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SUMMARY

1. PROJECT TITLE
Development of the Specification Technology for International
Competitive Power of the Wooden Crafts Manufacturing
Companies around Chri-Mountain Area

I. RESEARCH NECESSITIES AND OBJECTIVES

The manufacturing industries of wooden crafts in Namwon city
and districts around Chri-Mountain area have been such a good
reputation as wooden bowls which have been used during 500 years
of the Yi dynasty period were wooden bowls of Namwon because of
abundant wood resources, special aroma, good qualities and delicate
finish.

Recently, in spite of sharp rising of wood prices, unstable
supplies, a lot of plastic crafts and the limited uses of wooden
hbowls, there are tradition succeeded to not only craftmanship meant
but also living-method.

In Namwon city and districts the unit number of wooden craft
manufacturers regestered at association is eighty places that are
consist of fifity one places at Namwon city and twenty nine places
at districts area. There were about two hundreds manufacturers in
1993 if non-members were included. The wooden craft industry is
the most important industry in Namwon city and about 2,000
workers are engaged in it.

In this area the species utilized as materials for wooden crafting
are zelkova and ash. But they are rarely observed in Korea and
alder and ash which ranked at the Ist class and the 2nd class
,;respectively are exhausted. So the most of logs for wooden crafting
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are imported from China, Canada, and so on. But they also become
low in quality and very expensive and we can not import them if
we don’t prepay. Then their supply is unstable.

The needs of logs for wooden crafting is profoundly caused by
injudicious cutting down and inappropriate forestation plan which
softwood such as pitch pine, Korean pine, and larch are first
considered. |

The general manufacturing processes of wooden bowl are made
up cross cutting of log, debarking, rough cutting, drying of tree
disk, turning, finishing and drying in the shade. And a lot of defects
are occurred during storaging, cutting, drying and finishing process.
Especially, during drying heart checks and V-shaped cracks are very
sensitive and severe because of unproper drying technologies. So the
drying times are very long, and then sapwood stains are severe. The
loss of raw materials and cost for manufacturing are sharply
increased because of trouble in drying.

There are some serious difficulties in enlarging new demands
and incomes because of very simple items such as wooden bowls.

But they have no abilities to overcome the above mentioned
problems by themselves because most of them are very small
household handicrafts.

Therefore we carried out this project to achieve the objectives
as follows;

1. To examine the possibility of utilizing the thinned softwoods
of the low cost and the large harvesting in Korea for wooden
crafts materials.

2. To develope new items as wooden bathtubes and wooden tiles
from the thinned softwoods by developing the woods with
high dementional stability and durability.

3. To Increase the productivity and decrease the production cost
by developing the good use of the conventional species and
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non-used species.

4. To specialize and distinct wooden crafts by developing of
new design and new goods in which the culture peculiar to
Namwon is described .

I. CONTENTS AND SCOPE OF THE RESEARCH

To achieve the objectives of this project we carried out the
contents and scopes as follows;

1.Development of Vacuum Drying Technology of Softwoods

Disks for Wooden Crafting Materials

OStudy on the vacuum drying characteristics of the major
domestic softwood disks

Olnvestigating of the effects of the optimum pretreatments and
bark on the prevention of drying defects during vacuum drying
the major domestic softwood disks

Olnvestigating of the control of resin exudation from the
vacuum-dried softwoods disks

OSetting the optimum vacuum drying conditions for the major
domestic softwoods disks

2.Development of Modification Technology for Wooden

Crafting Materials of Softwoods

OA research for the basic properties and processing
characteristics of softwoods with the idea of the
possibility of wooden craft materials

OA investigation of modification effects by stable untreated
compressed wood of softwoods.

O A investigation of modification effects by PEG treatment of
softwoods

OA investigation of modification effects by resin treated
conpressed wood of softwoods
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OA investigation of resonable treatment conditions for the
development of densification methods of softwoods.

3.Development of Vacuum Drying Technology of Hardwoods

Disks for the Conventional Wooden Crafting Materials

OStudy on the effects of mechanical pressure and end-taping
sapwood area on the control of V-shaped cracks

OStudy on the possibilities of radio-frequency/vacuum plus
mechanical pressure drying for prevention of V-shaped cracks

OStudy on the effects of end-taping sapwood and heartwood
area on the control of heart checks

OPrediction of the effects of piling method on the
prevention of drying defects

4.Development of Manufacturing Technology of Wooden
-bathtub from the Thinned Softwoods

OA quality investigation of glued laminated timbers by
adhesion methods and adhesives

OA investigation of modification effects by fluoro-resin
treatment

OA development of manufacturing process of the
wooden-bathtub and an analysis of the quality

characteristics.

5.Development of the Specified Designs and Items of
Wooden Crafts
OCollection of the fundamental datas for selecting the items to
develop
ODevelopment of designs and techniques of the developed items
OManufacturing for trial
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V. RESULTS AND SUGGESTIONS

1.Study on the Substitute Species for Wooden Crafting
(Development of Vacuum Drying Technology of Softwoods Disks
for Wooden Crafting Materials)

A. Hot Plate/Vacuum Plus Mechanical Pressure Drying

(HPP/V-Drying)

Although vacuum drying times from green to in-use moisture
contents for controls, ETSHs and EWS disks were largely shortened
compared to shed drying times, the drying rates were slow because
of circuit of the evaporation from the end surfaces by the obstacle
of hot plates during HPP/V-drying. Therefore it is desirable to
insert the ventilation wire and the wet barrier between tree disk and
hot plate because the evaporation of vapor from tree disks are
dependant on the only their end surfaces.

The EWS disks could not be dried to in-use moisture content,
and they were severely defected by sapwood stains because of the
long drying times with high moistures. Therefore, we suggest EWS
treatment is undesirable when very low percentages of heartwood
and HPP/V-drying.

To vacuum-dry free disks without V-shaped crack it is
important to storage logs well without spoiling bark, to dry them
before turning process, and to dry them continuously without
releasing the mechanical pressure during HPP/V-drying.

B. Radio-Frequency/Vacuum Plus Mechanical Pressure Drying
(RFP/V-Drying)
The RFP/V-drying times were largely shortened compared to
HPP/V-drying times because the core temperatures were higher than
the shell temperatures owing to radio-frequency heating and the
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vapors from the end surfaces of tree disks could be easily ventilated
owing to inserting the ventilation wire and the wet barrier when
piling.

The drying defects can be effectively prevented by the various
pretreatments and the good control of drying conditions if good
storaging, piling and keeping warm of dryer walls during drying.

We notice V-shaped crack during the late drying stage is closely
relation to the sapwood checks which are revealed during the early
drying stage.

2.Study on the Substitute Species for Wooden Crafting
(Technical Development for Wooden Crafting Mateials of
Softwoods)

This study was carried out to evaluate wood properties and to
improve the quality of thinned softwoods for wooden craft materials.

The species tested are Larix gmelini, Pinus rigida, and Pinus
densiflora grown in the area of Chri-Mountain.

Some physical, mechanical properties such as moisture content,
specific gravity, shrinkage, absorption of water, hygroscopicity,
compressive strength, tensile strength, bending strength, shear
strength, impact resistance, gluing properties and paintability were
tested. And some chemical and physical treatments that enhance the
strength, stiffness, and dimensional stability of thinned softwoods;
(1) treatment with water-soluble polymer ( PEG-1000), (2) treatment
with thermosetting phenol-formaldehyde resin, (3) resin-treated
compressed wood, and (4) stable untreated compressed wood, were
executed.

As the results, gluing properties and paintability of thinned
softwoods showed good results.

Antiswelling efficient(ASE) of treated woods with PEG were
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max. 83.14% in Pinus densiflora to min. 32.31 in Larix gmelini.

Physical and mechanical properites of resin-treated compressed
wood and stable untreated compressed wood were greatly improved
than non-treated softwoods. The optimum manufacturing conditions
of resin-treated compressed wood and stable untreated compressed
wood in 15mm flat-grain stock were pressure 50kgf/cn’, temperature
160%C, and time 60minutes.

Resin-treated compressed wood and stable untreated compressed
wood manufactured in this study have excellent physical, mechanical,
and processing properties in comparison with non-treated softwoods.
So, it is expected that these treated woods can be suit application to
manufacture of various wooden crafts.

3.Development of the Vacuum Drying Technology of the
Hardwoods Disks for the Conventional Wooden Crafting
Materials and the Stocks for Special Sports Goods

A. The Possibilities of Radio-Frequency/Vacuum Plus Mechanical

Pressure Drying Tree Disks for Wooden Crafts

While average drying rates for controls and ETSH disks were
very unstable and rapidly decreased during periods, that for EWS
disks was almost stable over all the drying periods.

Heart checks were significantly reduced by RF/V-drying. To
produce the number of tree disks without V-cracks, it is necessary
to balance the drying rates of sapwood and heartwood and/or the
upper and lower end surface within a tree disk.

RF/V-drying process alone was still incomplete in controlling
V-cracks. Inversely, RF/V-to-press drying process was perfect in
controlling V-cracks but insignificant in preventing heart checks.
Therefore, we suggest that it is desirable to dry in a RF/V plus a
mechanical pressure dryer to produce tree disks without any drying
defects.
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B. Development of Radio-Frequency/Vacuum Plus Mechanical
Pressure Drying Technology of Hardwoods Disks for the
Conventional Wooden Crafting Materials
The drying times from green to in—use moisture content were

349 hours for walnut disks and 200 hours for ash disks, respectively

and these were very short compared to the shed drying times of 2

months to 3 months.

Sapwood checks were very slight in 50mm-~thick walnut disks,
but they were not found in any other tree disks.

The ash disks were free from heart checks and the walnut
disks were very slightly defected by them owing to the high
moisture flow rates from core toward shell. Sapwood checks and
heart checks can be more significantly controlled if there are good
piling and no condensation at the walls of drver during dryving.

V-cracks were slight for 50mm-thick walnut disks and were
very slight or none for other disks. The slightness in sapwood
checks, the low transverse shrinkage during drying due to
radio-frequency/vacuum and mechanical pressure.

C. Development of Vacuum Drying Technology of Stocks for Special

Sports Goods

The RFP/V-drying times were 148 hours and these times were
three-tenths of kiln-drying times. This is caused by the rapid
moisture flow rates owing to the absolute pressure differences
between inside and outside of tree disk and the reverse gradients in
wood temperature between shell and core during RFP/V-drying.

During the early 12 hours in drying stages the RFP/V-drying
rates were fifteen times of Kkiln-drying rates. We think the
differences in the absolute pressure between inside and outside of
tree disk became the largest and the times for heating substances
and water in them were short due to low boiling temperature under
vacuum condition.
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Surface checks were very slight for RFP/V-dried stocks, but
they were severe for kiln-dried stocks.

Absorbed impact bending energy was l.44kgf - m/cm® for
RFP/V-dried stocks and 1.26kgf - m/cm’ for kiln-dried stocks,
respectively. This was induced by the small loss in strength due to
thermal degradation and small quantities in fine checks owing to the
gentle moisture gradients during RFP/V-drying.

Total consumed electric powers and the consumed electric
powers per hour during kiln-drying were seven times and two times
of those during RFP/V-drying, respectively.

4.Development of Manufacturing Technology of Wooden
-bathtub from the Thinned Softwoods

Wood has been restricted as materials which is applied in
bathroom because of its some defects, absorptive property,
hygroscopicity, biological deterioration, shrinkage and swelling, etc.

In these circumstances, this study was carried out to develop
the manufacturing technique of new wooden bathtub and wooden tile
to utilize thinned softwoods for bathroom.

The manufacturing process of wooden bathtub was composed of
8 stages ; (1) sawing and drying, (2) lamina cutting, (3) laminated
assembly, (4) joint processing, (5) treated with preservatives, (6)
bathtub assembly, (7) treated with urethan-resin, (8) treated with
fluoro-resin.

Isocyanate adhesives(KR-120) showed good bonding properties
in water proofing, warm-water proofing, and boil proofing test.

Wooden bathtubs treated with urethan-resin and fluoro-resin
were free from any defects by KS F 2826. Especially, wooden
bathtub treated with fluoro-resin showed excellent properties in
hot-water resistance, boil proofing, accelerated weathering than
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those of urethan resin. But in abrasion resistance and washing
resistance, treatments with urethan-resin were more superior than
those of fluoro-resin.

So, it is considered to be desired that urethan-resin was applied
at the first and second coat and fluoro-resin was applied the final
coat.

The manufacturing cost of a wooden bathtub made with thinned
softwood was counted about 172,732 won and this cost comes under
one tenth of Japanese wooden bathtub made with Chamaecyparis
obtusa.

5.Development of the Specified Designs and Items of
Wooden Crafts

The results of this research were as follows;

It is very important to develop the materials to reveal the
local peculiarities for development of the specified designs of
wooden crafts in Namwon and Chiri-Mountain areas.

It's necessary to research continuously the distinction, the
new model and the variety of products in order to grow the
international competitive power.

The exhibition of the developed items are registered design
and will be need to produce continually at the manufacturing
companies of wood crafts as a contract with them in Mt. Chir
and Namwon areas. On the other hand, it will be need to develop
as touring items for Namwon city.
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 dute] £3E A3 A HHALHE FHAM 0] ARFEA T
U 7Hsste 5 slalct

2. Zhdsitga] AZAZAY(HPP/V)

HPP/VE= Z1o] 530cuX & 85cmX o] 50cn 2718 A44Asidal 2E
Azl AdAlstdct. o] AxIEe ANEEAI FEN LFAER o F
ofA glo] Z-Z3stollA] o} 10,000kgf/nf BT UAo] thFo] 2HHH
zhofl AetE = Elgjolth

7 FA[RES dubzt datajolo] EP(solid pile)dts], Td +
%, Y FY 54U AHe|dnEE B fol B, FA 100m
QubS ALt Unix] {nEL BF FY AFAZAIH st

AZAZSF Az AoisS7Ige =0 HAYe] o S0mHgE
AR, ARLxE 7 50met 75m WG B 2ARXE ARZ
719} A$ 40T, AzAIZe] Aol uwhet 45T, 50C W 55CE Hat
e 71EH ¥R T 50m FA | o] YF2EE VIELR EE
stk T AUR, eickaud F RUFe F4 100m {U3tES
AL 2 40ToA 25 50T f2og Axstdn, 2T F¢
= 2= 40TdAN AzYrle A3 60CTR] 22E& oAl ol
ALE 2R Bl Yute] yEexrl 7|&o] =tk AzxF AGy
AR R Azxse AFE FAstL ARIY IFAE o7 A
& AL F QuEe AzxF FAE YA ARF Y4EE F3A
tl.

3. YA FAZAZ AH(RFP/V)

RFP/VZAZE 7hdsh Qa2 Az7|N] of 10,000kgf/n’e] o] A
Z7] Yol A" dztel] AdsE = YL EA 3 A7 Zo] 300emX
= 83ecmxX Zo| 26engrt. RFIpR7|E= 13.56M2] 2 7KW 2F3IAR
782-on, 3F-off2 ZAFHEF 3igrt. TUTFY FUAFAY dUSS
e 2o TASE, RHZL I B 2kte g slort. BFFo] 2%hal
7ol Fotid oF dFojEuhg, I3 AFet o FI3UF
g uix|stadch

SPLIFE At Unix] 252 Z$¢ 74 FAERE Z} Aejdxnt ]
ujl g MAsted ARAL FHAYLLE HEsAch ARAL FHAE
o A9 SUFAY U5 $Fo #HAQel FUR=o FYsiH ey
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ALHFe FAe dglo] ALIEFLOT ARRE L]

AL BF 40.5CE 2352, AFXF AZAZREE 40~140mnHg
Adct Q2 HZE FH(teflon tube)F 2] Pt 100Q MAME HLIE
& 4B UFol £ FoM 4% (pith side) 28 AlzfP7i=] Abelgt
chS deldo g dgstds, filteringdt the Alolsigct. AzE A
3 A Ao AT AFES FA|sl] YAHS A oS Yute]
FAE BPstd Az} 24224 73lact. o] AzxAMozH

86712 =dst=dl 285 E AZE FAstAch Az 2P EE o
e 2R, AAuiFE @ 271U4E2 £ 1-29 Ut

AERFPVAZAIE S A2AL SZNEE Bl doldl 2t =348 &
7 AZRAZEL UAHY shAlel dL5H e Azxstmo N gAY
A% Az AYEAE JEIA stich oju] Az FHAEY T
U Az WA g HE31E FUTTY TUFA dntso] FU=
Sof xigich A& RFP/VAZ AIPE UAnte] A4 A 9 27|U4+&
E2 ¥ 1-33 rl
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Fig. 1-1. Preparation of tree disks for HPP/V drying test and specific gravities based on green volume

and initial MC from log.
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Fig. 1-2. Preparation of sections for specific gravities based on green volume and

initial MC of heartwood and sapwood from tree disks,
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Fig. 1-3. Preparation of specimens for the resin exudation test from control disks

after vacuum drying,
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 1-1. WPPVAZAIYHE e} e, 27, Bafu|F ol o - Hxd 201UrE
Table 1-1. Number of disks, diameter, specific gravities based on green volume, and initial MC of heartwood and sapwood of the tree disks
for HPP/V drying test.

A L o & 4 ¥ Y % o ¥ e
(um) ' el ETSH ETS EWS 53X el ETSH ETS EWS X2 ETSH ETS EWS %2 ETSH ETS EWS
50 AU FH) 10 10 10 10 10 10 10 10 - - : - 10 10 10 10
2| Zdem) 26.5 64 263 263 186 187 190 189 - - : - 22.1 218 216 221
A A e 5 0.41 041 041 041 047 047 047 047 - - - - 0.40 040 040 040
2/g+8 AA 45.3 463 453 43 35 375 375 375 - - - - 97.8 978 978 418
(%) 4 1048 1048 1048 1048 700 700 700 700 - - - - 1467 1467 1467 1467
ki 81.4 8l4 814 814 615 615 615 615 - - - - 122.7 1227 1227 1227
8] Al (7)) 10 10 10 10 10 10 10 1 - - - - 7 7 7 7
2] 7 (cm) 217 216 2717 214 182 186 183 185 - - - - 23.1 236 234 51
A8 % 043 043 043 043 048 048 048 048 - - - - 043 043 043 043
2714548 AA 36.5 365 365 365 414 414 414 414 - - - - 34.4 344 344 344
(%) A 919 918 919 919 86 86 86 86 - - - - 1053 1053 1053 1053
ks 749 749 749 748 47 747 747 747 - - - - 68.2 682 682 682
100 A¥HEFON 8 8 8 8 9 9 9 9 10 10 10 10 8 8 8 8
% 3 (cm) 217 W 217 2214 218 218 222 223 23 252 268 B0 %6 215 258 254
e LS 0.43 048 048 048 048 048 048 048 040 040 040 040 045 045 045 045

271458 AA 393 393 393 3983 366 366 366 H6 1454 1454 1454 1454 1306 1306 1306 1306
(%) R A 1035 1035 1035 1035 70.1 701 701 70.1 1454 1454 1454 1454 1306 1306 1306 1306
g 772 T2 T2 72 612 612 612 612 84 84 84 84 905 905 905 905




¥ 1-2. RFP/VAZRAIZY 2EAYE Wute] A7, Aan g 2 2714+-&

Table 1-2. Diameters, specific gravities based on green volume and initial MC of the tree disks for estimating

the drying times during RFP/V drying.

i A U} B gl aciayR L R

{(mm) SAe] ynixel ETSH ETS EWS Bxel wwjale] ETSH ETS EWS £ el wujxle]l ETSH EIS EWS

50 3% (cm) 19 18 18 17 18 18 17 17 16 16 17 17 17 17 16
AApu]E 0.36 - corcrrr e 041 - vevr e e 0.40 - - vreneenn
57(]34‘% 944 75.8 74.5 65.3 68.9 50.8 59.7 63.0 67.4 650 842 81.5 656 78.8 80.1

75 A Z(cm) 18 18 18 17 16 16 16 16 16 16 17 17 18 18 18
Azpul R D.35 e e DBl et e K
&723)}"'&"% 79.7 80.3 77.1 87.4 98.1 73.4 652 68.8 81.7 854 67.8 755 66.1 56.4 71.5

100 22 (cm) 14 12 12 12 12 14 14 14 13 15 18 17 18 18 18
AAulE 0.38 - crvreinns e 0.88 + v vvrrerine i 04 vvronenns
2718 28.7 263 24,9 242 21,5 841 78.3 89.1 93.0 946 46,9 481 522 557 55.2




H 1-3. AKRFP/VARAIE R ke 74, A, o 27844
Table 1-3. Number of disks, diameter, and initial MC of the tree disks for continuous RFP/V drying test.

£ L 7 gl ictA R o A S
A ow
(mm) = Sae] wmAe] ETSH ETS EWS Sale] 2wde] ETSH ETS EWS el 2w 2] ETSH ETS EWS
50 AlgHH£(A) 5 5 5 5 5 5 5 5 5 3 5 5 4 4 4
3 Z(em) 26,9 25,7 27,2 27.4 275 22,7 203 220 223 225 21.1 21,3 22,6 225 22.8
271 8r&(%) 106.9 118.9 109.6 115.3 953 94.4 121.9 110.5 113.7 113.0 154.4 155.8 165.1 161.0 151.5
75 AlYAL(AN) 5 5 5 5 6 6 6 6 ¢ 6 6 6 6 6
3 Z(em) 242 226 246 249 250 151 149 14.7 147 142 192 187 19,1 18.8 19.4
X718 (%) 139.6 135.3 129.4 114.9 76.1 47.6 554 57.1 56.0 53.7 97.5 104.9 100.9 104.7 102.3
100 AjHBE£(AH) 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
3 Z{cm) 25.2 22,8 249 245 244 165 163 16.1 16,9 16.8 17.4 17.3 17.3 18.1 18.3

271 ¢ & (%) 112.5 132.0 101,5 112.9 107.7 51.3 62.3 43.7 41.4 42,1 724 59.8 54.4 47,2 38.8




4. =A% =t

HPP/VA RS 79 AZXFEF RE UntES Hohddo] Uepd A2y
Az HAYE g vy 3Y URBSE AR ¥, FANE 7 FAE
2 B Q9 18 At 4x82NEAE 2 133 e WYe
2 Fusidet. £ E2AHE2 32571 R 1-48 L2 F2AEHo]
ol 24417 YxZE F AJPHL] YAgtALNM £2] 82 FEE §
Qto 2 =mtA5l9 tHKanagawa 1989).

