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Effects of Treatment Methods of Fire-retardant and Layup
of Treated Veneers on the Performances of Plywoods "

Jung-Tl Son™ - Jae-Sung Cho™ - Jin-Suk Suh”

ABSTRACT

This research was carried out to investigate the development of fire-retardancy treatment technology
and performance evaluation of fire-retardant treated plywoods. Radiata pine, keruing, dillenia,
calophyllum and terminalia veneers were treated by normal(conventional) pressure soak(NPS) and
vacuum-pressure-soak(VPS) using 20% water solution of diammonium phosphate. Then, 4.8mm thick,
3ply plywoods were fabricated with combination of fire-retardant treated, untreated or water-immetsion
types and several composition types of radiata pine and keruing veneers, i.c. the uniform and the
mixed types in species composition, and the homogenious and the alternate layer types in veneer
treatment.

In composed species, the retention and the treatment effects of fire-retardant chemicals in radiata
pine was still greater than those of keruing. The effect of VPS treatment was larger than that of NPS
treatment, however, adhesive bonding strength and bending strength of plywoods treated by these two
methods were not necessarily lowered, compared to those of untreated plywood. And also, fire
endurance performance of the urea - melamine resin-bonded plywood was greater than that of the
phenol resin-bonded plywood. In result, the appropriate combination in veneer species and layer as
well as alternate fire-retardant treatments would be more efficiently available in service.

Keywords : fire-retardancy, normal(conventional) pressure soak, vacuum-pressure-soak, diammonium
phosphate, uniform and mixed types, homogeneous and alternate layer types
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Table 1. Retention of fire-retardant on veneers and substance loss of veneer soaked in water

Unit : kg/(30.43cm)’

) Thick. Treatment method of veneer MC Density
Veneer species
(mm) FR-VPS FR- NPS W-VPS W-NPS (%) (g/cm)
Radiata pine 1.2 2.99 1.64 -0.28 -0.28" 13.2 0.46
24 3.06 1.33 -0.82 -0.90 13.9 0.44
Keruing 1.2 1.40 0.94 -0.24 -0.27 12.3 0.58
24 1.10 0.57 -0.19 -0.28 10.1 0.68
Dillenia 12 2.10 1.57 - - 12.5 0.58
2.4 2.09 1.00 11.6 0.57
Terminalia 1.2 1.40 1.21 13.2 0.61
24 1.20 0.99 10.4 0.60
Calophyllum 1.2 1.43 1.09 - 13.5 0.58
24 1.41 0.64 - 12.3 0.48

Note) 1. FR : Fire-retardant, W : Water

2. Asterisk(*) marked values represent the substance loss of veneer soaked in water.
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Fig. 1. Relationship between density of veneer and
retention of fire-retardant on veneers in
VPS treatment.
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o] dAZ 84 WYzl FIFudgd {2 Ao

- 42 -



Wt ko) BER B % ROREARS] FIRTRETE AR skl M

L - A
© 57

Table 2. Dry adhesive bonding strength of plywood manufactured with fire-retardant treated or untreated veneers

Unit : kef/cr

Types  of Cons- Treatment types on veneers Abbrevia-
fire- fruction Species Adhe- tions of
retardant of sive VPS of N_PS of VPS in water NPS in water i composi-
treatment  veneer Flre‘reta.rda.nt Flre-retardant treatment tion tymst
tomo Un FEER 127122 115509  86+14 94122  126%17
pine ABCDEFG DEFGHUKL  MNOP  JKLMNOP ABCDEFGH VR
b 104+15 105+1.1  98+15 94%17  115%23
FGHUKLM  FGHUKLM UKLMNO  KLMNOP  DEFGHUKL
, 104417 98%15  72+t18 57%12 145130
Keing UM colkiM — JKLMNO PQ Q ABC HUK
> 133+ 14 12313 130+19 10411 151+11
ABCDE  BCDEFGHI ABCDEF  FGHUKLM A
Mix REpF U-M AE18 HM(R+K)
OPQ
104409
P - . - -
kM) FGHUKLM
K(F)y 109+15 73£15 119113
- HM(K+R
rRv) ° M DEFGHIKLM OPQ  CDEFGHUK (K+R)
b 146+15 120408  9.8+09
AB BCDEFGHI)  IJKLMNOP
Alter-  Radiata 13215 101515
nate Uni e U ABCDE HIJKLMN - : AUR
13+11 102412
DEFGHUKL  GHUKLMN
. 85121 76210
Keruing U - M MNOP NOPQ - - AUK
1044038 112+14
GHUKLM  DEFGHUKL
, 97%16 90407
. - - +
Mix REY U-M - MNOP  LMNOP AMR+K)
KM) 112510 10.8+0.8
DEFGHIKL  EFGHUKLM
K(Fy+ 11.0£26 73%12
U-M . ; ; AM(K+R
ROM) DEFGHUKIM  OPQ (KHR)
b 117407 134415
DEFGHIK ABCD

