7 10lm o]4 Axj2] Zzu]E-2 @riARo|MEC} 4 15~25% HZE
S Bastgch it gAY AgZARe TY oA L9883} wlgolet
E7h =3 fUelolMe ARulLol 35t RaFo] A i ouA] v§
2 yglo] et golsty] wiie] & A Azbe vlasty] ofgxw Asjou
A vlgz AN AzHLL u)e A AZAEE AL & 4 ATk BREN)
Az ALE Fost Ze] welt AdxAe] A AFEI) wiwd AzF
Yy 5 T2ES B HE#a 371376 A8 Aol E 4 dol 9] wiE
o] AA} FAZ} AR L L6UA9} vl plXE= FFL ufLIAIR £ Ao
Ae A2 FA7} A2 L280UA v]go] niX&= 93 vf$ HIrh wpepr
7t gAY AFARE oy TREY ARA A& HAFHQA ARYYo]
B3 3ict. :
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E 2-3-15. FPF AAFAYE FUFELH 2079,
Table 2-3-15. Amount of water evaporation and electrical energy
consumption by the thickness of softwood lumber,

=) 2} Zi_‘% 38 3UTEY (k) 2 gﬁaﬂ%
= o
s | sun | 0 | dds Rea | 2 | G
1 19.666 | 20.552 | 7.238 | 11.734 | 59.190 27.19
3 2 | 23.056 | 10.574 | 8.252 | 12.736 | 54.618 33.38
3 12.031 | 8,332 6.748 | 18.242 | 45.353 17.07
A7 | 54.753 | 39.458 | 22.238 | 42.712 | 159.161 78.01
1 9,100 | 11.886 | 7.298 6.420 | 34,704 26.90
5 2 | 20.611 | 21,082 |\ 9.964 | 23,258 | 74.915 33.47
3 | 20.636 | 17.224 | 16.486 | 26.122 | 80,468 31,57
47 | 50,347 | 50.192 | 33.748 | 55.800 | 190.087 91.94
1 - - 12.869 | 14.276 | 27.145 26,52
2 | 38.883 | 24.776 - - 63. 659 49,36
’ 3 - - 17.084 | 32.692 | 49.776 42,72
4 46,391 | 17.930 - - 64,321 52.90
5 36,356 | 21.816 | 15,764 | 17.594 | 91.530 33.25
47 | 121.630°| 64.522 | 45.717 | 64.562 | 296.431 204.75
1 41,396 | 60.432 - - 101.828 68.09
2 - - 23.076 | 36.491 | 59,567 62.17
3 57.837 | 18.205 - - 76.042 59,18
9 4 - - 18.683 | 33.108 | 51.791 41.86
5 48.721 | 30.420 - - 79. 141 50. 42
6 - - 13.294 | 32.050 | 45 344 35.55
47 | 147.954 | 109.057 | 55.053 | 101.649 | 413.713 317,27
1 - 53.478 | 26,952, - 80. 430 91.19
2 | 38.512 - - 238.071 | 276.583 32.01
3 - 17.642 | 21.814 - 39. 456 34,72
11 4 45,543 - - 29.217 | 74,760 59.72
5 - 29.028 | 24,749 - 53.777 62.33
6 | 35.473 - - 16.361 | 51.834 34.13
47 | 119.528 | 100.148 | 73.515 | 60.558 | 353,749 314.10
ZA | 494.212 | 363.377 | 230.271 | 325.281. | 1413.141 | 1006. 07
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Figure 2-3-28,
consumption in

Average moisture content and average electrical energy
the mixed charges as each drying time,
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O 2-3-29. W4 AR Frish 2USEY £ ATl BA,
Figure 2-3-29. Relationship between softwoods lumber thickness and

electrical energy consumption per water evaporation,

® 2-3-16. Q4 F+2E29 AFAR £8 HI|oUR|¢ H|§.
Table 2-3-16. Costs of electrical energy consumption for vacuum-press

drying of structural softwood lumbers,

FEFEY  FUFET A A7) ey

A2 A (kg) AzlefudA] A7 AdF &
(k¥h/kg) (K¥h) (4/nt)

3 157.5 0. 4629 72.91 3,106

5 157.5 0.5445 85.76 3,653

7 157.5 0. 6429 101.26 4,314

9 157.5 0. 7581 119.40 5,086

11 157.5 0. 8901 140.19 5,972

A7 83 42.604/KWhe]
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o] wiet ABT FPS vehiA] ggteut, HcojZole Frishe B¥E UeEh
et VR omyt AAE, £33 A FrlolAz LS dolch ¥
43 #AY WS4 728 AAFE G 5ol whet BR3P 1500 §3h4dch

ZolEg, YuEg, FHFe 2 HEY 59 Bl ni¢ Fushich &
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| AL ARAAEY ool whel FARYE Aol& viehhA] it L2UF-E A
A tiE 38 AojFEA FEFTTS A FAVL S/ wie #HaI
th ey HEYS A2 FAAC FIR] wel S8k $F el AR
o dlad WELS AP LUFE FhoW dPFS Adch stEdH GAY
AFA2AY EoAL FY2 viay % 4L A8

AF3A2EAY FPPFS> A= Bl Znr} AU FUSFHE,
A=} s ASE Ffe ot S8k

48 A7lquales gogol ALUFSE Frslded, ARR7)9 FH3] F
R F AL dFFA fAET} ] Fkshe 3TAR FEEE HEE U
Ehigich. 28 AZUAE FA 3emst Semtol= Alol7} glglont, A F
77t F7bgel wel F71stach slEY gAY AFA=zoIUAl: £ 3enst
llem AR} nig A7] oui=] 8] u]-§-2 2z} 3,106 3} 5,97280] £RFr).
wYFrIdze} aFAR ZRT FA LaFT ‘

7hast gAY AFARAA 4 15%4E7MA] A2Y 7 ol AS3HA
Az £ A3, FEFA AXEY, £58, Bl 4 AxL804A7} F
on vfggo] A3 WA ot JIAFEAC] A=A U= T BAF
ol ¥ FREANE A2IFY 4 Ul

B d7e el dz4Es A2FAY 58 Ul & o 728 Jds
8 A AZR2AEL £UFY BE FA Tenol 3} Al B &2AE)L,
9emo] % A Lot B ARAH Gl AU BS Smolshe Z
3 AAIGO| R Temo] 2 FULE 2FSoltt. HH$e] AP RE FA: F
BeE 27A&0lt}. da” #FFe] P 9moldls ¥ AAE)IL llme F
A2 2AEE FHY + UTHE 2-2-4 H2).
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A 3 A F2E FAVEAY AAMIFRAZ
z71e M

HEapAdFNAaL : o HI(AETIYAL)
A7 - ZEA(YAdoiE)
Bz Fed(ASTiYaL)
HEZ(AEUT)
o] F-A(Atrhd)
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Ard A A

2, g7jctauy, JdgE, shE 52 fEve Yo da] mRE
o] glo], 1 R}glo] FHT WMoz 19959 T 3 F¢ TRE RE Y2l
= ¢f 1107 m30] o2, o|§F W% 20cm nmRte] AAzo] oF 77%E 2}
ASta UrHAFATY, 1997). weld ol& MG MR BeUee
78l 1 o] 87t E Aadhe R 2njglE dolt)

A AApgo] e Wg ozl ulRE ndsAE A
o] 9lo] AzFo] Folz|7] 4t B3] g4 % Ui Ee(spiral grain)
7} weE o] glo] Folfe] tl& A Holrl. o3 gAY EAMES ¥
Zst7] $15te] ¢4A(pillar)d] Fel2 FE3H= Wto] FAF I ot 29
L AAls BV BN AR4ET} LEn, E AZF $EAAIF ASA
FEE ol FUWY ARAAEYo] A FAHEHU: M(pith) & =Y
31 Sl7|uf el A ddz AHYH (surface check) W 44¥l(split) o]
A WAAsE= Aol gltHLee 5, 1998: Kubler, 1974, 1975, 1977). ¥uiolr]
2t BYP LI ARAAAY 2 2olM 7 =2 B A=A ZelElo]
ZEA2AM 2 FIX 7t HolA & Hl, JHeUR AN Azl Ao nlgtz s}
th Jeu ARo] Arite]l £88 AL oUAY 4ns}t FUlEHE AL EE
H 5o Udor A=Y X7t AstEE A7 2= % e wlA
g4 HLBAE AR B8] s e Akem 3129 IY}E
& + A AFAZYA o] s}

A3} A R(radio-frequency/vacuum drying: RF/V drying): #PA#7}
8 FUIU4B A 2R3 ST HLEA AL tlEol(Kanagawa, 1989 Liu 5,
1994) 4128 A=A ARANE ©&3ln, AREPE oAWsl=d fe 2
< AU dch 2y AFnRAFIM AR FEEEE FAXE JF
g(driving force)& WHAIF|7] Hslire AR F4S FAIIE= Zo]
¢ FR35ICHZE 5, 1997: Hayashi &, 1995; Kanagawa & 1992).

