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SUMMARY

This project was carried out to develop field treatment techniques of small
diameter logs using sap displacement method and construction techniques of various
outdoor structures using treated logs.

In the chapter of the development of field treatment method of small diameter
logs using sap displacement method, we investigated the feasibility of using sap
displacement method (transpiration method and butt-end method) for the treatment
of domestic softwood small diameter logs and less utilized hardwood species with
preservatives, fire-retardant chemicals, and dimensional stabilizer, based on the
treatability, easiness of treatment, and environmental aspects related to the
treatment, Based upon the results of above studies, we suggested the proper
combinations of wood specie and chemical for the production of treated products
according to the hazard classes for preservative treated wood using developed
treatment method (butt-end method). And then, the feasibility of using butt-end
method with mixed chemicals of preservatives, fire-retardant chemicals, and
dimensional stabilizer was examined. Also, fixation and leaching characteristics
of preservatives (CCA and CCFZ) in wood species used for this study was evaluated
with respect to safe use of treated products. Finally, we investigated
environmental friendly disposal or recycling method of waste chemicals after
treatment and waste wood produced after the post-processing of treated products,
and suggested site selection criteria for treatment facilities, and the guides for
safe design and operation of treatment facilities. Butt-end method was effective
compared to transpiration method, when considered treatability, easiness of
treatment, and environmental aspects related to the treatment. Treatbility of
butt-end method was better than that of simple dipping method, but worse than that

of pressure impregnation method, Proper combinations of wood species and chemicals



for the production of treated products were proposed according to the hazard
classes for preservative treated wood. The treatment with mixed chemicals
(CCA+PEG-400+FR-4 and CCFZ+PEG-400+FR-4) was feasible using butt-end method,
except for Korean pine with CCA+PEG-400+FR-4. However, only Japanese red
pine and Manchurian alder could be recommended to be used for the
production of treated products with mixed chemicals because the
penetration of preservatives into the remainder wood species was not
deeper than the depth of checks developed for 12 months during outdoor
exposure of treated products. Even though the difference in fixation
rates of preservative components were observed between preservatives and
among wood species, proper fixation time, according to the combination
of wood species and preservatives, could be - estimated using the
regression equation constructed based on the relation between fixation
time and the degree of fixation. Unexpectedly, The relatively
significant quantities of arsenic leached from CCA-treated wood. The
effect of fixation temperatures on the amount of leachate must be
investigated in order to guarantee the safe use of CCA-treated products
using butt-end method. The preservative components could be extracted
from waste wood using solvent extraction method. The best solvent was
hydrogen peroxide when considered extraction yield, the extraction
costs, and safety of solvents. As the increase in extraction
temperature, concentration of solvent, and extraction period, the
extraction yield increased. Therefore, preservative components should be
extracted from waste wood and reused for the manufacture of new
preservative, and waste wood after the removal of preservative
components might be recycled such as raw material for wood composites.
Even though quantities was very small, waste liquid pushed out from

top-end contained some preservative components. Therefore, waste liquid



must be collected carefully and reused as make-up water during the
preparation of treating solution using stock solution of preservatives,
Finally, the criteria for the selection of site for treatment facilities,
and the guides for the treatment area design and safe operation of treatment
facilities were proposed through a field investigation of well designed and
maintained domestic pressure treatment plants and based on UNEP report about site
design and operation for environmental and health protection,

These days, for comforTable domestic living and leisure space, a desire
of wooden frame building, recreation facilities and playground
equipments has continuously increased in this country. In domestic
situation, since there is little information about design criteria,
standard design drawing and construction guide, design and construction
were brought about insincerity. Moreover, through the demand of wood as
a structural material is increased rapidly, most of the wood used in all
these structures are unfortunately imported from North America and
Europe. Therefore, development of standard design drawing for outdoor
facilities including wood buildings will be a great contribution to
extend the use of domestic small diameter log and to create comforTable
leisure spaces. The basic data of strength properties for demestic wood
was evaluated and the direction for improvement was provided through the
analysis of the problem in outdoor facilities, And, the unit module was
developed through investigating the previous design of outdoor
facilities. Structural connection model was developed by means of
accurate failure mode and yield load as strength properties of
connection. A dimension model in consideration of use and scale of
structure, a kinds of wood species and a practical load condition for
materials of outdoor facilities construction, was developed. And various

design plan and arrangement standard of outdoor facilities using



domestic small-diameter log was researched, so that a standard design
drawing of outdoor facilities was developed. Finally, sample exhibition
site was assigned and, outdoor facilities was designed for the site.
Design model of outdoor facilities was analyzed in physical and
biological aspect. And altitude, scope and aspect analysis were
performed by computerization technique. finally, After considering all
the results, a research to make the guide of construction for each
outdoor facilities was accomplished. Structural wood in domestic wooded
frame building depended on import from North America and Europe, though
demand of wood facilities including wooded frame building was increased.
Domestic small-diameter logs were not wused in QOutdoor facility
constructions, which need little consideration of structural problem. In
this situation, development project of construction technology for
outdoor facilities was performed for three years in purpose of a
contribution to extend a use of domestic small diameter log and to
create comforTable leisure spaces by means of the development of
standard design drawing for various outdoor facilities including a wood
frame building., Problems of previous outdoor facilities were analyzed,
the improvement direction was instituted and strength properties for
domestic small-diameter log were investigated. Design model of outdoor
facilities, basic unit model and standard design drawing were developed.
Sample designing of sample exhibition site and making a guide of outdoor
facility constructions were accomplished. Through the structural
analysis of a major structural connection and dimension modeling,
development of construction technology for outdoor facilities was
performed. Though the verification process by consideration of real
constructive condition needs, the results of this research means the

accomplishment of a standard guide of the domestic small-diameter log,
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This demonstrated a possibility for a localization of materials as well
as the possibility was enhanced. Moreover the use of domestic
small-diameter log will be extended and new demand will be created,.

The Office of Forestry says that the forestry policy in the near Future
will be focused on enhancing economic value of forests, beyond simply
expanding green forests. Thinning out a forest is a significant work
for the policy to be successful, Therefore, the antiseptic treatment
technology is evaluated to make a great contribution toward the economy
since feasible is the recycling effect to make use of non-economic
lumbers derived from thinning-out work. The demand for lumber as
building materials has increased since consumers orient their lives to
more nature-friendly ones by the environmental change from the era of
industrial development, Antiseptic treatment technology can overcome one
of the defects that lumber has, which is a short endurance. Consequently
this technology can make a contribution to reservation of ecology.
Buildings and facilities with lumber also contribute to lowering the
deprivation of humanity that may come from industrialization. This
project could be good measures to keep farmers from leaving their
working place and, more positively, to motivate them to get back to
their original works in that it can be performed just in a small scale
without any locational restriction. To be successful, there are three
necessities: Firms that can antiseptize lumbers and convert them into
markeTable goods, building up the information network which connect the
firms and their demanders, and strategic alliances among these network

constituents,
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A 2 A S dFHE ol &3 fAA

]
K20l AV (Pinus densiflora), AMWV}F-(Pinus koraiensis), @4
(Larix leptolepis)3} R4 ZXN NV (Quercus variabilis), ERI|HF
(Alnus hirsuta), SAYA|L}R-(Populus tomentiglandulosa)E & 2] ZA]

TFOZ AMESHATL

Ll FA kA

A8 - 72 - v aEA PPA(CCA 3%), TE - EFeEITE - o}
LEA RA(CCFZ), U7 GRUSIHUEA LEAKDY), B2IUEA U
B (Timbor™), X]4-QY&=|Ql PEG-400, WHA#|Ql AWPA FR-2, AWPA FR-4E& Z
Aok 2 Abgshedtt. zH ekxlel Az AE % EE Table 1-10] BoZEt)

& Bol £Ho2 1Y eleld AW YRl Y7 FES oA Fol
L ogwEe 2abd Al i gel B dvelMe 48 3w gol
theat ol UB(IA) Aeiold F4b8 H2E AAstgch Chain sawg o]
goto] Azltia QEe] 47t shio] AF A Felol chal WA Zol7A]
Fe 7, o] E& il BIHE A 2B dold WS Fay

8ol 2j3) 4805 AEE Bl +7¢) HRE FsHA stgch Foze



gatoieh. Azls oA FFEIIZRY AL FFol o ol UAHA g
uj7t=] 24 gk,

#4028 A ¥, 479 AZNcH o4 AL 449 97 24 ol B
7Y Bebwo] £H0E W To| Fof fAE FIstArh. Azt ol

Z Foll FFH A7 FHol 3 dEN FEolF BEE T8 o5l
T FollA T2 wlj7ix] A S

g2t AzlxE A4

FA & o] 8T AU &Y 55U A K9], & AT $A
o4 30 cm "HojXl 9, Az &2 F7F 79, FAFY x|} el 91X
oAl 30 cm "olZ FeloflA FA 1 co W3S 2708 233ty zbzp okx] A
FHol HREH 5P EoT AMESHcH
1) oAl HF3Zlo] &4

CCA, CCFZ, Timbor® AWPA FR-2, AWPA FR-42] X EZlo]: n|Zulr 3]
(American Wood Preservers’ Association: AWPA) EZ&-77 AWPA A3-97(AWPA,
1997), KD®9] AEZol: atald Al B R - wEAE sE(A3,
1999)o Arj" BAwpbHol| ofs) FAH3lAded], okAE FAubge] AzE
Fig. 1-10f RojZr},

Qb o] Erhsg R PEG-400 WFEZol= FAutge] 23
ME E2sHA] = AR vt Zol sEstach. PEC X Yol 213
H dute] FdolA (pith)E 8 WHE 5 m HH0Z A5 A2H AH
o] LFFE(60ToA 2447 FF)oll &3 FAE3} niHe)xfolA 2H3
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t}, PEG %

fr

+8&7d PEGY] &3 584 FEES FEol 3l oprIEla FAle A

4 vl FRRATL AAAEL S olfE A FFY

l“>

t @A 848 FEEL F2o osliMT YR T] wiEoelrt.

Table 1-1. Composition and concentration of chemicals used in this
study.

Chemical Composition Concentration(%)
Cu0 17-21%

CCA-Type C Cr0; 45-51% 5
As20s 30-38%
CuSiFg.4H,0 17.3%

CCFZ ZnSiFg - 6H:0 19, 7% 5
(NH4 )Cl"207 63. 0%

KD Dimethylbenzyl(C;2-Cyq) g
alkylammonium chloride 50%

, Disodium octaborate
: W

Timbor tetrahydrate 98% 30
Dicyanodiamide 26%
Urea 6%
Formaldehyde 25%

FR-2 Phosphoric acid 41% 10
Formic acid 1%
Sodium hydroxide 1%
Phosphate as P;05 57.8%

FR-4 Boric acid as H3BO; 18. 3% 10
Ammonia as NH3z 23.9%

PEG-400 Polyethylene glycol 50% 50
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CCA/CCFZ KD® (DBAC) TIMB OR® AWPA FR-2/FR-4

Fig. 1-1. Results of color change due to the presence of preservatives

and fire-retardant chemicals,

SHWR-E AT UMz 5 £F2 PEC Ae|gFolAd ANFH Azt &

UHE, R, ddd, SARIURe A9 Fig 12004 & 4 QlKo] PEC
AT F917h WAF Folo) wstel B Fabdo] $4stdn, Boalre A
£ Fig. 13014 & 4 Q%] AZF PEG AT P97} o3t 5 dao)

AT PEG Aol ¥ WFEIY F719h UM} VAol A PEG AT
o 43 AAAAE ZalsEy] Slste] BRI F7h Foloh AN Rele] 2
Fxgol A% FYULES HAT A%, Aol 4 FTIY A 9

W Qhst $9li PEG BT 5919t Ae] AAIStiTHFig 1-4).
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Untreated sample

Pivus dervsiflora Pivass koraiensis Lavix leptolepis Fopridus tomewfi glavduiosa

Fig. 1-2. Differences in transillumination between untreated and

PEG-treated sample.

Untreated PEG-treated

Fig. 1-3. Darkening due to the presence of PEG in Alnus japonica.
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40 -
o 3
9] outermost boundary where
. 8 30 transillumination has been
- . increased
= 2
O
© 20 ¢
2 ; Average % weight losses
o2 5 of untreated sample
5
o M == =3

0-5mm 510mm 10-15%m 15-20mm 20-25mm 25-30mm  30-35mm
Sampling location from the surface

Fig. 1-4. Area showing increased transillumination and darkened area in

sample is coincident with PEG diffusion distance,

2) obAlel MRY A
HelBolA AW AR A7 1 en Zolol Thet o REVE B
Sheith. CCAL H(20 mesh) Ael IrhE Fastalont, umix ot B
A

L2RY oA FALEE FEolut F3l(digestion)ol o3 23t ¥
stadct. ccA AsEAML Frl€ X-ray fluorescent spectrophotometer?l
ASOMA™" (Texas Instrument, Inc., Austin, Texas)Z o]&3lo] AlA|Flg o,
CCFZ X532 AWPA A11-93(AWPA, 1997)2] Lambert® &8 F&3F F AWPA
A21-97(AWPA,  1997)2] Inductively coupled plasma-atomic emission
spectrophotometer(ICP-AES) ol ]3] ZA ] ct. Timbor®i AWPA A7-93
(AWPA, 1997)2] WAVZ} FABEAE gt B Baldol o) gy
2|8 F, AWPA A21-97(AWPA, 1997)2] ICP-AES whHoj 23, a1 kp®

g B2 R - gEAE JIE (A, 1999)o] AAR bl )

.$_ 5
DR QAPolAi AWA FR-29} FR-47} BAlo] RHIT i U FEAE
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Type 4 Type 5 Type 6

> g

Type 7 Type 9
w4 .

Type 10 Type 11 Type 12

Fig. 1-5. Various penetration types in radial direction observed in this

study. (Shade area represents chemical penetrated area. )
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Table 1-2. Penetration patterns of chemicals in treated logs using

transpiration method according to the location of measurement along the

log length.
Species Chemical Reps Location of measurement
base middle top
1 11 -- --
CCA 2 -- -- -
3 - - __
1 10 -- --
CCFZ 2 10 -- --
3 10 -- --
1 6 10 10
Timbor " 2 10 10 --
. . 3 3 7 10
Pinus densiflora 1 > 6 6
kD" 2 7 5 5
3 3 6 5
1 6 10 10
FR-2 2 6 6 10
3 10 7 10
1 2 2 3
FR-4 2 6 7 --
3 10 10 10
1 - - __
CCA 2 -- -- --
3 - —— -
1 6 10 10
CCFZ 2 6 10 10
3 2 3 3
1 7 10 10
Timbor® 2 1 6 10
, . 3 1 1 1
Pinus koraiensis 1 6 7 6
KD* 2 10 9 10
3 6 7 7
1 10 -- ~-—
FR-2 2 -- -- --
3 3 -- --
1 10 -- --
FR-4 2 1 7 10
3 10 --
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Table 1-2. Continued.

Location of measurement

Species Chemical Reps.
base middle top
1 S - —
CCA 2 - -- -=
3 w -~ --
1 1 -- --
CCFZ 2 4 -- --
3 7 -- -
1 1 7 7
Timbor " 2 1 -- -
Larix leptolepis :f _1‘ {(_) :
KD" 2 1 1 1
_____ 3 10 10 --
1 1 -- --
FR-2 2 -- -- --
3 2 -~ --
1 3 -- --
FR-4 2 3 -- --
3 7 -- --
1 — - ——
CCA 2 10 -- --
3 — - -
1 10 -- --
CCFZ 2 7 10 10
3 7 - --
1 10 -- --
Timbor " 2 6 12 --
L 3 1 1 4
Quercus variabilis 1 8 8 8
KD" 2 8 7 8
3 6 7 6
1 3 3 3
FR-2 2 7 -~ --
3 10 10 10
1 1 1 6
FR-4 2 1 3 3
3 1 1 1
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Table 1-3. Penetration patterns of chemicals in treated logs using
transpiration method according to the location of measurement along the

log length.

Location of measurement

Species Chemical
base middle top
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Table 1-3. Continued.

Location of measurement

Species Chemical Reps.
base middle top
1 12 -- -
CCA 2 - -- -
3 12 -- -
1 1 4 4
CCFZ 2 6 6 6
3 __ - __
1 1 1 1
Timbor" 2 1 1 1
. . 3 1 1 1
Larix leptolepis i 3 5 5
KD* 2 1 1 6
3 1 1 |
1 4 6 6
FR-2 2 1 1 1
3 1 1 1
1 1 3 7
FR-4 2 1 2 6
3 1 2 4
1 - - ——
CCA 2 12 12 9
3 - = ——
1 1 1 6
CCFZ 2 1 5 il
3 1 -- 7
1 1 1 1
Timbor"” 2 1 1 1
3 1 1 1
Quercus variabilis ] 8 . 3
KD" 2 8 8 12
3 7 7 7
1 1 1 4
FR-2 2 1 1 1
3 1 1 1
1 1 1 1
FR-4 2 1 1 4
3 1 1 3
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Table 1-3. Continued.

top

Location of measurement
middle

base

Reps.

Chemical

Species

12
12

Ccca

10

10

CCFZ

W

Timbor

1
10
10

Alnus hirsuta

10

KD

FR-2

FR-4

CCA

CCFZ

(R}

Timbor"

Poplus

K D‘\Jé‘

tomentiglandulosa

FR-2

FR-4
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Table 1-4. Feasible combinations of tree species and chemicals for the

production of treated wood using sap displacement method.

. Treatment Chemical
Tree species » - =
method CCA CCFZ KD™ Timbor™ FR-2 FR-4

A t t nt t t nt
Pinus densiflora n n n n

B nt T nt T T T

A nt nt nt nt nt nt
Pinus koraiensis

B nt T T T T T

A nt nt nt nt nt nt
Larix leptolepis

B nt nt T T
Quercus A nt nt T nt nt
variabilis B nt T nt T T

A - - i - - .
Alnus hirsuta

B nt T nt T T T
Populus A -- -- -~ -- -- --
tomentiglandul osa B T T nt T T T

“IT and nt represnt ‘treaTable’ and ‘nontreaTable’, respectively.
*2A and B represent transpiration method and butt-end method,

respectively

Aol &8 PEG-400 Helt BoLbFet SAURNT % sl
Gtk +HYPOET PEGS FAT - o]Fo] Bastel SAAUR & RBel 7S

(M=ol FAFI7A] it - o] F)E AYstis PEGE def T 1o

A} 30 cm HolR Heolzpxint Ae|rt sHsshedc).

