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Summary

I. Title of Research Project

Com-Ply manufacture using domestic thinning log and waste wood, and economic

analysis

II. Target of Project

The target of this research project was to evaluate the performance Com-Ply

made from domestic thinning logs and waste wood as raw material.

ITII. Results and application of the project

Adhesive synthesis, and performance evaluation of Com-Ply and plywood

from domestic logs

Thinning logs, which are Pinus rigida Miller, Pinus densiflora Siebol et
Zuccarini, Larix leptolepis Gordon, and Quercus acutissima Carruthers, and waste
wood were used as raw material for particleboard (PB). PBs were manufactured
with synthesized urea-formaldehyde (UF) resin at 6 percent resin solids level,
ovendry particle weight basis, and cured at 5 minutes hot-press time (162°C).
The PBs were tested for physical strength and dimensional stability properties by
KS F 3104 procedures. PB test results showed that the PB’s physical/mechanical
properties indicated that thinning logs and waste wood are suitable raw materials

for PB.



A UF resin was formulated in the laboratory for plywood manufacture. The
UF resin was mixed with extender, filler, and NH4Cl. The mixture was used to
bond three softwood plywood types under 120°C, 1379 kPa, and 4 minutes
hot-pressing conditions. The plywood panels were tested after a 3-hour soak in
60°C water aging method and dry shear strength test of KS F 3101. Plywood

shear strength and wood failure exceeded the interior plywood standards.

Five types of Com-Plys were made from domestic species and waste wood
using UF resin. The Com-Plys were tested for physical strength and dimensional
stability properties by KS F 3104 procedures. Com-Plys test results showed that

the Com-Plys showed good physical/mechanical properties.

Evaluation of mechanical properties for Com-Ply and plywood

manufactured from domestic thinning logs

Particleboard (PB) manufactured by four domestic species of pitch pine (Pinus
rigida Mill.), Japanese red pine (Pinus densiflora Sieb. et Zucc), Japanese larch
(Larix leptolepis Gordon), and sawtooth oak (Quercus acutissima Carr.) was
carried out for flexure, linear expansion (LE), wood screw withdrawal, and nail
push-through tests.

MOE and LE values of PB made from the domestic species were satisfied the
ANSI requirement for grade M-1. LE of PB was increased with increasing the
PB density. Wood screw withdrawal loads are strongly dependent on the
direction of wood screw positions. The average load values for the wood screw
withdrawal in edge are higher in high density PB manufactured by sawtooth oak,
Japanese larch and pitch pine than those in face. However, the average wood

screw withdrawal loads of low density PB by Japanese red pine in edge are



lower than those in face. The average load values for nail push-through are
strongly dependent on the predrilled hole diameters. The loads for nail
push-through are increased with decreasing the predrilled hole diameters.
However, the nail withdrawal load increased with increasing the predrilled hole

diameters.

Flexural, LE, and nail push-through and withdrawal tests were also carried
out for 3-ply plywood made from domestic small diameter logs of pitch pine,
Japanese red pine, Japanese larch, and sawtooth oak to evaluate the flexural
properties, the LE, and the nail push-through and withdrawal loads of plywood.

Regression equation relating MOR to stess wave—-MOE was established for all
plywood, and useful correlation between flexural MOE and stess wave MOE was
found. The ratio of LE coefficients between parallel direction to face grain and
perpendicular direction to face grains for plywood was increased with increase of
plywood density. The loads for nail push-through are increased with decreasing
the predrilled hole diameters. However, the nail withdrawal load increased with

increasing the predrilled hole diameters.

LE, and wood screw withdrawal tests were carried out for commercial-PB
and Com-Ply to evaluate the (LE), and the wood screw withdrawal loads of
plywood. Com-Ply manufactured by commercial PB core and veneers (for face
and back) made from domestic small diameter logs of pitch pine, Japanese red
pine, and Japanese larch.

LEs of Com-Ply manufactured from thinning logs were lower than those of
commercial PB. And the average wood screw withdrawal loads for Com-Ply

manufactured from thinning logs was 14.8% higher than that of commercial PB.

Static bending, LE, and wood screw withdrawal tests were carried out on



small clear wood from various domestic small diameter logs of pitch pine,
Japanese red pine, sawtooth oak, and Japanese larch to evaluate the flexural
properties, LE, and the wood screw withdrawal loads.

MOR and MOE values of small clear specimen were depended on the species.
The highest density of sawtooth oak shows the highest values of MOR and
MOE. However, the lowest density of Japanese larch shows the lowest values of
MOR. It was also shown that flexural properties could be predicted by stress
wave MOE, since the correlations between stress wave MOE and flexural
properties were relatively good. The LE of tangential direction are around two
times greater than that of radial direction. And the high density species shows
the higher values of LE than that of low density species. Wood screw
withdrawal loads are strongly dependent on the direction of wood screw
positions. The average load values for the wood screw withdrawal both in cross
section and longitudinal section are higher in high specific gravity (SG) wood of
sawtooth oak than those in low SG wood of Japanese red pine and pitch pine.
The average ratio of wood screw withdrawal loads on side-grain and end-grain
are higher in the high SG wood than that in the low SG of wood. Good

correlations were obtained between wood screw withdrawal load and SG.

Com-Ply economic analysis, and potential supply feasibility analysis of

raw materials

The large size timber which is used as the raw material for plywood has
been depleting and the price of these resources has been increasing. Therefore,
the development of new type of panel which is able to replace the plywood is

crucial. The Com-Ply which can be made of small size timber and waste wooden



material is considered as one of the most prominent substitute for plywood. In
this study economic analyses for Com-Ply was done focusing on the
manufacturing cost and compared with those of plywood. The manufacturing cost
for domestic plywood (910 x 1,820 x 12 mm) is analysed as 8,679 won, foreign
plywood as 7510 won and com-ply as 7,455 won, respectively. This result

confirms the economic feasibility of Com-Ply.

IV. Suggestions

It is analyzed that the manufacturing of Com-Ply using domestic small size
timber and waste wooden material has economic feasibility. However, the result
of consumer survey shows that the consumer’s knowledge of and willingness to
buy this product are comparatively low. To promote the manufacturing and
consuming of this product, information about this product must be given to the
public. Also, some proper policy measure must be introduced in terms of

promotion of forestry and establishment of environmentally sustainable society.
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2. T4 A L HAAZ JEIFHEY AX 2 HF B}

2 AT HEFRE AXE AT BARYRY FFL AU, @rldaty,
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mesh Apololl A Az - Addskgivh AR =4k b Ao Het R 18~23
Wolil, A7]+ 14 em A kEolil, pHE 45~54 ot} (Table 1.1). % 20009 =4
A< el
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)
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Table 1.1. The characteristics of domestic thinning logs used in this study.

Species Age Diameter pH
(year) (cm)

Pinus densiflora Sieb. et Zucc. 20 14.0 45

Pinus rigida Miller 21 14.0 47

Larix leptolepis Gordon 18 14.2 4.9

Quercus acutissima Carruthers 23 14.1 54
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g B AR, pH, HF H FYUEEFLUSIE T AZS EAsAT = A
a25Ad g "C NMR spectra® Z7%317] 9138 Bruker 3]AFe] ARX300 NMR

spectrometerE ©] 83} th 8472 A2 A= DO &3 Al AT

FASI 845 FAAE BAsERe ARTA e 6%0) FAnIRFS
Ak, St 1%E WAk 29 9254 FAAL Wb BAve 2

o WErt 737 kg/m’e FEFREES Az Y FA AU dGAITL 5

Table 1.2. Particleboard (PB) types made from domestic thinning logs.

PB types Species
A Pinus densiflora Siebol et Zuccarini
B Pinus rigida Miller
C Larix leptolepis Gordon
D Quercus acutissima Carruthers
E Recycled wood
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APANN AxF HEFREES Aol WE, P, BohAR, FARY

ERE-E - BT
1) 8254 BHAY 42

Table 1.3. Properties of urea—formaldehyde resin synthesized.

Properties Unit amount
Solids content % 51.0
Specific gravity - 1.2
pH - 7.0
Final F/U mole ratio 1.15
F/U : Formaldehyde/urea
ZELdUs| =t 249 EH|ZF 11682 dAE 42FA o nFEFL 51.0%EA

_22_



| I

il s e |

1

1

1n

il |
1 B
!

Lt e e

Ju i b

e Pp e - e
1h [ ] i L]

ELL] Uiy it ':I "

Figure 1.1. BC NMR spectra of urea-formaldehyde resin synthesized in this
study.
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743~967 kPao = o] wrg|FEe] RXHS= Axd FEIFHETE AT A
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11.1~15.2 MPa°] ¢l t}.
24-h FAMFZE H 24-h EFTEY FTEXHAE 47 268~464%9F 208~
65.9%°] % th. ol A FetAste] ARz HE YdFom AxH HEFHE9 24-h
ABGET] 24-h EFGFES b FFo2 Axd FESRE=e) vusa 714

J:?:
ge A8 nelEth E oA wel 2ol AEARE IR Axn GEFnrel

Table 1.4. Test result of internal bond strength and dimensional stability

for particleboard made from domestic thinning logs.

PB Panel Internal MOR Thickness swell Water absorption
types density bond 2-h 24-h 2-h 24-h
(kg/m”) (kPa) (MPa) - (%) ——————————-
Type 8.0 500~800 150 8.0 - - - -
A 710 920 14.6 12.7 40.2 12.0 64.0
B 702 795 125 129 43.9 10.9 65.9
C 710 885 11.9 8.6 26.8 7.4 29.8
D 710 967 15.2 9.2 28.5 10.3 42.8
E 704 743 11.1 13.2 46.4 9.4 50.6

PB (type 8.0) = KS F 3104 Particleboard type &.0.
Internal bond values represent an average of 15 test specimens.
Thickness swell and water absorption values represent an average of 2 test

specimens.
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Figure 1.2. Particleboard made from thinning logs in this study.
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Table 1.6. Plywood adhesive mix ingredients.

Mix ingredients Amount (%)
UF resin 39
NH,4Cl1 4
Extender 16
CoCob” 3
H20 38
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Figure 1.4 Tension shear strength specimens used in this study.

=37}t

5 ¥& 4

o)
B
TR

]

E

#owy

gt

300 x 300 mm Z7|E AFH

F 31010 <3l

=
fLE

< KS F 31019

]

)

14

=P

-

_28_



K

|

—~
o

s
o

X
XE

AO
o)
=K

fok
o

—

<

!
=
el
A

olt}. KS F 3101

50% o]/de]th

4. 23 8 uF
D #a4

%A 44

g 8

23

A A A
2]

°F g4 =H7F 1.156%

il

Table 1.73% 2t}

, 1 A=

al

23!

;3

= 7601 At

1.19, 1231 pH

o
T

o))

oF

0.58%=A] wj

KN
T

1= (free formaldehyde) %

3|

<

==
o

ol .

b

)

Table 1.7. Characterization of urea—formaldehyde

resin synthesized in this study.

Amount

Unit

Properties

50

%

Solids content

1.19
7.6

Specific gravity

pH

0.58
1.15

%

mole ratio

Free formaldehyde

Final F/U

F/U : Formaldehyde/urea
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Table 1.8. Plywood test results after 3—hour boil aging method.

Species Shear strength Wood failure
(kPa) (%) -— (%) —-
Pinus rigida 870 (29.8) 76 (7.8)
Pinus densiflora 834 (21.8) 83 (1.1)
Larix leptolepis 308 (20.7) 84 (1.3)

The values represent an average of 5 panels (5 specimens per panel).