212 F2EE& AMAAFI7] 18 o2 KPR el KPMES
&3t ALL FEA el (incising) Fol AAIH v} 9o}, 2 Hesjzh, WA,
AL Fol BARLE AHHD rt. HZ AMELR Fid AW
BEA AYF7)E A 2](low pressure steam explosion treatment: Explosion
treatment) Yjo] FAEo] AREGE W RAFYY Mo 43 AHE
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Elles o2 HIE3 QrHZE %5, 1997: Hayashi 5, 1995 Kanagawa 5
1992), F3] & F(1997, 1999) HES Yk o2 AYE7|S4)x g
Aol N 28] EF2} St F71¢ Yo o]RoHeu Hx ZHE A
Agte Zo] welFHAeyd Ty AHEAI S48 L WY vk gt 2
2Lt ol BiE Salxio] B AUAFIIZHA] A} Fo N e A A
H 4} gich

EY AEUES CYIA Y Aduwde] deuuos Wl
(longitudinal kerf)& 7}g3le] ARSIE2HN £ A4S g2 9oy, A=
Fol widrlE Fol ¥R n#AE AsA|Ie EAV} o7l UtHE 5,
1997; BEBR% 5, 1993 AHEHE 5, 1993).

£ dFodAe AUFIISHA W /LA Fab 3o AY4E
11X11en?] 428 2FAFARAY Aol njx= 83} ghAlgo] wjgr}
TE Y A Fol uxe 9 5& FHIA sgch

A2d A= 2 Py
1. FAAR

Zo] 180cn®] it AH4 7hHARA YEES HFehd 11x11end] $=41217}
HES 4HANY g, Zol7t 150cwt HEF & npfeHe AAsIE, gul
oA AAM|FAEU} 27U EHRE 2 2708 A3 sigct. 2N 4
AAE Z £3EE F 7082202 4ELS U, Unz| 562 sjasbaa)
E 217} EE3lqh. Ao AMSH A4 B A6 E3} F3F A4S
< AR 0,429} 77,.3%, E]7)chAUHE 0.413 63.0%, ol 0,433 32.8%, 3t
LI 0.403) 84.2% o]gic}.

WHIS 4 42HFo] g Ao chsiNg FA=) FAY 2,/3A(8
5, 1997) 3.5cm Zo|E Fo] 3mm¥ A sFE3tgct (27 3-1).

2. AAF71HAN ] FA o Az
HAUS7IFA 2= H7 40em X Zo] 400cm2BA Hof 1071%& FAY 4

- 121 -



de Yy EMqzuM HALE. A2 FixlE AURYYE 0|83}
of 71dstgE, Mgy FHxY Frexs SEEIcE MF F
JIXE, 5719 BHM 9 SdBe BESHs 52 AFIEEYE A3
g, §3¥ Zuipne ¢203Q AV JHestes AAY wWHolr) Al
EE: BE 14T (Au4371Y E nANER, B4 13
(E1-1003} E1-134), 53(E5-100), 103}(E10-100), 203](E20-100) 1 303]
(E30-100)2 T-E3lgich 2 gt E1-1348) A$w S22 23 U9
227} BT EHR 437 LEQ 134ColA HY S o|FASu) AAISHAL,
Uz Af= AL U X7t 100Ce EWstagul A st delx
53], 103, 203 o 303 el -9 H2 FHA o)F Zz 43, 93], 193
W 29315 whE3dle] EZajAe|slE, ME HEAIZS 27 109 5EE 2
Astgcl. W FHANE AFY B3I UFY A2HHE #EII] A3
] Wit AqHo2RE LSS ¥l len EHe AR (ESF)I 5.50m He
AA(UZ)A AAYgos Zo] 5.5cms] FHE B2, oo AR Y
3l ABEV|FAZ B3l

3. AFAAIFARAY

7}, AFHAFA=RT)

AFIAFARII= Zo] 300cm x F 83cm x Zo) 26cm I7)8 AELE
AEEIE RAY LF AER o]FolRA glo] ARF U] AH xFo] o
10,000kgf /m'e] tAIYo] Zpj3ct AFepRA7|Y H&YLS 7kWoli, Fu}
AL o 6 Miz® Ao, 78-on, 38-off 2 EAFHL)

. @3
-2t shHe] FAAIUE T, FUo ZIFAIE Fol 2k
AA5E, wLsFEAL] AxAole FTRAHSS AAYI} st Fo Zo]
o] M2 Pyo| HESF s, EHRVIZS dAHo] wiETE F
FoWRol thdte] £ o2 AEINEF [Asl] Ao 4T wWiUIF F
¥y AAEAE via AT (IY 3-2). 7 FHA2AEE 2E2HE [
—2 =0 WH3E, 182 FYWHE, 2T vmA] 182 £HXH 3T
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ol ¥ H ASUAAH .

Falgaie Z¢ 2zt FHA AR 2849 £AHXNE FY 2= B3}
of A=23AAN AZFUFES T3] #8le HAY ARAFes AHAL A
ZFFAE FFIA Ax7Y A5E T thE YAHE sfAste FEUA
RhE AAlgtglch ibde] wj@skgzle F= FEUAANEE A FES
TEIA Y £8ATE AL vy, ARFEAZA AAYE AA] WU
A4H 22 Ji3le] ALeAIL widsEZEe] A3 AU g J)o3he
Z3E =S

gt. AFAFARAHE

Fajgale] AeEe FEYAMANETE 13 AAE R, wigskEay 3¢
BE ZEUANNE dSUAAEE 27 23y MAsich. ZEYAAH
e RE £33 thle ARF A& YA ~30%= 40.5C, 30%~25%7}4]
42.5C, 25%~FWL 44.5CE TLEFIP L, AGUAAHAME= EY
AAE Aol F31o] 4L AHEE F 3-13 22 AAAASE HB3l A
z3}gr}, AFEE BF 50~140mHgE 133t

ir torr

X 3-1. 34 445U 22 FARAAE,

Pust g7 chapR el AU

ARAE [ AR(T) | AZAL | A2(T) | ARAD | AA(T) | A=A | 22(T)

0~108A)1 2} 40.5 0~72A13Y 40,5 0~12A12H  40.5 0~96A1ZH 40,5

~114A17Y 42,5 ~96X|ZH 42,5 ~30X13 42,5 ~108A13 42,5

~138A13 44,5 ~1204]3t 44,5 ~66A17H 4.5 ~120X]Z 44,5

F: AZEE 2FE 50~140 maHgo] d&
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4, A=xJA3 AxEgs

T THYAAH izt $ixe AxFFAE B, ARFEF
ﬂ%ih—%*lﬁ 2278 33 A FAFRAZ A=A AZ2FU+E
2 A2&EE Pt A2IJA AxLEE FAPHoIL gAY w
T Aol & Ao 7}78'5}5’- EzlgAe] 4 AYF7ISHA o] nhE &
ke A 3alch

5. AAdA} MUsIE HFE

A2FEF SR Wl A Uehd gde) ¥ w4 A4 F Aol
BIEEA Y RF, AYEE o A EE TR RAPIgT

AZAANEG T8 AFof g o F& F3slo ok 4(3-1)= )
U7HE H¥EES AT

K(%)= ———— X100(%) ............cc.oonut. Al (3-1)
Wo
K o8 7}3E H3-&(%)

Wo: A2A wgst2Ee] E(mm)
Va: A2F8 23] Y/1EE2] Z(mm)
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A3d 44 9 2%

