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Mechanical Properties of Fire-Retardant Treated Wood™

Hyun-Mi Lee** - Jong-Man Kim*'* - Hee-Seop Byeon*’
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ABSTRACT

This study explored how simultaneous treatment of monoammonium phosphate (MAP) and boric
acid for Pinus densifiora and Populus euramericana influenced the properties such as fire resistance,
preservation against Trametes versicolor and Tyromyces palustris, and compressive strength of the
treated woods. For specific gravity and compressive strength, the treated woods were higher than the
non-treated ones. For the analytical features observed by SEM, the cell walls of the non-treated woods
were extremely destructed by T. palustris and T. versicolor while the treated ones relatively remained
intact. Especially, P. euramericana was more readily exposed to the attack of the rot fungi than P,
densiflora.
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At ALElE 4F 71eNEE date AE ¢
S 5ol %3t Hojrta it} 3 o5
AE2E ALY EHE0] AA nAE F3f
aste] ol A F9t At A A HE
FAzRAH oz QA FEH R FF BAS ¢ A
33HA HAvh 2y B o A vsko 7
%, 714, AEEF, ERATA Z vH7A § o
2 7Hx] FFol Q= W EAlE &R f71H 0] 7]
7ol nAE 43} ¥ A4 E3 5 W) A &
AAE 2t tH(Karen et al. 1992). B+ v A&
dsto)) ofste] ZFErt At v A 7F Hol
A ¥ ol Aol BH7A o]2A "}, 1gE
2 3 =&HE 84, 7Y T FHE $HAE
AH&8HA] P tHOhkoshi et al. 1999). E3F Bzl 7}
A4 EEE FAE0] o At BAE) 4
5 A7) HAEE W B AW Apake] uis
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AE BE & BT ol A FEY A L A S
HESNE WHE 7814 =AU webr] o] Fote
A7t oS HASA o HAvk AF7A AR
o o3t Aol i) ot E3tE 7o R AT
vl gl o F IIXE FAlo $55 1A} s RE Al
=3 A2 AY gle A oItHProctor et al. 1941).
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T 259 oJejE XEYAE F A0 o] &3]
f3te], o]F EAfo] WA ddgo] e Bk
AMJALRE A E T3 (Kim et al. 1992) A
g3 F E4) 2Fre dEHelgtn sl 4R %
el FEHAT AAEEH] REfEAlds
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2.1.1. SASH

Aol AFERE SAIEA VA (Pinus densi-
flora Sieb. et Zucc)w g AFA| HEFANA A%
g 20~25 34 Y4B HAste] AMEsIE R, ol ¥
EEA(Populus euramericana Guinier)s 7'
A% FAH B8 AAHA AR A 20~25d 48
58 et Algsch

il

21.2. BAT

i
(el

£ Aol Mg T WARIEA FEHA
(Trametes versicolor(FRI 20251)), 2%t
RZ AR (Tyromyces palustris(FRI 21055))
S AAATHNA BY wol AMSEA T

2.1.3. A7

A %] 242 glucose 25 g, malt extract 10
g. peptone 5 g, KH2PO4 0.3 g, MgSOs 2 g2 ZFF
of o] Mko] 1,000 me7}F =2 24kt

A v Er= A8 o 800 me}) S0l H
& FEE2A 7)o Z AxaA T Mt
300 g& War fie] Aol AHER WA RS
T. palustris= T8 ml, 7. versicolor= 83 ME H-&
g, FAE 2 a4F7E Aust ANt

2.1.3.1. $5HEE 554 49 w7
52 EE HER vdr]E 20X40%x10 em &H
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&719 %7 2 cm®] 4 YAHE ST AHEE HAu
G0l wgAe Aea, nFrIE e AL
3.

2.2. dEHYY

2.21. NBHZ

EQA AL bFe) ol 2 EE ] MR FY
T EAE AHEEe] ohga o] ARk

B3 AE FoAM FFRALET EFEY AEULe
KS F 2219, 22559 243t w72l delM 2 emX 2
¢m, ¥0] 1 emZ 3, B FFE&L 9.4~10.3%
olt}y, zElm HRAA AW KS F 225490 9} A3}
o] 2 cmX2 cm, ¥°) 4.5 cmo| 3L, HF F5FE2 9.6
~9.8%°1cH (34573, 1999).

