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ABSTRACT

Keywords: lauan, anti-termite performance, anticorrosion, laminated veneer lumber (LVL), sawn

lumber for interior applications

I.  Introduction

In recent years, wood-based materials, such as plywood, laminated veneer lumber (LVL),
lumber-core panels, and fiberboards, have been extensively applied for interior decoration in Taiwan.
According to statistical data publised by Taiwan Plywood Manufacturers & Exporters Association in
2013, Taiwan imports 1,313,004-m® lumber products and 905,738-m? plywood products yearly.
Moreover, the total volume of imported wood-based panel products, such as plywood, lumber-core
panels, fiberboards, and particleboards, is 1,812,094 m?yearly, which indicates a large consumption of
such panel products. In response to the environmental movement, the acceptable levels of
formaldehyde emission from wood-based panel products have been reduced, and the formaldehyde
emission is restrained to <1.5 mg/L. Consequently, increasing occurrence of insect-induced wood
biological deterioration, which are mostly present in wood floors, walls, and ceiling panels, is reported.
Among imported wood species, tropical lauan (Shorea spp.) wood is mostly vulnerable to insect
attack. However, wood and wood-base products, those imported from tropical areas account for large
percentages. Specifically, log, sawn lumber, veneer, plywood, lumber-core materials, and lumber-core
panels imported from tropical areas account for 76.53%, 45.85%, 86.74%, 98.16%, and 100% of their
kinds, respectively. Therefore, to preservative-treat and reprocess such products to enhance their

properties is crucial.

Il. Methodologies

In accordance to the Chinese National Standard CNS 11818, LVL samples were fabricated using
lauan and radiata pine veneers seperately. To enhance the LVL samples’ properties and anti-termite
performance, two treatments were applied, and the effecacies of the two treatments were then
evaluated and compared. In Goup A, cypermethrin, a biological insect repellent, was integrated into
the adhesive in the process of fabricating the LVL samples. Conversely, a boron-based preservative
was pressure-impregnated into the lauan and radiata veneer in Group B before the LVVL samples were

fabricated.

Xl
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In addition, with reference to CNS 3000, lauan and radiata pine lumber samples were treated
using boron and ammoniacal copper quats (ACQ) in a pressure process. Concurrently, an
anticorrosive formula was added. Subsequently, the anti-termite and anticorrosive efficacies of these
treatments and the effects of the boron—-ACQ treatment on the mechanical properties of the lumber
samples were evaluated.

1. Effects of the Treatments on the Properties of the LVL

To evaluate the effects of the aforementioned preservative treatments on the properties of the
LVL samples, a series of tests and measurements were conducted to determine the treated samples’
absorption of the preservatives, specific gravity, moisture content, modulus of rupture (MOR),
modulus of elastisity (MOE), compressive strength, adhesive shear strength, delamination occurrence
in warm water, and formaldehyde emission.

2. Effects of the Treatments on the Properties of the Lumber

The same tests and measurements were performed to obtain the specific gravity, moisture content,
MOR, MOE, compressive strength, and shear strength of the lauan and radiata pine lumber samples. A
anticorrosive test was conducted to assess the samples’ infected areas and anticorrosive efficacy
grades. Additionally, a termite test was performed to quantify termite mortality, treatment-induced

mass loss, and mass losing percentages in both cases.

Ill. Results
This project concludes that:

1. In Group A, cypermethrin was integrated into the adhesive. To satisfy national regulations
regarding anti-termite preservative treatments in wood products, the concentration of the cypermethrin
in the cypermethrin-adhesive mixture was determined to be 0.5%. Therefore, the absorption of the
cypermethrin in the lauan and radiata pine LVL samples was 0.61 and 0.41 kg/m3 (w/v), respectively.
This practice imposed no effects on the physical and mechanical properties of the treated LVL
samples.

2. Comparison between Group B and a control group indicated no significant differences existed
between the physical and mechanical properties of the boron-treated and untreated LVL samples. This
result was verified in an ANOVA analysis.

3. The boron-treated LVL samples in Group B exhibited a favorable anti-termite performance.
When the absorption of the boron in the samples reached 3.5 kg/m?3, the termite mortality was attained
98.7% while the mass loss was only 0.3%.

4. The boron—-ACQ treatment enabled a significant anti-termite efficacy but exerted no significant

effects on the physical and mechanical properties of the lauan and radiata pine lumber samples.

X1
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5. Three wood anticorrosive preservatives, Tanalith OT45, Tanalith A, and Tanalith AM, were
integrated in the boron—-ACQ treatment process. The subsequent anticorrosive test indicated that in
contrast to the untreated samples in the control group, the treated samples exhibited smaller infection

areas while the anticorrosive efficacy scored Grades 0 and 1.

IV. Recommendations

This project comes to the immediate and long-term strategies.

For immediate strategies:

1. The organizers should undertake a program for accrediting Taiwan-made wood and bamboo
products and should determine strategies for promoting anti-termite preservative treatments to
enhance the immunity of structural wood to termite attack. This recommendation should be
executed promptly.

Organizer: Chinese Wood Construction Building Association

Co-organizer: Taiwan Architecture and Building Center

Since January 1, 2016, Taiwan has prohibited the use of chromated copper arsenate preservatives
for structural wood treatments. The wood preservative treatment methods proposed in this study
provide alternative solutions. Moreover, this study confirmed that both integrating cypermethrin and
boron into the LVL production process and pressure-impregnating boron and ACQ into sawn lumber
do not reduce the strength of the final wood products. Additionally, both methods exert minimal
negative effects on the environment and safety of humans. Therefore, the future efforts should be
focused on planning and executing a program for accrediting Taiwan-made wood and bamboo
products and on investigating strategies for promoting wood anti-termite preservative treatments.
Whether anti-termite preservative treatments must be incorporated into the accreditation program
should also be determined.

For long-term strategies:

2. The organizers should integrate topics regarding structural anti-termite preservative
treatments into relevant workshops and seminars and should disseminate knowledge and
technologies regarding such treatments. This recommendation provides a long-term goal.

Organizer: Architecture and Building Research Institute under the Ministry of the Interior

Co-organizer: Taiwan Architecture and Building Center

Methyl bromide (CHsBr) was a conventional fumigant largely used to control insect attack in
wood. However, methyl bromide was recognized to deplete the stratospheric ozone layer by the
Montreal Protocol on Substances that Deplete the Ozone Layer in 1992. Since then, advanced
countries had incrementally reduced methyl bromide consumption and eventually banned the

application of methyl bromide by 2004. Consequently, sulfuryl fluoride (SO2F2), ethylene oxide
ol
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fluorocarbon, and methyliodide (CHal) preservatives were used as alternatives to methyl bromide. But

these chemical preservatives can be used to only repel wood-decay insects rather than to prevent
insect attack.

This study discovered that integrating 0.5% cypermethrin into the adhesive can achieve favorable
anti-termite performance in the LVL samples. Moreover, the addition of boron in the LVL production
process can effectively prevent termite attack, thereby elongating the lifespan of LVL. This study
recommended to execute wood product quality control in future interior decorating markets and to
ensure appropriate concentration of preservatives applied. Because inadequate preservative
concentration may cause severe biological deterioration and thus shorten the lifespan of wood
products; conversely, excessive addition of preservatives is associated with increase in costs and
decrease in the properties of wood products. Therefore, topics regarding structural anti-termite and
-fungi preservative treatments should be addressed in relevant workshops and seminars. Furthermore,
the outcomes of this study should be broadly disseminated to enhance practioners’ knowledge

regarding such treatments.
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%%@%%%ﬂ?’Pﬁiﬁéﬁiﬁ%\%mwﬂﬁﬁ’%inzﬁpzé%
fRid-p R RGN R H R AT B %A



$ o8 MR TR A

-~ BRAFTHEZIFAHARKEIEF AR

EF CHFEFHEI AR T ZRE T F L RORRE LR T
BAFTEHY Z VRN E Moo AT SRR MBI Td A 5
P - AREMDFO R o BURIPE - g P Mo G pEv - B (T
RENAMFF > " NARIFIMEFZ A 2ok ay FRAART R PR R

GEAEE RS T fhaad A - Meyer (1979) 4p &) BRI AL R 1 07 B 5 A
a2 PFH Y pEE 0 10-20% 0 2t e FEATA R F P ARNA o AR F TS P
Pt R Az kiR - o V- RIRLA AT TR 0 ¢ % FIA I R 4
WMAMETZE 2T B EEfrAH2 R o iFe®t @8 PHs7% (2006)
‘afWﬁﬂﬁﬁﬁb“’%?ﬁﬁ FERNEEFEAE > Fhip NPT RP 2 0
BrEFIRZLEFEASEFY »T- I RTEAEF R 6 ARTIREZ F
B (03 mg/lL ™) »dedk 1-1 %757 o l}ié&i 19iE % &% 5 & Fesx (1.5 mg/L ¢
T) o vETREF MR G Pl AT AR RE FERY 0 2 EREE M
R LERPFLOH 25 > A MEYT 28 L2 @5 &a X LR
4 7% i 2_#73) T Sick house syndrome | 7R 42 (2 4% > 2002 ~ 2003 ) - F]* > 2007
EEATHR R R RN TEp2 PR N RS et P 0 X% CNS B 7
Bz v pareEd RN EALEM/L T 24 0 B aiEr AR A
FPHIEE T EF AR MR MBEEF I AMMES EED FB T REE