1. AAF/15H4A e A 22w}

Zt £358 FAAUIYF E1-100M4 22 E1-134A 2] 2)e] B33} U2e] 2L
WS E 3-20] Urhhdch WdS E1-134x2]e] 39 Ry i =
T FAAz] ¥ B3I U Ao & Fo2 s ubwel, E1-1004 )
g BF AL 317 ol HriFeg Agton, B3I Uz AL uje
Bustdet. ol E1-134A 29 79 B33} s Fr%0] N2 BYg oS
BelolA FAelg AAtnzd Fa) FFo] E3Pohs UYZME M
UZU 3719 A% 30 %0) FEHDL JUSe njsis RoE Wz
BIE T E1-100X2)Hct 948 Ro2 yighdct (F 5, 1997). wald ¥
Z FHA2o] A% FIpg FAANY IUHE YME B2 USY F7)
ool FHzU F71U43 BHE 1FYS o Mgl Zo] niyAY o A
ZHgcl

Azlo] £289 A vyl F-97t BuidagEc} 23y Oz o 2y
o2 &85, E1-1003 e} E1-1344 8] BF 22817 Fo| wjglst Fu)
AR o 2 o2 Uetytl ol& uigrgde] 42 e SyHes
He e A Sy 4 gt AEE FIHYF IFAsA WA 2]
BETEN AL sy Ao AAEe, MR NEE SN ae] A
TERLEY FUHE 9N FAY ZAeE oA

AR} Y5a]2] E5-100, E10-100, E20-100 E30-1004] 2)zjj&] £
g AT A3 & 2% 3-3~238 3-100] 2 Lepigct

A2 2719 B v AL MYFo] AL W gAY 03]
8 ot Fodte FYE Byt ol dUJt AEosNE Yow gyEa
ALE onshs AL E FHAF MEY TEL F4z2, F3 9 Y3 =
F| 47 Al &3l R sjMEL]

¢ SN Aot AL MEEEN B3 2 USe gesty Ee 8y
F713he Rog vrhl, FaNe 347t FR4S SN o e
HE F/RUE ohie UMY 4 U AOE HNHED (F 5, 1997
Hayashi &, 1995: Kanagawa &, 1992).
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F 3-2. H2FAAN] ¥ EF3} U A2AGSE.

2 uf @ ul & 7 #
4 2 | &% —
AQAIZ AQA7
| maco [usco | BRI s [ usio) | Y
() (&)
2U% | Eiw 6.7 -1.5 57 3.2 1.6 64
Ei-134 24.0 26.9 188 23,7 2.5 221
27Tk | By 4.3 0.7 55 5.8 3.9 62
AR
Er13 17.5 8.3 156 21.6 19.5 183
s | B 3.7 0.7 55 16.4 3.7 59
Ei-1n4 15.9 9.1 142 20.9 16.4 170
A | Erioe 7.1 1.5 54 4.3 0.5 59
Eia 23.8 10.1 145 23.6 13.4 155

2. AxAR3} AxSE

a7 3-11~27 3-18 2} %9 Fajgxje} widaje] tEUNAIH] 2
3 g3 2FIAFTARITHo|, Y 3-19~1% 3-26& ZF 59 ARA|
8 Ax4ES] HEE Uehd Rojr}

vgs Fajgae A ARMAF 66x] 7o) 20.7~23. 1%7Hx] AZRH
3, aEAlE 19.0~21. 671X AZxE A FA 12em HF A28 MAA
29} EecBAdARNT AR £08 AT 10442 15Y] vFA(E 5,
1997) ZARA|Zo] AA ©XEYZ, ol AP RE 3ol KA

vdd Fejdiu wigx] BE AUFUISHA e 3 Ax4E FIE
IRz 3t E 3-3). FulgAle] Fxe BF AREKEIL 0.05%/ X %o &
sy ukslod, E1-134M2]e] A9l 0.16%/A)2v0. UET, wigxje A9
5 olg} fAY AL Ro]l EAN E1-134A2e FF A24EI 4
0.14%/ A 2k} 0.38%/ A Zt2. 2 LIE}y)cl,

B3] A¢E/EHqA o] g3 Ax&E FAAINE TS w0l HS
oA Tl ol AYFIEHA o] o3 wHHF UFU BABE
AR BAERE 4§57 S0 dEY A2 Yo} wetd A
Z71&H el 580l 4T, LElal Fdol EFY Zed US /A

- 126 -



4 Aoz MAHCHZE 5, 1997; Hayashi 5, 1995: Kanagawa &, 1992), ¥H
Azwrloe FAeA AUZIFHA AR AR&ET} A Xo|ux] U=
Ro2 yeiylth weld Azl AREEE FWAII] A HBS
BTl o] vty Zez g},

3z AUE, g7itiaAuR, 3R oM AYEVIEMA e oY
ARGE FAEIE o olef3AY A G¥E nxz] B Ao gl
Wk &UHF Fejdage] - El-134Xegto] R zx)e] BFARSKERC]
EA UetREE Uz Aelode BEF o dglth oA JYgd4s ALy
T 5 B¢ Fadol gzt ZaH el 2% wAEFe AdaAs}
njepsty] i Aoz ekl

THH AGFIISHA o] U ARKE FAANI FREAY Jdg$9
2% widrbgA el BAQe] Y g £FoME El-13442e] Az
57} E1-100A ]l Hrhe Aws] wglct, ol S ZA-folre go] Hx &
AR A7) 7E el Ifo] AR UG nX 2 UL B RAeeH (F
S, 1997) AT BF F71Y BEES o)F&u 2R FHF AANY A
el ele] 23t mpel IriE HYE £ UL ),

E 3-3. &R YEAle] ddUNaFuiAgaRSe] B
ARSGE(%/ X 3L).

A 2 A2 | Epae Es-100 | Eio-100 | Ezo-100 | Ess-00 | Eraim
.4:1-"-?- 0.62 0.58 0.39 0.42 0.30 0.48 0.63
(Fapg)

AUR | 041 | 038 | 051 | 0.44 | 0.35 | 0.43 | 0.35
(e} &)

g%
(T )

d4 0.15 0.23 0.21 0.19 0.45 0.30 0.41
ol g

0.05 0.11 0.10 | 0.08 0.08 0.07 0.16

3. Y
AFNAFAZY] FEUNAE W AGUAAEF YA AugPY PR

BEE X 3-4¢f Yl :
EE £330l doiA widale AdgEe 373 A2 B e
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o] BT Fulyz)et vlaste HWA Fulsigict, oj ARX7) $EA ] 3
A BFo] BEEH = EHUALEY(surface tensile stress)?] Abwtabo] ujatr}
T £ B4 3AEY) wie Aos SHICHE 5, 1997 BHHEAR S
1993: AHHER 5, 1993).

ey AUF7IFHAAY 454N B2 AREE oYe] AL gy
e 2o Urlyeon, o3]8 FEaAe T AU B SHAT Algo)
2 BolAde AEEE] o AspA LA FLE ddrh o)A FMAeF
of ME¥ol| FEHQ Tt fulEo] B ZEE SASH o, £ Ay
oAl AHEY AL XIIfEEo] Yol FHAzlo] 2% AR RAEHES
FAENI} FES] UNEHA] BIGAU 2geEz) YAk FIo] ¢F
glo] JAelo] G URERY olFHE FAXINE AZYU 4 Qv Wi
A Aoz yZtHch FHAelo] A AHYPL] A HI= Fpdo] Bart
AeEAE e o dFE oAl Aoz wtHL)

4. WUIEE HEE

E 3-55 gAY AEANAEY dGAAANE S AbE vy
F #$3&& vehd Zejnt,

AEUAAN2] MIIZE JFES WUZEE Fo Folyel oy gAY
o Hgyolut Az AA] FHUA vt ks 29t
or, 2313 A2F wEE Fo] Fotd FvE glrh ol YA H
P ARFo PAYFE Al & FIYPFFo] Lol3lA o Fold b
of, &AL Z A 7| AAMYo] A BN HrhPyy £Zo0] of
e Fohzt AEZE FHT =W dEY ez BLUHE F
1997). A B9 T ARAA UAY FFo] UnA] 4 oz AnEE
54€ AU Qe UF 4o 7Y A oY +3A%E AE B W
£71 et Az,

53] A5YAlel A% midstg F YA S E1-134AE AY
Stile BE B-folA ¢AlEE widst £ ol Wl thste $yog J}
St w7t YL sl BeRc) of AxFolgrt. £ARY B g
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59,6 - - T 6 | Aghdlo) ET

LENLLE .