7. eklel 2¥ o]
Table 1-5% 478 Helol 93 £33 ool WAL AFUIE 2ol
Fiul, AH8T ool wheh Theat ol 45 WARY BEQol7 Aolst

pA=
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CCFZ : AU > AN R =AU E @ gL > 2R -Ud 4

KD" : AU > UG E=3LF > B B V=2 A U = S
Timbor® : EQ U >3} > el > AR UE > AUF > F3 T
FR-2 : AUES>E 9 URE > A LR > 3 > Z 2R > del &
FR-4 : E2UR =AU > 3R = AU > R > U S
opAle] FFol BAGel dntyog AvtRe}t EReuRe] mabUR ofAR
271 Ao, Jdad$at T b AT E A dgdrh olg
g $27 Aol £Fo] wE HAF WAtz L Aol(UAtRA Y] g W
Apter 35 7| % xjol)ot HY4o] Fe BEFAe} A Apolof A
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5Y F£FUIAE ofeiet Zo] oof uhel WAy HFZolt Adolstdd

Edl, ol oY abg Aolof sttt & 4 gtk Habgol mig ¥
ot Timbor“?] Z-$-i= Hxl#7b4] HE3talch
AU ¢ Timbor®>FR-4>FR-2>KD" > CCFZ
AU © Timbor®™>FR-4>CCFZ=FR-2>KD"
wol4 : Timbor®>FR-2=CCFZ=FR-4=KD®
2% ¢ Timbor™>FR-2=FR-4 = CCFZ=KD"
E2¢a : Timbor®>FR-4>FR-2=CCFZ >KD"
&a}A] ¢ Timbor®™>FR-4=FR-2=CCFZ = CCA=KD"
TE3 Azl ofAe 2yl HAGl dFho] Sabyol st oA &
Ao AF7E FTY B ohel oA AT FUAY WAR £ 1B

= 22l AAS AP Abgol ulaAsitin BwEch 47
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Table 1-5. Radial penetration depth(mm) of various chemicals into the
wood treated by butt-end method.™
. . Location of measurement
Species Chemical Reps. Average
base middle top
1 - N R
2 B S S 25.5
CCA
5 232 27.8 B (21.6-31.6)
(21.6-25.7) (25.1-31.6)
1 32.0 32.9 31.2
(28.7-37.4) (29.7-37.2) (26.6-37.1) 99 3
CCr2 2 "" o o (21.8-37.4)
3 27.2 26.6 25.7
(23.7-29.4) (23.9-28.7) (21.8-29.7)
! 27.3 26.9 28.8
(22.8-29.3) (24.9-29.6) (23.8-33.7)
KDY 9 32.5 31.2 32.7 29.3
(26.7-37.8) (26.3-38.3) (22.1-45.8) (15.8-45.8)
3 25.5 28.5 29.9
(15.8-33.5) (22.6-34.1) (21.1-41.7)
) 47 .4 50.0 42.8
(43.0-52.0) (42.1-59.2) (41.1-46.2)
Pinus TIMBOR® 9 39.0 37.9 36.7 44.9
densiflora (36.4-42.3) (37.3-38.6) (35.4-37.9) (35.4-59.2)
3 51.7 49.7 49.0
(48.1-54.6) (49.0-50.5) (46.3-51.3)
! 54.1 44.5 40.9
(50.3-58.4) (42.4-47.1) (37.3-43.1)
FR-2 ’ 63.5 58.8 37.5 37.3
(55.6-70.9) (45.2-67.4) (34.1-40.0) ( 0.0-67.4)
3 50.3 49.8 43.0
(46.5-52.9) (42.3-55.7) (40.2-45.6)
1 47.4 50.0 42.8
(43.0-52.0) (42.1-59.2) (41.1-46.2)
FR-4 5 35.9 34.0 26.5 42,
(32.4-40.3) (28.5-39.0) (21.5-36.1) 1(21.5-58.4)
3 51.7 49.7 49.0
(48.1-54,6) (49.0-50.5) (46.3-51.3)
1 —_——— _—— ——
PEG-400 2 - - ---
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Table 1-5. Continued.

Location of measurement

Species  Chemical Reps. Average
base middle top
CCA - - - -—-
14.6 11.0 L
( 0.0-19.8) ( 0.0-17.0)
CF7 24.8 22.1 15.9 21.1
(20.1-29.7) (21.0-23.7) ( 0.0-23.3) ( 0.0-31.1)
24.7 27.8 28.1
(21.7-28.7) (26.1-28.7) (25.2-31.1)
15.4 17.3 19.4
( 5.3-20.1) ( 8.2-21.5) (18.1-21.6
KD 12.7 15. 4 15.0 16.3
(10.1-15.7) (13.3-18.1) (13.3-17.4) ( 5.3-21.6)
18.2 16.7 16.5
(14.8-21.7) (14.4-19.6) (14.8-18.7)
50.5 47.4 46.6
(46.7-54.6) (44.6-50.0) (45.1-49.2)
Pinus TIMBOR® 59.2 58.7 54.8 55.1
koraiensis (52.7-64.9) (51.2-65.6) (31.2-93.3) (31.2-93.3)
60.7 59.5 58.6
(58.4-64.9) (58.4-61.7) (55.5-62.7)
20.1 17.9 17.5
(13.0-26.2) ( 9.4-24.1) (11.1-21.1)
FR-2 24.5 21.1 16.1 20.5
(14.0-30.0) ( 0.0-29.1) ( 0.0-26.6) ( 0.0-30.2)
24.0 23.1 20.3
(19.1-29.7) (18.2-27.7) ( 0.0-30.2)
R4 33.3 25.2 15.2 27.2
(31,5-35.5) (19.4-28.5) ( 3.5-19.8) ( 3.5-38.9)
34.2 29.1 25.9
(32.3-38.8) (27.0-31.3) (14.9-30.6)
PEG-400 - - - -
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Table 1-5.

Continued,

Location of measurement

Species Chemical Reps. Average
base niddle top
1 —_—— - ——
ccA 2 - - - -
3 —_—— _—— _—
1 16.4 14.0 14.7
(13.3-19.7) ( 0.0-20.0) ( 0.0-19.9)
15.0
CCFz 2 o o o ( 0.0-20.0)
3 —— - ——
) 13.9 14.8 14.9
( 7.0-17.5) (12.9-17.3) (12.4-16.9)
KD® ) 18.1 18.4 18.3 16.4
(15.3-22.3) (14.4-20.9) (15.7-20.6) ( 7.0-22.3)
3 17.3 16.6 15.5
(15.0-19.8) (14.9-18.4) (13.9-17.3)
) 58.6 57.9 57.8
(55.6-61.4) (49.9-63.7) (55.9-60.3)
Larix - 54.9 55.3 53.3 52.9
leptolepis 0% 2 (52.1-58.0) (53.9-56.0) (52.3-54.5) (41.3-63.7)
3 51.1 44.2 43.2
(49.6-55.4) (42.4-45.3) (41.3-46.8)
) 20. 4 - L
(17.1-27.1)
FR2 ) 17.6 17.6 14.7 16.6
(12.6-22.4) (14.8-19.7) (12.7-18.0) (10.6-27.1)
3 14.3 15.5 16.1
(10.6-17.7) (12.1-20.0) (13.8-20.0)
) 18.1 12.0 o
(16.1-22.3) ( 7.9-18.5)
16.9 12.2 15.9
FR-4 2 (13.1-19.6) ( 3.6-18.0) T ( 0.0-25.3)
3 22.1 19.6 10.7
(19.4-25.3) (14.6-20.8) ( 0.0-20.1)
1 ——— - -
PEG-400 - - - -—-
3 _—— _—— ———
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Table 1-5. Continued.
. Location of measurement
Species Chemical Reps. Average
base middle top
1 -——— I —_——
CCA 2 - --- --- ---
3 - I o
1 16.8 13.5 -
(13.4-19.5) (0.0-23.8)
15.6 15.2 15,2
Cerz 2 (14.1-17.6) (13.9-18.7) - (0.0-23.8)
3 15.0 L L
(11.8-19.3)
) 10.2 10. 8 9.7
(8.9-12.0) (8.1-12.0) (8.5-11.4)
KD® 9 14,7 16.5 18.9 12.8
(8.9-18.3) (14.7-18.0) (15.2-22.4) (7.9-22.4)
3 25.5 11.0 12.2
(9.2-14.0) (7.9-12.6) (8.4-14.6)
1 16.1 16.8 15.2
(13.3-17.4) (14.0-20.2) (12.3-17.9)
0uefcu§ ~ TIMBORY 2 25.3 23.2 22.5 21.5
variabilis (21.8-32.0) (20.6-28.5) (19.3-24.5) (12.3-32.0)
3 21.4 26.3 26.4
(16.7-25.8) (22.6-29.8) (22.4-30.9)
1 18.4 16.5 14.3
(16.4-22.1) (15.5-18.0) (0.0-19.8)
FR-2 9 22.1 23.2 22.9 19.1
(18.6-25.2) (19.9-27.6) (18.6-28.3) ( 0.0-28.3)
3 19.3 17.6 17. 4
(15.9-22.7) (14.8-20.0) (14.1-21.6)
1 22.2 22.6 23.2
(20.7-23.5) (19.7-26.7) (19.5-29.3)
FR-4 2 18.0 17.0 14.2 18.3
(15.7-21.2) (11.1-24.1) (2.0-20.1) (2.0-29.3)
3 16.6 16.6 14.0
(13.7-18.9) (14.1-20.1) (4.2-19.9)
1 —_——— —_——— _——

PEG-400
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Table 1-5. Continued.

Location of measurement

Species Chemical Reps. Average)
base middle top

CCA - - - -

20.6 20.0 20.5
(13.9-25.3) (11.7-24.9) (16.1-26.9)
CCEZ 21.3 16.3 12.4 20.8
(16.6-25.3) (12.2-22.5)  (0.0-19.9)  (0.0-41.5)
30.3 25.4
(13.7-41.5) (12.3-37.6) o
16.8 8.5
(10.1-23.8)  (3.2-18.9) o
KD ® 14.3 5.4 L 13.8
(8.4-26.4)  (8.27-3.0) (3.0-38.2)
29.9 13.0 8.5
(11.6-38.2) (6.9-24.8)  (4.8-11.2)
62.1 61.4 60.8
(54.3-72.1) (52.2-66.8) (57.1-63.8)

TIMBOR™ 57.8 55.2 53.9 58.7
Alnus (53.9-63.6) (51.9-59.3) (48.5-59.3) (48.5-78.5)
hirsuta 64.2 56. 4 56. 4

(51.4-78.5) (52.3-65.0) (48.8-61.0)
22.3 18.8 14.3
(16.0-29.0) (12.7-26.7) (0.0-25.3)
FR-2 28.3 25.9 24.9 23.1
(23.9-38.2) (13.3-32.3) (6.6-47.1) (0.0-47.1)
26.8 25.4 20.9
(23.1-33.4) (21.7-28.7) (15.5-25.7)
58.8 58.6 54.9
{56.9-60.3) (52.5-61.8) (50.2-57.8)
FR-4 50.7 43.4 40.0 46.9
(45.5-60.2) (32.9-50.1) (33.7-31.4) (24.6-61.8)
43.0 37.4 34,9
(38.5-51.4) (28.2-45.6) (24.6-51.5
34.6
(27.7-45.9) o o
34.3 35.3
PEG-400 (28.6-53.9) o o (27.7-54.9)
37.1
(28.6-54.9) - o
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Table 1-5. Continued.

Location of measurement

Species Chemical Reps. base middle top Average
) 21.6 20.7 22.5
(15.1-31.5) (14.5-32.4) (14.7-32.5)
CCA 5 14.0 14.3 14.9 16.6
(11.3-17.0) (10.7-18.0) (13.6-16.1) (0.0-32.5)
3 14.0 12.8 14.1
(0,0-19.0)  (0.0-17.4) (11.3-18.7)
1 29.6 30.2 27.9
(25.7-32.6) (25.9-32.8) (24.1-32.7)
23.7 26.3 24.7 21.9
CCkz 2 (19.3-29.2) (18.4-33.1) (19.0131.9 (8.2-33.1)
3 10.2 10.5 14.2
(8.2-14.5) (8.5-14,6) (11.8-17.5)
) 7.3 9.6 10.1
(3.3-16.4) (3.1-18.1)  (7.0-13.9)
KD* 5 11.8 11.9 11.2 13.3
(9.2-16.3)  (9.4-14.9)  (3.4-15.3) (3.1-27.4)
3 17.1 19.7 21.4
(10.8-24.3) (14.5-24.1) (16.7-27.4)
Populus . 38.6 38.3 35.6
; iy (36.3-40.3) (35.4-41.5) (33.8-36.4)
omenti1 -
glandulosa TIMBOR™ 2 (56°576) 4) (52.1-70.0) (57.5-60.1) (33.8-70.0)
3 58.0 55. 4 54. 1
(53.1-62.0) (51.3-61.9) (51.4-56.5)
) 20,2 16.6 L
(11.3-32.3) (0.0-24.8)
FR-2 9 27.7 26.5 24.2 22.7
B (23.8-31.2) (22.9-31.0) (19.8-27.3 (0.0-32.2)
3 21.5 22.0 L
(17.9-25.9) (18.8-25.5)
1 N —_—— ———
9 31.7 30.2 28. 4 90 7
FR-4 (22.0-38.7) (25.2-35.0) (24.4-30.2) ;
(6.7-38.7)
3 13.3 15.6 19.8
(6.7-25.4) (13.0-19.7)  (9.3-22.6
i 162 19.6 L
(11.2-19.8) (13.5-24.4) 18.2
PEG-400 2 - -— - (11.2-24.4)
18.9 o L
(14.7-24.2)

*1 .
Values represent means of 8 measurements, Values in parentheses are

minimum and maximum values of measured penetration depth
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71 wiEolrh. I XA AMES 21 ARe] e oA ERTY T
Zusr AAE fEAAFo o shed], ole A|Alzte] A%, A2 dFF
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QA fresbed Anius tareriidad dosa

Chemical retention(ka/n?)

Bt-end Made Topend
Location of retertion messurenet

Fig. 1-6. Gradient of chemical retention along the log length in

CCA-treated Populus tomentiglandulosa.

- 51 -



Table 1-6. Retention(kg/ma) of various chemicals in the wood treated by

butt-end method.

Tree Chemical
species  Location CCA CCFZ KD*  TIMBORY  FR-2 FR-4

Base 38.2 23.8 60.3 14.4 1.5 3.0
Pinus
. Middle 12.9 24.3 29.3 11.7 1.5 2.4
densiflroa
Top -- 16.1 15.2 6.4 1.2 1.2
Base - 12. 4 48.3 44.8 2.1 1.2
Pinus
. Middle - 7.1 26.0 24.2 1.7 1.0
koraiensis
Top -- 53 10.4 19.2 1.3 1.2
Base -~ 6.1 11.0 40.6 2.6 1.3
Larix
Middle -- 6.0 5.7 23.4 2.3 0.7
leptolepis
Top -- 1.5 6.1 11.3 2.1 0.6
Base -- 10.8 15.2 30.2 1.2 1.7
Quercus
Middle -- 4.8 10.2 28.9 1.3 1.7
variabilis
Top -- -- 9.3 24.1 1.1 0.9
Base -- 20.7 113.5 44.3 2.2 1.8
Alnus
) Middle -- 14.6 72.2 37.4 1.2 1.4
hirsuta
Top -- 10. 4 35.3 37.0 1.1 1.2
Populus Base 14.9 14.0 52.1 31.2 1.2 1.6
tomenti - Middle 10.7 13.2 45.8 33.4 0.9 0.8
glandulosa Top 9.9 11.9 30.9 34.3 0.9 1.4
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Fig. 1-7. Retention gradient along the log length in CCFZ-treated log.

th 33 el 2ol wE o A Mol
42 FHRE 18T UF HelAl £33 oA 2yl WE ofx He)

2
o
ko]
o}
fr
N
>
>
=
i)
H
3
03]
o
(0]
[42]
O
=~
0
oo
(%]
©
o,
iy
o,
N
N
it
rlo
R
o
k1
rE
o
o

Bl A Fsht ol ulsly itm

A7t E¥sto] A= AT GBS A UdEE o 5 Ach

_53_



Table 1-7. pH values of tree species.

Tree species

Press-extracted
fluid method™

Conventional method™

Sapwood Hear twood Sapwood Heartwood
Pinus densiflora 4.85(0.14)" —--H 5.62(0.28) 5.83(0.02)
Pinus koraiensis  4.81{(0.10) -—- 5.14(0.05)  6.01(0.05)
Larix leptolepis  4.88(0.07) -—- 6.15(0.03) 5.32(0.19)
Quercus
-—- - 5.08(0.01) 5.17(0.25)
variabilis
Alnus hirsuta 5.54(0.41) --- 5.55(0.38) 5.17(0.25)
Populus
5.71(0.15) -—- 5.81(0.01) 5.98(0.02)
tomentiglandulosa
*Method for measuring pH of green wood
“Method for measuring pH of air-dried wood
*Values in parentheses represent standard deviations,
"hot measured due to the difficulty of extraction.
Table 1-8. pH values of chemicals.
CCA CCFZ KD Timbor FR-2 FR-4
Conc. (%) 5 5 5 30 10 10
pH 1.79 3.31 8.87 7.31 1.35 0.60
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Table 1-9. Green moisture content of tree species,

Pinus Pinus Larix Quercus Alnus Populus
densiflora koraiensis leptolepis variabilis hirsuta tomentiglandulosa
121.6 134.4 90.2 60.5 88.2 92.0
(17.2)" (17.5) (22.4) (2.8) (7.8) (6.4)

C(%

*Yalues in parenthesis represent standard deviation.
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Table 1-10. Feasible combinations of tree species and preservative for

using each hazard class.

Hazard L . .
) Combinations of tree species and preservative
class

H1 Timbor"/All species tested

CCA/Populus tomentiglandulosa

CCFZ/Pinus densiflora, CCFZ/P. koraiensis, CCFZ/Alnus hirsuta,
H2~H4 | CCFZ/Populus tomentiglandulosa

KD®/Pinus densifl ora, KD®/P. koraiensi s, KD®/Larix 1 eptolepis,

KD®/Quercus variabili S, KD®/ Populus tomentiglandulosa

H5 CCA/Populus tomentiglandulosa

A E EHold 2 uwl, APyl FabHol wlsle] $4ut Aelyole)
Jeln QFEL FAbdel ulsted Aelv} gold By ojg)

Jel2 Al o Aol AT BAE S0, 29 A
A o xe AzY FAYsHY)

Azt el aAe) B2

o E AME-#7(hazard class)¥8ZE A& 7}53 4
WAl 23e AHaAlshd o Zrh BAo] s deotdt AREA U
X3

2}

of AH&& 4 A= FFT WEAY 22 CCAYE AR 2jtolR, A}
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Table 1-11. Composition and concentration of chemicals used in this
study.
Concentration (%)
Chemical Composition Nonpressure Pressure
method method

Cu0 17-21%

CCA-Type C Cr0; 45-51% 5 2.5
ASzOs 30—38%
CuSiF(; . 4H20 17. 3%

CCFZ ZnSiFg - 6H,0 19. 7% 5 2.5
(NH4)Cr;0; 63.0%

KD Dimethylbenzyl(Cn-C#) . 25
alkylammonium chloride 50%

Timbor™ Disodium octaborate 0 15
tetrahydrate 98%
Dicyanodiamide 26%
Urea 6%
Formaldehyde 25%

FR-2 rma e~y © . 10 5
Phosphoric acid 41%
Formic acid 1%
Sodium hydroxide 1%
Phosphate as P05 57.8%

FR-4 Boric acid as H3;B0; 18.3% 10 5
Ammonia as NH3 23, 9%

PEG~400 Polyethylene glycol 50% 50 --

- 59 -



the Aal¥e] o3t FASFEL A W CCFZ A2le Brbssigdon, k¥
Ael= 2o} 3ol thsiMut sHsstgith. Timbor“el FR-2 9 FR-48
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59 $EUHE The3} 2ol ofAlol whet WabgR AT Lol Holstds
B, Babdol ojg Flolyt Timbor®e) WFZel7} 7Hd A4

9} FR-4, KD} &Qlul, FR-29} FR-4ztoll= g%Zlo]of xjo]7t glodch

ALER : Timbor®™>FR-4>FR-2>KD¥
PR . Timbor®>FR-2>FR-4>KD®
w4 . Timbor®>FR-2>FR-4

Z2E ¢ Timbor ">FR-4>FR-2

2 A}AJUE ¢ Timbor*>FR-4>FR-2

PECE 3hHR, 2EUTY AL BA 13U FHE 10 m ol42) ¥}
s, UslAl £35S A 37Y FRY PG Pt WFU Basy

tHTable 1-13). 23 £UEE Aldsine 7| he 359 ooz o

Fstei = PEGY] WAbYR FFRZoIZt IA FI/BHAE sttt At 53
PEGS] wialar T ZlolZ AlB KRR, USRS U > 2 A L2

FERHDE 2 2| UHR-2] ¢oldtt
Zete|He] A, XEHEefr} Type 7(A 28 Fig. 1-5 FR)S Bol=
CCAS} CCFZ/Z 3ol 2 A Ystas UmA] £3531 oAle] 23] Z¢

L ot
i )