4

e
Rt

B A 7 % (lInternational Agency for Research on Cancer, IARC) 2 #-7 fE3| 5 -
BREFF O ARG RAMRE S CHRA RS S RE LT ¥R L RO
Hig 424 dep 200 Fepnn FIUE WHO RIE-Z N P BRER P £ E37> 100
ug/mi e ™ o Fpt s B 3R T AR MER SR E M T o AT R
RApF TREY AR ERHEIATEL Do



ERL AT WED IR L

2 1-1 s icfz Fpr RN E (FaA4% > 2006)

~F R PR 7k @I EZE F (mg/L) ik 4 A
S BE (glem®) (%) %-=% %-=% %==x
A 3 0.84 13.58  21.59 17.25 9.42 RERE .
B 5 054 1186  21.68 21.23 21.6 I .
C 7 054 1249 213 20.31 17.59 I .
D 5 0.5 9.58 21.64 - - FERHE al
E 5 0.48 9.93 - 0.27 0.29 FERHE al
F 5 0.5 7.38 - 9.01 451 FERHE al
G 3 0.36 1058  17.52 18.99 15.52 AL =
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| 3 0.65 11.58 1.3 0.27 4.48 & B R
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et imie BEP AL T EAR 0 = S R R MR AL B B R
2 A Pty Rz o0xE o 4ofs P FEA's (Phenol formaldehyde resin, PF) 73~ 2 {42
i ld 2 fiad o 1Y FAEAF AL TR L 1% PR T AL
F 2 36-54% > @ ffid MRS o REHI O M2 TR A S 3% 6
F %L 30% 0 7t R B Y AL~ 44400 19-25%27 4-7T% 0 BT fvx S-S T
FAEd st 0 RV R FlEE P PRI 2 E A Flacska R (2
A5 2012) o BRI - (2006) ¥ i 7% PR AR R~ H > FigEisE
PR A8 7 9 & 22 H 4 & ## # (Laminated veneer lumber, LVL) @i > ¥
Hp FE K o ,fé;#%::};] NOoPF 82 LVLE KL EFpE? Fa o
PF 2 & & 3 e i 20%2 bt 2 r4s H 45 K f5 1 #3048 7 (Tyromyces

E‘l

palustris) % & J& ] (Coriolus versicolar) 2 B & > F &5 1% > e € & 5 4c
10%2_ % ¥+ PF ASLH 4 & # M $00F F2 TR0 5 5 14-18% - gt b » T
a3 g 5 170 2 PR g2z #r 8 - 24845 A 4> B £ 2 3 40 5 10% > 7+ )
ST S-S EE SURNTES S IR ¥ S Ll I IECERP ALY IR & &0 AL
F g 20% -

F- 20 Bad@@lfRd iRk AHEATERZ 2 3% 7 401

5



ERL AT WED IR L

Hfyz (2012) nfP A A2 HiE 7 180°C ~ 2 /| prz # A2 (s & LVL » ¥
?%ﬁiaﬂﬁiﬁé%‘ﬁﬁﬁﬁﬁﬁﬁﬁﬁ;ﬁi%ﬁﬁﬁiﬁ%J’@%
BBz PR F SCR BT I E R~ Rk 0 i AWPAE24-06 s 5 0 %0 K
ARSLH R LF2 F T AL > 5L 20 a PR EREE Y UL
ﬁ&%%ﬁﬁ%ﬁmﬁﬁ%&&’?ﬁﬁﬁzsiziZ%%’bﬁjCNSWﬂﬁﬁj
bR A AR w2 3% 0§ F v T endrd] b s iRk 'Ff E3N1
BB I 4 30428 10%¢ B 15 B BRSNS B AAJEH TR 4 8 5 26.19%
m@%*%ﬁﬁ_ 2. 14.77% » B B AIEH I S0 RS TR ok F R s A )
WRFAEZFPTRAZAE B - T2RAPEES e T - P g o FE I
ZERERREFREI AR R TFRLR R RFEFR2ZPE > &
HEY R FE AR E MRz R AF 4 $97hug2 '8 4 (Menezzi et al., 2008) - Hadi
et al. (2012) ro’B % eJdBirdsie (740 R34 41 > (S8 3-15 % RJR (s o
fri A i 7o kRS2 TR L 5 5 0.8~2.6% 0 AT A A2 w2 45.4%:%c &
E
= s AFHRE 2 RA TR

LR S - B R A B R B oL 2 ST AR
A EH AP REREFTAMEAFTEH 2T o d AP FEHINS > 2R G 2
* 2. CCA ZH|»iT# 5 KRR M K 2/ —4 = L4281 & 3 (Copper, Ammonium
Quat, ACQ) ¥ % @ * o AREEEM L » sxH2 Ml » B 7 iy FIEH & 92 35 4 0F
?’ﬁﬁﬁﬂ%ﬁ~%ﬁﬁ?ﬁ%’@ﬁv%»ﬁﬁ%\%
HERES @i ™% oA 340 > 2 CCA P

S o

Lo H B ag B R - R i (Yildizetal, 2004) 5 ek fher H §
FOMoem  ACQ Z R T 2 AT MA@ S AL BT A o
BLVL WARE i T2 2 BT g RS EAER T EHB T TR L
rtZ FokF BRI EE TR R A AR IPREFESE A

22 ¥pew B (Freeman and Mclntyre, 2008 ; Shukla and Kamdem, 2012 ) -
6



T =25 0 ACQ B REHE T 5% 3= b o plrstscth o m g 52k
g E Py EiE g sk 4 0 ZmEE L (2005) AU R mie iR (T L AR
817 R &AL~ o Tk AWPA EL1-97 2 R £ 44 2 dv dkotin i (737 o 38
RS E AN MR E ¥ 18 1 2%ACQ A AU 2 EHH FR A4 §1.51%
Aow BRI S iE 1000 0 ook 3=s 7 CCA AuBz ZHAnd o 0ot A5
FE7m g A e 2 S ERHET ~ 3 e 7 B2 ACQ (838 7 Fun iRm0 Bk %
5V L AR E 2 TR A A 12-14%F > ~ " F EFH AL B/ F > FuREEL
¥ ACQ 7 i 1.2%pF > Hflz R4 53 03-08%> @ o k™~ E 1+ o>
AL~ 10-30% 48 F # 0 ACQ L » H &% ¢ R £ 100%:»ck (Linetal,
2009) -

%gﬁﬁ%n%ﬁﬂ%?%ﬂ?%%ﬁﬁﬁﬁﬁﬁ@%mﬁﬁﬁﬁﬁwFﬁ?
TR F 2 HARTFH B M S R %@ﬁﬁﬂqﬁw CEEH > H ¢ OPRAL Tk
ARG EL2ZPFVER LT TG - 22 V#3302 "V ivs 2 BRI -
B PR RIRE Y > CNS 1349 (2011) i &4y i A IR /)7 1 PR fL
{7 > @ & CNS 3000 (2011) 4c /B » P FRdZ AP dp it > 2 B i K22
BB RERS T E E AR L 8kg/m® o i AL AT (2013) gﬂkﬁ&f&@
RHEF KR iE KLE S (12kg/mP it ) 22 K2 % (8kgim®) % » i3
Fo kMRS S R E R 1.8kg/mP 2 H A5 K i1 0 B e sk
Fik o d PR A R E 8kgim®y v B R FURE R AP RZ R
EAREE S @ Bt 2 % 7 B kg U LVL B A~ PR TS R 2 R g6
RCRERRETEBR PR L] LT BT S o

19-36% ~ 31-33% % 16-25% ( Ozcifci et al., 2007 ) > % 2. & # "% itz A
Moae A OE s R g BIRRREL AR R S A 2 )'1'4:)3 B ooom BF A2 PRRLEE R

¢ k*ﬁii?ﬁﬁkti>§%?’ELﬁ&#ﬁktEéz.“éféT?iﬂ » Toker % 4 (2009) 4-4t7 = 24|
FIETEF 2 EEFIY JHSE T YR EZH S AT
PR RS FSEN RS PR T o ¥V - 2 G o AT MG~ (8
B - 2P PEERET RS o AREFLO R A TR F L £ 2 H 4

~



FR2Z [T~ AP I L

mF A EF 2 o Usta® A (2009) 242 ¢ a2 g * rigilad ¥ 1.5%2 Pk
WITR AT 2 MDF R B 30 d bk3E5%k S P2 0 iR 5 @ if 100% o
Flpt o HIRAMRF AR o A OB I § R L fet o BT LA
ROPEAL 2R E e PR Tl s IR -

B REER B 6 L R RS A1 E A2 LA LEHT KRR

* oo gL SRR 2 %%ﬁ TACRE R F R AR S Tt V- B
H ¢

FRML G ETT EIRARZ R R Y EXF AT LA F T -
F# % (Cypermethrin) T st — &5 EAL 2 frip I3 $2 7 2082 % 5
¥ 2