The values in parenthesis are coefficient of variations.

22 MIUF QAT Hae g

KS F3101°] o3k mlvja 18da A28 Algel tidh dak= Table 1.99
2o S2b A 37Fe] 0 A AHe] BxR = 753~1443 kPa (7.6~
147 kgf/em’)olth. Hukgo] EZyels 73~89%0lth. H&e AgelA dojxl
A3z KS F 3101004 273h= 18 ddd 242 06 N/mm® (0.6 kgf/em’) 9} 3
T 53E 50%E 238k qlth
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Table 1.9. Dry tension shear test results.

Species Shear strength Wood failure

(kPa) (%) -— (%) -
Pinus rigida 987  (19.7) 73 (5.7
Pinus densiflora 1443  (28.1) 83 (2.8)
Larix leptolepis 753  (34.6) 89 (1.7)

The values represent an average of 5 panels (5 specimens per panel).

The values in parenthesis are coefficient of variations.

Figure 1.5. Specimens after tension shear test.
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4. FAAZEE Com-Ply Al 2 A5HJ}
7F Als 2 O

) 825A9 §4 2 AR

P L

2) Com-Ply9 A=

Com-PlyAl =& 913 @33 g SHES] dne 1dAet 2d Ao A AFE3E 2
5 (FEE, d3hHe Tdd 955 ARSI 2 AFdA Alxd Com-Plye
Table 1.103} Figure 1.6 Zo] F 719 ®ZHIFTS 2 mm ©Holil, FHFS

JEFHERZ FAHY Q) F 55379 ComPlyE AFsAx, FH5
=

Com-PlyE A Z3A ¢} (Table 1.10).

Table 1.10. Com-Ply types manufactured in this study.

Com-Ply Wood species
types Veneer PB Veneer
i i A i
2 7o 27|t 2] 7|t 27|t
9G4 F S$49F S S$49E
o & A 9G9F H| &7 S$H9E
e e e e

PB : particleboard.
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27 cm

2 mm (veneer)
4mm (PB)
2 mm (veneer) )

Figure 1.6. Schematic drawing of Com-Ply made in this study.
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W) d3d FA 4 mm FEFRE=S HFF
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t} (Table 1.6).
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Table 1.11. Test results of Com-Ply made in this study.

Com-Ply Density 1B MOE MOR  Thickness swell Water absorption

type 2-h 24-h 2-h 24-h
(kg/m®) (kPa) -- (MPa) ~—  —————- (%) —————-

N 680 655 5659 51.7 6.4 24.2 17.8 42.2

2] 7|t 674 548 8718 65.2 6.6 28.0 36.1 76.0

S$H9E 639 941 5650 53.0 2.3 9.8 8.0 22.2

H| A 630 904 4734 554 1.6 10.2 9.1 244

& 750 904 10064 76.5 8.2 26.9 14.8 39.8

IB (internal bond) values represent an average of 24 test specimens.

MOE (modulus of elasticity) and MOR (modulus of rupture) values represent an
average of 3 test specimens.

Values of thickness swell and water absorption represent an average of 3 test

specimens.
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Figure 1.8. specimens failures after internal bond test.

Figure 1.9. Specimens failures after static bending test.
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Table 2.1. Description of physical characteristics for linear expansion tests.

Moisture content (%) Initial density
Species 3
Initial MC | RH 50% RH 80% (g/cm”)
. . 5.45 6.26 12.73 0.64
mnus rigiaa « % * %
ol (0.19°) 0.11°) 0.13) (0.034°)
Pinus densifl 5.37 6.36 12,59 0.64
mnmus ensijiora
(0.18) (0.18) (0.16) (0.030)
Larix levtoleni 5.48 6.43 12.83 0.65
X leptolepits
protep 0.21) (0.26) (0.25) (0.036)
o 5.22 5.96 12.35 0.71
Quercus acutissima
(0.17) (0.13) 0.21) (0.017)

*Standard Deviation

4) AR A9

WAL 28 s 98 A3 AEES AP Alxd JEHEEREZEYH
AL Age @415 += FAEZ 24357 98 574 13 mm=z AzZtE SEEFREE
T4 AA 26 mm FAZ HEJL

AR §28 Age JEFrse AFid dudoz Al4yE= Zo|rt 25
mm¢! No. 10 WA S S gdo] 207 vfo} HAAsglt. o5 AP NA

AzE F 70 mm, 2ol 140 mmel JEFHE A HAA WA §A= 7 A
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Table 2.2. Description of wood screw characteristics

Characteristic Description
Shank diameter 467mm (0.014mm)
Wood screw Length 25.52mm (0.35mm)
Penetration 17.22mm (0.49mm)
Pinus rigida 0.68 (0.03)
' density Pinus densiflora 0.60 (0.02)
Particleboard 3
(g/em™) | Larix leptolepis 0.70 (0.01)
Quercus acutissima 0.71 (0.01)
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Figure 2.1. Testing arrangements for

wood screw withdrawal test.
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Table 2.3. Description of particleboard characteristics.

Species Moisture Content (%)| Thickness (mm) | Density (g/cm®)
Pinus rigida 9.6 6.19 0.64
Pinus densiflora 99 6.41 0.64
Larix leptolepis 9.0 6.05 0.65
Quercus acutissima 9.0 6.10 0.69
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27} 071 g/em® o]tk AW AR Az FEIFR=E LRUF b
it

0.72 g/cm’o] 91t}
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Table 2.4. Summary of moisture content and density

Species MC (%) Density (g/cm®)
Pinus rigida 9.1 (0.35) 0.71 (0.017)
Pinus densiflora 9.0 (0.37) 0.70 (0.018)
Larix leptolepis 9.2 (0.22) 0.71 (0.020)
Quercus acutissima 8.0 (0.22) 0.72 (0.028)
Overall 8.8 (0.56) 0.71 (0.023)

et 49 @ BAE Aol g% GHAFEY FTe E 259 LofAth

g A gES A e 2 HES Bk & 25004 Z5 ¢l

Table 2.5. Summary of MOE (static and stress wave)

) Stress wave velocity MOE (x 10° kgf/cm®)
Species
(m/s) Stress wave static
Pinus rigida. 1662.2 (37.1) 20.0 (1.25) 17.6 (1.45)
Pinus densiflora 1671.3 (29.7) 19.8 (1.09) 18.1 (1.33)
Larix leptolepis 16745 (48.2) 20.5 (1.63) 194 (2.17)
Quercus acutissima 1547.4 (50.5) 17.7 (1.71) 16.7 (2.53)
Overall 1638.8 (67.5) 19.5 (1.77) 179 (2.13)
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Table 2.6. Results of linear regression analysis relating static MOE to stress

wave velocity and stress wave MOE.
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Figure 2.2. Relationship between stress wave velocity and static MOE
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Figure 2.3. Relationship between stress wave MOE and static MOE
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Table 2.7. Moisture content changes and maximum linear expansion for
various particleboard.

_ DMC" (%) Maximum Linear
Species .
RH: 50% to 80% expansion (%)
- 6.46 0.288
Pinus rigida s .
(0.117) (0.0327)
P densif 6.23 0.302
u r
s densttord (0.07) (0.054)
R 6.39 0.277
rix leptolepis
protep (0.10) (0.020)
o 6.39 0.336
Quercus acutissima
(0.12) (0.022)

# DMC was defined as the difference between the MCs at a given RH.
** Standard Deviation
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Table 2.8. Average specific gravities and moisture contents for PB and solid

wood used for manufacturing the PB.

Species MC (%) SG

Pinus rigida 9.94 (0.38) 0.62 (0.02)
Pinus densiflora 9.64 (0.45) 0.55 (0.02)
Larix leptolepis 9.04 (0.47) 0.64 (0.01)
Quercus acutissima 9.02 (0.32) 0.65 (0.01)
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Table 2.9. Summary of wood

screw withdrawal loads.

Wood Screw withdrawal load (kgf/cm)

Species
Face Edge

Pinus rigida 64.70 (5.38) 73.48 (11.88)
Pinus densiflora 55.80 (5.83) 36.62 (7.68)
Larix leptolepis 75.33 (2.73) 89.60 (8.09)
Quercus acutissima 7798 (5.26) 91.36 (7.53)

= O Face

< 80 W Edge

S

g 60
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S 40
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% 20
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Pitch pine Japanese red Japanese Sawtooth oak
pine larch
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Figure 2.4. Wood screw test results.
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Figure 2.5. Wood screw withdrawal failures.
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Figure 2.6. Maximum loads for nail push and pull through thickness
with different predrilled diameter.
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Table 3. 1. Description of plywood characteristics.

Species Moisture Content (%) Density (g/cm®)
Pinus rigida 9.8 0.62
Pinus densiflora 9.7 0.61
Larix leptolepis 9.2 0.50

Figure 3.1. Testing arrangement for

nail push through the

thickness of specimen.
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Table 3.2. Summary of moisture content (MC) and density of plywood
for bending test specimen.

Species MC (%) Density (g/cm®)
Pinus rigida 9.0 (0.24) 0.63 (0.04)
Pinus densiflora 10.9 (0.36) 0.58 (0.02)
Larix leptolepis 9.6 (0.45) 0.54 (0.05)
Quercus acutissima 10.0 (0.28) 0.75 (0.03)

358.07} 387.3 kgf/cm®

il
iv
o
o)
o

Table 3.3. Summary of flexural properties of plywood strips tested with face

grain orientation parallel to span.

Stress wave MOE (x10°%kgf/cm?) MOR

Species velocity 5
(m/s) Stress wave |static bending (kgf/cm®)
Pinus rigida 3077.4 (260.7) 61.7 (11.8) 54.0 (12.5) 490.5(72.6)

Pinus densiflora 3268.5 (248.8) 63.5 (9.9) 54.3 (14.1) | 358.0(102.1)

Larix leptolepis 35783 (2159) | 714 (14.0) 60.9 (17.1) | 387.2(84.0)

Quercus acutissima| 3473.9 (99.2) 91.8 (6.9 93.7 (16.,5) |659.0(125.0)
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Table 3.4. Results of linear regression analyses relating static MOE and MOR

to density and stress wave MOE.

oS O © O —
L oQ © = O
oS O o O ()
aa)
§ = 2w 0™
< — M Foon —
[aN]
< St T N
I
b
> o] [y
g = A 9 S5 o
D 0~ SIS L0
=
o
S —
%) ™
L Em
g S = .
Qap
oz = o
(S M
9 o
T 3
+—
2o
7 2
2 7 8
) 3 ap
5 T =
W2 V2d2
g S E g E
o S -
s w 2 %o
g = g 25 =
= L g
2 = 25 %5
o e X 8 X 3 X
S b H SN S &
O .HE .EE 0
& 12} w0
o} § O g O O
=
oy = A = =

=

)

gl
=K
A

0

e

o

_63_



)

gl

A
ze]
[
=
T

olo

el
5
ol

Bk (28 329 2™ 3.3).

S
=

0.802 0.40

[ ]
[ ]
1
&
o 9 o o 9o 9 9o 9
o o o o o o o o
<t o™~ o o] o <t o
— — —~
(,WO/363, OTX)HOM OTIe3s

40.0 60.0 80.0 100.0 120.0

stress wave MOE(x 10%kgf/cm?)

