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Development of special composite board

made from domestic bamboos
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SUMMARY

I. Title

Development of special composite panels using domestic bamboos

II. Objectives

Wood demand is ever increasing but world has been confronted with decreasing
forest resources. About 656% of korean land is forest area but Korea has to depend
upon foreign wood and wood based products for more than 95 percent of total
domestic demand per year due to her poor forest resources. As a countermeasure
to reach self-sufficiency for wood supply and demand, several kinds of non—wood
materials are now being considered as substitute raw materials. One very
promising alternate raw material in Korea is bamboo, a fast-growing, economical,
renewable, and processable material that has been shown to exhibit equal or better
physical and mechanical properties compared to some commercial wood species.
Traditionally, bamboo has been widely used in Asia for thousands of years as s
material for housing, furniture, food, charcoal, pulp and paper, and countless
articles of daily life such as fans, umbrellas, chopsticks, mats, baskets, bows and
arrows, musical instruments, and tools. In addition, bamboo can be used for
decorating gardens, making boats, and building bridges with a length up to 225
meter long. With an average maturity of about 3 to 8 years, bamboo grows more
rapidly than any other plant on the planet. It has been reported surging skyward
as fast as 1209cm in a single day. Moso bamboo(Phyllostachys pubescens) can
grow up to 21 meters tall and 20 cm in diameter in one spring season. In Korea,
we have cultivated 56 percent of Phyllostachys bambuscids S. et Z., 43% of

Phyllostachys nigra var.henonis Stapf and one percent of Phyllostachys pubescens
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representatively. But recently, bamboo articles of daily life are substituted by
plastic and low priced industrial bamboo products are imported from China.
Therefore bamboo industrial arts in Korea are collapsed and owners of bamboo

land are thrown into despair and thinking on plant renewal.

Nowadays worldwide research for the use of bamboo has expanded to include its
manufacture into various structural composite panels, such as bamboo-based
fiberboard, plywood, particle-board, laminated bamboo composites, as well as
bamboo-based composite panels, made from combination of bamboo and other
materials, This is due in part to the dwindling supply of larger logs and the
decresing quqlity of wood resources. Additionally, the growing human poplation
and the environmentalists’ pressure for better resource management and
conservation have prompted the search for nontraditional materials, both woody
and non woody, as alternative raw materials for the manufacture of composite
panels. But all bamboos used for raw materials for use and research were cut at
the age of 3 years old. One-year old bamboos have lower density and are more
pliable and more flexible than three-years old bamboos. If we discover that
one-year old bamboo be more suitable for board production than two or
three—years—old bamboos, Bamboo hoard has potential for replacing imported
OSB, the massive local production of bamboo board will make a contribution to
stable supply of board and balance of payment. In addition, the bamboo board
production which can generate new demand for one-year-old bamboo will

dramatically increase the household income of bamboo farm owner.

The problem in using bamboo is short service period and complicated processing
for flattening. Service period of bamboo is only 3 to 5 years out of doors because
of ultraviolet rays, rains and microbiological degradation. Therefore bamboo
improvement by impregnation of low molecular weight phenol formaldehyde resin

is applied to overcome this difficulty especially to develope a new process of

_16_



flattening bamboo picces,

In this study, we want to determine the suitability of 3 months old domestic
bamboos as raw materials for the manufacture of oriented strand board, parallel
strand lumber, to develope a new process of flattening 3 months old bamboo
pieces and to manufacture laminated flattened bamboo lumber of flattened
bamboos. This study is expected to contribute to expansion of wood based panel
products market and for increase of competitive power of domestic board industry

and of the household income of bamboo farm owner.

III. Research content and scope

Ist year

1. Physical and mechanical properties of domestic bamboos(2 species) in

relation to growth years( three months, two years old and three years old)

2. Physical and mechanical properties of oriented strand board from domestic
bamboos(2 species) in relation to growth years( three months, two years old and

three years old)

3. Development of oriented strand board

4, Development of a new process of flattened 3 months old bamboos
2nd vyear

1. Developement of laminated flattened bamboo lumber of flattened bamboos.

- 17 -



2. Developement of parallel strand lumber.
3. Economic feasibility analysis of bamboo board

IV. results and application

1. Summary of the research results for the 1st year

1.1 Physical and mechanical properties of domestic bamboos(2
species) in relation to growth years( 3 months old, 2 years old and

3 years old)

1) The more the growing years the higher the density of bamboo. Top part of

bambhoo indicated higher density value than that of bottom part.

2) 3 months old bamboos presented the highest moisture content values in the
green condition. Base part of 2-and 3-years old indicated higher MC in green
condition and medium part of 3 months old Phyllostachys bambusoides S. et Z and

Phyllostachys pubescens Mazel showed higher MC in green condition.

3) Bamboo showed the highest static bending strength compared to the main
wood species. Longer growing years of bamboo generally increased the static
bending strength but there were no statistical significancies for Phyllostachys

bambusoides S. et Z. and Phyllostachys pubescens Mazel,
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1.2 Physical and mechanical properties of oriented strand board
from domestic bamboos(2 species) in relation to growth years( 3
months, 2 years old and 3 years old) and Development of oriented

strand board

Development of bamboo oriented strand board made

from 3 months old domestic bamboo species

This study was carried out to determine the suitability of 3 months old bamboo
species of Phyllostachys bambusoides S. et Z., Phyllostachys pubescens Mazel and
Phyllostachys nigra var henonis Stapf as raw materials for the manufacture of
strandboard.

Total of 108 strandboards were made using urea-formaldehyde resin content level
of 12% and onc percent of liquid wax emulsion. The strandboard consisted of
three layers the top and the bottom layer of which were oriented to the same
direction and weighed 25% of the strandboard each. The middle core layer
weighed 50% of the board and was perpendicular to the outer top and bottom
layers. Analysis was performed to determine the effect of strand lengths and
growing years of 3 months, 2 years and 3 years on strandboard properties. The
physical and mechanical properties of oriented strand boards were measured and
compared to the standard requirements of strand boards. The results are as

follows;

1) Strand length indicated no difference on density and moisture content of
oriented strand board(OSB). 5 ¢m of strand length gave the best static bending
strength and internal bonding strength. Bamboo OSB exhibited lesser extents of

thickness swelling than that of CSA standard.
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2) 3 months old bamboo gave higher static bending strength of OSB than those
of 2 years and 3 years old bamboo. In case of Phyllostachys nigra var henonis
Stapf, 3 months old bamboo indicated higher internal bonding strength than those
of 2 years and 3years old bamboo. but in Phyllostachys bambusoides S. et Z.,
Phyllostachys pubescens Mazel, there were no difference among growing years.

Growing years showed no different physical properties of bamboo strandboard.

Keywords : Bamboo oriented strand board(OSB), 3 months old bamboo

1.3 Development of a new process of flattened 3 months old

bamboos

Development of Compressed—flattened Bamboo

impregnated with Low molecular weight PF resin

This study was carried out to develope a new process of flattening bamboo
pieces(3 months old) by two steps of utilizing microwave oven and hot press.
Internode bamboo pieces were impregnated with low molecular weight phenol
formaldehyde resin(PF) under vacuum of 76 cmHg, heated in a household
microwave oven in 1 minute, pressed on the temperature of 145°C by the hot
press for 10 minute, and then cooled by the cold press in their flattened form. The

physical and mechanical properties of compressed flattened bamboo were as

follows:
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1) PF1I(Mw:427) and PF2(Mw:246) sol. met the success of flattening of internode

bamboo pieces in both of P. bambusoides and P. nigra var. PF2 showed the more

plasticity to flatten the bamboo than PFl. The PF2 sol. with low molecular
weight(246) gave the more weight gain then that of PFl in the equal
concentration. PIFL of 5%(NVC) and PF2 of 10%(NVC) sol. gave the best result

for physical and mechanical properties and from a economical view point.

2) The PF1 of 5%(NVC) sol. with low molecular weight decreased the water
absorption of 62—~63% and increased the bending strength(MOR) of 80~90%,

compression strength of 43~54%.

3) The PI2 of 10%(NVC) sol. with low molecular weight decreased the water
absorption of 56—~57% and increased the bending strength(MOR) of 64~86%,

compression strength of 39—~63%.
1.4 Additional Research

Characteristics of particleboard made from
three-months—old domestic bamboo (Phyllostachys nigra

var henonis Stapf)

This study was performed bo determine the characteristics of particleboard made
from three-months-old bamboo, Phyllostachys nigrec var henonis Stapf grown in
Damyang district, Korea.

Total 60 particleboards were manufactured with 1% of liquid wax emulsion using
urca-formaldchyde resin content 9%, 11% and 13%, respectively. The particle

bourds consisted of three layers, in which face layer had the same proportion of a
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weight 25% of the particleboard each. And the core layer had a weight 50% of
the board. The core layer and face layer had the particle dimension passing 6
mesh (3.35mm), 12 mesh (1.70mm), respectively. The study was carried out to
determine the effect of the growing time of 3 months and 3 years on particleboard
properties. The physical and mechanical properties of boards were measured and
compared to the korean standard (KS) requirements of particle boards.

The results were as follows;

1. The longer the growing time, the higher the density of bamboo. Density of the

upper part of bamboo showed higher than that of lower part,

2. Density and moisture content of the two particle boards did not show
significant differences. Three-months-old bamboo particleboard gave higher
thickness swelling  than three-years-old bamboo particleboard.

Ramhoo particleboard passed the thickness swelling test of korean standard (KS).

3. The static bending and internal bond strength of three-months-old bamboo
particleboard were higher than those of three-years-old bamboo. Increcase of resin
contents in bamboo particleboard increased bending and internal bond strength,

proportionally. Strength properties of bamboo particle board were above KS.

4. Formaldehyde emission of all the bamboo particleboards satisfied Ea level (5.0mg/

£) of KS F 3104.

Keywords @ Bamboo particleboard, three-months—old bamboo, KS
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2. Summary of the research results for the 2nd year

2.1. Developement of laminated flattened bamboo lumber from

flattened bamboos.

1) Moisture content and water adsorption of laminated flattened bamboo

lumber(LFBL) were lower than those of flattened bamboo board.

2) Adhesion of both inner surfaces of flattened bamboos gave excellent
adhesion shear strength, and Phyllostachys bambusoides S. et Z. showed better

shear strength than that of Phyllostachys nigra var henonis Stapf.

3) The magnitude of springback becomes close to 0% in case of laminating
between inner surfaces of flattened bamboos or balancing the 4 laminas of

(lattened bamboos thoroughly.

4) Bending strength of flattened Phyllostachys bambusoides S. et 7. laminates
showed 1856-2448 kgl/cnt (PF resin) and 1569-2218 kgf/cr’ (PRF resin). These

values expressed 4~H times stronger than wood laminates standard of conifers A.
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2.2. Developement of parallel strand lumber.

Development of bamboo of parallel strand lumber

from 3 months old domestic bamboo species

This study was to determine the suitability of 3 months old bamboo species of
Phyllostachys bambusoides S. et Z., Phyllostachys pubescens Mazel and
Phyllostachys nigra var henonis Stapf as raw materials for the manufacture of
bamboo parallel strand lumber(PSL),

Resin content level of 9%, 12% and 15% of urea-melamine~formaldehyde resin
(UMF) were used with one percent of liquid wax emulsion and 1.5% of NH4Cl per
ovendried weight of UMF. The effect of strand lengths(5cm, 10cm) on strand
lumber properties were determined. The physical and mechanical properties of
parallel strand lumbers were compared to the standard requirements. requirements.

The results are as follows;

1) Thickness swelling and water absorption of PSIL. were lower than those of

OSB. Bamboo PSL exhibited less thickness swelling than that of CSA standard,

2) Strand length gave no influence on density, Strand length of 10cm gave
better static bending strength and internal bonding strength than 5cm,
Phyllostachys nigra var henonis Stapf showed the best static bending strength and
Phyllostachys pubescens Mazel showed the lowest. Static bending strength values
(MOR) of Phyllostachys nigra var henonis Stapf and Phyllostachys bambusoides S.
et Z. met the CSA standard and were higher than that of wood lumber,
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3) Internal bond strength(IB) of PSL were from 3.75 kgf/cn’ to 9.71 kgf/c® which
met the CSA standard. Phyllostachys nigra var henonis Stapf showed the best
internal bond strength in case of UMF 129 and Phyllostachys pubescens Mazel

showed the lowest,

4) The more the resin content, the higher the nail-withdrawal resistance of PSL.
The longer the strand length, the higher the nail-withdrawal resistance of PSL.
Phyllostachys nigra var henonis Stapf showed the best nail-withdrawal resistance
and Phyllostachys pubescens Mazel showed the lowest. Phyllostachys nigra and
Phyllostachys bambusoides gave better nail-withdrawal resistance than domestic

woods. Phyllostachys pubescens were close to domestic woods.