Fi® > 2ot T4 10 B 2 4 (Richmanetal., 2006) - &= 3 ¢ 7 i B~ %
LA *ﬁhmﬁ%ﬁ’% B2 Gt g B 0 LVL JARRR L0 6 A
oo BN T A FHEL Y T R R 2 s ki

|~ <

o~ A TR LR R RN
Jiﬁw%l”éﬁﬁpwaﬁafhmﬁﬂy+v*ﬂ%ﬂ»ﬁﬁﬂﬂi¢

AEERPAFPRZ N A W ATEH S P2 © 3 L BTN R 4o
géﬂﬁﬁuiﬂy%ﬁ”ﬁ’ﬂﬂiﬁi”ﬁﬁﬁﬁ‘iﬁ&iwﬁﬁﬁ’

SR SR AR F AR AT ELFA 0 B h7 TR R 2

Ay it o Bk 2 Ero

Aokt AR ENE AR RS SRR B f FRN 2
PREREHHPEE I T IRA LT > B 0 FP AL &SP EEEH
Flz thp s BT N RE R BE GRMET o P L EZ S R
S EAIA L EHL & B ph R BR RS R R AL

ARR 2 FEHHEE o Shi & 4 (2007) 44t ACQ I FERZ ~ {6 2. F 4 ~ ~ %
ot~ e A2 R R R (7 4R 4848 R ) (Gloeophyllum trabeum ) & cask i 3% 15

H3mmARIE ik AWPAEL0-01 2 iRl T2 PR L - #ob i % @il »
8



B EILE T 2 MR R b sk L TR A A uiE 116-68.5%%

8.68-40.7% > & 5 ACQ ##ix » ¥ H F R 4F % | & 0.78-4.65% > P AF 13 4 it
¥ T LS EHG AR R Pt o ¥ - 3 6 Tascioglu # 4 (2013) g
B2 BRI R GL ACQ B R ER T L L 0 R HoAri r HpE R4
$3 P AR AL f s RERER R Y RRR A
oo 5 B EARRE R 0 A R e R EAL N 2 F P 4 o
M P R R e AWPA E7 #7205 > 127 36 I 7 2 @ {oidsk s > Btz B
0104 AuEATY R2FP IR B G TS E% T
Bk TR HESACQEA L~ 12 > 57 R 25 10 2 2 R i 3 # 2

2 {8 BRI AATZ i -

i

Ao BRA SR Z GEERBI X S % -

¥ - 3 gomE Y kR 2R ER f F IR FLU BRI LR T EL L ER R
EE é;giec‘ R A H PR st BT R R PR 0 Kartal & 4 (2007) k-
FER S H e spnl e s R N HEE S SN D8 e F R
B3R H OB RAE A R0 Ap T R 20 R B 848 K /) ( Fomitopsis palustris )
@6 & ) (Trametes versicolor) 12 15 » B F & 3f % 324236 15%2 5 - / « F 4|

iy

Ar EF O PRI IR BY X MR N 2 FHET AR TR
A EGRPFABAEE L FI57 A2 5% P TR TR 23 4o IR 2 2k
EE2 H A o peh o E 0 AWPA D2017 2o iR B ie (73R 0 ] * FRRLIL O~ TR

N\

2 EP e kR Bl Fondiian o B hT LR BYS i Fers S
2FRER S S BEEHF TG - R AT ER oA AR AR
¢ ik BB 2 B CNS 3000 2 4e i1 » edZ e > B sfin 2 fried A&7 LVL 2 (7
BR 23 T 0 (& 2 B o dEAnEL R ACQ [ R EE R S ~ B L R
FR®PLELUD LY F3R 02 F RS o8 P13 CNS 14730 2 -2 5 (7 £ R -
i % CNS 11818 2 CNS 3000 2 # 7| R T iEH i * B § & 237758 > »oid
RS R 2 A B R B CNS 15697 22 CNS 15756 i& {7 14 2 Fuf 9 {0 3
Foo bR F T2 BRI R TR o



(e
\ﬂ}
(w,
B
e

N LR IEY ok

212 ApM 2 e R A

E )
ACQ Boric acid Cypermethrin
=R
3 - Freeman and Mclntyre (2008) |Ozcifci et al. (2007)
FRAIBEFRRIFIL -

Shukla and Kamdem (2012)

Toker et al. (2009)

FAKE PR B

Z s (2005)
Lin et al. (2009)

Usta et al. (2009)

i 7 P A6AT (2012)[2 4R (1993)

Richman et al. (2006)
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$-% P RaRmias

o8 FIBZSEZE

- " BPAREPREATEHLEF

AR R T L £ %2 B4 K 4+ (Laminated veneer lumber ,LVL) 2 #ry-22 3%
BNE AR 0 2 A RE s A A AT H R c ARER 2 EE > RRERE
LAPREY A RER > EYFENEIF ILE LR IL R FR R
(Cypermethrin) = f& > @ § & & 44 B3 * CNS14495 ¥ if & »t 4o RiT » gl 2 f
e 27 4 = L 41 &£ F ( Ammoniacal copper quats, ACQ) B & | - il HIP|:E * &
B L hpud bR A B A @ 7 2. TANALITHR & 7 o) ( Tanalith OT45 - Tanalith
A 27 Tanalith AM)

(—>\i%&ﬁy%ﬂi@ﬁ

i * % B Arch Wood Protection = 7 4 & 2. 2 4 & @ 3| # &> 5 ¢ 5 Glusect »

Ct"

AL G E SRR R & § 4 pa-Fie® (Cypermethrin) > rgZ =
LIRSS (e AEEE L E S 2 VA

FRFZP AR PV RFEERERApFE AR REFRLIVEL A

<oy

BETEG WM BRZELFRE TS 2P A 0 s LVL 2 B
Ao ® 5 05%£ 1.0% - #rie LVL 2 #A15% e £ 5 0.5% ~ 1.0%% 1.5% > £
Eo- Sl SR Rl A Ak P LVL
(=)~ PRk 2

% pmp € R A 2 2% W2 PREL-RIR R R L RR 2 VR T gl
He P kA TANALITH® & 7> 2 3 Ik & 2000 GIIR ~ BOT AR R o 8 R AJT i
FR L B4 T3 10kPa T o FadFH RS BER L 10 min o PR dpE R 4
AR EE L R REFRNRHRTE ST E R o 4

11



ERL AT WED IR L

41
|
+*®
o

R S LVL AR b - 5 i B 7 4 S R 3R 2 fd IR E
H3h o BB ARSLHE R RS X2 LB .

2 43 £ (kg/m3)= % (1)
C: & 5% 8 (mg)~V: #4574 32 izt (omd)

(Z)~EFkfitzri
¥ 47 3E * 2 st (Pinus radiate, Radiata pine ) ¥ 4= &2 #r4&-( Shorea spp., Lauan )
Hypa mEp §* > LVL & ¢ ld 2 afd > 2 @dgde=t :
1~ by 8 42 A ff 41
H4 <4 % 500 mm x 500 mm x 2.7 mm > ¢ fj\% v omE A ((Urea
formaldehyde, UF )( A% 2 @ > A1 8L #670 )iz (7 o % & ( w9 £ 5 11459/m?) »
MEREEFHARSAEER VRS BERF L B 5 120°C~0.98 MPa # 1 min/mm >
BAidcs 11K > LVL 2 {54 3 20°C > 65%RH RE B B34 » > v ie 7154
2~ ¥ricH = K i 11
4 =4 %2 500 mm x 500 mm x 3.4 mm > ¢ fj\-% " AE M, ((Urea
formaldehyde, UF)( & % 2 & > A 8L #670 )2 7 o w5 (5% E 5 2149/m?) »
MARPEFHARIADHF R VRS B L B 5 120°C~0.98 MPa £ 1 min/mm >
BAE#cs 11 & - LVL 12 {54 2 20°C » 65%RH IR 38 31k 15 » = v ig 715
()~ e ACQ L F + & 4
FAEH S d o 1k CNS 3000 4 2 4e BUE » g2 > 2 L7 OB 4 W 27 e
b isxj-;,?]z Sv pEps o 2 ACQ Z & ¥ > F -7 <1 33 mm x 27 mm x 2000 mm 2_ #ris-%
N A A o L~ R e > BB T 660 mmHg o RREFRE G 30 min o & F

12



IR T L P A 2 ACQ B L~ B % 1 F A R i
B30 min > B s H ~ 4o R @ R 4 G 8 kgffom? > 4FR 30 min o 4o BRULARE |
o R PR D RIS R SR 2 AR R
Hefed ¢ mp ol it K2 5w 0 @ ACQ ¥ a2 mcd 5 K3 %

@R B s 4 20°C65%RH 2 TRE BRI BEH > S T A

1Rk -

S BAREFPREATEHZ %R
(= )~ Hlz 14 F iRl

LREBRLVLER A i2yp CNS45L 2 R 87 s i 2 < /> ¥ 208 & 20°C >
65%RH 2 BB Y BT AREIE Y3 EHETHFHR AN T &R H A RS

z ot RO RFEFUMAFE VLR A - Hixi (kg/m) > 40 255(2)