Note) 1. Statistical analysis of variance was completed in 95% confidence level, and treatment effect was evaluated
with Tukey's studentized range test. The rewas no significant difference among values of the same

alphabetic letter notified under the values.
2. In species-mixed composition, F or M in the parentheses means face (layer) or middle (layer). Also,

and P represent urea - melamine resin and phenol resin, respectively.

3. The asterisk(*) marked abbreviations on composition types were applied through this study.

4. Mean and standard deviation of specimen was calculated with 10 replications.
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Table 3. Warm water-proof adhesive bonding strength of plywood manufactured with fire-retardant treated or

untreated veneers Unit : kef/ew
Types Const- Treatment types on veneers
of fire-retar- ruction Species Adhe- ]
dant treat- of pec sive VPS of NPS of VPS in water NPS in Non-
ment veneer Fire-retardant  Fire-retardant water treatment
Homo Uni Radiata U-M 94+1.8 7.7£0.7 74125 5.8%1.0 8.6*1.1
pine BCDE DEFGHIJ DEFGHIJK HIJKLM CDEFG
p 6.010.7 6.01+14 54108 5.1%1.7 9.0+1.3
GHIJKLM GHIJKLM 1JKLM JKLM BCDEF
Keruin U-M 59122 62+1.7 6.8t1.0 3.8+23 14.8+2.1
g HUUKLM GHIJKLM EFGHIJK M A
p 10.0+1.8 9.1%13 9.1%14 83109 104£1.1
BCD BCDEF BCDEF CDEFGH BC
48122
Mi F)+ M . . - .
x  R(F) u KLM
7.6%2.7
kad P DEFGHI i i i i
8.1%2.1 5.7+14 59+0.8
Ky UM perGHi ) HUKLM  HIKLM )
11.5+1.2 77%15 54+19
RM) P B i DEFGHIJ UKLM
+ +
Alternate Uni  Radiata U-M 7417 STEL - - -

DEFGHIJK HIJKLM
73+08 7.1+£04

pine P EFGHUK  EFGHUK - ; )
. 4113 38417
Keruing U-M M M - - -
b 66114 70410
FGHUKL  EFGHUK
. 84109 8.1+23
-+ . - - -
Mix  R(E) UM CDEFGH  CDEFGHI
KM) b 77409 77409
DEFGHI)  DEFGHU
47126 63+12
KFyr U-M KLM GHUKLM i . )
70+2.1 83412
RM) P EFGHIJK CDEFGH ) i i

Note) Meaning of the above statistical notification and conditions of manufacture are same to table 1.
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s WHol AU Yuel GHEThe gAY ¥
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daldon BAEle FAHAE {437t dAHA
tHTable 3).

Her e A Fxz 2 dAxg
B FRS FaEe g4 - daul F2 HH A
sbe da AFde] grjdetsuRrn Hon o
AXHE R golol st g 7| EA(7.0kel/on) B
TEsEr Fxee g foxst ik

ZA2A, diel 2R(EEHE VPSE A
3 e Fus HFHLE T £F0] tE YN
vebd bl glooelau e a4 - ez Ha
AFLde AerA A FHEY F9A7t gie
F3d g I w9, 29w VPSH
ZAldlE HEAE S AFYL 5, o
EIAUREE F&o FA% 2AMHMKR)E e
ANel2RE EF AFYE T34 FHF zA
HMR+K) BT HHo] & A g velyrh

3 wIE dud GAE HYd FE dAsT
Az AR @ YEE JIEHRYge sy

2, G@FAAZRAL WA 2z gop 71EAQ
7.0kef/cn BE(F9)4F EFGHIJK)¥ v|wsle 27
ol foaizt gle AxkE Jehid a3y g4 -
Al g 44 A3 gudeliauis AF
grct FHzEoe]l i, AMR+K)> AMK+R)EA
2R SAHGgelE duEE BHY $3E4 7
HEHE Jehid ey ARds AMK+R) 7
4 71EA o|dtEA AHNPS)E KFEY v
9 HAHAH 55 £FL g FE2 H4EY
Astd o] AstE AT WA, ddidel dAE
32 Hegd A a4 -dzg FAHAAGE A
Folo] gljdetAuR R Hifel Aslsld, AFY
G FA 1.2m)E el FASA e Ao wig
3 Aoz godd. 3, £3% 4748 3
He5 Hitd of Fofxrt gleo] 1E2n =
AL 48 F U