20.0

Figure 3.2. Relationship between stress wave MOE and

static MOE

_64_



1000.0

— [ ]
800.0

g

9

Y

2 6000 |

@

o

5

2 400.0 |

=]

[

Y

g 200.0 [

3 [ ]

L |

=3

3 0.0

=

20.0 40.0 60.0 80.0 100.0 120.0
stress wave MOE(x 10%kgf/cm?)

Figure 3.3. Relationships between stress wave MOE and MOR

—~ 1000.0

o [ ]
800.0

e

2

ko) 600.0 |

=

o)

5

a 400.0

2

©

1) 200.0

= )

3

3

= 0.0

200 400 600 800 1000 1200 1400
static Modulus of Elasticity(x 10%kgf/cm?)

Figure 3.4. Relationships between static MOE and MOR.

_65_



2) B
E 3500 hehdl wksk go] Eatel mel Wl A HBAAFI Hel Hzhyge)
M RAZRG A4 ek d AR, AR W Ghs guel 493 A%

lo
o
&
rlo
=]
rﬁ‘
o,
I
i)
o,
og{:g
ok
o
9
>,
©
o
[N}
o
fu
o
v
o
o
w
[\]
X
NS
é
il
)
o,
o)
=

Y
N
oL

e lo o
e
4
Lo
w W
= 2
)
o
o
oZ
2
N o
£
e
T =
= 3
> X

]
el
Lo
r>~
o
o
=2
o2
ot
o
fd
o
o
o
=
o
£
ui

Table 3.5. Summary of moisture content, density and linear expansion
coefficients for plywood.

Moisture content Linear expansion
(%) ) coefficient (%,/%)
. Density g
Species (gr Jem®) parallel to |perpendicular R/P
50% RH|80% RH the face to the face
grain (P) grain (R)
Pinus rigida 8.09 14.44 0.61 0.028 0.049 1.75
Pinus densiflora 8.08 13.83 0.59 0.032 0.052 1.63
Larix leptolepis 8.25 13.44 0.50 0.031 0.050 1.63
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Figure 3.5. Maximum loads for nail push through thickness and
withdrawal test.
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Table 4.1. Physical characteristics for commercial PB and Com-Ply.

Moisture content
0 d it
Characteristics (%) ( e/ns1 37)
RH 50% RH 80% grem
) 8.05 11.20 0.68
commercial PB . . .
(0.70") (0.89) (0.043")
] d vine—PB 8.07 11.74 0.65
apanese red pine-
b P (0.98) (1.04) (0.023)
7.31 11.03 0.65
Japanese larch-PB
(0.70) (0.77) (0.028)
) ) 8.00 11.85 0.66
Pitch pine-PB
(0.55) (0.68) (0.036)

* Standard Deviation
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Table 4.2. Description of wood screw, commercial PB and Com-Ply

characteristics.
Characteristics Description
Shank diameter 457mm (0.11mm)
Wood screw Length 24.90mm (0.39mm)
Penetration 14.46mm (0.56mm)
commercial PB density (g/cm®) 0.68 (0.044)
Pinus rigida 0.65 (0.036)
density ] ]
Com-Ply 3 Pinus densiflora 0.64 (0.021)
(g/cm”)
Larix leptolepis 0.65 (0.028)
U 243 9 1%

1) Com-Ply¢] X33
Adg HEZFHES A8 FJEFHE coreo] FUoA AAEE wIlo g A
%3 Com-Ply®] 3& 2ok Hdf MBS 33 4300 Lokttt 48 gEZH
= 4k griavy, Aut B 99E dio® wE BEE Com-Plye] A%
X
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e 49 sEEncse A93nd e g sk FAAZ Az
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Table 4.3. Summary of moisture content changes and maximum linear
expansion for commercial PB and Com-Ply.

o DMC" (%) Maximum Linear
Characteristics )
RH: 50% to 80% expansion (%)
) 3.15 0.111
commercial PB "
0.277) (0.040™)
] 4 bine-PB 3.67 0.109
apanese red pine-
b b (0.18) (0.062)
I larch-PB 3.72 0.110
apanese larch-
P © (0.21) (0.052)
) ) 3.86 0.102
Pitch pine-PB
(0.33) (0.032)

# DMC was defined as the difference between the MCs
at a given relative humidities.
** Standard Deviation

2) AR FAY
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Table 4.4. Summary of wood screw withdrawal loads for commercial PB and

Com-Ply.

Characteristics MC Wood screw withdrawal load (kgf/cm)

Commercial PB 7.5 (0.43) 53.2 (5.97)

Pinus rigida |75 (0.27) 64.0 (11.17)

Pinus densiflora| 7.4 (0.51) 59.2 (4.53)

Com-Ply
Larix leptolepis|7.1 (0.44) 60.2 (7.46)
Overall 7.4 (0.45) 61.1 (8.30)

29 41¢ ComPly BWel UAHE B7] 2964 wan QA 5y w
Wol 3 gtk E AW UAEe] olg we sl FelelA w7
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Figure 4.1. Wood screw withdrawal failures for Com-Ply

specimen.
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Table 5.1. Summary of test details for wood screw withdral test

Characteristics Description

Shank diameter 4.70mm (0.05mm=*)

Wood screw Length 25.06mm (0.24mm=*)

Penetration 15.41mm (0.48mm=)

Pinus densiflora 0.54 (0.02%)

density

Wood Pinus rigida 0.55 (0.03%)

(g/cm?)

0.81 (0.02%)

Quercus acutissima

* Standard deviation
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Table 5.2. Moisture contents and specific gravity for specimens from

small diameter log.
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Table 5.3. Summary of Modulus of Elasticity and Static bending strength.

Modulus of Elasticity
. (10°kgf/cm?) Modulus of rupture
Species 2
) ) (kgf/cm®)
Stress wave | Static bending
pi id 93.9 90.5 941.5
inus rigida
£ (15.1°) (12.6") (103.7")
pi densifl 107.7 112.0 865.5
inus densiflora
(15.0) (17.5) (100.6)
Larix lentolent 103.7 102.0 773.1
rix leptolepis
proTer (21.9) (22.7) (84.7)
o 143.2 148.6 1243.8
Quercus acutissima
(14.6) (17.8) (95.4)

* Standard deviation

}
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Table 5.4. Results of linear regression analyses relating static MOE and

MOR to stress wave velocity and stress wave MOE.

Regression eqn: Y = AX + B
Predictor(X)

Y A B R

Stress wave MOE static MOE 1.09 -8.45 0.94
(x 10° kgf/cm?) (x 10° kgf/cm?)

stress wave MOE 6.42 223.6 0.62
(x 10° kgf/cm?) MOR (kgf/cm?)
static MOE (x 10° kgf/cm?) 5.81 286.14 0.64

180
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80 [
60 |
40
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0 50 100 150 200
stress wave MOE(X 10%kgf/cm?)

Figure 5.2. Relationship between stress wave MOE and
static MOE.
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Table 5.5. Summary of moisture content, density and linear expansion

coefficients.
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Table 5.6. Physical properties of testing specimen and wood screw withdrawal

loads.
Physical Wood screw withdrawal load (kgf/cm)
Species properties
MC SG Side—-grain | End-grain Ratio
(%) (S) (E) S/E
Pinus densiflora 11.88 0.48 104.02 86.45 1.20
(0.28%) (0.02) (5.34) (5.43)
Pinus rigida 12.23 0.49 115.74 95.52 1.21
(0.29) (0.03) (9.63) (8.70)
Quercus acutissima 12.81 0.71 199.03 150.88 1.32
(0.65) (0.02) (10.14) (8.81)

*Standard deviation
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A (JAHAEA, QA7 AEA) e A, QFAF AHE F &5 A B
st HEA (A EA, FEAEA, AL EA) B 2AZ 9T F A (Y
J AT, 2000).

ddATF ol mEH A7E FAALEF oF 40%0] Gt HEAS st Al

FadAY AN LS Fola AzF AT Fejo oS
dokgt = glom Sl HAFF] S 7T F AdS 3ol ssih

T3 A F AEA TAE (972 11,011H meR olF HAHAEA 7} 5752H
mz 52%, AFA7FEHE A7 3533H mE 32%, YA HEA 911H mE 8%, =
SHEA 6240 mE 6%, BFHAEAT 1908 mE 2% S A3 AoE FAF B
sk st

hd}

5 g 4

gz Tkl AlEEk Aot

A 7R A" HA A= chipboard, wafer-board, oriented strand-board (OSB)
ol AN Hol AREEO gfo o5 VAA AHddA Futel nls| "olA
ol MAdat7] A AT Il elel A o] FolA i Utk (o] F--, 1990).
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Aol 2 Jlele Ao e
B At molg HEAE o]& Com PlyE AzaAAS W 7AA 2 =7

2
N

23 A3Ee] Fom A & FHe 1 @t H
HA9Be ng2 FHg A= Fusk AR APGAT 1 Aol SANA Bl

el ko] 25 dAE = de AMEE 52 AR Ade] AEd HAol

ole] we} FHAje] FT&A<QI m
A7 Fuele] @ At o8 xalEHa = ol dis] e Ay Ew
the 3k Z

HA &)=e] 4% Chow (1972)%= FEHEFH =9 W] walnut @3S H2AI71
EAE Azt Haels stol Ao v ATe ddwidel wste] Ag A &
Ao oA Ha AA] 85%e o] 2R thal Radk vp 9low, Hse (1975)
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A STt E oAt AR ATIE ST S B

Kelly9} Pearson (1977)& “d-3ke] 3Edol southern pine @S H23 & &7
A g 7AA Ades A e ol EibAle Hluwd AL gtFgs W U
g2 A8 Jbedtrar g wh gl

el Com-Plyell #& A7== ofF% (1990)7F Aa8 AsZ vjFo] H&
e BHIEREE A4S 393 AsEs 93 B d9s A4 Com-PlyE
Azstel B4 2 VA AES AR 2 A9 139 O e g
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A AAe] FFHENTS Bud v vk aga v EE 5E S N
S 98] Aol nFS g dEFREE At F AWRY SHd o
I s JAE 52 BSAE Axsta ek stelAe A=A dEs SAT
o FAAAIST7E dEEFRE vE v FFHASS Bt

7+ bR 7] AREA AR TS AlARSE BF ltk (o] 29, 1995).