X,

o] RFAeR Type 1, 2, Et 302 Aelz} Bhe FBstach skt
ol 8 Aele A EA 498 W gehy way o, ok A%

o7} FU% Ewt opjz}t YEZOIE Timbor“E At £F7Y] ol

rx?-

Zz)5}=19t ul-¢ ¢F st cHTable 1-14).
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Table 1-12. Penetration depth(mm) of preservatives and

chemicals by nonpressure method. ™

fire-retardant

Chemical
Species Reps. Kp*¥ TIMBOR™ FR-2 FR-4
(2wks. )
Pinus 1 5.7(1.0-15.7) 30.9(29.3-32.7) 25.4(16.0-47.1) 31.5(22.1-40.8)
densiflroa 2 8.1(2.1-27.3) 30.7(20.3-39.0) --- 24.3(15.8-31.4)
3 5.5(1.6-10.2) 32.0(28.8-37.8) 29.8(22.4-38.9) 35.6(32.5-41.5)
4 - 29.1(25.7-32.7) - s
Average 6.4(1.0-27.2) 30.7(20.3-39.0) 27.6{16.0-38.9) 30.5(15.8-41.5)
1 8.3(0.9-18.4) 21.2(16.7-24.3) 16.7(14.3-20.6) 12.9(11.2-16.2)
Pinus 2 8.9(1.6-17.7) 18.7(16.1-21.1) 16.5(13.3-19.9) 21.1(18.2-22.8)
koraiensis 3 11.2(2.4-19.5) 16.4(14.1-18.7) 23.3(19.7-28.6) 16.2(14.3-18.8)
4 16.8(14.9-18.4) - -
Average 9.4(0.9-19.5) 18.3(14.1-24.3) 18.8(13.3-28.6) 16.8(11.2-22.8)
1 - 17.9(16.0-20.6) 3.2( 2.7- 3.9) 3.1( 2.5- 3.7)
Larix 2 15.1(14.3-16.0) 2.9( 2.5- 3.5) 3.0( 1.4- 3.9)
leptolepis 3 --- 20.4(17.6-24.0) 2.8( 1.9- 3.2) 2.1( 0.0- 3.1)
4 12.4(11.5-13.4) -
Average 16.5(11.5-24.0) 3.0( 1.9- 3.9) 2.7( 0.0- 3.9)
i - 17.0(13.2-20.5) 9.2( 6.6-11.2) L7 4.4-11.4)
Quercus 2 --- 15.4(13.6-16.9) 8.9( 6.3-11.0) 10 6.6- 9.3)
variabilis 3 --- 15.4(13.5-17.4) 7.3( 5.7- 8.8) 12.2(11.1-14.1)
4 --- 15.8(14.8-17.3) - ===
Average --- 15.9(13.2-20.5) 8.5( 5.7-11.2) 9.7( 4.4-14.1)
1 --- 51.4(48.4-54.7) 4.1( 1.9- 9.4) 4.8( 4.2- 5.7)
Alnus 2 --- 43.4(40.2-45.7) 5.5( 4.2- 7.6) 8.0( 4.7-11.8)
hirsuta 3 - 56.9(53.6-59.8) 8.3( 4.6-12.9) 6.1( 3.4- 8.7)
4 --- 38.6(34.1-41.9) - ---
Average --- 47.6(34.1-59.8) 5.9( 1.9-12.9) 6.3( 3.4-11.8)
1 --- 25.4(23.4-27.6) 4.0( 2.7- 9.6) 3.5( 3.1- 4.3)
Populus
comenti- 2 --- 20.7(19.0-23.1) 4.1( 3.0- 6.4) 4.4( 3.8- 5.4)
3 - 16.9(12.7-19.1) 2.8( 2.4- 3.8) 3.6( 2.3- 5.2)
glandulosa
4 -~ 22.9(19.5-24.8) - ---
Average --- 21.5(12.7-27.6) 3.6( 2.4- 9.6) 3.8( 2.3- 5.4)

*IYalues represent means of 8 measurements. Values in parentheses are

minimum and maximum values of measured penetration depth
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Table 1-13. Penetration depth(mm) of PEG-400 by nonpressure method, ™

Species Reps. 1 week 3 weeks 5 weeks
1 --- --- 33.5(31.0-37.7)
Pinus 2 --- 14.6( 1.1-21.5) 28.2(20,.4-38.7)
densiflroa 3 - 22.4(14.2-35.0) 20.8(17.7-25.6)
4 --- 9.8( 4.3-18.3) 27.3(12.5-35.8)
Average —- 15.6( 1.1-35.0) 27.5(12.5-38.7)
1 -—- 17.4( 3.4-26.3) 15.6(12.5-19.5)
Pinus 2 16.2( 7.9-26.8) 13.6(10.2-20.2) 20.6(19.2-22.3)
koraiensis 3 12.1( 8.0-16.5) 14.9(12.2-19.40 18.0(15.3-22. 4)
4 12.6( 5.6-22.3) 14.5(12.6-16.7) 13.5(11.0-16.7)
Average 13.6( 5.6-26.8) 15.1( 3.4-26.3) 16.9(11.0-22.4)
1 --= 11.3( 5.6-15.3) 16.3( 9.4-21.5)
Larix 2 -—= 12.0( 8.2-14.3) 16.7(14.1-20.4)
leptolepis 3 --- 15.8(13.4-17.7) 17.6(11.0-22.8)
4 --- 12.4( 8.0-18.0) 11.6( 8.2-14.8)
Average - 12.9( 5.6-18.0) 15.5( 8.2-22.8)
1 15.0 15.0 15.0
Quercus 2 15.0 15.0 15.0
variabilis 3 15.0 15.0 15.0
4 15.0 15.0 15.0
Average 15.0 15.0 15.0
1 -—= == 6.3( 2.8- 9.8)
Alnus 2 --- 8.1( 4.6-14.8) 8.7( 5.8-13.5)
hirsuta 3 — -—- 8.9( 5.5-12.8)
4 - 7.2( 2.0-10.7)
Average --- 8.1( 4.6-14.8) 7.8( 2.0-13.5)
1 --- 8.9( 5.5-11.7) 18.5(16.3-20.4)
Fopulus 2 14.0(10.2-18.2)  11.7( 9.5-15.3)
tomenti -
glandulosa 3 --- 11.5( 5.2-16.6) 18.1(16.3-20.3)
4 - 9.5( 6.9-12.2) 12.9(11.4-14.1)
Average - 11.0( 5.2-18.2) 15.3( 9.5-20.4)

%] .
Values represent means of 8 measurements, Values in parentheses are

minimum and maximum values of measured penetration depth

_63_



Table 1-14. Radial penetration depth(mm) of various chemicals into the

wood treated by pressure method.

Replicates

Average
Species Chenical (min-max)
1 2 3
- 30.71 34.15 42.96 35.94
‘ (18.29-37.81) (31.59-38.24) (37.67-50.41)  (18.29-50.41)
- 29.89 44.92 48.46 .42
(28.74-31.95) (39.38-57.95) (40.93-55.34)  (28.74-57.95)
(o 32.49 33.24 32.96 32.90
Pinus (30.30-36.14) (25.46-41.50) (30.67-34.92)  (25.46-41.50)
densiflora . 43.59 46.42 51.10 47.04
TIMBOR®
(34.35-51.25) (44.10-50.58) (41.36-65.81)  (34.35-65.81)
. 57.71 67.66 46. 38 57.25
(48.15-65.66) (57.06-75.79) (36.08-68.05)  (36.08-75.79)
R4 53.18 29.80 31.51 38.16
(45.38-63.55) (26.67-35.63) (28.68-35.62)  (26.67-63.55)
- 20.43 51. 24 27.71 33.13
‘ (15.24-28.06) (45.73-57.31) (25.67-29.98)  (15.24-57.31)
2 48.52 46.07 64.06 52.88
(44.25-52.03) (41.44-49.79) (61.54-68.64)  (41.44-68.64)
o 18.11 13.89 18.12 16.71
Pinus (15.91-20.95) ( 9.42-18.31) (15.50-21.16) { 9.42-21.16)
orarensts  BoR” 16.32 54.41 29.99 33,57
(13.29-19.40) (45.03-64.86) (22.38-36.64)  (13.29-64.86)
I 44.21 56. 06 50,14 50. 14
(43.02-45.14) (53.57-58.87) (48.87-52.35)  (43.02-58.87)
48.86 45.39 50. 59 48,28
FR-4

(48.38-49.19) (41.06-50.41) (43.46-58.48)  (41.06-58.48)
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Table 1-14. Continued.

Replicates

Average
Species Chemical (min-max )
1 2 3
o 5.23 8.83 5.89 6.65
‘ (2.75- 7.50) ( 4.42-12.42) ( 1.48-12.57) ( 1.48-12.570
3.50 2.50 4.51 3.51
CCFZ
( 0.70-12.82) ( 0.95- 5.16) ( 1.09- 7.16) ( 0.70-12.82)
- 17.03 17.65 10. 50 15.06
Larix (15.88-18.85) (14.13-19.84) ( 8.07-12.54) ( 8.07-19.84)
leptolepis N 3.39 4.19 4.74 4.11
TIMBOR®
(1.41- 7.47) ( 2.32- 6.40) ( 2.78- 6.91) ( 1.41- 7.47)
R 2 3.66 3.64 6.65 4.65
(1.42- 5.46) { 1.28- 6.00) { 3.59-10.15) ( 1.28-10.15)
. 8.70 7.51 12.27 9.49
(5.04-11.23)  ( 4.25-11.56) ( 8.22-15.81) ( 4.25-15.81)
ccA - - - -
CCFZ -- - -- -
0" 13.14 12.23 15.72 13.70
Quercus (10.92-17.26)  (11.02-13.54) (13.37-18.97) (10.92-18.97)
variabilis S 6.39 7.33 11.05 8.25
(1.90-12.93) ( 2,77-17.51) ( 6.28-15.31) { 1.90-17.51)
o 16.62 16.12 16.95 16. 56
(13.32-19.68)  (9.29-21.95) (12.93-20.18) {( 9.29-21.95)
FRo4 14.50 5.19 10. 61 10.10
( 9.59-18.53) ( 2.93- 8.14) ( 4.54-16.56) ( 2.93-18.53)
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Table 1-14. Continued.

Replicates

Average
Species Chemical . 9 3 (min-max)
ca 20.37 6.47 17.82 14.89
A (13.00-27.81) ( 3.68-11.11) ( 1.74-43.35) ( 1.74-43.55)
o 17.19 15.32 17.71 16.74
( 5.66-29.90) ( 5.68-26.31) (10.85-26.42) ( 5.66-29.90)
(0" 16.24 16.27 16.23 16.25
Alnus (11.69-21.66) (12.15-21.29) (11.01-21.24) (11.01-21.66)
hirsuta . 14. 66 22.01 6.07 14.24
TIMBOR™
(7.95-21.39) (14.78-31.88) ( 2.77- 8.66) ( 2.77-31.88)
FR-2 31.55 24.16 25.72 27.14
(13.68-49.59)  (16.52-38.91) ( 9.32-40.20) ( 9.32-49.59)
FR-4 12.87 34.22 52.18 33.12
{ 5.63-25.71)  (15.28-53.80) (49.93-55.46) { 5.63-55.46)
A 5.90 15.02 14.49 11.80
i (1.05-12.14) ( 5.38-22.47) (10.72-18.10) ( 1.05-22.47)
CCFZ 15.33 9.22 7.05 10.53
( 2.54-23.78) ( 1.97-14.37) ( 1.35-13.65) ( 1.35-23.78)
‘@ 12.05 22.11 13.65 15.94
Populus KD™
( 7.61-13.89) (19.87-23.09) ( 9.65-16.19) ( 7.61-23.09)
tomenti -
TIMBOR® 8.80 10.86 6.99 8.88
glandulosa (1.56-21.92) ( 7.70-15.89) ( 1.88-13.87) ( 1.56-21.92)
FR-2 21.43 14.71 15.71 17.28
(18.06-25.86) (10.79-17.31) {10.93-17.62) (10.79-25.86)
R4 13.54 17.98 16.09 15.87
B (8.51-16.05) ( 7.17-27.76) (12.60-19.05) ( 7.17-27.76)

*1 .
Values represent means of 8 measurements. Values in parentheses are

minimum and maximum values of measured penetration depth
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29 ZRME P A2 (Table 1-15)% A7y Helol wlsie] 22

4812 Bajgiom, 71y A2|(Table 1-16)& ol43™ UlZ Timbor™ A

4
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218 Astas 43y Aelol vlsle] Bfdo] 43}

CCFZol 2I3F 23T A2zt Zihdel o3ld = E7Fsstald A2 o4 o

Table 1-15. Retention(kg/ma) of various chemicals into the wood treated

by nonpressure method.

Chemical
Tree species cCA CCFZ KD®  TIMBOR®  FR-2 FR-4
(2weeks)

Pinus densiflroa - - 40.6 4.93 4.4 2.0
Pinus koraiensis -- - 42,2 4.82 54 2.0
Larix leptolepis -- -- -- 6.98 0.9 0.7
Quercus variabilis -~ -- -- 9.54 2.2 1.6
Alnus hirsuta -- -- -~ 6. 80 1.9 1.0
Populus

] -- -- -- 3.58 0.8 0.6
tomentiglandulosa
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Table 1-16. Retention(kg/ma) of various chemicals into the wood treated

by pressure method.

Chemical

Tree species ccA CCFZ KD®  TIMBOR®  FR-2 FR-4
Pinus densiflroa 10.3 10.2 48.5 54.5 5.5 2.0
Pinus koraiensis 11.3 11.5 39.9 77.7 5.7 2.1
Larix leptolepis 4.6 2.3 19.4 64.2 2.3 1.8
Quercus variabilis -- -- 23.9 45.7 2.6 1.7
Alnus hirsuta 7.9 8.5 20.7 57.5 5.0 3.1
Populus

5.0 4.0 i1.7 25.5 3.0 1.7
tomentiglandulosa
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qure AR sbAlel o&stodol & Zlolth.  Zeln AWl oy
He)7h Bobsyt oOFz Aol E 4% welys dpgel 27 Azl At
od

th. KD®, Timbor® FR-2, FR-4 Ha]= Alelogw Aa|7} 7l oLy,

'~

opa o] WAty HF o7t 7 Al ApEcTE @A gkt miepx

Aeldolgl & 4 Ut} Table 1-172 3zt AHe] & AHelaA
& BojRi=g], CCA, CCFZ, KD®A 2o Z-$ Ay Aelalzto] 3 A4
Zach gokAut AAge] A9 AAlze] ARHCkT kst A%Ho g

FEE Zo] ohBR HAAE AFstxE AT delA|A] W& Zlolth

Table 1-17. Total treatment time(days).

Treatment . . W
CCA CCFZ KD* Timbor FR-2 FR-4
method

Nonpressure

10 10 10 14-28 10 10
method

Butt-end
method
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3to] &3} Algo] 7hs3t 2302 UEbytiu], TIMBORY+FR-4+PEG-4002 &gt

l

Asd BAv} shAEA e VAR B APolAL CCAEL CCFZ)+FR-4+
PEG-4008 BAOHZ Aottt 2T Uolx 2yeld A Mo wa
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B9l Hel QEe 27 %3l RR 99} ) AN 30 cn Boj
2elold S 1 co QTS 248 Aste] ZHzt ebxle) WHZols WF

53822 AHgstglch

) etalel AFo] A

oA F CCA, CCFZ, FR-49] EFZol: u]Fw4-3 3 (Anerican Wood
Preservers’ Association: AWPA) ¥ AWPA A3-97 (AWPA, 1997)o] #|A|s}
2 e Bl os FFsiAdnh. TRUAY Fv= FARNE A=
chal o2} 799} xto]zt glolont, ccagl CCFze] HFZol HF & s8] +
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Fig. 1-8o]A Type 12 %t Hde] A of - 23 B3} 2oy vy &
Ho| LElLt: Fell2H Fof BAGlol CCA 502 Aol dztoflA Hi
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dedl, ol Ael d&e] Aol YN 22d 7|ttt AtgHrh  Type 2
= HaAlR 2 Zbollnt dPo] WS HelE A E3rekA] A 2]A] PEG-4000] of
A FUE S5 molZ F ol AR HEFIEOLU F oFE PApUs

5ol WANA U VA WAHUTIL WolATH Type 3 AP R
ozt Yol WS WeZA BUH Aela] PEG-4000] 4 TH AAE
ot AT RY BAZ BAHYUTIL WolATh  mBHOE Type 4:
Type 29} 3¢] TYRENS HAR Y2z AR hiol Bdol WS Pl

Type 1 Type 2 Type 3 Type 4

Fig. 1-8, Various patterns of cross-sectional checks in dried discs
treated with CCA alone and CCA{or CCFZ)+PEG-400+FR-4,
Type 1: large V-shaped checks with small checks through entire
section
Type 2: checks in outer sapwood zone
Type 3: checks in heartwood zone

Type 4: checks in outer sapwood zone and in heartwood zone

) ofAlY HFE £4
He|d&ol A AFH L3t 227 1 cm Zolo it ofA] R{E A
Stolth,  CCA%} CCFZ H.f-a8-2 AWPA A7-93(AWPA, 1997)2] R Atz} Zpatslei

E 0|83 Kjeldhal E3|Hozg &3 5 AWPA A21-97(AWPA, 1997)2)

Inductively coupled plasma-atomic emission spectrophotometer({ICP-AES) w}
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%

& AR Bl A7t 7Hs3t7] wiEelt)
Type 1 Type 4 Type b
Type 6 Type 9 Type 11

Type 13 Type 14 Type 156

Fig. 1-9. Various penetration types of CCA or CCFZ in radial direction
observed in this study (Shade area and dark circle represent chemical
penetrated area and location of metal apparatus for chemical loading,

respectively. ).
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1-10.

000

Type 1 Type 2 Type 3
Type 4 Type & Type 5
Type 7 Type 11
Type 13 Type 14 Type 15

respectively. ).

_75_

Various penetration types of FR-4 in radial direction
observed in this study (Shade area and dark circle represent chemical
penetrated area and location of metal apparatus for chemical loading,



Fig. 1-99} 2-100]4 RolFi 9% Ufo] Ze oz ehd e
A7y Hela) AW o FUE 3% ol Bo] el UBe Hriwo

e 2| E uvehled, A2t bed EFRENF Type 1, 2, 3, 4, 13,
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Table 1-18. Penetration patterns of CCA or CCFZ in treated logs with
CCA{or CCFZ)+PEG-400+FR-4 according to the location of measurement along

the log length.

Location of measurement

Chemicals Species Reps. base middlie top
1 14 14 --
Pinus
2 14 14 9
densiflroa
3 14 14 --
1 14 6 --
Pinus
. . 2 14 9 9
koraiensis
3 14 6 --
CCA+PEG-400+FR-4
1 4 4 --
Alnus
. . 2 4 4
Japonica
3 1 --
1 5 14 14
Populus
tomentiglandulosa 2 5 5 14
3 5 5
1 1 15 15
Pinus
2 1 14 15
densiflroa
3 5 5 15
1 14 15 15
Pinus
. . 2 14 14 9
koraiensis
3 1 9 --
CCFZ+PEG-400+FR-4
1 13 13 --
Alnus
. . 2 13 13 --
Japonica
3 13 13 -
1 5 15 15
Populus
tomentiglandulosa 2 1 1 14
3 5 5 15
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Table 1-19. Penetration patterns of FR-4 in treated logs with CCA(or

CCFZ)+ PEG-400+FR-4 according to the location of measurement along the

log length,
Location of measurement
Chenmicals Species Reps. base middlie top
Pinus ! 1 1 6
densi 1 2 1 14 6
lensi flroa 3 14 14 5
Pinus ! 14 1 3
& . ) 2 1 6
oraiensis 3 1 1 6
_ _ 1 13 13 6
CCA+PEG-400+FR-4 Alnus
. . 2 13 13 6
aponica
Jap 3 13 13 13
1 5 1 1
Populus 2 1 1 1
tomentiglandulosa
3 1 1 1
) 1 1 1 6
Pinus 2 1 14 15
densi flroa
3 14 6 6
1 1
FPinus 1
koraiensis
11 14
CCFZ+PEG-400+FR-4 1 13 13 --
Alnus
. . 2 13 13 9
Japonica
3 13 13 --
1 1 1 1
Populus 2 1 1 1
tomentiglandul osa
3 14 1 1

_78_



Table 1-20= CCA W Z3ekA2 AHe¥ dFOZHE A3H dzte] A
Fol] #aH ity FHeld] HFxhd YFE HojFrh.  CCA wEAY F
Ao BE Hdutoy iy vy FHEE THUI AiFY @ (Type 1)o] W33t
O} PEG-400°] E¥H AFA|Ae|A] t)FEe] F-fof To] H3tA oYE
adch. 2|3 o] WA= Zfol= Type 2, 3, 49 HFE|E PEG-4000] H
=52 o} HelojAgt JE AR it o]4te] AIEHE] PEG-4009)
BE3 AFRZlol: TolH & glovt TYAF PEGE AHAY] fd FHat
3w 2o B B9E AY3tie AxFIA] 8] it AR
& addrh  EevHe B¢, AAF WlZ PEGY] Hat- HFEIL £
%ﬂOH%f% 2Lt Azl BaAgego]l B A7 i FAeEY A

sheg

gtag

Hrp sb2d 7|elstel et kR

Table 1212} 2-22% 22} ELAAS o8 A7 el H¥A Coa
EE CCFZSH WA R4S ARSE BFZolZ RelFiul, Ediepale
FRoll wet WAL FAe] £38 WYY BFZolst Holstdrt.