RFP/VAZAIYS 9= AKRFP/VAZRAIRO A AzZAYU2} +3
£2% ARFTET HPP/VAZRSG FUSIA AAstdct

E 14, AZAZX dute] £ L2AES A FAFZAEH0|S
Tablel-4, Accelerated cycle for resin exudation test of the

vacuum-dried tree disks.

o] 2 AF2= igx 3T W] A] 2H
(c) (%) (%) (X13})
1 20 90 20.8 24
2 20 65 11.8 24
3 20 90 18.3 24
4 20 65 11.0 24

432 4343233

1. AZAN3# Ax{E

7L HPP/VAZ
Z 4% dnte] T AFAZRIME 2H1-4~231-130] LERE
otk AR gdute] A F7 50met 75m Wxb2 3174 Ztnte] &
7~11%7t2] AzE o), EWSH 2] Wnte U AZXA| el 17.0%2} 21.6%
72| utoll AZRE=A| ool o| &Y EFEVR| Axste ol B



th EZ 57 100m Unts FAe], ETSHA 2| 9 ETSH 2| {%HE2 4954]
intell ol §4E HeZIR] AZRI JtestE oy ERSAH2 Wnte] H-9
50.9%9] ¢4 AefE vehiidls, 53] 28+ deist #o17 2i%
HEg gojotol HaHA w3t HstA Uehd E¥SHelE 484 HPP/VZ
Z71 B71s3 Ao g BHrisiddct dry SHURE A% Unjzx] F4]
53 B9 Azl vff ylot Hriwol Ao cfffo] uidAYE DR
# AxGxe] Ado] O HMEHAS HoT A v}, EWSH= 4
A&ol AUAA %2 £Folls I Lo AUFE Jislol & o uigh
Hoh, AZXAQAZF 31741702} 4954 242 A 10 %] nj$datS Aoy
Azstedol] A85 = A7) o 35U B chH=(Kubler 1974) ™Al B2 4]
ZoldzAgt S 75m TEUHE FAe] Wutolu} ETSHA 2] dutg ¥5&
o} 10%7tx] nF e FARsH=dl ZZ 22H AlzZhel 118A] ZholL} 1744
ZtEcheE "A 21 Ajzto] £ 9% %itHLlee ¥ 1995a). AUHFe AL
LR iR -E—«l EHOo g olFo] ¢l Lol¥ o ofidsn, =3t
2% AzzAol HEEHAJT %?%}31 olAY Az&KE7 =¥ 7t
< 2F }7}%4 tdnt 7tdef xpolof] mE A4S 45 Y LR EX
%‘4 ztolofl 2J3t {4 [T 71%@14 ol s & £+ A
olgt BzEA|qt, FARClE HPP/VZAZS 79 duto] WUnbe] A3
TS st e A Foidg §3 £EF o] Aog waetr) odiEed A
E sfM€ch oeid oS T SRS U Hojyog ot ¢

r

_.e'.rlr
d-!o&d?a

S HPP/VZA R Yol A AR3E7] Yl gtz dnt Alojof HHRH uf

7% {ventilated wire)2} X}t wet barrier)S Z]YAl ZF 3= Zlo] u}

Y Aoz W

‘L 14 7 100mm2] EWS’H 7 ut 3! T AzAZE 19747 BY
=2

4*1 L}EM *}"721°' ééﬁt}

7oA AvbRe] 390t RARE ZF3E v ol F 0met 75mmo]
FAe], ETsHAe] W ETSA2] {UnE2 WAARETT} 0.31%hr~0, 37%/hr 2
2P LR FoAe] dntsrct Aws] wE Holgth oA
gl7lcta e B¢ FALEY B EFo & YutEo] vy
o AdefollAd Az7E Alzs]o] YA g B3 RS U] YriYes &
olstd s, of Az YAy o gl £F A wiFoll it nte] chs=g
vy o] WAx|glon, o] AMHo| & C}E FREFUHSET 2B



7l Wigd Aoz AzHc}
A E FA 100m FA2] b2 gziolq H4-g 8.9%7bA] A

Hedl 4954 2t0) 28X AT, ETSHA 2|} ETSAH 2] UntES 563*1\_'?_°ﬂ
7tz ge& 11362} 10.4%of] cutsich FHFo] 53] ozt shpRe
A 548 AL & of ARAZE B o ¢35 e Wyo] #
5 ofo & Zlojct

¥R 7 50m Wte| B¢ EFSHE] finkg 111213* Lo R]
E2 oY rE FEVA AzHed 343A1%0] L% A, FA 75m
U FA2| 237A1, ETSHA 2[¢} ETSAHel= BF 371*17’°I 2859
ol 2¥UR F¢ g +F3EAE dal 4z FA ﬂ}_#i-—l x}
o7t A SIA Ul 243 FAATL 25mo] Q! WitE d 2=
Tyt Azxshe A2 It Aol ARAL iz} 7*17&1%‘ ol %
o] FolA vy Ziog nxiHct 53] FA 100m {U3te] F$ A
2 &82 A2 ddey B 457} 0.10%/hr A== f-¢ =9
Az UK 2 Aol £2F 3 o} & o P& Azxz2AE FH sl A
ol ulztzlyd Zew Azt

Az
o}

. RFP/VZZ

ZuUE, glrlckAaus 3 3R dnte] S RFP/VAR Fd
A 1-14~233 1-220 YehgTh

A S0  AUHE Wnhe] e BAYeE 75.8%0lA 5 7x7tA] AR
st 168A12t0] 42523, T4 75minte] B ExU4F 84.5%
ol A 8.9%7t2] ZARst=tf 120A|7to] A= 2Tt F7| 100m Yzt 168
Al zboll 11.2%712] AZE et HPP/VARA|Zbo] T2 50met 75m @ ute] 317
Al Zvolut FA] 100mn W Bt 4954) 7k} vl sl AA] i Tt

ojglgt L elrjtiAuFet AUFE UM T FAstHTt ol=
DEuptE Y B¢ 52 R 22EF EFETE A4 {28l o] JHe
g opug}, RFP/VARoME Untzt ditrjolof vi7|wE st 33
slnE Wnte] Hoid g F3 £E5 o] Kt §olstA o] Foi A7 o
2 Zez Mt ericiAuF Fe Ao ol &UsE &7
2z AzsEd F2A 0mYzte 1204 2to], Tl 75mU3H2 1844]2to],
223 FA 1002 220A]2te] A g Egich E3 AR T2 50m
2} 75mm W 100ma g 22 Zbz} 120A] 2b2} 224X Zto] 2@ E|Qch ¥ RE
FFolA ZAAe|ty AxLxol= Z aleol7t ge Zeg Uetyton &

a

flo



5] HPP/VZAZAME AZ&E7} vf¢ =8 ol &U+B7AY Azt B7}
Totdd EWSAe] dux TIE AMedRtEY AzLmet 2 xo|7t g
th ol 7t yAie] xlolof 7|QI%t Fojetri R vir|Wat 2iEate] ¥

¥ & B2 AoE 4™t A3Me| 3t Hd Uz
WHEY Z# ¥ido] fdY £33 uUHolR, o A& B +EF U]
WaE UAU EE A 50l 8olstAl o] foict URels 4 Bkt
of elistel FAH UG spolo]l F - WG] FEa¥o] WY A
2452+ 3A 4" Hojrh.
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Fig. 1-4. HPP/V drying curves for 50mm-thick Korean red pine disks,
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Fig. 1-5. HPP/V drying curves for 75mm-thick Korean red pine disks,
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Fig. 1-6, HPP/V drying curves for 100mm-thick Korean red pine disks.
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Fig. 1-7. HPP/V drying curves for 50mm-thick pitch pine disks,
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Fig. 1-8. HPP/V drying curves for 75mm-thick pitch pine disks,
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Fig. 1-9. HPP/V drying curves for 100mm-thick pitch pine disks.
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Fig. 1-10. HPP/V drying curves for 100me-thick Korean pine,
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Fig. 1-11, HPP/V drying curves for 50ma-thick ginkgo disks,
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Fig. 1-12. HPP/V drying curves for 75mm-thick ginkgo disks.
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Fig. 1-13. HPP/V drying curves for 100m-thick ginkgo disks,
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Fig. 1-14. RFP/V drying curves for 50mm-thick Korean red pine disks.
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Fig, 1-15. RFP/V drying curves for 75mm-thick Korean red pine disks,
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Fig. 1-18. RFP/V drying curves for 100mm-thick Korean red pine disks.
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Fig. 1-17, RFP/V drying curves for 50mm-thick pitch pine disks,
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Fig. 1-18, RFP/V drying curves for 75mm-thick pitch pine disks.
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Fig. 1-19. RFP/V drying curves for 100mm-thick pitch pine disks,
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Fig. 1-20. RFP/V drying curves for 50mm-thick Korean pine disks.
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Fig. 1-21. RFP/V drying curves for 75mm-thick Korean pine disks.
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Fig. 1-22. RFP/V drying curves for 100mm-thick Korean pine disks,
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HPP/VAZRZ 2zt FAleF 43ty dagda) Haigde] didds
g ¥ 1-5~F 1-8of Uehjct
AR Hdute] AL Mutdos iajytd Wl HagHe] U¥ Ay

o} A7l Zuj3t Holglon), wNiw glojME Ay Fe 2|
40%, YA B¢ Hrj 70x0f oj2E: F g3 H2 ohijdrt ¥
L fdmte] AL AHelof AAglol ETSHAIZ] Wt dxiddo] A3
wtAstz] kAU 23] Zujstd =, Lee £(1992, 1995a, 1995b) %
Hol MAAENE UAE dHoWstREN MUy FE2ZA KUstA &
2" 4 o] ofEel Zeg g vl Ak

Yutyo g Ushg AXY of Horde] HaAAEoM P UELS A
o] BA7t =R o o RIAse] UZox IR, £ APdME
Hajgg el Uy Awrt Adadtde] U Fevch o3l A% Foet w
otth, ol & AlHollM A2 BAeF] A9 Hae x0ie&ol
AfpEe] 27184 WA wol Ax7} AR A AP o 2]
BAA dAdxjeD, ol olaf Azxylof Hxnt MUchwo] wHajie] HAM
3 QRg o] ofrixlo] HajREFo] uvlHUPE] A UEH Ao
T 53| FAIYES st () A A= AAEHA H
g B F£EZUdol JhsUd ZFeu, HalEo] uf¢ AU B¢
E ¥chd o] wzjiigto] ¥xjof olsfA wlo|WE AW ETSH 2] Z-¢ ¥
Ao UL oL Folsld S Ao Mt Huty HMcidg B
3 R Zulo] Aty og IA AAE Y ERSH 2 He HAyudy i
Mol uf$ AHulstdd Holu, FY dutuof izt obd ctige] vBAY
o] wAglddd ¥ Bx olgt siHg& s gt

upets futAzFo] WP U S oY) i Ee Wt 9
ustx] QM ARst= ol wighAstn HAYgsLo] Mgt o
53 2 A9, wago] AUAA 2 ZEed uels YrAbygo e £F
A7t BAER] R Y Mg oyt Wart Ak 4&UE,
gl7iciAaut e B 3R 53 24l Y Fgdo] KA AR AlRFE ¢
BahpEel 7 75m S Alzjgdolt HAUP L EE vE Y ¢lo]
FEIAFAZRI 7M1l Lee 5(1995b)8] B g ots] & of fe]
vetat 3o e s aFvAFAzYA, 5 AT A
FAZE A& AEN 8 Yart & Ao mickych

g ictauRe] 49 AdAgde As Ygstx g £ 75me}

-

(% of ¢

il
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100mm ¥3to] -9 HutE| cif-Ro] vjda] Axr}l Y=g Ay
P WAL sl At Hololrt

IH Tl 100m BT W] Fo Adntow Ay} HApUH
EF Zujd Holglon}, wujdite] A ¢gadSox EFstn FAejet
ETSA 2| dute] 79 HAgH| U gSol 247} 402} 30x5 K=, o
T 3R Fe e Hae 218 eE Aolrt of 9xel] o]F =R
FAdsteo] HANo] ARZHe FAdol Eolstaly, JARBH=TL o
Lol A F4z) ddste] HAUHEL] WYL ¢& A e
24zt

SR B¢ BF AAEE} HAYE $EY ot Fulstact 2
g ThE £F2s gl Sl AR W™ HEut A=, lee T
(1992)2 23upPo] ¢ Pdchdadel Exstes dE(leaf trace) wWiE
of A8l Z2H AYo] st AxF SUL Wgo] gt A

2 B33 v} Qi

L}, RFP/VAZ

ALRFP/VAZ fnte] 2t A3 E Aadda) Haqgdy ¢y
58 ¥1-9~X1-12 of ztzt Yehfadcl

AU dube] A W eE A S0mt Tha AHE Hol
2, 57 75mYute ZHul, FA 100mPIS AL Qe Aoz velyith
ol Tl S0mginte] ARAMPol EAAUA ALHU 124 Fol AAH
HAR dutof M FUH £Ro] x7bE xbgute] £ulsldy @ g 4
2o} wAgstdar, o] §&47t thA] Agul ofefol] o AU WY AT
& Hcidnhs ZEAH o] MHoha 2 IUESLEE RS didoj vich
Z sty e ujay folstA £EF U] o|FolHrt olT Un|¢o}
x5t T Hxidze 2 $EZA 45 B2 Ay 2= HAY
o] wago] tia AM¥MY Zeog uiiHc WA JhSH ARAES A
A3t S 75m W} FA 100mP Rt = o] 23t A7} wAgstA]
ofot Alzjdtgoln} HAYY BE 1 AR It A gAY Zuidt Hol
dch ezitkauRu AR 9 SRR dntdid e ANy Rl
oj3t dancis AR WY AxygoLt HAUHY UEF cof
3A g3t Aoz Jeluth EE ol £ A¥dME AU dol
ElS =] Bsleloul, 2 dxio] s £¥H A FIMAIE F
s I ZE At whebd thaes] RFP/VZZWAlo] Aoyt HAud
o] wAgjol Ut AEAIAS e FuiHAAo] ohix, Y& AHFAY



e, Ahguizt izl "8 % AR AE og 9% HAe B
Foll= M43 Fo471 Wasich ot o] A3t AtslolA zZtE A
Aeu 222 23 58 5 Az2+E Y4S g £ e e y
2}dct

Aol vhe AshAl Yty AR 2 Om o F 5m QYutS
A2t Loz} Lol ETSHA 2lofl 2jsia] Aziido] o= AT oy
Holzls 2o Uelkth ol YAl EH $£EFUSKEE 2 dAF=2
2 E3z2 HF 2ol £23AE BRSA FAY 5 Q] g He
2 3ighdct

F 1-5. £UHF ko] HPP/VZ RS Azidd o Hajud e wanise
d2 g F U g & Hol
Table 1-5. Frequencies of the tree disks with heart checks or
sapwood checks and their numbers and lengths per Korean
red pine disk after HPP/V drying,

A Lk ]
FA@n) H2 FANE FIE F4ol wAviz FiseL FZo]
(%) &%) (cm) (%) (7h) (cm)

50 72 30 0.4 1.1 20 0.2 1.6
ETSH 10 0.1 0.3 20 0.3 1.1

ETS 30 04 1.3 20 0.3 1.9
EWS 40 0.4 2.0 N 28 =

7 T2 g 40 06 29 20 0.7 2.2
ETSH 10 0.1 05 40 06 19

ETS 10 0.1 1.0 30 05 1.1

EWS 40 0.5 2.3 10 0.1 0.2

100 x4z AL R& RS 70 1.8 6.6
ETSH o2 & ey 30 0.6 14

ETS RS & e 30 0.5 15

EWS RN NS = 10 0.1 0.5
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HE 1-6. 2|7IchautR dnbe] HPP/VARE Alxidd o Hay gde] Uy
Nl et iig F U g F Aol
Table 1-6. Frequencies of the tree disks with heart checks or sapwood
checks and their numbers and lengths per pitch pine disk
after HPP/V drying.

Aqgd LR
FrAl(om) He BANE FAFs FHol wAWE FNF FHo|
(%) oD (cm) (%) &) (cm)
50 T4 Us e BT ey 2 BT e Fr e
ETSH & Er ey B8 As Ae A
ETS NS Ae Ae NS A& A
EWS 5 Ereoa Ereos e e RS
75 5% 2] & S e s 70 2.8 7.3
ETSH & B ey AE 80 30 75
ETS & e s 60 1.8 39
EWS gl Ae A 50 2.0 5.7
100 A= /e BTy e 70 26 73
ETSH ¢gl& =2 e 80 30 104
ETS RS As N 80 31 96
EWS ¢l& & g 20 0.4 15

1-7. 3 dute PPV ZS AU W HAgd Y A=y
4t 1" & U ) F ol

Table 1-7. Frequencies of the tree disks with heart checks or
sapwood checks and their numbers and lengths per
100mm-thick Koran pine disk after HPP/V drying.

AAEd HAEE
Azl wNE FAF FHol H$ANE FIF FHO]
(%) o (cm) (%) ) (cm)
FA e ey As e 40 0.8 2.3
ETSH E18 N e 10 0.1 0.2
ETS 10 0.1 05 30 06 1.3
EWS 20 0.1 08 s 518 o
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H 1-8. ZHF dute] HPPARRF AAUE 9 HxUde] Ui}
d2t e & U 2 F Fol
Table 1-8. Frequencies of the tree disks with heart checks or sapwood
checks and their numbers and iengths per ginkgo disk after
HPP/V drying.

Aadd g
Fmm) A wANE FAF Fdol wAYE FAF FHo
% OB (m) %) O (em

50 FAZ f4F & S 10 0.1 0.3
ETSH 10 0.2 0.1 40 04 14
ETS R 5183 8= 10 0.1 0.7
EWS NS 8 s 10 0.1 0.4

75 FAd ds dE S 183 ey ey
ETSH 85 ey A& 14 0.1 08
ETS 285 0.7 19 14 04 1.2

EWS 9% 98 9% 98 9 dg
R
ETSH ®& €8¢ ¢ €8 98 o8

ETS +  fs WS 1) R RE
EWS & & A& 1) ;& &

-71-



¥ 1-9. ASRFP/VAZR 4UHF nte] Ay} Hadd Uy e
Table 1-9. Frequencies of the tree disks with heart checks or sapwood
checks and their numbers and lengths per Korean red pine

disk after continuous RFP/V drying.

HAEE HAE
FAmm A g TANE FAF Fdo] LANE FAF FHo
(%) omn (cm) (%) D (cm)

50 F A2 100 30 119 100 23.0 52.3

g xeg 60 1.8 7.1 100 104 28.0
ETSH 40 26 0.1 100 13.8 25.3

ETS 100 34 14.4 100 17.2 46.2

EWS 60 26 129 80 14.0 32.2
75 ¥ A8 2 1.0 1.6 100 132 294
ural A el 40 1.8 5.0 100 11.6 26.1
ETSH 40 04 1.4 60 5.8 189
ETS 40 038 1.5 60 44 133
EWS 40 04 1.0 20 04 20
100 F A48 95 US S 75 2.8 57
gl A g 25 1.3 47 75 55 74
ETSH &5 s R 50 438 14.7
ETS e RNs s 7 13 2.3
EWS & e ey 25 0.3 05
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F 1-10. AERFPAAR ej7ivhaut? dghe] Axqudzt Ha dd U4y
s
Table 1-10, Frequencies of the tree disks with heart checks or
sapwood checks and their numbers and lengths per pitch
pine disk after continuous RFP/V drying.
FEEE] EEEE]

SAl(om) H 2 FANE FAF FZol WANE FAF FHo

(%) oD {cm) (%) h (cm)

50 F A 80 26 87 100 17.0 53.1

wnlda 60 14 43 80 160 366

ETSH 40 0.8 26 100 9.8 314

ETS 60 1.2 3.1 100 13.8 38.0

EWS 33 1.0 25 100 9.0 242

5 F A 9 0 Wws A " Ye ¥
wide de A A% €S Ae  uUS
ETSH - & < 17 0.2 0.3

ETS © e -2 34 0.3 0.6

EWS  f1¢  f% €& e d9s e

0 ¥ A A 8s A ey 100 40 13.2
wade de  €e  Wwe B 20 55
ETSH 25 0.3 06 25 0.3 16

ETS 25 0.3 05 50 2.0 6.1

EWS 25 05 0.8 25 0.7 36
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H 1-11. AERFP/VZAZR SR dnte] Aajghda) Hagdd Uy A e
Table 1-11. Frequencies of the tree disks with heart checks or sapwood
checks and their numbers and lengths per Korean pine disk

after continuous RFP/V drying,

AAEE Mg

Srl(mm) 8 SANE FAF Fol LAWY FAHF  F7Zo
(26) (7H) (cm) (%) %) {cm)

5 2 FAH 8 58 175 100 42 10.1
gl el 80 5.6 204 80 46 106
ETSH 100 55 20.8 50 13 44

ETS 100 9.3 324 100 4.3 109

EWS 100 8.3 240 100 6.0 13.6

75 ¥ A 100 5.7 12.2 83 20 6.7

vtojde] 83 6.8 11.8 100 2.3 39

ETSH 100 52 11.2 100 25 5.4

ETS 100 63 12.3 50 17 18

EWS 67 12 23 67 43 83

100 ¥ AH 3 5 3 N 2 N& NS
st zle] 25 03 04 50 05 08
ETSH 9% ¢ 25 03 1.1

ETS 25 03 0.4 25 03 06

EWS = e & 2 A& RN
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H 1-12. AEHRFPAVAZ SULE dnte] Add ) HaAgd U4 I

Table 1-12. Frequencies of the tree disks with heart checks or sapwood
checks and their numbers and lengths per ginkgo disk after
continuous RFP/V drying.