Com-PlyAAtell st AAA £42 1974~1986°1 ZA FaqH v F55 kg
AFHoA 3% Com-Ply Z=AES dsloz Koenigshof (1979)2] ‘Economic
feasibility of manufacturing Com-Ply panels in the south’7} At} o] H Ao 2]
st TdFEE Com-plys A# e FRE=9 33 o] 7igto] g AL
ghelef A o] FolA = & (Casel ) F 2hdlol A o] Fojx= &4 (Casell)9] F
A71%F (1975~1985)5 7H4 FA&, Ay 28la fE-Fa49s (IRR)& Hl i
B3 A3} Casell 7} Case I Btl o A4 o] = Aoz et

53], Casell o] 7% 19759 i@y} HA7AES ol&ste] @Al siartZe]
1972~1976d 9] Ao d7rA R 12% 5ol =-shal WH-FAa9 &) 21.56%
2 Ye Com-Plydido] AAH oz Aol Stk

Silvis®} Koenigshof (1981)% southern pines ©| 9

3l Central Georgia A9
THE dew veRy ed AF F#, Com-Ply, 12l OSB&Fel td

ot wggel Aol e, Com-Ply, OSB w02 tebskt 53, Com-Ply =4
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¥ 3-1. EAFFES
(9] : 1,000m’)
W 5 7 AETHH A A&
7 Exal A A (%)

1980 7,750 7,149 1,008 6,141 601 13
1981 7,265 6,688 1,130 5,558 577 16
1982 7,417 6,772 1,157 5,615 645 16
1983 8,302 7,625 1,101 6,524 677 13
1984 7,472 6,891 1,118 5,773 581 15
1985 7,321 6,766 1,188 5,578 555 16
1986 7,582 7,014 1,242 5,772 568 16
1987 8,532 7,850 1,388 6,462 682 17
1988 9,325 8,565 1,246 7,319 760 15
1989 9,570 9,014 1,227 7,787 556 14
1990 10,063 9,423 1,138 8,285 640 12
1991 11,007 10,147 1,286 8,861 860 13
1992 10,136 9,182 1,123 8,059 954 12
1993 9,757 8,832 1,184 7,648 925 13
1994 10,096 8,883 1,173 7,710 1213 13
1995 10,810 9,284 1,055 8,229 1526 11
1996 10,929 9,225 1,195 8,030 1,704 13
1997 11,051 9,328 1,062 8,266 1,723 11
1998 6,983 5,798 1,428 4,370 1,185 25
1999 9,899 8,317 1,694 6,623 1,582 20
2000 10,143 8,327 1,592 6,735 1,816 19
2001 10,741 8,836 1,533 7,303 1,905 17

A=) A A 1.(2002)

F) AFES AAE AT v &9
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g AvnEd % Z JEuA FrbEe 1980d 12161 m®, 19909
1,076 m’, 20001 1,180 m’c] &7}o] Hutgow U
U, F83 el A9oE 19909 3097 m’3 1913 m’el A 2000 382F m’3}
2567 m’c] #7}Elo] AW F 24%9t 34% F7hetE Ao UEeutth vhd 7] el
o] Z-¢ollE 19909 4397 m'ell A 20006 1147 m’o] & 7t¥le] A 7.4% A
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£ 3-2. WA SIS AAF %

(h9im’)

d= g A |FEAREA| s A | R AA-A | T 71 e A
1977 | 1,326,946 1,062,172 153,316 49,148 - 2,721
1978 | 1,349,054 1,048,412 183,556 49,686 - 4,403
1979 | 1,363,819 1,001,481 198,168 84,148 - 3,697
1980 | 1,216,534 941,362 167,359 47,251 - 6,545
1981 | 1,243,507 935,293 198,819 47,045 - 6,990
1982 | 1,235,243 949,062 178,506 47,709 - 4,739
1983 | 1,204,777 908,525 204,612 33,257 - 6,234
He & A T 4 o T8 ] 3l & 71 e A
1984 | 1,029,147 895,678 133,469 - -

1985 | 1,066,834 931,418 135,416 - -

1986 | 1,104,793 964,967 139,826 - -

1987 | 1,122,885 960,616 162,269 - -

1988 | 1,193,706 446,332 175,283 262,827 - 309,264
1989 | 1,169,092 409,979 217,738 178,095 - 363,280
1990 | 1,076,676 309,452 191,120 136,931 - 439,173
1991 888,606 205,958 149,782 158,805 - 329,061
1992 795,938 190,440 109,096 170,766 - 325,636
1993 903,357 269,202 141,566 160,465 - 332,124
1994 895,606 206,386 144,063 141,063 - 403,194
1995 886,807 176,207 205,273 123,722 - 381,605
1996 985,886 168,321 242,946 150,474 - 424,145
1997 | 1,037,123 212,068 266,848 174,599 - 383,608
1998 | 1,032,019 261,403 225,382 208,517 - 336,717
1999 | 1,203,270 404,369 242,987 297,512 - 258,402
2000 | 1,180,771 382,888 256,115 301,638 126,012 114,118
2001 | 1,267,336 463,376 237,071 394,936 59,618 112,365

A5) dYEADR
%) 19849 o] M3} ol F FujAl g%

S7h gy ol MAHAS
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(3-3)3 2t} 19909 F37 2484267 m’olA FHAS 7MFL 043%S A3}

=]

2&'

3 glen o]F FWol 0.12%, 1HE 0.08%, FE74A 0.06%, 7IeFE A7t 0.18% =
Aetal dAom, 20000 EFA 407575F midlA FEAE S 020%=, F

H0.09%, 7+ 0.06%, FE784 0.07%, 7IEFEA7E 0.03%E AFAskal olef, Az |
A&} 7hFe] 0.03% FHAskal e o2 UErsTh
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£ 3-3. FHHAAY THA A5EAS 7} BAF v &

L mAsA | 2w | noa || JaE s @ A
Tl aeomy | %) | @ | e | % | e | %)
1984 171,946 0.52 0.08 - - - 0.60
1985 179,380 0.52 0.08 - - - 0.59
1986 192,931 0.50 0.07 - - - 0.57
1987 200,801 0.48 0.08 - - - 0.56
1988 216,359 0.21 0.08 0.12 - 0.14 0.55
1989 233,969 0.18 0.09 0.08 - 0.16 0.50
1990 248,426 0.12 0.08 0.06 - 0.18 0.43
1991 257,297 0.08 0.06 0.06 - 0.13 0.35
1992 272,386 0.07 0.04 0.06 - 0.12 0.29
1993 283,829 0.09 0.05 0.06 - 0.12 0.32
1994 295,806 0.07 0.05 0.05 - 0.14 0.30
1995 308,825 0.06 0.07 0.04 - 0.12 0.29
1996 323,780 0.05 0.08 0.05 - 0.13 0.30
1997 340,824 0.06 0.08 0.05 - 0.11 0.30
1998 363,560 0.07 0.06 0.06 - 0.09 0.28
1999 387,758 0.10 0.06 0.08 - 0.07 0.31
2000 407,575 0.09 0.06 0.07 0.03 0.03 0.29
2001 428346 0.10 0.05 0.09 0.01 0.02 0.29
g 0.19 0.07 0.06 0.03 0.12 0.40

3L
=3
Felvete] malEe] At - FEE A F, shERE (HD), JESRE (PB),

FHUEARS MDFR)S TR AEsarh 5AF g 196000 Ay 535
=
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Y EW o]F AEsETe TURAEAe] usE 9% SETARE, 927
7_:"1

o e, =l xR 2 A3t A, dAdEt R 1 FAEe] Soel wE A

dAHE] AR AGFs A HJ ool we} 80w o] F =Wl HA sjdatd >
A8 #3A (PB, MDF, HB)E $A o= ##d2s (Vb 5)9 A48 2 &=
of dsiof 1 7b goEe] stoh F5E A Es slleeds dved %
(3-4)¢ 2t}

grakel A9 197590 1,808 m’o] Fujel A Agakse] o] 7he-dl 5007 m’e]
el FHEFEI 1,300 m’el FEHO FAT] o 72%7F FEEHW Aol 1980
dol = 15741 m’e] el AatE e} o Zbgd 667" m'el el FHEL F
Aaree] oF 58%91 9073 m'el $EH MAF FEo] Fastt), 1990l = FAAL
Z 1,1237 m’el A 1,011 m’e] Il FFH L 1123 m’o] FEH o Tt
ok 10%7F & 0] FEu o] FAEAT 20000 FAAE 7474 mol A 618
m’o] FUlel] FFHI 129 m’e] $E o] AL F 17%7} FEH I )
stmrE=e] A9 1980l 143 m'e] Fujell A Aats e} o] ke 113 m’el
el FFEET, 1990l 533 m’o] Ffella] AatElo] Mol el FHH
L, 200001 FAAF 131 mPll A 123 m’e] Fufel FFE I LTk

el F R =] 29 19809l = 397 m'o] el Aatslo] o] ke 18F m’
o] ol FHHE Aol 1990 el = 1653 m’e] Fuell Al AakEo] Heko] Zujje]

FEHa, 2000930 = AT 722 miol A 718F mPe]l el FEE I Ut}

A, A FAENA gt Aol AA sk BT 1975d & AARE (1,863

A mhel o 97%S AHetd Aol 1980 F A (1,657H m’)e] oF 95%, 1990
d E A (14563 m®)el oF 84%, 2000 F AAFEE (2413 m’)e] oF 31% %
Tateta gtk ol olfre= HAFE Zhdl f¥e]l AAEe HlFol 1970d W -

et =28 T e A dETFETY FEAAAS, 45749 s, =
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W g s A, dAllstE A elEe] g sow AFATE w3k

20

o

.

- 105 -



¥ 3-4 FAF AT R TF EF

(291:m’)
st sews | suzns | Fusdsd

1 =
T e | 0 Taae | T b | 0 g | T

TH TH TH TH
1975 1,808,621 500,557 | 16,358 7,770 | 38,888 | 18,111 - -
1976 2,104,995 522,091 | 19,470 8,764 | 39,496 | 17,821 - -
1977 2,286,542 | 641,337 | 19,500 5812 56,672 | 25965 - -
1978 2,556,980 | 908,809 | 18,725| 13,868 | 45,396| 26,569 - -
1979 2,335,696 | 975,671 | 18,127 | 18,127| 43,069 | 19,595 - -
1980 1,574,930 | 667,645 | 14,069 11,399 | 67,569 | 47,933 - -
1981 1,599,017 | 580,818 7,610 7,449 | 104,594 | 94,329 - -
1982 1,422,878 | 765,638 | 10,765| 10,765| 54,445| 54,173 - -
1983 1,490,984 | 1,075,793 | 11,647 | 11,647| 65,775| 67,505 - -
1984 1,324,376 | 1,055,338 9,640 9,640 | 85253 | 81,173 - -
1985 | 1227213 | 1024151 | 13766| 13766| 55.050| 53.885 ; ;
1986 1,109,909 | 989,310 | 14,458 | 14,458 | 105,134 | 104,838 11,158 | 11,158
1987 1,177,407 | 1,021,778 | 21,107 | 21,107 | 114,634 | 114,634 42,695 | 42,695
1988 1,267,275 | 1,075,979 | 20,271 | 20271 | 170,857 | 170,857 61,362 | 61,362
1989 1,179,733 | 1,050,380 | 24,844 | 24,844 | 164,318 | 164,318 84,888 | 84,888
1990 | 1,123.625| 1,011,179 | 53717| 53717| 165103 | 165103 | 113.163| 113,163
1991 1,134,360 | 970,647 | 50,885| 50,885| 155,095| 155,095| 241,944 | 241,944
1992 947,553 886,553 | 48216| 48216| 275,727 | 275,727 | 305,809 | 305,809
1993 897,903 779,227 | 138,218 | 125,870 | 435,212 | 414,242 | 268,442 | 268,442
1994 886,008 833,977 | 21,445| 20,791 | 524,025 | 550,757 | 484,190 | 442,344
1995 974237 | 787,077 | 23970 | 24,079 | 548,195 | 547,180 | 590,087 | 542,904
1996 895,979 859,259 | 24,283 | 23,702 | 659,417 | 641,396 | 719,741 | 630,730
1997 1,014,054 | 927,066 | 21,840 | 19,987 | 720,735 | 747,793 | 728,184 | 688,690
1998 640,967 | 502951 | 12,718 | 12,450 | 507,157 | 505,543 | 570,613 | 506,541
1999 733,680 | 580,285 | 12,657 | 12,657 | 672,469 | 657,776 | 831,254 | 745,074
2000 747248 | 618,783 | 12,811 | 11,609 | 722,426 | 717,981 | 931,127 | 783,181
2001 736,112 | 674,889 9,669 9,660 | 723,655 | 723,655 1,019,220 | 941,553

