T2/ —NLLYvy— L+ F—nR_—L 1 E85HED
MEEIcB XITT LY vy — F SISO

T

I #

i

ARCBEOHEEEHE5 T2 Z L 2AML T LYY — bA— =LA, KBILT (1) 8k
ROZV, WhaEEE (High density) DU rvy— b EESREIEEREAVE L 2L,
BIENHIZ L5 HCEECL > T -~ AL, TOEEAVEHEL, (2) BEEIH%LTO
Wb ZHPEE (Medium density) W UEHE (Low density) DL vy — &, EEAEI3E
EREHFRALTE— =L AL, ZhiCk > TEARREORR R EEHFET 5L L bic, BELLBET
W& S BZHELRDZVP, RkERE BN TR, (1) oFECEIB3bORFELLTaV I Y~
PR EICHnEh, REOHBERLIZIZELLT (2) OF KL —SA—VABER, 20Xk
EhHIVEBEEZHEL THWLRA TSP,

ZOVY—ZXDE3, H5, HTHTIE (1) 0FEEICXS High density 7 =/ -V odrv—Fh
F—A— A GROYEE, MEERBRORRL2EERELY?, (2) OFEC L5 Lo0RENE, Bk
L7 BAR O BEHERBROFER AR Sz oW TRPH - JIFfIc & > TH 4 BIOE 8 HicHESHY, HBiED
E—& —Ekiz X % Low density Vv — MUEIc oW TO—FEREE 6 MICHRE LY,

FHRTIIHIEE L BIUESROMED - HICHELZ, Medium Z2WL Low density V¥ ¥ —
FA—R—L A BREBET B 2 LR BAEL BizlL, VP — hOEIRRLEEOBRE KR
LEDT, £0OMERTTIREE L High density LUy ¥ — bt —S— v A SROMEERBRER
D—EEMELTHRET D, ¥, vIry— bORBREEMISEBEOA — I~ 1 BROEHIC
DNTiE, ZOVI—XDFELIHRE LTHTIZE » TRES ATV 310,

AFREITRICHIY, LYV — bA— =LA BIROBIES ZIHE L 12 & S 7B ATAE R
BERRBIUZHAL2E o 1) IHZEE, KBRRFKE, #RRORBHEERL ThieRniclEYR
FEEE, LV ELDICHVBEYARTHEREbo AT BHEXBWEZECESBRST 5,

oI veri—FroORE

1. WEEBESIUHIE
WEFRLES, BTHR? LEACLOT, BEX7 =/ —V, VATV —Iv, FIVLT AT E FDOEN
H#4%0.95:0.05: 2.0, NaOH DOffE T AR LZIZEFEDO LD TH S,

(1) AMEHELEMMESZEREE
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Table 1. LYy ¥ — b X OEEMAREOMER
Properties of base paper for resin sheet and film glue.
Symbol F C
Kind of pulp KP BKP
Thickness (mm) 0.22 0.05
Basis weight (g/m?2) 141 29.8
Bulk density 0.64 0.60
Moisture content (Wet base) (%) 13 13
Water absorption degree (cm/10min.) 7.1 4.2
Tensile strength Machine direction 12.1 2.8
(kg/15mm) Cross direction 5.7 0.94
Table 2. 7 =z/—Wv¥ry— ol HE
Manufacturing conditions and properties of phenolic resin sheets.
Symbol of resin sheet F—50 F—43 F—32 F—25 F—12 | C—58
Base paper (cf. Table 1) F F F F F C
)
£ g | . | Solid content (%) | 46.5 41 30 23 13 46.5
=1 0

‘gj.% & Viscosity (Poise) 0.8 0.6 — 0.1 — 0.8

s O | w | Temperature at -

S S, middle of dryer(°C) 80 80~85 90 90 90 120
A | Drying time (min.) 6.3 3.5 3.2 3.2 3.2 6
Resin content*! (%) 50 43~44 32 25~26 12 58~59

“ Volatile content*? (%) 8 8~8.5 7.7 6~6.5 5 8

i .

@ ¢ | Oven-dry resin .

%.ﬁ o in zheEt*a ) (g/mz) 136 104 68 54 29 40

Qg ven-dry resin - - .

g-g content** (%) 52 45~ 46 35 30~31 19 60~61

& ™ | Thickness (mm) | 0.33 0.28 0.275 0.27 0.24 0.07
Overla Self- Self- With With With Film

y bond bond | film glue| film glue| film glue| glue
. _ W—w 0
*1. Resin content (R.C.) -——W—XIOO (%)
*2. Volatile content =—WL—WW'?—X100 (%)
*3, Oven-dry resin in sheet =Wo—w, (g/m?)
*4, Oven-dry resin content =W—°n_,u£°—><100 (%)
)

W : Weight of resin sheet. (g/m?)

Wy : Oven-dry (130°C~140°C, 10 min.) weight of resin sheet. (g/m?)

w : Weight of base paper. (g/m?)
wo : Oven-dry weight of base paper. (g/m?2)
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2. K #E

LPrv—hRHE LTI Table 1 OFHEF %, EEKAL LTIXFEKRCE AV,

3. WESEH

Table 2 TRLZ2ZE L, BHEKBELZT(LERFEZZ 212k » TEHEE (Resin content, L& R. C.
LHETS) BRETDI VOV Y~ 12 Ek, ZLTHIH RO WEMEES L R.C. LEHAEbE
LOEZALOHEEL Lize 209 H F-50, F-4313 %85, ETRORBICHAVEZLDTHY, WTh
LEEI XS HOEEENRETH 5, F-32, F-25, F-1213 C-58 ML LTAH— "~ 1A L1,

72% Table 2 ®H1 T Oven-dry resin content 1%, sy, BIIEANF 2 LHEERTIHELLL E0E
ERTH B,

