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Table 1. List of plywood for weathering test

SN : 7!_“‘/:“: S-S
REAH ) v vy — Resin sheet V’fﬂé'f@%t%g
D B Elx— - B & Base paper ) hEREfH] hick v
v 1 o ’ pap SRR | HHS | Pressing 1cr: . fifi %
Symbol E = | =i Resin | Volatile | time at| ¥ Note
of Overlay| .2,.. > |Thick- Basis Bulk | content | content |overlay- lywood
plywood Pulp ness| weight | density | (%) (%) ing P (YHVY m)
(mm) | (g/m?) | (gjcm?) (min)*!
. BREHR
N Ngi:;rla — — —_— — |3.4~3.5 B:'se
y plywood
Both
sides
A overlaid| KP 0.12 62.5 0.52 53 8~8.5 15 [3.6~3.7 v v
by v — M EE
self-bond H
B do. KP 0. 20 110 0.55 52 8~8.5 15 3. 7~3. 8| Pilot plant
made resin
F do. KP 0.22 | 141 0. 64 50 8~8.5 15 |3.8~3.9| sheet
J do. |Rageed| 4 55 | 22 0.59 | 50 |8~8.5| 15 |4.0~41
R do. | Gotton | 135 | (63)% 65 5 20 [e~a.7| vy
¥ — MR
Both |
sides 0.25 140\ *3 45 9~9.5 .
L overlaid and ( and) and and 20 |3.9~4.0) Re;;n ts}l:eeet
with film 0.075%2\ 38 65tz | 5% tnarket
glue
*1 BJERE Pressing temperature: 125~130°C
iyl Pressure: 12 kg/cm? )
7 o<~ 5 v# Cushion paper (0.2 mm thick, containing 25% asbestos): 5 sheets
*2  BEEH Film glue
*x3 HEEE . Presumed value

F1ERD R LU L &KoV Tk 20 4/, ESiX 12kg/em? & L,
ek, chhnbi, #RAHRIE Table 1 OF 1MORBC LY ZTOEEAYRT L ETS,
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b0 30x30em CYMWIL, =» SRHWEEMEY =/ - A RBIFCTY -2 L, SEEL G0 2%
BIEABIZEE) 1© & Do fe, HEFREBS LICAE LT ORMEBEA LD L VIEFL, S¥0D
FREACHE L7 (Phot. 5),
3.2 (¥ B3RHOHE
BANE A 1 EEBC LRI S L, BESROFEY A, BEHRIARETDHEILHRHD
BE RESRVERD 1RV LBARET D) 2REJGFLTECRETHDT, TORDIHEELLT
X ARBORRICK BICEAH I —REFE, £ ORYHY L HhOR L BRI L,
3.3 (< BHEORER
ELXARBEID EDIXFLIERARNS, Fig. 1 K Lichio TRl A2 E D, DEDL4HBORRE T
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1~ 9: Bending and tensile strength test pieces
(2x20cm)