Mo o X

3.5 #Ee U

A& VPSHE SR =42 HEAS HM(K+R)
TFAol 1,263kgl/cr2A HUAE Uiz, FHe

v AZgANYE AFY e F=e 7
1,198kgf/cr 2 1,134kgf/cr Q24 EpRREEd) &3}
fdem, AMK+R)TA ¥ AUK FA¢] ol€d &
9271 v & FEE FASYY 83, SFAA
g di(+F) ERFAY 2RaAAAME HM
(K+R)> HM(R+K)ZA, gtjoetivf et 1l
9l AFY ddo] EFHH FARHAL o, okAH
g F7 BAGle & ATE AU =3,
HaAAdze d744d 4dAH HsFArt 84 - 98
U&ARy 275 #dd fde Bnstdd
(Table 4).

g gge] mEokA|MEa]l NPSHZY gt
VPSS 2lel diEe A GeHEREY (KR
& AFYR} gooelauFdd A Jebdch
ARZA, ARY FH HALEL 17~27%(183~
284kgt/amol Eatdeh £33, E3o FAHHE A
F94 d@3 F5o] FAHEd ddeiady 9w
& FHAMKRIE 34 A=xztgo] o 12%
geo2y 9 £33 BT, A%H4 F5 2 4
A (VPSS NPS)7t ARsHA Feste 873 =
ol d¢S v A FE& #HEE # AT

FH, gEg A Az FHe Az
Tz goHEct i el FEAE e
U #9993k ddied, das A g g b
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Table 4. Bending strength of plywood manufactured with fire-retardant treated or untreated veneers

Unit : kgf/en
Types Const- Treatment types on veneers
of fire- ruction Species Adhe-
retardant  of sive VPS of NPS of . . Non-
VPS NPS
treatment  veneer Fire-retardant  Fire-retardant n water in water treatment
_ Radiata 860+ 105 886+ 36 82391 79887 747495
Homo — Uni UM FGHUKLM  DEFGHUKL GHUKLMN  GHUKIM KM
937+ 181 870 +122 982+81 g2 1,007+138
P CDEFGHIK  FEFGHUKL  BCDEFGHI  EFGHUKL  BCDEFG
900+72 921 +107 838-72 72167 9%61+173
Keruing U-M
DEFGHUKL  CDEFGHUK  FGHIKLM KLM CDEFGHIJ
1,134+93 LI0E103 1055572 902499  1,198+17
P ABC ABCD ABCDEF  DEFGHIKL AB
, 811+ 108 3 - ) -
Mix REF UM e
982+ 104 . ; ) .
kM) P BCDEFGHI
954+ 83 ; 8871126 764+ 147 -
KEY} UM onppHp DEFGHUKL  LKLM
126352 . 1019441 933%113 .
R(M) P A BCDEFG  CDEFGHIK
. . 80867 76465 ; ; 3
Alternate Uni  Radiata U-M GHUKLM KLM
, 96497 986+ 52 . ] )
pine P CDEFGHIJ BCDEFGHI
, 775+17 105939 . ; )
Keing  U-M  1ieym ABCDEF
88164 1,064 +42 ) ] .
DEFGHUKL  ABCDEF
, 632156 67679 - ) -
Mix REyF  U-M v M
870+ 85 802+78 ) ] )
KM P BFGHUKL  GHIKLM
897447 1,024 %85 - - ;
KEY UM DErGHIKL  BCDEFG
996+ 155 1,097%89 ) ) )
RM) P BCDEFGH ABCDE

Note) 1. Meaning of the above statistical notification and conditions of manufacture are same to table 1.
2. Mean and standard deviation of specimen was calculated with 6 replications.
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Table 5. MOE in bending of plywood manufactured with fire-retardant treated or untreated veneers
Unit : tonf/cit