Sen 23| 13.5 0.49 | 67.3 - - 33 - 2gh

Wiz 13,5 0.49 67.3 - - 33 - 2%t
7.5cm [ F-A 2] | 18,7 0.63 64,7 74,7 54,5 | 26 | ‘Hzl1o) ET 1%t
wizlg| 18.5 0.63 64.7 747 54,56 | 26 | HAf1v) ET 1%t

2. AFAFA=AYE

7}, AFvAF A7)

AENAZARIE Zdo] 274mXF 102emX 2ol 40em 3712 AHBLE
HEENTE A AFAER o]FolA] gQlo] ARF o] A uty] ¥
o] ciste] £AYFOR 9F10,000kgf/nte] YA FHo| Jisiich FwpwkA
718 &g 7Wo|i, FulfE= 13 MR 2AdIg.on, 8E-0N, 3E-OFFE
2Hs Al ZAct.
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FA2Y F¢ dute] b dIuiatolo] FAl 3me] g AHYsto
BASGS, wfZgA e BfE duY Huds) Aol ¢ ImPEe
& RS Siste] BAARE $e Ao 4-1).

. AxxA3 AXFUT-E 53
e aFAFAzAEL AUy Fu4E A agstn, du

W3] Ag AHAANY TEEsen, AFEE EF 40~100mHg Hel
g FAAIZCh A2 HIZE FH(teflon tube)® TR UFHL2 AYAS
e Sl Fderdels £8 ol AAF7A AT ok Aefos
eI, aFepEAe] o3 frlEle ARk WEHE AHgst AL ol
& As ZEESKIch 4 £38 FAE ZRAFARAY 2AL ouAyg
& B3lo] ¥ 4-2, ¥ 4-33} o] A3t

Ax3 JAY ARG ez A=Y A5E FAs gAY A% o}
& U8 PAE BYs A2FU5EH A24EE ASeignh o
& AAIYL T2 Sem U] F9= Aol TAHY ANES) AT 2Als
it

gl A=A} LuA9F =4}

A2FEF 2E YUEY & Fudo] vehd Az} wAgdy o
VEAYe] UAREd AANMY UIPYEE zABIYLH, HANAGYAE B
st A2F 205 AdUAE FY3E 2FepdA g T L260u=]2 A
Bt AZAILHAR A L85 U E TESIY AT oigt Baubyol
U B d=go|BAeE BEF FY 2o A A=2IU7) ol
=33 Tl wE aeAYnte FEY 4 4o
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¥ 4-2. AUFe) AR fuke] Bod gAY 24

ey +7 5em 2 7.5em
DRAZA) | A(T) [ARAHAZY | AR(T)
uE=) 0~163 38.5 0~12 36
~203(Wj 7)) 38.5 ~36 38
~48 40
~60 42
~84 4
~96 48
~120 50
~144 54
~168 58
AR 0~96 36 0~24 36
~152 38 ~48 38
~216(nl7] %) 38 ~72 40
~96 42
~120 44
~144 46
~216 48
~240 50
~276 52

E 4-3. WUl BV Y] FANE aFvdEA2AY 23

sz %7 5em 7] 7.5cm

T AZAMA| () |AzAAW| AL(C)

WL R T 0~32 38.5 0~12 36

~56 40.5 ~24 38

~80 42,5 ~48 40

~104 4.5 ~84 43

~120 46.5 ~120 45

~144(9 71 %) 46,5 ~156 48

~192 53

LENRPR 0~48 36.5 0~32 38.5

~96 38.5 ~56 40.5

~120 40.5 © ~80 42.5

~134 2.5 ~104 44.5

~150 4.5 ~120 46.5

~174(0) 7)) 4.5 ~144 46.5
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A 38 43 9 2%

1. Az N3} Az

N
B

2 %9 ke FAE AFMAFTAZRIAN AN Ao wpE
450 WEE 27 4-3 ~ 23 4-19¢) VERjgc).
F7 Sem ALHEUTY B RIUSE 75.5%004 H4E o 4~5w7iA] A
ol FAe] 92 163A2k0], i wizlgA ] U 203A70] A QF
et
AU T2 75m {2tolu} T 4%9 FLE UFE 1Y olue) ol&
44 E7IA] AZRE o HUIFE 10.5em ZAY 2FIAZTARAQAZHL 600
Aol =F U 12em ZbAe] 236A|ETHE ARE] BottH(Terazawas,
1998),

Y

AU 75m 3] F9E A2LLAP0] ¢ 12,59 F=E ThE B}
Hldste tid Aged, ol 2740l 142.552 uly wUVWIEL Re

2 Az}

5YrF SYFAY 4utEoNE wZIERE AHIE ¥ AS FAe 4
Bl nlle] AR4Q7)70] ¢ AAU, Et ZUARANEQL U474 Ho]
o B Zoz Uelulth ol FAEAY xRy Ax&E7 wi1gAe o
BRTE o9 w2 A velden, vl AzF7) olF ARLEI} GAHE u)7)
gAY AzEE7 o wiEA veidodR]ete Az Ax4E AS
FEY UF 32 Yol AT FAY FFAREEI ¢ A Uell
7] wigolch A} wAzzrpolo] ZhFo] ExY A Fuhtz A elo]
BAB, TFo] o wWAAGHRAZIIE FHAA SAlo] T AL
A o 37 wEef wiriwAe] fdute] ARZy] ARSEEI Ao A3
Hdelojet, ARA|Zo] Zol wiel Pgo] AAEHA UAAY B2}
EfEo 7 313 Azl A2&EE= A Fox|tyl ARFU)0lF A=
£ 94E& RolA HcHTerazawa’s, 1999). &3] ARXJ)&= BARRFO] Y
o]54 FAJ} HER aFupRFIlolM ALzt Hojgte] e 7%t
38 71580 M= UHE7 wEo] AIu vARA Aol =
T& 3A A3AIe AR ugtHrH(Leel, 1998). AUR F4 5
AZANAF AZREGEL FA 7L 0.95%/ A 2 o) u)7)
0.70%/ A Ztol] Estitt. & 5(1997)2 3tg IFupAFA=

Ae
2 N oo

d © f
ox
o

¢

o2 8o & P
o A ot
p

i~}
rlo

¥

X
o
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¥ ZF At A27 WS FF AU P& EG 3 W&
Btgalolo] £EQATE BEHTA o ¥F Feiwalolo] Ayt W
ALY LRG0l goBE wIHE Aglste] A3t Aol upgAsict
AR wp glch ZEu B AHY BR deel A stdEe e
AFUE A EBN AFuelAe Z2E oY ¥ 4 Ao, o=y
B5 Y 3HL ERay ez ugHch duF £ 75m Qe 3¢
Az27) A2SEE JHYPHA Al HAIETH 2] Hete] A2&x7} A
TRETHE] Wk} vjasied o) wi2A yeiklth ol HubiY 9 HehHe
BAN-H1E BT FESLE Bsivhe A& Aujsie ALe24 Azjet A
2718 gol fAIY 9 HehEe] HaReutg d=golyA st AL 4
HA o] +EZAME AL 4 gleng RagdEst e Huy 44 2
7ste] AAlshe= Zlo] ity Zes JZYr) ¢u Pz ATHINETA
Yoz} x|l Ax27)Y AR&GEE w71 Y HAo] ETAR 4%
o AzSEHC wEA Uehg A227]9 AR&EE FUHY A=A
g Brie w7l AYarel A o E 9¥E WSS ¢ 4 ok A=
Aol BT AHSE HHME ABALe Fezt v d2E=ER F7}
she 440€ Rorh o7l IFuAFA=AN Azxwrle) A= AL
BT BRN AXKEE F7MES &S dujth ¥HE Avranidis F
(1996)2 AFMIUFA2ZF AULE F7MIAEA A A=7Z AY 4%
¢ AXEEE AT d2A A2 Ayt bt 9lch

2. Az gy

Zt 35d FAME AU AT HAUEY YAEEE 44 ~ 2
4-73 e}, AAEY | Y=t LUF FA Sen HtolY BLHF FA| Sem
U, =ElLHR A Sem QATolAME vl A Aelziof] n|ste] FA{e]x)
of A Tha AHstA LAY WA, A FPolMe rlmdtAL 9AEAL,
HAgEL] YAF=EE FA w72 o] AT Bl geF A
AgFolut HAgH e UL w7} P wdo] gl Ae= 1}
Ebytet.