M Vvere—hbrOWEN - BN E

F—R—vABROWRE VY v~ bOBREL OBER M52, ITHELNLR.C.2RIZTS
T2/ =N YUY~ MZOWT, R.C.BZDOHIER - BRI B X ETREELRA. RBRER
FA—A—v A GiREBACERT 3B, AREFOEAEREL, REENR L ZOWEEL BT
BfRExH 2L Bbh3b0EBAL,

1. & E S

O—3 TRELLLIS VY - FEREOERRT LA FRORBRF I Lz0b, A7V LRI
IZiE &%, BEMEREAENTIC 130°C TI0 MBS €7, R.C.AAE¥e+bbEHKThES LR
S THULE L THEBY L L,

2. RBRIBEASKIUHRBRE

i) BkE BRI ¥/ 10cm X 10cm ORBA & 256~26°C DKz 24 BEFREEREICAE LK
ZILH->THEL, DWT105°C T4RMEEL TRREYRD, 2EEFEE L TRAKEEZHE
L7,

i) FERE JIS Z 0208 DFSBEAEMBOBERRSEICL -7z, Thbbd, BHEShIERY v 7
EHERL, by 7ORMIERIN T T LEARTREEZRY, 7740 TV—N L7205 40°C, B
{RBE (R.H.) 90%, JAE 1m/sec DOIEBIZ AN, 24 BRIz 30cm? OREIZ BB L THELIALY Y
LIZRIRE WickyEFRE L,

iii) ME(LATRBLIORR - BRAKICKZTHERILE KOS (Machine direction) BIUED
EAH (Cross direction) IZ2WT, 3cmX20cmicHMiL7-b0ERBHF L L, BlFROpRICE
A LERICI » THRERBMSEIC L VIR L, W@, (1) B@(ear, (2) bbb o® 20°C,
R.H. 32%7T, (3) 2\ TG20°C, R.H. 95% THiR%E, (4) FZIZ 25~26°C DKIC24RERIEEE
ZERERITR oTcs HEZERIZ R.H. 2% LRI 2 REBZEEL LTHELE,

v) BIIEDME LMERE HBEHIIY = v —FERAIRBE, KB OIEIZ 15mm (—BoREHZ >
TEHRBEOENZH T2 I0mm BETREL, 15mm BICBELRL), 22»ZERR 12¢cm TH 3,
Dry strength {%20°C, R.H. 65% CHREL7=DbH, Wet strength 1% 25~26°C DKz 24 FERIRE L
FObIZRBE L, FREZTLEORBABIS ~TRhTHS,

3. HEBEHER

i) BkE FRCBEE2R8BIEILIck > THRAKRIZAD 2<% 5, Oven-dry R.C. LRKED
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% i R, v fHE
/(4/0)- W, No resin treated » about 300 BfRE Fig. 1 IR L7c. RAIO 20% DHiRED
NN BREFICKTH 505, T BERBROKEP
N
© 1201 N\ “o(Percent based on TIXR.C. DML & b iz BARITIZIEFERNIC
A fiber) 2
g NN “y vieer N BYT 5. ZORERPLHBE, R.C. 28&EbIC
] L \ N\, ~ N
g7/00 AN o L TR S bR T2 EX b R
s o e
8 sof T, 35’ o
N ~o S
2 & Percent basedoy\o % ii) BB vvrvy—+F F-12, F-25, F-
3 60k oven-dry resin g g .
R sheet) | o 82, P30T LIAbR, Thehid.2s,
2 1" <
T Ll 12§ 11.20, 11.03, 7.85 (g/30cm? - 24hr] ThH o7
S Mo/st Xl X DY
3 [%;%QWA\\\\\ 08 (Fig. 1), R.C. 2 Z0EROBEAL Y Sbic%
20t ~ 1P (FBI LItk » CHEBIETS bIBDT 3 A
- 6 =
1Zh 35, F-43 D& { High density DHH
0 ) 1 1 1 o
60 20 30 40  50(%) e .
Oven-dry resin content iRV Yy v — b EIERETHIEEIED Flow
BHafiebi, BHERIEECL - TV ES
Fig, 1 192 y— b ORIERL kRS LU AT M iiRIc & - C kb5
EREOBR ERTAShBDT (Z0RBRTIIEMERET
Relations between resm’ content of'resm BLS B ANTNS = & B RO S
sheet and water absorption, and moisture
permeability. v), BREZ COERELY ISR
Mo resip LortBbhs,
©) treated

i) THEL £LUvv— OB
A5 X OBLE w72 b OOWIE - Pk
2 X %1%k Fig. 2 IZRL7,
r2s R.C. SUEMFHISRE - Bokic k5

i)
~
T

refative  humidity)
ISY IS)
Uy o
T T

N

S

®

3

5

-

% Hachine, CrgsS o e HERRD R 2B, Shid Cross
2 o4 i 7 i Y =

3 F50 direction THIZWBLLB LW, Ll
g o3l Mo resin Oven-dry R.C. 35% (F-32) BLET
g treated B S N

5 JE12 X Z ORBROBHENTEIE - Bkick 3
g \g% HEBLRBE—EL 25, Thbb,
§ orf F32 Oven-dry R.C. 35~52% DV vy —
Iy 43 .

g wm;Qk' L, FiI2 N k% 20°C, R.H. 32% OFBEMH b
8 F2—RH.  RH. Soaked - RH.  RH, Soaked

95% invater Before 32%  95%  inwater = N o) 1> % .
Zifr% ;?;Zr at20c at 25 curing at20c at20c at2sc FHREET R.H. & 5% icEkE €/t

Fig. 2 L3 o— koW, g, ko & DL, Machine direction THJ
HEEICB LETERROE 0.1%, Cross direction T#J0.25% T