5) Laminating flattened bamboo flanges improved the flexural properties of Pinus
densiflora S. et Z. web. Improvements were greater for the MOR than the MOE

of the composite lumber.
6) Laminating flattened bamboo flanges or bamboo PSL improved the flexural
properties of aspen OSB web. The MOR of the composite lumber was improved

more than the MO,

Keywords : Bamboo parallel strand lumber(PSL), 3 months old bamboo, composite

lumber
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2.3. Economic feasibility analysis of bamboo board

This study investigated the economic feasibility of a special board made of
one-year~-old bamboos. One-year old bamboos are found to be more suitable for board
manufacture than two or three-years—-old bamboos. Our feasibility study employs two
basic approaches: First, we analyse the price competitiveness of special bamboo board
compared to Canada-made OSB; Second, we investigate the impact of bamboo specail
board production on bamboo farm owners.

We found that bamboo board has better strength and physical quality than the
imported OSB, but the production cost is almost the same as the imported one. As
bamboo board has potential for replacing imported OSB, the massive local production of
bamboo board will make a contribution to stable supply of board and balance of
payment. In addition, the bamboo board production, which can generate new demand for
one-year—-old bamboo, will dramatically increase the household income of bamboo farm
owner. Assuming that bamboo price does not change, we expect that harvesting

bamboo every year is likely to increase the household income by at least 200%.
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RAAZFELE FTURE Ao/t oy g4, AFF A, 37MdPo] AAHew
B2 Wolen FAURE 294, 3d 9] Age olhFE] TEEe] wor 3
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Photo 1-1. O FA 5
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Table 1-1. A 959 54
P. bambusoides P. nigra var P. pubescens
3 months old | 2 years dd 3 years old | 3 months old | 2 years dld 3 years old | 3 months old | 2 years oid 3 years dd
Height(m) 1441063 | 12712106 | 158%179 | 11,0099 | 12431102 | 12571062 | 1331114 | 1432072 | 128%240
No. nodes 656:£4.1 461342 5216.7 431294 46%3.70 47370 52124 542,63 531556
intexnodal U | 235047 | 1801082 | 2624068 | 224+070 | 25£082 | 30,1073 | 20.8:t058 | 2321033 | 224+059
length M| 361013 | 334%102 | 3421039 | 3081058 | 33216 | 3284021 | 2361058 | 27+0.82 28+1.05
(em) L1 306+064 | 2731122 | 222090 | 191090 2081071 | 223+159 | 174082 | 196+053 | 1601091
U | 484%10 | 408:£069 | 5111068 | 276084 | 446094 | 375081 | 4971067 | 512137 | 4494255
internodal
M{ 77.8:£1,02 | 663+1.08 | 81.9+358 | 481+1.80 | 52.0+283 | 62.3%217 | 79.6+411 | 823%34 | 699+375
diameter (1m)
L | 87.8:£1.68 | 728%25 | 804:£206 | 6301261 | 7151472 | 6831229 | 894%479 | 989%146 | 84374
. U 54£034 4910.30 6,91 0.46 41£0.69 421040 541037 54+035 | 5801048 | 52%062
internodal
thickness Ml 721041 6.7£0.59 7.510.30 44+%049 451069 6.510.98 731098 771099 661086
(i) L | 851078 831070 911104 71£1.31 721092 781074 | 1041092 | 118082 | 991127

*U @ Upper part M : Medium part L . Lower part

Table 1-2. 959 AATFE

Green moisture content(%)

P. bambusoides| Duncan |P. pubescens{ Duncan |P. nigra var| Duncan

(IF=101.7") test (F=50.47") test (F=12.9") test

2 monthe| V| 984E775 B 89.7+9.01 EF 37.5+5.47 G
M| 1207+356 A 135.0+17.2 B 647105 | CDEF

od I g5 9401 B 116.1+16.1 CD 81.2+890 | BC
2 years | U | 640258 E 497+3.11 G 467+170 | DEF
M| 731+144 D 59.1+7.27 G 667+132 | CDE

od T g66+150 C 10574633 | CDE | 1096+182 | A

5 yoars | U | 87624 10 84,05 451 F 42.8+69 G
50.7:-0.84 E 121.2£14.0 BC 684+113 | CD

od I 42207 c | 1934%675 | A 969806 | AB

*U ! Upper part M : Medium part L : Lower part
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Table 1-3. diu5-9] A F

Density -
P. bambusoides| Duncan |P. pubescens| Duncan |P. nigra var| Duncan
(F=31.52"") test (F=88.36") test (F=33.76"" test
U 0.59£0.03 EFG 051007 E 0.52£0.05 E
3 months
M 0.55%0.03 H 0.46£0.00 EFG 0.53+0.06 E
old L 0.53%0.02 H 0.41+0.02 G 0.48+0.02 E
2 years U 0.69%0.01 AB 0.64+0.02 C 0.76+0.01 AB
M 0.64£0.01 CD 0.48+0.05 EF 0.72+0.02 BC
old L 0.62£0.02 CDE 0.44+0.02 FG 0.66 +0.05 D
U 0.70+0.02 A 0.94%0.01 A 0.78 +0.00 A
3 years
M 0.66£0.04 BC 0.77+0.02 B 0.74+0.02 ABC
od T 0B +001 DEF | 057£001 D 0.66:0.03 D

*U : Upper part M : Medium part L : Lower part
2. 733 avi9 7143 44 v

TR WY 71 A vmEr] Y8k g, 9FSe] £, Ay
AEE Az wastdth(Table 1-4 =) 4o, £5, WF S 33 £ Ro}
=oF Fobstd ey g, MFEHY ALe FANLE A% Ao 9

7352 Abelzk vEg T & $(1999)¢) Auno HA RS BES )

1S dYE BAoy 49 B B AdA Axs 2F w4 ekt
T8 FFY B - A5y BF we Ao vudd BE 23094 #9455
5 (1331kgf/cm’ ©1, °|53 1989)%F 4o dFsle vls- $FF PAES v
A

¥ g o
b
e
AN ek
19, ol

o
rir

H
=
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Table 1-4. div5-9 3=

P bambusoides P. nigra var P. pubescens
B.S(kgf/cm?) B.S(kgf/cm®) B.S(kgf/cm®)
ns o Duncan s
(F=2.65") (F=11.57") (F-1.02")
3 months
nﬁ?’“ 1,509.6+87.5 1,4733+184.6 B 1,386.0+26.1
DIC
2 Zi}“‘ 1,847.8:304.6 1,952.5+122.6 A 1,4935+105.7
3 years
Zf(;m 1,8087+113.6 2,021.6+142.2 A 1,473.6+130.0
« R Ee] Yl - ouH BF(o3H. 1589)

7% (kgf/em®)- 1:<600, 11:601-840, IM:841-1090, IV:1091-1330, V:1331<

A 44 43 F

SO O 35S, BE, BEHY F3E, F3 B A4 32
R sk el 2 Aee Ak
L34, 294, 39S TR 4 A% wFe YR 294, 334
o F¥o] BolA%E FANYR, FAWBE 20N AFECHOD & 52 oY

RS - o) Ao

2. AATFEE FFAZ o7k glort g, WEES) B, AU AAH L
¥e Wolgen YPWRE 244, 3dge) AT ofdREo] F4e] ¥ho
i, 3RS A GO, BFF A FAF97 w4 Geg

atl

3. g, ®E VFE T £90) BeldsE IRES FASAG. T Fa
Fo By - 9dEhH RFo wEl AU vusty 2E O ZAGA HAEZ 55T
(133tkgf/cm? ©]2h, o]33] 1989)% FAre] sFete w$ 53 FREE YU

.
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12 Lee, A. W. C, X. Bai and A. P. Bangil997. Flexural propertics of

Bamboo-reinforced southern pine OSB beams, Forest Prod. J.,Vol, 47(6);74~78

_44.—



13. Ma, L., Y. Kupoki.,, W. Nagadomi., B. Subiyanto., S. Kawai and H. Sasaki.1997.
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hydration characteristics of bamboo-cement mixtures: JW RS Vol 43, No. 9,
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14. Ma, L., O. R. Pulido., H. Yamauchi., S. Kawai and H. Sasaki.1998. Manufacture
of Bamboo-Cement Composites V -Effects of sodium silicate on bamboo — cement ¢
omposite by hot pressing : JWRS Vol. 44, No. 6, p.425-432.

15. Ma, L. S. Kawai and H. Sasaki.1999. Manufacture of Bamboo - Cement Compo
sites VI- Effects of silicate fume addition and heat-treatment on properties of hot-
pressed boards @ JWRS Vol. 45, No. 1, p.25-33.

16. So, W. T, Y. S. Kim,, W. Y. Chung and HW Lee.1999. Wood character istics
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A 3 ASYFsEE A=QUA) U dSEIA
N Z= (29 A

Al1AdAQ

00Tl EolEN HAEFAHQA EAWFAQ] F4, PB, AAATLE 15T AU
9 F7E 9ol MRJ BFIHAN FxRE02 A FAH 713 et ol
A4S ABP8R) A A, d3 459 A, ATF7L FAEAE AT
o FEFAY A2E A 959 dteR FABAFA S SAEA G ]
EAANRSY} 2 A2 AR of SN 7id"vkn G 53 fAvehs
A AR QEFE L] FA Faso] MDFY A4E 488 T g3 Q)
on ) EA AFL EA R A9 B%E FU JESA e A
o gl FU BRA9AA g AR A7 ARl slor AlRE Al
A, g EAAGRY £5F Fo] A dag ot

i

duEE AAAHSE 50& 1820 Fo] A FB FolEAAN Bl 1

Qe %, mleknh, O, AR, FEu)9) ool FENOTA AN wol A3t

3 oglth SAuTe A9 3% 001Fe AT o dEAA FES PEF,

o2

O, BEE & 4 Ytk AFHOR e FRS Fol Fyay Arg e 4
2, 7bgel golstm FRAT Hojd vy, 2@ IHQ M@ opAofelA F

g o] (light bridge), 77 % FAE, "EZFo FHHASA AHEHOIA e,
Hodge(1961)8] ATt oahy ojvhie] 19 WA 3 AAFL southern pine?] 610l
e Aow BraEa gk B=E HZd uuFY AHES EFEkAE(Jindal, 1986),

a

Zojnl, AMEMa et af 1997), ZAST HFAE olFo] UFWAANN DUEN
=, R AR, PB, §, Solwuss) 2GR TREHH Ax Bom A
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A A F-ueke] A 2H T3 @ SAEN EYaY AFd 4y =
W YN A& Ao S SAFd e AYEEHn S Y2 2X "0
RE AT WA A g57hA e} APl duste] g8 AitEel A %
FHALE 3NEe ANl guEe FA TR AAE A9 o olF &

$Y 5 A& WS B ek,

..,
=

ARA Aoz AF7A 299 T T5E AR 3o P& ¢ F o
9z 9% degAtAor HS JANE Axste Aol FHY HH oI
o). 53] §58 38t gARnz HE A9 Fo] 10emA = s BA
WA dgsidet, el JEGA 288 45E oA 2&Y AL 95ty
l4ecme} Hspgk A7t o) Fojglon] A¢st Ha .

e AR 9ES A9EE 998 fAstelE Fde] AsHon wAse
EARLS 7HAG Qlon), T34 ofelfo]l WEth 53 AaAE JAANE Az

ol e olelfol mE AoR AAAY B oiuFe A9, g, 71 w
2 dFFel A% AELsE Pol F& ol S0 AHESE B ARSI
3-5dew =3 #rh E3 diE HJAAVFESte] vbRw £e V) £E2 AR A #2A

7] Qs Aol AEAA el #(1986198N% vlelazgrtde A 9 P9
NS Mo ok A9 2HT vk b B AFE Fu g
(o, &) ol et ARAF AeFAS AZ ATl A AFY F Y= 3
3 ARERAAANNE o4 oAGS n AGAA BFFFE FRE AL
2 AAEFQon oA aREld e o 2y - A8 AR FHES a3
AAS Azdte] o1 AL AR g,
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Al 2 A4 Ag 9 vy

b a4 &

B Ao AHEE gy A g9 49 548, 5 dudd 45H
3 Q= GN(Phyllostachys bambusoides S.et Z), BEF (Phyllostachys pubescens
Mazel) & AA3 L, AT EZ(Phyllostachys nigra var. henonis Stapf)& 33}
o 3494, 294, 334,08 &3to] TRt o] AAT ASE FFTEE AW
71302 1999Q 99¢)] HAFte HPL AEE ALESIPorn] EWE folFA I
g8 AFE 3FEIFAY. AFA wgREE AAS ARFEE] 0em)E A

s,

4. A @ e

gEysst nE o) FHL T FARE 2R E £, TIE~1/8%3
fol), AR GHELIoLs(20%), ANk MB4H PRLG%, 20%, 40% NVO)&el, A=)
HE=5A PF2(10%, 20%, 30%, 40%, 50% NVC)&9 & AM&-3dv

o A 2 Al

&Y &3 AAAANZE 98 JIAAEE pH 1025, A 250~300cps, 2HE 3
% 50969 AP AR HEsAt YATE KA BF we pH 9.5,

HE 400~450cps, RYEFF 60%Y HE-AZ2ANEITHFTAPRDE A3
o
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2.43 %M