AAEE HAEE

FAmn) X g BANE FAs FHo wAME FAF FHo
(%) &) (cm) (%) €)) {cm)

5 = A2 @we ¢9e  @e % 21 58

st S & 8oy 22 1.1 33
ETSH Q& R B2 33 1.3 43

ETS ®l& s ey 56 19 5.7

EWS  fi& & R 56 37 147
¥ A A frees N 40 18 3.3

vtEAe] s fe fF 20 0.2 0.8
ETSH & RS Sy 60 12 7.8
ETS RNE STE N 20 0.2 08

EWS & & 8=y = 7Sy 813

100 F A ¢ s 8IS RS 33 0.3 0.8
gz /s BTy ey e e RS
ETSH % 85 & Sy STy 8

ETS 815 88 88 *= R 8=y
&l

EWS g1 Bre-y = %S 8=
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3. v} 3%

7}, HPP/VA R
HPP/VZ Zdute] 2 ZA43d v@ade] UYPAEE H1-13~F
1-16¢f Yehyolct,
2VHE, epritiautR 9l AR A¢ vaiadel wy et
§ A% Holodth EWSHe2] Wuntel AL unix] Mz| UutSe] ulsiA
93l Fuojgt et et AxRFERA] AFPS o] 17~50% Y
&Y A7 et olE £F8 FS vHIY wUo] Asldn
w2 fato] i Aefofld Az AAIEDEN st HAM
3 o] Fhsstad A, HARL Z7|U4Lo] Al X7
233 Y F, 22 2¢eSY HaRo dd oy
FAole ulge] A F Fol I Wdez XY 4 Qrt o] of
Azrt AgHolmpet AUy o g £REAAI HAEED, AR2T]
Aol ey Aol UdEo] njMdPe] iy wWAEsHA =z,
of Bgjoll AzFIlol Ueh}r] xzste oy 53 eo] IYFHEE
A vilgdo] Fa| MA Y=Y Ho® Mt 53| gFo] vty
Hay cfr]Folla 717 A BEUS A9 Hutgiso] oju] Aui4=e] ]
A Eol ExFicid vE AL oK YA YBH £ & Hes ¥zt
Hel ol2jgt M dutzo dntARolA Aol THE =] Qs Hapy
do wAdolztETL, T Yzhyol ofgrjel v¥ade] wAH A, el
FAtH S B3t £EFuo] AY AAH EWSH] itz vEa Yol
YA FH SollMx sigPHCE ol [UAE 2= Sl vlsiA
=7t ot Fgexi MABLE vEIYe] YRS JMEHA 3 el
o8 Hzs) B 4 olch oleld AGFA QutES vy ado] o3t &4
glol Azshr] side UnEHz] UEE HEFSAU, B MATIEEY
71EER S WAz Fo et ¢AME uRE Zlo] vy ez
AB2tsln, ofge HAR AxYsEo] HAFRct WR 27| afFo ¥

AN FLHE B FEFUE AAsIs Mele vibAAgA] e Ae

(3 koo 2

c
4
A

Mo
R L

| :
o] JIAIY Aol JsiAl 2R AxF o] Ychydy £Fo] YR}
A 4+ glo] vBAY ofgel FellY Zeg Jrisolzng, AzxFo
APl E shalsted ute] AzF FAE YPsie A =2 vty ay
2] et webd FRFRAIZIA] A&53QA AFstolM AzxE viiesis
Zol ojul HgHol ot oIWErREH 715 & Azt ®ef¥ A
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oz zpHr)
d SAUF BF tE +FEAE <2l T 75met 100m W ubol
V@AYol A UAAsA ok, FA S0m YoMz I UMFE
H—‘% Zulstart. Lee F(1991)2 28] Z-9¢ Atz yapy
THEY Aol7t A2 AUY FduFof vy Iy o3t &Ab 9
HE oz Bt vt olrh ol AR njFo] & of 2y
ol & WUnte R hAst=dl Ao AzIFAY EAE AFA=
HEslney sjdrbsd Zes Hrpdch

rlr s

o% d [I°’ o rr x
> o N

ﬂlloJlu__L

u}. RFP/VAZ

RFP/VAZ nte] 7t A3 d vy ade Ugds: 7p2t ® 1-17~F
1-202} i,

2UF F 75met £ 100muzte] A9 vadel wAAEI A
ojsted ovt FA 50mY Tt chA ASHAl Uelutth ol £ 50m
Yuto] Be ARZ7)ol WHaAUPe] HalA YAdstd, ARFI|o A
He oy 580l HAUH AFHEEHN vy IYo] Kl qizts}
Al U™ Zoz B v ot Lee 5 1995, 1996).

Lee(RUH )= AUHF 7T5mUntS A2F AR U4S Aiud 5 o
= RFP/VAZRIIAM A3 Azt HAUA} v I o] 28 £4to] glo]
Az + ALS #ﬂf{l ut qlch,

ST e vE Aol A gAY o st ol 2%

7 279 H7:=_! ‘dllee 5 1991)2 AxF HAgHo] Ao wAgsix|
Uo7l WiEd Aoz gzt il e e|nte v 3ol ula 3
ASHAL UetstEdl, ole Al Wnty FMoiH S B3 £ESUR Yy

we| 427 YHHL, o2 Qs Az27ol YUrtHA BT
of HHYY ARSHol WA WhE HoE AL Uz +5E
of QlolM = wulxel furolus vEaNe] Aol % Alstelch

L A2 TG Aelo] AAIQlel v Aol ol AstAl wAgst
gdrh ol AZZ7l YstA UAEH HAUH = 3 ddol=nt B}
FAe] ZErt W2 ARUFEAE PP ddo] & Aoz Yzpdr}

gt EWSAz|of %t VvEIAY ciAzie & dFoME A 42 A
o2 ueiktoy, 5o g2 A el Y By W AzxF A2
2| 2 th2o] M3WHchH ERSH 2lof] 2% vE ¥ oA}t UHFLHAR
o2 7lchE o olof A& Nt} A=dlE A7t ayHch
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F 1-13. ALHF dute) HPPAVAZRFE v T o] waniz el dst 1 &
Ygs U F Hol

Table 1-13. Frequencies of the tree disks with V-cracks and their

nupbers and lengths per Korean red pine disk after HPP/V

drying.
7 50m A Tomm 7 100un

A gz A4 o] BANE FAS FHol BYNE FS5 B
%) O (em) (% OB (em) (%) (M (ew
12 100 1.7 138 100 26 190 100 56 3.1
ETSHT 100 24 195 100 33 228 100 63 267
ETS 100 1.9 156 100 35 211 100 53 300
EWS €N 14 949 70 1.7 835 25 03 145

H 1-14, 7jciAUR o] HPP/V A RE v I o] wAuic o} YUt |
Mg & YA % F Zel

Table 1-14. Frequencies of the tree disks with V-cracks and their
numbers and lengths per pitch pine disk after HPP/V
drying.

7 30mm 57 Tomm 57 100mn
A wgns A5 20l BANE FASF o] WANE FAF F2o]
(96) oD (e %) (B (em) (%) N {em)
4 100 56 225 70 2.1 7.7 90 37 189
ETSH 100 20 224 2 4] 34 138 100 34 178
ETS 100 58 222 100 20 9.4 100 43  2L.1
EWS 10 0.1 0.3 20 02 1.1 20 0.3 08
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F 1-15. HE FA 100m fuie] HPP/VARZF VvE I W] A Wiwe}
4t 14 & WA Y F Yo
Table 1-15. Frequencies of the tree disks with V-cracks and their
numbers and lengths per 100mm-thick Korean pine disk
after HPP/V drying.

22 g =M F 4ol
(9%) om (cm)
Fxg 80 19 10.1
ETSH 70 1.3 6.9
ETS 70 1.1 6.6
EWS s e e

E 1-16. S{LHE o] HPp/vA RS v bl el dut 1Y
F U8As 2 F Aol
Table 1-16. Frequencies of the tree disks with V-cracks and their
numbers and lengths per ginkgo disk after HPP/V drying.

57 50mm =2 T5mm F7 100mm

Hel wrgns FA445 F4ol WANE FiHS £2o] WML 45 7o)
{%) (1) (em) (96) O (em) (%) O (em)

#4820 04 23 gs  #d ds A5 US UE

ETSH 30 03 18 &  U& 8s ge s U&s
ETS 10 01 05 ¥ gE 8 qs  AS 9S
EWS 10 01 01 ReE s #gg qs  *E oS
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¥ 1-17. AGRFP/VAR AR fnte] v g wanis(x), & 74 o
% 7ol

Table 1-17. Frequencies of the tree disks with V-cracks and their

nusbers and lengths per Korean red pine disk after
continuous RFP/V drying.

F7 50p3 FA T5ma F5 100m0
A8 TN %A% 34 SAUE 345 340l ANs 345 400
(%) (7]) {em) (%) Y {em) (%) (71} (cm)
24a 8 10 90 40 12 83 25 03 21

wuixig 100 32 164 80 38 217 100 30 149
ETSH 60 10 6.1 80 08 175 5 05 31
ETS 100 12 89 20 02 12 e e %S

EWS 40 04 40 He S e 25 03 22

® 1-18. AHRFP/VAZ 2]o|tiAUT date] vyay W Nle (%), F
7H & FAo]
Table 1-18. Frequencies of the tree disks with V-cracks and their

numbers and lengths per pitch pine disk after continuous
RFP/V drying.

F 4 508 T4 T50m 7 100w
A ¥ Tgguis $AF BP0l BANE 4% Fdo] BAUE 45 Fdol
(%} oh {cm) (%) () em) (%) o ()
Fxad 60 1.0 6.8 100 23 99 100 30 128

daxel 100 26 11,0 100 35 127 100 25 81

ETSH &0 1.0 6.5 100 1.8 86 7 28 107
ETS 60 06 4.1 100 1.7 69 75 20 109
EWS 100 1.0 35 67 08 45 50 08 4.1




H 1-19. AERFP/VAZR 3NE ke vy g wbiile (%), F+ 9 F
Ho]
Table 1-19. Frequencies of the tree disks with V-cracks and their

numbers and lengths per Korean pine disk after continuous
RFP/V drying.

FA4 5000 A T5mn 74 100mn
A A Tague F4F F20l YANE 45 £do] WANE A4S FZol
©) b (w ©%) O (@ %) OD (e

F=A¢ 100 32 147 100 38 229 100 33 113
Haxe] 1000 36 188 100 38 227 100 28 111
ETSH 100 33 216 100 32 192 100 28 116
ETS 100 23 145 100 37 207 100 20 106

EWS 100 20 130 100 25 128 100 18 8l

H 1-20. AERPAVAZR 2UT date] vEIY WA Rix(%), F 7l 2
% Zo]
Table 1-20. Frequencies of the tree disks with V-cracks and their

numbers and lengths per ginkgo disk after continuous
RFP/V drying,

57 50mp FA 75m F7 100ma
A ¥ TaguE F44 Fho] WANE EAS 20l WANE FAF Eol
(%) &) (cm) (%) B (em) (%) () (cm)

2y g8 2 & 20 02 08 qE 89S U5

eAE e e e = 85 8s 67 22 88
ETSH 815 S8l& 8% ¢ls f8 wWd  se 9 fi2
ETS & 818 §s F %E fle WS 8S €S
EWS 22 04 22 & s WS T e 8Us
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4. +x-&2

HPP/VZAZ ot RFP/VZAR FEF 7t ZA4F 2] FAe] Ynte] i3t 2
FIZAEE AAR A3 #3532 A BAQel £ AN £25x o
QTtH & 1-21).

Kanagawa(1989) = LFupZA X3 ujF Zzfe] AL HAZ2xA0A
A 27 §EHA U ARG ARAe} v 2B of 42| FE
ol zlol= gt B3t v} 2rh wlebd ZzAstoM AzY 48
o] £z &S0 AAE = ofFiLiFol iyt B} BHet o] Wadl Ho
B AIR¥T offE 8 F4t HAFF S HZo & dntog iy sty
ol FAHFLZ AMEHAN £2]§&] EAL AZAR 2sf &
o A" 4 ole Ao His )

¥ 1-21. Z ZA4F FAel dzte Hep/vARe} RFPVAR 8 F $3]
1
Table 1-21. Resin exudation of control of each species disks after
HPP/V drying and RFP/V drying.

Az SA(n) 29T grtiauy AR ey
HPP/VAZ 50 Ae 8e - 8le
75 A*E e - g e
100 <2 S ol ey
RFP/VZx 50 5182y STy s NS
7 s s G183 8
100 R e RS *S
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44 82 £

7t 7t A AZAX(HPP/VAR)

FAelvt ETSHA 2] 3 ERSAH 2] {utEe] Zxjdld o] &8 71x] A
FAzxseY 499 A7 Fdo AU YA RChE 3A g o]
Tt HPP/VZAZ ] 749 dutofl ofaf Wute] Abs} HMximo] xigixjogn 3
TS B3 £EFuo] Aok Yol AxAjzto] Ants] AdE = Holgl
ch meid Hoigs B3 25U AR 2 Z3t:= kS HPP/V
ARINE B8t Azst7 flides dutzt dairlojo] HARt wir|w&
7191 At ol uigtaly Zog michdc

E3F EFSH 2] WntEo ¢ ol &YUsE £EMAY A7 BiMsst
AR, LTS ezt 7120 AL g gulghol HaHA E3t AsHA
LtehL} EWSH el A &o] AUAA @& fFolL} HPP/VHRoE O 3
Lo 215& Jlsiolyt o michHC)

SR A S Azgxee] xlo|s} ®ABA Leh} 24t
FAA7E 25mo] 4l UES FY 2o Y FHsIE AL wske A
o] upghzlgyt Aoy wmividc

3o BAgel A YT Fujyt Holgjon}, dutye
2 dxtAzae] A FAH7E =2 o HUHl AUP Rl ASHA
WA 9t wolch ols B AlHd AMEH FAIFFY AL HARY
27188 o] AR YA HUS By ohuz}l, IS HAPRES
7} ARt ulgo] AW3] wotn FAIUuEL] Alg4rt vtuH Abejo
M ARt AAEe] AR YA oz £ A A FAEHA
7] g2l Heg Hzsch

LR Fe Ay, A3 d vyay 2% o d44d Fevt
Zulsled] Hgof& dutos Mo tidirsteiol &2 Ao® HitElglon}
efzte] J&o] U= FAIZL oot

AUE, glchkautR @ stuRe] e viayel Uy st A
std, 53] shube] Uste] ofgrie] v azoe] UgsE 53 Bdde
o], ol= oM <iZ 3 uie}l ol ARXJ|o] WA UAHIR, AR
7)ol UHEE7] A2 o| P+ H-Z o] o] HAYH R UEE A o
o Zog st meld FPdeA UuES vE I o] 3 &4 ¢l
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7Hedt Zldle 2 flo] oix|qh, Wizl dxnbapole] wiziyz} XFuks
Medstoe s dute] HciH g B sEF U] Bt BolstA o Foizs]

T e gziHct. 53] EWSA2] ¥t ¢ HPP/VARME AX
57t o =3 ol 8¥UsETIA Y F2&EI Eibesigien), RrPV
ZojlM ThE AeldutEa A e Ax&E=E /A|SHACL

dxgE AAgde] WYL A Sl o gPEcis 2
2o] yho]l FAa% AzxtZ &ALt ol Wt FwH £Fo] A
74 Zpguto] Fuls|dAM UEH SFH4It AEYU oldol] Bof e Wt
o] 455 S F5A7 o] 3t LY+ AelE FAIY whEd
g & sk BHQd AR7L ofFoi RN -3t F FiHzt
of #2727 24 g EQd Re2 gzHch weid ZF AdA

E--

v

rlo
o %

ok
M
N,

giu AzzA 23 5& B3 AX4EY P U5 G2y HIEY
e, A3 2y o Axde ARoYE Sy HAY & 5o A3l
A 7t 5 &AL wnigHc)
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A14d A4 4

1995 dx fejuvet F SIFIFLL 33,677 ni2 2 o]F
FA7E 14358 moln £UfIL 32,2422 AA] FIFY
95.7%5 ol &3t o, FU AFES 4.3%0] E23 AF
of glth. o] ¥ F4t U5 FFFHES EW G5t o1,1873 o
o8 82.7%, BPELI 24880 17.3% TREAUTL £FHZE=
AVREFIT 63.7%, HGEFo] 15.1%, 28] BUREHFI 10.8%2 o]
F 3% FFE olF2 A+ AR RuEHArh (dgdFL 4o
FAE A|133%, 1997)

g, Aelat G (ddRg)olls @ 200970 ol FH
AZGAZ} 7Hs Fol 2don, o] AFoA fejriel EFd
A 4u]8 oF 41%E xA|3taL Tt AHE EeAY oy
FAGTF( 36%)2t e UFERF( 36%)7F 2R3t dov
olE #£5& ZAelol oj= ] AME#e of 79%] 359 of
o] oJ&3n oo, Fabxje] o]&L 97H ML E 21. 3%
Aol drh t o] olF =Y FFL Al 12A] X3,
o} 2 IMF A A sl AEprixle stete® AL 2F
of-¢ EFEE FFo °‘°mi tﬂ”i?«i EZd AzgAr
10Q1 °l3te] vi-¢ FAHA FRE HolrLix] Bt
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A2d AR 2 Py

1. IANLEE

29 FA A4 7Y AAA 34F, JYB4(Larix goelini Var.),
2| A\t A U (Pinus rigida Mill.), A5 (Pinus densiflora S. et
Z.)2 ZANYEEBeR o BEFZdERe AHWS Y N2AARAE
s3stoint, 2 Aol AHg3E FALEY iAot 38 BF P
< X 2-10f Uehd uie} Zrel

2. 1xAAzA A1EBY
7h. 223 432 53
8 Ads d L7239 EelF BA A 2EEYAEA
A aBoll GAst F 2-19 FALEZFE AEAL AT F F

TAEE, U+, vF, £23& FFE FEESTS FHsiAch

FE 2-1. FALEBY A, FIHF, 3
Table 2-1. Locality, D.B.H., and tree age of sample trees

F £ At 2| FaA73 £ 3
(cm) (year)

4 g4 % A8 =22 oMo Z#Hea] 17.20%3.44 14

(Larix gmelini

Var, )

DA ESWE-2 AS Pl ateE gMg] 17.1213.57 20

(Pinus rigida
Mill.)

& U 7 AL I 255 22 16.50+3.99 18
(Pinus densiflora
S.et Z)

% Zb 22 2029 FHAELEFHAY
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U, 7148 34 53
F8 Q4 8 27379 AAY 4 2 XEQLALA
Aazel oAzt E 2-19) FALFOTYY AYVL ANY F
AZE(FYRLE, BYFLE), QALE, UAS(UZE. Yol
E HEAS), FVHECRAAY, FUAY), FAUEoIUA 33

AlEE F3stadch

—

~

i, Y A%
GdE, gTniAUR, AUR, 33 A dE Koyo
Bond co.ollA 243t 2Ry olaxohdlo]EA H Al "KR-1207,
o] Ipco National Ltd. oA 33} “Duro-Lok 270", 2|3 A
gAY AeA] F2Ag dFEE JHAY 84 sEsx] JAAAE
Ul Az e FUstd it AHEE st ojul FatA
22 23] 200g/n’, YUY 10kgf/cn’, 22D YA LEE AL
8 A2AAe Ao dR3HY AU s F2Ad Lo
2 sl FELGABAA e oASY AepAE, Vs
2 1dage A3t AR 4
3

=
2C, BUEE 6523% F2YFIIUAM 1744 =
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KS M 50000] 2jA3ly =&
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AR QAZof Rzt Aow odeix gl
o Haj BXFRIAZ Fofl AlEE D Q= o]= Thompson’s Co. o A]



A ZH “Vood Protector”& xﬂRH%‘ F 2ol o]l FFA T
F Aol 237 A3 F PHe AVIEE /o FH A
th Al 30mt/n?, 60mg/nfE ST}

. 84 3 E8=xH(PEG-1000) 3 A 2]

G4E$. fAriviau R, AR AAARE ¢St =84
2}Ql PEG-1000(30%)& 3-2/3dstollA & Ae] sadct AJgx9
= 57 3oo, Som, 10mm, = 100mm, 72]3 Zo] 400mmo])on],
Al ZHE 192*]7} oldlrh. FAUFL F7E, Ae|rzhd A (g)

z. UTE&H%). FEEF BEES(%), BFTHE(%), Y&
T &(%), 2?—]-:- AE2AA R (%) & Pt

_&)ﬂhl
Z % e

o r40

th. +84 sE-Xgddistol=4x] ¥F A

HdS, elvickau R, aURe A sty 84 e
-EZEdTBle|l=E 422 & 30%)E A2 4Ustol gE AR ot
Alg=e] x4 7] 3om, S5om, 10mn X = 100mm N Zo] 400mmo] P L
o, A AT 240412} o]t A 2H Faj: A0 247 A
ZAINF 150CAM FEAZc S33PFL FAPE, A zhd @3
Blg), vlF V&%), FEFFE(%), 2AYLEE (%), FF+2S
(%), WBERE(%), DEAAEE(%), HIAAP(kegf/af), 3HAE
(kgf-n/af) S &8t QAch,

zh. Hs-ZEddslol =T dUAFEA A=z

T8% He-ZEYUElel=fA(FAE 384) T2 L3t
240712 BRA Y F Aol A2 thE, E 150C, 160C, 2
2|3 170C, &3 30kgf/an, 50kgf/ai, 2|3 70kgf/cm 2 dy4EH

gl stdom, AHzlAZE 308, 602 olArt. ABML x4t %p{]
3om, Smm, 10mm X ¥ 100mm X Zo] 400mmo] T}, ¥lE, ¥5+&(%), $
TETE(%), FANEE(%), ¥FTER(%), YVFHZ(%), 222
BE (%), ’aﬁMﬁI (kgf/ar), SAZ=(kgf-v/ai)E FA3HACE

up. dgEEA Az

HaE, 2ttauR, 2UR 3 2o ofdle] dugEHeE 3}
o dUFA2]FaY(Stypak)E A R3IFr). Az]EE= 150C, 160C,
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a3 170C, ¢ 15kgf/af, 30kgf/ai, SOkgf/af, 22|31 70kgf/ai
2 dgaAe dtden, AHe|AzhE 302, 60 oldth AEw X
4= S 15mm X £ 100mn X Zo] 400mmo] T}, B|E, ¥4&(%), F
T&(%), §FYEE(%), VFTHE(%) 3‘“"wig( %), 1AM
(%), %InH?%l-r(kgf/an) 233 (kgf-n/an )& FZ3IACL

o dor
ol oo rf

434 234 23

e e
7} 223 43
1) 34 &5, & L 03
G, erlvtauy, £UR, 3 IRy Y HIA

5, ¥F U ¥5ES F 2-29) Zrh

H 2-2. BIIES, viF ¥ U5 E
Table 2-2. Width of annual ring, specific gravity and moisture

content
T F HAHOEE 21¥+E J1A¥sE 7|AvF: AAMF
(mm) (%) (%)
AL S 5.7+£0.8 22.93% 0.71 13.41+0.96 0.48%0.04 0.52+0.04
2)7|ckAu R 3,0%1.2  50.55+25.61 19.17+2.32 0.42%0.02 0.46*0.02
AL 3.6£0.5 61.79%t18.77 18.65*2.31 0.36%0.02 0.40+0.02

% 7} e 80Re) WIFEREWA

uS

E A HAN 2183 GEE, gl7|tiAUR, AuFE, 3 52 B
7 AEEL 3.0~5.7(m) Helo] e, dggHo] 5,72 713 I
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Letgted, glzictan ot Jh ZA deludch da) 2o Aay
&2 AR 3, YARA I3 23] Rlol uiz} A3 o]
g L}E}Lk—tﬂ 2 Aol FHT & 2-29 2I1ELES HAF F
Z3% Zhol ohugt AtolA A F A AP F2Y AsiHe =
23t F oF 17hde] FA F é‘ﬂs‘?l ez Bajo] v e AJE3]
} APH Fo ZpoT BAYSE= zlelst Ade Frelch 71A
&2 7 508 FE AEHS 2}1%18} T AP AU 1 L3
ZEAe|Y ¥ FFY Yo E YgFol MR W2 S Ueien, g
7t} AvHREE & Aol & uehlA] Qfglct. 3 £3F9 71v|F
< 0.36~0.48 'Hslol Zeln AZA¥|F-S 0.40~0.528] Wele al
den, Ydge vlFo] 1 #A Ueluty g7iciauR, 24U &
o] aitt.