4358 AlEE 2 em(T) X2 em(R) X5 emiL)E A
At o] BE A|HE A7t 2R FsAY 23
& dozl AL AYsta, FA L& 20+1°C, Al
65+5%9] d2ggAolr 838 ZHAE s

B AT AHEE AE FE F 1,000008 A=t
&te] A1 Adkg fjsle] v v F @A E &
et HlFe] M= 2uF7E 0.43~0.57, ol=E
¥E#7}0.30~0.39¢] 2 A A4 55.000~70,000
kef/cm®e] W99l & A3l U ARE 7]E
2 7t ZAYE HF BGYARE o g8le] Hs)
At

2.2.2. Y He]

Ao okl Xzl WRAYG A dY AHg
3 e BAHboric acid) ¥ WAl A1¢1A R
*(monoammonium phosphate) & A+&-3tHWin-
andy 1997).

oFdl ZA ¥ At A1 EES 111(W/W) e
H &2 8o efF2E 60°CE 71E3ld FHFE
7t SHAIAAM 20% Bt - AIQAARE EF
£4& ZA A,

oFol 2 5 1= bethellell o8] AAIsIcl AFH

= 500 mmHge) 3oz 30 ¥7F AFHLAA

10 kef/em’e} 74 ERAIZ F 60 B3 FA8
e 24 e B,
opolgake] MW Yol othFHae Thet
2o A4eTHKim 1986).

Sa(%) = Wb‘,;,W"

x 100

71A, Sa(%) : %% F&&
Wa : <k 28] A AMUFF
Wh i ke He] F AHFF

223 ZYE N™

TS A9 KS F 22069 A3t 4 71704
2 AEE Ao FAME AAY F 20+1°C. 656%
5% RHE M@ Z=AYddA 4471 X
¥ ‘Instron HEHE AT Al¥/IE A

3. i ¢ uH
3.1. %X E+¥

FEL MR oleHE] 2E HAE J1E e
FU AHZA oA Hele dRAe dadAE
g} AREE I Y B4k ddA e A1QAd s
& 1:lw/w)e] HEE #25RE 60°CE 7193y
ZA &,

Aol digt of A BEFHE 2R oA By
2 1.89 kg/30 cm®elY L, olelElEEej Ao kA
BT 2.59 kg/30 em’2 A olgjE] X Z A7} &
VAT 0.7 kg/30 em® E skt

ol Al FYAHE AF49) Koch, P.7F Al AIRE 34
BHF 1.125~2.250 ke/30 em’e 2Hslgonz
HANREA Q1G4 #u) T3 oleig| EE A7)
AVHFA BT 9FA B R o] B AL v]F 3ehy
ZA Edo] 91g] Aoz AzH.
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Table 1. The effect of mixed boric acid and monoammonium phosphate on the compressive
strength properties of Pinus densiflora
Non-decayed wood Decayed wood
T. versicolor T palustris
Contents Chemical Non . Non ]
Control treatment chemical Chemical chemical Chemical
treatment treatment
treatment treatment
Average 3033 3419 19838 2213 1674 2049
MOR Max 386.4 3526 2266 2219 1798 2322
(kgf /em?) Min 2262 3281 1528 2207 1549 1870
(SD) (80) (12) 37) (14) 12) (22)
Average 303 360 227 327 218 298
MOE Max 454 497 308 325 238 368
(tonf/cm®) Min 322 224 228 322 199 174
(SD) ® 13) @ (12) 2 (C)]
Before
Specific _ treatment 055 045 057 047 053 049
gravity After

treatment 055 043 056 045 052 047

Legend ; SD : standard deviation

versicolort@t T. palustrist 2.2 A3 F457}
& Jehd Aot}

B39 avFAe] FdEAEE
W ouke} 2

2URAY F4E AR A AF AR AlH
H]Z 9] W)= 0.52~0.57 g/em’elQA X, 2LE AE
2 eAe] BEghe THsE 303.3 kef/em’,
30.3 tonf/cm’ol Q.o eREA 2 A FFghe 341.9
kef/em®. 36.0 tonf/em’olith wehs FEAEE
FozH ATl Ttk AS € 7 U
vt} g n FAEAE T versicolor® o2 2] g
AFAe 1 Bk 198.8 kgf/em®. 22.7 tonf/
em’el QAR FEAHNE T versicolortt o2 )&
2vbAlel o HaEghe 221.3 kef/em®, 32.7 tonf/
cm”o o},

ol AL AFEAYI UEHE % FUl] 4 I
e nitE AS & F Uk E=I FAE AR
T palustrist A A FEA5E 167.4 kef/em’
21.8 tonf/em®lAx, FENelANS] T palustrist
e A=A S-S 204.9 kef/em’, 29.8 tonf/cm’ZM
T. versicolort® T, palustrisvi©] 5% A% 7
aof GFE HFvE AE ¢ 7 A}