7t A= oAl A=

WA AREAFNEFAQ] PF2E el 9dg, F=22A(37%589)138g, NaOH
145g, Ho0 14.5g9] MR A2oA 15:U2 3 A AZXH 45 A3t o
RESlEEAIQ PRLE 80 ARANESAPF2)S} Zon E¢F 1A7%5¢ 90T
A wEgAIZl F WA FAE ARSI o)W Alze slEsAe NVCE PRLH
PF2FA] 25 50%E Jellth AlzE FA8 242 439524} 3= NVCE 348
of FHAYE ANSACE A2 PR 42-E Table 2-13 2t}

Table 2-1. A=Q A FA9 £x4%F (PF)

common PF 1 Low-molecular weight PF2
Mn 231 177
Mw 427 246
Mw/Mn 1.844 1.393

* Mn ' Number - average molecular weight

Mw @ Weight - average molecular weight

Mw/Mn : Polydispersity
o A2 oAl 39

auld el auy FFAR FPaw do] Wger F FE U F N Zo=m
AW A gUrEE F Zow sle g

2 AGNE dolgon FHow A8 Fd g g AR TFHA G A
& Axste] s480(Fs89, 172, 174, 1/8F3EMNHE, FFRYIFA
(29%), AW =EA PFL(G%, 20%, 40% NVC)}&9, A&} %53 PF2(10%,
20%, 30%, 40%, 50% NVC)&9 && 2949} (AFF, AF<¢ 76cmHg, A2 2
24hr) 3} 2 vt
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Table 2-2. 3|4 € FYA %A 42 (PF)

NVC pH Viscosity(cps)
5 10.23 115
20 11.05 25.75
PR 1 40 11.78 38.75
undiluted(50) 12.19 2375
10 10.28 20
20 1.069 24.3
PF 2 30 11.01 285
40 11.32 33.9
undiluted(50) 11.66 120.4

% dyRe] F P53

AZdAR Age uFANS 74 MicrowaveZ (5@ EUols: 2%, PR 1
w, UF:30&)#2]3k3 w2 Hot Press® d(145°C, 2ke/on, 10%-)31e] Hur1g34]
o old dANAYEE T3] Microwave *E|AHE 30%,1%, 90%, 28 FolA PRI,
29} Ag-e 180 7P #gk3, d4=A% 4% 2ke/on, She/er, 10ke/cr, 50ke/cr,
100kg/cnt SAA 2kg/eme] 7HE Fghom AYANE 37, 5, 108 FolA 1080
7+ &gkt
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Photo 2-2. Oy 4553t 343
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% FERER g4 Az

W5 WS M s Adgol g AW WS sbEe g, 1S 37
A4S o185t duF 4ERF YA Azt AxWAzAL Fusy)
Astel 2 AREges 2n), 3, 42 TR U JYAS Azsge), o

=

W HHFARE PREIEFA NVC 50%)$t PRE(FIE-dlZ22A 544 NVC 60%)
AHE3HATE PFX19E PREGA9) W SX L 120p/m® .01 PR A9 78k
(Na:CO)E A100g% 1.2g¢ AZMstn AYRAL 146CAHN & Az exy)
100C7F 9% 283 o 4 sgded 228 $x7438 Azre nasted 26, 3n)9)
A% 108, 4l B9 0%om ATk on HAFF) ex: awaew
Thermometerg Ah§-3te &3 9th. PRFFAIY) 735 A3 A (powderd) S 4222 7}
F 20%E WA oH UNAFS AeARYo WY Hrt. ofn) AgtgrE e

T Xz B% 10kg/em® Qo

vl AlEL] EE - A1AA QA &3
WE 4F3} dvbFE KS F 2201, 2202, 22080 93] Ea] - A8 HAL 2x
A=

uoF A A e
A4 2R A2 AT B AAH YA tiste] Az SAHA Fe4

< oliEr] fsle d79) A= AA Y (Duncan’s new multiple range test) 0. %
Al At}
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= &3 ne xTA

A A QU vER(15mm FA) AL JAA g 3z AT Z
< 95cmol™ 5mm 7] &9t F(Tongue and groove)S zti it} o =4

o dto] PHOR dhe F HFee F95cmE d=vd A dUF aFRL 6
A8 AR HE A¥std e #eus FAEe Jdon wgas

37HE WAL gk

2 o3aus R Foew JtE AL APen A AHEste A4 Microwave® X
5 sk oSy g2

o
2
sl
-
-; g
%
N
1 i
3
(@]
:—ﬂ
©
ich
i
fi
e
=
&
il
&
il

AR 82892 F3-891300g/18), 172, 1/4, 1/8E 589 Fxolr F9=
1A, 240, 34 g e B gE8e] o] S8R5l 99 P} A
Ui R A skl

AR FR ol (29% s ) & FRAEE LA 294, 394 BT AT
X

slot vlolAanyrtdd Al dRYl W2 2X8 @A Ge] dEnz o
Agrjol A7t vigAsittn A4y arke) Azl 7] 2 A %€

ARARA Fois FU) dide] 28HuR o] YL ofEE ARl

wEk Al AR At SlESA9 PRL (5%, 20%, 40%, 50% NVO)SA F414
2lo} ARAF e PR2 (10, 20, 30, 40, 50% NVO)E 8 3 =7133l= PRI
I PF2 F3] viv)r)l gl ¥Ee 353 g9 €AY BY AT et PFRLY
209, 40%S} PrR22} 20%, 30%, 40%73-$-= FWo] Fx|Azko] 7AsA) ol n@d 1
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g

717V €A 4%kem PRI} PF29) AN(50% NVO)FUA e A Parda) oy
o] @AEe] A e, A& Fx PF FAZRAQ0%, 40%)94 PFFA e 9 4&
PE27} PRIETH o2 w9k WE73A) Z9do] PF27F PRIRT €44 Agx glo).
PF1e] A5 5%, PF29) 79 10%7F AFsiglovt EerA% 448 Sdsine 7
AA WS 2P PF29) 10%7F HFstdnh, «vad A3 PRy} PF2ES vl
7t Qe Ae HEIbEe wtuRRY @8] BAs Awsyrh 294, 3949
B gde) S Adfo] S0%PER ETghon 5% PFIARE EAZRs
9 A% vy e AL B, 99U BT 100% AFIPo Rz AL 70% A
TR vzt Qe S 5, G B9 20%% A8k (Table 2-3 3
&) WepA A9 AYe AFHAT FANH2AQA P2 10%8 98 54251
10096 33 )l Aozt 21 g, £5 34LBE o) g8t AolAd AAA )
comply E8AE Mdstn 2 - 7143 Y4 FH8A

Table 2-3. vl 9] -5 @} %W 5% PFAlE 5530 =o) 554

Al 46(%) | e 4%
- 234 47 By -
15325738745 R o5+ | (I 25 H 38R 45|65
@ %1000 - | - |- -] -1]2]2]5 |~ |10 -
g oo - | - - | -] -1]20[10 ]2 |10]|10] 3
WEs |70 - 20 10 - - - - 20 30 | 30 20
S RSB I

e ue ¥do] flu, oJagd Ao 3~5cm, £57F 3700 5
258 EWL B fln, ojddgY¥H] 6~Tcm, B 47)

PRATRE Sem B5 17, ofAE™ Tem, VS 57
PREEE Tem B 270, oJWHE 10em B 57
P EUEE 10cm H5 47, oY [Bemel 4 B 571014k

- Lo
o ot
Wofoo oo s;p

ol
ojft
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2. 4% BEs nee) vy 44

PRL 5%, 20%, 40%%t AR PF2 10%, 20%, 30%, 40%2 F$1€ PFFA 9 34
Fb g& WEF oo BEAAHAL Table 2-4, 2-5, 2-6 A B Xt} PF1F
P29 A9EdAY A9 HRUrFA de] A 71&dA oA F
At Q&P A G A9 ¥FLS 007~026 AE FUEAon /)

AFTFEL 18~48% AL Faste AFE 2o €59 A=
sta] 003~0364% F/Hgoen 7AFF &L 25~44%AE AT
el gk gEHHE OUF F5E 2L FFES 909 F5 4
& 35~62%, F5F 54-68%9) FA2FAAL BYa BF ALE FFE 29-63%,
FrE 43~68%9) AAaAFE 2tk AU E2F gAo] & xolE HelA &
o B=® PFl 5%¢ PF2 10%7F 2423 AAHQWE nedvhd F £330 73
AAgk e 20y & 4 AR

Ui

Table 2-4. FFAADN @ PFFA S $9& RAFA A%

P. bambusoides P. nigra var
Weight Weight
Duncan Duncan
NVC(%)| gains(%) gains(%)
- test - test
F=49.87 F=97.12
- 5 3344045 | E | 216%011 | F
PF1 20 5.38+1.41 D 4.18£0.18 E
40 7.2610.26 C 6.6410.49 BC

10 4.17£0.28 DE 2.87%0.13 F
20 558+0.21 4.9410.61 DE
Pr2 30 8.93+0.54 5.64%0.36 CDh
40 8.98+058 6.97+0.39 B
50 11.0840.66 9.68+0.71 A

=Rl Rl
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Table 2-5. PF FAFA A0 4 45H 53 Sejy2

P. bambusoides P. nigra var
Density M.C(%) Density M.C(%%)
. . |Duncan . . |Duncan . . | Duncan .. |Duncan
F=53.10 F=16.77 F=43.73 F=4.07
Control |0.78%=0.03 C |1019%046] A [0.76+0.05 C 10.01+031} A
5 10.85+0.03 B 8.37+0.70 B 1079001 B 7.47%0.29 C
PF1,20(1.01£003] A 5.58+0.14 C 1.00+0.08 A 6.68+0.85 C
40 (1.03£0.02| A 543%0.35 C 1.03+0.06 A 565%0.92 C
10 11.00+0.04 A 6.70+1.10| BC |1.01+0.01 A 720+241 | BC
PE 2 20 (1.07+£0.02| A 5.63+1.00 C 1.04£0.07 A 717021 | BC
30 |1.05£006( A 5.62+1.10 C 1.05=0.01 A 6.72+1.47 C
40 11.04£003| A 5.46+£0.43 C 1.12+005| A 6.22%0.37 C
* M.C : Moisture contents
Table 2-6. PEFQA 0 98 459580 =9 §5% 2 58
P. bambusoides P. nigra var "i
W.A(%) W.W.A(g/cn) W.A(%) W.W.A(g/can)
., |Dun ., |Dun ., |DPun .. |Dun
F=33.37 F=30.92 F=129.4 I'=24.32
_ Control |3056%325| C 0.068%0.01 B |28.13:£0.99| D 0.055£0.01 B
115711041 A | 0.022+0,0017 | A {1032+0.90] A | 0.022£0.0007 | A
PF 1|20]156.06+093| A | 0.027+0.001 | A |11.53+069| AB| 0.024x0.001 | A
40119.85+199| B | 0.031+£0.0046 | A |19.95+£0.79] C | 0.031+0.0074 | A
1011351+2.09| A | 002400018 | A [1201+097| AB| 0.023£0.0014 | A
PT 2 20112122085 A | 0.025+0.0034 | A [1207+1.07| AB| 0.023%£0.0016 | A
30,15.01+161 ] A | 0.029+0,0042 | A |12.80+065] B | 0027+0.001 | A
4011554+1.80 | AB| 0.028+0.001 | A |13.84F+1.15] B | 0.027£0.0024 | A

* W.W.A | Weight of water absorption per unit area

3. $59F3 neo A3 42

Z+ 2219 59 oY 714 AL Table 2-7 oA WXtk 453
58t Oute ZIAFEAL AFe] nste] 4ws] fAdd WE RojFEd 49
A9 Qo) nsle] AAE 57~79%, FEAE 39~110%9 F71E B3 £59 A
9§ BAE 45~90%, EFE 54~94%9 F7E HYgoen] 53] PF1 5%9 PF29)
ZIAH AAE R

10%7} ©&

£ O

&

ZARTGE
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Table 2-7 ¢&5HF3R =9 7|AF A4

P. bambusoides P. nigra var
B.S(kgf/cn) C.S(kgf/cn) B.S(kgf/cn) C.S(kgf/cr)
«» |Dun .. |Dun «. |Dun - Dun
F=15.15 F=26.48 F=10.10 F=9.49
Control | 1559.57+87.46 74468387 | F |1473.33%184.60| C | 727.83%£27.69
o 5 12819.34+147.82 1067.66+48.12 | DE | 2801.02£78.19 | A | 1120.48+28.43
PF
! 20 12670.831184.31 1123.13+£64.36 |CDE|2284.21 £141.02| AB [1139.49+161.49

40 |2459.35%:242.97
10 |2558.75+143.71
PE | 20 |2493.27£220.94

1293.33+79.14 | BC |2206.35+£264.53| B [1153.51£105.50
1032.66+160.42] E [2749.37£127.39] A |1187.26%£234.93
1267.69+75.53 |BCD|2451.35£229.09| AB | 1274.21+8.73

2 130 (2448.81 :178.49
40 | 2488.621+26.30

1372.36+79.32 | B [2307.41+265.93) AB | 1304.71£77.45
1574818089 | A |2142.26+£367.99] B | 1413.34£62.09

Pl e e

e R R R R R s g e

* B.S ! Bending strength

C.S ' Compression strength

L AEYED A 2 A

Yok AAe MadE, Agss, FASES, F5&2Table 2-8, 2-9 9 2
ol gule} B B P2 (A Mnil77, Mw:246 Mw/Mn 1.393)10% =2 A &st 3
FRER AMEsIon YEReo FFEGE~T7%ET FF JAAS FFE4~5%)

defor 4zt ¥ FAE Urhle] FFEE FS11~13%) B A4} PFe}
PRFS 323 dF22HJAA6~9%)9 &l MAHANTE & 5 vk Table
2-102 &9 3R =29 Spring backd el w2 o T2 JFHY EgoR HE
ob7be WS AV 9 AXERA F5E AL Oy E7REER)Y
Apollmm)E JAE), o’k okzhe] AL HHXIAYAE MR duF WEE
A7 e AAsAY 42 balance® FOoW A0mmE Hol Wl AgAAGo]
A& Az AR

_59...