Effect of resin content on the dimensional change B ot
of resin sheet at curing, exposing to high humidity ==

and soaking in water. LR OSHERI Loy — b
@ Volatile content »3R7z572® (Table 2 BR) Wi+ 5 Z LS TE4R2 VA, Machine direction T
IHER R TH - 72 b Di% 0.05 %, Cross direction T1X0.11% TH o7, LhLIhbOLY v —
FEAROWEICA — A~V A LI, RYBERBLhieh -1,
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iv) BIIRDmE LpEE RBERE Fig. 3 KRL
720 ThrbBLPRIL { R.C. 0L & biT, BIR
VEIREIT K& 250 MIREIZ/NE 2%, Oven-dry
R.C. 30%< & WE TIIBIIEROZRERE VD, 40%Lk
ETiz R.C. BML TS B3R Y 58S 03Iz v,

Wet strength TREFOVEDOBIEOZIRHE L ITKE -

W, —f%iz, Wet strength i Dry strength X D/hE W
3, R.C. 40%LL ETiX Dry strength & DZERFDRL %R
%, WEEIARDOZ L { R.C. BT 5 L/h&ELR23
2, iz Wet OBEDHEN Dry OBEIVKRTH

27z

V voyo—bA—nN—LALIEROD
H TR SR

1. RHEHRORE

BIRARB L VA — = v WESEAIE THREFLT
b5, Thbb, BRIITITIV37T4 3.656~3.75mm
(BB : 1lmm—2mm—1mm), 7=/ —/Vi§igHE
EHR, 180BY VT 4 v e A—_— AT, 0.2mm
D7y VERETEICHE 5 MAVWT 125~130°C, 1543

§ T N
g AN Wet, L
2 4.0 e Sse
§ Ss_ N
< Wet, 1~~< Ao
% -~ s
3.0 S~
5 ry, L . 1
3
2 20F Dry, ol
g 1 1 I L 1
o
3o

N
5
T

N
o
T

A
a -
2 -

-
A7 Wet, L
-

//
» U Machine  direction
L & Cross direction
Dry s 20°¢, RH.65%
Wet & Water soaking
. , | (27, 24hr5)
0 10 20 30 40 50
Oven-dry resin cotent (%)

Fig. 3 vOrv~L0iED#RES

T UHBREIC R XETRIEROXE
Effect of resin content on dry and
wet tensile strength, elongation at
rupture.

~
=)

Tensile strength (kg per (Smm of Width)
© S
T
\

i, 12kg/cm®DEN T CERABROTEICFRIBOL OV — v Ed—"—1 A Ui, BT L { F-43
ZECEE, F-32, F-25, F-121388M L LTC-58 (Table 2) &ALz, Dol E e+
B, IO LA —A"—vABAKRIZE, vDiry— b LREDES (FKEE L ERRoELE

b¥) EMLTEFETBHI L L35 (Table 3),

Table3. B 4 & < » ® ¥

Plywoods exposed to outdoor weathering.

Overlay layer
Kind of Overl R , .
plywood verlay Oven-dry fiber Oven-dry resin Thickness
on one side on one side
(8/m?» (g/m?» (mm)
N N‘é‘];;‘s’gegi“yyw ood)*! 0 ) 3.65~3.75
F—43 B"tl];’ySis‘i‘ff_"g’:;haid 123 104 3.95~4.1
F—32 . i 123+ 26*2 68+ 40%*2 4,0 ~4.2
F—25 B"vt‘,};tﬁ"}ﬁrg";}f‘e‘d 123+26 54+40 4.0 ~4,25
F—12 123+26 29+40 4.0 ~4.2

*1. Veneer construction : Lauan, 3 ply, 1.0mm—2.0mm—1.0mm.
Adhesive : Water soluble phenolic resin mixed with 10% filler and 20% water (pH of

mixture : 10.1).
*2. The second term shows film glue.
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F—A—v A DG F-43 135K8E, FRARVWLEBEATSHY, F-32, F-25, F-12/37EHT, R.
C. B RNVWLDIEEY 7 = 7 —VISIERE DORBAKID R (Table 4, 5),

2. RBAE

MHEMEE BT 5 58kE LTIE, REERERBOY LRROBMNIL A2ERIcHL, —HoREHRE
ZOVTIRY =¥ — 2 — & —RBROV b7 o 7o BINT 258 30.5cm X 30.5cm DFRE-EGHRDO = v
URBERLET = 2 —AVRBIETY — AL, YBHENHE EOWL ARAICHE, MEcHL 45° Ef
SETI9614E6 BICRE L, RBRERIFAEEEBBTZLC, EAEENPDLVITLTIRE
DERBFEL Y, BIE LR CHETHEEREELZ,

3. RRERBIUER

i) ETELAHMOAF— - A EHRITOVTIE, R.C. DEVWLDIRE T =/ —VEHEBEDE
PERN DI SR TS »T> R.C. NEL R BIC Lictl> THE (Excitation purity) HIBIEE LN, %
#E (Dominant wave length) iZ X V<, BE (Lightness) itk V/h &< >TW3, &L IZF-32,
F-25, F-12 ix High density ® F-43 il kL THERKRE L, BRIHBARY. V=¥ —2—F—
ERBIMEL B X BEEITHICBNTRE LS, BEOEREFES RCLORLITLL V2 ¥~ A~
5 — L BINI BORCETOERD S GREKR 0BRSS EOHERYICE B 0L Bbh3),
L L, —RICIRERRIERERACEMT 2 AR Y, ME, FHEIET L (Table 4, 5),

i) REBN SEETOBMI AEiX (216X3.5] BRIETOY =2 F—A—F —RBETIX, Wi
ot —A"—v A BRICVEAINERE Lieh o, ZRIBZOERTHWEFFEE Aviryry

Table 4. VZF—A—F—RRICLBLVIrV—bF—R—L A BROBDEN
Color changes caused by weather meter test.