AAEEe] ¢ F7 Sen £UHFEU} FA 7.5 AhlFe a7 H3A
A duolA tid HIPA YAAES § UnAY FfdMe vl Az
th ol= IRIFAREY B¢ JRHLE UFRFES olF&ES} el R
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Z A7t gt B E olAE AUz UuEolth(lee F,1998). gn}
AU B9 FAT.5en Uute] uldle] Rrl Anigt AZRZA0] HLE o AR
&8 AIZ0] AW T bem fBrolA MAjUPo] of AsA LSt A
oLt HAULEL] o e #lsiAE FoRE YAttt SY dzhy
oA A HAEST AREGSEE JFUSIA B Aol wle FL35}M(Lee
5.1998), olEyt HojA AT utolNe AR 23 SHE vjjo] FH
o= o} git}.

HAYYS] ¢ A2 HRF =T Aoy Hojglon} WuFe}l nE|UR
o] T 7.5cn Aol ME ulf HIA WA oA Azt Fogyro
2 FEZ AR A -dAzte] 2718ego) Fage Alo] Fo® Ayt
HAF ol ¥F Rl WA HAEHHo] =N F 2908 FAANY
of AFgYo] YAEJ] wlEQ Aog AAHLL Y T SdAe] Lurdlo)
E S0l AAYE L ALY A PR W42 Alle] o] RiutH ). ul
i Al EANEL T AY Falo] MG A S Aol nf& Zasic)
gt 27184l R Fo) mig BHstA Bl o] A3 ikt
1A ofom AR A& B3t ZARAREo| /MUEolHol A Ao A
Z}glc},

X 4-4 2UF dute] AAEE} WAgde] U3 E

Axgd Ay
T
A 23 FE24E 3704 W0l R B4 2o A= o]
(%) (A)  (em) {%) ) {em)

Sem | FA 2 29.2 2 7.3 83.3 0.3 0.4 |9

w72k | 54,2 0.7 1.9 75.0 0.4 1.0 g2
7.5em| FHa 88.9 0.1 0.5 100 0 0 |gle

wi7|k2ka] | 88.9 0.1 0.1 100 0 0 g

FFEAUUE)/(FATH A 24) X 100(%)
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E 4-5 AVHF due] AAgEs jAgdY Wg=
AyE My

Yeia
FA| 2 | PN 3 3Ll PENE B4 3L | yougm

: ‘ (%) 0N (em) (%) (h) (em)
Sem | FAe 100 0 0 100 0

0 ¥
ol7l 23| 83.3 0.3 1.1 100 0 0 |82
7.5cm| FAe] 66.7 0.4 1.9 100 0 0 |#Hafiny
w7l 37.5 1.1 59 100 0 0 |Hzie)
o (FEae k) /(S B 43) X100(%)
F 4-6 HUHE dte] Axjgdn HaAgge] YRR
AAgd Hagd
ek

FA 23 FERE B4 3ol FENE S 3O |, =gjo)n
(%) () (em) (%) (1) _ (em)

5em | FHel 86.7 0.2 0.4 66,7 0.7 L9 (9%
wi7wba | 96.7 0.1 0.1 90,0 0.1 0.3 |9

7.5em | Fxe] 100 0 0 0.0 5.0 8.6 [|MHxjjiuy
wAwE | 100 0 0 0.0 7.0 7.9 |Eaf1og
g 100 0 0 0.0 6.3 7.7 |Ashal
Wil 91,7 0.1 0.6 0.0 6.5 7.2 [Agkdling

Z: (BEPUTE)/(FA B LIE) X100(%)

F 4-7 ELHE ko] AU HEde] YAYE

daigd Hagg -
EAl B3 R&4E 30 340l FEAE 3704 220 de E“;n,
(%) () (em) (%) N (em) |
Sem | A 93,9 0.1 0.1 100 0 0 |8is
wjZlg | 97,0 0.1 0.1 100 0 0 |9
7.5em| BA2 100 0 0 3.8 4,1 16,5 |Hzi1u]
B 7 923 100 0 0 1.9 4 15.6 |R=]1e)

2 (REAUTE)/(FARLV4) X100(%)
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.vEaY3 HY

E 4-832 7} 38 Fod 4 v¥aYy YAAEE Uehd Zojt) =
ELHE (St s A USR] katn, AU FA 7.5em bzl AhUEe}
HUHE] £ Som (e ME vl ZFulstA dstdon, Unx] Qg5
E HAZES BBoldnt. 2y AR 3ty ko) sty $2e® 7}
A= AN Y ARFEAZMA] dE5HLE ALY FHPoe BFoWEEHS
o] FAE AL £ o] vEIAHo] 3t &AL U AYY £ 9 R
o8 wigheit

AR T2 7.5em 2] F9- 5 o)A HANReY] XI|Hego] A
AE R By 146.7%} EoBR wWojgtol Qub MchHate] A.wzjie)s)
C AREHHY EWshE A7)7 MR tiEa, olo) wiel ARl A x|
ZBA gl nlAMIgt Yol WAH fast &l TH AZEI)o] HYELE oy
BeE-8Yo] ARXI)0) LAY nAUPRo] AZEWUAN VyIYoE AAY
T don (Lee &, 1997 and 1998) Z=7} ¥t $344F 1 P4 L U
okt whebA ol ZF¢ AR $BFULEEE TESSIY HH
E3He] W3t AZIE 2AY "ot doy iyt edakgo] 283 u)
Toll i E3sict o5 LE|URE T2 7.5em 1] A Haele] 2
ANgego] AR R of 20685 Wi, =y YibFoeg AxjRchs W)l
3ol x| W] o RAE TR 4 7ol HAE AAjHc)
WA HREyo] TEdle] #2385} ofF HAEIF o] Aaje) 23
Al o] AAEHA HAlFe] 1LY FHH 4 v} ulelr WA R2
A24EE AAAE "ert gon, ojof whal HehHe] HaRenke ¥x1n)
g JdeeHolgA e sty 21Ut duigtE xdAlA ¥ AdA? E: A
WY AREEE x| AFAC E A F3pgde B AUA? 5 AP
HQ 227t F-F3] ANe|st AR BY B¢ 2 AHoA Y Zo| tieg
Haggo] WY 5 gt

HAYL E7) 7.5cm AR fulojAwt Aoyt Huo] wasde 2, un
2 39 Zfolde A WA Wl FA 7.5em HUF @] H9
BT 27144E0] 143.6%0)] o]lF FEE ol IRSFEHUAVL vl 2P
A &E 57 ufEQl Zog AMzEo] AR AZXKEF Krl wl2A |y
gart gk

- 159 -



E 4-8 £3d Y vyEIY WA=

5 7 5em % 7 5cm
% %3

' FEAE 3H F40 S 28 24l

(%) (om) (em) (%) {em)  {em)

AV 23 58,3 0.2 4.7 88.9 0.1 1.1
w7 5 2k 41,7 0.4 6.5 88.9 0.1 1.1

AR 1 BAe 70 0.1 1.8 20,8 0.5 7.8
v 7] 92k 90 0.1 0.6 58,3 0.2 0.3
WU | B 70 0.2 2.2 50.0" 0.1 145"
: 4.7 0.2¢ 165"
B 7] B3 90 0.2 0.9 66.7" 0.1 12,3
58.3* 0.1  13.8¢

LEUR | B 100 0 0 100 0 0

e 100 0 0 100 0 0

F: 1) HAlujdEE LA 2] Wk
2) AkdimA=eo]Y A Mzt

4. A20AYFY

IFTAFZAZRF L20URE & 58 FAEE FE3] & 4-90 1}
R gict

E lkg& FUA717] 931 233} o] £42¥ Holu]E 3.5 ~ 9.1
Wh/ kg - BEZA F7] 10lm Y4 =& LFuAFARsh= ol 13}
7ide] A9% HolluA] 1.29K0h, kg E(Zwick 5, 1995)3} ujm3}le] L &4k
th o]AL £ XYoo AHEH IFIAFAZRIY B EH 1P =Y £¥d
Z7lelglen, olRAmAE AlEW FFFHY U7t A|PHF-E(dummy log
cross sections)& A&l AU wiEd RLeE AYHr]. Entohz}
AzFo] AEHY FAE &P 4%l A=Y FAEE FXBAA wy
0EREY AEQG Jo kEFHEE wnlddol 2JEE i3t F7HHQ o
Uzlae7t 9lalE RAog AZER, oA Jldon]e} AFHZL FHFo=E
At olulx] R qqleg LIiYch AFFARNEL & FH Y
UAY wlo) glon, Zwick $(1995) F8x1Fo] 110mQ 2LFI}AFARI
t E23 25med 2FAUAFAZRI ] vlsle ARHLS 507X Y
4 oltls Ryt v} glch wiehd £ AJHe] £ AEE ALY A8
A AsiA] e AL Azbdrl.