FALL dAdAe] FAGel Gt oz ARl Zee|uHre] WAbYEE oA
AFE7Y Aded, 53] 228 uFe] Z-fol= CCFZ+PEG-400+FR-4 Z3otAof
#12] CCFZ, CCA+PEG- 400+FR-42} CCFZ+PEG-400+FR-4 Z3lorjollx]2] FR-4=
“ﬁ%ﬂﬂQﬂﬁhﬂﬂEﬁ“ﬂ

Aol (gabE R e ¥zt PabYY F
o} 2Fg2h2] Holo] ATk & 4 otk

WA 2 e PapyE ATl The} Yol £FUE Aolstart
CCA+PEG-400+FR-4

CCA : BOEUT 2 AR > 2Ap UHE=5LR:

FR-4: B QU > AL > S A UHE > AR

CCFZ+PEG-400+FR-4
CCFZ: E 28U > AL > AU > i

FR-4: B Q2> A LR > £ U1E > 3R
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Table 1-20. Various patterns of cross-sectional checks

in dried discs

treated with CCA alone and CCA(or CCFZ)+PEG-400+FR-4 according to the

location of measurement along the log length.

Location of measurement

Chemical Species Reps. base middle top
Pinus 1 1 1:1 1
densif] z ! B N
ensiflora 3 1 . .
Alnus 1 1 1 1
CCA . . 2 1 1 1
Japonica 3 1 1 1
Populus 1 ! 1 1
. 2 1 1 1
tomentiglandulosa 3 1 1 1
Pinus L 2 2 o
2 4 -- --
densiflroa 3 . - -
FPinus L o o o
2 __ - -
koraiensis 3 . . 1
CCA+PEG-400+FR-4
1 - - -
Alnus
Japonica 3 - . .
Populus ; 3 3 3
tomentiglandulosa 3 3 3 3
Pinus ! N N N
densifl 2 2 2 -
lensi flroa 3 2 2 -
Pinus 1 o o o
2 - __ -
koraiensis 3 - . 1
CCFZ+PEG-400+FR-4 77 1 - - -
Alnus
Japonica z o - o
3 —— - -
Populus 1 o o N
e landul 2 -- 3 3
tomentiglandulosa 3 . 3 3

*not checked.
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Table 1-21. Radial penetration depth(mm) of CCA or CCFZ into the treated

wood.

Location of measurement
Avg. (min-max)

Chemical Species Reps.

base middle top
) 36.8 35.9
(31.4-41.0) (29.8-41.6)
Pinus 0 38.5 34.4 36.8
densiflroa (27.5-49.1) (20.2-51.3) (20.2-51.3)
3 37.1 37.8
(32.8-42.2) (31.5-45.2)
| 16.8
(14.5-17.8)
Pinus ) 19.7 20.3
koraiensis (14.9-24.7) (14.5-28.8)
3 24.5
CCA+ (18.3-28.8)
PEG-400+
FR-4 ) 52.9 54.2
(46.5-63.3) (47.3-61.0)
Alnus 5 23.3 23.6 19.3 38.4
Japonica (12.2-32.0) (18.8-29.3) (10.9-26.0) (10.9-63.3)
3 52.7 43.1
(47.5-57.5) (36.7-51.1)
) 17.7 21.0 20.1
(14.5-23.0) (12.9-29.2) (15.5-23.3)
Populus
20.1 22.0 19.8 21.1
tomenti- 2
(13.2-24.5) (17.6-28.8) (14.9-23.9) (12.9-29.2)
glandulosa
3 24.0 24.2 20.7

(17.6-28.8) (16.8-27.4) (14.9-26.7)
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Table 1-21. Continued.
Location of measurement
hemical . Avg. (min-max)
Chemical Species Reps. base piddle top
| 44 4 37.2 35.1
(40.1-50.2) (32.4-41.9) (27.6-47.5)
Pinus 5 39.8 30.9 34.8 36.8
densiflroa (33.5-42.7) (19.8-42.3) (21.9-44.0) (19.8-58.4)
3 447 40.8 23.6
(32.8-58.4) (32.9-55.1) (20.1-28.7)
) 14.8 14.0 13.2
(11.9-18.2) (11.6-17.3) (11.1-15.5)
Pinus ) 22.5 22.9 19.2
koraiensis (18.1-26.2) (16.7-29.4) (11.1-31.5)
CCFZ+ 3 27.7
PEG-400+ (24.0-31.5)
FR-4
1 FP™ FP --
Alnus
R . 2 FP FP --
Japonica
3 FP FP --
| 28.0 23.8 18.5
(22.7-38.1) (21.2-28.4) (17.3-21.0)
Populus
29.2 27.1 24.1 25.6
toment i - 2
(24.1-32.2) (23.1-30.7) (20.7-29.2) (17.1-38.1)
glandulosa
3 28.1 28.3 23.0
(22.2-33.9) (24.9-33.3) (17.1-26.1)

*IFP means full penetration,

...82..



Table 1-22. Radial penetration depth(mm) of FR-4 into the treated wood.

Location of measurement

Avg. (min-max)

Chemical Species base middle top
35.0 34.1
(30.4-41.9) (28.7-41.9)
Pinus 36.3 29.2 30.7
densiflroa (19.1-51.4) (13.3-48.7) (13.0-51.4)
33.3 27.6 19.6
(28.5-37.1) (19.2-37.4) (13.0-26.9)
18.7 17.5 14.8
(13.6-21.3) (15.7-19.3) (10.8-19.0)
Pinus 27.1 21.6
koraiensis (21.6-31.4) (10.8-31.4)
CCA+ 27.9 23.9
PEG-400+ (25.4-30.6) (20.5-27.0)
FR-4
FP™ FP -~
Alnus
. . FP FP --
Japonica
FP FP FP
15.3 22.5 27.1
(8.4-22.6) (19.2-24.5) (24.0-33.2)
Populus
. 36.1 26.7 24.3 26.3
tomenti-
(33.4-41.7) (18.8-34.6) (23.0-25.5) (8.4-34.6)
glandulosa
29.2 28.7 26.7
(24.6-32.7) (25.7-34.0) (21.3-30.4)

FP means full penetration.
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Table 1-22. Continued,

Location of measurement

Chemical Speci R Avg. (nin-max)
emica pecies eps. base e o

15.5 44.5
(7.4-32.9) (37.3-52.9)

Pinus ) 18.7 18.4 27.6 23.4
densi flroa (11.0-25.4) (9.7-23.0) (16.5-41.0) (7.4-52.9)

3 15.8
(12.0-20.2)
) 15.5 12.3 14.8
(13.4-18.7) (9.6-19.6) (10.4-18.9)
Pinus ) 25.5 16.4 19.2 17.9
koraiensis (22.6-29.1) (6.3-25.2) (10.2-29.6) (6.3-29.6)
CCFZ+ 3 21.4
PEG-400+ (13.4-29.2)
FR-4
1 Fp™ FP --
Alnus
. . 2 FP FP -—-
Japonica
3 FP FP --
) 28.8 29.5 28.7
(17.5-32.3) (27.5-31.0) (25.5-30.6)
Populus
27.9 26.6 25.2 28.0
tomenti- 2
(23.4-31.3) (22.6-29.7) (22.2-29.8) (15.5-35.4)
glandulosa
3 24.2 32.3 29.2

(15.5-35.4) (28.2-34.9) (23.8-32.3)

“IFP means full penetration.
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Az AHEF UNFEFE ClYsty] fldlAe WP PAEE BFE
ol7} Exje] ofjAgA] AlLHA AZI AxRo| J[Ast UAAstE dH
ZolKr} Zojof grh 127§zt oF8f F2H by, 3R, ELUF,
SAMAUE Ao g RE FFH Hejdde] Zole zbZt 32, 40, 37, 52 mm
ded, A7 7z £F3EE WRAd CCALt CCFZe] B FFZol7t 12743t
UAH Hojgge] Zolkrt g2 52 £ EL vk

L EZgtormle) Bgey
Table 1-233} 2-24& Ztz} EgoralE o] 83 YW os HeH AHelgg
U R el Gl BGare HolRidl, Azl oA RA{ske Aot
Ao H2E A o3 Y 5 7] PRl olTt A UE ofAr
geke oiy] WEZlolo] uvls] W ojmly} gry.  Autshd

=3 =
UE da3t Zo] o]er JED ECH EFFS dute

CCA+PEG-400+FR-4 Z3}A ]A] CCA R53k2 CCA ¥H=A|g|A] CCA R{3 R}
SA Uelde] BAEEY, I olfe dxEAMLE H4A vk 23U o)y
3t AR EPAIYAE WA QA cCAL} CCFZe] 28 thEAe]A] Ko}
A MAsIo HE & £ gt WA B 7Y PHdME A
Tt Rl A 788 AAol thE Fakrjo] ofF] AAIEA] o2 A
2 QI(P)2] out FHadlo] Table 1-240] RojF=d], FR-4 thEA2|Ale} v
g uf ET¥RAAE WAL Feod npEUIRE o R
utebd Z¥A Al FAAR] FR-48] 2 HAE ©E
Botojor & o 4 oAk

of A B{Fe 45U Mo, & d
2te] FAE Hd Table 1-233} 2-240j4 H 4= 9lKo] dutzlog okx &

A B o

eI ANTE Ho A4 o
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HE gAY “screening” @atol o3l R-{3F AL wAHTin B 4 gl
A F Abgo] Jhed oAl CCA®} CCFZo] -9 ol2¥t =53ty Hiw

P 28EE FA7E 52 derh AuUsid Bfgo] S UIEL Y
of »om esla AFF-o rido] FuE = &2st A7) wjEeltt. 13
L AR ARES 21T Al ZeE oAl BR3ke U AAE 93
Al A Folof 517] wiFol] dxt AeA] WIFolq AAE FY3ITiL UAF A
Zro] AUbA ofAl FEQIIAE YIFZBoE A tiA] AV 2AE 23}

< WHE 2Asteof stelet Eof

Table 1-23. Retention(kg/m’) of CCA or CCFZ in treated wood.

Treating chemical

Tree species Location ey CCA+PEG-400+FR-4  CCFZ+PEG-400+FR-4

Base 72.719 8.413 3.397
Pinus

Middle 20.180 7.934 1.478
densiflora

Top 6.154 -- 0.054

Base nt™ 5.007 5.493
Pinus

Middle nt -- 2.128
koraiensis

Top nt -~ 0.192

Base 20.000 8.456 3.510
Alnus

Middle 8.233 1.746 2.503
hirsuta

Top 1.223 0.930 --

Base 5.718 5.845 2.179
Populus

Middle 4,103 2.583 1.832
tomentiglandulosa

Top 1.365 1.380 0. 885

Thot tested,
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Table 1-24. Retention(kg/m®) of phosphorus (P) in FR-4 in treated wood.

Treating chemical

Tree species Location

CCA+PEG-400+FR-4 CCFZ+PEG-400+FR-4

Base 2.140 1.217
Pinus

Middle 0.700 0. 640
densiflora

Top -- 0.144

Base 1.495 0.989
Pinus

Middle -- 0.830
koraiensis

Top -- 0.274

Base 2.523 1.391
Alnus

Middle 0.708 0.405
hirsuta

Top 0.661 --

Base 1.467 0.728
Populus

Middle 0.933 0.665
tomentiglandulosa

Top 0,584 0,487
3. 48

CCA HE Zdo|M 2 uw], Z}EJ}F CCA+PEG-400+FR-40] 2]3F He|7} E7}
s A& Astie FAFFT(LUR, AU, B, 2AMUE) A

HE AN o]&3)le] Zgek4 el CCA+PEG-400+FR-4 & CCFZ+PEG-400+FR-4

2
lo
i
R

Mel7h Fhsstalnh Aelale) WAl U deds B Sgelxe

SEE Y o3l EY = Q7] el A= FHol EyoiA A
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AEds

2

A

il

FUshs W BAstedof stejet Algs =], olof chdt A7

T gto g Wedtly Er}

_88_



A 5 4 pAAe o £F2) con W coFze] HelA
A% 0 SYEY

CAlE g ouhy
P AgHe 2al W YRR

2V} (Pinus  densiflora), AW (Pinus koraiensis), “&4(Larix
leptolepis), XNV (Quercus variabilis), BLQe|\WF(Alnus hirsuta),
S A XV (Populus tomentiglandulosa)?] Wz2jR-2He etde] 3771 1.5
X1.5cmo]al, Zol7t 20 cmd] A|EHE W7 |3t Yp&o] 157 H
uf7bx] MifellM Z1AX R =FE2 242} 3070 YFAI(2) X
X @3717H15)18] FA-E AFHE FustdEd, 2UFe ZF9E HER
57N [FBL=(3) X PFAA7IZH(15)]9] Th2ol 23t Jp&ord g A|EHS Fv)
stalch. WRAEle SHAEZYPLE AAEHAEY, +3EHE Su¥ AEHe
AN Zh2Z) 2%(w/v) CCA 3% 2} CCFZE o] &3to] 7htAe]stct.

U Az AgHe] o

oz
Aot #F2 2YER Ae| AIEHES AR A(A AR ES ¢3] U3t

Ao 2 HE] $EEUS i o® At Ael)olr] FABA Tz} Gy
& 33l nl2] 23" 7ol Fad winjry g¥E FAAHACE 15T &
ExolM FAA FHEET e =3 BAR YA 2 Fte vt
S3A]717] fAste] CCAR Ae|H 2L AP S o] §3to] 72z 7olN @
A AES stolch CCA Az £uHF AJEHES 40, 60, 80T 2x9] Az
ZZ0lA A FITEIL AuAdE S Tl vE] 23" 71 ZFad moj}

2

_89_



B8E FA A 2T

th 48 AEe FH] 9 24
ole] A"z G871kl

wwel FYFelol 3

of
f
ot
Rs)
=)
a
>
%
lo
o2
oZ
fo
o
E
<]
>

o|
('
lo,
i
o
N
)
_
ot
O
=]
o]
1o
ok
2
[42]
N
=
s
N
=
i
o
2
u’.
,_
lI
R

o
e
rE
N

N

| obgstel MEMol nlAH MelZ WoldlW YA HEES
Suizdol Wolgld B3t @7l Bt oS A Wrig ARZ Agsigrt.
P REARES Azl AU FHYEL YEAFl H2FoE WY

¥x] B3 67132 2] k2 diphenylcarbazide (ASTM, 1987)¢f 2]3lod &3}

g7 el WE WA HJEES] FHE(% fixation)Z TR FAlol 9

[ C7+6]tx _ [Cr+6]exp
[C7+6]ts

% fixation = x 100

[Cf'*e]ts = A2lekA 2] Cr 6-/] &% (ppm)
[Cr'%ep = RFRAT A &2 A2 Cr'°2) %5 (ppm)

n 33 g7z A

43} wrAe) zPYT P72 He) APHUY FEIHE 671 2
ote] PAE Ui BN SET F, vl 2 T 7 paol o)
A3 e 9s) Baw 7% Asach  3ArlE Cooperst Ung(1992)

o] A WyPoz EAE A7 Fof EAsH: 671 27 ol 15pem 1Rt
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Pinus densifiora Pinus koralensis
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Fig. 1-11. Relation between fixation period and hexavalent chromium of

expressate from CCA-treated samples stored at 15T.
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1-12. Relation between fixation

expressate from CCFZ-treated samples

Pinus koraiensis
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period and hexavalent chromium of

stored at 15T.
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Table 1-25. Time (days) required for complete fixation evaluated using

the method suggested by Cooper and Ung.

Species
p . . . Populus
resevative Pinus Pinus Larix Alnus Quercus
tomenti-
densiflora koraiensis leptolepis hirsuta variabilis
glandulosa

CCA 87 55 76 28 88 2
CCFZ 125 107 125 56 216 27

Table 1-26. Time days) required for complete fixation evaluated using

the method suggested by McNamara.

Species
. Populus
Presevative Pinus Pinus Larix Alnus Quercus
tomenti-
densiflora koraiensis leptolepis hirsuta variabilis
glandulosa

CCA 57 35 47 17 59 2
CCFZ 86 72 81 35 144 16

CCAS} CCFZZe] FA&E =& vlas) R, Fof BAglo] CCFZe] &=

T

b s =3 Ao UrhdthFig. 1-13). 4337 Upa S4B A
Al BREEE WRAY SRl WAl SAAUR EUTEY

PE R Re eoldlriFig. 1-14).
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CCA and CCFZ-treated wood samples during nondrying fixation at 15T.
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Fig. 1-14. Comparison of fixation rates of hexavalent chromium among

wood species during nondrying fixation at 15TC.
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CCA-treated Pinus densiflora samples stored at various temperatures.
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Table 1-27. Time required for complete fixation of Cr-VI in CCA-treated

Pinus densiflora evaluated using methods suggested by Cooper and Ung

(1992) and McNamara(1989b).

Temperatures
Method 15T 40C 60°C 80°C
Cooper and Ung 87" (218)* (28) (7)
McNamara 57 (152) (20) (5)

"l Unit of time=days

*2 Unit of time=hours

Ln(fixation period)

y =—0.0892x + 89245

0 20 40 60 80

Fixation temperature(C)

Fig. 1-16. Relationship between temperature and time required for full

fixation (adopted from the nondrying fixation experiment of CCA-treated

Pinus densiflora samples at various fixation temperatures).

_98_



Peme 4y P Ao 2t 15CE Mo PULE
ol 5T ASTITh FATIzel oF 3% DEEE o 4 algled, AxANF A
A pyFse] BFLEol uhel £38 A FA/NS AL 4 AL 7

ojrt.