N oo oY 1

4> m

SR FAeF AR, YUY, APl ¥4
3

X 2-3. 58 1xo] th3t HA 28

Table 2-3. Shrinkage per unit moisture content

+ F Lige
(%) IR ARAS SRR AL GRS

w4 17.34 0.14+0.043 0.30+0.041 0.02+0.028

2] 7|ckAUR 19.72 0.13+0.301 0.41%0.269 0.02+0.004

AR 18.95 0.16+0.009 0.29+0.014 0.02%0.005

% Zb Zh2 8utEe] HIF X FEW Y,

ZAFFY TFE w3t HIFHELS YA 0.13~
0.16%, HAwdkollr 0.29~0. 41% 22} AE&U3rojr 0.02%S L}E}

wigich abgRel iyt FAwRe s3ule dgdSolA 2.14, 27
TiavRolA 3,15, 2|3 2UFoN 1.81& vehle] 3% F 1Y)
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TAUES} 71 2 2te Ushiden, AUt s we zte Ul
vgich,

3)

-*—o*

Jf-nld

L ATiAUR, AURe] F4w 3L Awe) thstel
*al*l%}aiztﬂ, 2 229 402 AUY AU Page
LR wle} 2,

24, T4

Table 2-4. Absorption of water

T+ 3 AlEA Y48 (%) E 42 (g/cn’)
BLCE 13.4 0.168+0.103
2] 7|t R 17.0 0.093+0.010
AU 16.3 0.120%0.010

3 £59 AW FEFFFL 0.093~0.1682] Hejuhol Ao
o, dedgo] 0.168g/cn’o 2 7P Z ZE uUehjden, AuRs)
0.120g/cn’, 223 27|t uReA 713 AL 0.093g/cn’S LIER R

S, EuictautR, ARy F548 A8Y A}s E 2-5
of L}E}Lﬂ uie} el

54 A8z g5 1xol oy FF PSS YA ol
0.081~0.149% Helol veldon, HaawdelMe
LIEbUigich aichdo] i3t HAdwide] siAg xjole G FolA
3.572 713 IA JEeldted, 4uFelM 2,98, 1e|3 glr|ciavR
o4 1.89%8 71 & & yepiigich



2 2-5. B4

Table 2-5. Hygroscopicity

40°C,RH65%0l| -] 40°C, RHI0%of| A & 1%0f

E
T ©
BEYSR(6) WU PARUR  FAuy
s 10.63%+0.16 15.93%+0.12 0.081+0.046 0.289+%0.023
2] 7)chAvHE 10.7420.29 16.30£0.37 0.149+0.061 0.281%0.037
P 10.65%0. 38 15,990, 28 0.081%0.038 0,241+0.063
% 72t Zhe BurRe) WP EEUANY.

. Z1A13 43
1) 4&F3=

b AEe hE 473 35039 UFAEE AP A=
T 2-60fl UEIH uie} Prl 3 £F0) 2UEUEE 366~397kgl/cn’
o] Welol gladon, wlFo] MNF 2 Jg$e FUFUET MY ZA
Lelston, the] grjciAuR, 23 4AuURe £22 velkich
LR EE 41.42~61.5%gl/co’ B elolA S glon Fua
=9} go] vjFo] 7pY 2 oA 61.59%kegl/c’E FHR A e}
gon, thgo] AR, I3 gritiauRelA R e ke UEl
wdct,

H 2-6. ¢&UE
Table 2-6. Compressive strength

T F 7I7MF FURAE FASvEUE LU=
(kgf/cmz) (kgf/cmz) (kgf/cn?)
w4 0.48 397.241+19.25 314.08%+12.50 61.59+11.58
gl7|ci AL 0,42 388.58+51.77 330.50*+72.74 4]1.42+11.32
AL 0.36 366.59+33.46 291.05%26.96 45,21 3.46

-95-



2) AR

7t £29 AAPEE Y Az F 2-70] Lepbd vps} 2
th 2 AYPeA AR AGs Y FS AR 20cm wjgio] i
Bog FFJdGAEAALFA AT FAPRE APHE A 2}
Z)oll= uf-9 Zsisigc), 7|2 UIFH FF R I} ufsixE
AR=E ol ZxRr) ofe 52 U2 vehided, 3% £ 27
TIAUR ) 1158, 32kgf/cn’® 713 3A Ueigten, t}So] 444
914. 0dkgf/cn’, 12|31 AURE7} 74 o2& 862.29kgf/cn’S VFERAR
t}.

¥ 2-7. A=
Table 2-7. Tensile strength

F 3 717vlE EaikiAaa
(kgf/ca’)
ol 0.48 914.04+157.72
2l 7|ciA L E 0,42 1158.32+ 35,37
AL 0.36 862.29t 83.28

% 7} gt 6UHE e BFLEEUAY

3)

1

FAd-2

GdS 9 24F A= 4AL AEY A= F 2-89
Lehd uie} Zth HofA B uie} o] 3 529 U= 645.45~
904. 94kgf/cn’e] Bl ZFx]don, zrjctAuE7E 904. 94kgf
/et VA 3A UEelgta, thgo] Hd4(791. 76kgf/en’), @] ]
Zo] 7H P& ALLF(645.45kgf/cn’) 8] £28 LlEldth HulHis
o HATE BAE) vpEiRE erittauRol s 2 3 v
EP T clgol W%, AuFe £ 2 ekt



H 2-8. ¥7=x
Table 2-8. Bending strength

+ & JlFvE 7%= Hulgts "+
(kgf/co’) (kgf/cn®) (10%gf/cn?)
v 0.48 791.76:£133.80 424.16%99.88 85.33%18.12
2] 7|tk AV 0,42 904.94+131.41 409.24%+91.01 101.38+22, 44
AR 0.36 645.45+154.93 317.58+92.94 81.59%+20.68

s 9 243 aid Fichdel AP EE AE
gt A= & 2-90] vehd vwie} Pl FFH IAEE FM BHE
ule} Po| WalghA AT 110,61 ~128. 94kgf/cn’e] B ol L}

2 2-9. A=
Table 2-9. Shear strength

Paprd ERR
+ 3 713uF
AM A= (kgfren’) AR E(kgf/cn’)
Ly 0.48 110, 6135, 49 163.93+13.37
g 7IchAVE 0,42 128.94+13.26 156.38+ 9.86
2UE 0.36 122.02+17.41 126.91 % 5.32

% 7Zh Zh 6uHEe HFEREFWAY

oW ML s 126.91~163.93kgf/cn’e] Hefell U}
22 g 7tkauFels FHR AA Jepxton
HGdgodlA 1 & 3E Uehlo] £330 4%

e L, 3% BN FAE AL abd A
UZE ¥t} thd 52 3L& Uehidch



5) 33Y T4
dds o 2 $202%H 238 2AUSFAYAE = 2-10
o WyERd ups} k.

E 2-10. 33 ¥ &+ oA
Table 2-10. Impact bending absorbed energy

+ 3 713415 3 H 5 oy
(kg - m/cn’)

g 0.48 0.72%0.06

2| 7|ckAL R 0.42 0.64%0.15

AR 0.36 0.79+0.25

% 7 e elEe) PR EEUAY

2 A¥olN 39 2AYZFYAE 0.64~0.7%g - n/cn’ )
HeolofA LEIYOm AR 0.7%gf - n/cn’E 7H 2 e LE}
Uded, theol g%, 22l g7|ttALTe] &2 8 UElkict.

ot F24d

G4 i 3553 A 5FRE L3t FAY /YR
A2 AX 3= & F23 AlEwa gutzp o] AFY B HF
uldto] AW E FAY AJPHOR LY AJeiFAY, WA,
2432Y, J2|3 EZFAAAYS FF3ATE AlEAE R 2-11
off Ltehd vie} ) Hofy B ulel Zo] £Fo utE P
= Rolx] ¢lotor} Alg3 Hata|] FFol wetds ALY xolE
LleEhigith. A& Koyo Bond EEFEOA T U3 327353 o]4rohdlo]
E  Azalxql  “KR-120"3} Bl Ipco National Ltd. oA 73§t
“Duro-Lok 270”2 AJejel wisoll & x}o] glo] vlad 43 F Y
& vehgden, Bakgs el vfodlA BF 100»E UepAct
e i o ALz Aol o ZA P A o] = e Y2

5

L

9,

29

Sastolon UAEHY B UesERYL WA pasis

2
Z3& Jehidch 3 2 dFolAM FUT AZAZ A E 2492

|
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X 2-11. HESEA

Table 2-11. Gluing properties,

ATERE 2y iy 2y W&+ Ay RtERAAIY
Az oA & F (kgf/cni') (kgf/on') (kgf/onf') (kgf/cn')
2uj] 3oj 20} 3oj 2u) 3oj 20j 3uj
Lt 4 87.40 32.45 96. 89 30.87 68. 40 18.15 43.42 14.68
s A] 3 24| g]7)clALE 84,91 37.58 72.14 21.04 36.35 15.46 30.31 17.66
AR 64.24 32.29 46.59 31.90 46. 62 15,32 48.82 11.09
Lhed 2 90. 89 44,88 83.74 27.89 49.75 13.87 39. 81 16.62
KR-120 g]7]ckA VR 106,94 51.72 63.71 30.50 32.17 15.58 30.74 13.34
ALR 92.55 37.88 30.98 24.97 27. 42 16.47 22.57 17.24
w4 55.28 39,86 37.68 27.19 25,37 17.55 13.19 10.13
Duro-Lok 270 2| 7|chAUE 74,30 43.23 41.34 21.37 23.64 15. 40 19.32 9.86
AV 45.33 31.85 39.59 22.65 31.53 15. 34 17.86 12.09
vhod 4 58. 48 - 27.67 - - - - -
ol ZAl =2 &kA  g|7)clALHR 50,59 - 30.90 - - - - -
Anpe 38.20 - 23.22 - - - - -
Lhed 57.92 - 25.60 - - - - -
24 2| 24 2)s| AR 76,02 - 23.73 - - - - -
ALVHE 70.55 - 7.00 - - - - -

% 7 e 10059 Bz
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zt. =34
FET T8 272 3 £330 E25AA =8¢ ZdUA =
25 A&l =Y AL ¥ A= E 2-120] veld vle} )
E 2-1200A4 R npejgdo] B4R A TR ZeReiA =88
RERG, £2do] 23, ARANEE, ¥¥€&2 T2 £89 ¢
A4S A8 Azt 3 500 F3HE xJolE UAY 5 ¢t v}
gt #zjztr] Exjo] HLsRA] AW =] FEH E8Q BASXR
ERE ALY A3 ZHAzA o] Bt HElY EFL =8
Hjste] of¢ Aol A9 on, HiuoiHoAMY =uiydAAH
EZUGABAANLB(EZGAIE ad)ol AstH 23T, Aof
95%0)| A 24A13F, THE -20CollA 5A1ZF 12|31 60ColA 1947+ 1
F71238to 30771 WHEAIEY F =9I S S3Y A AR
Tl o] A LAsHA] Qddon, I2FYFA KS M 59810
ASIY =me LAY AES T A BF ZAAPY 3] 2A
H("olA)o] ¢l E3 o] =8 RAUY W Aol A
o aoix = ZF(running), MA, Z(fogging), E=x1A(floating),
Mg Z(mottling), HEZ, FEANwrinkling), 31E, W3l (blushing)
Y oBATE LAY F go BT AL3E= o Qlojy A
7t gl Z2eE AL o4tz ¥ AU RY |7 Ex)o

82 o old olE =Rl tiy BA4Ae =YL e o4

e 2 X
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® 2-12, =34
Table 2-12. Paintability

A &Rz F Az UIHY

A <] Fad Aneﬂol ol tgz})gz
T % £ R ORERY 4, 20C 3c 20C 3pc SHLRE
(min.) (min.) (min.) (min.) (No.)
BaszAse 923 k% 60 40 600 480 0 10
g%
ZaogetAss 923 %2 15 11 120 90 0 10
BazziAgzs o3 % 60 40 600 480 0 10
2] 7| cha L
ZSyetAss 93 %2 15 11 120 90 0 10
BazAAss 93 ¥ 60 40 600 480 0 10
A1) B
Ze|LeetAss 93 Uz 15 11 120 90 0 10

! 23C, RH 95%, 24hr. — -20°C, 5hr. — 60C, 19hr. (30 cycle)
2, KS M 5981, T8 wWata Al@upy



2. 272 AAAZ

7}, "3‘34153} By

Z4b g 53] 4u2} ElriciAuRE g3 £4EH A
Z3+= 1}%01]*1 3 LOI o3 ASIA WAEE I Qlo] AR o] & 3H=n)
olM ZIXE mhf Hojmel: FUUo] X2 oleng A olF o
P 4 gl ubdo] of$ FAsit) fsP“t:} 2 AFdMEe ZJPP%‘
dalol A 22 F H}E “Wood Protector”E 30g/m'3} 60g/mY A
golg AHgsle FEdo —‘?—~‘-?-ﬂ& F Aol st 237} B F
2zl rIAzIIHelA #4E 8e7tx] A=A F FHe APA
E S¢geg AT AR 2-12 25do] A F LtFE o)A
Fio] AstAl APH mEH(sh) 3t o] UAsx] e RE(ol) &
B Zojtl. olsdo] A3t Bajs o]F dA/NARAHAME
Hol whAdslz] ¢igtor, o] ¥ 7134 W =AY d¥L u|x]x]
= Zos nbgE|gdc)

L

. HE-Z2EYdistol =42 A ] (Impreg)

2Ea 8 4734 3593 (4g9E, AR, 27ckaui) Y A
H, 54 (3mm, 5om, 10mm)xZo](400mm)xE(100mm)of cthdte] ArL,
Fstoll A A stadch 508, FAE Aol Az opE ¥
2 H3E Y A I 2-59 17 2-60] vehd wle} Pl =
3t 2404 7to] AUZ F H=42] €A (Polymer Loading, PL, %)
(1) mte} 33l on, F33 Azpe= ¥ 2-1337F 23 2-79 e}

oy 714}, PL : Polymer Loading (%
e @ FAAANY 22F
Wt Helxje] A %ao‘(g)
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4 ZBE Jdehlidlen, A& 24A17 S Held FA
Br} o} 30% A= F78t e O F A7) ZHzjel uwlel Axp 724t
' 2% vehiidcoh AHeA 2y €482 Yd4, L2UF, 2]
TRl zb2} 27,.53%, 43.88%, 12|51 37.18% o]it).

A
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AR 2-1. vl P, 149e] FRE F T2 ()=
Ao} Azjafje] EH(o}eH)

Photo. 2-1. blue stains of Pinus densiflora. Untreated surface(lp)
and spray-treated surface(down) after l4days,
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= 2-13. HE-ZEddsiele 2 gAY
Table 2-13. Polymer loading of phenol-formaldehyde resin

L

.
T 3 AREWe) DAV  wAV(M)
oo 4 3mm 13. 46 20.69 53.71
g ax Sum  22.86  32.07 40.29
U4 d 4 10mm 3912 47.81 22.21
E-JR T -3 3mm 13.78 20.21 46. 69
Ay =R Smm  20.58  29.18 0.7
AU R 10m 34.72  45.50 31.05
g7t AU 3mm 14.74 21.63 46.76
Y TtAUE Smm 23.26 31.83 36.83
g7t AUE 10m  42.18  55.53 31.65

¥ 1. z} sutEe] 37kl
2. 3YHFE 538 APEHEL VIR 10cn x M2 10cny
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23 2-5. Al AMeElo Y3t Y4 T4 3o, Som, 10mmoll A wHis-
EYdidtol= 2| gA et
Fig. 2-5. Polymer loading of phenol-formaldehyde resin by normal
pressure method in 3, 5, 10mm thickness of Larix gmelini.
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Fig. 2-6. Polymer loading of phenol-formaldehyde resin by normal
pressure method in 3, 5, 10mm thickness of Piuns densiflora
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Fig. 2-7. Polywer loading of phenol-formaldehyde resin by normal

pressure method in softwoods
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t}. PEG-1000 %} 2]

2208 AR E W Fely B, 23 AY BE &
€ Ads d 273 35F(dgE. a4, gricavy) F
3om, 5mm, 10mm, Zo] 400mm, = 100omg] AlEof tiste AL, A
Bloll A PEG(:ZAH% 1000)E #EAe] stadct. =34, F2E A7
Ao w2 F$AY Ha= 2y 2-8, 1Y 2-9, 223 2Y 2-100]
Ve ube} Zch =3 19241%0] 3t F PEC S A (1)abe}
sl on, 233 A= ¥ 2-148F 23 2-110f eld uig} 2
th. Eo} 23lofd Ei= uiel o] PEG VHFL HiEA EHAIet u}
N2 A Tz 7SS Z4se S Lehidoen,
A& 24A1 7 Yol AeEd Bel o 2B FUIBtEen O F A
o} Zzell ulel 72 At ZAste FRE Jehigich PEG ¥
Azje Bfol dodMdE HEsARHAeds de] dgSel o2
5ol vzt Al(1)eof miet 73 FxE o] 1 WA veht e
Fol Azt 7MY 23 £Fo2 vepyich AHeld £319 $4ES
G, AR, 2UickAuFola  zZbzb 27.53%, 43.88%, 12l
37.18% olgich

HF 2-14. PEG-1000 3}
Table 2-14. Polymer loading of PEG-1000

T2 21214 A ela)e] PEG-1000

T % BAFB()  AAERE)  BEB()
oo & 3om 13. 46 16,37 21.65
R - L
""" ¢4 10m 3912 4691  19.90
R B =2 3om 13.78 19.12 38.76
""" U E  sm 20858 278 32sr
""" AU 10m  34.72  44.89  29.30
2] ZlciA v 3om 14.74 20.68 40, 30
'''' g7t AU® Smm 23.26  30.52 3120
""" g7/lhAUR 10mm 42.18  52.38 2419

X 1. zh SubEe] HFzhel
2. 28F718 FF L AEHL 71T 10co x A2 10cny
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PEG & 2(%)

60
—o— S5 3mm

50 r —&— S N S5mm
—e—5 7 10mm

40 |

0 24 48 96 120 148 168 192
Al 2+ (hr.)
9 2-8. Al Aelo] 23 G4 FA 3um, Sum, 10mmoll A PEG-1000
PIEIEAS

Fig. 2-8. Polymer loading of PEG-1000 resin by normal pressure method
in 3, 5, 10mm thickness of Larix gmelini.
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R

Polymer loading of PEG-1000 resin by normal presure method
in 3, 5, 10mm thickness of Pinus densiflora
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. Polymer loading of PEG-1000 by normal pressure

method in softwood
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g}, At A 2] 5] (Staypak)

FdEAels HEdF 2734 355 sty 2= 150, 160,
170, 22|31 180°C, ¢& 15, 30, 50, 70, 123 100kgf/cad, A3t 30
=, 608& HBslq AYIAUE Y2=A dUFAAEAN Azbs
4 W 3 AANZEAE SAMstaa slddrh. Me|d dgs 3%
BT ¥ 70, 100kgf/aiol A= YA 302, 60, 120204 2F
Bajz2o] AstAl x|t =3 Fxo) dUduyo] Fauyg
Bol deiMe o 23 239 37 FAF AL} ol =L A
Zte] F¥Rrie JhslFe ddo] Arisia EEE E2ie £ 4
Axjolo]l 7]Q1% Aoz mitksict E3 X 170Co| ol 29
€& 9 Ao} AstA Uetylch ¥¥ 2= 160C, ¥ 50kgf/ari, 1
2|3 A2 902 e gste] dYHFANE A2 ZA oI} e UEA
ol B iy @I Feie] dLERFANE AzE 5+ ddch Ty
HESolME A Azl M Azt Zol 22o] mAE ATt AR 2-2
= 2UFAE g3 Azd dUF Azaj 2EE H4Fa 9l

of. SlETA Y 44552 (Conpreg)

H&+R 8 dYFE2Y(Compreg)= FollA] 24021 B A¢d
st A A3t A2 72 AEA oM 15U Ux|sl 7]
DREI2 A2 F AU el dadFAeslgdch dYFAelE 2
T 160C, 8 50kgf/oi, 22|32 QAR 6020 23l M z3tc).
TR A2l dYFFAMAME dd&EAe] BEx) AzA) ¢ oz ¢4
& Tkgf/ad o]}o2 71819 B¢ ZRZFo] AM3iA mAFHEs S
Ltehf et oletd Y, 4avE, UttAURE o] 83 A& A
gL £RTH dYFEAR ARAe £20= golst e F )0l
UL T0kgf/cit ©]3t2 7}sh= Zlof uighz] & Ro s mciHc AR
2-2& MEFAYE dYEAeE ¢33 ARY LUFARE BoAF