Table 1o e}

AAH o2 Hoks W FAAY FUHFHERT
FEA A7} ZAE7t Eokn BEA] g HA] o
FA A7 FHE ARG 2P Yol Ut A
& 5= AAT. T versicoloredo) T. palustrisd B
o Zx3 A 24 AdE 31E 4 F Ao

(Lebow et al. 1999).
Wanzye, F-FH et ZA49 &3 4
z‘;oLo_ 77];2].‘:_ 7L 243—] gﬂ_,_ . J‘ij
olg}al B3¢l Lok WAL ol ZAMED
‘Toff g g B WARIYL widow T
Zavh Bed, 1 olfe AR At AERL A
u Su)dE2 e o] Bafd 95t dojiutr] wiEo]
E iR e l= M A =R LR S e e s
=4t ke Haeh B AR 2 Aegs B
H(Wanzy et al. 1986).
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3.3. OlEf2|Z &2 AFLE

olefEl T E A9 FU4E A= AT Aol AMEE
Al v Fe] #elE 0.30~0.39010 FEE AL
2 3o HFFghke FAYs 255.0 kef/em’, 225
tonf/cm’e]Qlom oFEXEe] FHe 277.2 kef/em’,



ek FA49 7iAY 44

Table 2. The effect of mixed boric acid and monoammonium phosphate on the compressive
strength properties of Populus euramericana

Non-decayed wood

Decayed wood

T. versicolor T palustris
Contents Chemical N
| on . Non .
Contro treatment chemical gg;rgfgﬁlt chemical g Zgggﬁlt
treatment treatment
Average 2550 2772 219 1606 185 1781
MOR Max 2700 3798 215 1882 241 18922
(kgf /cm®d  Min 2425 2376 142 1589 186 1649
(8D) (13) ) €y} 14 ) )]
Average 225 322 028 266 023 248
MOE Max 247 301 031 244 027 2066
(tonf/cm?) ~ Min 206 243 025 208 019 221
(SDh) ) an (0.03) 2) (004) QO
Before
Specific  treatment 036 033 034 035 039 036
gravity After
treatment 037 030 033 035 039 034
Legend ; SD : standard deviation
32.2 tonf/cm’ol At WehM FEFHYE Foz w0 ——
gto] ZxAlEol E7lEldueE AS 4 F U 1 |
gl FF TR e Aol T versicolorit 2.2 A ] §t o] ”
el xEe) o] Paghe 21.9 kef/em®, 0.28 tonf/
3
cm’olQR, AEAYNE T versicolordt 2.2 3¢ g
3 2uUE Aol FFghe 160.6 kef/em’, 26.6 tonf/ &
cm’ol et o] AL kEA 2} olElE] EE A <}
2% A% Zvkl 9GS vt AL ¢ 5 AR ’ Conlrol CH o cov ™ cte

th g FAGAAN T palustristt S 2 A& g Al
o) FEH %5 18.5 kef/em®, 20.23 tonf/cm’o]
A, FEAE NS T palustrisit He| A FEA
52 178.1 kef/em’, 24.8 tonf/cm’S2H T versi-
color®#s} T, palustriszto] =3 %ol d&& v
A AL & F U

ol FAe A 4FFERE FFHAT} 7
=7 ada YzisojA e g REAQe] Aeox
SFEA YA} FAE AR FEE At RE &
F AQaL, T versicoloreol T. palustristt2v} 7
& 27 Ao 248 4 5 A 2z olHg
EEYAe 2HFART SR FFe] e}
Aate] FE3 ZAxe 2 E BATE Wb Table
13} 2, Fig. 13} 2014 et MOR# MOE+ # A3

Fig. 1. The effect of boric acid and Monoam-
monium phosphate on the compressive
strength properties of P. densiflora and
P. euramericana.

Legend ; Control : Non-treated wood

CH : Chemical treated wood

CV : T. versicolor treated wood

CCV : Chemical treated wood decayed
by T. versicolor

TP : T. palustris treated wood

CTP : Chemical treated wood decayed
by T. palustris

o8 ol X EAN} 2UFARTY B-F] HET}
st = el gart A vkt
Fig. 33 4% A0 FUFFES} T BA
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Fig. 2. The effect of boric acid and monoca-

monium phosphate on the compressive
strength of P. densiflora and P. eura-
mericana.

Legend ; Control : Non-treated wood
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CH : Chemical treated wood

CV : T. versicolor treated wood

CCV : Chemical treated wood decayed
by T. versicolor

TP : T. palustris treated wood

CTP : Chemical treated wood decayed
by T. palustris
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Fig. 3. Relationship between specific gravity

and MOE of Pinus densiflora.