Types Treatment types on veneers

of fire- St?::tr(?f- Species Adne-
retardant sive i VPS of _ NPS of Vg in water NPS in water Nor-
treatment ire-retardant Fire-retardant treatment
Homo Uni Radiata U-M 96.71+13.4 103.5+£7.9 101.5+11.4 102.7£13.6 833113.1
pine LMNO JKLMNO JKLMNO JKLMNO 0
p 110.3£15.2 104.0195.2 107.4+55.4 99.7+14.4 101.3£18.2
HIJKLMNO JKLMNO HIJKLMNO KLMNO JKLMNO
. 1264+14.5 128.0+14.4 120.1£124 112.7119.1 140.2+14.8
Keruing U-:M
CDEFGHIJK CDEFGHIJ DEFGHIJKL HIJKLMN BCDEF
P 137.5t15.6 132.8£9.7 145.7+11.1 109.0+15.7 167.8+5.3
BCDEFG CDEFGH ABCD HIJKLMNO A
X 119.1%10.7 - - - -
Mix  REYF UM herGHIKL
116.4%9.3 - - - -
KM P FGHIJKLM
131.1£10.4 - 113.8+13.7 89.81£25.3 -
K\ UM cperaHn FGHUKLMN  MNO
R(M) p 150.5£5.6 - 120.8+9.7 106.6 +14.1 -
ABC DEFGHIJKL  HIJKLMNO
. , 101.6£9.6 100.6+8.9 - - -
Alternate Uni  Radiata U-M JKLMNO KLMNO

107.1+86.9 11831£4.6 - - .

i P
pine HUKLMNO  EFGHUKL
. 904185 163.1409 ] } :
Keruing UM MNO AB
P 1125484 1442494 ) ) .
GHIJKLMN ABCDE
. 871484 846-114 : : -
Mix REy  U-M o 5
1043460 1047486 ] ] .
KM P UKLMNO  IKLMNO
1088496 1154-183 i - :

KFy UM KLMNO  FGHUKLM
RO 1250122 1267+119 - ; ;
CDEFGHUK  CDEFGHUK

Note) Meaning of the above statistical notification and conditions of manufacture are same to table 1.

stojA = o 28% 71 SAbE WEXE e ded, B dpdae 259 Mol Fton 1

Winandy $(1991) Z a9} gaof ujsheka)xal ol EA FotA 2471 3plyEA EHAA profile
g 31 AAZsE 59 %7|7F(initial pocessing) 2 Hold A dEHe] HYA ¢ dAfE A
Zd 10~25% =7t Astgvie AMEE Bod b o8 ogAA.
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Fig. 2. Temperature of back side of plywood and weight loss at combustion,
(Left : Urea - Melamine resin, Right : Phenol resin)
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(R+K), T3 FAH o Udojde AMR+K)ITA
(VPS & NPS#&E)o] 24~26%2 wsith FAge
gojdegavfrr ARYrc €33 gago] Hrh

FAE MEHEIF AfdE, oWLERIF AM
(K+R)F*Aol AMR+K)TA R &3, AUKS
AURZ = a4 - depgea] Habo Hees AR
o, HesA HEAe A¢e rdeauFrt ok
sl & ARg BAFIUG FEHHLEL AM
(K+R)7} AMR+K) )2t} gl ot weabr st
5 AMR+K)TAl AMK+R)TARY o & A}
Ao] #olgich ¢ AMNEHN, A EFFl 2
gldoelaUE due] g XE EEd TAHE 4
£ A ERE FY F Uso] 4FHJUD E
Bl 2ol o, T4, AN 2 FAAHLY
ojdexet FHLLEE Z7] 136~240C F 52~
10.3%, 106~182C % 24~56%, 149~219C %
56~9.7%% Yehdo.

H, HEsra J2e Fede, §He oHik
' FAgA gddegauirt AFdug oax 3
oo ZEfd °FAE VPSHEF A$E HUK>
HM(R+K)>HM(K+R)> HUR, NPSH & 7-$dl=
HUK>HURS &8 H4d, msoaAzA] old
25+ AUR, AMK+R)>AMR+K)>AUK®] 7#3%
S yetdd 23848 FAHA gddigaut
74 AFYRY Zlon, FEMAdE gtr]degiy
Fme FF¥gav AFdgRRdE @43YG.
a2y, dAAZE o Frdetihvie FEF
Zagol FH3 Firsly AFYY WIE FEL
2 Hosks #84te] 84 - dehnea HEd Mg
upd kA2 Bdd] uvebch ubebr okRlE A
HURS HUK T4€ 30~40%, 3.1~42%=24 F
BiERIE S olld 84 - W9z FiAPe 9
o} 5% FE9 L EE vEHESL HM (R+K)E
FHgLgo] 23%E HAAXE B, RIAA
A= AMK+R)(5.2~5.7%)>AMR+K) (3.1~3.7%)
24 FEZo gAY grideiuR, Foel 7
g ARYL TS 2do] Wslert ada & £