. Exposing time to . Dominant wave A .
Ip{ll)?veog(fi weather meter Lightness length Excitation purity
(hour) (%) (mp) (%)
0 26.8 585.5 31
N 216X1 16.8 584.5 25
X2 17.7 582.5 19
X4 19.0 581 13
0 14.7 588.5 42.5
F—s3 216X 1 13.4 591 37
X2 13.9 591.8 34.5
X 3.5 15.1 590 30
0 25.3 585 44.5
F—32 216X 1 16.0 590.2 43.5
X2 15.7 589.5 36
X 3.5 14.6 592.2 22
0 29.1 584.5 43
216X1 17.2 589.6 44
F—25 X2 16.3 590 27
X3.5 16.6 589.5 19.5
0 32.6 584 42
F—12 216X 1 21.0 587.8 41
X2 23.2 586 27
X 3.5 27.3 585.5 20

No surface cracks were observed in any of the overlaid plywoods.
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Table 5. BT B X B L Iry— b — =LA ARDOIMES X CRAMEZEL
Changes of appearance and water absorbing property

of resin sheet overlaid plywood by outdoor weathering.

Itemes of measurement and observation
Water
Kind of Outdoor Color absorption

l‘“ o d weathered - Surf by 5cm X5¢m c .
plywoo time . Dominant | po oo ur alfe specimen f(}yqrmg
Lightness wave purity crac (sealed edge) etiiciency

length for 48hr.
Gean | | G | o (&)

0 26.8 585.5 31 —_— 2.22 0

N 1 15.0 580 10.5 —_— 2.66 -

2 15.4 582 10 _— 2.73 -

3 - - - e 2.98 -
0 14.7 588.5 42.5 e 0.32 86.1
F—43 1 9.8 587.2 28.5 None 0.30 86.6
2 9.2 590 20 None 0.35 83.7
3 - - - None 0.38 83.5
0 25.3 585 44.5 e 0.45 79.8
F—32 1 9.0 586.2 23 None 0.57 74.6

2 - - - None - -
3 - - - None 0.61 73.3
0] 29.1 584.5 43 —_— 0.79 64.6
F—25 1 9.4 584.8 21.5 None 0.76 64.7
2 9.3 589.8 18.5 None 0.75 65.2
3 - - - None 0.86 60.8
0 32.6 584 42 —_— 0.98 56.6
F—12 1 12:0 583.4 21 None 1.09 48.4

2 - - - None - -
3 - - - None 1.13 47.6

— 3%, BEROHALH - T, K- BB X 3B EARB I O ¥ — Fo~sHEEMICRRERT 3150
TR D DHBE L EIEL 2HT 27D TH Y, ZOBRIMB ORBRPLbTFHRENZLTH S,
M) BkE T AHOREHCOWTIE, Fig. 4 O < R.C. DIEFICE > TA— 1~ — VL A\
PHOBARITIE B, F-43 L F-322i% Table 3 I RL7-Z & {EERE I DA R~V 1B
OREIERTIZEEL WY, BEFEOEVF-43 053 RARIIP 2 (Fig. 4 »5%, F-50 3BHKE
BOESHR3.4~3.6mm DHDT, HF5BOBREEMEL). ZOBRKBREERC LT ER L8
BE® (Covering efficiency, KICREL THEABALZVWEDE 1002 L, F—~—L AL TR
BREAREFBUEBAED L DE 0L T3) LLYr i — MED Total resin GEBHHEAD L DX F0H
OWIES & &< L) L OBfRIE Fig. 5 & BV T(A-53, A-42, B-50, B-45, F-50 i3 7 XL v 5]
Ao ZABEWThLHCERCI > TA— =LA LI2b D), ZOREIL LA ATIRLS Y
¥ — MEIE#E# < T High density @ FXEWZ b5, £z Fig. 4 kW T, F-12, F-25, F-
32 DR BB 1 BORARNZO%D 1 A bz ) ORARICHLKZ VO, LYy — k BEAE
S E L DKERD ZLicERT 5 b DL EXBh, High density OBFAIFILVT Y — FEEFDOEK
RO OTEAPSIFEERICTRALTHY, BAEEL/ITHS, LirL, Fig. 1 »o3HELE
LIV Y — b OROKERRK 24 B EOBKE (g/m?) L Fig. 4 OKRE 24 R OA — 31— 1 IR
OEKE (g/m?) LDlEE %L, F-12=0.73/0.69, F-25=0.60/0.56, F-32=0.54/0.32, F-43=
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Amount of absorbed water by 5x5cm  specimen
(Sealed edge with paraffin-vaseline)

20|

(9)
35

o
)

25

15

1.0

2

! Il

MEARBSFEHE 188 %

Thickness of
base plywood :
3.7mm (35mm in F-50)

1001 B-5: F40Q
Unover/aid A53  B45 Overlaid
plywood N AV’ A/A/x }by self-bond
(3.7mm) 8 80F
S a F 32
§ Oye/;r/o?/bl
S gl ,,/"F i with film glue
S &
£ F-12
$
S 40F
1 1 1 1 1
Overtoid 40 60 80 /00 120 M0 @m)
plywood Total resin in overfay /ayer
F12 Fig. 5 voyy— NEOLMIEE (Table 3

F-25

F-32

F-43 film glue,

0.49/0.18, F

R

0

/ 2 3

Soaking time in 25°C water (day)

Fig. 4 TkHBHERIcR I ETBRROKE

1

5

Effect of resin content of resin sheet on

water absorbing test of overlaid plywood.