Ll 8YHEA

Fig. 1-172} 2-182 ztz} cCcA®} CCFZA 2|z] 2458 14d ¢t w8A {7
Ao FALHIYS BoFErh. &Yl ulE A FRAPEEY SHIYS
BEE F$FolA va>aE>Tee] «olgl, CCFZe] fAZES Sy B
gLt FHUEE AR UeR] U £Fol e ol AEL] ol
3 ELIURE oI B>FE woli, FHUFAME IAEdotd>Feld
woladeh.  Azjaf vjolA WRA FREEE HEte] WHd £F, & 6712
B A3 2242 wdd FFh e EleuollA ceAY g thE
ZERT} w42 fyo] Woky, CCFZe] ZA$E: thake] I Eo] {YUE L)
T UREAEZ pjgste] RA MY O u|s=g oFe] HABo| LuE oL F
et Ee e ol s CCFZA 258 ZE2] §-aol FAshA wat
ct.

of =t ©el CCA Ae] AEHo=

-z
An
[
mh
_‘;“_‘4
=7

&8 Yol 247} 2~
6ppnzt 15~32ppn0 = BIQHET, ot YWREeh Bo| Yrka ApEE v
Yo pPeE} YA FEYR St WA R 247 Bes)

cial B}

—99—



Finus dengflora~OCA treatment : Pinus karaiens’'s—CCA treatrrent
|
> — - | 5
® ¢~ Chromium L o | *  Chromium
EZO » - Copper a % } * Copper a 4
S5 A Arsenic . @ 15 || 4 Arsenic |
5 ¥ A rsenic &
E 10 . <10 N s
- A . 5 2
F— A o
- S R BN S S S S
| o N | 4 [ . u x ; 0
i 0 2 4 6 8 012 e b 2 4 6 8 10 12 M4
Leaching tire (days) i Leaching time (days)
i Lanix leptoleais-OCA treatment Alnus hirsuta~OCA treatrrent
o ¢ Crvomium | N P8 ¢ Chromium| a
T 20 = Coppel 1 a - | 4
3 roo | = = Copper
S A Arsenic “ | g2 - ‘4
g7 'senc | 84 s Asenic |
£10 2 = .
S . S0 .
> 5 " Y 5 'y .
€ glloa-e o ¢ 3 30 | Eolbae g2 2 2
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Leaching time (days) ‘ Leaching time {days)
|
Paoulus tamentiglanddosa-CCA treatrrent Quercus vanabilis-OCA trearent
20 35
2 ’ ¢ Chromium 23 ¢ Chromium .t
% 15 ‘ = - Copper a % 5 Copper A
8|l ¢ Asene ' o | + Asenc
< . e .
5 a — 10
< 5 2 = a
o A - 4 .- - .- o 5 4 - PN ey 1 ',, -
£ 0 Y . A S S W ¥ £ 0 oy t Pt
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Leaching time (days) Leaching time (days)
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Table 1-28. Effectiveness of leaching agents on extraction of CCA or

CCFZ components from treated wood

Approximate CCA or CCFZ

Selected leaching component extracted (%)

Treatment agents Wood species Cu Cr As
Acetic acid P densiflora 86 20 39
CCA A, hirsuta 84 21 43
P, tomentiglandulosa 89 24 46

Formic acid P. densiflora 84 51 61
A. hirsuta 81 55 65

P. tomentiglandulosa 82 57 57

Oxalic acid P. densiflora 69 83 86
A, hirsuta 73 81 84

P. tomentiglandulosa 60 86 87

Tartaric acid P. densiflora 91 61 61
A, hirsuta 92 57 71

P. tomentiglandulosa 97 66 68

Hydrochloric acid P, densiflora 89 80 80
A. hirsuta 90 74 82

P. tomentiglandulosa 91 76 82

Nitric acid P. densiflora 96 79 76
A. hirsuta 95 75 85

P. tomentiglandulosa 93 75 76

Phosphoric acid P, densiflora 87 74 77
A, hirsuta 87 83 85

P. tomentiglandulosa 91 84 84

Sul furic acid P densiflora 100 79 99
A, hirsuta 100 73 100

P. tomentiglandulosa 100 82 100

Sodium hydroxide P densifiora 13 18 89
A. hirsuta 16 11 94

P. tomentiglandulosa 10 13 89

Hydrogen peroxide P, densiflora 100 94 398
A. hirsuta 100 100 100

P. tomentiglandulosa 100 100 100
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Table 1-28. Continued

Selected leaching

Approximate CCA or CCFZ
component extracted (%)

Treatment agents Wood species Cu Cr As
Acetic acid P. densiflora 82 23 40
CCA P. koraiensis 80 27 37
+FR-4 4. hirsuta 82 18 40
+PEG-400 P. tomentiglandulosa 85 23 38
Fomic acid P. densiflora 83 44 68
P. koraiensis 89 42 63
A. hirsuta 89 45 65
P. tomentiglandulosa 91 48 63
Oxalic acid P. densiflora 64 83 87
P. koraiensis 61 84 86
4. hirsuta 62 85 88
P. tomentiglandulosa 71 76 97
Tartaric acid P. densiflora 100 66 72
P. koraiensis 87 64 61
4. hirsuta 88 62 62
P. tomentiglandulosa 90 60 77
Hydrochloric acid P. densiflora 85 81 85
P. koraiensis 89 78 72
A. hirsuta 83 84 77
P. tomentiglandulosa 86 74 87
Nitric acid P. densiflora 100 72 84
P. koraiensis 97 79 79
A. hirsuta 88 70 79
P. tomentiglandulosa 95 67 82
Phosphoric acid P densiflora 96 78 88
P. koraiensis 91 83 76
A. hirsuta 87 81 77
P. tomentiglandulosa 91 72 79

Sulfuric acid P. densiflora 100 93 o
P. koraiensis 100 85 100
A. hirsuta 100 91 100

P. tomentiglandulosa 100 91 S
Sodium hydroxide P. densiflora 18 23 100
P. koraiensis 14 27 95
A. hirsuta 12 18 95
P. tomentiglandulosa 14 22 100
Hydrogen peroxide P. densiflora 100 98 100
P. koraiensis 100 92 93
A. hirsuta 100 93 94
P. tomentiglandulosa 100 90 98
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Table 1-28. Continued

Selected leaching

Approximate CCA or CCFZ
component extracted (%)

Treatment agents Wiood species Cu Cr n
Acetic acid P. densiflora 81 20 84
CCFZ P. koraiensis 80 24 80
+FR-4 4. hirsuta 85 21 73
+PEG-400 P. tomentiglandulosa 75 25 71
Fomic acid P. densiflora 91 57 79
P. koraiensis 86 45 87
A. hirsuta 85 55 78
P. tomentiglandulosa 86 53 75
Oxalic acid P. densiflora 88 85 79
P. koraiensis 77 91 71
A. hirsuta 83 86 82
P. tomentiglandulosa 78 83 75
Tartaric acid P. densiflora 87 74 80
P. koraiensis 89 71 85
A. hirsuta 85 70 79
P. tomentiglandulosa 86 69 90
Hydrochloric acid P. densiflora 87 74 79
P. koraiensis 85 79 82
A. hirsuta 81 74 80
P. tomentiglandulosa 84 78 78
Nitric acid P. densiflora 87 78 79
P. koraiensis 89 72 82
4. hirsuta 84 75 78
P tomentiglandulosa 87 81 80
Phosphoric acid P. densiflora 80 76 75
P. koraiensis 92 76 79
4. hirsuta 86 78 80
P. tomentiglandulosa 85 70 84
Sulfuric acid P. densiflora 88 83 84
P, koraiensis 89 77 81
A. hirsuta 88 72 83
P. tomentiglandulosa 86 84 82
Sodium hydroxide P. densiflora 24 14 47
P. koraiensis 24 16 57
A. hirsuta 19 10 45
P. tomentiglandulosa 25 17 46
Hydrogen peroxide P. densiflora 100 91 100
P. koraiensis 100 88 100
4. hirsuta 100 92 100
P. tomentiglandulosa 100 96 100
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Table 1-29. Cost of leaching agents™

Leaching agents capacity(g) Purity(%) Price(¥) Priéif;ﬁ)
Acetic acid 1,000 99.7 8,700 873
Formic acid 1,000 98 18, 400 1,878
Sulfuric acid 1,000 97 5, 800 598
Sodium hydroxide 1,000 96 9,200 958
Oxalic acid 500 99.5 13,000 2,613
Tartaric acid 500 99 13,800 2,788
Nitric acid 1,000 60 8, 300 1,383
Hydrochloric acid 1,000 35 6, 400 1,829
Phosphoric acid 1,000 85 9,800 1,153
Hydrogen peroxide 1,000 30 8,000 2,667

*ISource: DAIHAN Scientific Co. (http:\\daihan-sci.com).

t #2849 st FURdel ulel A& oR FE5E0] T

st ot Fele FEEAY w27t 2.5% oM FE4E0] ¢ ol

F7HEA deE o + USIcH(Fig. 1-20).
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Table 1-30. Effectiveness of leaching conditions on extraction of CCA

components from treated Japanese red pine wood.

Reaction Reagent . . Approximate CCA component
. Reaction time
temperature concentration (hours) extracted (%)
() (%) Cr Cu As
3 11 8 5
6 14 12 9
2.5 12 15 17 12
24 17 29 19
48 21 40 25
3 15 10 8
6 18 15 12
5 12 21 24 19
24 14 22 16
20 48 31 49 37
3 19 13 11
6 23 20 16
7.5 12 26 29 24
24 21 30 23
48 40 55 45
3 22 16 13
6 27 23 20
10 12 31 33 29
24 32 42 35
48 46 56 54
3 21 27 19
6 29 51 29
2.5 12 43 72 46
24 57 78 58
48 57 80 59
3 28 38 27
6 43 62 45
5 12 62 78 63
24 83 87 84
40 48 92 84 90
3 37 50 37
6 53 68 56
7.5 12 72 79 73
24 97 85 95
48 100 90 98
3 37 45 38
6 61 68 64
10 12 77 76 79
24 100 89 98
48 100 91 97
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Table 1-30. Continued

Approximate CCA component

Reaction Reagent B B
temperature concentration Reai;;zzs;lme extracted (%)

(T) (%) Cr Cu As
3 47 74 48

6 59 78 61

2.5 12 66 78 68

24 77 79 79

48 86 79 88

3 72 82 71

6 85 85 84

5 12 92 80 91

24 98 85 96

48 100 85 98

60 3 88 83 87
6 98 88 97

7.5 12 100 86 99

24 100 85 99

48 100 86 100

3 98 88 96

6 100 93 100

10 12 100 94 100

24 100 96 100

48 100 96 100

FEA o] AXHFE FE4E2 F7IEHAECH(Fig. 1-21), F&257}
7

s FEo] Ao ¥RHE WAR FEANY A
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Fig. 1-20. Effect of reagent concentration on extraction of CCA
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Table 1-31. Recommended extraction time traction according to extraction

temperature and leachant concentration.

Reagent concentration Reaction temperature Reaction duration
40C >48 hours
5. 0%
60T 24 ~48 hours
40T 24 ~48 hours
7.5%
60T 6~12 hours
40°C 12~24 hours
10, 0%
60C 3~6 hours
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3 pste] s Fo] TR YEA FHEYEY IS 2AEtnh. AHeElg o
o sl Fe] WRA(CCA} CCFZ) FAZES] I 723t T4 AgEL

o A

Inductively coupled plasma-atomic emission spectrophotometer (ICP-AES)E
o]-&35lod n]Z Y 3] (American Wood Preservers’ Association: AWPA) &
7 AWPA A21-97 (AWPA, 1997) wHoll o8] =3 slact.

2. Azt 9 24

Table 1-322 A e|ofAe] FFet Az tfd+Ee XYEE HoAFo =23
H WA fRAEES] o Aelg oA fRAE ud
th 24 A3}, wHYF Al REEY G2 AdAETHE WA e,
FFol ulE YRA FEREEY A=A F3 shsdol Existelet ddE IS
L g E WEA e
T35 2ol wE AT AL Ak g Wi ol AGe] WA
S B4 324 vt ZEHYES TSV difol Ay FHBRLE
FEEA UA -3t A& ofAe] AHzA| EA|(make-up water)E AHE-§
stejof & Zlojrh, 2E|a HAFE BRI U 4 oBE ZAR A
283ty A7A HALe U2 2xo] RAshHEA W oA REAHET
Hh-go] o3 &efA|(sludge)®] BEE oAysiFolol gt zfEEo] 7%
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gt 3ol WY Aol WIZIE Stejol stetl Ve drt MdAE 3R

oM et npxriAl 2 HE s7IdAlolA gACk & Zlort.

Table 1-32. Concentration of preservative components in the sap pushed

out through the top end.

Concentration of preservative

component (ppm)

Chemicals Tree species
As205(Zn0) Cr03 Cu0
cca P. densiflora 446 2000  6.31
(0.17) (0.37) (0.04)
A. hirsuta 234.7 9.75 0.00
(0.89) (0.02) (0.00)
P. tomentiglandulosa 0.97 617.3 3.18
(0.00) (1.16) (0.02)
P. densiflora
. 0.41 0.62 0.01
CCA+FR-4+PEG-400 (0.03)  (0.50)  (0.50)
P. koraiensis 8.99 0.67 0.50
(0.73) (0.54)  (19.9)
A. hirsuta 111.4 25.0 0.01
(9.08) (20.2) {0.50)
P. tomentiglandulosa 97.2 17.2 0.01
(7.93) (6.39) (0.50)
P. densiflora
. 0.00 0.00 0.46
CCFZ+FR-4+PEG-400 (0.00) (0.00)  (1.47)
P. koraiensis 0.44 0.00 0.46
(28.7) (0.00) (1.47)
A. hirsuta 0.52 2.37 1.31
(34.4) (0.89) (4.18)
P. tomentiglandulosa 0.05 3.79 0.46

(3.29) (1.41)  (1.47)

"' Values in parenthesis are percent component leached from original

treating solution.
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ch.
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AR BA 43

RE 21918 FHo AR} AR 47y AR PAE $EA
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£ 71ad Bxzdo] $UHes nHEojol Bl APY AdReld #5
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From working tank

~—~ ~, Logholder

G

v
Recovery tank

To mixing tank

Fig. 1-22. Schematic diagram of environmentally safe treatment system

for sap-displacement treatment,
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—
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32317 w) oy 2t ole] A ZA] &4 (make-up water)E | &-L3Itct

Elh=s
o
=2

. Y7ol 23t A Atx| 2] &#&

}
FUE, AUR, Ydd D SAURE A

gt @ BUR FYE AWHOE A Y

Fig. 1-24. Sample product of log house
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SAZ sl 22tdRoE Fo FERFA HYUFol Ui} ZEH S A=
Y s REe} YHISS ALY T2 AYRDE dsta A ofy
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A=, BAL FEN 5& AASG, o] BE RS st HFHeE

Zte] opAIAEEC] R 2 APAME Pk d+E +AsTL

- 124 -



A 2 A G e 54

=it 27328 BE B4 AR Aol AAl 2 A AHEAM FHE
He e 233t s FolA 2R, 3R, JddeE Zga FolA
SARANE, o], FHUPFE Aduste] T4k 2738 S siFs] 9]
sto WHAls CCFZ, WA= FR-4, x| A= PEG400S AE3tddch B

E 34 477 9B E U} HAS BT Eysts AU v A
oA MBS ASHA, HAREVL TEsks 2AWL AstAch A
23 AM3 A e AR Lol £3HE £AW A
UREAEE st A A= SHol uAE dge BAsir), g
42 Bstol o2l A4 Bo] A okelold AIRHE ARE LY A4

=
=
H88E Hristadrh

s

oAl Fol BHH =

WS Y A2 +Askart,

2
2
lo,
_}Dll
BN
g
oldh

F, AdEe #¥E 43 94 AY

-

7h =AY sx28%

ofIA A E3} FolAde] sl ¥ W AAE ZFE3S 915t HAGSTE 30
A7 =FGAS xR iy AEE +AsATh

AL - BEREEN RS
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Fig. 2-1. Collecting of specimen,
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Table 2-1. Chemical kind for treatment

oA 3 F

H}H ) CCFZ™

4§ 2A) AWPA-FR 47(13H-&)
| 4= A PEG-400"

*1 . .
Chromated Copper Fluorine Zinc,
%2 . , P .
American Wood-Preservers’ Association-Fire retardant 4.

* Poly Ethylene Glycol

3 A, 7S] ARIF s
23t RO FHEE B FYUAo] UFI A
BEAg|A F IAF-Fel-EL-otdA WEAQ CCFZ: CCAY 54& Folx
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Table 2-2. A kind of fire retardant

) 78 BE T3] (%) |

Dicyanidiamide 34

AWPA FR2 Melamin 10 aus
Formaldehyde 17
Phosphoric acid 39
Phosphate as P;05 57.8

AWPA FR-4 Boric acid as H3BOs3 18.3 B RS
Ammonia as NHj 23.9
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AeAdBAZE 24F B2 S BREA e de] AHHL 3 +84
ojm, Extgol utel F4U8 2 AFAAH ol tiFy EfoLAI2E

(PEG)& AH&3tArt. +Fof wE ofAlA2l= Table 2-39} o] sh3irh

i

Table 2-3. A combination of treatment

A 2] ]
CCFZ FR-4 PEG400 n= ]

AL O O @ @

e R O O O O
s X O O O

S O O O O

Zds B O O O O
=% X O O O

o BARARE

O

Exje] Zzz ZdAF dutEel FREA FostA AZdsts R F9 3}
# E217t FREUAA ¥ 35E& ddol st
£ 297 Wyl gEdd, F2 MR 9 MOEZEE AH&¥Th of2] Aol A
£€ o 3ES UL FAo] ALstaat H AEE syttt AxdEl

Eo] HaRelolA 33 AW (2cmx2cmx150cm) 22070 AN Jel &, 22074
t ¥5E 12~15%712] A st AR S sYsich 2 A -d
A BE Zesh= ATzl (4enx 8,10, 12cm X 150cm) = B AP A B3l A=
oF ¥7E e F3tgdch. Alme] FFYAIPES ASM D 143, D 1980 wlel Fig.
2-23} Zo] FAstrt
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Reaction
Bearing Plate

Rocker Type
Reaction

Fig. 2-2. A instrument of bending.
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TEEA S FAls F2 Y& 1[5t 71AE AR Al
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Table 2-4, Moisture and density for species and treatment

(%) i

3=y 7122 712z Bz} 71728 717z

(&A1) (&A1) (oAl (2A3) (&%) (gD

CCFZ 68.2 15.0 15.1 0.45 0.48 0.49

ayy R 71.3 15.0 15.7 0.49 0,52 0.50
PEG400 71.9 14.3 14.7 0.48 0.48 0.47
=BAEY 78.9 13.6 15.6 0.44 0.47 0.46

CCFZ 129. 4 16.0 16.2 0.39 0.39 0.41

pym R4 109.5 14.0 15.4 0.41 0.41 0. 40
PEG400 99.5 13.6 16.7 0.46 0. 40 0.45
2xe 125.4 13. 4 15.3 0.35 0.37 0.38

FR-4 34.4 14.6 15.4 0.47 0.50 0.50

}ed%  PEG400 31.2 14.7 14.7 0.44 0.48 0.47
2 ) 36.3 14.8 16.4 0.46 0.46 0.45

CCFZ 98.7 15.2 16.2 0.38 0.41 0.42

ey R 66.5 16.5 16. 4 0.37 0. 40 0.39
PEG400 60.3 14.4 15.0 0.41 0. 40 0. 41

A 3 58.7 13.1 15.1 0.35 0.38 0.38

CCFZ 68.0 15.4 16. 4 0.45 0.49 0.48

Zog R4 60.1 15.1 15.2 0.47 0.49 0.49
PEG400 55.7 13.4 15.3 0.51 0.52 0.50
=B 67.6 12.8 16.3 0. 44 0.47 0.46

FR-4 49.0 19.0 17.8 0.72 0.76 0.78

23 PEG400 46.8 15.6 16.8 0.74 0.79 0.77
=B L) 46.8 14.0 16.4 0.74 0.73 0.75

ANE oA T F UM ALY vl Aol FREL 2
W o7z 9% nA oT oldHLh weld 7 Exje) A4
& z7slo s}

E3
t)3t Azl= Table 2-50] AX|Eo] Qlr}i. X 4aAA

¥
a
2
3
_ml
o
2,
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PEG4002.2 Az2|& st 53t 2F4 Aol AW gy el y4d
the Z& o + vk AFdgHA

Fl 1o SRR AR SR )

Table 2-5. Total shrinking ratio for species and treatment

ArHE
32| (AA1H ) Z1 A (LA
T R T/R T R T/R
CCFZ 6.54 4.09 1.59 4,31 2.90 1.48
o LE FR-4 6.74 4,59 1.56 4.15 2.96 1.40
AL
PEG400 6. 42 4,51 1.50 3.67 2.70 1.35
A 8] 6.99 4.78 1.66 3.29 2.42 1.36
CCFZ 6. 06 2.54 2.18 3.70 1.67 2.21
BHLFEL FR-4 5.27 2.64 2.46 3.42 1.75 1.95
PEG400 4,94 2.47 1.78 2.70 1.29 2.09
A | 6.10 2.99 1.88 2.91 1.34 2.16
FR-4 7.55 4.54 1.47 3.82 2.98 1.27
vl PEG400 7.88 4.51 1.85 4.18 3.12 1.34
A 7] 7.46 4.52 1.64 4.08 2.98 1.36
CCFZ 8.45 4.86 1.73 3.99 2.62 1.52
EAN FR-4 7.38 3.96 1.86 3.93 2.56 1.53
= PEG400 6.31 3.34 1.89 3.49 2.36 1.47
A 2] 7.85 4.15 1.89 3.70 2.39 1.54
CCFZ 7.13 5.28 1.35 3.73 1.90 1.96
2oq FR-4 6.51 3.97 1.63 3.54 1.96 1.80
PEG400 4.50 2.96 1.52 3.44 2.02 1.70
A2 7.65 4,57 1.67 2.78 1.46 1.89
FR-4 9.99 5.98 1.67 5.26 3.34 1.57
=% PEG400 9.60 5.68 1.69 4 87 2.94 1.65
HA g) 9.59 5.13 1.86 5.07 2.95 1.71
4) MOE, MOR H]x
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7) 7132 Acf=j2] MOE, MOR W]z
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Table 2-6. Comparison of MOR and MOE for species and treatment