11~18: Adhesion strength test pieces
(2.5%7 cm)
21~22: Water absorption test pieces (5x5cm)
£1R BMELARBLERBRIOEDS
Fig. 1 Cutting diagram of test pieces from the
outdoor weathered plywood.
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Fig. 2 Tensile strength test
pieces.
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Table 2. Surface conditions of outdoor weathered resin sheet overlaid plywood
: FmEElh WK &
%ﬂ%i < g Surface crack (Number of cracks crossed] Amount of
EROEE Outd with center line of 30 cm) absorbed o B e
Kind of. utthocn:i SN e water by Covering
plywood wez; cre M | Number of 5X5cm efficiency
ime Face Back sample specimen for
(year) inspected 48 hours (g)
0 — — — 0.23 89.5
1 0 0 5 0.25 88.6
2 5~7 0 4 0. 51 76.4
A 3 18~30 0 3 0.81 63.1
4 22~36 2~8 2 — —
5 (1~5%)* 12~18 2 — —
6 (20~50%)%  16~26 2 1.66 23.0
0 — — — 0.08 96.5
1 0 5 0.13 94.3
2 0 4 0.24 88.7
B 3 0 None 3 0.18 91.9
4 0 2 — —
5 0~2 2 — —
6 2~6 2 0.29 87.0
0 — — — 0.07 96.8
1 5, 0.10 96.0
2 4 0.25 88. 1
F 3 None None 3 0.32 85.5
4 2 — —
5 2 — —
6 2 0. 30 86.6
0 — — - 0.14 93.6
1 0 0 5 0.16 92.7
2 0 0 4 0.17 92.3
J 3 0~1 0. 3 0.27 88.7
4 1~1 0~1( 2cm) 2 — —
5 5~10 0~1(10cm) 2 — —
6 8~14 0~1(15cm) 2 0.47 78.5
0 — — — 0.03 98. 6
1 0 5 0.12 94.4
2 0~2 4 0.24 89.2
R 3 6~13 None 3 0.53 75.9
4 22~28 2 — —
5 30~34 2 — —
6 (2~5%)* 2 1.44 33.1
0 — — — 0.18 92.3
1 5 0.16 93.5
2 4 0. 19 91. 1
L 3 None None 3 0.21 90.5
4 2 — —
5 2 — —
6 2 0.20 90.2

* EWMENLSHETL, v vy — BN LIRS OEEEE

Percentage of area stripped off resin sheet after intensive cracking.
bicl, RE»DOBKEN S, LIh o> TERERDOIEE « WEIKE (el LLBRTZ LR
bhb, A BIV R EROBEDOTEL, KRENIFELIHETT 3 LENEENNLET « EHE2k
BoTrevy— FBREEDIFDEEIOZ LY, 5~ 6 FEBRITIIRCBAMCHBST S Lo
fc% (Table 2), = OBEIIEBORKE #FY v 7 H L FEEIVRICLZ-E1EbR, A IV
R SO A — 5 — v A ST LTHEMEA  SAH - TW B Edtbh b, A BIU R AR
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Weathered
for 3 years
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Weathered
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Phot. 1 Surface view of outdoor weathered plywood A.
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Weathered
for 3 years

BANEL
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Weathered
for 6 years
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Phot. 2 Surface view of outdoor weathered plywood B.
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Weathered
for 3 years
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Weathered
for 6 years
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Phot. 3 Surface view of outdoor weathered plywcod ]J.
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Weathered
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Weathered
for 6 years

B 4. R EHIE L AR OETIRAE

Phot. 4 Surface view of outdoor weathered plywood R.
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Fig. 3 Changes of water absorbing property of resin
sheet overlaid plywoods under outdoor weathering
(Edges of specimens were sealed with paraffin-
vaseline (1:1)].
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Fig. 4 Changes of covering efficiency of resin sheet
overlaid plywoods under outdoor weathering.
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BiERE (Covering efficiency) = [1— (—%)mean] x 100

2L, Wov @ A —-S— LA BIRDOKBE 24, 48 BB\ ML 72 WSEIHEOMKE
Wyon: S0, B AAWRDOKEBE 24, 48 HH\UE 72 Bt oK E
(Wov/Wnon)mean: IKIZTES 24, 48, 72 ﬂfff'aﬁm%;éiv:%w% (WovIWnown) DFHfii

B3k BAECALLLVS Y Y= bA— A=A AROWFY v 7 HE (Ep)
Table 3. Modulus of elasticity in bending (Ep) of outdoor weathered resin sheet

overlaid plywoods

N~ 3 2
Kind Outdoor Ep, AYe. (Min.~Max.) (% 10%kg/cm?)
of we?it:;red Angle of . grain direction of face veneer (f)
plywood
(year) 0° _ 45° og°