L oleh

uh. AAARSA ) B A4APA
AP+ 3533 QoA AP 2 F A AELBELS ¥
HH) gt} £2E4S(%), $ARLE(%), PEELL(N)T Yue
4:

E&(%)g St 2 dFeM 218 3 £3F9) FH58 9 F
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F. 32 gAY FAAWNY WEE(%)S E 2-140) Liepd vie}

&2j), PEGH 2|z, $£8&4 dHE-TEUMSlol=4x| RiEIZH(Impreg)
dtEA 2}z (Staypak), Fx|A 2] dUHF ) (Compreg), 2] L=f2}
PEG A e]xfol u]= Thompson's Coollr] =23 HA2jxe]l “Fater
Seal”& HPol| 2X ol FF3t =RA Y A¥AHY n|F,

78, EYNEE, UNEEE YF4HEE FAYsIAh
'*%‘ FETEESE R A (2)2} ()l Aty AAsid
™, 3t A= ¥ 2-15¢F 2" 2-11, 2-12, 2-13, 18l 2-14

LIEpd ute} o Feo} O3oM K uiel ol ‘4“’" S
AttaUFe] MaE o2 Ao A4AFHS IAA #YAZ

Us ZeT eixted, ¥FFHE F-fol °‘°M‘- PEGH 2] &
o2 gl7lciautRola Hoh o 60%2] YFTHAEE Y 5 AR
o, AMAoT: BHF 4527% BE UBF4LFHS

EC(*

i
LA = o

-{) M2 jo o MO
o -»
J[)P ot
o&ﬂﬂ‘)
r .ki

3

o

[o o

€ 52Yd + U= AL
2 el ez ddEAelet HeeAdE dYgE5AeE o=
A LETTES 77} PF 37.1%2} 43.53% AL £ 9= Ao
(92217 ¢t
We - Wt
RFA(%) = -=-ommmmmmmee x 100 (2)
¥c
o714, R¥A(%) @ FFTEE
b @ BAAY %-’F%
Wt Aziie
Sc - St
ASE(%) = ----mmmmommm- x 100 (3)
Sc

o714, ASE(%) @ ¥WERE
Sc: FAzae] &AES
st Az]zRe] BAYEE

-118-



£33 Aeld ¥}ERES B PECHRE AlgHol BF 62.29%2
= UMK TSES el on, CompregollA] 46.2%, PEG Ae|E
Water seal® HHI|E Ae|3 Ajg@nio] 42.27%, ImpregollA] 35.00%,
Je]3 4Xfoll Water seal 2|3t A]EHolA] 34.47% PAIH Rog )
it 2y £388E BE Ao AUFE Ut R e
30%0’(;&1- 8&3:3}03.%.0] 8!)&5,] 7-)3; L}E}uoq Ltod:'c.] 93\0‘/"{"&
PEG A el& Hestii: 30%o]st2 3Atx]glc)
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AR 2-2. 2UFAE A2 FAeA(EFR), dUdFA A (71dl),
a2l £ EAA e dUFA|A(LER)
Photo 2-2. lintreated wood(left), Stable untreated compressed wood

(center), and resin-treated conpressed wood(right) made

with Pinus densiflora,
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H 2-14. 4210 TLH4 0 E44
Table 2-14. Hygroscopicity and absorptiveness of softwood

- = BPLrE WIS YA HMuy Fry  FTE
(40°C, 65%) (40C, 90%) &R (%) W-EE(%) (%) (%)

w3 $  12.66%0.300 14.44+0.144 0.14%0.026 0,260,049 8.02+0.254 30.73
A B 11.80%+0.592 13.29+0.745 0.19%£0.084 0.27£0.115 10.84+1.610 39.92
gl 7l kAR 11.67£0.675 13,410,665 0.20+0.077 0.27+0.105 13.70%1.694 42.20

o+ + EFHxA}

X 2
8t BF A

N o

1.
2.
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¥ 2-15. ANeFFE

AHFAO
TTCETE,

and antiswelling efficiency by treatment methods.

4YRE, YFTRE PUIRE

Table 2-15. Water absorption, volumn swelling, reduction in water absorptivity

b2 g 2B Weg FVTAFQ WL H
Ne|2E SAu2 & FEETE {AHYEE UFFEE YUERE
(%) (%) (%) (%) (%)

23 g

Lhod 0.48 12.66 30,73 4,28 -

ALHE 0.36 11.80 39.92 7.40 -

2] 7] chA U 0.42 11.67 42.20 7.96 -
PEG)je]

ol 0.62 8.95 20. 90 2.90 31.99 32.31

_/.k_L{“ 0.55 8.89 22.37 1.25 43,98 83.14

gl7| clAa 7 0.51 8.49 16.95 2.28 59.83 71.42
Inpreg

R 0.66 8.86 28.07 3.58 28. 66 16,29

A IE 0.76 12.69 18.21 3.99 54,39 46.12

Bl = Zana-] 0.67 11.16 30.28 4,57 28.25 42,59
Compre,

o} § 0.87 0.67 20.89 3.42 32.02 20.16

AR 0.85 0.77 18.94 2.64 52.55 64,32

27| chA U 0.85 1.65 22.78 3.65 46.02 54.13
WYater seal

-5y - - 14,91 4,06 37.49 15. 14

AL - - 23,22 4,01 41,84 45,81

AT BA-] - - 22,33 4,58 47,09 42.46
PEG-Water seal

ey - - 17.92 3.48 41.69 18.62

_énﬁ - - 25.93 3.53 35,04 52.35

2] 7| kAR - - 24,08 3.48 42,94 56,27

X prEel HEZkY
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Fig. 2-11. Water absorption of softwood by treatment methods
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Fig. 2-12. Volumn swelling of softwood by treatment methods
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Fig. 2-13., Reduction in water absorptivity of softwood by treatment methods
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Fig. 2-14. Antiswelling efficiency of softwood by treatment methods
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A} QARG A B 1A A

s 8 2732 3 £33} olg 5= 84 HE-Z
drslel = 8E AHelEx], 84 sHEs-ZEUslo|=+AHH
455, dUSFENE ARt A=A dAU3 FAPEE F5H3
Qon, XA A= ¥ 2-163 F 2-17, 12|32 337 2-149} 2-159]
LIERd uie} el o]lE 503 Y EAL} A UYEAE A
Z3t=t] Aold UG T0kgf/ai o] o2 TIBIAE FH-Poll o] A
HA S EE 33 Uehided, ma3xEs GgdSeda 7Ha At
Al Yelsdth Yed$e) AL s0kgf/aid] YA T IE = A
£ Lehiden, 2 A== g 3 FA7 1S UG By
& vehlidch Azlo] uhE A UAEE FA] AU}
dAFAEFAAA 71 2 HRE F71E vehigded, zric
ALtRe] Zeole dUFiolA 2035 08kgf/ai-E viehfo] Axzjol)
H]3led 306.3%8] ¥ ZEF7IE vehidon, dJdd$olA 186.1%,
el AVFolA 182.8%2) F7HE uehddch $x]xz] A8y
o] ZAfol: 27t Fol A 250.2%, Hg$olA 170.1%, el &
LHRollA 126.9%8] ¥R = F7HE uehiigich. T2y PEGAH Y HE
FA R ZFfole AxRcks 713 3tE vehlgoy IO F714
T t}E AHz|Aje) vlsted 22 Rog Uelylcth ol Azs E
oS4 AEF £F 20 dYFAe] g $AH2] dUFHFNE AR
o2 BEF Fes A BRANE 5+ AdE Zo=2 Jjui¥c} =3}
AR 2-32 EUFAERANE o] &3t AMAIIEZES AR} EHolr)
Bzt gl AAEEA E830] Yol YAsln 53] dgS
&} Bfolls FARAL 7iolr]E HAto] o] WSl BEZAE A
Zpgo] AR EVIEY £E2R AL Zio] Aot Iy ¢gom
2 ol HESAE dYFAe == £ duFAeE goz
A Fo&2 AP u)F, FAY, N3 Y, 223 B2y 43
£ ZE AMRZ FFol 73ty 71&2 27te] EZ&xE g
2 7t te¥d ZeR Jici"ch =3 Sz sl AzE Q Ay A
FURANZE AHEET UdE AR A S (Radiata Pine) 22 A Z3}
2oT YFEEE Yol AEstT oy A F APy, A3
3 F)ol wWAsta, Tt Fakafo] viste thedin slAE 719l
& 2ePchd oz F4 £3YE o] B3l B APy g2
£ Azgchd FHAAANYU 7t AN FEY ABHE e

o ol

o oo
o

e g

P
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X 2-16. ¥7=
Table 2-16. Bending properties,
(2] kgf/ar)

S+ 8

oo BUFH PEG Ael
dYHHz] (Staypak) (PEG-1000)
{Compreg)

w4 924.23 932.43 1572. 26 1719.97 962. 26

F F 2 A HessAEd

(Species) (Solid) (Impreg)

AL 943.22 1016. 98 1196.70 1724.32 978. 53

2] 7lctaUE 664,39 929.95 1662. 18 2035, 08 938.98

7) 16058 B2

X 2-17. 3437=
Table 2-18. Impact Strength
(<tr9):kgf-m/cit)

HEFA YA

A~ A X e A l»;‘g olx Az SE]
+ B & A AEeAwy gL K E deane o A
(Species) (Solid) (Impreg) (Staypak) (PEG-1000)
(Compreg)
v 4 0.83 0.95 1.34 1.13 0.86
AU 0.60 0.73 1.28 1.31 0.83
gl 7|ct& WU 0.75 0.77 1.25 1.30 0.80

Z) surge) BRgY
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Fig. 2-15. Bending strength by modification methods
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Fig. 2-16. Impact strength by modification methods




AR 2-3. BES dUEEAE A2Y dAEE

Photo 2-3. Spindle turning products made with softwood
compressed wood

AR 2-4 FEs EAE A2y P4n

Photo 2-4. Glued laminated timber made with
thinned softwood
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A4d d £

S U5 FFT 4 83%EF xSl e WHEFAE oYU &
o8 chAlsFE AYstaa +3Y 2 A7 A R L
A (4%, elZictauy, 2uUR)E g9z dol 2 A3
e BFdgAN(EFAUT, eUF, bR, “EUR
)7V AR FHpA] dm 2ol AW AbFat BFagel wbd
of °ol§ %2 EF dEeol TR, WA FEo] BHYon,
A o]3o] Fela, er|viaviFel £t £x]8&0] 43}
A Uelsith =3 BHs BFogajel vlsle] njFo] w1, &80
Z LR FAH AgUdFEo] 458 AR FHFHAOH, FAA
a0l wWol WAdstn A AAAE Vtehidch

4, olE FEF 3T FAE U fAUURA, B25A 234
of gJME FFol wE Aol LiehtA] dgton, Habd 4 =34

s ez FAHFACL

g7lctartRel 2UFE A 4 A2AFS AXNEA FHo] M
A ddsgom, ole AW F vz REAE L7 Fo2H4 MW
= AN 5 e AoE ekt o]lF £3& Fo&xE H L35}
HMe dedEAe] d FAPLIUSF N2 E o) Eo2X v|F S &
oli EFx) & AW Y xolE Fol, B Y BAEE ¥4

ol k1 - oH

A1E 5 odgden, Lo vty BEF Jed WFE ¥ AL £
e 2o ueigrh dadd Azl abRyoes duFsie o)
2F2

718 eiHAY Aoz eikten, £ 15m 3afe] BSo) dgdes
160C, ¥ S0kgf/ar, FAUAIZE 6020] H Ao dYx zZoldc). 4
dFA rittavRel s FA&F0] AlSHA LEh} Edo] 2%9)
YAastglen, chgo] £, 123 dgdolM dF AEE A

oldxtze] dd%, elittauR, AuFo] AR dYPow d¢
FAZE VLN ¥FE AT ZEA S AL £ US
B ofuzt 2L FU3 AZ 5 o] FoEAE o]§o] e ¥

RoZ s, =3 A6 BFolg SUH TR Aol Bol

T A3 o] ol& HEFA JEY FolE FIFANE AP A
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Egohg Que YAN2FIIZAZ F5A AE

1. 4 A

UsHER) Y FdAAdolE olBtle BU3} $£80] AL 7]Fo|
25 ©@AA Q7] digell {2 @A AzfFql s} ztajof uvjfA
A3 Hojjq Poliet YEH A HolME FRoE RN 7HA7}
HR fpsich. 24 AARY dHol8e K, 487, AALE, 7]
El oLl ZtF o|MESY JEE AL T YIkg o|RIAIE AR
7t BYglol Al4xln ok 53] 32 Sxfxido] BH A3 = A
A3 o7t AlHAA ol Y-S Wt HelT Yste AL =jglY
ety o] gojeles FHAME Falsich

2z} Ao Rl 2 EO] QA F(pith)Fols BAgHo|L}
A& (crosscut stresses)Foll o3 HMyao g qlargeo] A ¥
Ao Q7w Fol] ARFoIALL AFF HdHusteze £FH A7) ol
ulstA Fd=Eoete Aol UFY 9y do] v HTHKubler 1974,
1975, 1977: Lee & 1992: wilhelmyS 1973a, 1973b). ¥uholu]z} iy
o] wFo|yPdol YsiM obrig s &YYol B HAAYR=E 23
& e uhau} Aol Sojlo] WAt UnteA= vi 3 olz}
£ 2 Uepdr] giZo] AR FE5EA vjAE ool WA A¥
Hojrh 53| k] Af 2 x4 ujHde] FhaAIE ARFEE of
flofl= H R-871A7F ol B =T dute] A= o o8- ¥ 2499
¥ gt ¢FulE 3UE HohAS ZARAU PEGE FUA e F AW
oAl SAsAL Moz Azst= 5o Wao] Axyo oLt o 3
£ Aelup Aol £aFE Azto] YR A3, vEadgon} HaH g &
27l A, =AY B 2k 22, FUEY ¥ FHYY B
W3 So] ZAHOE Y 9crHKubler 1974 and Lee § 1992).

I Lee 5 (1992)2 T, QeUf, 2¥UR 5o dutg AF
Azs2EHN AFARe] gty JdFQ A{FF FEEEL] FAaEA U
22 A Zof 23t 4¢ ¥ B 22 (hygrothermal recovery stresses)?] *3}A
2H(Kubler 1973a, 1973b)ell §qjol Alz{uHell o2t Eakglo] 10 olufel
Az7} Jbssicia B8 vt Qlvh,. AFARE HW(solid pile) S HE
87] di ol Hate] Bt 4FQl Wnte] o HYsich 53] A

-136-



FAze Tl B T FAYsI, A=xu|go] uAt ThH S A
Ui gloy k2 Jaje 3ctdF Fapdol MR 4R Hride] »E
TESTUHLE o[§HI, ARY AFIPIAEAE REHI| wEol Wt
o Bs AFAze o]l I5H +x 9rh

oMy HIFAzE Yt Azo HYURY HEo] W}, oud£HE
Yzt A -Hzfe] Azgxe] 2 xjolof | HAlRo] FAEsE FUAUY

AREH T FULE vEIYY ool = o3 A7} Qlrh

ety & Ao Ao} v 3ol ¢lo] futg AFA
7} i ARF HchUd £3589 At EEoln, Wut of Huid
o] A-Hay & T FUEze #¥E& FXste 2ol Fasit}
ehe 7HdE& dysl ol FEIZASATL 53] 1Fup3F A Z(Radio-
frequency/Vacuum Drying)e ZAZEF $TE27AAIE 23yl A2} o))
uf Fofl(Kanagava 1989: Liu § 1994), {znte] AZRAY oo AMyY
2o g Jjcisch

2 Ao T 75mm F TN (Platycarya strobilacea) {uhg Hchd
Aol YA 2|(ETSH) e MY Jd=diyA (W)t F aFupg A =xs]
At Ee ZollA & o 507t AT FTARELI, o] o]F-YE
AZFEA7IAE g3z, & 1F3RF- A A Z(RF/V-to-press Drying)
st ARF 5%, A2ERE Y AXAY 5L 2ASIYT. o 4
25 AZFAY oYES T 2 Mele A 9 Wnte] A4 mFy}
21 & A Z(Radio-frequency/vacuum plus mechanical pressure drying:RFP/V
drying)®] 7tedE& FBsle], SFo-& Wute] RFP/V AR7E WYE
1% JxAte e B&3A stgct

¢

(<
L=
B

¥ of
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2. A 29y

7ZE A gE Sl
SR (Platycarya strobilacea) 45 1XKE& Haisled Zo| 1.4nm

¥EH 4KE Z2shA RF/VAZR U RF/V-to-press AxLog 27t 2K S
AHgsigTh 7 4Bel ottoz Tl 10mM e ATtsted ASTHEEEAIY
(Y AHY 30me X YAPYE 30me X HHHY Sm)E& 10714 Fustadct.
22 Yoz B2 FA 75m(4d-R4E)e] AZAHEL Wk 30
ANEuf 2= A 2|2 3te] 2tz FAe], ETSHA 2] o EWSH Lo 2R3t
THY 3-1-1). FUAe ARAEE LutFolA 2 FAo 717 2 A 1
AH & st RENVAZRFY AQXEEZE ZABIAU £ RF/V-to-press
223 2455 FYsted ol &3tacth. RE/VAZRF] -2 H3E= H
ZE(teflon) TR & & NI Z2A YA 2 FH st o[l I} 2 =3
sttt 222 o Fxigiog FE Ztz} 10mm Yol X[ M2t UztTAY
Z94A A 5 32 dM FASIACH Y 3-1-23). LA = dute] Hch
w2l PP S o|FEF AU b, delZoz YFsiaA i FetiE
78E& 2t olu PHY Zol= LEAMA L ixio] [t AxfF-2|71=]
MUd" = Ud=F 2SI

HLEEZAME UhE AT YoiA] ditol= £33 HoidAydd
AR AR 42 ZAIIEUE Aol T2 AZ ¥l
ol & atAe]7lel NEXUSEZE MG o83t +0.01m7tx] &3 stdct.

ETSHA| 2] = zte] o i e] AYeE WUIHF && AHEsto] 3x] 2
o2 o] Pyt Hide ERSA el HTtHAd] HALYNS SAME E
AL ujdsiog 7z cpg o 7te] AP S Yo o]RE& T FEF Ul
o] AR =& Helstdcrt. 2@y dutdRFol HdY il x| 20f=
HalE9 g wlolW st AZAE L Wuke] AL 21~23em €32, A
e F2 271¢4E&2 242 0.53% 75%%th
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Fig. 3-1-1. Preparation of the tree disks for drying test and specimen for initial MC and Sp.Gr
based on green volume and ASTM shrinkage.



L}, RF/VAZ
RF/VAZRE 27 50emX Zo] 100cn®] 7|24 1KW] 333ptziz]r}

¥ AT - 3% BA Aol AFHE JFAZIUAM £yE T 2
FepRzle] Fubeol AL 7zt 27k} 4.3WEX AZ2FE YA 2
BEolch. 22 87 e] FAe], ETSH @ EWSHe] dutse 7z Hejdz
Sdoz WYL=, 4 B F3] 1ctdl a4y 2zto g AAHIE @
O dFujgdFuz AHF Aol YutE 719 BASAct b FAe
Yute] Fpole st F 2t shy UFulgAIut 2l Yutrjolo] FA4
3m?] FAiNE 719 SHF FxiHS B 235 U0 B} £olEtA o
Folx|Al 2t widof, ETSHA2|u} EWSAe] dzbg zH¥Udie ol
AUl E AREsiA| ¢jemeN o HoiHS B £EFuU 4¥S Bt &
FotA BHIASIGTHIRY 3-1-2 B} C). AMLEXZAME Uzt 34
sHY-2H 3 Zofl A 3tATt

AzF Auls3718-S of somHgE F2]5tadaL, Uzt U3 22s 4
A~ 4L 20%7tx] = 38°C, 20WMC~15%C 42°C, el 15% MC o] 3H¢-
Bl AZFZAZIAE 45T 2Hsidch AzF AL Aundeg A
z718] A& FAsia, ™ 7 Azt FAE HYsl AzF ¥
£S5 Folda, ol HLAAYAE o] &3t L8 AIlAUAE s}
Act AZRFEF ALEXZAME UxbS ALt vnx] dutE5e o ¥t
Hogo] Vtepdt Aaidd Qv IR WY =E ZApstATL

t}. RF/V-to-pressA =

Fx| 2], ETSH W EWS A2|3t RE Y52 Ao 48 < 50%7}
A= RENAZO 53 A3 AzxzAoR RF/VAZRSIER, olujzix]
v ado] WAASEA] ¢}2 Yo &AM AZZFIAI7IR] FnbA RS
vl dutAR7E I3t 377} 31X36emo] 3L, T1kgf7hA] ¢tz Ho] 7}
Sty ke otz &=k 7tz 5. 25kgf/en’9) 120CE ABIAL
W, @utz} dntajolo] A 3me] #I)|THo] AFHOAUE UFujE vl
FH&2h 80mi4] 8] AAEE 7Y £EF U0l Bol3tA o] FolAF =3}
Arh

zt Aelol slolM Ma)~348 50%7t2] RF/VARSIE T AWRLEE
§80% ALEHYY ot dutAzslAA AR AuRAoE d¢dS
At Yty ARF FAE Hasle] & of 5wzt 2t Al
AZE=IZME Filoct o] Azx&sIHdoRE ZF Aed duny ¥
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o=

Fig. 3-1-2. Locations of the temperature sensors in longitudinal section of tree disk [A] and front
views of stacking the tree disks for control{B] and ETSH or EWS[C].