MOE( X 10°kg/ cm®) MOR( X 10°%kg/cm”)

Az 717320 1A A 1A 13
(£A19) (£A19) (HelA) (£A19) (£A18) (Adoif)

CCFZ 49.4 78.3 73.0 2.56 3.82 3.82
FR-4 53.2 83.1 80.5 2.83 3.94 3.88
PEG400 50.1 74.9 73.8 2.64 3.46 3.51

LA 2] 49.0 77.4 75.6 2.51 3.80 3.68
CCFZ 42.7 67.5 60.2 2.11 3.42 2.94
FR-4 45.3 65.8 59.3 2.19 3.32 2.71
R
PEG400 39.0 61.8 57.9 1.97 3.28 2.72
FLA 8] 41.8 64.6 61.1 1.95 3.35 2.97
FR-4 60.7 76.7 73.3 2.86 4.00 3.91
wel4  PEG400 61.7 78.4 71.0 3.08 3.88 3.61
FA 2] 62.2 75.7 73.2 3.03 4,02 3.82
CCFZ 56.1 74.0 60.4 2.75 3.71 3.05
FR-4 54,7 65.9 62.1 2.77 3.46 3.27
214
PEG400 51.6 63.3 61.2 2.60 3.20 3.2
A2 56.7 71.9 65.3 2.69 3.74 3.35
CCFZ 59.1 81.7 59.3 3.15 4.18 3.52
FR-4 54.5 75.8 61.0 3.27 4.12 3.37
=]
=28
PEG400 57.9 67.2 58.6 3.01 3.59 3.03
TA 2] 58. 6 73.3 63.4 3.31 4.09 3.72
FR-4 98.7 127.0 129.1 5.61 7.11 7.31
==& PEG400 109.0 120.5 128.3 5.69 7.30 7.28

22| 112.2 131.0 127.2 5,92 7.45 7.40
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Table 2-8. Characteristics for a respondent of question

¥ = o] &2t |FeHYR F & | o|&A |HE[HTA

w078 67.3% 100% A8 | 11.2% -
oA 32.7% - A | 36.4% -

10tH 3.7% - ZTEH | 13.1% -

20t} 33.6% 37.8% Y | AER| 15.9% -

ol 30tH 45, 8% 18.9% | o= Y83 B B
e 40th 12. 1% 21.6% ZFH | 8 4% -
50t 2.8% 21.6% A | 13.1% -

60th o)A 1.9% - iz 1.9% -

) AE2YURl $= o] &1 ZA$ 107He|2, He|gdwrts 378

oheA A B RYS HuAA, WAL, FY L L5

Ad, =2 W a2FAA

’

. A, fgAIde) 77 R LR T

ML
_?L
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2

(Table 2-9)

Table 2-9, Pattern division for outdoor facility of recreation forest.
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Fig. 2-8. The problem of outdoor facility :

Decay and structural stability by the moisture,
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Table 2-10. The investigation of satisfaction and experience for

outdoor facility,

Soa HEE

-+ = oA EE o] &Nl % e 2}

U EEA 63. 5% 3.57 1.09

ofdda 9.3% 3.00 0.94

T AP A 33.6% 3.30 0.85

e Al thm] 4 9.3% 3.00 1.05

Qhfzt 53, 2% 2.73 1.30

o=} 35. 5% 3.07 0.99

o] E}x} 38. 3% 3.24 1.17

Foa Ay 16. 8% 3.83 1.04

= 5AlAd A =} 17. 7% 3.47 0.77

ojglolzolH 14.9% 3.37 1.20

A chAA A 13.0% 3.35 1.08

£ g tie] 23.3% 3.16 1.10

AFAA At 24, 2% 3.30 1.01

lAIAIA Al 48.5% 2.63 1.17

Sizaka 25. 2% 2.81 1.03

ghufA]d oj 14.9% 3.00 0.89

A | - 3.32 0.86

7h) @, dtad, shEeEl 52 ol8F el e SHAI 38 otz

L) ol 8RI=E " ofAIEdES o]&Al £& A HdEZARNAE

th EEE e EREUTHL)-EFolvh(3)-m¢ THEITH(5) o tf
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Table 2-11. Analysis of manage condition and cause for outdoor facility

of recreation forest : manager

P N L R i TR
fABe FASA olFAY| B $E o
WA A AFAAS | 67.2% v 18. 9%
oY fAIe] B (23) (1)
ERESEE Y| eamane va | -
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ORAIEES EAE E4E 3l o] &AEAE o8Bl AU ofA
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o 24 E 13 i), oJAEEY EWF olfet AR 4
A3l 28, Mg, A7), F2EY AAG 5 127 $EL AAsigc)
ojglolizolEle] 79, o|-8AES HAAIEIY AAGz HH Y Ago] 7
7t 40%2 7MY B EUE QQoldn, HHWAEL A9t fx|BY
e, o]&xt M, F+2F AP 5 £AA 21 A st SR

T ol &AES FAIBEFE](3L.3%)E Y T EUE dJeor SuIA
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al
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Fig. 2-9. Improved direction for outdoor facility of users.
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Fig. 2-10. Improved direction for ocutdoor facility of manager.
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Fig. 2-11. Institution process for the standard and product module of outdoor facility.
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Fig. 2-12. The relation for the standard and product module of outdoor facility.
L oA EE £7E HEE &4
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Table 2-12. The difference of manager and user for log utility in

outdoor facility,

12 e
2 SNAE oot T EER g gee(p)

et oty 2 1.59 1.62 -0.17 0.87
B AR A 1.35 2.71 -1.43 0.16
5 2 DS 2.15 2.39 -1.19 0.24
el hyst 1.76 1.82 -0.26 0.79
S 2.06 1.62 2.45 0.02
2]} 1.38 1.26 0.81 0.42
of 2] EF2} 1.26 1.21 0. 44 0.66
o A ) 1.47 1.53 -0.37 0.71
o % A1 ) 1.24 1.26 -0.23 0.82
w v} e} 1.70 1.42 1.87 0.07
ojzlo] ol A]Ad 1.62 1.68 -0.36 0.72
A rHAAAL 1.65 1.59 0. 40 0.69

2s g
A A o WAl (UA)|  1.65 1.59 0.44 0.66
=2 g tie] 2.00 1.62 2.19 0.04
2EAAN At 2.15 1.65 3.14 0. 004
3134l 2.18 2.06 0.61 0.55
#178214 = 2.59 2.21 1.98 0.06
stof A A oy 2.06 2.12 -0.35 0.73

2) obeAl B AAE BEE B4

B8l d(2E mnh & 33t ofAEES FHOE £FBES H3H
g&sl=F siolct. 53], Aot 7=

Ads) 27 =2 HF&ol AUHE ofAEE
Hatgirh. MAF o= o=t U ©x}, ofglojmolAld, ik, ©@F, FUF

A5 Y W LBAM, BeAY, SIHS £7ES §FHoE ¥E
g 4 9dg ZoE WL wely 275 HIYgo] s o B

op e}, A, i, ZImolAld, FURA, WY 5& FiHeE ¥
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Table 2-13. The utility analysis of small diameter log for outdoor facility.
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A 71 ALY 43 dAFERA 5& sUsIeich

oA BEFA U AUEE

gah= JlEA s o W JITHLRE FAHAA glon, e uje}

Hietett 7] 5ol o8] AR FAAER ojef AA
Fol MFA, Exel & JIUESAZAEL

A (1998)0] 7] =3t ZA}stATL

7h 22t o] 1 YA Fol& A3 Aud LFEole €l e,
2o 38.2cm% LIEIL} FHATHE] FolQl 38emE R} ol AA L

v o=t F o gAY F2 k2 g9o] miFAE Ledte] B~42mT A
gl

th &=} Aol & oz} Zole FEUN|Y oFY FAE Hste
60cmo] g & ARl &, 58] FAe ALY S0l AFE 44
€ 5.2cmolH, &2 R3]} H(H)E 133 FrlE 25.4cm oJtH Y
3}3],1978). uhebA 2Jxte] Zole W EE(95% A1ZF3He] AJ3HAd)el 49.5
cmo]l J5e] FA(5.2em)E 2Ll 60emE 19 71EL2 AT

3) Fl2dAR £4

2jzte] 7|EEALSE SAHLE AAFF3L AHEE 5 &4351elr]
(Table 2-14),
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Table 2-14. The standard for the existing design of chair and analysis

of product module

(<t$] : mm)
= A A 3A
N e E N Rl QT oz
(DXWXH) (DXW)
or=3} 600 X 1800 8045 .
g | 600X1800 |77 T AHE(AS)
;} X 410 EXE
7y 71% | H 410 |$60 Steel Pipe| 300600 X 200
Conc. (1:3:6)
oL} | 405 X 1800 55 X 90 X 1800
B2 | 405%1800 | 1] 4 Ex)
27 X 50 X100 %X T45 VA
° 400 215 | H 400 ]
El AT} 300 X 300 X 300 Conc.

Fig. 2-13. The existing design of chair,

4) 2&A44 43

A2 o8& 2% 1U] 2RI FEFEFZL 600X (380~420) X 380(mn)
o2 Mgt 2908 ol xiQl F ol At Holg XA, 2
Q18- 1200X (380~420) X380(mm) 2.2, 3%1-8-L 2000 % (380~420) X 380(mm)
2 43 YUrHTable 2-15). F2#te] HPol= Boxte] E&EFFo FTo]

£ Hsle &3t i

lo
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Table 2-15. The standard of chair

= XEA43
T (DXWXH) ol

2012 [(330~390) x1200{5 A Z-¢
Wz} | x(390~420) |HF AF T
ol %712 4X
3918 |(390~420) x 1800 -

Molx} | x(390~420) [SHol(WXH) 2
: 1200 X 400

kd

o

5) AHRE ¥ YURE 43
oate] A9, gt W ol U By B} JbHe Testel ¢

120mm AZ5-& 3H 242 7}g3te] vhH &S 60mnE #2351 cHTable 2-16).

(Table 2-17).

Table 2-16. Processing method of ¢120mm small diameter log to produce

the lumber for seat place.

4120m 275 /129 ] )
THE : 60mm

39 Zhx7tRstel TiZo] 60mmel 2}
e A ols AR} A7 (AR)
- of waEALomA WrAY WA

Hojg BEst WEENE B 4

o X K

J Y

¥
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Table 2-17. The equipment module and product module for chair.

(] : mm)
F [ . | AEE ANEE
B (DXW) 660 490 $120
2 ¢t= 3| 360x1200 - -- L1200 : 67}
ol
- e R H: 400 - L600 : 47] | L600 : 47)
S £
3| o 2| 360% 1800 L1200 : 67}
A - - -
Hal = 600 : 671
E-3 7% H : 400 -- L600 : 47} L600 : 47}
2 qlg | ¥= | 360X1200 - - L1200 : 674
NE H: 400 -- L600 : 47] | L600 : 47}
522t
= Lulo] 260 X 1200 - L1200 : 27} | L1200 : 27}

&) oA o= W2 4120mm 2P 5L 38 ZAArHFEt dHEE 60mT A
23

. obelElx} : EEFA U ANEE

1) 723 54
ohelepate) FzE ulgwE 5RO T THHClA Qlon, wigEe e
W3 Mo TEY 4 ok

2) QAHE 24}
ofoletxte] EEFAL Ehtgolst EHxE, EX ol o3l ARY 4
oEZ oo} BAW P oFpol, %S WEBA yol, WEA £TZol,

U & FUEZAH AR 1A (1998)0]] 7|28t ZAFsliT]

o ¥e

7h ®Abgo] @ 42 eFwol(BA)e 28] 40.7cm, /30| 38.2cn=
21gel(Ba)s d/dol 26.9cm, of/do] 27.1cm2 LELNE

I
=3
th o2 eFEolel ¢ WEA RolE YU HF P8 67.6cm, Z2
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65.3cn®Z LlElRtom, ol2j¥t fAlE YabgolE AAY + & VECIth

I
i
N
I
Tlo
e,
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o
o
i,
i
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()

bt
Ny
o
2,
N,
Py
Sk
£

1)) &R} x] &2
HF)E= o] 25 4cm, oJAo] 23.5cme] gl

3, WEA EEZel(BH)e Bl 44.4em, o34g0] 41. 2enmE LIE}ITE

th) Expzo] : EEUn](41.5~45.5cm)e} 2lEe] FAE 318 3lo

60cn(1¢! 7€) & 71€22 4P 3tArt

3) Z|&AAI¢
FeEAlel AZAANE O BAFA AUEE B BHsAn)
(Table 2-18, Fig. 2-14).

Table 2-18. Analysis of product module and the standard for existing

design of outdoor table,

F | AAFF Ald7+3
Z A4t H] 3L
1 (DXWXH) T (DX WxH) k=t ]
1408] i1y Ex
. Ebx}ak | 600 X 1800 X 65 ¢ 2: 8(‘);:6%“ -
° | 1440 % 1800 1201 S .
= 0 e
X 75
7} 12 : 400) 15 - $100(L1200) $13%Ex)] 400 X400 X400
ub - Conc, (1:3:6)
wx) | 160X60X 1440 [80X 60X 1440 3 Exj -
33
(o]
bz}t | 600X 1600X45 |150X1600% 45 n]s&H= -
A | 1400x1600 | T 1%54
E X 700 1S - 60X 90 X800 n|%
P W% | 300X 1600x45 {150 X1600%45 n)%-% =) -
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Fig. 2-14. The existing design of outdoor table,

4) EEH7 A

ofl¥xte] EEFAL 42083 6822 TR oM, AFo|(H)E o
< 2ol o2 WEA| &olE 22ste] 690mE Pt EAp F(D)
< HEx &gdoldt WEA &5l Aste] 720428 B ~750(6<
€ HAhmE dAsiglon, =xpdol(W)= 720(408 ©2H~750(6<1-8 &
2H)mnE. A 3t tHTable 2-19).

Table 2-19. The establishment of the standard for outdoor table,

(¢l ¢ mm)

T 8 HFEFZ(DXWXH)
4218 720X 1200 %X 690
6218 750 X 1800 X 690
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¢$120mm AR ES 7|[Fo%

ol W Telae] wMelst A5He
2ta)71 25t D60 A 2hsteict.

aestel ¢
obelEate] AMEE

E &3t Table 2-20).

Table 2-20. The facility and product module for outdoor table,

(%r$] : mm)
-+ AldRE
e A 120 v I
o T (DX¥) JATRE( ¢120mm) ]
$120mn 27 S5 37 ZhajrhE
elzlxn} .
ekt 1720 %1200 11200 : 127} sl SIS ooa ABY.
4 L720( E}z}n}
[ e} 17
o718 | 700X720 & L -
£ L714( t}e] 27H
L420(cle]o]2-H): 170
NEdAE| L 1320 11320: 17H --
$120mm AZRES 3@ Azt
L1200:137} sted THHE 60mmE 7HEFE.
Elx}u} X
aial 7201800 L600: 1374 Efx}zt 70| (1800mm)= L1200}
6 1600¢) 272 Fg Bl A,
ol L720( E}=}2h
ol &H):17
€ 1w | 700x750 1) 1A -
L744(c}z]): 270
L420(ctelo] &) 10
715925 L1920 $120%L1920:17) -
tho® ¥ ®EFE L 4UEE

EELES
W Pz wyEs J5e

) AAF=
g3 dXEH JjsS

SN

sy
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= golet A7 |EE& 24 A3 FUEEA ) RALR 14 (1998) o wh
2d, ¥ ¥ol:= 158.lcm(EA), 147.4em(38)P, 9L = Rol=
121, 6cm( /g ) & 114.2em(3) 2 Uetytch. M9lg 79 AsisE &0l

180cm, S Wl AW == Eole 120ce, FAE FAISE &o]= 60cnE Ut

F{

Ehutrt.
3) 71EAAY 24
el FEEALS PO ANTFAT AMEE 5& SAskn)

(Table 2-21, Fig 2-15)

Table 2-21. The product analysis and the standard for existing design of

the wall.
(<9 : mm)
A
an AN 44 2z A4 R -
(DXWXH) (DXWXH)
80 % 150
=] HE 480 L=1800 -
| 100%1800 X700
° T x1600 HES
YL 100 X100
(712:300)| /1= 1600 HE $10cm L=1600 {400 400 X 3002
Conc, (1:3:6)
- 1202000 |21 ZE $120 L=2000 ]
150 X 2000 X 470 OJ E 4120 L=350
i
X1100 VES
Ated . 150 X150
(712:300) | 7)% 1100 QJIZE 4150 L=1100|400 X 400 X 3002)
Conc. (1:3:6)
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Fig. 2-15. The existing design of the wall.

MESEERE
wge] EE2FAL A U FALA A5 AL FH w2 FHY
otk &, 2l W AAEA 5 Jse westel I Yo TR

3, 7 aEd EEAA(FH wol)& Aeshelrct
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Table 2-22. The standard of the wall.

#+3 HEF+4 (WxH) B 51
A8lE w x#lE]= 7 -$(typel) 1200 X 1800
XotE wi A= A (type2) 1200 X 1200
Al AAE ZEAISHE 7 -$(typeld) 1200 X 600

RE U QURE 47
e A9 37 APEE V15 U wW ol Uiy AHEEL A

RES A3}t Table 2-23.)
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Table 2-23. The product and facility module for the wall.

k2] mm)
= )] =
E a2z AR E AR E
(WXH) ¢ 60mm ¢ 90mm ¢ 120mm
A ™ | 7% | 12100 = L2100 --
219 5 &= 2~47}
AL (typel) B3 1200x1650| L1200 L1200 --
L1500 :
dE W | 1= | K 1500 -- —-
sl g 2~
A (type2) |B3H(1200x1050| L1200 L1200 --
UA AAS N H 900 . L900 : L900 :
ZA$-(type3) [E7H|1200X450 L1200 L1200 --
gt izt - 2EGE Y PARE
1) +23 54
Rty Fze= @A VTR FAEEAA At

T Ay

g SElAM =

A%, Qhjzte] Ho]& 990~2070mm,

=2

highe Qhl, 4]

Eolet 2,
158. lem(&4d), 147.4cm(of/g) 22 vielyt). 2 Alopzdes 120° o3,
3t AlofztzEE 60° 2 Uit mebd Qhfzbzte] AzlE R HRSAE
Z2 120~3300mmoE HAY 4

O

55 4%

38t

ZEXA (T ) o] 718 £R31EE Qzte]
AR ZHE Bd (RARM FiE)S 23T AP Lol & 2Yof 3t} o]
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3) ZIEEAL £

e

(Table 2-24 , Fig. 2-16.)

Table 2-24. The analysis of product module and the standard for the

direction board.

71EAAME LR AAFAY ANHEEE F& €4

(<9 : om)
A A] %
g | TARA | S| AARA PREE OE!
(DXWXH) (DXWXH)
A 7159
Fora) 150 X150 |w=]=t| 450x100E - -
e X 1500 EAHoE 3
o |(712:300) | 715 | 4150X1500 |¥& 4150 L=1500 -
71E 1% | $70X600 |HUE 70 L=600 -
2} 2 _
A a0 |FEAITE| 30X900X630 |3F2E 30X900 X210
fres 2150
X A FFLF 4120
A A . 7= 120 X 2150 -
Nz (71z:000) | 71T | L=2150
- PES $100x600 |¢UE ¢100 L=600 -
FA]2H 21 X 2100 X 1500 | 3221 X 2100 X 300 -
VA
. 56 X 2100 ]
° X 2500 - ¢3.5cn®] steel | 450 %450
7t : 715 - i
(7]3:500) pipe H=2500 [x5002] Conc.
(1:3:6)
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Fig. 2-16. The existing design of the direction board.