0 127 (117~137) 17.2 (16. 1~18.6) 14.9 (13.7~16.1)
1 84 ( 80~ 86) 6.5 ( 6.4~ 6.6) 11.2 (10.9~11.4)

N 2 85 ( 82~ 88) 7.6 ( 7.2~ 8.1) 11.6 (10.3~12.4)
3 p— J— J—
6 46 ( 38~ 50) 5.2 ( 5.1~ 5.3) 15.2 (14.5~15.7)
0 159 (148~179) 39.5 (38.3~41.0) 38.9 (36.5~40.1)
1 144 (143~145) 34.0 (33.7~34.6) - 34.6 (34.3~34.8)

A 2 124 (123~125) 31.5 (29.9~33.6) 30.2 (29.8~30.9)
3 122 (117~128) 28.8 (27.6~29.6) 24.2 (24.0~24.4)
6 99 ( 94~106) ©17.0 (16.6~17.4) 21.4 (20.8~22.4)
0 135 (129~142) 45.3 (44.2~45.8) 43.4 (42.6~44.2)
1 121 (116~131) 42.9 (41.7~43.5) 34.3 (32.0~37.3)

B 2 123 (121~126) 39.5 (39.2~40.1) 39.6 (39.0~40.0)
3 123 (121~124) 38.1.(37.7~38.6) 38.8 (37.4~40.6)
6 122 (117~125) 34.2 (33.1~35.1) 35.4 (33.6~36.8)
0 130 (125~133) " 54.0 (54.0~54.0) 50.5 (49.5~51.8)
1 114 (111~119) 49.4 (47.8~50.6) 36.6 (34.7~37.5)

F 2 110 (108~113) 39.1 (38.7~39.6) 40.8 (39.7~42.0)
3 124 (122~127) . . 42.9 (42.3~43.6) 37.37(36.0~38. 6)
6 119 (117~120) 38.6 (38.5~38.7) 35.3 (33.6~36.3)
0 119 (118~119) 53.4 (52.8~53.6) 51.4 (50. 6~52.8)
1 114 (107~120) 46.1 (45.2~46.5) 51.2 (50.3~52.3)

J 2 100 ( 97~102) 39.4 (38.6~39.8) 43.7 (42.9~44.5)
3 96 ( 91~100) 40.9 (40.4~41.2) 42.9 (40.0~45.1)
6 101 ¢ 99~106) 32.3 (31.3~33.2) 34.1 (32.9~36.1)
0 125 (124~125) 36.4 (34.6~37.8) 35.9 (35.4~36.1)
1 105 (103~108) 29.9 (29.3~30.2) 37.3 (35.5~39. 1)

R 2 110 (106~113) 27.5 (27.2~21.7) 29.6 (29.0~29.9)
3 108 (102~111) 26.9 (26.4~27.3) 26.4 (25.0~27.1)
6 102 ( 96~109) 17.4 (16.2~18.3) 25.0 (23.6~25.9)
0 109 (106~112) 42.6 (41.2~43.6) 39.6 (39.4~40.0)
1 124 (123~124) 49.0 (48.2~49.8) 39.4 (38.6~40.1)

L 2 113 (109~119) 40.5 (39.5~41.5) 39.1 (38.3~39.8)
3 17 (111~122) 41.6 (40.8~42.1) 41.1 (40. 6~42.0)
6 103 ( 98~107) 37.9 (37.5~38.4) 36.3 (35.7~36.9)

Number of specimen: 3 pieces in each direction
Size of specimen : 2x20 cm

Span ; 15 cm (center loading)
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Table 4, Tensile strength (67) of outdoor weathered resin sheet overlaid plywoods

Kind
of
plywood

Outdoor
weathered
time
(year)

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

Angle of grain direction of face veneer (0)

00

45°

90°

oW — O

751 (740~770)
314 (231~393)
292 (276~323)

172 (151~206)