2A5) dFEAAR
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3 A5 4o Wels A A 2AFE 1981d ol d A FE 9} o]F AR
o Wast v Alste] 19819 ol F Amue Awmgron dwd o HH L
© E (3-5)9% 2tk WA, DIFY FYE5HH LS 19819 1460933 m’, 19901

245,753 m®, 20004 4075750 mloz wd FE3

ol wid 4.1%°l A 8.9%7HA
, AZPEA SIS 80d o] ol 65%0lA4 89% % E&
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E 35 9348 925H

(9im’)

d= Al il I v \Y VI

1981 146,093,287 | 71,063,275 28,117,814 31,896,950 | 10,647,345| 4,367,903
1982 152,062,732 | 74,785,879 29,319,543 | 32,609,278 | 10,899,790 | 4,448,242
1983 | 158,407,223 | 78,750.585| 30,626,194 | 33,317,195 11,183.540| 4,529,709
1984 165,671,223 | 83,010,134 32,189,335 | 34,287,161 | 11,533,875| 4,650,718
1985 172,779,629 | 87,389,884 33,650,733 | 35,173,132 | 11,834,285| 4,731,595
1986 187,273,303 | 98,306,594 36,490,104 | 36,471,652 | 11,694,238 | 4,310,715
1987 195,429,674 | 102,593,436 39,324,042 | 37,355,096 | 11,789,238 | 4,367,862
1988 | 212,818,250 | 108,019,036| 48,776,783 | 38.591.665| 12.669.284| 4,761,482
1989 230,724,889 | 114,389,150 57,728,704 | 40,820,882 | 12,989,232 | 4,796,921
1990 245,752,933 | 103,099,016 80,700,910 | 42,956,546 | 14,003,445| 4,993,016
1991 255,978,414 | 89,166,206 | 101,885,142 | 45,209,757 | 14,520,088 | 5,197,221
1992 272,386,544 | 90,462,415| 112,697,449 | 46,409,421 | 17,191,723 | 5,625,536
1993 | 283.829.270| 95359243 | 117.466,547| 47.701,603| 17,569,731 | 5.732.146
1994 295,806,056 | 100,509,940 | 122,460,626 | 49,033,967 | 17,958,621 | 5,842,902
1995 308,825,576 | 106,157,458 | 127,677,176 | 50,620,898 | 18,430,947 | 5,939,097
1996 323,780,332 | 105,989,394 | 131,145,375| 53,302,409 | 24,187,312 | 9,155,842
1997 340,824,225 | 92,638,306 | 135,072,928 | 61,167,964 | 37,868,941 | 14,076,086
1998 363,560,555 | 74,504,631 | 148,914,503 | 78,511,492 | 46,419,609 | 15,210,320
1999 387,758,222 | 65,993,061 | 156,110,936| 97,604,706 | 50,587,010 | 17,462,509
2000 407,575,822 | 62,885,906 | 154,884,006| 118,696,840 | 52,435,784 | 18,673,286
2001 428,346,859 | 59,581,811 | 156,322,716 | 136,601,552 | 55,016,842 | 20,823,938

F) 19801 d o] d7kA 9 W SA o] o] F ok Aol7k Weol UE AR = 19814

o]

ARE 483
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o

H, v FAF] ¥gE Ayrd, a7 (3-4)¢ o] NY9we 45 1981
d 71,0637 m’, 19901 103,099F m’, 20001 62,885% m’o.= 80 el F7fslth
90 ol F st FAlolth MAFE Aol 19819 28117H m’, 1990w
80,7008 m’ 2000 154,834H m’e® wid dAFFoR Frhelrh 19809 ¢S
NPez F7kEZol FA3 EolXa gtk NVIFe Aol 198149 31,8963 m’,

7ol 1981 10,6473 m
A9olE 1981 4,367 m

Lo

’

19909 429563 m®, 20000 1186963 m®, V#
19901 14,0031 m’, 2000 524353 m®, VIdF
19904 4,9933 m’, 20000 18673 m’e 2 wid Z7bsidd 1990d Y] Fuke s H o
2 F7FEol w438 EobA AL Q= Adolth

Fo2 NY9w ol FHAZFAA e G AAst= AU & Fol&
Avrd a2y (3-5)9 2k D939 4% 1981 AAZH A 486%, 1990
42.0%, 20001 154% 2 Hxp Fadhe FAoln, MPFe 4$ 1981 19.2%, 1990

3

3

Lo

’

9 32.8%, 20000 38.0%% Ak 7F FAlolth. Vwel 4-F 1981 21.8%, 1990
W 7.5%, 20006 29.1%, Vwe] 75 1981 7.3%, 19901 5.7%, 20001 12.9%, VI
Fe A 19814 3.0%, 1990 2.0%, 2000 4.6%= A=k F7F FAlo]t}.

(cubic m)

180,000,000
160,000,000 |
140,000,000 |
120,000,000 |
100,000,000 |
80,000,000 |-
60,000,000 |
40,000,000 | i

20,000,000 |-

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

oI =11+ 4V eV

% 3-4. 9FE YBEAY

- 110 -



(%)

e 1002
= 0002 B O T TR N = u i
“ | > W oMo o T
e 6661 Md_u - N %o ) w s o
I | o nm ,w.# go %o i iy 1/
= 8661 o o S e ) W do
= ] — > B! o) X _zru HL ﬁwu \ul Sl
2 Lot ﬂwl e R o Ny &
" o_..a S s = N o Bo O_ Njo ol
m m = Joot M ;m_wﬂ ‘ﬂﬂw Mo <= e > K o = Mlﬁ X
< - ° - © To 0 N N
Y X R & Rl o =2 T owow By o
(O R S i
Zm3 & wo | o = o N & W N ° "
- o : S X ;
=3 E P pee [T g gD E BFgou X 4
< o " MV_.M o) o _ JH OM AR T
R B ¢ 2661 _M__.__H M_. HL = m]ﬂ Wm o = & N mw
i ™~ = g N = ™ ® w mm > ,DI Mo
S ¢ = 1661 + 5 ;oL ol - N g £ L o= B IS
: » g Eigriiccoih o
g ? IS N =1 sz M T I ME T W - P
2 b =2 6861 B ~ moow %HM H B Tl %o e <
g = S m O I G I I TRNPA R )
- . T oo A T _ "4
v - o ﬂwo .Q MW.O 1 X = ! n} ° o i
o 2 < £861 ‘+ " B oo W - N & ﬂ X o wmo o MM_O
g 3 g s61 N G ) 5 WL TN
2 =< ’ Mo MM W M e B L w5 Noow |
2 = % s861 . - g mo° o om W T K
2 = ¢ < Do S - e
- i e N oz ® = B R g oo oW =
z S 2 ¥861 ™ o 4 o TiE S o> o B = w :
! - — -
S 2z €861 [ = X W T = ™ ) m 2 ﬁmu o o] B0
: o L o N = S T C I
o <o 2561 Wo® o L% B W U H X T A
= =~ o A
- b R Ew S s =w oW =i
% oo = 8ot Pk B B W W = i = P oo oo o
° o s o o o W v . Mo S T T -
N3 b F & Q = ‘ul _'i JH :.;a ‘wﬁ ﬂ_oﬂ 1__/| go JH =

L

g o714, ast P

- 111 -

(parameter) ©] T},

LA 4ol 4 Y

Fy
yul

-

o~
I

o)
o

yi=|I+ﬂ Xi

o
T

]

sl F4

5

_cq

(regression) |



VI g2 (cubic m)
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Y 3-5. A= VI9FH4 VIFY YESHF A3}
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IV g2 (cubic m)
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I ¥=Z (cubic m)

1Y 3-8 dxd VEv%4 MIFY Y5534 Hst
g2 (cubic m)

180,000,000

2001
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140,000,000 -
120,000,000 -
100,000,000 |
80,000,000 |
60,000,000 |

40,000,000 - 1981

20,000,000
50,000,000 60,000,000 70,000,000 80,000,000 90,000,000 100,000,000 110,000,000 120,000,000

[1¥2 (cubic m)

I9 3-9. A= MIFH D979 d55HF st
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20109 7bA1 o] WstFol & o Satgith FAME S Y 59 dAANAY JEFH
yOE A9= d5F4 yt-D3 sigdd=e] 712 re] F¢z 7hAske] Hew
(maximum likelihood)o] 2 €3to] o =39t o714 (e 1981W¥ S 1= 31 3
nit} AEEr) Z7)3ke] whEl 1% Z=rbele ApdRE A 4steh 243k A

TR (BN 2, o]E o]&ste] 2010d7H4] dSe A¥E B (3-8)% Zrh

£ 3-7. 7Y AEFHF9 AAEY 24

9= ob7fol Al A x =
(Log likelihood) (AIC)

o= A A

=
T 1

y(H)=1,600,140.5+812,051.2xx(t)**+1(t)
VI -325.96 657.92
r(ty=.9258xr(t-1)**+u(t)

y(t)=347,248.0+2,208,171.1xx(t)**+r(t)
v -346.01 698.0
r(t)=.9166xr(t-1)**+u(t)

y(t)=16,264,828.0+5,127,287.1xx(t)**+r(t)
i\ -361.41 728.83
r(t)=.9421xr(t-1)**+u(t)

y(t)=15,280,369.9+6,838,054.8xx(t)**+r(t)
I -358.48 722.97
r(t)=.8460xr(t-1)**+u(t)

y(t)=84416727.6-557084.2xx(t)+r(t)
! -363.68 733.37
1(t)=.8948xr(t-1)**+u(t)

F) TrAAAI %A foAA e

2005 VIGF9 43S 234964 m® (17,2304 m®~29,7614 mh)o=
th 201089 E VY-S 1774938 m® (123319 m®~231667H mb)oz =A%
=

- 115 -



(%9 : m’)

e of 554 95% 1= -3t xFo
- y(®) &} gk gk sk gk (SE)
2002 21,474,933 18,441,324 24,508,542 1,443,942
2003 22,137,877 17,799,280 26,476,474 2,065,092
2004 22,811,885 17,441,122 28,182,648 2,556,384
2005 23,496,134 17,230,878 29,761,390 2,982,146
2006 24,189,866 17,116,232 31,263,500 3,366,919
2007 24,892,376 17,070,385 32,714,368 3,723,123
2008 25,603,014 17,077,355 34,128,674 4,058,056
2009 26,321,176 17,126,639 35,515,714 4,376,430
2010 27,046,305 17,210,847 36,881,763 4,681,496
2002 56,794,005 48,877,423 64,710,587 3,768,146
2003 58,607,078 47,313,829 69,900,328 5,375,378
2004 60,453,069 46,506,458 74,399,681 6,638,329
2005 62,329,235 46,096,160 78,562,310 7,726,643
2006 64,233,063 45,943,842 82,522,284 8,705,331
2007 66,162,246 45,977,752 86,346,741 9,607,446
2008 68,114,674 46,154,794 90,074,555 10,452,497
2009 70,088,409 46,446,441 93,730,377 11,253,139
2010 72,081,677 46,832,493 97,330,860 12,018,144
2002 140,996,793 | 124,740,789 | 157,252,796 7,737,556
2003 145434351 | 122,088,626 | 168780,075 11,112,132
2004 149,911,779 | 120,898,468 | 178,925,090 13,809,799
2005 154,426,775 | 120,455,678 | 188,397,871 16,169,613
2006 158,977,164 | 120,488,319 | 197,466,009 18,319,977
2007 163,560,902 | 120,858,871 | 206,262,933 20,325,376
2008 168,176,061 | 121,486,474 | 214,865,648 22,223,379
2009 172,820,825 | 122,318,776 | 223,322,873 24,038,040
2010 177,493,481 | 123,319,502 | 231,667,460 25,785,811
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(Al

by

- e o] =2 ) 95% AlZ 3+ TEo3
y(® 3k Aokt (SE)
m 2002 163,554,431 148,856,475 178,252,386 6,995,955
2003 170,725,535 150,252,465 191,198,605 9,744,802
2004 177,845,362 153,103,053 202,587,670 11,776,881
2005 184,921,805 156,683,516 213,160,093 13,440,903
2006 191,961,545 160,710,107 223,212,983 14,875,106
2007 198,970,232 165,036,882 232,903,582 16,151,646
2008 205,952,648 169,577,407 242,327,888 17,313,941
2009 212,912,837 174,275,788 251,549,885 18,390,520
2010 219,854,221 179,093,634 260,614,809 19,401,285
I 2002 60,406,558 41,864,095 78,949,022 8,825,869
2003 61,085,947 34,811,226 87,360,667 12,506,281
2004 61,635,267 29,387,702 93,882,831 15,349,244
2005 62,068,201 24,748,497 99,387,905 17,763,488
2006 62,396,992 20,573,011 104,220,972 19,907,441
2007 62,632,595 16,701,157 108,564,032 21,862,514
2008 62,784,812 13,040,798 112,528,827 23,677,230
2009 62,862,417 9,533,995 116,190,838 25,383,341
2010 62,873,256 6,142,020 119,604,491 27,003,018