):"-i’ﬁ-: o
%A (kg/m®) =32 (2)

m AR FE (kg)o Vi BRBREZHME (M)
2~ 7ok F R
B2 LVL 29 A i CNS 11818 ¥ CNS 452 2 {£# » 27 23 % < ] o
PR RRKENBRE 2 FEHE IR (M) &% 5351031 2)°C 7 g
HFIRIFE (M) T 2XQ@)E -k Himz (%)

Sk (%) :(mlm;mZ)xlOO (3)

2

m ARG FE (Q)om  #iFE (Q)

13



v '&Pﬂﬁ #J;}i/{h‘ﬁﬁﬂ
3+ & i Rk A

R

CNS 11818 2% » j& 2 R HEF A FH 2 » 2~ F £ 75 mm

AT L
gm0 (70 + 3)°CiE-kP 2 hris » $# 5 (60 + 3)°C24a¢ > B 5
BrokEER 8% T HiS o AR 2 A BRG2ZHPER > FPE AR -
&R 2 Ak B e o

= CNS 11818 2. 245 » i (7 LVL 2. 7 fEf® & £ 3% o
(1)~ 3% glie:
R G <

TR AT

KEFRIFREFH LR et oom b 2 p RIS
BAREET » 4kP~& 5 ff 5 450 cm® (A fE 875 5 h )0 (TSRS o
AT A R ¥ o

(2) Fé‘ %‘ \!E K -

L BEARAENQ0E1)C B AP LR b 2 R K A
(3)~FEz a9 ¢ B pi —ﬁﬁﬁi’ii%iﬁ’\ 150 ﬁiﬁﬁﬁ@-u Fa -k 800 ML 74 & 15+ 4e
S BMLAGHRE 2mL e R i %R B 3 415 e KPR T 1000 L
T AR FLY o B

P

2 BRIV E S -
()~ dff ep FREOA0L 2R W =2% % FAIN -
PAZ5Tmm § AR 55~60mm 2 R G R ET Lk E
* 20 mL FAgp-k o T H ok R

"P"/\L“‘? nE

#-Hal AR R A (201]) °C 2 k5
] R AR T 2

= 24
nﬁw*, ‘Fm‘zé‘“ﬁl’/pni’ o fr PEIL - F o

BT R AR

(5)~ P ppik R L E2 | BB R

2L A =7
FhEv

TRERA R FRp R 1Y R A KRR
ERlzohE 2 412mmz kgt d o e Fil § g F o B~ 10 mL F AL R
T 3% 50~ 100 mL *itF sLE a2 4825 Y > RET 4~ 10 mL 2 FR AR S Fh 4
o A B 2 o 4 fhis ((6542) °C 2 okiE ¢ 4eiR 10 A4 (TR TR o Bl AR T
2 Bk R R EMRRNRARZ T ERLE (mg/L) > B Aot (4) 5o e

14



3
I
b
ht!
&+
!
e
W
e
P
1%"\‘
=

G=fX(Ad_Ab) (4)
G:z@sd @i E(mg/l)  Ag: @FRR R kR Ayl T 9 Bek(F4 k)2

kg o frkERZAF (mg/lL)

(=)~ PR R R T
1~ L% 5% R 3%

M2 L R A% % CNS 454 2 fRf gk ? & f 9 P02 o IR L5 HF
ERzZ AR FRIPEF e BB LKLD -5 5mm/min 2 L £ Rief7
@ %55 & (Modulus of rupture - MOR ) £2 F%% 38 4 - #c ( Modulus of elasticity -
MOE) 2 3+ = X 4cT 5] 2 X (5)% (6) -

MOR (MPa) =22 (5)
APx13
MOE (GPa) =4A5:ah3 (6)

Pntdx & (N) 1D (mm) s AP Dt pPUR p + IP €8T A 2 £
B (N)» Ay : AP Ap 2 BRE? &4 2 50 %258 (mm) . h: 2 aere T 7R 2
FE (mm)>a: #ers L3 R4 2L (mm)
2~ Purn R

i Pe CNS 455 2 £ (7 LVL 2 9 A 2 T $7285 » EH 2 T ¥ ALY
2o HY LWVL R 2T 2B ek Y2 L& R 5 5 mm/min- @ ¥

g B et 8 3 e T A 0 (7)) E e
¥ #r5 B (MPa) =% (7)

Prax * AL E (N) - a: 2T A (mm) L %46 &A& (mm)

15



ERL AT WED IR L

3~ R 5 &
MR RS BRSSP SR > A RS v LR L F R R 2~4
2.8 » A Ry CNS 453 2 4R > st £ 3 & 3 5 mm/min T i& 7 IR % o

"

4

M PR R 23 2 e N (8) T o

Yk B (MPa) = omax (8)

>

Prac B < 1 & (N)» At 3202 %76 f# (mm?)
4~ b imdE
BB 227 mm3 £ B 16 mm 2 AR e g AN o A4 ik
e E T 2mmo JFEAR 3mm 2 F5lat o o BRE R S 2 B AN R A
WP o 2 mm/min 231 3E R o B AR AL ET > Pl E s B IR
PEELAREFERFS (N)-

(=)~ $d bRt
% BT 5 8cmeF 5 13cm ay\ia;mz.@pw@évé%?*ﬁ’i»é_ﬁzﬁj&}sﬁ
Bolat  RFLEABFEY xR 100 g 242 > L rsEdkaEes o hiE
P2

: @“ff—:]’é]’\ » 121°C -~ 15 = :ﬁ JRT R ]3:]20m|n e "‘F]’ PIR IS —

2~ Fuv dR2 FS AR

4 JWPS-TW-G.1 (2004) £ CNS 15756 2 {51 it {7 fin sk isk » 35 ¥ ¢
* v bk G 5% R 4k (Coptotermes formosanus Shiraki ) - 1 it 7 3%k 2. 34 ¢ 1
$7 5 6Cm® s T ER R (60 £ 2°C 4 fiick 48 h o B FR E 8

\Xr

PIPALP L 2 egRih o T 209 A AR R o g 4] 2B R R
BB R o EPE S k2 150 $ 1k 2 15 € Hakis - oo AP A4

16



FoRBRHAHN(2822)C2 42 AP NI HHRBEFE IF EFF IR
Fip RS FRS AL BB EyrEr ¥ W (00+2)°Cifaick 48ho ik
PO~ EHEZ FREFAE - FEHAF 2 0 jgR7&F o

FEF%E (mg) =M;—M, (9)
Fd oMy s TR (mg) o My s FE (mg)

TR (%) (MlM 2 % 100 (10)

1

AP oMy s FE (mg) My sk FE (mg)

Gk (%) =% 100 (11)

(2 )~ s
1~ FHER

Bt NP R R e 2 L 100mm x 20mm x S5mm z &+ o) o 7%
% 20°C~65%RH 2 FiR EiREE Y 2F 2 BN BRRFLEFRFITE > B
2 e o B EY T SR T A IS em R A AN o H P 3R

PR EY R U R -
2~ R RpE

ik i%%;ﬁaﬁii%%ﬁp\ B BGEREO BT R A ARG A
Floce e+ (ERELE S R ) BT A AR E D M EE F R R
FaietRlR s RedRERL eI HIPY  BRBRF LT AR
B FFEFR PSSR ED A w3 (F L1600 H) Y

o l
Hred BT kR -

{

F
3
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ERL AT WED IR L

3~ * L RMAFR
(1)~ % - ¥ (Aspergillus niger )

(2)~ % = = (Penicillium citrinum)
(3)~ % = ¥ (Rhizopus oryzae )

X
H
®

(4)-
(5)~ % 7 ¥ (Chaetomium globosum )
4~ ik 2 kT

ERRZRBAAEVRAHR TP o Eae B R A0 R A"
2 KRR R E RS R R Ho B F 4t o e (Parafilm) % 420 0 1 % 3 28°C

2 E Y 0 @ 4 (5B D m

¢ (Cladosporium cladosporioides )

5~ Fafioocin 2 R

*j"]‘ 4% ,4 F ‘—" b'aie.%\ég,\ %é y Jv}‘ El Z‘Rgﬂféi’% ;‘gﬂgl]i&ﬁii{ 7 #ﬁ ’ ','lA;\
ZBABEFELR 0 &L AR 2 a0 BB PIFSLET L

mgﬁ%lﬁ%%ﬂﬂﬁiﬁﬁﬂﬁﬁéﬁiﬁﬁfU&mZ&wﬁ%ﬂﬁﬁﬁ
TN 2o RACER T 2o fEL LB -
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s
it
o
)

Fo8 BERRAFIHR

MRk S]] 21 S

Fya
AL A >
’ A oz
-
S P d Zﬂiﬁ; 2 A #H
o A oy LR
Tz ’ i
=g e
3 ’rﬂ'_ﬁ‘iéé‘lgg'

A\ 4

Boip P ARE D S T2
1 i BT

W 2-1 @sr= L % 2
(FHXR: 2L 2LB%EE)
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ER2Z AT S REAY HIHE T
221 GPRASF REAHBL

=1

) =~ | %1 %2 | %3 | %4 %5| %6 | %7 | %8| %9 |%10| %11
Kiu B o Br | By | By | BB BB BB B
7 B
A0 M <
Tcf g7
IR H
&