3. 4219 2%

7Zh A=A} Azxgs

AR H4E& oF 10%71x] RF/VARSI=Y A0 A1 Bxe)
118A]2F, ETSHA 2] 174A] 7t EWSA 2l Z¢ 323x| 7t} g 3-1-3).
o AIZt2 Tl 104 uvjHUnte AUYSAsH=Y £0% A7t o} 53y
(Kubler 1974)8] 1/10~2/50] &% =2 ARA|Zto] A &7,
of miFo] BE {zt52 UAHME w¥s glodd o s} EFS
Aol dnte] ARAQAZH2 ETSHA 2|9 o 2ufo slztz, Axjolla HFE
&7 HIAZRLESE T3 0.206/hr 2 ETSHA ] €3t2] 0.37%/hrk
T 4338l =HTH 2] 3-1-4). o] U3t HAchde] HAR dog £
ol Uty AzLxo Achl AL ux AL Yujst:=
ROoZAM Uxte] Z9 uiain} zhajobe we] Aol HajEs AzrZE 2
7} SR sEFUHoE 244517 e Ao Mt el Z
Azglol BAYR] BT AXKEI AR 422 ol F FAsA Zasin
USE & 7 AUtk ol AFsloM R RARFF FI1HA 7|
FHE Foists At Aoidd Y Xy AzRAMA] DAl A 17]
Adolddd Zo| ol F MELIZ4 FIX4£I Ay whel 2Z31A o3}
7] ] RA(Liv 5 1994) 22 HE™ 5 9l&Zolr}

FAlelet ETSHA 2] {unte] RF/VZAZRZO HIFAZXLEEE 7|8o] 2
BRA o] Byl aiel F&3hA LAH o] ENSH2] dgte A
Z7I1Z0 B AoldN A FU BHS vehfalct. o)yt apal
EWSx 2] iute] AL HAY Hoidg v|de AYsinzy YRR ¥
F22l FERTSHTY HriA S B3 £EF UGS ] A xol7t ¢
A& Al 2R, o] n|Ro] Hol M{Wdoly aputgto g
o] +EZAL B3 F-A e} ETSHA 2] Watech $nksial s Hoes FZ=Ur)

3% 3-1-5¢ RENAZEF SUA ey zh dutEe Ax&xe] HolE
LIEpdE Zloltt. EWsAe] WntEe] ZA¢ FXeii} ETSHA 2l WstEe] Az
%% HolWrl o] zeirt. 53] FAe Wute AzxF HIF$48o| 58%,
42.5% I 24%0llA], 12l ETSHA| 2] YatefldE 38 60%ollA Hol7t 2
F3te U ZE B wdd EWSA 2e A9 AZRFIA 4L 20. 2%
A vz ye 33 EF B Roltl o] IAEL AzZRFo vy Ao
WUAE G, o] AYHE FlM FEFUo] RASIA o|FolHI] wFEQ R
o2 Azt AAZ FA e ETSHA 2] 3ts RF/VARSHE B¢ &

=
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:
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P WA 52 U4 EUUE BF51 vy Yol wH AntES
= 4 QA o] U Unhfolld A HaR I AL ol xjouf
ol Wapgto g £EZAL ASHA FdHcohd v & A7) ¥7
gte HzlF Fool HMHYY AdAEHo| FAHY £ UL oujich
RF/\-to-press 29| ARt} HFUEFES F 3-1-1o] ehfglon,
RE/VS} Z1AIA Ao 2%t AZZAY o YRS ZESIE 2 oldo:=
RF/V-to-pressZA 27t AU 2ulrt Q7] dfBoll ARA|Zlo] tf’t 232
A=}stadct.

-144-



-G¥T-

80 T

—o- 22|
0 ~O~ETSH
» 60 —~—EWS
50 B

<
F 30 ~

0 20

. e hﬁ\z"‘&z}

0 50 100 150 200 250 300 350
Al (A )

r
M

3% 3-1-3. ¥ 75m TSR Wuke] REAVAZR TN
Fig. 3-1-3. RF/V drying curves for 75mm-thick walnut disks.
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Fig, 3-1-4. Average drying rates for 75mm-thick walnut disks during RF/V drying.
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E 3-1-1. A2&E FH & U] RF/V-to-press AR ZAxAI72} 3 FU4-S
Table 3-1-1. Drying times and final MCs of the tree disks for
determining the drying rates during RF/V-to-press drying.

5 g Az A (A zh g F &8 %
DEAAFAZE dudzx A dadzm dxFaKk
22 42 33 75 57.3 58
ETSH 60 75 94 494 57
EWS 143 28 171 48.3 4.6

Y. RF/VAXF Q28X

FAelet EWsH 2] dute] RF/VAZRE ANXERXE 2tz 2y 3-1-63F 2
¥ 4-1-7o] Yehedch. F Azl 2R Azl ARESZY 25: S
o] 2= Ao #otn, ARAZro] Bl utel F] 2xHch A
o ol Hido tEEFS 25 A AXJZ il ¥4 UEF2eRT]
W$2 EXE BHcrh o] AL A LEXZANE Jdub] ARFZ Hoid 2 uig
HEell AP Uty sE-E gz 2y HAFstn Q7] i Eell ¢ty
T2 tif-Fol wclEF Hoiwig TN FUSHZEN Fuzde) o3t
HdEAR SIFRFY 2xe TEEL2RYU UFY 2=Hr} yolx|A H
2oz utchict 83| FAel dnte] sHEEFY 25+& BCHEE EWS
AHel dute L E2e] 2% 40CHT o WA Ueld A EERE| T o)
3 Ay siUHHET & ENsHeY B9 AM2EXZANE dute e
Az} shF dFujgAIa Aloldl Bl E 7193 ¢ A3 S
Wohuel &3 o] Ay ez ot HRAE vLE YA 3=
24 FAejdutyct xnte) 1R Icidg T3 @5 udako] e,
et Fdztdel] o3t dEAMYE FAeY ZFLETt FHo EEFY
257t o A Uepd o2 siMqHct J2E dutdxa] Ha9y
FEBAE 2o fustA {2817 i E A shEol BAH F odute
Mt Sol 2y AHR] UxF{ Fosfopd Hog M)

AZA|Zbo] ZB3te] miel Wute] YR EF 2= FASHA F7181
t S Rded, 23IpUAIE e BUE Asldyza|e ool
I ESETE AT ELEA AT EZ FHHAR dEQd HAeg nt
HHTHDwinell & 1994). wletd AFRE SIERES Y 229 zlo|x
AzdU7ol= FAel Z¢ 8C, EWsA el F-¢ of 6T7tA] Fristadcth

w
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01*391 ALETE 2YE njFo] Buff EFSH 2] Wt o} HAF
A l°|l «I?Sﬂ*i T2 dutdct dRUdezy #2347 H

v msA e wael A9 Az ¢ 2ol oAl
ZolE 27etn B33 U3 257 2F 1To|A A g ¥ 4
gtk o] AZlE AZE VFAZEEY Hol(9g 31517 N2E oIF
L Al7le Alsley, HSEEZALE Wite] vEIYo] walsle o] 2
WRg BoA SREUBo] BHAYA Z7H Al Aoz Mzt
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Fig. 3-1-5. The variations of drying rates for 75mm-thick walnut disks during RF/V drying.



L= - R LT
RE/VZ 22| 739 ETSHA 2] WsntolME Azigde] As wAgsia] gt
2, FAeief ewsAe] Wnte] F9 Az os] &Y ute] 2SS
o| z}z} 57%2t 29xF oui, Hnt 1Y AyPe] UEHN e} FHol= Ul
S ZIUTHE 3-1-2). Lee F(1992)2 {UubS AZARY A-$ 2] 2t
Aclid= o] zlolof o3 AUV L R =R AAE Bl AustA FA Y
o7l gEo AL GYHOT outo] sissitin E g ul Q)
Tl 53] ETSHA 2o} B¢ Hotde] 427t 32 dolWE A7 wf&
of t}Z AMe] HxtEo] vighM 599 HUY +EZ3 A7 A% At}
of Azjdtgo] A WUABE|R ¢} oz Azzct T} Hchde 4l
AE-2he B ol AAE dHolRAd Z¢ AU dydes &
Aozt FA Mty Aol M9 Az&4x o]
S 2L AU A BT diFo v aYoe] Bt fA U
= ole Ho Fsfo} ¥ o= uiviHch  E3 B} EWSAE
Yutolel etz A3t THZF FAUE F U5 Hxidol Ay
HEFEA AT Bt FU Ut o} YA S T
& GxgtchH RE/V Aol 93 AAgd sy azs
Zlthdch, 8t RF/V-to-pressZA Zafe] 7L dutizxF
2 nte] Hohdol oiste] 4o g 7zl 7]A A 9
#ZAQel AU WA= 1 o AVE A + US

stedct.

H 3-1-2. RF/VA 2} RF/V-to-press ZAZ{zbe] Alzjgdg ] vy g
¥xh 1Y & w8t & Aol
Table 3-1-2. Frequencies of the tree disks with heart checks and their
numbers and lengthes per each tree disk after RF/V
drying and RF/V-to-press drying.
4 A & 4

AxeA A A Guhiten 240D E200(m
= 57 14 39
RF/V B% ETSH 0 0 0
EWS 29 03 08
EEE 100 =4 Ewy
RE/V 7_&;”&55 ETSH 100 24 =
b EWS 100 =4 =4
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. 383 vgay:

RE/VAZ EX RF/V-to-pressAZ Foff vy A Yo oJaf £AIER] o}
H2EY & 87| HAAUY £522 WA 383 2o
233 o 2oArHE 3-1-3). RF/V-to-pressZ 2] ZAS: 7AH UNg
of 2f3fiA Hchiyl fZo] s Polet WAlzZ S ulepy U
A EEHa o] YUY £330 AL IH ey Rk RF/V
Bz dztole} gxjels v AYol o) &4 YitoM: F Huhuarz)
o 58 3YAL AF vshix] it Iy F oMchuaine)
THE&2 Aol ASMEEREY 799 vlastel WA zgtct. 53] rRENVA
ZY &KVAY Aute] JHUY £282 ASMLR AP JHUYyy +5
2] of At o] Bt Yigo] Wb L2 Ao o]E e
Z Yehy, AFeog T Hehyare] £24220] FH(St+Sr)S ASTMS RS2
2ofl vlsiA 10~22%B 5 A Uelutc, oA RFVAZS AL m
Hgol 24 Ao 7]t Ao Mzl Hayashi $(1977)2
Stoll = AHIEY Aol AHH olF e Helo] rir|etsty
4 Xt} golsjria Ra%t up Atk ol ARl $£Hof ul

BRZ WAPRoh: AU 52 B9 "X 23 (Terazawa
1972), mietA RF/VZAZH {nb2 Aabael ALof ulshr] HJuysr 4
Z&o] Za, Wi PaApU£H2 Folp Ao olsia A FH A
28 sMqHch Harris $(1984)% RF/VAZaRe] 4282 drAdzxe
+&&Ec 2 2Aeg B vt ek 2y AF T RF/V 22310
Ao Baje] £Zu7lUE2 Fajo ARARIIE el QolA cimhs
Fa%% Aoz ¢gtog Bl H2S B B 293 wiyhF 79
o] Yast Aog MztHic)

RFE/VZAR XX RF/V-to-pressARYE v3igale] wlAdAGCE § 3-1-49f
ettt RF/V-to-pressZAZY] Z9E: ol® YiloMx v o] b
AA3bA] efot=dl, Kubler(1975)ol o3iA AAlH ofefa] (1)elA (S,-S;)
7V ()1%E Uehi2 2N Hoharzt £28.0] xjolof] 2siAM UEhte A
28 (0)ol 4HEY eyl gBe Aoz gzt

{.

oft rir o ok & o
ovr'

6= E(5:-§:)/(1-S;) ----mmmmem- (1)

o AZ2&H(kef/en’)
E : Young&
S: @ AAMulskg

S, dMbAluBrizx g
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RE/NAZRZFAE (Si-Sp)o] Aol wlel o] AxgH2 Azeldzc}
2 Az A e} ETSHA 2] dutEF dotert v Aol o) SatE]
Art. ol R iAol AziF-of HARR Ax&Gxe] ilo], 53
FAelY B9 Aot st HolA e AL x 0] Xjo|7iR]| Jhul 5o
AZRZ7)o] HAY FHole vlA3 dFHo] WA Hi, AZFI
o] #&3tHAN FAFHEI AlAste oW £HZHo| o] uHYHHof
FEE2Z4 RF/VZAZO Ysir ol AZXZY Uz EF3tn vH
Aol & 258 €2 X3 Ao uichkydct ojepy vE I

2 oW 58 Lohlel WApUolut HHU 27 Aol o)
FEYE 2H YT YT Vo] A= Hol FH3fo} yich

RENZAZZE Q22 AATA glo]l vEade)] osfiynt &41H gk 1gl
3-1-8 9|-UZ)3} BAAANIY 3-1-8 ¢-E2X) 2|3 RF/V-to-press
AzZF vEaqE Xt Aol w9 FAIHA UER duk(3-1-8 of
) ARRE 27 3-1-8¢f Lepfglch RE/VA RO oIS Aziygd S of¢
ARHo 2 oy, vEIYE FY Unke HckHyold A -HAt
B AT Az2459 FPFE FABIEE RAYUCHHE o FL
dinto] 7Hed AL mittx|z|gt QA RF/VAZRULZ = VE YL o}
o SAsjct. HifE RF/V-to- pressZZE= A Yol Foulst
AR vE Y ool $AFAY AT etudct

wpeba {uhE Aol vE Yo o7t EAdo] glo] Axst= o
ole 7IAd NP S 7istHAM RE/VZAZRSHE= Zlo] uigddd Zes A4zt
Hch 24dzx3F BoldE Uy FRHOE ole} f{AIR nFIFARI7}
oju] AjutE] 7 QIluj B ARYoRE T BA7 ¢S FHog uigkHc),

¢
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34 3-1-6. TEUE 5m PHe] due] IFNNRAZZE 22 B N YL wne
RAINY FEFUB(ENS) L £2 1hg Zuo] £20H o U] ( INENERGY)
The distribution of wood temperatures, evaporated water per hour in the tree disk with
temperature sensors(EOW) and the input electrical energy for evaporating of water lkg
(INENERGY) for control during RF/V drying.

Fig. 3-1-6.
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Fig.3-1-7. The distribution of wood temperatures, evaporated water per hour in the tree disk with
temperature sensors(EOW) and the input electrical energy for evaporating of water lkg

{ INENERGY) for EWS during RF/V drying,



¥ 3-1-3. RE/VH R U3k} RF/V-to-press AR {18t 9l ASTM $-&-8 A|8A)
(Hxhd 3x3en)d] Y& 87X £HE(%)

Table 3-1-3. Corrected drying shrinkages(%) of the tree disks dried by
RF/V by methods and  ASTM
shrinkage(%) measured with the specimens of 3cmX3em in
cross section from green to 8% MC,

and RF/V-to-press

RE/V & RF/V-to-press A&
FHE
2ae ETSH EWS ¥alel ETSH EWS  ®xa ETSH EWS
S 417 399 447 585 558 7.32 206 213 205 27
U054 (052) (058 (0.76) (072 (095 (02D (028) (02D :
S 557 585 44! 378 433 579 266 368 371 494
T a8y 138 (LM (13 (179 082 (1L14) (1.15) ’
S5 974 98 888 967 990 1311 472 580 642 1055
TT(089) (000 (081 (088 (090 (1200  (043) (053) (059 :
S-S -139 -185 006 212 125 1.53 -060 -155 -166 447
F) 1. St 52 2pzt gy Ay =489

2. () ASTM £&gof cigt
3 3-1-4, RF/VZZ9} RF/V-to-press 2 Wnte] valay wyvis ol ¢dut
17 2 3 U3Ae, F & 9 3 2ol
Table 3-1-4, Frequencies of the tree disks with V-cracks and their
numbers, #¥idths and lengths per each tree disk after
RF/V drying and RF/V-to-press drying.

V3 39
azwd A oY w4us
(%) S F X (cm) o] (cm)
242 8 0.86 146 869
RF/V 22 ETSH 7 07 066 6.00
EWS 13 0.43 0.44 313
214 0 0 0 0
RF/V g‘;mess ETSH 0 0 0 0
EWS 0 0 0 0
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2 3-1-8. RE/NVAZRF v Yo o3 &Y W -9F)2 FA¢A
(#1-2E%) W RF/V-to-press ZAZF U osf &
28 dakoll) o 2H

Fig. 3-1-8. Tree disks RF/V-dried without heart checks but with

V-crack (above, left) and with no defects ({above,
right), and tree disk RF/V-to-press dried without

V-crack but with severe heart checks{below)
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T3 EZelE U=l L] Rk 7l

1. A4 A

A1l FFo-gzte] ANA 2F A F A Z(Radio-frequency/
vacuum plus mechanical pressure drying:RFP/V drying)8] 7154 & ZAE
3 AEAY FFoE Y] FuAFARE AP digels ule
axFolxgt, vEAY ool chh FHAT Aoz Uiyl FE 2
FrFvtegr Az2F Jute Yoy £28S IAA €4 5 UV
FI oo ol B A2t e AoE EAMFEAUrh W FZd
BHE dutAzy Z9 AU vf FAUSHA Ug ke vya
B A3 wAgskA] gl ol AzRF HUnte] Hchdo st =30
2 71lE Aol osf Hehya} -’i‘-é aA AdA=Ar] dEd A=
M xjict meld FFoEUntE Hxido] st 30T UAAH S
ZstE A 2FoAFAZY Z¢ AAUEL S vBAY oz A3}
HodAog sictxgct

ojo] & AN FFAE UG, dute T de oj&51 e
=t = éﬂb}*r——l Tvﬂ 50mm®} 75ma{d Ztofl Tiste] RFP/VAZRE Al

stof AzAIZbz A= *‘ZH‘J%»} HAgd 9 vEaY dygaz §
& 24} 48} RFP/\Z*.:Z‘JI < g3 stgct
2. 4% 9 ¥y

7t FANTEY FAAR

Eriq}%zﬂi dza] o] &¥3 gl ZAt T L} F(Korean walnut)2}
FA4t EFYUT(shite ash)YE + K& A F FALIHE FYslo
A 50mm1'ln"-4 T 7T5mUnte g ISl A FsiE, 2§ 3-2-12
o] FAe], wu|Ae], ActAJI=HolYA(ETSH), H{N=E|o] YA 2[(ETS)
o HAAM= YA 2] B(EFS) WnhE d=uix|AA AMAstEL, 2z d=ufXA|
gj29] ofclofy £l 10me] HzHS A3t Bz2uF2} 27|UT+EFTS 2
Apstdet. 24 MedE IeuiE 1eas, EFduTe 2ufa g AR sy
AZA R P Ente s FL3qrt vujx el dnte] FgtdAALe] 4
1E 25 HAsIHTE ETSHA 2l dgte] o oo 3] 2ujxlS WIS
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& 83l HolWsld, ETSAHe|s HghHe] wHajyeighs 3izx] 2uf2
Holgstdrt el ERsAelE AEXZAE v|dyYo R ofx] iAol wHay
ks 2P ohE ozte] AR uidch Zb FAEE A ARAZ
FRAEE duty 37, BAxu|F 9 2182 F 3-2-13 ¢, AxA
TAY &R T, 23 W 201U5SE F 3-2-29F Pl

L}, RFP/VA X9} 23

RFPVAZE AR ©7t frddt IRAER o|fo|x zFo]| 28Y
35 AZ7] A Acidat 3] ARl o 10,000kgf/nt7} A7)
LiFoll 2t dzbo] AeE: el o2 1 Z7]E Zo| 300emxF 83cmX
ol 26cn®] Zigoltt nFupUze] 2HYLS TWEA Fuiel 13 56Mk
2 233t 7i-on 3F-of {2 AFHEE ZEEsAL FUY+F 5
T JUES 2 Fol BHslx], #AFZL 1Tk £ 2kto g et 2
T A FA Bole FUTOl FFLFulEiS, 2Rl gRe il 2t
7} SSYFuleds viAsideh. 2zt A Za AIUFolEnt Alojdls uir)
B} 2SS 714 BHES B RS US BolsiAlstdrt

. AZNNFZANY

TUTT TUFAY UUSHS FUR = 23Sl 2z} FAHe] £
g A2IESE dutos WRsMHch 2122 FAgl Wnte] U3l )
ZE(teflon) LB WIFHLA YA 100QAVME FulFose £5 3slo]
AAF4 Zel7tA] AU ok AelEes WRsly FAsidct I=eUR
Y YL 4TAM AZRE sl A=A ZAjolubE AzLxe] ¥
3E AUl 46TE AR, AxUs6l= 48T7A o, 554
LR Rk 44CollM ARG Ar|3td 46T AbsAlZct JEZEE 40~
150mHg 2 32|31 T}

23 AL AMARAes UAHS A ok Wnte] ARFRAS
S35l A2FUFEN ARHEZAE 4233, o] Az ¥y AzA
AP A AZAAES 2dstgc)

el A=A

AZALFZA YA 2P ARA22AF0 uwlel & 3-2-39 270
2 opReldea7tA dAIgY siAglel A4zt ARFEF kY
¢ Behdol vehd Haidd} agd W viade wiklse, F e 9

% Aol 5& zAstalch
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33 3-2-1. RFPV ZAZAI8E Wt 9l xSzt 2013048 ZAMS fdute] 2j3)
Fig 3-2-1. Preparation of the tree disks for RFP/V drying test and
specific gravities based on green volume and initial MC.
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¥ 3-2-1. FAFFE, FAE AZALEFAYES Yt ¥, AajujF 9 2+
Table. 3-2-1. Diameters, specific gravities based on green volume and initial MC the tree disks for estimating

RFP/V drying times,

. z S Al 50mm F A 75mm

N 2xel Yuxe  ETSH ETS S Bz 2mde]  ETSH ETS EWS

Izyd 3 Z(cm) 26 24 25 25 25 25 22 24 25 24
A zju] F - - 0.39 - - - - - - -
271¥8-5(%) 91.4 90.4 87.7 81.7 86.6 90.1 86.0 91.0 91.6 94.5

EF4UFE 3 ZA(cm) 15 13 14 14 14 15 15 14 16 15
A2 v] 5 - - 0.66 - - - - 0.67 -

27185-8(%) 42.3 43.2  41.8 40,2 41,2 56.2 56.2 459 51.0 45.8

E 3-2-2. FAEE, FAYE AAUYAUE 4B AF, A7 % 2018+

Table. 3-2-2. Number, diameters and initial MC of tree disks for measuring drying defects after RFP/V drying

s oz % A 50mm F A 75mm

A B2 wuxe]  ETSH ETS EWS FAel uwde]  ETSH ETS E¥S

IxLF vk B £(5) 6 6 5 5 5 4 4 4 4 4
z] ZA(em)  27.7 24.8 28.4 28.0 28.0 23.3 21,3 23.8 23.8 23.8
27188 (%) 113.8 1149 107.8 106.4 106.1 80.9 64.6 658 64.6 67.9

EFEUE B J £(H) 10 10 10 10 10 5 6 5 5 5
3] Z(cm) 16,6 16.1  16.1 16.2 16.9 16,0 16,5 156 159 16.5
271348 (%) 43.1 48.1 37.1 42.6 46,1 91.4 60.2 63.1 381 22.1




I 3-2-3. ARZAYAES 91 A% RFPAVARZAE
Table 3-2-3. The drying schedules of continuous RFP/V drying test
for investigating the drying defects.