ARk ol2H, FHEFAHHY Ae, FAH A
Az 2 FYAALY oAEEY FFFLEL Z
7} 232~254T ¥ 9.1~152%, 155 ~213T % 2.3~
6.1%, 198~269C % 7.3~166%9 #XLE el
t. 53], FeteAE Sddgadt d8e A
EFAE AP U] B, Hud ojHEg F
FLAEE Yo, & A7 Slof HEesra A
e a4 WA R gert 2A K
Tt dael BEstdt

olAte] AFZRE, 84 - WAUFANZ FAY &
e W] Aru & £ U, ole dud
A - FEHA opA HAAZFY AL A3t
AR EA AR Fol WS @ik 7%
d 2A% ez FEHAT Ty, 44 A4LE
Bl oMz wistaie a9 JAY HAE g3
nEojol & HolEE F 4 23 Ee A%

A7) Ewel A7} ol FoiHok & ot

4. 2 &

A EzHa JAAY, vy ExFEHN FFU2
o #a8ulE Y3, A ol #FFH W+
# Wslade Fujser @ Aol ol HI £ 4
FolM e ool UgAelried Adstn a1 Ay
< Hrleke dl ddHE Tk @A FE Al A
FHE07 2ol FgrdetLT-E H R, AF
o, delvel, 22HE, Hudeolet & AWLL
2 AMHES e 8954F dWEA 12 2 24
moll e, FE 20%9 A2QANdEEFoez ARt
Az 2 AF7MGAA AEE dAEgen, 1 %
AHEEs w2 AFYHY Fgodeiivy dus
dq28) FAYH AAHYzRPYR AEFozy Z
Z¥zAYE 3ply B ARsY 1 45E YUt
9t Adddes o o] a%d 4 QU

1. 939 Ax|Agd g kA BiHe g
tolelaUdFE>dadel> 228 E, Euldeo>AF
o MEe] AEE Byom AFIIFHAHA o3 <
AAZA g FARFFYN YEPAE &)
gl Aol AUATHR*= 059). 281, wsterRle] A
2 2 HYazde AFLEAA 7 AR
Box o

2. #UFAEgd Yo} FddegirvdFe 24 -
iz, AFYL HEzFAd e #Hikel w3t

oXx Hy

|

- 49 -



WiE— - #HWZ - 7285

o, $4%5L AT HAFo] YT £Y, ©
BAAE ez UstAlE At Azxg Futdl
Aol WBEA] MY W AFEY P A3t 2
HAE @skdt 2y, gus KEAdges dud
AEHE AsA7la, Hapde] Hste zP3tqich

3. Usdsd o Fddetauirt AFYRG
FANYAAEANN FHojen, 24 - HlIHNFR
Ao AssA FHRY e

4. WA E AN HAHAY - 34T
)% ke mejstd darF HHE A,
FHTAFERY) 2 n3gAA Y xHe] TbE
gt

2o g8

1. Lee, P. W. and E. L. Schaffer. 1981. Redrying
fire-retardant-treated structural plywood. Mokchae
Konghak 9(4): 1-21

2. Levan, S. L. and J. E. Winandy. 1990. Effects of
fire retardant treatments on wood strength: A
review. Wood and Fiber Science 22(1): 113-131

3. Levan, S. L., R. J. Ross and J. E. Winandy.
1990. Effects of fire retardant chemicals on the

- 50 -

bending properties of wood at elevated tem-
peratures. USDA, Forest Service, FPL, Research
Paper FPL-RP-498: 24pp

. Winandy, J. E,, S. L. LeVan, R. J. Ross, S. P.

Hoffman and C. R. Mcintyre. 1991. Thermal
degradation of fire-retardant-treated plywood-
Development and evaluation of a test protocol.
USDA, Forest Sevice, FPL, Research paper FPL-
RP-501: 21pp.

. HEBTE, T 1985, WiAEIEE SolElERe

=9 FEGojRo o] WMEME 2 mhAEd
u A e % BAFTE 13(4): 3-57

. ASEE BRTREL, M. 1984, $E HIAHESEIE

R ARl #MEY ERC MR HBaRZE( D)
BEANRS WEEA viAE RARRES PE
2228 12(2): 20-26

. 4EE. 1986, AHO AR M BFE O

FIMBA R FEAEAWRS] FAE L4y
21-28

. FET, ERE 1982, BEMEMRGSEES &

MBS E FET AR WAE RIEHE
2 A28 1002): 22-27

. TEEFE. 1989, AKMEEHILD 2 7= X 4. HEKR

M 44(5): 27



	f: 