1) BE74 4%

ghiutel FEFAS QUZlsS AT E3} wol2A ARY 4 Atk
3, Que slse T ol FE, MW, FYAUY 5o 4747
FYOT TESD, 2 4P BEFA(FH wol)g AFstAnh 53, o

BEL] AF golol whet W2 F3(typel) 2} &2 78 (type2) 22 AE3HA

& HEA]2HDXW) 71%( ¢ XH) H] 3
G 7
o] (120~240) X (450~600) | ¢ 120X 1200(+400)
(typel-1
B lgen
e (120~240) < (450~600) | ¢ 120 X 1800(+600)
(typel-2)
s Azt 600~1200
R ( : ¢ 240 < 1800(+600)
(type2) X (900~1200)
gtoh =t 1200~1800
T ( ) @ 240 < 2400(+600)
(type3) X (1500~1800)
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5) A|dRE 4 BARE 4%
Qhizre] Z¢ Zt FEE J|T W AL T izt AJHREI AR
E& A A3t Table 2-26)
Table 2-26. The facility and product module for the direction board.
(%r¢] : mm)
2 = |2z AEEE AARE
(DXW) ¢ 60mm ¢ 90mm ¢ 120mm
120~240
o|A X 22 ( y ) L(450~600) : |L(450~600) | L(45~600) :
e A e ~ . ~
= A (450~600) 2~47) 278 1~27}
(type 1-1) |'1= 1" Hie00 | L1600 : 27 | L1600 : 17} | L1600 : 17}
120~240
o] A X 23 ( y ) L(450~600) : |L(450-600) :{ L(450~600)
Lo A b 27 : ~
== 2 (450 ~600) 2A i 1~27
(type 1-2) | ;1= H1600 L1200 : 470 |L1200 : 270 | L1200 : 27}
(600 ~1200)
~ (900~ L
Adn | g y L(900~1200) [L(900~1200) (9001200)
(type 2) (900~1200) | ° 10 ~207 1 7-137) © 5~107}
NE H1600 L1200 : 27§ |L1200 : 67§ | L1200 : 47}
(1200 ~1800)
Zatera | gaat y L(1500-1800) |L(1500-1800)| L(1500~1800)
20~ : 14~297 C 10~
(type 3) (1500 ~1800) 307} L 10~1574
N H1600 L1200 : 87§ [L1200 : 870 | L1200 : 87}
of. 23EolAd ¢ EEAY L WAUEE
1) 23 54
3ol e EIYFRE AW EEUNE FHOE nndE, Ag, A
ol4&e, U, FiHFtie], EEtiE] 59 thytt Holrdo] AYE A gl
th. 53], el ZE9E bieds) J%, xEdes FEIY 4 9l
c}.
2) JAF = =4}
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Z3Eo| A of7lo] Tl fofef tidyt HEjr} o] F R 7] wfEe] ¢hda}
I Boll ozt Zhdgt st 27" dlE Eol, JiEde] Hest A1AY
Ao mlngfxle 5o rdAtael iyt HEE ofgo] axHch F, 7}
Erfs fob W ool Mert ZAUEF Fob W of7lele] FAF(TR
)& 3188t 10cmol 3t Sh= =¥o] 27HT}

) P& A

Z3EolAd Y JIEAARNE FALCE AAFFH EETLY AEHE 55
Z A}, EAstgcH(Table 2-27).
Table 2-27. The analysis of product module and the standard for assembly

play facility.

HAH 33 F233
E'_ = ,\u,t_ 51 a
(DxWxH) | (DXWXH) A ]
39005500 | X| 2% | 1000 x10600 X500 1000 X 700 2¥=j —
X 2| ¥4 670 X 670 670 X670 x| HAAG 0| DRE, d
(1900~2400) | wH(715) (H 1900) 715 670 UE Hzf |gPujo|=
(64mgh) | 8l uitt 670 X 670 28%93 Z}z) --
25 | 1000 X 1000 X 1200 45X 93 Z}z| --
#rokn) 718 E(Tubul
Hags 8200 400 ¥ ar slide), FAgH =
x11
5100 21 ¥4 1000 X 680 21x93 zh=j €H§°]*]§,%—L}TE}
6-1240) H(71%)| (H 320073800) | 7]%: ¢110 g8 2=y [2l(log bridge) ®E
(6- <) oFetel (bow bri-dge),
2 g3t
513=1 1000 X 1000 28120 Z}=j -
#90 ST pipe
=& | 1000 %1000 %600 --
3 X (F.R.P. t¥2le| EX )
= | 8500x9250 | & A ndE, FAL,
= i
A xa00 | ('T‘ﬂ) (nggg:zggo) 'ﬁ‘ ¢‘;‘;Z§ ;‘r": B3 oo, T
7 = ~ 7 !:: [-3 Z]
o BN ° ° stia,
upe} 1000 % 1000 140x90 2}z] -
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4) ZFENFE A3
ZYmol AL TR BEUHV tiRY FelE AYEHL ol ®
g 2402 nndE, AW, Aolil Fol AYUEHTA e ¥}
of wjxElojx glrh. uwlebd ZFEold BEFHLEA EIYFTRY] XS
o F4& syt ojml, 2woIAEL ol &AL dBE 1Tl Ko}
(64 mRh) 2} ofglo](6-134) & FE3t EELHY #4& AAsIsrh
froH(64 mRt) Z3hsolAjde] EFTHTF(DXWXH)Z 660 %660 (1800~
2300)mmolTh.  o]7lo](6-124]) Z¥molAHe EFUAALS (DXWXH)S
960 X 960 X (3900 ~5100) mmo.E A5} T}H(Table 2-28).

Table 2-28. The institution of the standard for the assembly play

facility.

T B EEUS 3 (DXWxH) S

Sol(6Mu]rt)  |660X660X (1800~2300)
Z¥ ol Al (X5 : 660 Xx660X700)

960 X 960 X (3900 ~5100)
(A& -
960 X 960 X 1000)

o]7lo](6-13A4])

Z3zolAlAd

5) AMEE % ANEE 4%
fob W olglo] ZymIANME TS, 74 2YgolAde EEFA

2 AT AEEED BARES AABIUTHE 27).
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Table 2-29, The product and facility module

L AARE
[e] ) o
2 = el a2z AEARE o
i} (DXW) ¢ 60mm ¢ 90mm ¢ 120mm
(DXW)
1 |660 % 630|L540 : 97 |L480 : 67) -
7 L1800 : | L1800 :
o} 660 1:] H 1800 - 71 2:400~600
(64m)Eh) | x660 | S 47} 471 T
1 Py
2ol (715 7 R M
Al % 1800 _ _ = v ©
! ) |u}et|660 x 660 117} o of oo
1660 : 274 .
60mm s FRE%F
L840 :
231 (960 X 900 L780 : 97} -
1379
2lo L3900 :
of=lel | 960 | ol yia000 | - - 7] 2: 400 ~600
(6-134]) | x960 474
2ol (715 Lggg : | 120mn BB
3 ==Brd
Al 13900) |yictlogoxos0| - - 167 |T SRzA7E
A el g B
1960 : 27} .
60mmZ 7}

uh BURY 2274 U UEE

1) 723 B4

FURFEL ueat Y, Agos PHFelA gk BURMY us 3
Bd7} Y, $Y, W8 502 THHA T olF BHE 27t wiehwz)
Mooz 2gslolA glth

o
£

2) W17 F2)
BUREY RS 3PA, F, A, 4B 5 ©eEe] z2ges 2

BEAER olF ©9F T FRIES AL EA3IATHTable 2-30).
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Table 2-30. The investigation for the standard of unit space.

: mm)

—_—

F
P

o] Y 3 4 s mﬁdi.!i Tl«.o_nj
mu.,za,wo,_w 7o |.4:||‘Jw R
C._ & ] hehd : ox®
oy
gl M a{& a n? lorz IA:nL 1z [0 g
Bo &“wu e osre ~ ospx
_ - 4 |
LAY ” ==y
S
— [N
8 b 9.
NP 2 3 3 2 S
iy ~— — — N [ae]
~ = = = = B
- X X X X X
~ S S ~ 9 3
m_]m m = S = 2
0 —
oy 12 -
=1
W
% & i i
H M =& n N
o 2o 'R G E 2
OM &ﬁ- - [a\|
a-
1!
B R oo

e

—_~

3) 71&4AR

SR JEEAALE $A

A 5tedtHTable 2-31).

=
Rus
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Table 2-31. The analysis of unit space and the total scale for the cabin.

1 olaL =
=] AR cleol 7t S Ft AR
TR \_‘1’] O

(DXW) (DXW)
A
X
(827} g= A9 1700 X 1700
=34 ) 1700 X 1700
X
ZAFIY 55006700 B 2800 % 3300
AA 3800 % 4400
Lilas 1450 X 1700
A
X
(827} e 29) 14501750
of- &4t Hof 1750 X 2700
2t Forgl | 5900 X 5700 24 3000 X 3000
(108%) - 2100 X 2100
AA 2050 X 4000
Gikes 1400 X 1700
A
1450 X 1700
t]-gat (Bz71 ¢ 29
ArAFdY | 4200X5700 o 1500x1700
(78%) ;A_:] 2500 X 4800
Likas 900 X 1700
AL
1450 X 1700
a2 (&2 9= %)
2o g Aot 1800 X 3000
o3 B ora) T = Mo
ZE;;T o 54005400 a4 3000 X 3000
5%) A4l 2400 X 3700
Liles 950 X 1700

4) BEEA4E A3

SUFRe Pgshe A, Fo, FA, AM, @39 ZE74& A3
al, olRt TeFTY EEVEE EUE T BEAEE HAFsA
th. FURFRELY EEAEs 88 128FY 271 KPR AASIACh

(Table 2-32, Table2-33 ).
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Table 2-32. The institution of the standard scale for unit space.

(center to center)

(%] ¢ mm)
=l -1 X EHFE(DXW)
227} g A 1500 X 1800
A
227} Q= AL 1800 X 2400
7 1800 X 1800
‘ 2700 X 3600
A
3300 %X 3900
3000 < 3000
A
4 3600 < 4200
s 900 X 1800
= 1500 X 1800

Table 2-33. The scale of the standard and unit space for the cabin,

(center to center)

FURPe EEFR
> 2
8% 12%
z Al 2700 % 3600 (mm) 3300 X 3900(mm)
A 2] 3000 % 3000( mm ) 3600 X 4200(mm)
SO
31 A A 1500 X 1800 (mm ) 1800 X 2400 (mm )
(DXW)
5 = 1800 X 1800(mm) 1800 X 1800 (mm)
Gl 3 300 X 1800 (mm) 1500 X 1800(mm)

5) A4EE % YARE 43
FURYY 4¥e FUOE NHEER AUEES AN

< s
2-34). TR e B F2A PSS glE J152 4240
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o2 wdsE BES 4120 £FES oSS AYstach

Table 2-34. The facility and product module for the wall of cabin,

(ct¢l : om)

T | ANHRE | AR E | B
B (DXWXH) | &

7] | ¢ 240 X 12800 -

5 270
¥ | 1200 X 2400 U
o
S XE00 w120 x L1200

Al D 2470 100

AR AW

WYY AAZEL £5F3 FA7IEA wel 7] tE wol2A AFE

3) A12AAL 24
el NEAAYE UaeE ANFAT AMEE & E4sgct
(Table 2-35 , Fig.2-17.).
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Table 2-35. The analysis of the standard and product module for the

existing of soundproofing walls.

(2t9] © mm)

AAAE | PR FRAF
(DXWXH) |BEE| (DXWXH)

4
A
o
r)v
td
i
=
fd

DAF A o=

0
ol 35mm 57t WA | 7E

&2 (mineral rock wool, H¥l
gh2= 1200 X 3000 X | BHS {200 3000% | - W =
100kg/m® )THK50Z} =) 194 X150
Zaj| 4000 |¥w| 4000
120 X 70 X 30002z} X6X9

120nm X 30mm( F28) ), Ao | A&

= ¢20028] uEF Fz)
$60 WIPF Az £OT

o¥ofl 35mm S 7HA wjx] 71%
&2 2 (ni 1 rock wool, H=l
312 230 % 3000 % | 22 |230 x3000 % | 7 I(minera e =
100kg/m® )THK50 194 X 150
22| 4000 |®m| 4000
Zba) 120 X 70 X 3000 X6X9

2H2] 120om X 30mm( F23)). | AR

ARl 42009 WHIF A

Fig. 2-17. The exiting design of the soundproofing walls.
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230 X 2000 X 2000mn 2. 44 4 5}
260 X 2000 X 2000mn2. A1 3}93c}

(=]

BHoR PP AN WA o

[=]

T

P
s T

]

<32 EEFA(DXWXH)
EFAA(DXWXH)

ek webd WS JIEFEE REFHLE dRsHL

4) E&44 4%

Table 2-36. The standard of the soundproofing walls.

Holq 4 9long & BES 4

(Table 2-36).

) o o
X b S
&= Q xQ
X X X
a o o
=2 = S
L\ & Q
e X X
N R 3
B & &
0] 3
Q. a,
5 >
i} i)
[ [
B gy
i \Fo
) o
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Table 2-37. The facility and product module for the soundproofing walls,

(g9l : mm)

e 2z ANLABE ALBE
(DX WXH) ¢ 60mm 473 =
L1200 : 197}
| wrewdm 230 X 2000 X 2000
g e L800 : 197}
{typel V1S Eole 23d WS
) 715 |&Fe] uwiel ZAE D, HYHY : 194 X150 X6X9(mm)
£ ol &%
L1200 : 337}
o | e 260 X 2000 X 2000
gy | © = 1800 : 3370
(type2 715 Eole 4393 WS
) 715 |3l uwiel AFEH, HHY : 194X150X6X9(mm)
g o]&3
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A 6 E oA dE HIF BE s

23014 %8 W UAT 548 AR 6550l chsl ASTM 5652¢] Algu
Wol E3lo] 2352 BESH 249 3 Yol Y Ba-RE IR 2=

3 54& 2Alstelch

7h Agw

=

56520 whel AztstR s, FHAQet FHEANE BF BAE A&}
5ol ozl A3 AU YeRE FS Uiy, BEE IF
12, 7ome} 15 9mmE A1-E3lgich. APgFol gojA, BEE ou] 7
%

4 A% BAY 2APel WAHL BE ofu] ol YT 2
%

22 13mmo]3}Q) A¢E= 0.8mm A, 13mmo] 4l AL 1.6mm A dhc).
AHlTEE B WARE deol 4%
EUS IR E& AMRElY HALEE wEA, I&EE A AF
stolvh I FIFY ou] 8-S ARUY AHY Z¢
ASTMoflA] AAl3H= 4Do] A}l 7DE stdz, 3-8 zhuar
Z2] ZW A2 S 4B dh U] g- %
T AHHLT F7AIA AYRY ] me WY
g ozt AL dAstea, FHof s1Fo] 5@0lA 208 AlolollH @ojx
StE4=E 1.0m/mint 5052 Aostdct. £ AES F3) mR=E

Hota HoistEe st

tfo
i)
M
s
fu
-
i
£
Mo
1)
filo
ne
N
)
2

>,
)
=2
)
o)
_t

o
ot

fllo
L
rr
lr
Iy
lo

@ 32 oy
2
o
ol
Fﬂ.

Ju

Mr H
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Fig. 2-18. Test assemblies for double shear bolted connections

U BA-2E Ayl ZFE54

/};]

Mr

AP TFARSE £33 3Pl YAglol A8H BEY Ao o}
o Xjol& Uehigich 94 12.4me] BEE A8Y B3P FA-BE AYL
o SalE FE F2A curshingzt BE2] Yol 23] dojitz, olnrt A
Zol 2 15.9m2] BEE AU F9olt BEY ¥

curshingo] ¢35 327} dofylct.

flo
A
1o
£
o
N
—r
2
to,

Fig. 2-19. Failure modes for double shear bolted connections with

softwoods and 12.4mm bolts
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Fig. 2-20. Failure modes for double shear bolted connections with

softwoods and 15.9mm bolts

Fig. 2-21. Failure modes for double shear bolted connections with

hardwoods and 12.4mm bolts

e

Fig. 2-22. Failure modes for double shear bolted connections with

hardwoods and 15.9mm bolts
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B Alge] shEslEo] gt A2E UeRd olele] Table 2-38 of 2lshd 2

=2 —
A4 ol Uds, BA4 FolE IRI A 2 YReEUS )
A4

Jel3 Table 2-2 ol W4 34Fol thetod 2 AgolA ZAT PusE
S 23l 73 HAZES 7€ NDSolA A AsH= dAZ vlasta Q=
dl, 3ol 25 2F, el stE3u3 dAgle] 5~1Fx ¢ IS
Mol 9lgg o 4 olth ol & Al A8H ¥A7t FuaAAZ B
-EE Ayl F2 AAFold BN/ B Aoz AAwct
Table 2-38. Yield load for double shear bolted connections with each
species.
Yield load{Kgf)
Speci 12.4(mm) bolted connection 15.9(mm) bolted connection
opeaes Perpendicular Parallel Perpendicular Parallel
to the grain to the grain to the grain to the grain
Red pine 377 935 423 1,171
K hit
orean white 316 830 35 1,040
pine
Japanese larch 441 1,050 494 1,303
Poplar 259 725 301 909
Alder 366 921 414 1,159
Oak 725 1,460 811 1,828
Table 2-39. Comparison of design yield load (from tests and NDS).
12.4(mm) bolted connection 15.9(mm) bolted connection
Perpendicular Parallel Perpendicular Parallel
L to the grain to the grain to the grain to the grain
Species  TTest NDS  Test NDS  Test NDS  Test NDS
Value value Value value Value value Value value
(Kgf) (Kgf) (Kgf) (Kgf) (Kgf) (Kgf) (Kgf) (Kgf)
Red pine 166 182 419 427 186 204 526 531
Korean
. . 138 154 371 377 156 172 466 471
white pine
Japanese
195 213 466 477 219 241 585 594
larch
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2. BA2] t}9d A Y= (Dowel bearing strength) 7}

Thed Relel AYFeld BAY Y AYBEE BBl AWsE o
sl Balol crushing H2 w, olo] AUt B B2 BA-BE FY
2 Zzo] 7bg 2 dYe uAE ZoR YA vk AE FHELo|A
A Qe Thed AUREE Bxel v 359Y Jeln BEe 4

A Aol AR oh 22 Aol 3 k& AMESha glch

= 11, 200(SG)
6100(SG" *)p™*°

o%
_<')|_|’
2,
_(')l_:
ofN
o
4z
FI)
rlr
ol
o
o
I

fr
oY
o
rr
o
1

Fe! FQL
F, sin’0 + F, cos®6

Belo} o] F= d1F W] o] ALl ¢ F. = 16,600 s¢- ™

2 a7oliE B2 cllAdEels AME AYFl AHE BES} HY
27} Fol Hi ¥4g AL LSt glold ANY AN AR
WSt A2e A AAE 918 Theat ol A thed AUBEES &

gstlch
7h Ay

Baje) c}ed AYRE FE 9s) ALRY BEE A oA dES A
tro] 713 wol A8Y RO oAEE 3/8 in (9.5m) HZFY Aol Ag
g, Zx) Al#e] F7|= 10em X 10cm X 10cn® 3ttt theel Fig.
2-230] AAY A3} Pol BAl AWML BE Ao 12357 #A 4 A=F



Y

Fig. 2-23. Specimen for dowel bearing strength

1. T A

= dFolM AT FAdESa 3/8 in. BE Uiy thed AeE=
7¥st7lol b "A glofA AR F1& At o] o8 ched A UYA

T3 3k Zrh o7)A, Fabd$e] wiFe Aol o3 7z
48] ZrE& AHgstalch.

3
=%
=
0.

A gole}

g
=zl et

Felo} 43

[ A)

1<)

L=
(o=

LR
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"

H

= 5376 psi = 378 kgf/cn’

: Fer = 6100(SG"*)D°®

6100(0. 48" *)(3/8)%
3436 psi = 242 kgf/cm®

Fgol o3l stE2

=

p

* Fey = 11,200 (SG) = 11,200 (0. 48)



zte HyBolg} 743 AL ¢ Fe = 16,600 SG-* = 16,600 (0.48)"*
= 4301 psi = 302 kgf/cn’

thgo g 348 WHle] ufE ZAUdSe] thed UAEE AP 23]
=43t 7k t}L2] Table 2-40 of A3}t

Table 2-40, Dowel bearing strength from tests.