. E50mn ¢ Tt E75mm B

T Fzazan He(C) AZANAZ)  AE(T)

TeU$ 0~152 44 0~152 44
152 ~341 46 152 ~ 341 46
341 ~349 48 341 ~349 48

XU 0~152 44 0~152 44
152 ~200 46 152 ~200 46

3. 4z g 2y

7t A=A A%

I}t BERFRY T2l S0 W A 75me WUnbe] ARAIZE F
Ao SHE A2 RFP/VARIZMAL 27 3-2-2 ~ 27 3-2-59 Uch

IR FA 50mmd R 3492 7igtel] HAMHPSE 87, 604
1506712 ZAzE3, A it Y A=A FIFBAUSS
90. 60l 4] 16.8%7}x] ZZE|Qth. ol ¥zl FZoAzYGAoly Hcjoz
22513 e AU AA A85E ARAIZE 2~3709 2} vl 23fE o ARA
7he] whXf ol FEanksich F 50mgdute] 29 Txelel i e]dut
& ABFARGEI} 0.22%/hr 4 ETSH, ETS = EWSHg] ko] 0.20%/hrk.
c} ofzt whE o Uelytth 53] Az 8217 Tty AR&LxE= 7t
z} BAe] 1.16%/hre, 2t¥|A 2] 1.51%/br, ETSHA2] 0.59%/hr, ETSHZ]
0.91%/hr, EWSH 2| 0.89%/hr A e ie|dut5e] ARLE 7 FA vt 9
A eYuEY AREEHc A 2 Zog yelyth Jd=Ho[YA W
22} A=y Aeiynte FHMY £EF U] AAEAY] AR CEA
Azz70 F2 UAdsE HAddo|L AU APz 7Y Ao o
&%l ETSH, ETS E& EWSAe| ol BHAR&EI 2 Xol7t glev, 2
Z2719] Az&xE AAEY HAR AYchAS eo|WEt ETSHA 2] xto]
of$ 2l o= veptEd], ols IxubRe] - Haigo] ule yr| of
ol oz Q7L o|AY Hajgo] W2 4Fo H¢ ETSHA 2L} ETSH
2] B ERSH ezt A sluAolx xjo]r} QS Ao g cfHr}
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XV FA 0mdthe BFUEE 41.7%0A o 10.9%71A] AR
<l 2004 Zto] £8FN, FA TSmnk2 T AZAZ 48 7xollM
16. 267}2] AZEoct BAAZEELE T2 50mUst 0.15%/hr, F7] 75my
wte] B¢ 0.16%/hr2M TUFof vl gl #Holgltl o]z Efg}
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Fig. 3-2-2.

RFP/V drying curves for 50mm-thick walnut disks from estimating drying times test.
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Fig. 3-2-3. RFP/V drying curves for 75mm-thick walnut disks from estimating drying times test.
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Fig. 3-2-4. RFP/V drying curves for 50mm-thick ash disks from estimating drying times test,
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Fig. 3-2-5. RFP/V drying curves for 75mm-thick ash disks from estimating drying times test,
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A4 RFP/VZAZY I2URe} BFAUT Wate] Azjdtzdzt Hagyd e
UZAEE 242 # 3-2-49 F 3-2-50 Yehfalch

HaUP S TR T 50mA Tt Mt ZHulshA] WAl S Uy
2] fgtof M= A WA dodth ol WHY HEAleld 4%, vy
2 2GRS e F gl AZRA] Ao HRof o3 AZRFE BBUA &
o] FYALE 283l Aol AT sfM¥cl ARZ7|of WAEH HAyY
d2 AZF7I vE ARG KU Zicke Hol FHsfolsly uleiA Hajdky
= ATl E BUAE i3t AAIA d3x7 @FHceh 3 daud
2 ETHUUE dubiMEe A3 USR] ok, =R dubeiME o)
SHAl 48gt Holodch ol= 2FIIF ¥ PSR fEEEFT]
7113 Zlo g mitiHct 53] HAY ¥z} AzF 43t A2z Fol
o] Folzithd nF T o3M Lozl BAEY vAES FAMANAS
Slo} Alzfuol oJ8t 24 TS ZYUS QUSHOT L)

2R 7% ETsHAglo] ol dajdde] ol Az AR o]x]
© 22 yeiked, ofAZ BrEY AANFHE T s3] A
HEed 233 U $EAAE dsy futstAl sAds Q)
o 2ol Hog AlEHcHLee 5 1992,1995).
t} vyady

A& RFP/VAZRZ E5UT 3y vEay UEZeE & 3-2-62
& 3-2-7of z}z} el

VE YL T 50T cLHF {ntolq FulstA HAAStE SR £l 75m
IR stz T S0meet T 75mE3FEUE Wt s 3] FHu|
stAU A8 uwbdstz) gfolth B3] F4l miIsuUrdute aivpig
A2A vEadoyt Uty &aIs8o] FAe] 86, ETSHAe]
71%, EWSH 2] 43%U 22} v 23tH (Lee 5 1995) RFP/VZI R0 &3t val 3 &
ot & 2= ufe f4=5tath o= HAYH L Zudt Uy, 1T F
oJ3t 428 7AW IHHarris 5 1984; Lee 5 1995)9} tjEo] #HzRZF o
10,000kgf/nf2] UAIFE WUzt Hoidof cfsly £=2OoT JpsiREH Hct
uiate] $Zo] 7t AR, ol sl FHM w3t wapuakzie] ££89
217} ZAastar] dfEel Zos AzZb¥cl
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H* 3-2-4. A4 RFPAZARY I SUF e A2} HAguY
UEE =
Table 3-2-4. Heart checks and sapwood checks in the continuous
RFP/V-dried walnut disks.

cEES A

FA@ A A wgas FAF ol wANE FA4%  Fo|
(96} b (cm) (%) (7 (cm)

50 % A48 3H 1.2 33 & As &
utmdel 50 1.0 35 1S < £ 2
ETSH 40 06 48 20 0.4 06

ETS 40 28 114 AL aAs 8l

EWS 60 14 5.1 qd& as A
BORFHY B 1.0 41 SR -/ 8
vrg A el 25 0.3 06 g4 9L A&
ETSH 25 03 0.4 g 9 Ads

ETS 25 03 04 7R N 1 8

EWS 30 05 1.7 A3 R N
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F# 3-2-5. RFPAZAZI EFHUT Wube] Aaqgda Axqud

YEF
Table 3-2-5. Heart checks and sapwood checks in the continuous RFP/V-dried
ash disks,

AAEEE Lk !
S H @ TANE Foe FHol wAEIx FF FHo]
(%) 7 {cm) (%6) (7 {cm)
5 F A g Ae e e U E1 8

SEEEICERC T EAE- TR

ETSII  9¢  #9& o8¢ 2% 2L 4%
ETS  ®9& ¢ €& & 93  us

EWS  f¢ 98 de  fe  ds s

B ¥ Ad fds 9% A s " AL
wde g A4S 9% 9% U WS

ETSH 8l& 8=y 18y & )
ETS & s 18- NS N )
EWS g3 & 8 ey s g
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H 3-2-6. A< RFP/AVIAZY U ube] vy I U g (x),
% i+ W F 4ol
Table 3-2-6. Frequencies, average total number and average total
lengths of V-cracks in the continuous RFP/V-dried
walnut disks,

7 S0mm A 75mm

A8 wane Z44e 40 AN FF FZHol
(%) (71 (cm) (%6) Oh) (cem)

T A g 17 0.2 1.7 20 0.2 08
w3} A 2] 34 0.3 2.1 fe e WS
ETSH 20 0.4 32 s e UwE
ETS 20 02 12 AE RS 782
EWS 40 04 28 os  #8s  WUs

¥ 3-2-7. 44 RFP/VZAZY EFLHT duk] vy ay wgvls(x),
Z A+ 9 F Hol
Table 3-2-7. Frequencies, average total number and average total
lengths of V-cracks in the continuous RFP/V-dried ash

disks,
74 S0on A 7omm
A gl #ANE FiF Fzo] wARel e Flgy FZo]
(%) ) (cm) (%) @l (cm)
R I S 2 & 40 04 1.8
utg) X 2] 9 0.1 05 20 0.2 1.1
ETSH 18 0.2 0.6 RS Ao A=
ETS 9 0.1 0.2 < & =
EWS S s £ 2 e s
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EAEZ ALR SOl 78 573150l WHEALEEE wnjeel 5 FH%
=7t 23"t 28y ol RAIEY MEE de AEHI e &3
Ui, Z2UR, dFUE 52 blFo] kot UF+EY §E5Ae F Pot
el i3 F7A2 2 Fo] 877 didd Az2F #52 st +&
ZAZE S3A ¥ olE ] AW k= fFof AL o] 8o
st 28] FAHAFEY EAZ FTEXY FAAS pukEl Qdch
a0 AzF Y Gz dddd A3t FeA3E 4Nt ¢t
of T2 AAY AZZAL L3t Zo] it ojof whep A &2
I3 EdrAx2A G0l FaE of&E R Aoy}, Aol HU|3te]
An5o] Aaoyz]el Friet HM T A7t HapEch

IFAZAZE AFo] A% AL 7he] Aot apet 1T uprtdel
203 ¥33 S Hudt 2 2= B2EREA 5 715 o
st UE-E] BHORY FE4E FALE VY AXANHR

of AxHoltt E Aoz 1LY HARE & £ o] B 17 #

E Q Az} Jt5sle %(Kanagawa 1989: Lee T 1992, 1995 Liu &
1994) 37 =7} 235 E FAL E57E82Y Az FAY Aoz
Ut of7 olo] U3t AP ulFE dFelch

opepd E dAFoME o ywo] &8 de] o]&¥ I A= Hehd
66mn X o] 100cme] EFAURE 13E G/IAXAAHAES LY E712
Z 3 etAjA D FutAZ A Z(Radio-frequency/vacuum plus mechanical
pressure drying; RFP/V drymg Al XSt ARAIZY, AzZAY, ARz
2AZE 9 2oduz] 5 F AzYYe] AXFHE vl - T3l
HAAZWYE A 2A 5Lt

=0

2. A= 9 ¥y

7t 3AAR
ol 1.8n8] EFAUT UF 22K & AF FAoA FUst] 4Vl
AZANY G2 RPPAVARAEELE 242 1154 & Apgstach 2 g52
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5B F(pith)E ZHUSIA] A= F JA Y3 66an X YAPY3} 66me] ¥
YA S Zis EAH 108 S 42 ok $45-¢dlM Zdo] 100cnd]
ZAPE S Fulst, F7IARAPAL FHAS 2EHYIER $3
cagstact 2 dzAIEARY] Stold 2zt & jemd] AEH 1718 S
A4t Z AZAEAY AU 271U4_S Pt A=A
Hape] HapulF2} 2718482 242 0.659 35.3%F 3, RFP/VAZA Y|
£ 77} 0.673} 35.2%th,

r2 Y ™ kU

U, d7idxAyg
H7IA2AL & 100cnx Zo] 180cnX o] 80cn7)e] ZHAETAlOT
A A7t B4 oF 1.5~2n/secol, € - FEV} AAE0T ZAHREE EFYo|
Tl d71AZ2A1 8= 394 45tes aAsigdn, 23 Ee] Alchy sigre
ztzp 2pgutat 7pzH3 2R (Dumny board) & Abg-3tod b3 3hodcl.
I ZAASFE v FUNEAFA(1988)7F EFHUTE oyl
o 2Ax AAEE HAStEW T3-B2E A &3 E 3-3-1).
7122 ANBAF 5HS AHARE Mysie] AR AgAgdez A
% FAE FHsld A2FUTES T, ASYFEA A3
3

Z1& H7stact

Y N

F# 3-3-1. SFAUF of¥Eol g A= Frdz2AEF
Table 3-3-1. High strength kiln-drying schedule of ash square boards
for baseball bat(Ti-B,).

BrE&(%) AFE(T) VEFFETAHT) §F2E(T) BRYSF (%) AIFE(%)

A 2f ~35 45 2.0 43 18.0 89
35~30 45 3.0 42 16.3 84
30~25 50 4.5 45.5 13.0 76
25~20 55 8.0 47 9.7 63
20~15 60 17 43 5.7 38

15~ %4 70 28 42 3.0 20

ol gtol 70 13 57 7.0 53

Arjay 70 4 66 13.0 83
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RFP/VAR7IE Zo] 300cm X% 83cnX Zo] 26cmA 7|8 Zypog AHY
W47t A% AFAER o]Folx ARF UFo] HEH F¢ o
10, 000kgf/nt 2] da|Po] fi-ofl M AR EFo] 43| 31Fo] 71T H
AARS et aFapUIsl= 2Yol TWWEN ARF 7&+-on Ii-off
g ZFsidR, FueE 13,56 233t

AZAPAE galgo] zb AlHay JMchdd] izl Loz 7t

MR =& At 2%te 2 A3t FotFol YFUFulEitE, Izl
% - Bicholl §3¢FolE AIFHE wix st ARF AL ARLEYY
Fo| & THs7I AZMAFE AR E 44.5CE, 1 o|FFEH F=&
Al7IRI= 46.5CE ZEF slgon, AZXxE 40~150mmHg HAZ 73| A]
Zith. AzF AR ABRFeR A2 A5 & FAsIA UMY S 3
At A2 5K FAE FA3H AXFUTES ML

2. Azx45E, A2AR QL 32 =24
AZANEAF AZFUTE A3l A&t Algaf 5ol tisto
zAz2 FE2F JAYYA YANY FSHIELY ZolE Az FAst
o AZ$EES 7Y S 48 iAo 582 B
Wl zidel Uehts R dgeet ¥ do] W o HThH
UgRt o Hchdel g HctAdP e UEAS F Dol=WRFREF
A AZAQAE iR zAbstddl. 23 A2AHAAF TR 5%
& &34 ®a, WY 4 3FFE F& ZAsich
A7 AEUL AR F2Y 5K AZAYAZFE 2enX2em
o] AR PAghH S 2t Zo] 0 A7IZ A Zst AUolM 7]
Zz&A e ok FELAAHE APl o] dAlstsct

nf, 298P xa}
AZE RAE FFY of HAAHPAZYE LadYdYE FH31
donj, RFP/VAZRAIYEY 7S¢ 1F9pE37] 22383} 7[ef 204

2 FEsto zAPSIATL
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7h AxA 4 Axgx
47132 9 RFP/VARZME 2zt 27 3-3-134 28 3-3-20 e}
ik @712 B9 BE BAYFE 37.2%004 BF opRAU+E
11.3%712] 510A1Zto] A 4%, RFP/AVHAZRS] 7S HIF HAgUSS
28 4ol P uhFelP+E 14.1%712] A REF o] 1484]7ko] A a F o]
G718z A1 of 37109t Aaxx] ottt ol dyARS A A
Z29] U ddye TE FEEAE HAME] 9dled w2

ZRUL AL E 44.5T~46.5CH A& L3l Ux|ete A3}
o zfezte] BAIx|ojxj:  Hri¢t¥ xHKanagawa 1983: Dinwell
1994)8} Fuprtde] 23t £33} fE7te] o257 AHKanagawa, 1989)
Soll ol iFe Fo] Hrl wiE {58 FF303 FH5U 4+ Al
£l Zozg Azdc

d71ARe] HFAAREEE 0.05%/hro]gl3l, RFP/VAZS HIFAZ
H5= 0.10%/hr2A G712 2ufof dWslgct 53] AZXZ27] 1242
Zoto] AZRLE = ztzt 0.01%/hret 0.15%/hr 2 A RFP/VAZ S ARG}
d7idze o 159y Hodch ojXE AR XJlolA RFP/VAZRE] Az
St i whE 2 MRSl 7127t 73 ulo] Zafste] a2 Zhoy]
Aol 71 A s+ Al7lo]3E(Dinwell 1995), o J= Hol
wol Azau ARARY +2& 7HdA7I=d 205 Al7to] duize
& 27 g2 Heg sfMsct

2
X
o
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Fig. 3-3-1. Kiln-drying curves of ash square boards for baseball bat.
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U Ax4283 A3

g713z2 9 RFP/VAZAYS {48 867129 #5582 FH 3-3-2¢9
drt.

REP/VZAZZNS] HAWRa} WaApyy 582 212} 2.65%2} 2.8
A d7ld R 4.39%2} 3.50%2.tt 40~20%F = A, F Hghuyd £
282 WT+R) T RFP/VAZZYI} H7jAR2 R} 0B E 22 oz
EfRtTh Harris 5(1984)2 Lee 5(1995)% o]} HAl3t A4S 233 v}
Att. lee 5 AFUAZFAZRY ZF¢ AuiHog o] FEHI| o
of # g o] A, E JAAYo] 2HH o|F w2 HUo|
o[317] wfFoletal dHEE vl Q. 2 AFe] ZAoMx RFP/VZZR2RY
2R FE 5. 1mTA H7]AZe 6.6mECl 23%A T A2 Aoz e}
L 918 dg s sigkdsta ot

REP/VZAZZRS] 79 WANEE &%) UYL +3& Hr} 23]
2 o7t AA Yelll T/REIY 0,970t} o)l= AXF FA Yol clisto
420% oF 10,000kgf/m’ 2710 Aol i B ZH HAusd o]
AA 7] cfEQ AT Mt WApYe 73§ FolgRto o3|
Z 7kt ofshut SLFupzligol %t A Aol oy o E %ol
F Aoz nigkdch ol RFP/VAZRAL] HA WA 4F8o] dr|AzR
CF 40%7tA3 ghtdof AP 582 19%9tol] Zh43ta] 2 Ao F
P of AT}

E 3-3-2. ST ool dr1Z 2 W RFP/AVAZRARY U4E
O DI XS
Table 3-3-2. Corrected shrinkages from green to 8% MC during Kiln-
and RFP/V-drying ash square boards for baseball bat.

AZuA HAYIT) PAPYAR(R) TRE TR 7 123
(%) (%) (mm)
71 AZ(K) 4.39 3.50 1.42 7.89 6.6
RFP/V(V) 2.65 2.84 0.97 5.49 5.1
VK™ 0.60 0. 81 0.68 0.70 0.77

Z)41:RFPAVAZAL £28/F71 A2 £58¢
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ARx FAY FolyxE #F 3-3-30of Uehhgict
kAl e @rjdzzi RP/vZAZRA 2S5 Zojal glojgle
RFP/VZAZZY7} o2t A3t ol dr|ZAzafe] ¢ AzA ¢
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Hrh
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3t Hololrh RFP/VAZRS] A ¥R EFoEo {545 FaoR
Z27lof] HFoll V&Y Yol APs] AAIE oI afEQl Hew ut
Hrl
Usade 5 Az 2R A3 gadstx] odalch 3k RV
ZaYot 7132 24 Froldzle 22 1. 4dkef -w a2} 1. 26kgf o/l
A RFP/AVAZA7} o}t wolth ol RIPAVARY 79 373Ed7 142
FHC JuiF o A2spolM ARIBEN dde] TE o] 33,
E3 UMY £ AAE RAY £ o] njAHdEL] wage] 24 el A
22 Azt

[ <))

ALt

g 2adesy
71720} RFP/VAZZ] 4201 & Az} oAzt MY ¥
3-3-40f LjepfSic
A2F 28° F Hzk2 drjaze A$ 2797 9%h2 A RFP/VZ
Zo] 401.2WhBT} B o 7wy wo] A@9E gt ol AZRAZo]
REP/VZAZS] 3.580ut a7 afEl ZHeg Azt oAz 483
e 71422 7S 5.3h, RFP/VARS] A9 2. 50hEA d71Ax
7t o 2aiF = o] ARE|grt o]AL EFHELIREY AR v|Fo] FPo}
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® 3-3-3. g7|AZX= e} RFP/VAZAN S Hciddd, xqwddy, yyrad
g 24 Foidz]
Table 3-3-3. End checks, surface checks, internal checks and absorbed

energy in impact bending test,

gy AL e ik
Az ¥
BEAT WIFEol WIVF WIFHol  BIUhF WA Yol ofud2]

)] (cm) (70 (cm) (M) (cm) (kgf - m/caf)
gGNAz 0.18 0.4 4.55 46.5 18 9 1.26
RFPAZAZR 1.45 1.0 0.64 52 aS 9e 1.44

¥ 3-3-4. G71AZ9} RFP/VAZRFO] £89 F Az} el A"
sy
Table 3-3-4. The total consumed electric power and the consumed electric
power per a hour during kiln - and RFP/V - drying.

RFP/VAZ
a7z
USSR 7| el Al
Z24 9 A eF(KWh) 2797.9 248.6 152.6 401.2
cthQ] A] 7t
AR 5.3 1.6 1.0 2.5
A9 A 3F(Wh)
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1. A=

7b. 3AEEH
F2 A A HLAAN 3%, dYS5(Larix goelini
Var.), @]7|ttAUR(Pinus rigida Mill.), A\ (Pinus densi-
flora S. et Z.)& BAEYER HRE TRYFoZ sty AR
=2 stz stadch. AP ALEE FAILESL Axe +F
B AZL X 4-10] Yepd uie} Zch o]E FALNEL A F
& 8%7tx] B7|8R8t ALE stArT).

R 4-1. BRAZE ZAHEL Az, FaF, £

Table 4-1. Locality, D.B.H., and tree age of sample logs

13

5oz SR CEEE R

= T o
(species) (locality) (cm) (year)
HEE AS 75 8 FHde 17.20+3.44 14
(Larix gmelini
Var. )
2| 7t &R A8 JddA] AFH dAg 17.12%£3.57 20

(Pinus rigida
Mill.)

AU AR JddA =255 T B 16.50*3.99 18
(Pinus densiflora
S.et Z.)

o
TET &3S ol &3t EAZz Azxg HAYE A=z}
o, gz Az HH=z lié A7 Y +8&4 dl=-ZELH
stol=42] H A (PF resin), 42 FHY olLr|otvo]EA H
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A9l “KR-120"2} “Duro-Lok 270"& A}gsladtt. =gk 200g/nf, &
ALY 10kgf/aio 2 stded, sHE-ZELUstols +2] P
2% 160T, Al 10Z/pm, 22|32 “KR-120"2} “Duro-Lok 270”-& A
2o A 2412 dAst ATt

o}, REA Q) FAA AL 34
A 232 A2y FHLzxe] Zd AANPL ¢

o Az|3 FEAHREEA 9 42 o]=F Thompson's Co.ollA HZR
E AR Z4 2l “Wood Protector”$} QterAz] ThHUE - 3 3(F
71EdFAZEE FUY 24y Zz %t 2| (DPU-3000F) ¢} &
427 = Z(OREFLON-203X)& A}&3}4cl.