Table 2-8. A A 9 7119 x D 7A%Tr&
P. bambusoides FP. nigra var
Density M. C (%) Density M. C (%)
, |Dun , | Dun , | Dun , {Dun
F = 3355 F = 923 F = 32049 F = 389
Control 104004 | D |670£110] A | 099001 | E |7.20%241| A
2 Ply |112%001 | CD |436+0.16] AB | 112001 | D |517£032| B
PF | 3 Ply |114%001 |CD [337£0.16| B | L17+001 | B |476+010| B
4 Ply |115+001 |BC [421+021| B | 1304001 | A [448+008| B
2 Ply |121£001 | A [46121.02] AB | 112001 | C |432+017| B
PRF | 3 Ply |118%001 | AB|[476+0.15| AB | 1.12£001 | C |528%003] B
4 Ply | 1.16+002 | BC [408+029| B | 1.13+001 | C |405£001] B
* M.C @ Moisture contents
Table 2-9. AFHAAS] FABES R T
P. bambusoides P. nigra var
T. S (%) W. A (%) T.S (%) WA )]
, {Dun , | Dun , | Dun . |DPun
T = 1487 F = 3063 T = 6.16 F = 48.17
Control 1149%1.16] C [13514209] D | 990+367 | B |1201£097| D
2 Ply | 4197092 | AB| 6555002 | B | 5437064 | A | 6187032 | AB
PF | 3 Ply |439+038|AB| 7164028 | BC | 800048 | B |661+1.13' B
APly |601+176 | AB 622039 | B | 8644024 | B | 9937005 C
2 Ply |330%001 | A |490%012| A | 370037 | A |564037 ; AB
PRF | 3 Ply |585+065 | AB|868%054| BC | 3774019 | A |520%002 - A
APly |400£179|AB|7214064 | BC | 4024295 | A |6312058 | AB

* T.S ! Thickness swelling

W.A  Water absorption
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Table 2-10. 59531 = 9] spring back@ ol & 32 &

P. bambusoides P. nigra var
Recovery ratio Recovery ratio
Duncan Duncan
NVC(%) (mm) (mm)
. test , test
F=8.84 F=8.78
5 3.22+10.04 C 295%0.72 C
PF1 20 2772040 BC 2.33+0.43 BC
40 2221032 B 1.63+0.05 AB
10 2.99+041 C 2.8110.27 C
- 20 2.74+£0.24 BC 250%0.13 C
30 2.62£0.04 BC 1.56+0.26 A
40 1.44+0.58 A 1.44+0.26 A

* Recovery ratio : Spring back @XAtel <&
“ o 24N EFE ANF A FFEAE)
s Q8 g2 P4 2% H mm

5. R =3 9A9 Z1A7 34

r

HagAAe) ARAREE ol E(Table 2-11)9 2om FA=e} §f

AR

¢

¢

=
Table 2-123 v} 4449 729 KS F 3118(1989)¢] <3t HAAGHEE

¢

AQ5 B Aol A Skegt/ais QTR YT FH HBEE 60%F 873
sogieh 2@y ds ZAs gel @@ye) ZsMA PRY FAA A o)
W flokslel EBAnch AAHe WolAE AT Uehdy EARGEE PR 10%
AFEANE § WEom duF 594 FRFAMN 2F sk Aot 0 o)k
% F7b RN AARE o] FAEWY FAFDFH WFEAL A
el And S48 AFAFS UBla BERT gusk no £ WSS

el SENR UAES GHEAEE aas R Fo(1856 ~ 2448 kegf/on)7}

c



F-5(1468 ~2183kgf/o) BT}t ¥ FAEE VAR HAEA AFFe $HF Ee

¥ -

2 g FAREE BAE AT @] yehiAw duA A9 AF IR

9 FRAE KSTHHL 450 kegf/aro] & 8733 1o} Table 2-123 zo] W34
AN AAEE Fo PPEAAES] 23S 1856 ~2448kef/cn s Ve o] EA1% 4 A 9

oF 48808 RQF 2 Y3 PREFAHES 73S 1569 ~2218kel/cn’ X & ERWo] &
A FARA ATt 42009 IR T2 FRE AE veEya vk

Table 2-11. BHFAA Y AGHAIA =

. P. bambusoides P. nigra var
Adhesive
1LS+1S 0.5+0.5 LS+LS 0.5+0.8
PF 40621578 34.22+3.99 33.721+3.45 24.99F2.66
PRF 32.78+1.58 29.06+2.31 29.45+3.18 26.37+2.22

* 1S ! Inner surface
* Q0,5 ¢ Outer surface

* mean SD

*KS F 3118(1989)-B-2AGA % ¥ EAVIEIE ¢

* BAES 0 9
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Table 2-12. 5] QA A= 4 FTAEA=

P, bambusoides

P. nigra var

C. S ) C.S (/)
B. S (kgf/c) B. S (kgf/cd)
Dun (kgf/c') Dun (kgf/cu) Dun
F = 315° F = 5049° ,
F = 023 F = 232
Control |2558.751143.71| A ]1032.66%=160.42|2749.37+127.39] A |1187.26:234.93] A
2 Ply [2448.191£244.09] A | 1079.08£65.13 | 2183.04+21.06 | B |1221.11+t6764 | A
PE |3 Ply 1856341+ 835.93] AB | 1022.94+0899 | 1790.86+84.96 | C | 1171.17%£66.31 | A
4 Ply |1899.68+304.41| AB | 975.13+102.08 | 1468.02+13.02| D | 1080.31%£53.90 | AB
2 Ply | 2218.60:£14.50 | AB | 1045.00+299.74 |2054.46+178.64] B | 1246.85+£64.72 | A
PRI {3 Ply |1569.25::177.52) B [1072.58+248.19(1705.90£169.92| C |119357+£6259 | A
4 Ply {1618.504:343.48| B | 939.24+191.39 | 1475.02%+33.19| D | 94728114749 B

*B.S ! Bending strength

C.S ¢ Compression strength
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A44d4dE

B AFe B¥E A gond U a3, £5) 48L&t
ARAFHEFASE Az e 44 L & J=EF 3 AN E
o4 duiAE st HlE YA A YFHaEs TAL MLzt Ahdne] F53
Fe ANsgen 1RAEd N JEFE FEFHSR=E s A4S
ARAE 2 Az Azxste 2 B - 7AH 4AE FH¥ A v 2

1dx A

1. PRIEFHTERAF 4273 PFAFFIFEAD 246)F A A7 B=712

& QEsgoen PRUESHHTEADS 427)7 PRAZFHTEAF 246)E L sEx
A A HEd $x398S RolJ PF28 A$-7t PRIETY BE713e] 44 29y
] EEs} $e5E (PFL6%, PF210%) ¥R A2, B - 7143 44 4 dAd 52

2 Hol FEF7HF sl 714 AAsAh

2. PF1& 5%4 90 9, 83 2% gP=rs stgen A45dy F54 62~
63%, E T 50~66% WA EHe} PARE 80~90%, HAE 43~54% FAEIANE v
12R7=3

3. PR2E= 10%&-<4olA Fo), £% 2% BF7% sgor dF5dn 8 56~

57%, &% 58~63% FAaadel BAE 64~86%, FHAE 39~63% FrtAIE v
EbQith
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2z A4

1 FFRE §EEG-10R BF AYA) FFEU-50E dgon %3
2@ A8 UHUN F5EE FFAL~18%)2T 9349 PR} PRES) A3
Ao AA6~996)7F AR AT,

ons

2. 9% &2 WRENCEIWZY FRAE Ao FRHAY FAFDFH oW
Aashs Ant $5F ARYFS dela BHEG U7 md £ 3345

vhebsle,

3. s 4R JAAEY 1A= divE WE-Ens e JZeEE 519 balanceE F
o}s=% Spring back@ Ao}l YelA ekt

4. FFHFQA A =E d PFFAZR] A4 1856 ~2448kgf/ci& YEMU 3
PREFAIA22) A9 1669 ~2218kef/en’ X& UElo] AubAed IAqs AF AAA
o] HAE KST4 (450 kgf/eme] )R hd2~48v9 AN £ FAE XNE Jed
o},
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A 5d F & d
2. Hodge, W. H.1961.Bamboo in the united States. USDA Handbook.No 193. US

Gov’t. Print. Off., Washington, D.C.

4. Jindal, U. C, 1986. Development and testing of bamboo-fiber reforced plastic

composites. J. of Composite Material (20):19-29
5. Korean Standard Association.1997. KS F 2102, 2202, 2208

1. Lee, A. W. C, X. Bai and A. P. Bangi.1997. Flexural properties of
Bamboo-reinforced southern pine OSB beams, Forest Prod. ], Vol, 47(6);74~78

3. Lee, H. H, S. K. Kang., G. E. Kim. 2000. Development of Bamboo Strand Board
made from 3months old domestic bamboo species. Joun. of kor. Society of
Furniture Tech. 11(2):45-53

6. Ma, L. Y. Kupoki., W. Nagadomi., B. Subiyanto., S. Kawai and H. Sasaki.1997.
Manufacture of Bamboo - Cement Composites - Effects of additiveson hydration
characteristics of bamboo-cement mixtures: JWRS Vol. 43, No. 9, p.754-761.

7. Ma, L., O. R. Pulido., H. Yamauchi., S. Kawai and H. Sasaki. 1998, Manufacture
of Bamboo-Cement Composites V -Effects of sodium silicate on bamboo - cement
composite by hot pressing : JWRS Vol. 44, No. 6, p.425-432.

8. Ma, L. S. Kawai and Hiraru Sasaki1999. Manufacture of Bamboo - Cement
Composites VI- Effects of silicate fume addition and heat-treatment on properties
of hot-pressed boards : JWRS Vol 45, No. 1, p.25-33.

9. Mori, M, 1987. Process of flattening bamboo pieces utilizing microwave heating.
Mokuzai Gakkaishi Vol.33(8):630-636

10. Mori, M. 1987. The effect of sealing polymers painted on cross—sections of

bamboo pieces on internal temperatures during microwave irradition. Mokuzai

(Gakkaishi Vol.32(10):777-781
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11. So, W. T, Y. S. Kim.,, W. Y, Chung and H. W. Lee.1999.Wood characteristics
of Phyllostachys bambusoides, Phyllostachys nigra var.henoins, and Phyllostachys

punescens Grown in Damyang District. Mokchae Konghak 27(2):7~14,
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% d)-PF1 5%-5% W F=-PF1 5%-5%

R&-PF1 20%-10%

.
//('/(':;

%

B Z PR _ X
w5 -PF1 40210+ S 0-PFl 40%-5% "} E%-PF1 40%-5%
Photo 2-4. ¥R A7AFI g2 wE F J53}
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c. PF &1 SA<4v] A3 A)
Photo 2-6. PF &4 IA5AAA AR
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c. PF ¥ H&4n] YA
Photo 2-7. PF ¥ HASgAA AR
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a. PRF 9o 52 44

c. PREF o) #Hs4n] A A
Photc2-8. PRF 9ol A=A A
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A a4 Z37AY JUALFE olSet tiLtF
AERE HE g 1HAD

A1d A A

A2 2 3 Ao EA BEES V2R FREGA(EFHNZRE, delFRE,
OSB)= gaoluvt HAAA 2L HAFAHA Hq{BYAY FHE o] AFHoRE 3
Ha sd oHd AL FWoRE AR A A A AE] i)
7108 =g A4Frtet BREAE] YAFFeR FEJAH) AxE SF A
29 Uiten FFAFE BAEFA G N EAGRSG} ZL N2 AEY o]E&E K
Asl7) oItk AFHoR bz ofAlepdx Fd¢, te(light bridge), 7H7 #
T E, Ux T FEYEA ALEolA e, Hodge(1961)9] Aol <fstnl vt
79 o9 NHF AAFLE southern pined] oAXRul] @sh Aos Hmsti gleh

FTEL FFo] Atz F2o =]1He] FRA e st gled @ sl v
7t ¢ 2lmAE Aetn AARE 0mAE AAW 3do|w &4A AsHn ATl
0oz HuEan JrHYHATY 1987). =3k HIol divhio] AbE FepaE
(Jindal, 1986), &2lv}, A|AE(Ma, 1997), AT BFAE o F
HAERE, OuF (A, PB, ¥, delwREe) e g F2ERA Az Ko