FFZE 'm m (m (m
1 & 15 H
=

P - E B B |m
LRI N
YR |
3L 22 s HE EH E N
RS
P

Fib ik HE B m (m [m
x5k
P e E E B m [m
5
Hp v AR 2 B H
BB
<

Bk ER 4 | |
4 B

=
X

= % 3F 4 B B
PR

10 20 30 40 50 60 70 80 87 97 1100

FHAR: 2L 2 B%REE)

)
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2% Frasugn

2% FI xR

F-8 S EBRMAFTEHIIRRETR
SERERPM AFTEHY TP HETR 2 A FE 2 R ,{H;L‘uﬂ g 2
MY (B EEEMY A EFESR A EH) 75 MRk BB S

#3197 od AP BETUFER > MEEHMEZ 9 RFEREE T LEF - A
SEECEEEFHEF ALY 2 AL IR RLF
FIRE P TR FRAFA F 3% T 2R FEIL TIHE 5 200 mg o F]
R R A TR BERRE S ATEM 2 FURER P

2 & Fylo o 394 % £ B
—‘?“ﬂ_b \"Li

]
- HIRA Uy AR R RAFRSS ORI RRATEME O RO

Mootk o 2R Fy (L5mg/L) @ s 8 5 Fu (03mg/ll) 2 5% » 4 £ 3| p
ERAEA SR A S A% FihFE LT RN

=

a2z EE
P
¥
7

Modm AT AR o F o Bt T R R AL 0 AP RER XFEL
PP~ FURARIEE 0 E T Fubkon sk o
# 31 # & A F 2 Fukf
i i ?L(riﬁg;\ £ ?‘r&(ii)* & g ii(i;o; T emim
LVL (3 5t2) 252.0 (21.4) 7.7(0.9) 277 (6.3) F
LVL () 2475 (22.8) 5.6 (0.6) 205 (3.1) F2
LVL () 256.4 (24.7) 5.8 (0.6) 227 (7.4) Fa
£ 45 (Fe it ) 296.6 (56.6) 15.0 (3.7) 14.7 (9.4) Fs
£ 45 (Fe it ) 260.4 (75.9) 12.1 (3.3) 17.8 (10.0) Fs
£ 45 (i) 478.9 (41.7) 11.7 (1.4) 12.9(6.7) Fs
£ 45 (bt ) 300.1 (28.0) 16.6 (1.4) 7.3(1.8) F
MDF 349.8 (64.5) 6.4 (1.2) 14.2 (2.0) Fs
b e 214.7 (23.7) 9.2 (1.0) 35.3 (3.1) Fs
* (3 i) 222.4 (8.8) 23.1 (1.4) 27.8 (1.4)
FA(z 2 R) 287.8 (35.6) 11.0 (1.3) 10.7 (3.5)
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2R [T - AP P L
The values in parentheses () is standard deviation.

(FHXR : 2T 2 8%%%)

¥ -8 EFRAE LVLZ FHER

1y

- CLVL B hA@AFEHN (FFAR) 2 $HEs
(=) "wﬂ\LVL/f]‘%mﬁ WEN (FFF) 2 AA |
#F =% (Cypermethrin) /- f& & #3 KT SR A P dIR o P REESL 2

&4 Q%“”ﬁwéiﬁﬁ’uwmw% B B REG RS R 2 e
QP ETES 2 2 FPrflesn o a5 AT ] 7 RIS R RS £ 20 b7 4

LW EARZ R AP O HER T R Aok 3257 WL
& T»*,f%k’;f‘%d/fj‘ A FEMR L AH PR ERERR > NTERF- AL HEEW
ﬁ’k"ri);‘; /P'Ji’ d %\ v ﬂ,#\/fr4c§§)§ﬂli ‘gi%i_&d—%@\ LVL > _,ﬁ %)iff’;l:’? g’J\:T}‘/n\ ‘?—,IJ

% 562.7 kg/m® 2 11.4% - @ 7 &AL E " 0.5%% 1.0%%‘}%Q B2 LVLF#HH

&#E 2 05%2 1.0% -

Ne]

%R ER 5 569.1 kg/m® ~564.1 kg/m® > FokF 23 @t FAEA > H ak
FRO G0 d ANOVA B3 2 {75 % 77 B4 %%JINL%ﬁﬁéﬁﬁﬁw
P AR A F LR o

¥ - 35 o3 LVL a4 BEH 2 m B0 AadZz LVLFRE RS A
FUSS M B s PUR S B8 AT 4T iRdF 4 4w 5 83.5 MPa -~ 9.0 GPa ~ 48.4 MPa &2
847.2N > & ANOVA %3t 2472 %7 B e %i@@%%’]*?’%@ 2 LVL # 3%
BRMTE AR eFrs gL 50 BrERML 4T3 BT EHNEARE

FRZEL L o d s

S_\;

4 2R T i A RJ? S 13.8 MPa ;ﬁélg’]‘ >~ & 0.5%

2 1.0%2 LVL 2] i B 5 13.8 MPa~12.6 MPa» %3+ % % 8 5o

\—3
E-)
w’é‘:
'—""St’f-
>
W_V
g
TE

Mrp R esp £7 g LVLG %A 2ZREAES > FRd R kA4
TR R LVL i R B A o pteh o d AR R LY pE
UF 5 > sesrill 32 LVL - 59 @ 9§ 325% » 8 5.9 0.43~045mg/L » 7 iF 5
CNS 11818 4= ¢ Fp & 5 o
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2% Frasugn

£ 3-2 s LVL e 2 A 4o frid B BRI 2 A AE i 4 .
i i AR 2kF FPRA FRRA WET Ay g Tm oem
MOR MOE YR ES o OBIE sx
kgm’) (%)  (MPa) (GPa) (MPa)  (MPa)  (N) %) (mglL)
A fed2 562.7% 11.4° 835° 9.0 48.4° 13.8* 847.22 0 0.44% F2
(72) (06) (70) (0.6) 2.1) 08) (443 (0.03)
0.5% 569.1% 11.3° 82.77 8.6 49.3 13.8% 858.2% 0 0.45% F2
(041kgm®) (215  (04)  (64) (0.7 (2.5) (12)  (56.0) (0.02)
1.0% 564.1% 113 83.0° 9.1° 49,5 12.6 871.0° 0 043 F2
(08kgm®)  (300) (05 (7)) (03 3.3) 12)  (981) (0.02)

zx 1 : Different letters (a) in a given row indicate significant differences at the 0.05 level by Tukey’s
test and ANOVA.

The values in parentheses () is standard deviation.

t#* A#n=30

2 AF S INLVL B ER 27TMm E Y c Hae % E
#ig o LVL B A& 5 28em > % & &l7 e 0500 iR ® o 4 5 &
H 5 & 0.82 kg/m?

(FR Xk 273

114.5g/m? » & %% # 11 K

0.41 kg/m® » 7 ¢ 1.0% F i

=

% ’
2ZHHEEE)

(=)~ ey LVL Zrde R @ 3180 (Fi8 %) 2 fud it
k ks %4 JWPS-TW-G.1 (2004) £ CNS 15756 22 {7 » 4 3-3 B+ 4

Wie LVL #5225 05%% 1.0%FE S % F A AIL2 LVL e kg% > d &
B LVL R34 € 2520mg» ¥ ok K iEs%k2 v BREF AP E 2B (FFE

AR 200mMgPE AR Y HRE GBS o RS ERRTF ERG AR S 05%

2 1.0%pF > HEE4F L Fd 7.8%T "1 1.8%% 0.7% 5 5 ANOVA ~ {78 | B2
BEGEEFHFLE M AR FRRERRLEH L ApY L2 pukls

iz CNS 15756 fRiF2 » % F 454 F i 3% ™ Pl 5 Fusion sk » T A 5%

B 5 ¥ ks LVL 2 3?1]"]‘%( 2 05%F > PEEPHE R BRELd B 3-1
(c-f) 77 ok LVL 4 0.5%12F 2 Fid R EHE - et HB e R E8Y4
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FR2ZAT -~ REAP FIHEITF T
ﬂiﬁi\éiogﬁgﬂiﬁ%ﬁ%’%ﬁ% B4 bR RTINS RN

BOFH R L ARSI SRR T S 2 AR A TR B

3 33 b LVL ife e 82 0 e rie @ FRI 2 4id aR LA 23

i% FEF 2L (mg) FEHLF (W) vk R (%)
* L 252.0 (21.4)° 7.8 (0.2)° 27.7 (6.3)?
0.5% 61.7 (9.8)° 1.8 (0.3)° 27.8 (2.5)
1.0% 22.8 (5.1 0.7 (0.1) 34.7 (3.4)?

zx 1 : Different letters (a) in a given row indicate significant differences at the 0.05 level by Tukey’s
test and ANOVA.