BE 2000744 9] B
A7Z Nix2 FEAEAAA A

[e)
=
3%, 0.4%, 05%, 06% WA F55 A= sto] 2010d7kA1 2] =

2) 1984dF-H 20006 7bA 9] FuUiAle] F54 v YEEANS /ML FS ABT 04%=E UdENSOH, F
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£ 3-9. A= gHE dF 4EFFHTF

(sl HAm’)

= VI \Y v 11 11 Rl

2002 | 21475 56,794 140,997 | 163,554 | 60,407 443,227
2003 | 22,138 58,607 145434 | 170,726 | 61,086 457,991
2004 | 22812 60,453 149912 | 177,845 | 61,635 472,657
2005 | 23,496 62,329 154,427 | 184,922 | 62,068 487,242
2006 | 24,190 64,233 158,977 | 191,962 | 62,397 501,759
2007 | 24,892 66,162 163,561 198,970 | 62,633 516,218
2008 | 25,603 68,115 168,176 | 205953 | 62,785 530,631
2009 | 26,321 70,088 172,821 | 212,913 | 62,862 545,006
2010 | 27,046 72,082 177,493 | 219,854 | 62,873 559,349

7 AT, (3-100% Zo] FHAFA Jdzk 03%E AT A4S, 20029 1,330
A m®, 20054 14621 m®, 28] 201080l 16787 m’e] FHE Aow FAHY
oh Az 04%E WA F9olE 20029 1,773F m’, 2005 19498 m’, 1El1
2010 ol = 2,237 m’e] T 2 AT d7 05%2 FAT H$ole
20021 22167 m®, 20051 24367 m®, ZE]a 20109 2,797H m'e] TFE A
ow FAHALY. Ao r W 06%E ¥
d 2923d m’, 282 20109l = 33563 m'o]l wHE Ao FAHHUTH

4 g

e Ao = 2002 2,659 m®, 2005

Hol 24 v JEHAS YA AP 0.19%, HE 0.07%, FE7A 0.06%, 71EFE A 0.12%
= }E}LLD} wtebA 201087kA 8] A SR FS AF37] Ho}oq i%@ ] & A S 7 AL
Fo AT 04%E 7IFO 2, 0.3%, 0.5%, 0.6%= z+zt Al A8+t
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£ 3-10. FHHF Y] A S e A= FUHA TFF AF

(9] HAm’)
"o TEA Ov FA &
0.3% HAA | 04% HAA | 0.5% HAA | 0.6% HA|Al

2002 1,330 1,773 2,216 2,659

2003 1,374 1,832 2,290 2,748

2004 1,418 1,891 2,363 2,836

2005 1,462 1,949 2,436 2,923

2006 1,505 2,007 2,509 3,011

2007 1,549 2,065 2,581 3,097

2008 1,592 2,123 2,653 3,184

2009 1,635 2,180 2,725 3,270

2010 1,678 2,237 2,797 3,356

s, SulAl o 131 7} S FF5H 72 HEAR 9o ANFHZ
VFE VEe® HES] flske] 1984WFE 2000714 o] A5 AT dE A
S17vg S AESY] AFAT7ME e HAES (3-11)3} o] AAF3IAT 1

weba] ro @ Sl FFHFE A58 fete] X (3-12)9F 2ol AFHTIIE
S NEow WSS 747 6%, 8%, 10%, 12%, 14%= 7FA skl 2002 6 20109
HA Y HU BEATFES dFaAch 1 A HALE 6% AT 49 2002
8927 m’, 2005 8757 m’, 20109l 860 m'ol THE Aow FAHFYoH,
HA LS 8%2 M A 20029 1,1908 m® 2005 1,166% m®, 2010l
11474 m’o] #8549 Aoz FAHAAT HALS 10%S 7HET 45 2002 1,487
A m’, 20059 1458F m’, 2010 0lE 14347 m’o] FHE Aow FAHUOH,
HALS 12%2 7T A4S 20029 1,785% m’, 20051 1,750% m®, 2010 el &=

17211 m'e] 3" oz FALFYOH, HALS 14%2 /AT A 20029

Y
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2,083 m’, 2005 2,041 m®, 201013l = 20084 m’o]

¥ 3-11.

AE5HS7HE Ui AEEAE

(9]0 Hm®)

e A AR FA S Rl s A& (%)
() (yeye1) () Ci/ yrye
1984 165,671 7,264 1,029 14.2
1985 172,779 7,108 1,066 15.0
1986 187,273 14,493 1,104 7.6
1987 195,429 8,156 1,122 13.8
1988 212,818 17,388 1,193 6.9
1989 230,724 17,906 1,169 6.5
1990 245,752 15,028 1,076 7.2
1991 255,978 10,225 888 8.7
1992 272,386 16,408 795 4.9
1993 283,829 11,442 903 7.9
1994 295,806 11,976 895 7.5
1995 308,825 13,019 886 6.8
1996 323,780 14,954 985 6.6
1997 340,824 17,043 1,037 6.1
1998 363,560 22,736 1,032 4.5
1999 387,758 24,197 1,203 5.0
2000 407,575 19,817 1,180 6.0
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f
w
ro
v
»
olN
N
o
=
=
ins
A
(123
=N=|"
i
=2
k=)
]
Ml
=
fu
2
ol
2,
Ao

(91 Hm?)

. ASFAS7EE dinl EAE %)l wE
) AEA -
dE | FH A T
<7hE
6% 8% 10% 12% 14%

2002 | 443226 | 14879 | 892 1,190 | 1,487 | 1,785 2,083
2003 | 457,990 | 14,764 | 885 1,181 | 1,476 | 1,771 2,066
2004 | 472,657 | 14,666 | 879 1,173 | 1,466 | 1,759 2,053
2005 | 487,242 | 14,584 | 875 1,166 | 1,458 | 1,750 2,041
2006 | 501,758 | 14,516 | 870 1,161 | 1451 | 1,741 2,032
2007 | 516218 | 14459 | 867 1,156 | 1,445 | 1,735 2,024
2008 | 530,631 | 14412 864 1,153 | 1,441 | 1,729 2,017

2009 | 545,005 | 14,374 862 1,149 | 1,437 | 1,724 2,012

2010 559,348 14,343 860 1,147 1,434 1,721 2,008

2) 5A a3Ae AYF F3

2 oAM= 19759 ~2001d7kA o] §H, St=R = e SR AAEF
1986~2001d 7141 o] U&= Af3e AAEFS AAGel ot 1 FAE #Eea
2001 -6 20106 7bA] o b oh5 3 o] oSkt

FAYYE S A AAE yO=
rt)e] <= 7HASe] 2713 F (auto-regression) RH S A g5l on  FH$-W
(maximum likelihood)ell 9]&te] e Z3kqint. 714 r(He 197598 12 3shal st
o A= S wel 14 Srtske A E AEsd. AT die

¥ (3

F (3-13)% 2, o] & ol&3te] 2010:d7kA 53 A=
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E 3-13. 24 B34 44T IARY A

220 ) B 2k
%Z‘ﬂ% ‘% ;g /;} EHTT 01'7]'01?" oy— [e]
(Log likelihood) (AIC)
3 & 1)=2,055,251-53,913.5xx(t) "+r(t
b ¥ - ) 1) -365.86 737.73
(Ply) 1(t)=.6043xr(t-1)"+u(t)
e ZFH = 1)=-96,206+27,906.2xx(t) " +r(t
S yO 906.2x(t) (1) 133912 684.25
(PB) r(t)=.7841xr(t-1)"+u(t)
FEAEAFT| y(H)=-911,802+69,323.3xx(t) "+r(t)
-363.68 733.37
(MDF) 1(t)=.1939%r(t-1)+u(t)

F) "CAAAN 1%014 freld g

7h7b wkobA 2010 9] AabFS 115831 m

~
a2l
ul
i
n
B{il
ox
>
oft
1o
o|\

3l
o7 FAHAN, JEHFRES} FHE A4
%, SEFREE 197599 AJAko] 38,888

3 ZF7hakla 201099l A Fe 915861 mE 4

)
o

5

A= 7] Al zEgE 19861 o] bR 11,158 m'ell &3atd oy 1 & e S vt
pA = Atko]l sl Frbsklem 20109 Aqbwe 1583839 mow

ot
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¥ 3-14. 24 3AA BAZF A

(9 m’)
He Eipds VEFHE TUEAA
2001 736,112 723,655 1,019,220
2002 628,182 737,231 1,040,750
2003 541,624 753,900 1,100,805
2004 467,981 772,994 1,168,331
2005 402,144 793,991 1,237,306
2006 341,024 816,479 1,306,562
2007 282,755 840,136 1,375,872
2008 226,210 864,710 1,445,193
2009 170,705 890,004 1,514,516
2010 115,831 915,861 1,583,839
g, JEHIFRE FURAFHY NG FAHAARE agoz Yehywd ¥

(3-9)¢ 2t

3
m

3,000,000
2,500,000
2,000,000
1,500,000
1,000,000

500,000

—O—ply
—o—PB

a9 3-10. A dAA AAFE o=
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AGEEe] o] weh Baje]l AgFe vld Frhela glon, old me dE
Aol MG o] §HE ALHow Trbta Yrh AHEH (20000 BA olFw -
glubgbe] e s '92d 91823 mldl A 97d 9328F m’em ¥A Frhaltib
'98dol = IMF 9189712 Q18te] 579831 m’ew FFHol F43 FHaar. 1
At HEA L o] '92d 9543 m’el Zo] '98ddlE 1,185H mlew 6\t 1.24

uhel 2 E A A E s SAE vy

A HEAL] FES F (315 2ol AA A= i & = e, A=
WAL olo] mE #HEAL Gl wet FEE = glen (ddda, 2000), F
A= dAsAs dA7lez AFste] SAdS MY AdEeR RSt A
T Ank (FHAEH-, 2000).