Notes : Y; = 113.48x — 18.802  R® = 0.953**
Yo = 228.79x — 79.482  R® = 0.909**
Y3 = 70x — 8.575 R? = 0.945**
Y4 = 2.7273x + 30.959 R? = 0.982**
Ys = 37.273x + 2.4659 R? = 0.971**
Ye = 173.33x — 62.075  R? =0.997**
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: significant at 1% level.
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Fig. 4. Relationship between specific gravity
and MOR of Pinus densiflora.

Notes : Yy = 197.42x + 242.86
Y2 = 11.364x + 215.43
Ys = 1397.7x — 401.89
Y, = 421.82x — 5.0523
Ys = 636.67x — 125.88
Ys = 234.39x + 47.859
**. significant at 1% level.

R® = 0.850**
R® = 0.982**
R? = 0.956**
R® = 0.953**
R® = 0.813**
R® = 0.996**

40
P
5 Y.
2 Y,
g 20 Yo
E
10 Y,
Ys
0 Lo vy
0.25 0.35
Specific Gravity

0.45

[ OConrol ®MCH ©CV  #CCV  ATP  ACTP |

Fig. 5. Relationship between specific gravity

and compressive MOE of
americana.
Notes :Y; = 64.94x + 1.3578
Y, = 118.55x — 14.212
Ys = -0.0723x + 0.3094
Y4 = 42.048x + 9.6337
Ys = 0.1084x + 0.1659
Ye =72.53x — 0.1289

: significant at 1% level.
*: significant at 5% level.

Aoz e,
Fig. 5% 6014 RojFe njelzrol
o oleja zEeiAle) A9 FFAE}

Populus eur-

R? = 0.976**
R? = 0.658*
R? = 0.005
R? = 0.810**
R? = 0.051
R? = 0.778*
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Fig. 6. Relationship between specific gravity
and MOR of Populus euramericana.

Notes : Y; = 413.86x + 117.6 R? = 0.782*
Yo =21775x — 419.07  R® = 0.948**
Y;=71.928x — 6.8506 R’ =0.437
Y, =395.42x + 33495 R’ =0.511
Ys = -52.280x + 38.198 R’ = 0.561
Ye = 337.50x + 60.913 R’ = 0.69*

**: significant at 1% level.
*: significant at' 5% level.

#AE 28 2t BXEY Al T versicolordt &
¥t MOEE A3HAl 857} = AdAsE #9
el it

mebA, Fig. 73 804 avhi-Aje} ojef2] X E A
o] #AA A MOE®} MOR9 4574 EE vehigith
MOE$} MORS] A##Als A&7 =s} vlFoN 42U}
A9} ol EE A BF nEo FA4e Byt

ez FEAe ] o3 AbEAl9) olge xS
22 ] kA== FAE AL 457G HsA 3
=7F Aate AE ¢ 5 U

3.4. FFMO FAMXHOY 2

avtgae} ol L E A T versicolor 2 T,
palustristt& B3t 1 ol o7 Bz o #
FHEE SEMo 2 @asgtt. #Ake o]Fd #al
Proctore AP} ¥-F9H(pit membrane)s} ¥ 3
(pit aperture) & &3} £ bore holeg E& <
4 Axz A A5dvin 48929 bore hole
of WML T versicolord™ T. palustristt& &
w3 FRANAFE 7P & EFolghs Ao B 4y

500
Y =67237x - 36316

400 ok
= . .0' *
5 300
z e ¢
g 200 .

.
100
1]
0 10 20 30 40 50 60

MOE(tonf/cn)

Fig. 7 Relationship between MOE and MOR
of Pinus densiflora.

*: significant at 5% level.
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=
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0
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Fig. 8. Relationship between MOE and MOR
of Populus euramericana.

**: significant at 1% fevel.

Photo. 1. SEM of Pinus densiflora specimer
(X500)

3 FAME AHE RAFAc)
Photo. 1~62 A2 AAo] thg 59
FARAAAY Y #4& JEE 22 & Photo. 12
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Photo. 2. SEM of C. versicolor take after 12
weeks of inoculation on treated and
non-treated P. densiflora (X500, X
700).
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Photo. 2= Fx 2| Aok XA Avts Alde T
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AR A ats BAE Aol b A Aelth. Au
T FAYA adlA T, versicolort2 AEWNZ
oA AR RE FulE G ofs AEHE 33
A7) BEHQ) Abolw AR WA H o S
B S5, S1302 FFo] WP AT Y
o2 HE HA} gt A FAHA aF T
B 4 gloy EAEA b AEHe] 4% 1t
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Photo. 3. SEM of T. palustris take after 12
weeks of inoculation on treated and
non-treated P. densiflora (X500, X

700).