151 (129~198)
64 ( 60~ 70)
57 ( 54~ 61)

29 ( 25~ 34)

621 (505~718)
528 (517~541)
422 (388~465)

352 (334~366)

NwN— O

810 (770~882)
780 (755~797)
803 (667~909)
409 (399~419)
367 (340~398)

186 (183~189)
196 (193~200)
190 (185~193)
125 (121~131)
107 ( 91~137)

719 (604~865)
566 (458~625)
786 (731~832)
609 (517~673)
557 (493~602)

LN — O

787 (724~868)
704 (677~729)
719 (656~770)
635 (623~645)
577 (530~603)

223 (213~239)
207 (202~212)
245 (234~252)
191 (185~195)
160 (145~170)

673 (613~732)
724 (616~799)
768 (710~841)
526 (459~574)
557 (494~608)

W — O

627 (574~658)
711 (706~716)
659 (646~669)
602 (545~632)
621 (602~650)

182 (128~224)
228 (218~238)
174 (166~179)
140 (128~150)
138 (106~159)

522 (417~619)
364 (306~458)
650 (620~705)
317 (298~328)
398 (371~444)

WN—O

722 (680~765)
836 .(784~875)
718 (701~746)
684 (624~750)

" 672 (644~688)

329 (318~339)
271 (264~284)
276 (265~290)
178 (167~183)
114 (102~134)

762 (711~825)
617 (540~722)
743 (676~181)
475 (422~515)
500 (406~569)

W — O

675 (631~710)
659 (619~695)
694 (667~710)
562 (495~611)
366 (256~460)

157 (134~170)
192 (181~211)
165 (159~169)
144 (130~152)
95 ( 92~ 99)

579 (520~611)
678 (743~1785)
674 (593~717)
535 (479~605)
528 (421~627)

AW - O

693 (592~810)
800 (738~835)
824 (768~902)
631 (606~678)
509 (464~545)

232 (226~237)
222 (214~238)
234 (231~237)
206 (198~213)
173 (159~186)

589 (488~653)
591 (560~609)
692 (611~741)
638 (628~653)
490 (464~525)

Number of specimen: 3 pieces in each direction

Shape of specimen

: See Fig. 2
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Fig. 5 Changes of modulus of elasticity in bending of resin sheet overlaid
plywoods under outdoor weathering.
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Outdoor weathered time (year)
g6 M BIMEKARRCLIB LS VY — bd == VA RRDFR DM S DXL
Fig. 6 Changes of tensile strength of resin sheet overlaid plywoods
under outdoor weathering.

B ETHD, A IO R BROA —-1— VA FBMIL A2 LTIBRIT+ 5 TH B 2 ERL
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e 45° R EVIIEBCEO LWEHTHDZ ED #EETH L, BEMETNEHRTHL LEbR
%,
44 £ &F N

HROERBOBRETIL A KL RAHKE B, F, J 510 L SiREIRLSEBHEZRL 50
T, FhEhK 12071V — 7 & LTARDEEMAER 2% &, Table 5 DLk THS,

AL 6 FEROEL AR X b, WHROZ & (ERERL 0.3~0.6mm (LI h B0, HEN
REATIIY) D ALIMOFEE CHENT L, JIWHEESE N RDBZ X TER T, Lih >, Table
DOHRTIIRERCHEN Lic L TOMEXRLTHS (*2 Off, RN DIFE 25 mm),

FRERL, +—-I—UA8HE A ¥k R OBATLRERORLIIAGAT, EFNLTHR
BXhTsbh, BFJ, L 0os/r—7LOfcERAbRILh o1,
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Table 5. Durability of adhesion strength of resin sheet overlaid plywoods