7h FEEA EAF
A EA AT gk A FAAEIF FHEH A e BAR JPAT
Aol A A FEA] FHAA AN R ALEE FHEt (2000 FEE UL
ANEsHA vhe 3 2ot (3 3-16).
et A7 F AZA4 A (9792 11,011H mez o Iy 1d
| ALEEFe] 40%FEolth HAEA Y T AP A7 57520 mE 52%,
7FEEEA7F 3533 mE 32%, YA FEA 911H m'E 8%, EF-FEIHEA

rlo

tlo
o
ol
6=

T
1o,

ofyi

A

(£

=5
=
04
]:]

6247 m'= 6%, BLHAZA7F 1907 m'= 2%E AFA g
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E 3-15. w493 FAAAN BE AZAY T2

F® | AZAY F5w | ATE
L | oA e 2Rz oAz,
SANUE ] gmgze, 2z 2ugas Bse
A= 29, B4, bark (FRAAT) S A=A
ANFEFORRE WAGE A%
ERZAY Sozne wAsE Uy, 35,
N e
GREE AT aganagenry ks A
w4y 918 o AAAB U FAH ] 3 b 2
o5t B # =7
AT B AT A SR R
BEATASA 2o sz
o 29, B3, £4, A, BA/H Sozvy
ETEAAS | g w4 taE, ARAE 47 59
fﬂ]‘%‘xﬁ TFHEZH ’
QA AEA | gl T A=A
] Qu Apgol A A 75 A S A9 ALe e
BEAASA | ga Ae san Aag 484 A=A
Tj:ﬂ7]%oﬂ /\]'Olj;g— A o] =) pa 1 A O]H]—T 7 A= 7 Q_H aF Al 1
7 = A :
PELLY, AAANE hed BAHE A=A
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¥ 3-16. 2L ASA TAF L ALE 43

(29 m?)

A g g 7]
o) =
daQy | 72| @ 9 =
N REDE . A | 2A | 27| 09
A | ae [Fu |8
=% | 11,011 4,778 137] 2,562 1,337| 766| 459 2,079| 6,233 | 3,628 2,605
%7

% 100| 434 1.2] 233 12.1 7.0 42| 189| 56.6| 32.9| 23.7
= 911 551 -| 446 -1 199 247 105 360 -1 360

o) 2] ) 244
% 100 60.5 -| 49.0 - 2L.8| 27.1| 11.5| 395 - 395
el 7z = 3,533| 3,533 -1 1,837 1,060| 565| 212 1,696 - - -
H = A % 100 100 - 520 30.0( 16.0 6.0| 48.0 - - -
= 5,752 250 - 115 115 - -| 135 5,502 3,405 2,097

SEEEE
% 100 43 - 2.0 2.0 - - 23| 95.7| 59.2| 36.5
=Y 190 23 7 15 15 - - 1 167 19| 148

A=A
% 100 12.1 3.7 7.9 7.9 - - 0.5 87.9| 10.0f 779
= 624 421 130 148 146 2 -l 142 204| 204 -

TR ER
% 100| 67.4| 20.8| 23.8| 234 0.4 -l 228 32.6] 326 -

(Z5) A< 20000 ASA F=HAA AL R ALE FXIE<L

D 24 dE5A4 243 L 428 dH
7H A A=A

AAAEAE FLAALF 911 m F 60%7F ALE =HAded, AZE = 2 A}
e B S8 o® 1998 m (22%), =4, siElsE, A4 5o AFEHom 247
A m (27%), 4 9o AR 105" m (12%)5 A3kt =3 dAdEelA

AAH 7 H = Y 3600 mE 40%E AHA S JAATE maAu] Fol H7FHE T
ZEAAL 883 mE 89%7F ALY A 11%2 10H m7F YA AE ol
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Aozl 7 E A e HEEe] Ads 8= % ARSES Bd FWsew 504

m (57%), 35802 283 m' (32%)7F AH&= At

1) 247 5 5 A
123 2bd7bg o A= 248 3533H mE 100% AZ-EE At ATE &

SRt AR (529), AR (48%)7h W% W&E o §HU ABEFARS A§H)
S BRERFE 30%, SAHZRE 16% Soldth A e® Bl 12 7 (AlA, &
W 3, WER, BZIH AP BAEE ABAE NERE (38%), A AR

_ﬁ_
(36%), =AHE (20%) o= &&=t 22k 7k (FFF, oF7], AA w3 ol A
WA= A5 s A S 97%7F AAdERE ALEH A U= Aow AL

= A,

o) AL EA
AMEA = WA 57528 m)e] 96%7F Y - A7 E T T B 4%7) A
AR ds= AQEd8Hes o2 2AEUTH

oh) AEHEA
Ao s e TAEE AA A=A TAF 1.8%9 190 m'olal o] F 12%%

of AFEHIL Qor YR ABARAL WY, 2450 ot Aow tehdt

rlr

EFEd S HAEFE 6247 molal olF 674%7F AL A= FA
Hog By A o]fo] 208%, YBE7} 23.8% UBEA] 228% A&L&¥x gon
A 32.6%7F 27 A e AoZ YERT
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3
o
o
i1
&
I
2
i)
o
o
ek

Adg dee Adestd tee & G-173 2o

¥ 3-17. 29 A=A TAF 2 AEE AH

(&9 - Hm', %)

A &8 = 7]
B A%
w |7 s A4 dw | 27 |27 | Wy
Al E5H71E
HE
211,011 4,788 | 137 2,562 | 1,337 766 | 459 | 2,079 (6,233 | 3,628 | 2,605
= A
v S| 100| 43.4 12| 233] 12.1| 7.0] 42| 189| 56.6| 32.9| 23.7
o] x |BF| 911| 551 -1 446 -1 199 247| 105| 360 -1 360
ALA fwe | 100| 605 - 490 218271 115| 395 | 395
A8 | 23| 3,533 3,533 -1 1,837 1,060 565|212 | 1,696 ; ; ;
7+
&5 | ¥ & 100 100 -1 52.0| 30.0[16.0| 6.0| 48.0 - - -
A A |[E¥| 5752|250 -ous|o11s| -] -] 135]5,502 (3,405 (2,097
AL e | 100| 43 120 20| -l -] 23] 957| 59.2| 365
P! 5 190 23 7 15 15 - - 1| 167 19| 148
A=A we | 100] 12.1 370 79 79| -| -| 05| 879 100]| 77.9
mom Y| 24| 420 130| 148] 146| 2| | 142| 204| 204 -
ASA lve| 100 67.4| 208| 23.8| 234 04| -| 228 326/ 326 .

(A=) P T

. #7379 2498 FA2H 24T
AAAT LN BAG A2A BT AZA ] BALE AN FS Fo

2 FA% A0R A AAE FAR3 9t ASAY BAYRE B Folt 9
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o @Al ARA wAe AR T e AT 2 Aol WAl

=B AE ABAZASE AYF - AAAS
AR AR AA, A BAL kol lshe] AT, 2% wE vhHHT

olfd HAe aHew =AsE a9 (3-11)3% 2t

=
. * 03

. | 4EHS

XA OH 2l
-9l s w2
(ReX2IH)

NE/Z7EE
- MBS

H 2 AN & XX SSHelIAlE -XOrAM el Al &
a2 % -0 8 X -HIIE A2l ga
A 2 F - AR & =20133

HelAl4

a9 3-11. H 54 2434 2 XHA

S5 (2002)9] A= ArlEAAgdSd ARs dyrd 2001d
A RS 3049.3 (B/9)2 &2 YEwW T (3 3-18).
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#E 3-18. 20019 = A A AEAH 24 L FHIF

(%] &/

E R N B E I E Rl P
| & A

A Ay 2,121.4 278.9 649.4

o 9 1,108.8 153.1 53.4

A 2 A Zr 977.8 106.6 267.6

A} <8 34.8 19.2 328.4

A & 4823 43.8 3

e ] L 304.2 38.5 -

B Eaa, 178.1 53 -

A 2§ - - 3

o AY 71.5 39.1 10.7

By LI 23.8 28.2 0.0

= A 2] Wy 2 7} 53.7 10.9 2.9

A 2§ - - 7.8

Ay 162.5 22.0 41.1

0 L 90.5 21.6 37.6

B Egwa, 72.0 4 1.6

A &8 - - 1.9

Ay 34.8 13.2 75.6

o] %] L 21.0 3.7 7.7

T = 2] 9 2 7} 13.8 7.8 49.5

A &8 - 1.7 18.4

A o 77.9 272 1.2

PEs o 9 34.4 25.4 -

B Egea, 435 1.8 1.2

A 24 - -

A & 60.4 5.8 3.8

o= Rl 31.8 6 -

= REL Ega 28.6 52 3

A 2§ - - 3.5

A & 144.7 8 74.1

221 w 60.2 - ]

= A 2] Wy 2 7} 84.5 8 7.7

A 2§ - - 66.4

Ay 409.9 55.6 99.6

77 9 90.9 12.9 1.0

B 2 7zt 297.1 34.3 67.3

A 2§ 21.9 8.4 31.3
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LA #H =

R
% 4

58.5

14.0

39.1
14.4
5.0

8.7
52
1

90.7

12.9

ofy
He

75
14.6
1.1

8
10.1
2.0

78.6

11.7

ol
it

38.2
37.5
2.9

1.2
10.3
2

53.6

5.1

2
Ho

48.1
5.5

1.5
1.7
1.9

87.2

2.5

2
o

64.4
21.9
9

1.2
1.1
2

153.5

9.5

ox
Ho

124.6
26.1
2.8

1.9
6.5
1.1

126.7

11.2

on.
ik

44.5
82.0
2

4.1
4.7
2.4

22.2

4.5

N

17.7
4.5

2.8
5
1.2

At 5) 7 H-(2002). ‘20014 = #H 7 E

I R
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[e)
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Aol A A
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A
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2014

ol
el
N
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Al

78

~Z
T 7o
Atk (3

’

F9

o]

o
=

2

=

=

H7)E 4094 7o 2 0.85,

, 71Ek

, 1997).

2

?_

B/
oy

—

=]

k)

O X H E Ao o]es WS Ao 910 x 1,820 x 12 m¢! Com-Ply-& Al 3%

EERes

3\
3-20).