AZ2Y B R BEAH 2 #2488 A2 FFL F 4-20] U
bt wle} o}

N A}

F 4-2. Bz FPAe A
Table 4-2. Finishing process of polyurethane and
fluoro resin on a wooden bathtub.

Process Treated method Remarks
Sanding Sand paper #120
Sanding Sand paper #320
Preservation Spray 180g/ m
First coat Urethane resin{DPU-3000F) 20m{dry)
Sanding Sand paper #320

Second coat  Urethane resin(DPU-3000F) 25/m(dry)
Final coat Fluoro resin(OREFLON-203Y)  30um(dry)
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B 3#2ZAFZ KS M 3721, A
b ol o] ABle] AEJAE, WEAH,
N

EAEESERE FAUEE o83ty A A AxAFS A
A F 2dEA8o FAE YA SA(0m)YT F F 25mEz 2| ¥
(ripping)8ti Zo] 150mm2 ¥ H3le] G Az ey
(lamina) & A2 sjoict. AEd elolyE ol&ste JAGduUs Az
st Anub2 Fatd d 2HF Y AAE ¢st AF 2@ AT
IS o] &3l A3 F duolsled Zo] 1500mm x &% 450nm x F 7|

Qa8 e Az }“’E} HzH "‘*“”Oﬂ AYFE 13T F
ZY3td B2 E ¢4 stort. & AFolA AU & il F
ZE 3% FRE °lFL Uxe ¥l HHFol FA 25m ALY, FF
]

F7 25mm YRS TER], T2 Fol thA FA 25mm YA
e FAstgct. olgfPe] AR &= YRII} I #320 Aulx]

Auodt F ZaR ZH¢)l “Yood Protector” 2 A X o3t F AX
Azt Az ¥ 24y Ze) 9yt $AE 3l W 258 sl2 2o
H BELFAE AEdld FAZRE B35t

. 5A&zx d5Xd

A2 FALRIF BAET U] UL YHo|2E olo UJ

Y FZol AAFE] A Yt 2

, H3ez, AdHdHL &F, :1a];r_ '

22 FA KS F 2826-1995, & =2 **‘—*l% of 3
B2 £ AN AUt &zs 0101] oAzl gzt

, BEA Y Wy, R Foy 34, $3x3F, Welsd, W

sEd, v WHEd, 224, JEd, BaRg, Jarg, Jidst

>,
o
o%
Jo ot

o
N

A U A 1]
g = &
9’_1.4
IOrlr

ot ¥
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18733l ArIF ol
E e 494, s

1F8& "&=334+4

X
or
>

%) odoyt BA8ZEH ZFojol W Ao
V4, BRAE, Unizd, UARE, 23
}

KS M 3332, @ZZHY £ AW AGE AN MY wYol o

Azl Z5E Al¥stairt
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40«
vy ok

id

a0

o2 32

Sddiste]l =42 H A A (PF resin), o]aAlotyo]
EA A “KR-120"2} “Duro-Lok 270"& Ay ste] £33, Ha
AqE2 AelF Y, JeFHy, a3y, HEZIAAE
33t FAP S vLEAMsIAct. AHAE A A=
4-32} 37 4-1, 4-2, 4-3, 4-40] UERH uje} ).

X} TN B upjPo] HR/uUS A aA 3u) yure] A
2 2 AR ES dXA 2uf AP PEY Bl Y453 ¢
AEYE vepuded, HJefFAY, Fd e, ey, o
BEREABY ¢2o& Fadol yA ettt I A FFo ulel
Ae HessAZ2Ae 2u] AEHY 3 JehF2do] BF 78.85
kgf/af, WA 2ol 71.87kgl/af, h24A 2t o] 50, 46kgf/on,
a2 HEZYAYHA 40.85kgf/aiE LIEhfo] wPEZAXHY
FHELE M 52 Z=E Jeld JefF 2o 51.8%F el
3, KR-1208] Z-foll= Jefd o] HF 96.79%kgf/af, 43 2
o] 59 48kgf/ai, W24 A 20| 36.45kgf/a, 12]3 VEZGAAY
o 4 31.04kgf/ed & UiEIfO] WHERAAHY] FHI2 HefAH Y
o} 32.07%5 JERN Q. 223 Duro-Lok 2702] ZSoj= ¥iEZQ
A8 el Hatalo] Arefd ] 28.79% LEhjo] Atej @iz} uiE
FRAIE Atololl 7t & Y ZAAF Velden, X 9o
Az ANFeR 3 T/ A4 7ted 713 <2 2P S el
dct. e EAY 29 FHY A@Hed whep 7t HEs
AL Zoz uveigtey, 43y FAAE J2a] 4
et oA FAS Y Mol HZAMo g WA FH=

o

=2

<t

A E ol 8 U2 WY ExE Axsiesde A
2 o

=}

ha |

B o

N

ztehsic, KR-1203} Duro-Lok 2702 A+ 7 313
Eajo] 2d& 7tH ez odecies FAANUA A

N o 2
™ M g
B oJo o
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T3t EzA2E FHAAZ AYY Aoz ndH, o5 3FF2
Al 25 3F AN AL e AEFFE 27
£ 7.0kgf/at> WA 33t & el
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E 4-3. FHAd, #5dE Y
Table 4-3, Adhesive strength by the adhesive type and species.

el 2 W= 2y W22 dtERAdAy
A % = z (kgf/cm') (kgf/cm') (kgf/cm) (kgf/cm)

20§ 3o 2uf 3o 20} 3o 2uf 3oj
o4 87.40 32.45 96.89 30.87 68.40 18.15 43.42 14.68
HsrA] P2y A4UR 64.24 32.29 46.59 31.90 46.62 15.32 48.82 11.09
gl7|chALt R 84,91 37.58 72,14 21.04 36.35 1546 30.31 17.66
RS 90.89 44.88 83.74 27.89 49.75 13.87 39.81 16.62
KR-120 AU 92.55 37.88 30.98 24.97 27.42 16.47 22.57 17.24
gl7lckAU 2 106.94 51.72  63.71  30.50 3217 15.58 30.74 13.34
whod 4 55.28 39.86 37.68 27.19 25.37 17.55 13.19 10.13
Duro-Lok 270  Au® 45.33 31.85 39.59 22.65 31.53 15.34 17.86 12.09
gl7lckALE 74,30 43.23 41,34 21.37 ,23.64 15.40 19.32 9.86

F) 7 otEe B3



(e, w/i6y) paiz
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R hi&

e

i
Dry bonding strength by adhesive types

SE

1 4-1. A £/

a

Fig. 4-1.
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4-2. AEA 58

Fig. 4-2. WVater proof bonding strength by adhesive types

=hl
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Fig. 4-3. Warm-vwater proof bonding strength

4-3.

a3

by adhesive types
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HtE 2ol X
{(kgf/cm "~ 2)

2|7 |CHAL SR

3% 44, BA FFE 30l ME WERYEAY

Fig. 4-4. Boil proof bonding strength by adhesive types
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2. BEAE&=Re] B

ARR 4-12 BRAIZREoT AR YdF ALdntesw z3s)
Ao BHoltt. AA 4-2& BABZE ZYs3l:=
AR 4-3& 2 dFolA Ly SA{R BLHO
23 £x(9))e} HUFE AR &X(ofe))e B ok
th AR d4-4e 2 dFolA AU ZALER 9 FAENY, ofFw
o2 AFY FALAY BHoltt,

X 4-4, 4-5, 4-62 FITZTIF A KS F 28263} KS M 33329) 3 A
of oAzt AHE BAEZEZRY] P5E BHFI Q. F 4-4=
SZA+A KS F 2826, 829 AsAlgygel oAsie ¥EE=
3 AR SANEXE HAY F REAAz], fHVFEXE 3}
£, 5 J23 E424AE AEE & 23} Hoy R uie} Yol
7z FEEER o|YRTE WUAY £ ¢t EZ F 4-5= &R
BeANBFBols AMAIE ARA] ot ARG FHAut AjHuby
(KS M 3332), =8 W #AJYE A (KS M 5000), 223 =
2o waty AP (KS M 5981)0 AHAIE] gl A @ubHol utz}
SHAZZRE AJEY Aoltt. ol AVFEZ FAZRe] AU
Hrh 71E3 Ajggolel uUntye, EAHBREA ZtFojolyd My
ole} uxixio] AlYstHct. AVAY ¢ 3 BEZE tH+F
i Aokl AZE viel Zo] VAt EAMEFol L3 v}
A= EA*RIE a2 (3EE, 25, 27ty )o 383
Az =34 2 d2gdo] £53tdon, FI F xuds 94 of
T T8 Aes AL £AAE] F £3E xol= g A
L2 Jeiyten, ©x] He $£2] FH wetMe xolE L}E}LH
Act. FAR FA2 E4aFR|Tos AT F=271 AR L
o2 FasA] Hop 43 HsE& dehuided, o gy
W HAUFY AMBoM= BE4FA7) EC} 3 de& el
th ol 22 ZAxz fEE £x9 AL Rusin guiR B

a42)2) 4GS Fod BAGZ $4U A FARI $lslA
L Sew #2102 35 U 32, Jeln dEol Ba$ANE 3
£ Zo] ulaty sitia BT,
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R
%

AR 41 BAGE Azg 4D
Photo 4-1. Glued laminated timbers for
making wooden bathtub,
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AR 4-2, BAgz 2y

Photo 4-2. Assembly process of a wooden bathtub
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A4z 4-3,

Photo 4-3.

(¢t dl= 23(otel) 2 Az2Y

A
[+)

8=
= A=
Yooden bathtubs made with Larix

gomelini(up) and Quercus rubra(down)
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ALZ 44,

Photo 4-4.

DS A=e (o) 2 Ay
B8z 9 B

Aetdz A3y &4

Bathrooms executed wooden bathtub and tiles

made with Larix gmelini{up) and Quercus rubra
(down)
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E 44 SHER 45 ABRE 9 €AY

Table 4-4. The performance test items and results of the wooden bathtub,

2tel,
AYs 473A 2dARey ~
AERE S4B Red B3, Udd AR UuE qustal
)‘lﬁ ’k]ﬁ %Z’l*]ﬁ (o] é}a}g (o] o © o
HY -2.5C Gl HEy A
NwAH ST ARUE wRYe s oaNas oo wMge Lo o0 U0 dns

- 602 -
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F 4-5. BA&x Ay A

Table 4-5. The performance test results of the wooden bathtub,

+ A £ F  EHY UG de UREE 2EEE LHI:!(}e.s) = ey’
s 10y B-2B  0.2380
TR £UHE 0 g, €F ¥E  H-B o 0.2380
g 7lckAUE 10 = H-HB 0.2380
G 10 H-HB  0.3933
5 oy -$ o
Basz AU 10 o‘ﬁ f;; Z‘g HB  0.3933
grjcbautyE 10 YT ° ° H-HB  0.3933
[o] S
T dEs 10 HB 0.3933
5= o o)

v AUR 10 g;i “j{; o HB  0.3933
a3 grviauy 10 = ° © HB 0.3933
G 0¥} 2B-3B

FAel AauF - ,;5 ul¥F  oF 2B-3B

g 7 AV 2B-3B

1 : KSM598], 82 WA Ay
2 0 KS M 3332, 47348 2 e gy
3 KSM5000, S8 ¢ HAUT APy

O
o
S



- 112 -

E 4-6. FXA2E FAEx JeHs

Table 4-6. The pollution resistance of the wooden bathtub by resin treatment

Acetic
. . At FE} AREYA ARk & o)
2 z) T & (2 W) (BA) (2 A) alcOl: o8% LN An FAo 3
B
S ER] AR HiglS Zoiyg  Zoly  wHIgE  ZAoE  dHgS dIHgE Aoy
2| 7| kA
s
EA4z] LR HENS 7oy WS WIS HIUS HHOS UL WA
gl 7| cta v
G
FAe AUE H3S AHE AEz wHglS WIS HIANS WS JyEy
2] 7)cha L
¥ AlYFA - BFFTYFZ KS M 3332-1982, AR 42 shabgt APy



3. BX&x Hzu§

2 Aols 24 e 2 & o] &3t AR IIFH A
E Nug BEXor $+33tds v}, 3 3¢F(dg$. lrtia
LR, 2UR)E o] &3l BALKZXE ARl BALEZXE
Zsled £8F = v]&2 F 4-70] YEM uig} il ol viehd
u]-§-2 Azdulel 7z, Az ¥ =34 oyR v & F 33
H]§& A vjgoR £F 12 AHRIted =& bES F
172,732 2 & AL ATt ol dEodM HuULRER AHR3:= &
o AR BaAL&z 71A F200~2507HH (162~190% gl )o v st
453 ¥ JtFolH, tFo] Hzu] & F o 36%xE x| 3l= B

T 8 & g3l AL Fx7 chgAdAEz 9l

oy

A

o
=]

(e o
N

n
<> o

2] A2 ABAM FEo ste] AR 9lo] o]efyo] zteli}
ol thFoR AU B¢ ZAuEL o] Hrh HH ¢ EoE A
o2 Zzideh @A o429 FRol UyUFE Axy &2 § w3}
T BAEAL B¢ B 200~400%t8t= Zeoj wjFo] & of F4b
g ol gsle] FA&x U LA AlFUctd dE 1089 1 F
Follq 27 7be¥d ez wUetEH, olf &2E IS Yo =
A i FAL A2 FA3 8T} Jhssia, FE st Ystes 37
2 A 2ol Thestd, Ads £BAE ol MEL 2 RII7HA A
do= HBY 5 AL AL s}
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F 4-7. EAEZ Azu] &
Table 4-7. The Manufacturing cost of a wooden bathtub.

3 = o o B2 ()
82z 12 7F
- 2au]8 147, 250cd = 44, 2A}o]
44 2A}o]x850% / A}olx2( & 50%)
= 75,1409 75,140
- 22U} 88.4A}0]x200%d / A} o] = 17,6804 17,680
- REA YR 69, 400ar =7 0f
7mfx1250 / nf = 8,750 8,750
- A xHu] . 58,900arf =61t
6nfx1800 / nf = 10,8009 10, 800
- 3 EtEA] 69,175 =7
7nfx583%d / nf x2 & = 8,162 8,162
- BA4x 69, 175 =7 nf
7nfx9, 000 / nf = 63,000 63,000
3 A 172,732¢
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iy }% £ o] &Y IRIIVIA] AYES Aie] dF
o2 BAgx 4 HBAEd & &§ALE AzVied MY #
B stgct.

FA&z2 Aze A2 @ Az, vz, JE4uAz, 3
7V, BEAE, S22, UsAAe, fHTEANE], 2457
Aele 3¥E AA Azsdcl. &2 ¥4 Y5 F2 259
St Qe BE g FHAE Usde] 3, Hgdel F2 4

B3P olaA|otlo|EA FAAE AHEHLEA FHAY,

3
erAY, VEFYZAAN B2 Wkat/arel FAAE FAA

L r
).
9.
2
£

2
Y 2 HAdME Yol 4 29y Fel-dY £4
ZUFE A2 daA e, AI7A FAF A EH uf
£ 2% 2445 S2Fd AejgorH ¥IFIHE ‘&
o] AP E AN HAY Yol HY W oYK FE UA
T e, B S+ 9 E58& AR eEH RS, ¥
F¥eol, njngd, $53 Yo Y AL ALY + A&
2 Ueisith w29 F4529 vl e uid
, UHELEE, FAUFEdAE BEarRAer B £ 4
Ltetuigled, Wnt2gz} AR do s et #2171 2o}
& Ao ettt oy e FAAE 3l W Fxo S
Fx AMelg, Je dEo B4R Mg st Aol &£x9
5 HMzu&HoM uigtsict AziHcet, ¥H, &2 12§ AR
sted == ¥82 Az 9 v 5 2B E ALl ¢
172,72/ B =R AAEdLed, ol dEoN wyYRE =z
S &z of 1029 10 3igsh= vl golr}.
ol ol B AF, AL HEF BH £FAE o] &3l
1131 A SHEE(SAEIL, A, |48 olF3, 5)E A
cEH Faje VAU FEE Aelz, HFIhgeo]l §oistn
J A= #2437 St 48 **“4 A&z Az7}
S22 ANEE AFVIMA Ao Y £+ g e
c},

oZ‘.FE4°°{F-{)>‘1"-{¢n&l~N;‘.Y.l&
‘{)‘ﬂﬁoo?;:{o"
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A13 4 A

Felvtete] EZoFE ARGAAM stz e 5 FHol ul$ U A&
gt otyel Tixidoll gloiNE ¥ 54& ula o c}E AabEole] st Az
A& Holx glrh
Aol doME This3Yg B AT 2PN AFA ZAY} A Pyl
2 71 EET wotd u]§ AHEE FRE YloluA] Rt gtk aNEIIAY
AR AAF Adel] ot 57171 njofyt A2 U A= gich

E Ao AAAE HolEHAM FolFE] AEE AT ojviMu £3A 2 & £+ A
EE f8Ael deHATE AANEH SHA AT B $ olE BAERAM N2
570] A" Zojth

3o 8ol Qloidx gl 372 FFolut At FRloAM Felf UES
TUShe A2 iyt g3yt YulFa ootz slch. 53] R Adeiut Afdo]
FUA] U3 AL FFIEE EQYsY tAleF o] spde]l A U& + o
A Hadch

¥g
Ry
ks

apetd Aot e HRoME MEE £24 HEE EE AL Fol Y Fuy
B FEEFTYE o 8T £5FUE Zidisir]Z} o FA HAch

ojgigt A W W Aelat A|Y FFe M2YAE EE Felviety] RE 534
A7t FFHeE ¢l At stk

gzt 22 NGyt Fdds B AL ol& FEMUER dAAIIE BAHH ¥
747kxE 37317 $M e JAe ThE A2 ud e AHA7L Algstela dtalel
olg|gt oujo N E2HfAte] Wiy Hgolzte FA £ FAE FHAA I B
REg Aarle do 5242 obFel BRAE AYAA| A& Heolrh

53] 29F 33Y YN Jles viHoE AT YEY 54 & A
7l A donjAE A3l olF FEY EUYFLE MUt AHY FAuds %%
sHe 42 HEE 22¥ gueA o& Fasditia shach

olo] wzl ¥ AFoNE zlelatzt dlolehe AW E NI S5 Fef2] FoAF
3 A2E BES Azt Aol atse FoEte] AEHE A=yt ® ¥
2 EFoFos da] ¥Ee TR +334c <ol ofF ¥t njodt ujof
€ FEs TUAE o] &3t FI8FLRY BRIFsEE A szl stgich

ol2} T2 EFFY tixdd apdzist Ags el A M2 Joil§ AEE
o] UE-L BAYR A& YA Foalde] VI L Eoi¥e F & ¥vt ohzl
B E tFAE R FAAA BRAFo2MY BEEH FIHoEE FEEHRY
HAZE 7HsA & A2 Joi¥ch
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2 47 el 9 ddAgY FFAES FHULE 3Apd s X dF A= FH

Lhdzofs fLESRS 2ot AERA 58 BAM Yooz HAYSESF )
A, 22pd=et 3apd=ols AP FHS viARISIAU dASR 2 FFol Ay A
ZA714S Estdch AARES oM Wl uiel Yol UPSF o] 8YSE EF viol &
A A 55 HE3t Zo & A2y ol frisd & ATt olFA Az
FelFel B2 zelat W GG FFod AzxAA #H FAzIEe] AU S F A
B 7o Hejdt AiolM AAHE AHstdrt
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A2 A AEESSY A
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12hd o= A 2atx|y FZeF 593 ciAtd AU A% ARRA R NEEH
& ARsh=dl $3& Forh ol& 3 FFEE M3 olg 2] FUF A
£ THofst] flsle] o] g FFof AZYGAMIA AFo] BiEE 4P S AvEIE ¢
th 2 A AFY FoAFE AR A FEFE AR ddS AP P
2 dRs=SE siolrt

oA FEARE £Ust EY AF JEHL 15 EES ANMEES dgle
o, 53] AINdel] Bay Ay 543} 4FFHA 22, LuRpe] A RAME HES
T3] EM3IAL o]F EviE /EFES UAY3=F st

2 A5 B3 AUt dte FFS thet 2 WA tAd AAE dAst
of 270 AYst=F ANV ciPAate] JMestn AFIIIIAE FEH + A= F
A vzt 2} A 2HZFo] whestey 7hz o] Aystoof et
E AR 913t FristALL Subshrle] WYY FHo] HEF Urh. A=2EL| ol
oA Hds W BIRYFE o8 U4 BAE HEIEF Yt 53] sl A
oM UFAE EE 43U BuF YYox HEH 4 dojo} st L2 EL =2
Atz e A 9H, ey Fgolut AT, HAL H3 T IRAE 83l A4
3 xpdzte} FAES 547 o] FAXES Uch

53] L2708 glelMe S40dE Al strizte L2128 g Yot AFE A
A Aetdo] Aridde 71Zol Aol sl22 rixldS Vi ZUzo] EAFHES Rt

3. FAEY FFAHA

@ 571zt ateg el eud7tA] AGH o of 2000748 YA
7} abaiso] 87) 42 W4l Ae Aoz zte|@a gtk §3I) WA HiF A4
Folle & £ 7002 tlY AN Fa" FFelFo] AxieelM A s
3 glch

GHEN DR e JAER A7l B AUF 54 ©Y ZAESel AEBAEI A
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£ ARSI Qokz Utk kDS WS F FoIF WA oA A3 Urkz sHUch
Jutel 40 2 CHIR Fel Bole VAAGS Aol Yol 0P} URE FHF
3} WA $Edez AH8Ea otk

4. ABToAR

e AFY HE £2A%E Tetsr] $ste of xHe BRAIMO} F4 *% d
¥ e 5SS AMED UM 2o AYY A9 BF AY A 8L E A3
o ARE L NS P}

de] ded JdHA gy BFALeRE BUFY, SUBFYRA], Fopd, ¥4, F
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