Adhesion strength (kg/cm?2) and wood failure (%)
Group of Kind
of Outdoor weathered for: (year)
plywood values
0 1 2 3 6
Ave. | 15.2 (35) ®| 15.9 (37) 11.5 (34) — 11%2
N Min. | 12.6 ( 5) 13.3 (20) 10.0 C( 0) — 10%2
(Non-overlay) | Max.| 18.6 (85) 17.9 (65) 15.0(100) —_— 12%2
N*3 20 8 8 8
Ave. | 19.5 (90) 18.8 (99) 17.3 (85) 20.4 (73) 16.3 (92)
A and R Min. | 16.9 (50) 14.0 (80) 13.3 (50) 12.9 (40) 12.9 (60)
(Thin resin
heet overlaid) Max. | 23.9(100) 24.2(100) 20. 6(100) 28;5‘(95) 20.3(100)
N 20 16 16 16 16
Ave. | 19.5 (90) 19.5 (95) 17.1 (88) 21.0 (86) 20.6 (91)
B. F. J and L | Min.| 16.9 (50) 14.0 (80) 12.6 (40) 14.0 (40) 14.6 (50)
(Thick resin 3
sheet overlaid) Max. | 23.9(100) 23.9(100) 21.6(100) 28. 6(100) 27.6(100)
N 20 32 32 32 32

Type B specimens in JAS (Japanese Agricultural Standard) are prepared after outdoor
weathering. Adhesion strength is culculated according to the formula of P/Sx0.9x1.2.
*1 Wood failure

*2 Tensile failing load (kg) of face veneer with 25 mm width along incision of specimen,
*3 Number of specimen

45 E# B

ZDHEREEBICIT I 5127 2/ —A VS VY — b A == LA GROEL ARBEE RN, T
HLIEL AHEIEHECEVLVEHTHH 2 EABBEIh T 5, Tihebb, BORTTHAREL
TEEC 8 FFERMIEEA Lo ARBRRK (Phot. 6 £IH, #1£#0.8~1.8m OHHHBEORGE L)L,
BAHIS AP E R B L TH % &, 2FE LWRERE Righ, REORLESL L) wETLHE
T« 45° HA ORI AEHUL Table 6 DL THB, fok, TOFRTIBINEL A VECHINT
HEEOEARBRELD L Hbe TRLI,

O LD, EHFRBROBEO LD L, BIMIK AL EMBLTABE, BINEL A LEXEAR
R 2 ~3FECHY, ThbbBMI ALEARRO 2~3%ThY, FIHZARRO 8FIRMIL
AHD2~IFILHY, TiHbLEMIKATEARRD 3~4 (8/3~8/2) fEL\ > titied, Thb
DB BIERERICEES CIRHIC rough 7o DTIXH 545 G » 46° BRI ORI A &, MH «» BAE
DEARABREOBMBOLEK E LT, fiZIEREDHIMEOEULEITHAS” L5 2 LixEARR 2~
34E70 U8 DB CHYTHS LB b, =0 LA EOBEL bbETHELDE, R LIF—
A—VAERD 5D, BF, J X0 Lot — 3= v A it 50 B &+ e LTw 5 L Bbh
Bo ZLTIhBOZ L, HEHRD KHVTHRE L “SEAEHE EEIER) 1o vy — FREK
ELT7 57 MERAVBHA, BIRORIEE, Loy — F UK « BHRC X B IR, 4 — - LA
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HOER 72/ APy y—bd— - AROBHBEC X BEL AEBEOREK
Table 6. Comparisons of weathering method by inspecting the surface conditions of
phenolic resin sheet overlaid plywoods

T—/:—V’fﬁﬁ Axl o
Overlaid plywood )
ERAB: , . . ESHETS ;
W< BB F1Z 1\ Service test as| BEZHES D I\ Service test asl BIHIL 5
Type of weathering Facing\ an exterior uh +_soFacing\ an exterior utdoor %2
’ on: panel#s | weatnering on: \ panel#s | weathering
2~3 1 2~3 1
IFASORMIRE South 8 s South ; rs
i B S AEY I
Length of weathering time North 8 1.5~2 North 8 I~ 1.5
showing equivalent surface East 8 2 East | 8 2
conditions (year) West | 8 5 West ! 8 ys