AZA A 2o £28FHE UAE 2.3 ~ 10.8h ke B2 HH Ak

- 160 -



&3] WU T 7.5em U2 F-9 10.8kh kg BEEA TIE H-Po} nasto

478 v U2 1FEIEo] £9F Holux] 7.58h, kg B HCIE ¢

EAUTh o]RAL AZRIA FAFE 12X 75 AFA A FFolE 69.1kWh7t £8
¥, aFTZldols 10.3Whute] AQFR] =% ARRI] ~ AzZ7\7
2] AFA2H 2AFo] £0¥ HYo] IFside] 4209 AR} 2
ol 710% Aog EAEct =P HAUF £ 7.5em (3] AT HAFA
28] 2pFo] 4£8% WoluA|7} aFurtde] 408 HelyA| K} 2, 1k0h kg
= U 84 Uelsled, o Z9 7ol ulf wol oloj wldste FuH
T34 a7FE 97 tEd Aoz Q7Y

E 4-9 7 £52 FAE 43 2FAFARF L2604

sz |sq| FPESUSG BaodAYlMm) o] (1, kg &)

FHE A% A 27l aFAAd A 2Fuppld AEN2d A

AL Sem | 23.6 25,2 48.8 426,5 270.5 697.0 8.7 5.5 14,2
7.6em| 21,3 22,0 43.3 356,6 100.5 457.1 8.2 2.3 10.5

AU Sem | 20,6 21,5 42.1 257.5 }25.8 383.3 6.1 3.0 9.1
7.5¢m| 44,3 43,9 88.3 311.4 491.6 803.8 3.5 5.6 9.1

;- IR - Sem | 12,3 12,7 25,0 224.5 88.1 312.6 9.0 3.6 12,5
7.5em| 13.4 13.4 26.8 201.1 289.1 490.2 7.5 10.8 18.3

LE|LE Sem 9.6 9.9 19,5 177.4 83.4 260.8 9.1 4.3 13.4
7.5¢m| 22,8 22,6 45.4 238.3 278.3 616.6 5.2 6.1 11,3
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6171 E AR WYY B VA W Y
#dol ek, |

7AAYYY PAREE e Fuistglont YubRe} LelLRe Fl 7.5
m WMol viS Astglon, olg) ohtg AL A-UA FelF wiaw
A7le] ARESHEO] @ e Ro) ul$ Fasich

8.VEIAY WAL Auy Holglon, AZF YN AsA o
& A% v§aY] o 2L HS 32UY 4 Ug Rolth

9.8 7l 7.5em AR ARoIMT FulshA WSt & Unix 3
FolAE A8 s otk

10.8 lke& 3UAN77) 98] 2F3rkdel 208 HouAE 3.5 ~
9.1h, ke - BN 48] &S Holglou, NQgTme 2FINLAZNE
YSAU 123 2718 AYsHA YeTh kol A BAY Row
29},
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71& 7
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Ad A A

APe TREAAYC] B A Hojzdo] whel o] ¢4313 1)
ol Hlold FaAlAUE Mot o]gdlaxl £ 0.2~0.6mP=e] uj$
o> Hfgo R 71gslel ¥dle Algrt FF8la olvk AU A=H
2t% ARG Jde @ 5o Bde] Azst FHI} ofFrl: VS
Hg&erE enjgol(overlay)dte] ZRLF AL U &A EE AHUAA
o M52 &3] RIPIAE FAAIL Ak 3] HI Fu upFEUAR
o] A FFERhe] o= FHUUY AL Kol 9lrl
, B ERe FATL giol WALl Ao MANY AzxF $EZ A 71

T AE2 Fngt "Woluh, EojHolut EUd(end waviness)d] 'dAdo] o]}
3, A2 k&E o] it o] gt St(darkening)H AL HE Z¢ ©3tE
ol n|#H 748 Ash= F8 Yol Bolxle 471 sivh EY 2U|A=
5271 =¥ A5 PHolv AW ol A AUEE U] w3 O ¥F
¥4& 53 (open-pile)dh= A EI nf-¢- BUY ot

RS AFAVFARY FF ALA=RI JHesly] el Ty
M3t UAE ©3E BE 4 A3, AP Y e HEE wElA
AHY 5 JoBg zgo] Aksin, thdREe FA APs] FckA el
E UR7tdol 7hed RAIE WAlol7] wlEel AHFT HFU4L Wl
4 F U Aol & LR HFHrt Eulohz} AxF Tt AH
thete] =2gae] Aol st ¢ Eoldolut iy UAE mi¢ &
HHo2 AAY 4 & ALo® NZHETE =Y HT F(1997)= FL IS
32 e YHAHAZXE HAIste] w3y, ARAMRE, HFYS
&2 FUF THRE AEY vttt

2 dFolde A feuztelM dE olgHa & Hgeeu g F
€ B FAYU Fel 5& €edle] HAY oS, AT RFAz ¥y
AAAZE AASI ARAN Ax&E, oY, BUHY, ©, £204x)
55 48R, dARFURFARgNE thEFEIY 37 Y4SERE 58

ZAlste] ThE-32 3% F2E 443 A ARE AFssch
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A2d s 9 B

1. 3904z MY
7}, 3Egviute] Eu
“]'3"}_} TFEUE (hard maple)2} W =t (beech)?] 22 ghz} Ry
A vtg FUENAGAERE Eodol uldge] ¥t "’o’%"’“‘ﬂoﬂ B
s }D‘] Algel ggstgch 2 gt £7E 0.12mé} 0.45m 2FA 5
go% FEsiga, 7 dute] AA FAE Ao oA HLR &33la

AzABE LUE 2 AHAYY) 0z guistglon, 2 Bae
o4 Aol 3mel Vg Aol 2UsE Fohdch AZAY A%
gl ‘“-T%—rfﬂli} &, 42 9 271048 ¥ 513 Pk,

i
rﬂ
r“ ‘

51, 4340 A2 XS LTy g Fas & ¢ U 27 @

%7 (nn) 2NU5e 4%
43 |88 oo s S ©
TALH AT (%) (o)
0.12 0.17 21.5 72.3 52
}n h =] 3.0 . . . A
g3E 223 (0.01) (17.4)
0,45 0.53 25~26  95.6 52
(0.02) (4.95)
B2yAdl 0,12 0.16 30 132.4 49
(0.01) (7.3)
0.45 0. 54 30 128.5 48
(0.02) (3.82)
Z24] o0.12 0.15 23.5 35. 4 50
H = = . . . .
HERLHE (0.01) (8. 45)
0.45 0. 54 25 65.3 53
(0.01) (4.14)
2| 0,12 0.18 30 77.3 36
(0.01) (4.22)
0.45 0.62 30 64.8 33
(0.02) (3.19)
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U, 4FQMEAxAA e} A=xzxA

HAqE e BdgEo 2 FAAY FFanjAgo] zhz 380V}
25Kwol L, 188 RAYAPAA S 60X 245mBA 4} - 3}4o] Z+z} 21mjR]o] x|
o] glth A« sPgARA Alolelles RHETNE 2FXD 5+ UEF AR &
BYPX 7L FE] glch, EY 0. 5CHES 713 &Y FHdEAN
& BAY Ao FH3lo AXF W] FYULE AFo] Jhsdted 1493}
gom, A WA Ary FHYAXDY Azl 2Ho] IH5IEF
dAEe] drHad 5-1). & AlgoME A - 35 YA AE 15mE
stATh( <, 1992).