Amount of absorbed water by 5x5cm specimen

( Sealed edge with paraffin-vaseline)

i F-32
(&3]
35 ~ - 3y
3Y 0
3.0 05 0 -
25 0 1 | | 1 1 1 1 Jd 1 | 1 1 1l
F-25 F=12
20 20 o
3y
15kl T ind — 15) =
of plywood y (0]
0 : Un-weathered I
. 3Y : Weathered
1.0 outdoor  1-OF 0 B
for 3 years
05 ost %
0 | I T | 1 11 1 1 1 | S I | | I N N | 11
0 2 4 70 2 4 7 0 2 4 (Day)

Soaking time in 25~26 °C water
Fig. 6 3@]55]@554@ KARXBVI VY~ ==V o
BROFIKIEDEA{L

Changes of water absorbing property of resin sheet overlaid
plywood owing to outdoor weathering for three years.

DE AT L BTEREO R
Relations between the total resin in overlay
layer and the “Covering efficiency” (High
density overlays show less water absorption
than medium or low density overlay with

even if the amounts of solid

reisn in overlay layer are the same).

-50=0.44/0.04 L 2V, WFhiA

VARIRDI B 72 v, ZOHA High
density DAL RKENZ DD,
VA SRR OIIEMSC X 28D Flow 2B8vy
YV~ FEEOBKEEBOSETNEZLE I D

A==

BVEISZERTE B,

L ARBERARR T 3
>, XX AEHOEME &bk
BIIRAcE{e), Lieh->TH
/& { %% (Fig. 6, Table
5) 2, BB L S KmEITFE
E LRV DHTERY D A-53, A-42
TH BNk ) RPEBEEORMAIK

TFiALRRDP 5T,
v) 57 SELUESRTIIIE

ETOBIMEL ARBCTEENKT
BHRONDIIEZRL, A—N—VvAE&
iz R.C. DIENS DT HEE T
ISR TRY, I »HB%E
DFHFRREREEERLTVE LD
SxdbY, ZOREDIZL ATILIE
EAEBE LN boL Bbhd
((Table 6).

v) BEAME dgve s RE
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Table 6. B/MIL ARBRIC LB —— 1V A AROBEEHLE

Durability of adhesion strength of resin sheet overlaid plywoods.

) Kind of Outdoor Adhesion strength Wood failure
RE plywood weathered time Ave. (Min.~Max.) Ave. (Min.~Max.)
R (year) (kg/cm?) (%)
SRR 0 17.7 (15.0~21.9) 80 E4o~1oo§
e N 1 12.8 (11.3~15.3§ 60 (20~100
S 2 12.9 ( 8.7~17.0 60 g5~1oo)

") 3 8.4 ( 6.3~10.6) 36 (15~ 65)

1 17.6 (14.3~19.6) 85 (60~ 95)
F—43 2 14.9 (10.6~20.0) 25 ( 0~ 60)
3 14.3 (11.6~18.3) 33 (20~ 75)
1 19.7 (17.9~21.0) 89 (80~100)
F—32 2 - -
1 3 17.8 (14.6~21.0) 70 (25~ 90)
T
] 1 15.9 (14.3~17.0) 59 (30~100)
F—25 2 15.1 (12.3~17.6) 84 (20~100)
2 20.1 (17.9~23.2) 93 (75~100)
1 16.0 (14.0~19.6) 77 (30~100)
F—12 2 - -
3 17.1 (14.3~20.3) 54 (5~ 95)

Number of specimen : 8 pieces for weathered plywoods, 20 pieces for unweathered base plywood.
The B-type specimens were prepared after weathering, and the adhesion strength was
culculated by the formula [P/SX0.9%1.2] (0.9 : Specimen type and dry test factor, 1.2:
Veneer construction factor) according to the JAS specification.

i Table 7. BAMEL ARBRICE BV LY — bt —_3— LA BROIT Y v 7155 (Es) 0%k
] Modulus of elasticity in bending (EB) of outdoor weathered resin sheet overlaid plywoods.
o
O Es, Ave. (Min.~Max.) (10%+kg/cm?)
Kind of Outdoor
lywood weathered Angle of grain direction of face veneer (6)
C plyw! time ) -
(year) 0 45 90

0 125 (122~128) 17.4 (17.1~17.6) 27.4 (24.2~31.2)

N 1 109 (107~112) 7.4 ( 7.2~ 7.7) 22.2 (21.4~22.6)

2 97 ( 95~100) 7.5 ( 7.3~ 7.6) 23.9 (23.1~25.0)

3 96 ( 90~104) 8.2 ( 8.1~ 8.4) 24.1 (23.0~24.7)

0 137 (134~143) 44.6 (43.2~45.2) 46.0 (45.8~46.2)

F—s3 1 132 (125~135) 41.8 (39.8~43.1) 42.7 (42.1~43.0)

2 125 (120~129) 39.9 (39.1~40.9) 37.5 (36.5~38.2)

3 130 (128~132) 39.4 (39.0~39.9) 36.5 (34.8~37.6)

0 131 (130~134) 48.6 (47.6~49.8) 40.7 (39.8~42.0)

! F—32 1 113 (106~119) 40.6 (38.0~42.1) 43.5 (40.6~49.0)
2 —_— — -

3 123 (121~127) 36.2 (35.7~36.6) 38.2 (37.1~39.0)

0 116 (110~122) 41.1 (40.5~42.4) 41.1 (39.9~42.9)

F—25 1 102 (101~103) | 32.1 (31.6~32.9) 30.9 (29.9~31.9)

2 109 (102~114) 34.5 (33.7~36.0) 31.3 (31.0~31.9)

3 122 (118~129) 37.2 (36.4~37.8) 34.7 (33.8~36.0)

0 113 (108~117) 36.7 (36.3~37.2) 35.8 (35.7~35.9)

F—12 1 111 (108~113) 33.5 (33.1~34.2) 33.6 (33.2~34.1)
2 —_— p— -

3 124 (116~131) 33.9 (82.7~34.7) 33.8 (33.2~34.6)

Number of specimen : 3 pieces for each direction.
Size of specimen : 2cm X 20cm
Span length : 15cm (center loading)
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Table 8. BIMHILKARRIZIBL Iy — bA—R—V A BBRDOBIBEY ¥ 7 %% (Er) %L
Modulus of elasticity in tension (Er) of outdoor weathered resin sheet overlaid plywoods.