*1 23D oA ADELS, Symbol of plywood in Report 3 (this Bulletin, No. 143).
v vy — FE#K Base paper of resin sheet: KP, 0.12 mm thick for A and BKP,
0.05 mm thick for C.
Ly vy — F&JIEHR Resin content of resin sheet: 50~60% for A and 66~67% for C.
#—-3—= 1A Overlay: Overlaid on one side of lauan plywood (1.2 mm x5 ply).
*2 TEMH « 45° f§i#}, Facing on south, inclining 45° against the ground.
+*3 Phot. 6 £, See Phot. 6.

BH 5 BN HRRR

Phot. 5 Circumstances of outdoor weathering.

AROBRARLE L EDLND, FAROEHRK (REBH L2 57 MK, EZX, 0.22 mm, HE 0. 64g/cm3)
HBHVEEEX 0.25mm BEDOLONEYTHD, 1o THATHERMN SO BAET - ENTE
B LW EERY IBIEST T\ 5,

5. 1% =

HEHD T2FEMDOBINEL ARBOKREME LI 6D 7 =/ — A LS VY — b — =LA /IR
DT, BIEFE T o7 34F, 6EDIEL ARBRIERLBRE L, TOEELD, NERARCH
BT EEHHPET DA - — LA IS SIERH 50% D7 -/ —r v vy — b REWD
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Phot. 6 Circumstances of service test.

BE, 777 FEHOEZX)0.12mm O 4 DT 47 RIFETE /A3, 0.22~0.25 mm D §, D

ERAGCHITRIEHRE TN EMRyBOI D LR LI,
X ik

1) BAFER: v vy — Mo BA— - LA ICBT AR B3R, WEPE, 143, pp. 137~
155, (1962).

2) ———: ALk GE5#), R, 150, pp. 67~87, (1963).
) —: [ALE GE7R), B, 170, pp. 99~115, (1964).

49 —: FE G, [, 188, pp. 185~199, (1966).



—18— HHEABBOIREHE 56 209 5

Studies on the Resin Sheet Overlay Report 10
The durability of phenolic resin sheet overlaid plywoods using base papers

with different thicknesses against the outdoor weathering for six years

Tsuneo MATsumoTO
(Résumé)

In order to improve the durability of plywood under exterior conditions, a series of phenolic
resin sheet overlay tests have been carried out in our laboratory since 1961. This paper is a
continuation of Report 5 of this series in which the manufacturing process of phenolic resin
sheet overlaid plywoods and results of exterior weathering tests for two years of the plywoods were
reported. The base papers of those resin sheets were (.12 to 0.38 millimeter thick, and resin
contents of the sheets were approximately 50 per cent.

In this paper, results of surface crack during six years’ outdoor weathering (Table 2), water
absorption through overlaid surface (Fig. 3), and “Covering efficiency” calculated from the water
absorption values (Fig. 4), modulus of elasticity in bending (Table 3, Fig. 5), tensile strength
(Table 4, Fig. 6) and adhesion strengt.h (Table 5) of overlaid and un-overlaid plywoods which
were weathered outdoors for three or six years, are given, including the results of one or two
years’ weathering.

From the results, the presumption shown in Report 5, that is, “Overlay of Plywood A and R
(cf. Table 1) seems to be insufficient for exterior uses, and that satisfying durability can be expected
in the case of plywood F”, is confirmed.

The details of the manufacture of overlaid plywoods, outdoor weathering test (facing south,
inclined at 45 degrees against the ground) and methods of testing of weathered samples are given
in Report 5 (this Bulletin, No. 150) subtitled “On the manufacture of phenolic resin sheet overlaid
plywoods using base papers with different thickness and on the weathering test of the overlaid

plywoods.”