The values in parentheses () is standard deviation.
# A% n=10

20 ded 32 E P

(FHRKR: AT 28%EY)

W 3-1 %t LVL 3 » 2 A4 78 % 12 Fod BRILA 3 % (ash) A A (c »

7
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$=2% A% BgR
d) &€ 05%;(e~f) ZHE 10% - (FH Xk : 277 %)

(2D~ ¥rie LVL e L @31 58 (Fie %) 2 A#PT

Piih LVL e R B2 AT A5 1 R ¥ St B gl o o
%5 - Y AREM— IR WA LVLFEHE R R SERG b L TR 2
Fio sz F oo 2 ;];J:giﬁ i o NN R R A P éi(i#]ﬁéi&”%ﬁ »1993;
H22 5,199 d NEBERIHELEHRZ TR ILZHTE S &R
Rk E MR Bl W AN RE RS F P AL EH R Y o AR
PP B PR BT 0 R HIRE RS A 2 2 B 1AL ot iR LVL e
oA gl ey R

% 3-4 37 i LVL i *e 0.5% 1.0%22 15%7%t 3% W TS Y
B AP R ) A0 T ARG FA L. R E S 7336 kg/m® > § ok
FR) s 11.6% @ FAIG 4 £ 05%~ 1.0%2 1.5%F 2 % &

2 »
€l

i%it

=
—

J\
)
P>}
N

BRI AR S AT o
> w4 729.5kg/m® ~ 7359 kg/m® 2 731.8kg/m® > d it B Rk E T EMZ BAE T A
LRFRERIR AP 2 F S EFHEL ARG g RN
ANOVA 5t3t 2 4755 5% Bi7m m EH| L i beflert 5 od 2 R 3 BR ARl
ARFLRIME G-

Vo0 A 34 R AT IR LVL N3 R 2 R R 8 A AL
w2 WEREFR 0 FAAAAILEEY BN A AP RN A
% b4 iRgE 4 2w 5 113.4 MPa~ 13.4 GPa ~ 64.8 MPa ¢ 1226.5N » @ i 40 7 I
FRper 2 Wi LVLFH > B BB RER ERE B AR F 5 X P LA
FE > 7 i ANOVA # 3.4 5 5% % 7 8 7 gﬁ%éﬁi»%ﬂ%“ﬁfﬂjzl »E SR G P2 AR
Forh o MR GEREZ R LVLES R o £ —*ﬂz PR R R R EA

£

MF TG R ER 4@wrv%gﬁ@%%?$fi WL R4
ERBPERT AL ZIREMPPI %> m 27 L LVLZ 5oL 0T
BE a2 F o3 TR L TRt o LVL R T FEA] UF A ot = o

_—

30§39 ¢ 420 03 mg/L > Fr*t CNS 11818 L4 ¥ 2 Fy % s o 5 4
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HEETREVFLEYUIFIH R TR B EMEF TR A2 VL F Y
AT AL AP RLBE -

34 ke LVL 4o 82 R 4 8 $ BRI AR AR

i mE  FokF YRR BN AE LT e AGE HH Upg

MOR MOE wE O WEF4 F g

(kg/m® (%) (MPa) (GPa)  (MPa) (MPa) (N) (%) (mg/L)

A gL 73367  11.6° 113.4° 134%  64.8° 1520 12265 0  0.12°

(17.1) (01 (69 (1.1) (2.2) (1.8) (3.5) (0.03)

0.5% 7295%  11.7*°  1135° 131®  65.12 161  11740° 0  0.14%

(061kgm®) (13.2) (0.2)  (9.9) (1.2 (4.0) (4.0) (77.8) (0.02)

1.0% 735.98  11.7°  114.4* 141*  62.0° 141 11926° 0  0.15%

(1.22kgm*)  (12.6) (0.3) (45) (0.5) (5.1) (2.2) (84.3) (0.02)

1.5% 731.8%  11.6° 1138 139  65.12 15.8°  11980° 0 0.7

(1.83kgm®) (158) (0.4)  (7.9) (0.9) (4.4) (2.0) (97.3) (0.01)

=F 1 : Different letters (a) in a given row indicate significant differences at the 0.05 level by Tukey’s
test and ANOVA.

The values in parentheses () is standard deviation.
# A~#n=30

2 AR HARLVL % B R 3.3 8450 B 6 59 E 53 5g/uc G 50 £ 11 i
LVL 55 5 35cme™ & 40% e 0.5 ¢ %45 & 3 0.61kg/m® i 4v 1.0% 4 & + 1.22kgm® -
74 1.5% - % 5 & 1.83 kg/m?

(FR LR 2T 28%%%)

()~ Wi LVL e R @3 B A) (R %) 2 4 i 4

2% I 4k 75 JWPS-TW-G.1 (2004) ¢ CNS 15756 # i “7it {7 » % 3-5 357
A2 ¥t LVL 2 54 G @A fFA] (B %) B 6 e %
PEET AR LVL B4 £ 2614 Mg SRR B R R 0 RE G T
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¥ F P;Zat%ﬁfﬁiﬂ.
S o BRER A EAG R 0.5%4% 3 L5%R - AR A AT

R4 F P 5.9%EK %1 2.9% ~ 1.7%2 0.6% » ANOVA 4 78 b it 2%
RMTEFMELAR 0 D FEMG B A4 0 LVL 80 IR i 4 gL
# 2 ol PF4ER CNS 15756 2 & 2% » %Jz;%f::?q,;]‘ so§ it 0.5% T E 4R £ 2 Fin 1ok
o R F o ApR2ABRTHEFI2 (ah) PApE s BlY P ET LAG A F R
LVL 38 ¥ 2 0 e in  REFFR L4 BR TG G022 i35

BAR > Bor R R ERR AR ERY T oni B LVL 2 bk 4 o

% 3-5 Hrfe LVL F4v &8 A h 4 e B E R 2 fovd s £
|

i i T2 E (Mmg) FEAE2F (%) 0ORR”F (%)
F L 261.4 (8.5)¢ 5.9 (0.3)¢ 27.6 (2.1)?
0.5% 124.0 (18.5)° 2.9 (0.4)° 30.9 (10.8)
1.0% 73.1 (4.6)° 1.7 (0.1)° 33.3 (2.9)
1.5% 25.2 (7.8)? 0.6 (0.2) 39.3 (5.5)?

3£ 1 : Different letters (a) in a given row indicate significant differences at the 0.05 level by Tukey’s
test and ANOVA.

The values in parentheses () is standard deviation.
#* A#n=10

L2 ek 3-4 fF R
(FHXR: AFEL2LE%ES)
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2R2ZAHT AP FIEE T

-
‘-_—_

B 3-2 frfe LVL 7 » 22 A i o i B A 2 40 SRR B % (2~ b) AASZ(c o
d) Z&% & 05%;(e~f) Z#H & 1.0%;(g-~h) Z#HE 1.5% -
(FH LR 277 k)
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CEE ST 3

S R AT LVL 2 #H i
(= )~ b LVL i so Pk 02 et

Fr it f ot R R 5 IR L ERD Rg O ol st g A L
sd o F| P A XA g 2 CNS 3000 2. 3 238 17 H e B 21 ~ g2 > T H
v k2 it AT B R ER M A R o TR SR S
* 2 B TR IR CNS 3000 SR8 ¢ prpt Ek 2 sojc B AR G KL 2
K2 & au] > sjc g 4w & i 1.2kg/m® 22 8kg/md o @ A=t/ 5 tard R » 2
ﬁﬁﬁﬁ@ﬁ%ﬂiiﬁﬁﬂ’d”*?“@%ﬁiﬁﬁﬁﬂﬁﬁhﬁ% Bk X
AP0 A - AL FABREUAA LV R A Fd sk 4 B EEd Y
B 2 Fin i A HRE A K2 B2 fHEER G R PO R4 0 R4
SRATT A A Z R % (@B AT 2013) Flt » A0 g ¢ R R R

Bk REFEHR 2GR M KLZ K2E5%2F > prfd D)due bk sceh > 7«
A B R 25 B RAE o

% 36 LA AT b LVL 2 A AP RpE F o d 4 36 74 HiF
EPBEILISE S LVL BB R F-kFmp 3wt A2 485 H° ZokF2 b
AT G ATFERLER L R RN T M R EMA T 0 B 5ok A 10% T
# & CNS 11818 § -k = 14%11 T 2. & f o

¥ 2 g0 AV BT b LVL N PRERL T S 2 SRR > d i3
% kg O SRR IR 2k R Bk R K- BEF 2T "R R > Simsek & 4
(2013) 2 #F 47 32 AH MR SHFRBRETH 0 10% =+ > & %
SH| BB B B B A 8] T E 3T 10%87 15% 0 AR ptae BUR M2 ABF BT ER| 2 T
BEF IR 2 ARH o P PRI FR R e FE 20 kg/mP et o Bk
ZAME o A B2 REPES TR R R AT R s RERRE R
g,@aﬁﬁﬁ&iﬁaﬁﬁ,%iﬁ%@ﬁiﬁﬁﬁ%waﬁ§@&5mm%
5 LVL 35 B MG 2 B4 %3 o 4ok P T 0 BT B SERAIT > Ml fa
SRS AR AT IRAE A TN AT o M0 R R R G FUR BRIV 0 HKiE
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ER2ZH %f W B R
d A2 2. 70.1 MPa ~ 39.8 MPa /22 {4 + 2 3 91.8 MPa £2 52.1 MPa » ¢t 31