ER
o2 vepg
J_\i_

=
m', EF7t

= e

= A (

=1
S
=
RS

d

%
Tl

al

A1
ai

. 71
=

°©

53

<]

2 uEbstal d Ay

me

]

%
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2 334%
<

L
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ol YA
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gl

QAN ZA FYF = (1-27 &)

15,000

oF

=

of ot &7t 7+ Hol
mos A4yt Fds5n; o 38 o)A ©u wo] drA

s}

2000

7

kil
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¥ 3-19. A= - EAFE IAAEZA 2AF
(&9 dm)
78 Fod | w2 EAA] 7 '8 | @& A
aw| SF T E M Flage| T FlageM Flagg" Flage
A4 | %) (%) (%) (%) (%)
1992| 1,123 24 41 14 63 21 35 41 69 | 100 208
1993 1,184 30 53 16 76 18 32 37 66 | 100 227
1994 1,173 | 23 41 16 75 16 28 45 79 | 100 | 223
1995| 1,055 20 32 23 97 14 59 43 68 | 100 256
1996 1,196 17 30 25 120 15 27 43 77 | 100 254
1997| 1,062 20 32 26 110 17 27 37 59 | 100 228
1998| 1,428 25 54 22 126 20 43 33 71 | 100 294
1999 1,694 34 86 20 136 25 64 21 50 | 100 336
2000{ 1,592 36 86 24 153 29 69 11 26 | 100 334
(75) ddEAAR
¥ 3-20. 44E AAAEA HAF
(9 0 Am')
1999 2000
4% miﬂﬁf - Wﬁﬂgf - miﬂgf - Wﬁﬂgf -
- WA | ERE A WA | ERk
&7} ks ks A A
F4 210 44 194 41 210 42 174 35
! 217 122 26 15 226 122 29 16
T84 198 42 100 21 232 47 82 17
7] e} 193 41 65 14 187 38 40 8
A 818 249 385 91 855 249 325 76
(A85) d94AEF
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A m, 11690 me

m, 1,342% me2 F7}t

(3-10)¢] F=4=F tin] FAn| &l o3 A &H A5
i

TR FAGAT AAALA B FHL F4
o

SARAEA-2A8) =2 Aitstlen, o

_

62 7lEow F4sn

0
I 2o FEHAE g EANES 0.3%. 04%, 05%, 0.6%
0051 o] A HZA T FEL ZH2F 5857 m', 780% m', 974

2 FAFNoH, 201089 Afol= 671 m, 895 m, 1,119%

% 3-21. 253 ou] AAugo] 9 AAAZA TP

- ZZ2A % gn] HaAu go] o3t AX | =A wAy T
- 03% HAA | 04% HAA | 0.5% HAA | 0.6% =AA
2002 532 709 886 1,064
2003 550 733 916 1,099
2004 567 756 945 1,134
2005 585 780 974 1,169
2006 602 803 1,004 1204
2007 620 826 1,032 1,239
2008 637 849 1,061 1274
2009 654 872 1,090 1308
2010 671 895 1,119 1342
0SS F54 ol AzrEAF v "Han] & o WA F5 dF% (£

sto] A=A LS FAd e, 1 Ad= ® (3-22)9

)= Ao, 2A4EE

185 6%. 8%, 10%, 12%, 14%Z 27 #
7b7} 3503 m, 4663 m', 583F m, 7003 m, 8163

ofo
i

7(;)]0

’
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mo®E FAHYOH 201049 AgolE 344F m, 459F m', 574 m', 688FH m,

¥ 3-22. AFAFT7HF oy BAE& AT AAASTA A F

(4] Am)

- AZH 71 ghu] AL %) e Ba TS

6% 8% 10% 12% 14%
2002 357 476 595 714 833
2003 354 472 590 708 826
2004 352 469 586 704 821
2005 350 466 583 700 816
2006 348 464 580 696 813
2007 347 462 578 694 810
2008 346 461 576 692 807
2009 345 460 575 690 805
2010 344 459 574 688 803

)

A3d 39 ® (3-12)9] %A FrrE g
=

s,
I
2
(i)
ox
o
I
"_?
N
E)
o
S
)
X
Hl
=
2
o
ol
2
N\
o

5. Com-Plye] A4 24
Com-Ply9] AAAL BAsl7|o A AAGEA ] #at o224 184S 3 =

oA A o
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2 AAAA Baste] olF G

Aol F71 g grrh o] F

7} AAREA BE oled 1
R REXERE D

AAA BB e AL W& -
Gotol el BEHAD A= PO RA

2 NFeIA MAsE gt A 5ES FU

i A A elA Ha - R e B
e a4y S8 meld ofe diek FAA g S5 ook Adse e %
oz ok BAY EAVIPORE WG - WYX P FFHS o] Ty TAH
B Mo zE =dAA7E We-n gu & olg o

<37} (net present value; NPV)9 7)|&& EabA

_H
2
2,
o
2 =
fo
rir
M
oy
o
1o,
[o

Fareh Aol ol R e FAAL

e
2
£

g FAow ey g 2.

T T Ty H Y (o

oM B (H)-C (]€)S NB (net benefit) & Ed 49 NPV
e 2ol EAY 4 Atk

=

NB, NB, NB, NB, I NB,
NPV = o _
TR e R s e s prys il O e L
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Elubar, wd =)o) 7HAarh gltbd NPVZE 0Rth 24 YeElyuEd NPVZE 0R
O F A A G Ade Al Ak & it

v NPVERE ofg] 7o FAAITe] AAL S Blad wos A7 4A
gheh dubstd A2 AT FAAFRIE AR thE ARIZES A9 FAAR Y] PR
7F 2 AA S D13 NPV7ZE 24 PG RS FHo] 917] wiito|th NPV7E Ad

shitel BARe FAAge]l YA Ao oW BA&S Husio] A8 A

T

kA

17} &= Aot} ALl

@ B/CHIE, e W& e oY A B AFES BAC mestelof

o},

=

) Be-u g g

A9 Rk 2 Aol s e NPVE BAAS Seta FA
b ook elel JbA ARgS AWAL QgelA M) g PEel B/OW &S
oo 553} W 5EL WAFNE Bl Ui Ao theit Lol v
.

T b

wkel B/CHl&o] 1o]gbdl 4¢3} H]-§o] F3ko} &=
oujsiy, 1Rt Aud = S/ vk A gt mebA ARRIZhe]
A4=92 AATGE B/CHl o] Z M2 Aed =@ g B/OH & A%

NPV} wp27bA R of| 218 A48 AAZE T4 Heh
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FALe] 528 (IRR)ol & ofgfle] 213} o] =9 5] A I oA H]-&
& Uk dAVIAE W Ho] 0o] H 3t A& r& 9v| s
BO_ CO Bl — Cl BQ_ 02 Bt_ Ct
0= ... e A ] 4
(1+m°+(1+m1+(1+02+ +(1+mf @

Z o 39 AAVIX S v g T2 AANAE o] FHFE FALMS T
stdl ol ANZY Tl A S E e ARRFAY] dAFd &S ou sy
sk B/C=1¢] HEE 3t ZJE&S 9vsty NPVE H7IeE o] NPV=0Sl E0&&
o u] gk,

gkok sl FAA Y] WFFel g ro] AlelzEl [HT AW FAARY 9] 7HA]

7F e ro] AlgolxkE IR 2tow FApARQle] ZhA7F glvhal Add 5= Q)

2 A7HEA
A7FEAE M gAo® sk o] HoemE we o rhEAe v
o Fololz A H7IE vk A7 S AHA7kE E4 e Aol dvd, A4

A7k AAATAN Ash A PofHu
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. AAEY AF7) AAY Y 7Y
AAF] AFI) BAY B4 BEe ATAL AT P PHE WvE BE
AF e 2vlAe] AR GE At A SEAL BAY AW

d d o2 Adud ogw 2o (AW 5, 1997).

| CHH A (=] IVERH V e
Feasibility PFOQGSS Financial Economic Consurmer
Study Design & analysis analysis WTP
Simulation

a9 3-12. AAFS AF7] AAH 24 2L

1) I2A

Bt A &4 (Feasibility Study)S $15 = 3+ Pre-Cost/Benefit Analysis THA 2 A

-

AFeta s UAAES BT F ool v AL FFEA, AT o)

FAF] FAANG FFEAL AN AL T T AAE 24 DAl

2) I&A
TAAA D 2oAF (Process Design and Simulation)S F3dtE Ake] 384

- 139 -



3) M&A
AFEA (Financial Analysis) 9424 F%7+%F9 AL o] &S 7okt A&+
@Grke] S EEl V1] LAY FAEEA S St A H =

o
AEA v&/AgEdyHe R He /M-S 7 (Benefit/Cost Analysis), =& A 7}

)

H (Net Present Value Method), W52 & (Internal Rate of Return) &< wW¥Ho]
o] &5 o]Z &) XA71A (Shadow Pricing)e] F4, 3<¢14 (Discount Rate), 7+

LB (Sensitivity Analysis)s 9 4S5 34 ok

4) N&A
AA% E2 (Economic Analysis) ©HAIZA A/RdAEe] =712 §871% 2
dga3s ogF= AHg 2 34937l (Social and Environmental Analysis)2]

Aol ot

5 V&A

282} e} 4 (Consumer Behavior Analysis) GAIEA HEAnu|2Le] &Z3Z A%
of thak Au A} A& =74 (Consumer Willingness to Pay)s FAFst:E oA = A
EOAE HE AR AEd gig AEArE A nE AolA Aol A
WOFRA AGES] FRASVIHMES FE o] #oFe

FLE FHAN7 A6 JgE el & 5 Ak

i

i)
o
po)
rlr
=
o
ofy
ko
o
re
-

. Com-Ply9 ZAdEA
£ Ao AE Com-Plydate] oz o
Zo)e] AP RN ATtE Al

TAe sEEE FAo7 AT Com-Plye AAA7IE ®Hlw 2489 Com-Ply

it
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ol
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)

TR

Aol el we)

2
Al, @
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1

G ER R

R
]

A7 2 fEorAs A

o2

_Zﬂ

A]

i
A

A, 2l

A, B

B
ToR

0

A

&
—~

frotss

#2 Trimming 2183 X

o

o] eral
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SECICEIE:

AA HE WEHA Ak

=
=

A7)12 Aro] ol A, TF9 A

ki3

comparative economic feasibility of

3) Robert E. silvis, JR. and Gerald A. Koenigshof 1981.

manufacturing plywood, com-ply, and oriented strandboard. wsu. No.15th.
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Peeler log

Debark and vat Bark to fuel |

Chip sales I
(option—studs) I E:Em ime to iue I

_—
Finished plywood

a9 3-13. &89 ANEA

4 el AaAs 24

F70] 910 x 1,820 x 12mel Aurw (2AE D)) A4S 2AANTE
23 (), ool el WA 2o Alsl A
AT

Arbs oA Ao¥ = HEFERoRE Adrld = A8, ARH], =51,

N

Hl ol 23 = ZAlS] 7 e PR o] x3hE
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A, BAe] A olde] ® (3-23)% 2t

¥ 3-23. A, BAIY] gutsto] A7)

(9] 9
T4 (910mmx1,820mm>12mm)

TE AAGETH BAK(=T9])
A 5n 4,370 3,204
A ZHA 589 482
= F-H] 571 723

%Rl 1,036 807
] 2,113 2,293

A 8,679 7,510

th Foe F28 YA 24
Fael AUk ARzt e FAEE 8 AgUstds AR (9

wb), Rz CREAD), wiu, Az (@, A8 5)7h 9o g

’

oA rhdzn, RYE So Tgwch

ol

o AAEH
o A 2AEFel A FH AR Fl (A B AR FYs] G

2 gasta gor, F9 B A TN EE A4 PN ARow @

e A HAt W ARATRIA g 2 FS DT AN B 9ol 4

A, BAFY] Aol= 32049 07 2AE QT

FHg A3% o 2e¥c 94 5o wEor FFse TR 5Pl ue

H]g-o] o] 7} v} AAF ZARF A A BEAEH = A BAZF ZHZE 5899, 482
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kel A o] SHAEsE Hol Asketal o} Ak B Sl Q1]
a3k 1} ool AQF = QANE HWIh AAF FAFF A AL =FHE= A, BAY
Zyz} 5719, 7239 082 ZALE AT}

o
AL bSO A hEAgLke] AlxzAn] (K E A

’

1,036¢, 807¥ o2 FALE AT

O 7HgH]

EH= g At a5 = AHATEE A9 vgor YA IFEz]

’

Rzl HEE So|l ¥FHE d XA AAFTAONAL rERE= A, BAVF 2zt
2,1139, 2,293 0.2 FALH AT

O 59

2ol 910 x 1,820 x 12mm, AWEde] dArjarbe 90009 0.2 FAE QT
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