Kind of
plywood

Outdoor
weathered
time

(year)

Er, Ave. (Min.~Max.) (10*-kg/cm?)

Angle of grain direction of face veneer ()

0°

45°

90°

0
1

85.7 (84.0~ 86.5)
71.6 (63.3~ 82.0)

15.1 (15.0~15.3)
6.1 ( 5.5~ 6.7)

73.6 (61.3~ 81.3)
51.3 (44.1~ 61.2)

0

101.3 (88.4~111.0)
96.3 (86.4~101.5)

26.7 (25.5~28.4)

27.4 (26.4~28.0)

93.6 (88.4~ 96.8)
91.9 (85.3~100.0)

F—32

95.8 (84.7~104.8)
70.2 (64.3~ 76.2)

29.7 (28.7~31.0)
27.7 (25.3~29.3)

87.7 (73.0~104.6)
81.7 (75.6~ 91.7)

F—12

0

1

71.4 (70.9~ 71.7)
63.8 (53.0~ 80.5)

22.1 (20.2~23.1)
20.7 (20.5~21.0)

86.3 (78.0~ 92.1)
69.1 (54.3~ 93.8)

Number of specimen : 3 pieces in each direction.

Shape of specimen : cf. Fig. 5 of Report 5 of this series.

Table 9.

BHIARBRIZE DL OV Y — b — S~ L A BRDEERVERE (or) DAL

Tensile strength (0r) of outdoor weathered resin sheet overlaid plywoods.

or, Ave. (Min.~Max.) (kg/cm?)

Kind of Outdoor
lywood | Weathered Angle of grain direction of face veneer ()
plyw time
(year) 0 45 90
0 532 (423~667) 106 ( 89~123) 664 ( 528~ 800)
N 1 397 (385~409) 53 ( 52~ 53) 658 ( 585~ 728)
2 249 (171~289) 57 ( 46~ 70) 626 ( 571~ 730)
3 280 (255~328) 47 ( 38~ 55) 588 ( 425~ 733)
0 782 (750~825) 217 (199~234) 1008 (1000~1015)
F—43 1 528 (463~631) 237 (230~242) 993 ( 940~1039)
2 547 (530~586) 147 (122~168) 595 ( 510~ 681)
3 663 (544~756) 183 (175~195) 721 ( 656~ 777)
0 756 (675~837) 263 (229~285) 771 ( 659~ 883)
F—a2 1 684 (660~708) 217 (205~234) 785 ( 774~ 794)
2 p— — p—
3 719 (626~866) 149 (146~154) 631 ( 586~ 676)
0 734 (657~820) 247 (245~250) 980 ( 972~ 991)
F—25 1 559 (535~590) 168 (166~170) 737 ( 700~ 764)
2 558 (530~596) 168 (156~179) 769 ( 671~ 850)
3 719 (678~790) 203 (196~217) 829 ( 784~ 892)
0 626 (587~698) 219 (216~222) 853 ( 789~ 931)
F—12 1 694 (652~729) 192 (171~202) 802 ( 766~ 841)
2 - - —
3 719 (635~765) 155 (145~169) 817 ( 750~ 882)

Number of specimen : 3 pieces in each direction.

Shape of specimen : cf. Fig. 5 of Report 5 of this series
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(EB), BIEED ¥ 7R3k (Er) BIXUBIEYVRE (or) ORBEREZNHZFN Table 7, 8, 9 IZ/RL
72, EFELAHIOBEHZ OV TIE, v ry— A — S~ A IC X > TEBRERWThLREL RS,
ZFLT, KEL25EIEX 45° FFAS, 0° BIUI° HHEIYVKREV, ZOZLIIFHES, ETHRLFR
ThD, A—RN—LVARBO NG DBEL, BUBERIREROME L OHLBIEE Table 10 2R L7,
ZDOHT Total resin PUEIELE LWEEKGEHO F-32 LHCESEICX S F-43 L2kl 5L, 45°
Table 10. AIROMF ¥ 7 7% (Es). BIEY ¥ 7" R¥ (Er) BIW
BIEVERE (0r) RBXETVI VY —FE—R—L A DR

Effect of resin sheet overlay on modulus of elasticity in bending (Es)
and in tension (Er), and on tensile strength (¢r) of plywoods.

Relative value of mechanical properties N

Kind of E E o [ 97(45°) ]
plywood B T r ar(0°or 90°)

0° 45° 90° 0° 45° 90° 0° 45° | 90°

N 1.00 1.00 1.00 1.00 1.00 1.00 | 1.00 [ 1.00 | 1.00 0.16
F—43 1.10 2.57 1.68 1.18 1.77 1.27 | 1.47 | 2.05 1.52 0.22
F—32 1.05 2.79 1.49 1.12 1.97 1.19 | 1.42 | 2.48 | 1.16 0.34
F—25 0.93 2.36 1.50 - - - 11.38|2.33| 1.48 . 0.25
F—12 0.91 2.11 1.31 0.83 1.46 1.17 | 1.18 [ 2.07 | 1.28 0.26

* ZOERREWEESRORFEE 2V,
The larger value shows the less anisotropy.
or (0° or 90°) 1% or (0°) E/ziX or (90°) ®5 L, REWHFDEERZ L 5,
agr (0° or 90°) : Larger value either or (0°) or or (90°).