Z} ReEeuie] fAMAZRZAL 43 WA Y = A=A
L2 ZEE3gon, YN} AP0 EE FFo] ARAHER
FHETRS WalAAlolo] Folste] YA F ARSItz BByt
H AREEe} ARAE ouAEE F3lo] dojF ARE TAE A=RAY
=43} grE& o 5w7kA] EEsheY 408 AI7e AESS AAsUch 7
RAgchbd ARAIPZAL & 5-2¢) Ul

E 5-2. IFETbE YA 2AY =32,

AzAEzA
T F 5 2 |35 (m) DA S5 AZA 2
() (R)
US| 224 0.12 180 50
0.45 180 240
Fu4 0.12 180 120
0.45 180 360
YEhg | 224 0.12 180 30
0.45 180 240
F43 0.12 180 45
0.45 180 180

tl. {EHTE ARG
AUt AzAYE SR AARARYE AARAE Adlsta, o
%3} ARFEFY FARYEH HFUSES AMSIGTE EY ARF HaP
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Ur2A4TY 220D 2R AREES A&

el oY, gy W e
- ARFEYF HYLTULY Fdo] Uehd Yo WA} ULl E

ZAtstgict,

RIES A2FE ¥ Tty ¢ Auyel Uehd A3=E ez By
st g, Zul, B¥ 4 % uf 4H 5 5HAR Fusiach

EY BUIS AXRFETY Hud BV st 2EARE 29
5-28] a~dddolA 2t FPLHRERE T 10cm EolW FHE Y35 L=
Z1epsha N LY FFPAZ ZABIHCHE, 1997).

np, AQAYF
HAAYBAE dASS] PANE HALETR] HAdled 288
APt (LT UE FULF $EFU 288 AIPe2 FE34 &
2 stgict,

2. A aFAZAx AY

7}, 3agchutel |

ulF4t B UF(ash), HulbF(cherry), ©&uHF-(hard maple), 33}
F(red oak)®] 27 Wtz Fud dnlg FoETRgadNERy 2oy
o -10C¢] A2AAile] Kyt Ao gt o, V@FUFEY H$ 2
27 o] tisAnt FAE 0.2me} 0.5mE FE3te] Algsigch Una &
FauvHE, v 8 FARY bl BS 0.2molglth ARAH) A}
€8 S ©ute] Zol(dRY¥)e BEF 20t 2 AzAEE wiut
Y 57, &, 27s-E 4 4% E 5-33 Ut

U, IFAFAZZFA G AxxA
AFIAFTARIE Z0)274em X F102em X L o]40cn 712 AT AMR
A7t R LFAEE o] FolAgle] ARF o] BAY agiiute] z)
Hofl chste] $AYPo T oF 10,000kgf/m'e] YA|Yo] Jisfjzict, IFupUz)
o Ao} &Y 7kWolL, FupSE 13vH2E 13O0, 88-on 2E-of (2 %
SA13ch
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gk 5o Felo whed YAGEY FA7 o 127} HES chd
FEE sto] FHAT HE2 sk, 223 F2AWYR FES A 47
AEziged, @Y Fe FA0.2mFES side] FA0. SmFEES 4
choll af2]stoTH 1y 5-3).

Azz23L dZE2AYY WIS FAYAE B2/delel £2(solid wood)
of AduF Ao Wystx, f71A%E e PLF 222 TEEIIY
ch

AZZAL 0~24A12F 50T, 24~48X|2t 55°C, 48~68A]2F 60C, 68~73
A7 65CE BAsIHR, AITEE 40~100mHgE 3L SHic).

E 53, QALZTAFAZNYE HEE UV F, 2104e % 4.

whyte] ¥4 271548 (%) +%(h)

+8 |9
R a0 oE3 272083 A 03 373 0E3

Exgutlzed] 0.2 16~21 589 62.0 53.8 56.0 507 169 169 169

Buzl| 0.2 23~23.5 g32 827 79.4 87.6 997" 69 69 69
"R [@&7| 0.2 16~17.5 83.7 90.2 83.1 77.8 462 154 154 154

BuA] 0.2 12~20 82.8 86.2 84.1 78.2 600 200 200 200
THELLE (24| 0.2 13~20 101.7 104.8 96.4 103.9 603 201 201 201

0.5 17~24 91.2 1024 943 76.9 171 57 57 57
Haupe [BSd]| 0.2 13.5~17 41.4 42.5 458 3359 408 136 136 136

Bydl 0.2 17~20 51,0 41.5 57.8 53.8 38 106 106 106

F: 1) 27 Ik 1R AFHFAE 2.

tl. & AR
AZFEF T §F FIH o258 10emEo)3 F-9]ol4 do] 5enF
A HAFUTE 2AE AHPE ANzt HIEeE} AAFAE A8,
o]R& o83ty 2I|U4EI AREGE T AETE, BEF FUhUFSU
A FANYEE OFF 5735 OXF2E 35Ee] F3jgirt

et o, Eud W ¥HE

AZFEF 54U thRSHAAN ORF, 305, OFF 24 JolA 2
4dstA St 15008 FE3l0] oY, EUH W IS YHYMARANEH} Y

- 179 -



ez zApshgTh

ul, A8
ARG BAE HAslo] A2RF £LFE JUAE FHY3E 2FupUA
of £88E ouA|gt Jel BFAAYY AFHe] BIMAo] £8FE YA
2 FE3t] 2ApSlGIT

A3d 43 4 a3

1. 93090z A9

7l. Ax4=9 £0A9F

g einte] 43, FAE AAAR LA HFHLE, AR
&5 o) A9 WYL F 5-48} Pl

423 Bel|, FAo FAGel i 302 ~360% olufo] AdzjolA A
£tute] o] &g £E271A] AR et ert FA0. 12m YERUPE F
A vk A9 452 St QHAMARF FU,Eo] 20,652 Th: HA
el 2270 Eu a3y HBart slaloh

BE £231 Eeloi FA0,12m ] AR&EEE 1.05~1.33%/ 22
=0, 45om ¥F2Re] 0,26~0.35%/ 2 KCt 2AE 3,28 IAE 4. 407w}
27 velgth 434 ARYo] sty FJt FAL AL dAET} =8
7] B Foz AZIRCh(R,1992). W F2Awiwtzt FoAde F
g Aol7t glsdch

Al LEE MA2EY 180CT7HX] &7171d3ted] 488 HYPLS
BE 1.3KWholgl, T 1mE U 1xfaT FEFU 408 AP
0.001 ~0. 041KWh/aMC » 1422 v FHgch Yutal o JEuh)i Z2Zdtiute]
ASE AYsln: T 24T AYY L2Fo| JEdl, FA FAN &
& 7S LFYae FFEI Lol3}y] el AL yghdch F(1997)= HF
feiute] UAAMAZo) 208 AYPE @rlARY L-Lo] EXY AL=
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Ry vl gk o] 4R F§ FH FVNE JMEsAL HEd
27)8] wjZo] w}E Wgalo] gly|wjEolthel B, 1993; 3, 1992,1993).

E 5-4. L ] YAJAAR L83 HFHUSR, AxEE Y &
RS

27 % AqAH
257 £RA L AZRGE =12
2z (8928 yag| pes FO LTI
() (&) (%/3)
(%) (%) (KWh) | (KWh/a4C - 18)
SRR (224 | 0.12 72.3 5.9 50 1.33 1.3 0. 001
. (10, 40)
0.45 95,6 11.1 240 0.35 1.3 0.019
(2.62)
Byl 012 | 132.4 6.1 120 1.05 1.3 0.012
(2.9)
0,45 | 128.5 8.4 360 | 0.33 1.3 0.014
(7.77)
ysshg 224 | 0,12 35,4 1.1 30 1.14 1.3 0.041
(5.31)
0.45 65.3 3.5 240 0.26 1.3 0. 005
(2.69)
B4 0.12 77.3 20,6 45 1.26 1.3 0.025
(3.20)
0.45 64.8 11.5 180 0.30 1.3 0.030
(2.11)

F:( e E2UA,

. ol#z gyl

¥ 5-5¢ {FANARZ) URY ol TEHRY F=E Yehd A
ojtt,

TiE-E2] whatola= ojye dAdo] uf-g- FuldtdAL A LAAEA ¢
of olge] o3t F&AFTIRke] HlEo] 88.9~100%0] o]23 21} ThELHe] £
0.12mn %HEtolxE F2Avhetz}l Ryl 25 FExcint njgo] o 35%0
B, FA0.12me} F40. 45m7tel] FAxN= AZ2§He] A& oy 3
22 A A FA7F ¢ B kY] HAAZRzY Hujigle] AuiFe
2 27 gEd RALE A 2y FEHE0] W Folx ol¥e
FRFURZol e 9 10T 2. 4enBEE ZFulY Hojglon LA wiutxt F
HA dntels F3Y xol7} gt