Fe RFIHRE SR ASE T G R S RA L R R A B L o AR
FRATT IR AL 0 AR IR RAERRRER G TR
(Winandy and Rowell, 1984 ; Colakoglu etal., 2003) - @ »# 7 B Fj % 45 1 g 2
PG R PR LR BB AR R 2 B e RS F
PRENIE g o Aod 36 ¢ A i o R ER TS LWVL 2B ET A Y agF

2o B e

% 3-6 2zst LVL ; e 8 B R e B 2 Mgy TR

ERE. B R | 0 R PR R WA R4 bk ] 34 2% P
i R k3 S AREA LT ags T
wEoET i ¢ " s U pae

(kg/m® (%) MOE (GPa) MOR (MPa) (MPa)  (MPa)  (N) (%) (mg/L)

503.6 9.1 8.9 70.1 39.8 10.7 851.8 0.44
F L 0
(21.5) (0.2) (0.7) (1.6) (4.5) (3.4) (143.0) (0.03)
521.7 9.9 8.9 91.8 52.1 11.1 856.8 0.41
R I8 0
(39.7) (0.2) (0.9) (10.0) 4.7) (3.2) (103.2) (0.04)
The values in parentheses () is standard deviation.
# A~#n=30

(FHRER: AT 28%EY)

b B SR EGY (5 2 Fue Al B R Aok 37 41 B R ko B A Y
2 LVLE 3 ikEFH% > BT 244 £oB 200mg > %7 A= Esk2 0 k2
FARE2ZEA AR ASIEF LVL B T4 A S 0.3% 0 i Mt A T e 2
10.1% » 7= % & CNS 15756 &2 2 3%/ T » &1 B 45 Smmgar & » H Fug M4 ¥
Hitv o P2 A FRBPLERLUERT P2 RBRE S 0 ALy K2 R
Zi7iE 98.7% > Bor ARy kA S R - 22 F iR > X E 33 (a—d) T

oo PR T2 HHR EE R mAAAR o 4P
Pz TR RGBT SR AIT > § B cE 35kg/mipE s i TRtz B
MRac 3 o DT AHMHEZFEABSRE LGSR 2B

LARIL e X 8T A4 23 k&5 > AP F
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YFIE FIaSEgR
%BJﬁ%ﬂUAﬁ%&%Wﬁwﬁ%ﬂiﬁé%ﬁﬁ%m
i i xicd kom)  FEFAE ()  FEAF (W) 4RSI (%)
L — 208.9 (5.5) 10.1 (0.6) 7.8 (0.4)
P e 72 3.5(0.8) 6.8 (1.7) 0.3(0.1) 98.7 (1.8)
The values in parentheses () is standard deviation.
# A%k n=10

(FHRXR: 2L 28%%%)

B 3-3 bty LVL 7 » 82 K ifs 4o

HoET

Fe A2 Fw dpdtar B % (a~b) A &2 ;5 (co
d) Z# & 3.5kg/md -

(FH KR 2% k)
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P28 WRAEYAZFHTR

R X D% 03 R I A - -y

K;% LVL 47 > A F @ 2303 p g r il RARE AL £ 5
BEPBLFERE TN ATHREED Ry R L EL B2 A2 KA RT
PR B BRGS0 B KR 5B EH F FH S L P
AP E AT ORL 0 A AR GRG0 BIL 2 5 CNS 3000 2 R4 »

o

ACQ 2 Fopi>s ok & 417 o I 4e GRETEER] 4o Wi %é%"ﬁﬂi'ri’?i%fé@

% 3-8 B kst A gmAgr 2 e ACQ I r B R 182 L T8 0 & {5484
Forod? P ARAIL 2 BR B k5L w5 507.05 kg/m?~ 13.79% - @ ‘G2 jie
32 F 4 444 5 521.14 kg/m®+13.85% i 4 ACQ % | B 5 493.29 kg/m®~10.76% -
Y- 3G oW Rz B A7 0 AAIL Rz RS SRR R
Gpae R T TR A 4 G 7.89 GPa~ 71.83 MPa ~ 39.64 MPa = 14.99 MPa > @ 3 ét

GRS 2. 5 I R A B A JT 1T - ROANOVA 4 47 2 b Bt
TRETHTAENFZ LR 5o R ACQ I B E &L » 2 Bk » H fs SB35
B R RO ARILENR T BB 2T D NP o ek Ty s 2
AR @R P RGE2 R FHEHE ACQIL »H 7 kX ikmiKF B o
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2% Frasugn

% 3-8 b AR AR P EHE ACQ 2 [2iv A R

58 %A 7ok MOE MOR 4558 R T R

T (kg/md) (%) (Gpa) (MPa) (MPa) (MPa)
507.05° 13.79° 7.89° 71.83? 39.64 14.99

* RIL
(38.19) (0.49) (1.64) (11.41) (4.75) (3.31)
521.142 13.85° 8.112 76.83? 42.39? 14.49

P J2
(55.58) (0.07) (1.16) (10.22) (6.30) (3.88)
ACO 493.29° 10.76° 9.99P 88.61° 43.30° 14.15°
(45.91) (0.06) (1.25) (9.52) (5.82) (3.64)

Different letters (a) in a given row indicate significant differences at the 0.05 level by Tukey’s test and
ANOVA.

The values in parentheses () is standard deviation.
# A2~#n=30

(FHR&R: 2T 2 BRE)

R ER PR AL AAPEF
SEw iz A FHE AT RO ARR T R A BANL
R e 5 2 CNS 3000 2. {538 55 (740 BRI » i AR 3 (R PR IRE D 2T 2 P £
P ERE TS E > B UEL RS EET S RRF A ERERN TS
K1—K2 (1.2 kg/m®—8 kg/m®) % %/ » m ACQ [# & &2 s jc £ 0 £ K2—
K3 (1.3 kg/m®*—2.4 kg/m®) z_ &jep o

% 3-9 BT i AGampL e ACQ BAL ~ 52 B2 BRI TRL - £
TOLAEST w2 BB B § kS A W 624.10 kg/m®+10.92%> @ £ 22 ACQ
2R~ R A B 43 61291 kg/m® —622.58 kg/m® 2 11.32% — 10.44% o ‘&
ANOVA % 172 it e T8 % BT = E X B F 2 LB 35 2 AL EH 2
ACQ Hfrieit Fea 2 ¢ R PR RHE T LR - ¥ - 3 5 v AdBlez il
PO FUS 5 A R SR A % T WP & 4 B] 5 12.17 GPa~96.26 MPa~47.84 MPa
2 1020 MPa > & it 2 By & g Smps 2 ACQ EH|ix » et & & HiTl
-7 ANOVA A1 25T a2 B 5 b o tdaiFitm s 5l bk

(I

EFUFIa 2 F A kAR T EFRS T Uk E: ACQ B K EHE 7



SRLAT ~ WAP HHE
SR B HAEE FRFEAPHL RN T ED f PR L T

A% o

% 39 ¥ri-F A% 7 dv %’w,"]‘ Sepmps A 2 ACQ 2o MHi £ IR

. %R &k MOE MOR TR 4555 R TR
(kg/m3) (%) (Gpa) (MPa) (MPa) (MPa)

4o 624.10% 10.92% 12.172 96.262 47.842 10.20%
(46.56) (0.71) (4.19) (21.99) (10.51) (2.67)

P 612.912 11.32% 11.48% 92.01° 45,522 9.34%
(42.36) (0.01) (4.56) (20.17) (8.56) (2.47)

ACQ 622.58% 10.44% 11.09% 92.622 47.992 9.31%
(50.31) (0.19) (4.18) (24.30) (7.18) (1.27)

Different letters in a given row indicate significant differences at the 0.05 level by Tukey’s test and

ANOVA.
The values in parentheses () is standard deviation.
# 2#n=30

(FHRKR: AT 28%EE)

IR ER AR PR B R AL PR

% 3-9 % gmpi e ACQ 2 #| A2 sx b 22 rief A 2w Bk o ’T}“%‘@E
AT 2l R 0 RS R Y A2 FE L BT 3549mg c B rRF
k2 FRATA F(1233mg); et e k2 FRITL A U 5 17.6% 4.1%
PR L g ARIFRF AZFURM i L > PR GAH2ZBRZAELEY
DA AR ) B 3A4LE 5T Y AL v RET RE S L EHY 0 AR
BV ARG FHA I T AL G 5 R AR A o RlRE AR - §
FAvs oA F BRI E R FRAILT o R RO RE B A RTIREL & R (F
BEHFRAFE3%UT )

Flob s ampr et ACQ BRI AGL 1S 0 ¥ M LA h kb & Ay

FEANA 3300 A 3% T » BLARBIRER fo 1Y o X iy ACQ A A
2 PrReR AT 0 FEAE A i (0.3-0.6%) 5 E%&vj R FALZ 0 A R
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FIASL w2 ABE o B URRASLE 0 B 20 MRS T 0 g AR

FAF2ZRF -

g

Ik

% 3-10 m2 AR 22 ACQ Z | EU? A bt 2 Frded A 2_Fuo k|

BHE et FEHLE (M) TR L & (%) BRI F (%)
F JedL 354.9 (11.4)° 17.6 (1.4)° 8.9 (2.8)?
A b P g8 10.7 (4.1) 1.1 (0.4)? 100 (0.0)°
ACQ 29.6 (6.8)? 1.5 (0.4) 46.9 (10.0)°
F L 123.3 (14.1)° 4.1 (0.3)° 25.6 (3.4)?
e P8 19.3 (4.4) 0.6(0.1)? 95.6 (7.1)°
ACQ 9.5 (4.8) 0.3 (0.1) 54.7 (13.3)°

Different letters in a given row indicate significant differences at the 0.05 level by Tukey’s test and

ANOVA.