(5

il

of BIWAA

2 AN Joh ojAY Lee et al. (1996)9] AFelA 334 WFEEHE 2EW=3}
ste] 2EW=RE=E Axdta B - 7AF QA& FA%te  CSA(Canadian
Standard Association)®] 49§ 2EWN=RE Q37)FEH vlwdt A3 24hr JAF
FANEES] A5 CSAS 7]E) 15% °)3E wEa3. o™ (4.93~6.81%) Hxat<]
& 2AAER AR} 2EA=RC) ¥wEY-S W MOE, MOR, IB Sd4 34
£ EAS Ul E RAFAY B3 Lee et al. (1997)9] QA s duid &
WA Z B7}E  southern pine OSB beam® 7= (1038~6129 psi) AL HAHS

i)
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A3 RAHA &2 southern pine OSB beam®] #73=(576~1410 psh)R o) o9 $-

S3 NAEF vhehe,

dxe] AFANME A& 3dA o] SAF o}l 2EWE=HEE Ax
3 EY - 7AE AASE SARAEY & A7 E AL A4 UFE o) &3
o vy 2ER=REE Axdtn 294 % 3dAdeR BE AFY £ - 71AH
QA vm AEste] 3ALAR UFAER=ER =) o i AAE TRz}
A A5k

wEbA] b Ao AAAsie aeuAd Agwge] Y gL auFE 285
E ool AUt &719 B3-S @Ay 95%9] B4 € BARRE Y Tl
ofzolAd dug SHE B £ AEAE A & F JS B op g FAY

g3 Ve RA]D AAAA Ul B el A vlosteigt A4dd
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# AT AR 2EAEN

i

AZE % uFe Ag 97 249 A4
g, 91Fd A ASEHR Qe SN (Phyllostachys bambusoides S.et Z), "8
(Phyliostachys pubescens Mazel)S

=
AR F7t2 B (Phyllostachys nigra var.
henonis Stapf.)& AAsIA FRAGMEA, 294, 3dA)R FIho] FA 5 o
ARG AFE FFTILR AW VA Azt AP E Are Abgsslen] ke
Bol5tA 7] A8 AAFE 3TEIAT

=

R R

s cedcpcg A2y 9% ARAR= pH 75 AE 100-150cps, 33
F 60%9) RAFXE ALLEYT

A& Y. "AZF-E Scm, 10cm, 15cm Zol2 Aty Howgo g divhy AE
W B g AP 22N FAe 05~-07/mmA e, L& 7~8mmich L
i Uy 2EWA=RE AxE % Aol AREAE ey Hste] 4,
9 uF 2EJW=E AR 35F6, 10, 15cm)o2
Az3Ac AA) AL 2ENRHE Photo 3-13 2t

AR}
L

ste] Oib 2ERES
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Photo 3-1. 2E ]

Photo 3-2. /g d 2Ed9¢e AAxd
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Y, gy 2EQ=RE %

AzE 2EWZE o]g3ta] 20x20X1Uem?)e) V|2 AFEAL 171T, 539
on, lem distance barg A3 3 ERENF L 0.7BE 39 dUyF 2EHE BE
E AzdAY. 84aFA FAE&LE 2EWQ= AT oidte] 12% e gon,
WA el d G UA(PWE)E 2EWE AAFA tdte 1% 22, A
A2 Y EFEA0% TENE 82T nPYFEFd &) 19 AZsAt. vk

B 2EJ=REFE 4NE 07 WX (Orientation type)s 3 33(FEF25%, 4

50%, ©]&25%)0.2 Az 3t

ol

o AlEe 29744 33 24

Uy 2EN=2 A gvd 2EJ=R == KS F 31041997)e) 9 &te] &

4. AR
7 2AR ARY AT B AAY YA O] A AR fo4

& Yol 7] #5te] A9 AvEHA W (Duncan’s new multiple range test). 2 %

A B89
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A 34 A3 2 n@

1. Oy 2EA= neo] EeA A4

A Azxd 2eWA=o dopd HAAFEAL A7) st ofdlie} Fo] AxF B=
9 B3] AAE FAY F s, Table 3-13 o] 2EN= Aold] wE B
=9 NFg A FeEL Ao)rt (AN, FA BEEL T8 KS9 CAN/CSA
A& RSN FRd e 2ERE 5= BeF JA2 Table 3-29 2o} 2t
°]7} AN+

J]}i'

O

Table 3-1. 2EAE Aol B} Gy 2EA=nrEs) 224 Y4
Physical properties
Density M.C(%) T.5(%) | Duncan W.A(%)
(F=2.00"%) (F=0.99") (F=42.87) | test (F=0.37™)
S 5em 0.76+0.02 5661052 |11.69%£0.35 B 30.20+7.94
P. nigra var 10:,;n 0.73:20.02 590+039 |[11.14%0.18 B 33.49::9.46
15cm | 0.74£0.02 6.260.63 9.51+1.63 A 28.461.88
Density M.C(%) T.S(%6) W.A(%)
(F=0.45") (F=0.18") (F=1.63") (F=0.66")
P bambusoides| 5om | 074004 | 564059 12.0+0.78 30.97+0.57
10cm | 0.76+0.04 5.99%0.88 11.9+0.90 29.42%4.01
15em | 0.75%0.02 573£0.70 93+34 21671454

* M.C: Moisture content
* T.S: Thickness swelling

* W.A: Water adsorption
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Table 3-2. % M2 duF 2EW=n=9 &3 A

Physical properties

Density M.C(%) T.S(%) W.A(%)
. w | Dun v | Dun -
(F=2.79") | (F=3.33") (F=108.9") (F=29.19"")
3 months old| 0.76:0.02 | 7.75+0.07 11.69+0.35| B 3029794
P. nigra var | 2 years old | 0.72%0.04 [ 584+014| B |5.48%+1.22 A 32.48+4.93
3 years old | 0.77£0.04 | 538+050} A |7.89%+1.39 A 24541314
Density | M.C(%) T.5(%) W.A(%)
ns o Dun . Dun .
(F=3.00) |(F=13.36") (F=6.14") (F=752")
P. bambusoides 3 months old| 0.74£0.04 | 8.06%0.12| B [12.05*+0.78 30.97+0.57
2 vears old | 0.68£0.02 | 750+£013 | AB (11.03346| B 46.05+0.60
3 years old | 0.68+£0.06 | 7191038 | A |823%+1.91 37.25+£8.37
Density M.C(%) T.5(%) W.A(%)
s w. | Dun . Dun
(F=0.01") |(F=207.0") (F=5.04") (F=0.55") B
P. pubescens 3 months old| 0.73£0.03 | 8.00£0.12 11.82+1.78 B 43.35%4.24
2 years old | 0.73%0.05 | 9.10+0.13 7151292 39.491+541
3 years old | 0.73+£0.04 | 7.60£0.11 8.761.31 A 38.08410.8
* Strand length @ 5cm
* M.C: Moisture content
* T.S: Thickness swelling
* W.A! Water absorption
2. ZENE=R =9 JjAA A

7h ZEJE= dojo g HE

A Axd 2EW=9) ol AQxANS 3] 95 Az duF 2EQs
Re9 HAEs WA rg FAE F nud @il Table 3-37 o] 2EWE9)

Aol7l 6emd W 94U, 5 AEWA=R =Y JAZ AAo] T3] A2
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Table 3-3. iy 2EJE oo g 2EWA=ne=9] 7144 A

Beoding strength(kgf/cm? Internal bonding strength{kgf/cm?)
P, bambusoides |Duncan| P. nigra var | Duncan P. bambusoides P. nigra var|Dunca
(F=6.92") test | (F=26.87") | test (F=0.87") (F=7.68") |n test
5cm | 1098.1+113.1 A 1409.9+47.4 A 5.16+1.08 6.6410.43 A
10cm{ 1037.5:105.6 A |10982:+£29.23 B 3.531+0.63 5541048
15cm| 827.3+483 B 1111.3+855 B 467+238 6.6610.26 A

cEdEe Aol hE AR Aie] wek £38 Fyo B GuF 2EAE
wEe) A% AL Table 3-49 7o) 37194 BES] YRE) 35F BT 2~39
A R AR A GRS YNEA 2EdERE By oF e e Ul
KSSh CANCSA iH4& Z¥3 wHAzt #eajEs A 53 2% Kss
CAN/CSA T2 (B0ps: %23 BZAZ o $3e] 35 34440 2~394 wrh
453 wovh WEE ASA) A9 Lee et al (1996)9] FH FA® 472 19

J & A &
o}, grfe} WESe) A e mE vl re Aol .

'
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Table 3-4. QY5 5 o

]

A2ER=R =0 7]A3] AA

Mechanical properties

B.S(kgf/cnt) | Duncan LS(kgf/cn’) Duncan
(F=415.68") test (F=102.92"") test
3 months old | 1409.91+474 A 6.64+0.43 C
P. nigra var | 2 years old | 60563+57.33 B 3.73+0.27 A
3 years old | 720.36%26.10 B 4.40+0.27 B
B.S(kgf/cn?) Duncan LS(ket/cr)
P bambusoides (F=283.65") test (F=1.16™)
3 months old | 1098.052+92.35 A 516+0.88
2 years old | 656.58+12.73 B 4.40+0.68
3 years old | 650.59%80.06 B 457%0.64
B.Skgf/cn) Duncan 1.S(kgf/cnt)
(F=15.97") test (F=0.69")
P. pubescens 3" onths old | 644665961 | A 5.95+1.24
2 years old | 480.15+56.87 B 6.56+1.11
3 years old | 469.49+21.39 B 550+1.45

* B.S | Bending strength
* 1.5 : Internal bonding strength
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Al 448 3 F

W g, WES, RH AL T AUFE olske] oy B
ZEQE 3% REE AXHI 2, 3045 1 weo B AN YAS vE AE

fel et 2o AES AT,

1. 2EQE gol/l AEdErEs MFEH A F5Ed A e AR
AF FA BEES F CSA FAL BEAAG. 22ASY Ao} semd o
Gul, ¥% 2EdEREd YRR HAREA FH AL $FRYh

2. 37094 2ER=R=9 FAEI} 35F BT 2~-3dA8 2v R A e

T, vhe) e BEe) A4S 3] 2~3dA B 953 =8
o] 79 el wiE welixe] ol AT FHd wE &
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A5 & 3y LTS 0|88 OuUF TlE|2 vs
e (A=l FotAT)

A 1d A A

09l FutelF A2 W W B4 wWEEE /)22 d FRE YA (flake board,
wafer board, OSB)= AE3 < EFAAA plywood, PB, FAAZ WF=F o
ASH L2 FFHo] 7t e Aotk olgdd AFL AAHA Y2ARe] A A
stet 72 AES i) Qs B ZAHARA BT QAL FQoN T
AES AaA AL 237 gitolzta st 58 $aues Boikg oy
w0 A8E s S glon], Ty AHLEANY 6% e oEEn 9
dAeleh. =u PBAIY S A9 19973 =AM 721,000m e PHoR Ad =y
Ao Faste AFS Hola Yt ot L3 F9AAAY As = Q)
AN e s, T NEERAEY F2 %o &9 HAvtn AN wela Ty
FAWGA AAL M2 AEANH Ao Qlom A2e Aar)sA, ox) 25
5 ¢ Fo] A4 Pad weivh ogiuEs FF7F Pl AAA 504 11290
Fol Avbed F2 FdobEAY AE, vigkel, givh, R Edn)o) o Flolx e =
wHlobg A elM @ol AAgkm Yok vt B9 34 0o=e sHpm gloi}
HEAQ FFL2 BFF, 4o, 25 5 5 0k A5Ho 7 QuRr: 259 %ol
FHEAL ARE Y] H3, JFFo] Koldte] ofAeto A Fd thel(light bridge),
bt R OFAE, EEZ S s AHgElA %), Hodge (1961)9] 9ATo) <
st OS] o9 WAY AL southern pine) 6¥o] @ElE Ao w WA
ATH EF Ao divFe A4 Zetad Jindal (1986), 2, AWE Ma ef ol
(1997), HEASI JHPAE o)Fo] 29 B= gvbF XA, PB, 38, A-4va
2 0 FREFA Az Fom AMHD vk AFAAY dqe 394 o4

sd dusE o8 AR 229 ATE Lee at al (1997)9) 9ste] 1
&

9 BF 3dYOF Y&E AR ol8an Yok ¥ dFe 3



AAAY a3t 348

r_:—a
f

G o SHFNER Axste 29 A JA AR
g At AAE

o el AR A

Eale] 71 A o7 AAste d9add Aol I ge
2 FAFANAERE VHA S B oY FAFY
3 71s AR lE AN FRSARGA Al 2A 714" ¢ de dhe =
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A 24 As 2 Bj