/Vggr b P FRFB R
140
S:.g; 10% i 1:%2 Eg (45°%) H\K
£3 40r Fia te
% | He ’ $a .
s8 S&° Y T 0or ~Ave.
o® 28 3 < i
33 B§ ® e
£3 ” I 8op 6-0
o0— 3
N
% (457) & 4of S \\
<8 PN
S 200F I @ ol
38 TSR
ER g 9-45°
2l 100 N 0
N 3 i
) Sost NG AN
R r S
oerlay 43 32 12 fo 20k }\,/—‘
Hind  Of plywood 6=90°
| S VRN YA VAN VN NN N IS TN N SN SUSSNUN N R CON S N
Fig. 7 3&EMOBIMNTL Bk % 45° 0/23 0123 0123 0123 0123
FEOT Y 7Rk (Es(45%)) OutAoor weathered tme (year)
L5lRYERS (or (457)) ORAE Fig. 8 BIMNILARBRICL 5L ULy — hA—si—
Changes of Ez (45°) and or (45°) LA SROMIT Y SR (Es) OElL
owing to outdoor weathering for Modulus of elasticity in bending (Es) of outdoor

three years. weathered resin sheet overlaid plywoods.
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Non-

veray B PR FXFR2 FETiE Ez, Er, or WEFRLEIHEOHH
8oor RTho7chs, 0°BEU0°FATEIAD
ook KH/ V/i EWTFhLBEDOHFNKRTH -7, 72 R,
~ C. DIEFiRE b2 I LYry— FEFOMR
E_zzoo- o EETICLER->T, F—~—L 1 DR
hre. bR FoRDT 50, EEROHMICE -
T o T F-12 Th AHAE AREHIMER R LT
S, w3,

i‘\ _ BHMEOIEEL LT 45° FAIDB[EEVERE
% 5 2 ’)\/ \_/ \1\ L, 0% E7cik 90° HHOBIHEY BE D) bk
5 & ool RBEL O (or (45°)/0r (0° or 90°))
3 \A\' 015" BLal, RO BHRAHN0.16 ThHS
R 0 XL, A—~—vA GRTIE 0.22~0.34
990 ThY (ZORERKE VG BEER R
fo00r W, F LA K - T RAHSIERIC
5 800k \(H I[\{/‘ Do TnBZ LB3bd3 (Table 10),
3 ]_\ ELTH—A_~1Aik3 Es (45°), or
soor (45°) DEMPKE b DIE ERF MDA

400 L {7p>Tn3,

1t 111 1 Lt L1} )
0123 0123 0123 0123 0125 . . Spgl
Qutdoor weathered time (year) DFBIMIL BB o TR, HlieE

Fig. 9 BAHILAHBRICIBL ULy — b d—ri— HEICT B bz, X ARRIC X 3RER

VABRDBIER YIRS (0r) OEfL FAME CBNTH - & bEZHE bR
Tensile strength (0r) of outdoor weathered resin
sheet overlaid plywoods. 45° FRNZ2WT, XL AETE L3 EEL

BHBOMIT Y MR L FIEVRE DfEE Table 7, 9 253|ZH LT Fig. 7 KRLk. ZORTHE
ENBLIH, BIV Table 7, 9 ZF{LLr Fig. 8, 9 EHEMICERE LR, AEROMHENT
DEMEL BHRTIE, R.C. BRA - TL ZOMERICTHERZEIAR LD bNLD 5Tz,

P LEOFERP D, F— A~ A2 X BEROMERMIZL, Medium~Low density vy vy — L+ T
o THEEFEIBIFHSNTWAZ LItk - T, High density— HOHEZL I vy — hoA——1 A
IEWEZTRL, MEEORTY 3EMOBIMNIC 5Tk Medium~Low density @ F-32, F-25, F
-12 728t High density ® F-43 L ORIciZKERERZ L LD ONT, EMELSORRERICS
WT% Medium~Low density & High density & ORI REAZBZIAONL D o720 LIz T,
Medium~Low density DV ¥ — hEF—A—vL A L7zbDid, —RICHAERTWERELZEIEL
Th, ZOMERIELEO LI L THERICMELTRY, &< iz Medium density ® % ? (Table
3 OF-32, F-26) 32n% %, BEZLAVWTHNTL»R Y OMEEZHIFTCE b0 L Ebh5,
FleZhboBERENATIZLICE > T, SHIRAREVWIHEEZAELS 3 LE2 5050, Medium
~Low density VYV ¥— bt —S—LADEENTHILELLBETHE > 27cdicid, B4, F
8| DREREHOETERTSHL, ZERD F-12 £k 2 hUTOEEETHHZ0BMEETS D
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DEBbIB,

vV =

BRCEEOTENZMET S L2 BHLETHIEO—RLLT, EX0.22mm 07 77 Mk
FAWT, Low~High density UE~BHEE) 07 =/ -y — beMEL, 2hb &ML Lz
Lo (EFe ez d, BUREOBMEREL L) OUEY - iR ERTs L L bic, *
horA—N—v A LIcAREZDETE (BETZZL4u2K) BIME AR LT, MEEZEHEL
oo TORERNPLOEDI LRI o,

1. LY —OMEICDNT

i) BokEicis LiZTaER0KEIL, Oven-dry resin content (£EEEIEDEIER) #20% £ T
ZFEEICRE L, Lab 50% LLETHLRBEEROMINC X - T, BkERBAT5HAICH S, FHBE
iz oW THIRIER CEABA SR (Fig. 1)> L L, High density 0BFHIiE, vory—1r %
MMEB LT EHIED Flow 23+5T4bh, ZhLIRIOEREL VISWEEZTT VO LBbh3,

i) BRIE - Wokiz X 5~ HEETBIRROBEME L Lz + 54, Oven-dry resin content 35%2L
EoigE—gLn5 (Fig. 2),

i) IRV IOV TIHBIEROWIMZ X - T Dry, Wet & bizKEL 42548, Wet strength i
BLETHVEOBIEOHEL L (K&, BIEER 40% P LT Bl RN X 3 513E 0 iR E o B
Bial Y, FIhBETIX Dry & Wet LoZELDRL %5 (Fig. 3)s