P S FHAUECE T2ATN, Jeji FAL wt
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Brhs k2 wuted o ZFuojsigch Fedtiate] 3¢ winte] Fydke] FA
Wk BAR ARG F4HYo] Z2AVUEC ¢ 27 dlEd RLeE A%
el =Y W] FA7l FAESEE Wate] A st AxF YUY EUEY
o] T JHEE o] AriFoR of8g ALE YZIHcl

E 5-5. 3§ Tute] AFNAARF WAY oY} EHHT.

o] ¥ 2 2 (nn

sz | B g B T SRR
T (m) | FEXE BI3L 212 w2 Ay

%

TR ZeA | 0.12 34.6 2.4 0.3 1.9 4.1
0.45 100 0 0.5 4.2 7.7
| 244 | 0.12 34.7 2.4 0.8 3.4 7.1
0.45 100 0 4.0 8.7 13.4
yEYUR 224 | 0.12 100 0 0.5 2.5 5.6
0.45 96.2 0.2 0.3 2.3 4.8
24 0.12 88.9 0.9 1.0 4.4 8.8
0.45 97.0 0.1 2 6.5 10.4

2:1) (REARHIE)/(FA R RH4) X100(%)

c}. ¥

E 5-62 ARA¥F Z AETINY HMERFEE SUSLE AP Fo]
cl.

RE BHExiub ©EE Uitz Yokt dFQHAz2AL
Aol E7} 180TE &2 HWolAZE B8t WAMAel FuExiate] 23
&SR] e v SEMol A oux|7t FUET] wiEel] d¥ o] U}
ElLtx] ¢h2 Ao AZHcHFE, 1997). wietd FuETinie] {3 dzy
A2 BlE ¢lo] Hilie] 8ol JHsIEEN ARATY w&3} ot 279 A
A2 L F2Y Al oy 5o AAE AE ¢ US ALE eHHL)
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F 5-6. WAz ¥ AL Wb ©E YR E,

1)
+ 2 |8 2|35 (m) ¥ E(%)
g 2" 5% A% weaw
SEUE (24| 012 100 - . - "
0.45 100 - - - -
2uA3 0.12 100 - - - -
0.45 100 - - - -
s e2d|  0.12 100 - - - -
0.45 100 - - - -
Fy4 0.12 100 - - - -
0.45 100 - - - -

F 1) (SEU AT ) /(F A Hehka) X100(%)
2. gt nZENAZAZ AY

7l AXEE

38 st YA IFHAZARAES ARL20AT, {IHUFE W
AEEEF E 5-Tof 28t Uepdly.

FA0. 2om  3PH-G wiSte] F9 453 Felo] @Al 6541t A=)
ol BFU4E 9.0~12.2%7k] ARt 7Hsd L, TwEUFE FA0. 5m T2
Acinte] Ze FYUAT 5 U4 1659711 o AREZA] gkotrh. 1y
U B3 AREEE L1IT/AILLE FA0.2me] Tt} ©HED vladte] 2l
L3l #Hol ohglon, 27|¥fgo] WY FHHURY ;2 FHdua
a3 EFEURY] 239y He cohE watEI} vasle] AREGEE =
2R HF¥ego] o W ZOE n|Fo] Hol, AF wiuty HEHU4LS
271843 vl LAY o] AA[AIL JdE= AL gt

BHHEUF&o] & 12%0)37Hx] AXH AW whetEe] SlojHe FY tf
RS A ZHE Sk HF3U4E Hole AY gt wets whekg A
57 71&LE 12enPFE HES hUFSSY HElE2 2FuAFARC e
ThiESUe] RE ntEo] Fd¥ #4E&E A3 st Zo] 7MY Ao
2 3R, oA wxte] IFMAFARE AYIY 4342 Uiz,
A HA=z T3 vlazte] FHAQO] Lojstn, ARFLE wlS LEIA
E28Y 4 AUSS njgr) '
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& TEFUF 57 0.5me] F2Awe A @S 2705, 1Ex
OEZ T HEUTE Xol7t ZA Ueldor; AzATE
227& Y B #HST HFULE Wole A
o ARAZVA Ske AN BHY OEFS 9B YA ANAIVE
of IHH OFF et YeFET} o 100l £A Ul oA 4
gol 10volslel Sutlel wel FAAIUY EE ATV AQAIR
FLA8 2T o oA EA ol RslolA FI1EA AR} o] FojA7] wf
olt}(Trofatter %, 1987).

Y eIueA Wt el AzGEe X 4% gdch

o
B 1
e
b
o
2
o
fin

E 5-7. qAAFHAZTAR £9A7, 2S4S U ARSE,

B35 | 2z 7 2 2P (x) AREE (%22

() | (D | 3 exs 524 0B2F BT OFF 303 OF3
SHdur|a2d| 0.2 65 |[10,9 11.3 10.5 11.0 0.74 0.78 0.74 0.69

+% &%

nugl 0.2 65 n.8 1.9 11.9 11,5 111 1,10 1,04 1.20

W 2L 0.2 65 |12.2 11,5 12.2 129 1,10 1,21 1,09 1,01

=2yal 0.2 65 |11.6 12,6 12,1 106 1,10 1,13 1.11 1,05
SELUR 4| 0.2 65 1109 10.0 10,5 12.3 1.40 1.46 1,32 1.41

0.5 65 15,5 20,0 17.0 9.4 1.17 1.27 1.19 1.04

g |22 0.2 65 98 9.9 9.6 99 049 0.5 0,56 0.40
Ryg| 0.2 65 | 90 89 89 9.3 06505 075 069

. ol¥z} U

UNIAFHJFARE 74 BFEieo] LY o2 = 5-83} Zrh

27 WY F§ £Folut FA L [HFo BAGl] ol¥e] A L
AR dd, £ FHAGUFAME SFeHFe ARl FulsiA
ATt HEUHE FA0. 12m(AFA 0.17m) T2ATHUL] ¥ A=2F
ojdo] 23] &AHA] e el wigo] 34.6%(F 5-5)0] B Whde] Y
7%, $Y5EY FA 2mehte] NI FIAFAZFoE A LA Y
of gAnFupRF Az ¥ oY AYEI}E= HHYUAR B} {IT AL
Z Uiyl o2 dMaFuAZ AR B¢ A2F WS T AW
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thsto] ¢F 10,000kgf/m'e] UYA|Fo] 7 BE wrjgto} wrute] Hrbupar 43
o] AA AAEHHAN dojz AE AHC],

FeZctete] 29 winke] Fuitko] Fuwao|mg Euigro] wiaApugkel
SHAYNECL FYg £Fo] 7] o] ol UNE Muyeor Lolit
22 A4Ar},

olgo] WY EFUFU AR RyZAxiule] Aex OXEE
tetol e olgo] A3 HASR| Yt )AL A Z o) AzF Y4
471 FY3A] UdE A& Yuizie RoE2A AFEAYo] AR FUINXA
AAL AIFtoA A27t LSt Y= ZAoZ BZAHT] Terazawa S(1998)
< Ao HAEE oW3tr] flEiAq AFu AR Aolo] N F
AEE AYUSAL AFuke gute g Resldy "arl glon, whule] ciw
Y T & Afole AXAIu} 7|HAII Alojo] AYE FHIHA
U FUAFUEL A st o] uigkasicia A ¢y vl glch

e
1=
R

Pull

>

X 5-8. pFgehute] A aFaAFARF ol WA,

B ®RS 23 SF: 2
+3 (% 237

N A(u) |R&gg” B2 nag! BE3Y0l  neqgg! B33P naas! WSR3

(%) {cm) {%) (em) (%) (em) (%) (em)

Sy 222 0.2 100 ] 100 0 100 0 100 0

BeAl 0.2 | 956  0.30 93.3  0.60 93.3  0.30 100 0

R (223 0.2 100 0 100 0 100 0 100 0

Byz| 0.2 100 0 100 0 100 0 100 0

TRV | Ee3| 0.2 100 0 100 0 100 0 100 0

0.5 100 0 100 o 100 0 100 0

A [2ed) 0.2 100 [} 100 0 100 [} 100 0

myyl 0.2 | 7.8 6.98 60  15.8 73.3 5.2 100 0

T 1(FEebe)/(FA P S) X (100)

E 5-9¢ YAZFUAFARFol| LAY Ty AEE Leld o)
t}.

53 Hel, A 4 3FFo] BAGe] LY YA EE o] B
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