1. FAA=

ri
2

TE A% AUTE AY FIT FAW ¥, 9579 duldN A8

9= R-Z(Phyllostachys nigra var. henonis Stapf)& ©]&3t3 37194 2 33 A9
=

Z700] B3 9o ANY AFS AR SN WiAlete] WL AR AL
sk
SREES

O e ERsE Axs] 98 ARARE pH 75 A 100-150ps, 2
Y 0% 225AE ST

2. 439
A e Az

WA 25 A 3dAE AL A" FAT dY AFEAY CdA Jjed
& e HAUE o83 DI Fo wiely millE ©]&3t chips 3¢
e AR a71E 7HE 29 63 AP dEyES FFLoR Asen, ou v
ElE9 SJA= 6 mesh THELE do] 8~15mm, 2% 335mmALon, HFEL
12mesh 3502 Yol 45~5mm, A% L70mmAtt. F E7F9 9EEFE ol 43}
o 3ZHREEREE AxsPeH, ob FF L XF9 7ATFES 47 74%, 6%
At
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wicly milli 33] ¥31% £ 82 wiely mil2 63] 20% 2= g

Photo 4-1. Olub¥ (RZ3494) A3 g2

G e e AE

5#-ollem, lem 2HuHdistance bar)E A& P EXn|FH
(9, 11, 13%)o=2

AgtEe 1717,
2 075U 8AFTANVC-60%)E AM&3te] X A7ES 3¢F

el AA FAANEE FRAQH, UFAR BT S LA AdE 2l

teted 196 Aestiar, AR AR ES 10% FEYJo2 WEo] 4 nF

A

g o 1%E AEAc AEd Rz =AV|E I

3
X
)
&
3
X

11
Rl

Foll wiste] 51y

20cm A v},
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9. AEY B9 - ZIAF A 2 XSS = Y 2A}

gy SEER A2 Oy FEEFHEE KS F 3104019979 o549
ZIAA QA& S YT. =3
e i

KS F 3104(1997)¢) 93t ¥ E<tuls)l= A
. SAA

ZY 2AWR Ax

=

3

hid

otns] 9ste] @9

AEL) B - 1A A dEte] Azt EA2
2
Al M

1 "rg‘]/lg

o] &
%77 ¥ (Duncan’s new multiple range test) o

=

[s3
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A 34 A5 W w3

1. us e srns o] wela QA

A Azd dEE R Eez AAL KS F 310419976 <Az =A43)
% vkl Table 4-13) o] £52) A wE Rx=9 ¥FH 713 e
A7k A9 A, Tht B W) AR Fool me oizhel WFEsL Wy
o] vlelste}, Fol W&ol A9 Table 4-2 dlA] By vpgl o] dhvF o) B
FAFEH FAMA&) YolAT F4E B DL AL g TP neE o 5
A7 o] ol rE T WG o] WolHrh -] KSy|Ed FANLE 12%
o3& RIEFFY O FAANE 9% AFE KSVFA FARZE 12%0)sE 23
3l 24Tl
Table 4-1. 95 stE)EFR 9 J|A¥)F D J1A%5S
Density Moisture content (%)
contents . Duncan s
=392 F=0.82
,,,,,,,,,,,,,,,,,,,,, (%)
9 0.75£0.04 C 571£0.75
3 months 11 0.76-0.02 BC 5.90£0.88
o 13 0.80£0.02 A 5.92%0.61
9 0.77£0.01 BC 5.36+0.43
3years | 11 0.78+0.01 AB 5.38£0.63
______ 13 0.79+0.02 AB 5.52%0.35
Table 4-2. U5 HE)FR =9 FARZSE L FFE
Resin Thickness swelling Water absorption
contents (%) Duncan rate (%) Duncan
(%) [=28.18"" F=46.81""
9 15.24+0.98 D 37.04*1.32 D
3 months| 11 11.9641.65 C 30.61+£1.84 C
13 9.60=1.84 B 26.02+£2.23 B
9 i258+0.55 C 32.03+3.0 c
3years | 1l 11.20:0.90 BC 26.13+1.79 B
o 6.5510.98 A 17.62%£2.06 A
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2. AYY SElE 1ne=o] 743 44

A Azxd SEER=s g7 xs G EE KS F 31040990 A5 e &
A9 A3}, Table 4-3°14 BE nlel o] /YA EHoR A2 HEF BE9)
725 g BB ert 3d EF5oR Az HFEIFRERY 453 2 g 4
of F3Ach ML} 3dA 33| KSTHAS FIste ¥ Feqgd vein 94=
9 A$ 3MEA ReY 334 ReEdYd 15~-2MARY e Fge Za e we
A% 15~20A%E w2 g vk o] Ade F F(2000)0] ERF ATl 9
A 3MEA OuF2ERd=ER=Y ARE, 3 ert 3394 AR 2] 1.96M),

o

LovlP=d & 459 vy JEEREe 39 199, 1980 e ert oz o
Fobdl BEFE Holn Jou AAHQ) AP 4T FdAE EAv o)ehzo] 37
4ol 3dQ M}t Brrt wobd ol o UL WY 3dART wa 7
dAe® v F4% AAS 2 Jlemr JhaFRl AAe] o} JEHIEE Az
Al el SElE e HEWA ) By WelX i HHREo] wold HEIEES] A

Qo] FohH &

of & Aojr}.

P

oz FARY Wik AT Ae AT #Q AE AYAA 2o}

Table 4-3. v FeEr =9 7[74 44

Resin | Bending strength Internal bond
contents (kgf/cm?) Duncan | strength (kgf/cm? |Duncan
(%) F=8843"" F=6.23"" -
9 1238.6+127.76 C 6.97+3.73 AB
3 months| 11 1247.4+114.64 C 9.03+2.46 B
13 1499.4+113.19 D 10.02:2,70 C
9 592.31£55,96 A 421+1.46 A
3 years 11 654,355 49,57 AB 457+157 A
13 734.99+ 31.06 B 475+1.84 A
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3. vy wE i el ¥ EddE e kg

A Alzy vEEFRse] XEGYIE WS KS F 3104(1997)0 9 Ao
2R £ Wy A}, Table 4-4914 R wiel 2ol 3MYAR EFo=2 Ax v
HE Bl WA R0 Ax HEE BREe XFELUS= BAAFS Fasy
np 3 o] 3dA R} ¥ BAAES YRt a2y 34ER BeEst 394 BE
A$- A5 KS 7% B0/ L)5FE #43d

u)

1

Table 4-4. A} SR =] EF AU = JAF

Resin contents (%) Formaldehyde emission (ppm)
9 240
3 months 11 3.00
13 3.82
9 2.06
3 years o i 11 277
13 358
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A4ddE

B ATe 85 3494 2 334 4 o dEEE o8t FAHIE(S,
11, 13%)2] U B & 32REE Axsdn BE=9 &y - 7|44 Ade va 4

Esto 33 2L AES AU

1. 859 ¢3¢ we)g n=e NFH 711 i vAE Aol Yok AF
o) FAWZE] B 3G Bevt 3dA HERTY 2L FXF UBWT ojtE
KS Z1E(FAME& 12%01u)& DAY 4 Vo] 9% A5 37144,
334 =% KS 71£& %3 sk

2. 3MEA HEFRee RS A FAHFEAM 3dA Bk FA w4 g

W3, GEAEE 394 REYE 334 RERT 453 Eich 3494, 394 1
= 2% KSZIZZE80 ¥ 4A$, BAE 184ket/on, HARE Blkel/o)E HAF

3. AxdE LA, 3dAR =] EEGYIE WS varste] By, 371494

n

=} 394 BE Nr} ofz e EESUSIE PAFRE ot A pe &

X
Ag Ueien, ML RES} 3dA BE B

g
—~

50mg/ £)5 & wEatlth
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A 6 & 3N dUSFE ogstdUF AEAE
ool v A A (PSL) (2 X} )
Composite Lumber 7l (A

A1A A A

QA AA N FaAde) FEH FAFAY QTR Aste] FIRAAE, vEL A
7 % AR o] 43 UPAR B EFRE Azdyrt &ds JAHL S,
Ma et al(1997)e OlUFE BR3ste] opuF dolwy E|E8 o g3t AWE
natae Axzstd o £33 dolE gy, Jindal(1986) FA) e vy Foa
¥lo WAL Axste R4&FAR AXH MDFY PBS} vl A7 23, S

w Oy wela B B30 B SSshn 2ud v ek

Sl B e A 2 olelee B % BANTE) 95%E S0l JEA
© Aol B Aw A Wz ARl ol e T FANY) P
e @ sl AGOAA AR S A9 BEH o4 EREE bl

v BEst g gl

A =AU AL 199890 8055ha® AA dopdA <] 0.08%7 =
iz "4 AR 20 FAE ARIAEL SHoprlolet TN EoleE
AeFaQ g SAE gosk Fo) uAAFEEAIETS, Bl o8 FAYS
sl B AYE HT, ATEFF HFH] glo] ojn] ApgAE Heol &

A9 70%7) WA E o] iz AF eItk

SE SUA e EWEREE Ust] olF §F $4%= Qo) RAud 87
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Hul, A vk ok ANE Ae g F ol AHsTr a5dE 2A olupA
a2 ol 5 89 Aol Ay Iy A 1y, B, uxk 4
FARAASTEZN A o]4" & glomz EAade wAs Fodm A =)
AANE A7) Efe] E RALE rAT},
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A 24 Ax @ by

1. FA A 5

7). A

2 Qe vy 2= JFPNERAPSDAXE AT dui-s IAGEY 5
gya AFdsr BAo) s £k ol (Phyllostachys bambusoides S.et Z), BES
(Phyllostachys pubescens Mazel), ¥ (Phyllostachys nigra var. henonis Stapf.) 3%
o] MU o R F7ho] BA A o] VAY AKS £FEE A 774 EA)
sto] AFE Amn ARE-skAT.

Y. Composite Lumber A&

AMEHOSBY AUFAE vkt HEgedAPsL), AUFAYATE H st
Composite Lumber® W7Asl7)1918te] FA3le ARZA TUd L2UFACIANF
048, 7115 @ 889%)F HFHAAL FFA7I 7hdtal OSB(ZINF 0 059,
2105k 0 6.778%, 7 ¢ 183mm, ¥F © Exposure I, % ! aspen A|FA} :

Ainsworth Lumber Company)$ tlvhE3 3wl A2 (PSL)eF B3kt Az

o} A=A
v 2R A QPSLAZE 9% HIAAZE TIAGA 2FEL

pH 791, %1% 250~300cps, R FF 60% L2PAVFTZFFAUMPE AHS:
vk wE AUl Composite beamA g A8 HEAARE AAATEA KAIA
Bef W pIT 9.25, A% 400~450cps, LPEEHF 60%9 dE-d22AETHTFA
(PRI A3} 91w
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2. 239y
7k iy g8 dAPSL)e) Az

Azd duF 2ER=E o439 iy FYMAH(PSL) & A=A} o)
Aoz € 8%2 711Y 9 5cm 2EAE=E 0|85t PRFSA|(HE-g 2=
MEFA)Z PSLE AZe 23 A& 5%2A94 Forminge] HA 9gka 33A$
8%, 109%6 &AM Forminge 7Fs3tRoy Zxz Aol w)$ wWojA (A&
8% : WXk 862kef/or, ¥HE A E 0.61kgf/cn, A& 10% : BAE 31.82%kgf/cn, ¥
A= 096kef/on) FA AL 12%(FRE : 656.23kgf/ai, VAT : 0.99%kgf/cn),
1596(H 7= 5846kgf/ent, WA E : 127 kef/e) A E F8HE FEX) o) 3=
gt 82N FEFFA(UMP) TS AHg3te] PSLE A2k ), B3, wE
S ML o)l &3 FAANE 9%, 12%, 16%2D 02 ol T 3P (PSL.)
g Azson o WAl vetd g2 JHHAPWEIE 2ENE AATA o)
o] 196 AR, AR FYRF10% 89S 2 2WFE <54 (UMF)
APwFol s 15% AsAon WY 21 UAZHES 0kg/em?) o w
A7t o2 Yot s
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Photo 5-1. Cold Press
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1}, O} ¥ Composite Lumber AZE

Az FEREFPIIAG UFE RS FYNAHPSLIE oldate] v
Composite® A Z T FUH9] webe UL H43t suriad OSBE A&
3, a0 flangeR FEHEFPAASL Ay FPNLAPSL)E PREFARZ A2
5] Composite® Azsrgch Ut FaAWMAAPSLIS A AE PRFR
o}o) webs AU FAREFE 150g/mPom A8l (powderd) t FX A7
o] 20%% ArlEAoH 24NE e Aoz Wt SArh oW d¢ F¥e
0kg/cm? STk, sghE 72U Aol FA7|ZHE AAF HAEE Al

. AE) B - /AN AR 24

Hust 2Edez gzxe guy 2ed= giadAPSL)E KS F 2214,
3104(1997)e] 93te] &) - 7]AF AL 2AsFen], o Composite Lumber

o] B2 - 7|44 HAE KS T 2208(1989), 310441 A toA

olf

=24
=

)
&

. 5 2 A ¥

N

bz Az AFY B - 7)A 4R distel A0 F A e

to

gtolr 7] $Jste] AA) AhF 74 Y (Duncan’s new multiple rang  test) &2 F
A EA8 At
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Loy 2= g3njd A PSL(Parallel strand lumber)2] &3 AAa