Dowel bearing Strength

Moisture Contents (kgf/cm?)
Fe I FC.L
10% or lower 499 291
13 - 18% 345 238
20% or higher 206 222

g1e] A2xE AHREHE, 4 & dFolA AHESte 3/8in (9.5m) EE=
71&2] AxtrolN EFT EEQ Al Aol o3 Je2s & HE 3
gyt sfo ¥ Ao g sithHrt ol ¥4E HIds AAGC]l Hel
13t stEatare] &3] ched AUZETL 2 AolE Heolil gitte Aol 2
b Zlojth. & el iy IS HHRE, & 20| 10% o3}
7t & W, & 7]dolste] & 2AMAE 13-18%
efe] ghofl wis) Eelof B3l 3t 7
BE 228 % Z7tshe, Ya4go] 205 ool HE, F Aoy d4E =
Aol 747} 1459t avg = Zrastdrh ole FAje] thed AUR=e] A

[n)
O

Of
-—

& 231, & 7144

ojN
1o,
o
_l

&
®
oX

= F7BaL, AR 515

Ir

==

Ao g wWte] wE Axyt TFooF & Ushls ZoR e,
olgigt THoM T Wlo] i thed AUZEY WIHE 2HORE U

Epi™ che3t Zrh
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Dowel bearing strength (kgf/éh

Moisture content (%

Fig. 2-24. Dowel bearing strength of Japanese larch with Moisture
contents,

?1et 22 AAE, el AUBEE Pl A2 gAML Hodt
)

L AL : F., = 6,050 (SG) (MC)™®"

3 Fo] ¥3}%)
33 shFol ¥HE A9 ¢ Fo

2’070 (SGI.45) D—0.5 (MC)>0A4

19309t u|Fe] datFATLoM L] Aol o3t HyRe] ul LA 1F
of 7123 APAME thalste] 1940dc] o] F follA A7 FERY o2
o] Al%4EE o Lol 1991d NDS (National Design Specification)o A%
the-d Fefe] FYF sidel H&EH dct FA-E2E FEFY B¢ 2
22 HYFY 7@ sR=o et therdt 3533 Aardel o 7}
B A2 e FAH FEINFAS AR, o470 FEIHeY BB AAE

Botol sl 8RHeIEUE TolA Bl ol PHEAS Haje) A ulF
stE YR (Felol tidh) 1en AYAES Aoy A4l ne} AREE o
o YRRt PAe] Folol 2ASD, BES S AT YLRLE| 2
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AR Slold AAT F12e) FREAL B2 BrzBolMel FYY s
of MriE EAlglel HEEL olrh Zau £ dpolye) TurAAE ol &
g opAldEe] HYRolAE BAx 3
BaAAE viare) ng4AE X

48 wWolol thy X4wsy} ATk EY FYol 18T
L BES A9olE £ 1/2 in (12.3 m) ulgte] X47} AHSHE, BEo|
HYRAEe] 7 YhHoE M 2 3he] BEZS AgsiA Hol g
oM AABHE 7t I ES it PHsE AL ol A8l B
A7} Qith olo] £ APolNE okl B AEHH BAF T SE(Y
2 AYE BE(3/8 in)E AUt 7|& YRR AR o
FEeES R BHelx, ol& TAL A4l ol AE HYE sl
Yo ALY sl8s1E S ANstLA ek

o
ox
2
M
o
fifo
o
0,
<]
<
2
o
%,
44

2
ofr
E

o

5L

7h AEH

Slold AL B2)-2E
AgFol Y ARHY FAREY P HsBrleldY duwdz FUst
A ASTM 56522) ol Estel Sasiolth Ty, BES] 42 A oA
ME) APl FE A&HA 3/8 in (9.5m) 2 shAth,

I
2
(e
ul
o
sl
—z
lo
o%
Je
o
olx
o,
N
W mlm
o,
e
i)
e
rlo
{e]

H BEE Mgt Y AES
S8 EIF ojFATie] 3 Exj-BE HygFo] il &Y FER
oA AHAsHs iR =0 T3t 3E1E A2 RE F3 S vt
H kgt gk o7 Al 23t g2 #4& Hde) uhel HAPE A
2 Asstgon, Aol 218t 2k Mode 1119} Mode 1Voll thal 7] NDSoll A
A ohed AUZR=E HE3tAct

- 182 -



Table 2-41. Comparison of calculated values from yield model and actual

values,

Z (kgf)

7 7. Remarks
. 472 241 Mode I
Calculated value 547 350 Mode IV
601 537 10% or lower MC
Actual value 635 549 13-18% MC
539 534 209 or higher MC
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Load (kgf)

Fig,

2-25.

30.00 35.00 40.00 45.00

500 10,‘00 15.00 20.00 25.00
Displacement (mm)

Load-Displacement relationship in double shear bolted connection,
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Fig. 2-26. Basic backless bench
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Fig. 2-28. Basic bench seat
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Fig. 2-34. Medium-sized information board
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Fig. 2-35. Large-sized information board
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Fig. 2-37. Unit module of combined playstructure

Fig. 2-38. The example of combination for combined playstructure
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Fig. 2-44. Sample manufacturing : Bench seat
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Fig. 2-46. The section shape of timber
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Fig. 2-47. The improvement connection method
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Fig. 2-48. Sample product of basic backless bench

Fig. 2-50. Sample product of ornamental outdoor table
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Fig. 2-51. Front & back side of large-sized information board

Fig. 2-52. Sample product of Large-sized information board
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Table 2-46. Comparison of criteria for disposition of outdoor facilities
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Table 2-48. The analysis of spatial type and facilities in rest space

A9 LEEE! 1YY #4

M

ou T T
fuimn) i "t EIIIIIIIIE;I‘

- 66m” (F04h)
) - 100m® (Z)4h) , 2
WA |- 70m° (FeElah 2 N = 2,300m" (g<14h) | - 2,140m" (h&4h)
) - 250m” (B3}ah)

+ 90m° (Ej4ah)

ol = i

seds we #|.maw co)z o) FAA| - wrRgel £
; F48 W F|-Fa¥Ne) 23 | U
LA | pdel waAn alge aAzge|i v Wan o FRes
A}at Al W% el 2A7F EAsty: A FAFL] AR
. LEEd g e,
= | ‘
g, WA, A, AU, oksl o, okl AN
Nag

- 226 -



)

ol AA dABA TAY, EAME, B ) AR I
da, EUXAHEES ofdlolEold, F¥molrld, AYtAd, A,

oy, F7IEAAAE Tol TSI HAS 225nfollA 1870m 72| X
drh. Fo5de] AAA molFel A= A FoFdE wel
2 A E AV BE 3= BF7F wol yetklith

Table 2-49. The analysis of spatial type and facilities in play space

DER 5349 EREE 89
37t
e Guunnannrn) |, 29,
i ¢ ] S (e en
T A W
=
" +225m° (BR1AD) |- 1,800m (P
o] 650w (THEAh) | =+ 1,300m (AAF%)
B0 o G| - Lsoon (g | 20T (B
2 m (8 2k y m T . 250 (2;‘—)\‘_}‘) . 1,870!1]2 (_7;:/3)
CAUEZ 5%
ng | TEEUE U - welFBE Fa crasAe BH L aaean
g [FO1EUC MATA  BEsu|Ed wolwdel T
G (=1 Al -
299 349 A% 299, | .
9| ol@elmel Ay, FiEol A4, AR, WA, W&ole, FoFAA
AR

su20e FY2HEI} 4, NG, E
A}

- 227 -



Agolth. EUWS U 7AYol WY Felolch. 53, FUTAY
2 AR SUA8 BUTHS FUoE FATIHA, oA

B 5 FARRE VISR JiA, gt gl ofjle]molA]

Table 2-50. The analysis of spatial type and facilities in accommodation

space
Cluster® 212} ¥ 74 e
&5 o L IR ] .@um-mll’. nnnn “‘6
OmSm@ IIIIIIII
uifuisuniie) | TTATITRETR) | uiniinn
E
= - 1,600m (BF%) )
L wn | rom e |- asom (2 $LOB0m D ) o (FH4h)
LA =75 3 Eust) - 3 AD\_ * 1 ' Zu\_
2 m A m e - 1,600m (§-54H) mte
- 660m* (§r34H)
ITEFRO = FEAAS vk o T
e TE543AS T4 ‘l‘o:—v-u[ﬂf‘l} P eBUTEHY = caxsY A
T olez sungel|aE FuURe wWomAr BzHe e
A} ] o] Agd Ve
WAEE g |NHEe Ao, ER D)
Aiﬁ B, 234, WA, WA, BTl oA Aa), oke R

2
A

Ehis

L oRAIEES] U

1) oRA B FZadY 24
SURAE, o=}, WA 5o offAJdEof tisiA 7]
2& IWAR FESI] E4stalen, ol ¥ FUTH
dEol glol AUAZ £ & oFIAEES THotsly] #1% Holth ol& ¢l

2 dr
i
B\
g
2
X
o
fo
r )
=)

- 228 -



3hA 87 oRAEE(i, &, ¥IZel ofddolzolAd, FURAE F)

o o] ofAAEE HAYUE wiAH £ gl okAMEE it HETH

B AR wol g4 w30 A4

A4 | ae
Adlaal, :
a4 | T g Lk

N BT I T
R e I I I N I E IS

= | Ao

of
dlo

SRIERIER

W 97 4| 0|8

i

Y
-
54
< ot
2
[
2
o2

Oel o e e o

O

e
|

o 20 0 |0
o © o ©°
®
|
i

o

s
®
=)
®
o
e
S
e
]
i

)
N

>
T
e
e
e
)
]
e
e
e

® 2 O |0O)®
Ol |0 @
O & sl e

-

o

v

OO0 =

O
O
p)
O |®
e
i

A4 [ 5%

(e

oyl
o~

ox

o e & & s
® 2|0 O
| O|® |2 0|0 @
® | O|@®|e| 0|0 &

O
® O
| o =

O

O

[
O
O10
[ ]
[ ]
e

©
®

e ©

) oRAAEENS AR ES @ @ wrh @ © : EEoth @ O @ Hrl 59 sTAR

FEse.

AAH o2 g2 FAZTH o3, RFTU A3uEo] BA

LELaL glont el Ftate duieR b2 AJZadAE S B ueby

- 229 -



AR =AY
ol 3oyt FAZLI Zol AYH HAHAH 5 glort
A%, o S

ol gt hF, FAFZ, wolF, SuERY AHFES WA ¢
uigh, exi(ofe]efal), EolAd, FUFHol ol He VERE EuE
BEEFEC] w2 AEES FUBHY 3R Ve Fol HHsHe JEHE
ojFoirt. hiFre] g, hfuint HAEE V18R oA itz #
AR (gL 7 AjEE HEG-U o] HAU, o] oAl HEe}
5 FAAA] BEe ‘HBAY-2, hinte] HelatFAad FAAME] BF
A¥shs HHY-3 o2 AL FAZZ B A=t 2EAHTAHAL
e ‘71ER  oxtel HEe}, AP T 2wAde]l AysE HAD
7besteh. offetatel B¢ A&} A2 FFH I STAHLE wjA|s]
t 3¥3 Fejel AUy oA o]&AEL] ZeolwrlsE EFIIEF 7

FTE deAE vER A wiA 2 FEY 5 ok EolFR2 23heolAl
Azt FAFLOl St VEY & EUlR frohzolalde] A¥ste
3-1, TEAEAHTAAIL o] A¥sthe HHY-2, RotmoXdA &%
1A (A= @A) o] BF Aste FAY-3 o2 FE2 + vk S594F
Zte] B¢ SRR FAe] e 7P dx(oklEAt, HA, HEe
) FAAAEel AYY HEF-2, FBIHF-U o tiA] wolrMdolut zir]
Bl At HHY-3 ol hesith

\I

%
3
Ir
dd
o

NS

- 230 -



Table 2-52. Facilities composition based on correlation among outdoor

facilities
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Fig.2-53. Spatial composition diagram of information space(row type)
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Fig.2-60. The existing characteristics of the site

Fig. 2-61. The block diagram of the site
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Table 2-53. The result of slope analysis
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Fig. 2-62. The result of slope analysis
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Fig. 2-70. The zelkova on the entrance area
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Table 3-1. First Process of Manufacture Cost

{Amount: in Won)
Item Sub-item | Unit| UMItATY | o oung| Amount | po Cost/ m’ | Totals |Reference
Cost in Won oSy m
Manufacturing Cost of the
First Process
Material Lumber md 18,000 6 | 108,000 | 108,000 18,000 18.000 11
Labor | v oer  |PES| 33750 2| 67,500 | 67,500 | 11250 | 11250 | 2
Cost on ’ > ’ ’ i
Saw
(depreciation {Piece] 600,000 | 0.0084 5,040 840 0 13
s)
Volatile Oil | £ 1,200 5.6 6,720 1,120 0
Other
Expenses Engine Oil £ 2,000 2.3 4,600 767 0
Meal Meal 5,000 2 10,000 1,667 0
Glove Pair 500 2 1,000 27,360 167 4,560
Total 202,860 33,810
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Table 3-2. The Cost Sum of Deforesting Process and Antiseptic Injection Process
(Amount: in Won)

Manufacturing Costs of the Second Process
. Standard in
Item Sub-item | Unit Unitary Determining {&mount Total Cost / m°
Cost A in Won
mount
Previous Manufacturing Costs
(Manufacturing Costs of the First Process) 202,860 202.860) 33,810 33,810
Material | Antiseptic | Kg 12,000 18,000 18,000 3,000 3.000 T1
Labor &y oker P 45,000 4 180,000{ 180,000, 30,000 30,000
Cost orker erson N s s > >
Other 100m*0.369
Expenses Shaft m 3,000 (year)/300 303 51
Glove pair 500 4 2,000 333
Meal meal 5,000 4 20,000 3,333
Temporary
Building | PYune 20 7.259 1,210 t2
Propping 2
Equiment | 6,760 1,127 t3
Rent | Pyung 20 8,000 1,333 t4
Funnel Piece 60 12,960, 57,282 2,160 9,547 t5
Manufacturing Costs of the Second Process 255,282 255,282 42,547 42,547
Total Costs 458,142 458,142f 76,357) 76,357
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30sai(1log)
Antiseptic
o Needed/0.25kg*10% (2 H 5| M H| )
T1] Antiseptic kg 12,000 Daily Amount of Work/60logs{6m®) 18,000
Amount need for a
day/0.25%10%x*60logs
B]{'J(ﬁgliggrary Pyung 300,000 20(Ball constructions) 6.000,000
Floor Paving m’ 45,000[12 »,*( Width 20cm#*20Pyung) 540,000
t2 Total 6,540,000
v f U Three Years(Straight Line Depreciation
ear of Use Method/Rate of Depreciation0.333)
Daily Depreciation |Total Amount Needed+0.333/300 Days 7,259
Propping Piece(Width | 26,000/28 Pieces(Amount needed for 14 728,000
Plate 1.2mm) Pyung/2 Pieces for Pyung)
Propping Part Angles for Propping etc. 500,000
+3 |Wage Day 200,0004 Days Needed(Welding etc.) 800,000
Total 2,028,000
Year of Use 1 Year(300 Days)
Daily Depreciation {Total Amount Needed/300 Days 6,760
4 Rent Pyung 20]120 thousand Won/Yearly Rent per Pyung |2.400,000
Daily Rent Yearly Rent/300 Days 8,000
Stainless Pipe m 12 12000, 144,000
(External
Diameter15.8
cm)
15 |Processing Unit 60 3000] 180,000
Cost (Height
20cm)
Total 324,000
Daily Depreciation [Period of Use/t Month(25 Days) 12,960
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Fig. 3-1. Institution Material Application

204715 ARBA AU UYL AYITY Fehvt TS WY D Aoj, 39
o £f71de] HBBLLEAY FHog Wsj7 AYULh olo] 2147 AEe F
ARSI AAHEA A3} A, BN B, APU3 HEY 23E BT AUF
Yo MBHD gom F3| BRFUS ojn] 0dth Eof s YN ¥P: 3

49 EZ o EH AEE wlEA 53 g F4Y,

- 264 ~



2. Substitutional Construction Material

Fig. 3

Al
=

=0l

BE el o

o

3 oA
oAz #

3}
3

2
7l9tn

)

’

2.
=

}.

i

7

3 ogold

HEAZ|FAZ 233

>

e

a3

- 265 -



I 22 L&A BEIok FAY 9 &

=
=

T

Ag/\

Heh 5349

HlAtEo] gAY el vehte BRFUHE

A

w
o

&

S

ol
]

iy
7

Ha gle AAolrh

Aed. AL

K=X
.

AAZL AHBFEE 5] AL AdeAtdo] ZaFeZtel niet 2714

o2 B Aol o3

ol HUAr BAzAe] =%Y

g "o

= Aol

<

™

ojtt.

&
o

ey}

747 ¢

A}
I+

=y FHEAEe

A=,
gze &

3=

<
S

M E DRI R 0] 23}y

o] o) FolH oz}

LR

ot

u}
[o]

E THEAEe BAE A,

o|FA IAFIIIHA|

=%,
Zlolth

c}l.

Zishd Rt &

7Fedt el A LIt dop WH-A e 522 ¥E=ol wep W

7A

L=t
-2

-
R B

olth.

NS
o
°

¢

s

"r

ol

A1

}

~H

- 266 -



AR ARl A¥sE WA dANGY ik uhel fart Flsia
Sl SURERI AR Y 5 2AANEEY dANE FYEAlA FAat B
A2 chAEe2N FAFAE AL 4 A& Holth olgt FAlo] Fakzbdal o
o(A)o]& Fafe] IRII7HA] of-gwete] AUEE A2 545 Zrie) A 2
%& TAs WSt AEZA} BEE Y FeFog QpEabge] z}
AdLPA E8€ + 3l& Zolrt

7Mo% Bed 4k 7138 #8471 S| Ay o] Exgezy F
U Atz S A Aolrh T REAIEANRE 297
Rfubg, ol IR, HRed 58 24E Fud] BLAL FASE B
el AAaE 71U 4 it

& Ahgol B33l A BAL YA LdEI O dEow AEIH Y 5 9
=71, 323 F8AE dFY e FEUEYT FFo] Westn, EF o]

a

¢ UEYIE o] &3t= UESZ 747 A=y AFrt s3s]ojof gy,

o

- 267 -



	소경목의 산지처리 기술 및 야외 시설물 축조 기술개발
	요약문
	목차
	제1장 서론
	제1절 연구개발의 중요성
	제2절 기술·경제·사회적 측면에서의 중요성

	제2장 소경목의 산지처리 기술 개발 분야
	제1절 서설
	제2절 증산법과 원구법을 이용한 약제처리
	제3절 원구법과 상업적 처리법간의 약제처리도 비교
	제4절 원구법을 이용한 혼합약제 처리
	제5절 산지처리 대상 수종의 CCA 및 CCFZ의 처리재내 정착 및 용탈특성
	제6절 CCA 및 CCFZ 처리재로부터 방부재 유효성분의 회수
	제7절 산지처리와 관련된 환경영향 축소기술 개발

	제3장 야외 시설물 축조 기술 개발 분야
	제1절 서론
	제2절 국산재의 강도 특성
	제3절 야외시설물 현황조사 및 문제점 분석
	제4절 야외시설물 개선방향
	제5절 야외시설물 단위모듈 및 생산모듈 분석
	제6절 야외시설물의 접합부 모델 개발
	제7절 야외시설물 표준설계도 개발
	제8절 야외시설물 배치기준 및 기본배치모델
	제9절 시범 사례 대상지 선정 및 분석
	제10절 시범사례대상지 야외 시설물 배치계획 및 시범설계
	제11절 결론

	제4장 경제성분석
	제1절 서론
	제2절 유통경로 분석
	제3절 원가분석
	제4절 가압처리방식과의 경제성 비교분석
	제5절 대체효과분석
	제6절 결론