2. F=n—LAEROWEEICDNT

Low~Medium density DL Yvy— bEEEREGFALTA——LAT52LI2L-T, AHRD
HERIERIEKRELRY, BFMEEID RS (Table 10), WEEYL, HE#EEICL 3 High density
LIV Y—bE—R— AR (204, Table 3 D F-43) ITFEWZ L BRRBIMNE L A0S,
F—A—vAEH D ORKNE, BIRIEE R L ORFRER2 S HBA L (Table 6~10, Fig. 7~9). L
o T, BELIBETHE S 3 HMCHL TR, £4, H8HY 0REDDOETEETS L8R
X, TOERD F-12ELFEhUTTHITHY, BEOHAIC L -» TIhd OftEEE—E L m LT
5b0LBEbhb. Medium density Db (Table 3 ® F-25, F-32) ik>WTik, 20 % (B
FTBHZLRL) BnTL ) OMEEZHIFT LR TE, &1 High density DL DIEEKRBA
RS R WEFIRH B,

T ik
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Studies on Resin Sheet Overlay. Report 7.
Effect of resin content on the exterior weathering resistance

of phenolic resin sheet overlaid plywoods.
Tsuneo MATSUMOTO

(Résumé)

In order to improve the durability of plywood under exterior conditions, applications of
phenolic resin sheets on plywood have been studied since 1961. In previous papers of this series,
results of exterior weathering tests of high density (high resin content) phenolic resin sheet
overlaid plywoods, and low or medium density phenolic resin sheet overlaid and then painted
plywoods, and also results of paintability on overlaid plywoods were reported (this Bulletin,
No. 130, No. 143, No. 148, No. 150, No. 163, No. 170 and No. 182).

In this study, medium or low density phenolic resin sheets were overlaid with film glue on
both sides of three ply lauan plywoods, and the overlaid plywoods were exposed outdoors
without painting. The weathered and unweathered plywoods were offered to tests of color
change, water absorption through overlay, adhesion strength and mechanical properties. Results
of the tests were compared with those of high density overlay F-43 in Report 7 (this Bulletin
No. 170). Effect of resin content on some physical and mechanical properties of resin sheets
were additionally studied with relation to the properties of overlaid plywood.

1. Preparation of overlaid plywoods.

i) Resin for resin sheet : Water soluble and neutral resin as in Report 5 and 7 (this
Bulletin No. 150 and No. 170). Molor ratio was phenol 0.95 : resorcinol 0.05 : formaldehyde
2.0, and sodium hydroxide was used as a catalyst. To get necessary consistency, the resin was
diluted with 50% methanol.

ii) Base papers : Shown in Table 1. Base paper F was for resin sheet and C was for
film glue.

iii) Resin sheet : Apparatus for resin impregnation and drying was reported in Report 2
(this Bulletin No. 130) and operation conditions are shown in Table 2. Resin sheet F-50 was
for physical and mechanical property tests, resin sheet F-43, F-32, F-25 and F-12 were for
physical and mechanical property tests and overlay tests, and resin sheet C-58 was used as a
film glue for resin sheet F-32, F-25 and F-12.
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iv) Base plywood : Three ply, 3.65mm to 3.75mm thick lauan plywood (veneer constru-
ction : 1.0 mm-2.0 mm-1.0 mm) bonded with phenolic resin adhesive and sanded with # 180 sand-
paper.

v) Overlaying : As in Report 5 and 7, resin sheets were applied on both sides of a base
plywood under the pressure of 12kg/cm?, for 15 minutes at 125°C to 130°C by self-bond or
with film glue. The overlaid plywoods were named respectively F-43, F-32, F-25 and F-12
according to the applied resin sheet (Table 3).

2. Weathering test and methods of measurement.

Plywood specimens (30.5cmX30.5cm in size and edges sealed with room temperature setting
phenolic resin) have been exposed outdoors in Tokyo so as to face south and to incline 45
degrees against the ground, since 1961. After one, two and three years, the above-mentioned
properties of the exposed plywoods were measured. The methods of these measurements were
identical with those in Report 5 and 7. The weathering test is being continued. Some specimens
were subjected to the accelerated aging test by weather meter, then they were offered to color
measurement.

3. Results.

The results of the measurements of the weathered and unweathered overlaid plywoods are
shown in Table 4 to 9 and Fig. 4 to 9.

i) The more resin the resin sheet contained, the less water absorption the resin sheet
overlaid plywood showed. Even when the total resin in overlay layer is the same, the high
density overlay by self-bond showed less water absorption than medium density overlay with
film glue (Fig. 5). The exposed overlaid plywoods showed a little more water absorption than
respective unexposed ones (Fig. 6).

ii) No surface cracks were found in any of the overlaid plywoods after three years’
exposure.

iii) All kinds of overlay tested in this study improved the durability of adhesion strength
of base plywoods (Table 6).

iv) All kinds of overlay raised the modulus of elasticity in bending (Es) and in tension
(Er) and the tensile strength (o71), especially in a diagonal direction. Consequently, the overlaid
plywoods had less anisotropy than unoverlaid plywood, as was the case in Report 5 and 7
(Table 10).

Within three years’ weathering test, obvious differences in rate of change of Es and dr
could not be observed among the four kinds of overlaid plywood (Table 7, 9 and Fig. 7, 8,
9). In other words, medium or low density resin sheet overlaid plywood F-32, F-25 and F-12
showed considerably good durability, as was shown by the high density overlay F-43.

From what is mentioned above, it may be concluded that the medium density overlays show
good durability even if a paint is not applied thereon, and that resin content of F-12 is adequate
as a substructure of paintings in consideration of the results in Report 4 and 8, which reported

that no difference in performance of paint film was observed among F-32, F-25 and F-12.
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