Nk 2ENE WG4 PSL(Parallel strand lumber)9] ¥]F, 71A%¢5F&L
ol#f Table 5-1, 5-2¢9} v}, EIZNFL 0762 43, 71AFFEL 6 ~ 7% YA
shith PSLO FAMERS #5& B8 ¥uy £V 2 999 AeE 9
PSL122%(5cm:9%, 10cm:8%)°] 2 d0SB12%(5cm:12%, 10cm: 122%6) Xt} ol X]<4=7}
Table 5-33} o] Aol on] Fr& = OSBY 4 Id, £5 30%)9 F
FEEG PSLY) {Fr&(Ful 1524%, 5 1066%)°] w5 AAct. olzfg AL UF
ok UMFE AbE 3ZAle) Zold 7|Qsks RAox AR vt 4493 AEF9
TANAN 24hrFo&-2 15%0132 A gsts 748 BF WFAA F1 9ot

O

s

Table 5-1. dUF 2= FPaAAY(PSL)Y &

Resin P. bambusoides P. nigra var P. pubescens
Strand
contents length Density Density Density
(%) e F = 0.10™ F = 066"
| fem |o72io02| B 0.77+0.02 0.77+0.01
' 10cm 10732004} B 0.78+£0.02 0.74+0.04
12 H5em [0.76+£003| AB 0.78+0.05 0.75+0.02
10cm | 0.8+0.04 A 0.78+0.06 0.79+0.07
15 S5cm  {0.7510.04; AB 0.77+0.03 0.74£0.05
10cm (0801003 A 0.78+0.05 0.72+0.09
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Table 5-2. vy 2=A= FPMAA(PSL)E) 7110 %r&

Resin P. bambusoides P. nigra var P. pubescens
contents Strand o o )
©0) length | M. C (A? Dun M C (A)' Dun M.—C ( /6‘) Dun
F =011 F = 2474 F =492
9 5cm | 6.47%0.15 B 6.56+0.05 C 6.68+0.35 B
10cm | 6.66+0.12 B 6.0410.19 D 7271006 AB
15 5cm | 7.17%£0.15 A 6.881+0.29 BC |6671059 B
10cm | 7.39+037 A 6.821+0.23 BC |6.72+0.27 B
15 5em | 7.39%+0.28 A 7.86+0.25 A 6.90+0.19 B
10cm | 7.10£0.13 A 7.10%0.16 B 7.841+0.44 A

Table 5-3. divty 2EA= FPAR(PSL) FAB &4

Resin P. bambusoides P. nigra var P. pubescens
contents Strand o 0 0
%0) length T. S (A? Dun T.S (Ar?s T.ﬂS (A? Dun
F = 586 F = 107 F =274
o | Bem |1419%095| B 73£424 12827683 B
0cm |1386%337| B | 601414 |7324200| AD
;| Bom |906%431| A | 6313 |874321] AB
10cm | 8721047 A 4.53+0.87 571028 A
15 5cm | 6.10%1.51 A 493+0.65 6.43%£3.40 A
10em | 6.37+2.29 A 273%+1.02 3.87t1.38 A

* CAN/CSA 0437-92 : T.S 15%°]3)
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Table 5-4. g2 ~2=dx PP dPPSL) 9 3¢

Resin P. bambusoides P. nigra var P. pubescens
contents lb;r];?}? W. A (%) W. A (%) W. A (%)
(%8) F-139" | D" |F-5ag | D |p <ot | PO
o Sem  |28.64+£378] C |11.91+063] A [27.02%066] C
10cm |23.00+207| B |17.16+344| B |[2620%587] BC
" Scm  |1524+190] A [1065+200| A [2503+478] ABC
10cm [1680£279| A [1651+354| B [21.74+205| AB
" S5em |1551+117] A [1099+078| A |2206+1.23| ABC
10cm [1452+320] A [10642065| A |1867£422] A

2. duF 2=0= G394 PSL(Parallel strand lumber)9} 71413 A A

iy 0SB A4-& AP Azxxdd dISERARS @717F Fol 10cm,
15cm 2ERAER 2987] o9 temA ol P 2ER= OSB7F B ¢4 A
OFE vERto ol AP 279 ofdRd 719% Aew AAHn FAFR

AR A B

ol
i

/Kg o]

L
)

wrh 2EQE Hg fIAPSLAE 10cm 2ERNE Zo)
7Y £2 Aom vyl oy $F6 whE PSLY AAEAE 2w B3(087
~ 1412 kgf/ca)ol $3al(850 ~ 1346kgf/cn) vt E%3, WEFH(634 ~ 844 kgf/cn)S
Al ST AL dgkek ey WEEe) A= AT A4S cEdERE
(Lee, 1996)7k W} vha 28 718 BT AAHLRE BHd OiufEs 4 dEgFa
£ 200 74180 kegf/cn'e]d)e] 5 vjel & YE Y EX OSBEHYY 73 239 kef/
arolZd, 3400 ps)E vt e XNE e EAATAH FEIAREFA oiyF PSLe]
59 A% (b S 890kgf/en, ZAWHE 770kgf/cn, RV 580kgf/c, Az}
T 1010kgf/cw, <F}Etc)ofolel Ak 7T40kgf/cnt, FRAWS 72kgf/a) BTt L &
HolgEol HAAe) 17kolt}l | beame LVLUA AMES ST w$ £ Ao® 7)sh

o
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Table 5-5. v}y 2EWdWx= F P AA PSL(Parallel strand lumber)d 3

P. bambusoides P. nigra var P. pubescens
Resin
contents Strand |
length | B. S (kgf/ci) B. S (kgf/cn) B. S (kgf/ci)
(%) . Dun . Dun . Dun
F =573 F = 802 F = 441

9 5cm 850.06 =77.59 B 987.38+78.31 B 634.27141.29 B

10cm | 987.55+192.84 B 1087.10::87.21 B 659.13+99.92 B

12 5cm | 1056.24£35.33 B [1086.18+127.16f B 651.49+19.33 B
10cm 134671121183 A 1284.85+98.32 A 7368414454 AB
15 5cm  |1069.51%£110.85] B 127487+111.84| A |746.85+97.34 AB

10cm [132586+132.03] A 1412.39+73.70 A |844.45%49.89 A

* CAN/CSA 0437-92 : MOR(O-1 //) - 3400psi(239%g£/crt)

vt 2Ed= H9 dAPSL 9 welZ = Table 5-69 o] AA# o
375 kgf/ei¥l 971 kgf/ecvE eyttt nj= wEs 3dA] 0SB whe]7dnis
62.9psi (/) (4d.4kgf/cn)Q1 9] B3] UMF 12%9 2§ #2 WEF9 PSLLE 585 ~
6.28kgf/cn’& RoFo] Byl & WY AYPEE HoFa v, UMF 12%9] 75
U5 U 29 2% (698 ~ 862kef/an), 4™ (614 ~ 887kgf/en), "WES
(585 ~6.28kgf/ci)w oAt EE FE)FR= 2009 vl A3 =7124 Ckgl/em) 2t A
%2 #E& Yl 2EWE dol= 10cm PSLo] 5cm PSLET R 94238 uhy)
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Table 5-6. A5 2EA= FPNAA(PSL)9 vtel3 =

) P. bambusoides P. nigra var P. pubescens
Resin
tont Strand |~
ntents
« length | 1. S (kgf/cm) L S (kgf/a) L S (kgf/cn)
(%) . Dun . Dun . Dun
F = 6.69 F =99 F = 10.26
9 5cm 3.98+0.48 C 5.42£0.79 C 3.75+0.72 D
l 10cm 441£1.89 C 527*0.36 C 476094 CD
12 5cm 6.14+0.23 BC 6.98%1.0 BC 5.85%+0.83 BC
10cm 8.87+2.94 AB 862t1.11 AB 6.28+0.49 AB
15 5cm 4411189 AB 7.350.94 B 6.28£0.61 AB
i 10cm 0.71+1.45 A 952%1.16 A 7.36£0.37 A
3. Oy 2Ed= HIYPu]AA PSL(Parallel strand lumber)9] 3<% A =

vk s G A PSLe] Reld A2 Table 5-77% 2o} dubdo

BOREAFS AL QUAFS Ak B A R A% AFHL 2Q5A ¥
ch AU QA E Rk 9ske] wE FFo] dolunz sFE] olee B
e A3 Qo Tty auE 2eds PYudAPSLE AP £ Awee 2

3Loglems UARE fAREYE o ke X idEe S5 A £4 FA gl
FobaA g H vl (), 2EW=o] 10cm, AYAE 9% : 5255 kgf/cm, A
A& 12% : 68.36kgt/cm, FAFAE 156% © 72.08kgf/cm)E F7HEtQon], ~EW
zdolrt A (g, FAFA-E12%, Sem ¢ 43.05kgf/cm, 10cm @ 68.36kgf/cm) =
A AP FUHEAT #FEDN VAE Y 2EWQ= Zojg XA EA BA
g8 veglon £50 /M w8

AGHE A 12%, 719

0

1h=13

ol A +EF WEH Y Re R A

2
ol

.
% Agee el U B9 2w

o
i3

22.6kgt/cm, VXN 0 A9kgf/em)T} W mEte] B Grjgl £5E SRR wj$
T X AW AYYE el B35 B9 S X AeAZES v A

chebe,

n
i

- 111 -



Table 5-7. U ¥ 2E

A= FPa A A (PSL) 2]

2% A5

P. bambusoides P. nigra var P. pubescens
Resin
Strand .. o, o . 5
contents length Nail withdrawal | Nail withdrawal Nail withdrawal
(96) g (kgf/cm) (kgf/cm) Dun (kgf/cm) Dun
F = 124" F =49" F = 242"

9 Scm 41.18+27.61 41.95+9.68 C 20.96+8.33 B

10cm 52.55+15.33 54.77+£7.59 BC 34.95%£12.50 B

12 5cm 43.05+17.48 54,76 £7.41 BC 35.91+10.02 B

10cm 68.36-13.39 69.90+11.63 AB 36.58£793 B
15 5cm 55.13424.01 67.51+13.63 AB 42.49+5.26 AB

: 10cm 72.08 £16.96 77.06£8.64 A 53.74+9.61 A

4, T3 2UFA F5FHAAA S BdComposite Lumberd] Az

FEd Ak 2UYFAE
flange® #F= Composite LumberE A 23t MOE, MORS

webo.® AMEata ol fjdl= W2 U FHAAANE
A8kt
A F4H 223839 Composite Lumber® AxXdE AATE &A% 7] st
Ak Sk ol A LAWY ol 20em olen FE& 18m olil ¥olE 3
8~40cmAtt. BAEY FAHL dgdAFH dE WA EAD7] (Hounwfield it
H25K-S)& AH4-3te MOR¥ MOEE S48t &
2ol A 98t AUFAY FRE=ALAMOE MOR)E
(MOR, &vH7A @ 814.17kgf/cnt, 22+ o) vh5-3 A A
A 96596.3kgf/cn, VA +DILHE-R A A
MOE(34%)& Bt} ol &4 Azt

model : A3 Figure 5-13%
g A o
: 917.47kgf/ci, MOE, AV

1 129750.2kgf/cnt). MOR®] 3FA4H(13%)B.vh

5 FIERA0SBS B2 A A £ O UFPSLH 9 Composite Lumber#) =
TS (web) 2. & Fhthit Aspen OSBE ARS-31alL A3l flange® H=2m) ]2 )

EE AzdE gy PSLE AREste] MOR, MOEE &A43H31th web22 ARS3 5

A OSBEUNS (1)E W3pds g Axste 2 Zolg of&d HE Iuch 214
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I Figure 5-2, 5-39) %A gk vvkA2 B520) (A gy PSLE &
2 0SBe] MOR¥ MOEZE F3AA EgAe] F2& IF4 AFAT.(/, OSB MOR :
289.27kgf/cn’, OSB+UIVHFPSL @ 427.03kgf/ct, OSB+HE A A A © 458.30kgf/cnf), (L,
OSB MOR : 351.70kgf/cii, OSB+tht}FPSL : 44737kgf/cn, OSB+3 &7 A A
502.23kgf/cn), (//, OSB MOE : 30155.7kgf/c, OSB+WVFEPSL : 47153.3kgf/cr,
OSB+H =3 A] & 51292.0kgf/cn), (1, OSB MOR : 37348.7kgf/ct, OSB+t)}%PSL
: 49889.8kgf/cnf, OSB+¥ <A A : 54768.0kgf/cnt).

®FY 2EN= gl Hgd A5(/), MORS 342 PSLe] 48%, A A A)
7} 58%, MOE+= PSLe] 56% BHEIAAAAE T0%F =A™ EFY 2N 3
Zpake] Z35-(L), MORS) &4& PSLo] 26%, Hs A4A9 B¢ 426%, MOE:
PSLo] 335% W< HAAAE 46.6% FAHAAT. dHA (HY (LEF MOR Hils
MOEZ7} o o] I35 FEHQA7 A5Fdol AY #Fka PSLE 534

v},

040 140000
520 129750.2 [
%00 —4—MOE
1 100000
© 80 |- -
5 860 | 80000 5
2 2
el 1 60000 T
2 o
= 80 3
800 | ]
780 | 1 20000
760 .