Photo. 4. SEM of Populus euramericana sp-
ecimen (X500).



s B4 1A 4

18kU §
L\

Photo. 5. SEM of C. versicolor take after 1%
weeks of inoculation on treated and
non-treated P. euramericana (<1300,
X 500).

@ob e AE B 5 A

Photo. 3= Fag) et AelAle] 2uF A|He] T
palustris® 125 W ¥ Fvd Aol Fxg A
a%lM T. palustrise] FAL] F2 & EAE Bujslo
cellulose9} hemicellulose & ¥-af8la & §,Z o)A
Ea7F HF o oA § 25 FEg] §2
< AR ES T FAARHY] A o2 By
H SoF 9] vt FAF FHdA dojubE o) o
2t FALZRE A Agst "ol FadME
oluEzR olgt e EFHF MEH HE7E
HAZ Qs FHe AN 33 FHo] Yojype
. AZA b Y% AEdo] g AL BaAEHg
A A H o2 HEHo] ol v} kA 2t
Aol 9leIA] Photo. 39 T. versicolor#} Photo.

Photo. 6. SEM of T. palustris take after 12
weeks of inoculation on treated and
non-treated P. euramericana (X500).

49 T. palustristt-& WW&PA T palustris® 53
Ao AEY o] attE AL & 4 Yt

Photo, 4= AHejstx| g2 HFAHe Fuwe
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- fo 2 Edo| #AF I T Abolo) Y A
¥ue adie 2o} 9iit)

Photo. 5i= A2l xu])e] oleja] £ Zai)
AN T. versicolor® & 125 w3t gy Abxl
olth. FHelA atz AxH el 77t 2A WP
22 Hejolm, MelA bE adh v FHE wol
o 2R A bRY FA A a9 2Ao) o
7 EFE[AYE AL 2 F A

T. versicolortt-& A& g An FAAE 2A)z
Aol E4ol ANAXTE, Al He)AE HriE Sabo)
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Photo. 62 FAEAst A ol X EA
AH T palustristg 125 ¥ Jd ARzlo]
th, B2 A ael AEH L T palustrist®] 542
7 Eelo] By S Bym Axele] Itz &
of glo} ARl A A mao 2 vEhd A TAE A
7} moj R},

T palustrist& 22 & Photo. 6& Photo. 5%} ¥
T EA AU} 2ol olHEZFE A I T
palustrisElN FAY A7 Axee] AYE 27
vtk AL 4§ AN

upel ZARTE v A E9] dildAE ok AR
AgA o] 1, v Bl Az o3 B - 33
Az Wzt Yt 2& 4 F Ao
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1. 2uAs) oejeElEZeAe] FARFFS
1.89 ke/30 cn®$} 2.59 kg/30 e’ 2. 824 oFAlELF S
ol EE A7} =AU

9. ZAd 2UEAl T versicolord & FFA%
A3 MORT MOE®] 7+& 198.8 kef/em’, 22.7% 10°
kef/em?olQ L, FEAAANE 221.3 kef/em’,
32.7 tonf/ecm>elQAu}h. =& T\ palustristt-& FFA|
71 A3 MOR? MOE®] #& 167.4 kef/em’, 21.8
tonf/cm?olA 3 FEAANNE 204.9 kgf/em’,
99.8 tonf/cm’ o2 A A A FEFEI FAH A
o ZAERT =& AL & F Utk 2 T
versicolor®o| T. palustris#Bth 75727} At
= AL & F YAk T3 o EZe|Ad T
versicolord& %A1 A3 MOR¥} MOES] #&
91.9 kef/em?, 0.28 tonf/cm’o1A L, 2k&EA &l A ol A
= 160.6 kef/em® 26.6 tonf/cm’o]ATh. EEF T
palustrisit& 532170 A3 MOR® MOES #&
18.5 kef/em®, 20.23 tonf/em®olR i, 2FEA Aol
A= 178.1 kef/em?®, 24.8 tonf/em’ .24 @] 2] 2]
gtz Es Bl ARt 5& A& A F 3
ity 2@l T, versicolordel T. palustrisvk 7
=47 AgE AL 4 5 AT

il

3. AR N A o) AN TR A} FF
Azl Aol T versicolor® T. palustrisi#2Z %
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