The values in parentheses () is standard deviation.
# A%k n=10

(FHRKR: AT 28%EY)
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R ClaiEY ok,

e

B 3-4chtd Az dio P 2% (a~b) 2402 ; (c~d) miur ;
(e~f) ACQ % &2 -
(FHR KR : 27 % i)
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CEE ST 3

W 35 ¥rief Az Fuv gt 2% (a~b) A2 (c~d) P2 ;
(e 1) ACQ # k2 -
(FH % 47 ] )
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ER2Z AT AP FIHEITF T

fr§ BAARYAEF2PREER

- " PRERLZBEH D RBEER SRR

3 % 2y (Pinus radiata) £2 ¥ (Shorea spp.) H 4 » T34+ 5 °
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FooeE A 1 OIT 75 150 300

§ e A B 45%
Tanalith A (Tan-A)
3 2= & @ CIT/ICMIT 20 40 60
3ot ) L 14%
Tanalith AM (Tan-AM)
% > A @ OIT+CIT/CMIT 90 180 290
4 v At ] 5+1%
(FR %R A 2 35%)
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] 3-12a ~ 3-12b 12 % [ 3-13a ~ 3-13b 4 %] 5 Tan-A 20 ppm £ 60 ppm i
ACQ @ ix b h g ¥ 2 AA L 02 v 28 2 2 &% v B i ¥ 2 f 5 A2
A 0 i B bz Tan-A 20 4o 60 ppm AJZ 2. ACQ 3 5 > KR P ¥ 1
F P E AL RARPIR R T 2 28 R A RIL 2 S E S PR OREAR
%0 4@ 3-13 #5T o

W 3-12 12 Tan-A 20 ppm g2 3cbtd> ACQ@E P 2 P ik#FEZH %% ~(a) 0p 5 (b)
28 p o
(FHRXR: 27 F k)

W 3-13 12 Tan-A 60 ppm 2 3cbt> ACQEF 2 Fik#FEHRE % (a) 0p 5 (b)
28 P o
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E8AFREAEBREFY 20 IR A RAREF A - B 314 55
=735 AL Z SR Y % 5k e Tan-AM 1 180 ppm 2. ACQ it i o
FORMRERERLT P RORRALE  GET CRBRARE T BT R
ok EF S RE > BREFRE R A LS 100% -

B 3-14 7 4x Tan-AM 180 ppm 2_ 2z &t~ ACQ B JRE P28 R pEz_ 4 R3S e
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% 3-12 22 4 3-13 & %] L SR B e T ¢ T 28 X R F Rk 0 B A
B T e AR E R I R E SRR o d £ 3127 g Mok 2 g
JeJZAT ¥ A Ao B RORIEE > 7 AR DIRFR R it ACQ R B A T e B R
B BEMABRER A - 13£15% APV B2 A 2 (831£29%) & i >
@ ﬁ_’l‘ v T %”ﬁt 4 75 (OIT)~ 20 (Tan-A) 4= 90 (Tan-AM ) ppm p# - #

12 &0 FEAF P RBFAPT > ARFFHEFRRAL LG FRIP DT
o E B EERE L Lead & 3134 FOUF IR Wi ASTH A A G 4
BRI 7 XL DI AR B ACQ WAL i A A e AR 5 A5 17 2
29% > AR H PR 2 AJJZ N (93£6%) & Mo A e MBI > 2
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2% Frasugn

%312 * 2 UL ER 2 RN EHRAL LR H 2 P RETR

B ik , kr %;‘3'9‘ @’B‘ P AR E "B
R S A S LS (DN
(%) (%) 13 m=  1/3 1+
ks - 8329 1315 1 90 10 2
75  90(0)  20(26) 1 80 20 2
oI 150  73(31) 7(6) 1 100 0 2
300 70(20) 7(6) 1 100 0 2
20  97(6)  20(35) 1 70 30 2
ACQ-K3 Tan-A 40  83(6) 3(6) 1 100 0 2
60  67(21) 7(6) 1 100 0 2
0 7701  2712) 1 60 40 2
Tan-AM 180  97(6)  10(17) 1 90 10 2
o 200  97(6) 3(6) 1 100 0 2
e kit - 81(15) 0(0) 0 100 0 2
75  60(26) 0(0) 0 100 0 2
OIT 150  73(38) 0(0) 0 100 0 2
300 70(10) 0(0) 0 100 0 2
20 63(25) 0(0) 0 100 0 2
K2 Tan-A 40 53(6) 0(0) 0 100 0 2
60  93(6) 0(0) 0 100 0 2
0  77(12) 0(0) 0 100 0 2
Tan-AM 180  100(0) 0(0) 0 100 0 2
200 90(10) 0(0) 0 100 0 2
¥~ Bn=10

(FHXR: AFELLE%RES)
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Kiph - 93(6)  17(29) 1 70 30 2
75 57(15) 7(6) 1 100 0 2
OIT 150  87(23) 7(6) 1 100 0 2
300 93(6) 0(0) 0 100 0 2
20 8321 151 1 80 20 2
ACQ-K3 Tan-A 40  90(0) 0(0) 0 100 0 2
60  93(12) 7(6) 1 100 0 2
90  87(12)  10(0) 1 100 0 2
Tan-AM 180  83(6) 0(0) 0 100 0 2
270 100(0) 5(7) 1 100 0 2
Frie Kiphe - 100(0) 0(0) 0 100 0 2
75 97(6) 0(0) 0 100 0 2
OIT 150  90(0) 0(0) 0 100 0 2
300 90(10) 0(0) 0 100 0 2
20 100(0) 0(0) 0 100 0 2
MmE-K2  Tan-A 40 87(15) 0(0) 0 100 0 2
60  93(6) 0(0) 0 100 0 2
9  100(0) 0(0) 0 100 0 2
Tan-AM 180  90(0) 0(0) 0 100 0 2
270 73(21) 0(0) 0 100 0 2

¥ A fn =10

(FHXR: AFELLE%RES)

] 3-15 5 Tan-A20 ppm A2z it ACQ 3 & 7 BURRBHR (53 5 4 5 &
P g Il EsE 24 e FATH 0 Kor Tanalith Az ~ £ 20 ppm pF 4 & 1
T #ELE - @ B 3-16 5 OIT 75 ppm &JZ 2 e éfs ACQ 32 4 7 hid B i 5% 1938
PR RY VPR NARIEIHRE P REORFRE 5 5 OIT 75 ppm jw
2 skt ACQE S RIARFARER T > B 3-17 2§ 3-18 A A B & ¥rie22 2x st
PRIEH 2 b Rk %
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B 3-16 2 OIT 75 ppm AU b4 ACQ 22 5 2 | fiksh & % o
(FH KR+ Hhik)
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x> ACQ-OIT 150 ppm
&> ACQ-OIT 300 ppm
*zi+> ACQ Tan-A 20 ppm
*zi+> ACQ Tan-A 40 ppm

2z it~ ACQ Tan-A 60 ppm

it ACQ Tan-AM 90 ppm
x> ACQ Tan-AM 180 ppm

2z i+~ ACQ Tan-AM 270 ppm

e P IR - R T e
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i 0 BRVE DHZ G o pLoh s BRI Y st H N i E  iF S
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LVL = #47 2 FE4 2 5 (0.3%) > AL 30 B2 5 BTG
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TRPILEABFMEN T E2Z A 0 D SRR R L dd bR ke

4 AL » P [THESS 0 AT TR 7 R SRR b 2 AL~ o i
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CRE D RS R A A S e
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AP 72016 F 17 1 pAc#Er CCAP K ARIEH» LAz A 2 ~ [Tt o
mAF Y 2R EkEER T EDw CCARILEFE Y (S22 adPiE > Lot A Y 4
FERRR YR AF AL WAER (FiER) 2RGSO LVLE R AR &k
Biao b mpiz ACQ ZAPF A H P 0 I % § S i R R 2P
(CCA A »H2Z P RfEM %) 2 7 Mg RBBS A2 BT > Fpt s A K
TRYFFRNEAHZE S E S MIT A2 Q5% D49 ARD B AR &t
bR EEAE O FH AT R AR A M S MITHRF=RH8p ¢ o
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APMEY AP Y R rEHP HILZRA EF AT I T F
?OR R
B B N 2 L5 == p =il
YEE B A SEEAY
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ELTHRLIFEPTIMFFLARITTFORER R TR L F AL
oo LR pe 2004 &£ 2 2307 L g o (TS FRER G & pife (sulfuryl
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