S 3% ¥ LR A

Figure 5-1. g <2v] A9} A2UYF-A2 34 ¥ Composites Lumber$)
AR=A AA

* Radial'@ 3ol F12d )
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MOR(kgffem?)
MOR (kgf/ctr?)

ERE

OSB (suface /)~ OSB+PSL  OSB + rjL}sia M

Figure 5-2. 3521 JAAA =& ¥ PSLA Aspen OSB{(/)Z 3 €
Composit Lumberd] H3 523 A3

* OSB(Surface //) : ¥%9 2EN= WAtk
XF2| 2EWA=  AAOSBL IB%E A
A2 2EWE  HANOSBY 67%E AA(F 2323 w)
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600 60000
e==a MOR
500 50000 _, MOE
o« 400 40000 ~
E £
8 2
g 300 30000 g
5 o
= 200 20000 =
100 |- 10000
0 0
OSB (suface L) ~ OSB +PSL OSB + gyL} 25 A %

Figure 5-3. ¥&2v] A A £+ du5 PSL# Aspen OSBE 7449
Composit Lumberd] I3 =% A&

OSB(Swrface L) @ 32 2EN=E n|Qurdk
BFo 2EWRE ¢ AAOSBL] 33%E AHA|
Aol A= L AAOSBY 67%E AR (X2 3 3)
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A48 2 &

B oags 4, 25, 4FE5] dA 2EQ=F o]&3te UMF 447
9, 12, 15%)2 s duF FAMAAPSLIE A3 AES] &2 - 7|AH 44
& Wi AR Ogd 2 FES o Aol FUb ATR F HAAR
9} Composite Lumber® FAste] A=2 A2A& AT A3 v&d 22 d&<
ANk

mm

9

1. PSLe] FA%&4&& PSLel OSBRUL wrof X|¢7] ks ojglen] &

et
=

- 3}

gol, £ 0SBY) F4830%)1r) PSLY F& (9l 1624%, £ 10.65%)°]
Avkebon CSA FTAS BEAA FUch

2. 2EAE Fg nIAPSDAME 10cm AERE Ao)rt Sem ~EWRE Foln
v} A= YRAFESL £2 RAow eyt vy #Fel W PSLe f1An
X5 By BE(987 ~ 1412kgf/cr)e] SO0 ~ 1346kef/en) 2ot FtaL, WES
(634 ~ 844 kgf/em)> Al % F Ad @ik FR=E Jhtt OSByrA R vl

Fw EARGE ¥ @& Bk

3. Uy 2= gy wdAPSL)Y wedEs AAF R 37 kef/on-Y
9.71 kgf/enE ebdty, UMF 12%9 74 ouy $382 29 5 (698 ~862
kgt/ci), ol (6.14 ~ 887kgf/cn), BEZH (585 ~ 6.28kgf/em)s oAk

4, R 2ER= FP udAPSLIS) £ g AL $A FAFo] woplar
2 Zawd(ghy), 2EWR=Do] 10cm, FATAE 9% : 65255 kgf/em, FAAR
12% : 68.36kgt/cm, FATFAE 16% : 72.08kgf/cm) S7letdon], 2@ =lo]r)
AS¢2(Y), FATAE12%, 5em ¢ 43.05kgf/cm, 10cm : 68.36kgf/cin) ¥ 4 A7
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Mo ZUNATh FE0 NRE HW 2EDE Dolg) FARAL DAY A
5 WEF0] Y R R QW AYUL Gehlon] BFo] g g AW A

428 vhEhiy

5. 9l Composites Lumber®] 454 AAL H4 #9454 0SB 25 vy ~

EQ= P AAPSL)S o442 Composites Lumbert Q02 ZFE9) &
]

N

¢

JTIHE Y9 OSB (Surface //) MOR : 289.27kgf/cii, OSB+PSL MOR : 427.03kgf/
af, OSB+H A : 458.30kgl/cn) S EFRLTH

6. WHEMNPAAE auFoe g Az gl 1 MORF MOEE 3AFAIA
th MORXR Y= MOEE Rttt @ol 34 Azt

7. wlvkE PSLat 520 JAAE 54 0SB ¥@A Az o] o A
44 (MOE, MOR)E 3 Ath MOERTH= MORS F4AZAT
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a. OSB(web) + hyF H= HAA (flange)

ST

R A 7o A
}/{}//} T o i . 2 ggf,"';'{;',.z"
_ .

z % 2 g, 5 2 &
/ i .(4:5//? ' 5 /'.v:":{}:?'/ﬁ'f.’}"?f.r%}:’.

b. OSB(web) + blY-F PSL (flange)
g Uy AFXAE Lumber?d Ak

=~
=
g

<
g

5
b
2,
2)
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Photo 5-5. & (web) + 35 H A A (flange) 3= A9
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A7 & ZUL dUFE olSE S+EE2 A

M BM (2YWA})
A 1A AR BA9 53

Fexge $57 dhgEde wal guF e AAgdges AgEa o
A7 FYErte] AE5L AAA o2 AL Fstn Yok TN BRR sk
o 2 REF/ SUAARten FEHA gl vivd Add dol sisa .
webA wref Feld 583 FaUt gl 45S 045t BHE BEL FUA4 2R
2 oA £ dud ol FAAA FAAN dF WA F gk & Ay =
WA Ot o4t WE E4uEe AXAY BNE Tt dHoen St
REEZ O £ Jertet oo wi FHxske 250 F4% o A Ayt

wastas) o,

)% flate] WA AL BARD BH) BT ANG Fol AARE B A
AT 87 BAE FU) HEF A9 @A 33 AYHon AWE Fol %o
Aol OjF JRENL ARA Wk aY; B ATE A PHsheh 2R
o) §7 Aot WHIE H N FIHuR gFHoln ajFAe]l s

EAEE o)gste] AAYE B Bk
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A 24 33 4

L=l Ry 913

TR R BEF A4 AR FIMF ) AolE 66%F FlolA AT A=
Aol 1Atk el IMF o1 F 510l §43 gastdon 82 v Holy
3 SITh Table 6-1& X 209 5¢ke] G 2 REF Fu) A 9 2]

Table 6-1. 3 2 n=Fo ZYANH 9 (39 1,000m’)
=) At 4%
QA | A - i T i 27
¥ | PB |MDFMHB)| &4 | % | PB | MDF | 4
1980 | 1,575 68 -(14) | 1,657 46 - - 46 | 1,703
1990 | 1,224 | 165| 113564) | 1456 | 783 392 97| 1272 2728
1995 896 | 548 614 | 2,058 | 1,307 434 76 | 1,817 | 3875
1997 | 1,050 | 721 750 | 2,520 | 949 253 74| 1276 | 3,7%
1998 680 | 507 584 | 1,771 | 494 149 34 677 | 2,448
1999 734 | 672 844 | 2250 | 791 377 217 | 1,385 | 3635
BEMNSLE WAAIE 28 23734 Aoz vpd Iuangke] Srletan ¢

hoddlE Eol, 1999dk VIFLR SuelA AnE REE 1,049,000m3E o] F ol A
64%]  dFH=  672,000m3L  SHdlA AAEHPT  UmR 6% HIHE
377,000m32 =AM ¢1EAh A&H R Ty AAFLE Tk Jor 1990
W-E] 1999 Abeld)] ) AAFE wd 17%0) o2& ¥ AFES YFsz )
ke SRlslE REE FY7I-Egd & 337 QY ) 199099 19999
TUHZZIE AL TG AR s, Table 6-2% RE9 Axd AN
I g1 2718 o ok e 9Ek dnEe EAE 19989 23%01M & A
= 19999 2] 36%0 o]ty
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Table 6-2. X9} AxY FYAAF3} 4=9]

1996 1997 1998 1999 1999.1~8 | 2000.1~8
A 1,014 974 656 1,049 677 803
S R 659 721 507 672 431 485
9] 355 253 149 377 246 318
T 49 E(%) 35.0 26.0 22.7 35.9 36.3 39.6
0SB %] 38 81 14 21 12 17

OSBE 3 dlgA PBAY AxHu 4% ot g zow A4 A4ewd
of st ZeAE ANEA gol AY i) FHI Yk OSBY S
1950 t) EOIM A 19D FRaSo] R0 Y FARAY &7V} Folx)x}
BT 299 uE Wil = APE FEoF AN FAEA $4197) A%
S 2y 1997AHE GX7] AE IMF 91718 22035 AFo] 3335 &
g wek OSBY 9% F4% #AE ngot Ax sdye] 20009 849 %
4] FH2 A FAXzE wste] 5000m° F7hakgcl

2. T FU9H 2 QNG

gy gl g gae) SAE 493 gFHen oFolqm glo] d Hej:
g3 dobd 5 A= G AP Ao 2001d® B o
HUA L F 6,087HR o3 o1F 50%7F Aol 12lx 38%7) Avtel 9)Askn 9o
w o] Yol ME, A, F AXAPIN ATFR WA Y} EY Froms
o) 56%, Ware] 43%, 1EI WEFHO] A 19%F AT Uk 2T A7
W HYe 4 AFe te g
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Table 6-3. B33 £ 4 4%

A Af&
15~25 8.8%
26~35 91.9%
36~4.4 22.0%

. 45~54 23.1%
55~6.3 13.1%
6.4~73 5.9%
7.4~82 2.4%
83~92 2.2%
92 ©4 0.6%

AN ¢Fh 19800 SHEWAE 5360 Bola FYFHL 42730l g
31974619 SRMAL 464141 o)a FYFA L 317wEel) F, 74dels ARG
682 0] FHAH AL B0l 79650l FAHAT WAL FYF5AAZ] AgHy
A ero s g AAGSE ghofelr) v ofelg Addelth. gQoddiAA R dFE &
faga)ol FAFEE QAsy] e A5 A A oR g wEpA &
Hsrke U8 799 AW Q43 £9E v AF5HoR feste FHF
o] Wgtot A= WA E WA Wol ARG ZHHFo] Wo)] FAhIAL AL
FA ¥},

HFA Yy S oo R AR A7 1T 350UA 45040 BEEE Ao
2 A A} WA 1A= 40045 viEo 2 1 dvy Y SA %S 20009 o
g o 2430k o2 Ao FAHHET.

L‘

b

6,087 X400 = 2,434,800(%;)

S WA o AN WEHI QEAE AF Shefe] Hu QA % 3
ol
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3. 459 744
A9 7hAE A 20~-30d F¢ A WSk fAfich 2001 A FEel A5
AddE FHLR vttt A5 4w 7442 Table 6-49F v F 69,0004 0] A

AR en &7 AIAE B 19,6144 o) vk

Table 6-4. w38 A5 Aty R ARF

g s P F(E) | wFgEd) | F9 1A "D
1 95,000 508,000 20,320
2 15,000 986,000 19,067
3 5,000 96,000 19,200
4 4,000 82,400 20,600
5 15,000 286,000 19,067
6 2,000 38,000 19,000
7 3,000 57,000 19000 |
37 69,000 1,353,400 19614

Fo2 14 w82 Addd. 142 UIFH9) A$

1~-3718 E3315, 459 A5 6~1571%5 x¢sts, 259 A5 20~4071E el

AX Fol wl Apojr} vn] o Fel] WEHF o njst

o] Agel AEH AL AFoR Ao 2~3d40 F2 AdEE olfw oF du

1 TAEE AR A/ AP S kA 7] wEelv. vy A4S

W fARle] gzt v 9A 1dA NS FAFoR AfEA o3
el Al Ayt 52 &5 s AA o,

wAE7] A3AM FEle FHEold d4AFoR AFHE wdel 14549

drpolsr g wjujte] tubFE WEELL ol SWbElEdl Avirl £8FHE s

gtebsop @} olF Y8 FYS AASn Y AREANA F4R Ay AL A

@7 AolE Reli gloey MAR 14 7HEE 2500904 35004 Aleo]w. siets]

Aet. B RdES AN &H¥E FEEy] uid mudsedd Avke
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L0091 o)) W& jFel el om 80009014 13,0009 Axz metE gt

wEN GO QE S A FHE AFS A gon FATE AA

TN 29 e 97WZtAE Q HE 15000,0008 8 Qo) o] F radte] 99 o
£ 1540000082 6] 21X Row BmE T,

Table 6-5. SAF 4% 9 2 & 43

1999 1998 1997 1996 1996 1994 1993 1992

TE 292 267 145 200 210 125 125 125

J 15401 | 10,705 | 26,106 | 23,515 | 25614 19,’795J 24,562 | 25,867

A2 A9 51 H A Hong dX) g6 dd AFY A8E fod T A
Fol kol ¢ & ARE Boln JdE HoE nRo] 4Fe) JMEAE o] R

AlgE 712 B3 s 1Y Ao ® AlRdr)
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Al 3 A QAR A
1. A4 WEA7o fg B2
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