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Tsuneo Matsumoro: Studies on the Resin
Sheet Overlay (Report 12)
Results of nine years outdoor weathering
of resin sheet overlaid plywood
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H e BEEMC LB AR 6 FO I TORRERERE L, COBMNDOLHOLY vy — R
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VWY )~ RS BIRERED T 2/ —VREIED, ARAEEE LCoEE, DT = ) — R
BEHRTACEIC L > TRFLIBDTH D,
AELDTLEDBIHID, BUBTHEARVLEOLNT EEEMESE, WEOETIKH LD

CHEO RO IERRE T ERERE, AT BEMEYURPIERERE, /i

— S A D B

BRI WAL RS - RBRFERE, KBHRKE, LOMEERIFEER (AN, aR TR
) 1T, RBRAOEMAEY LT LS > kAPREBREL, BHVALET,

2. HEAEWR

HRAWR O HEL Table 1 TR, CNSR ERALLBRAR, VY Yy~ FAREOENCE -

T, BROLSK N V) —x, N ¥J—X, Na’ ¥ —XD3BICKRTECENTES, VTR
Table 1. # #H & ® — B #&
List of plywood for weathering test
N . < AR
R vy I Resin sheet SELAMR B (1)
£ )Hé A e VA jugE  JR #K Base paper® s B F S ok
D @ 5 - EHE2 | Thickness|Wea-,
Symbol of Overlay ol E s BEEH B I | Resin o thering
plywood 5 I hickness| Basis Resin | ontent| plywood | (1)
Symbol (mm) weight (%)  begins
(g/m?) © (mm) |in:
Non-overlay —
N (Base plywood) 3.4~3.5
" A-53 A 0.12 62.5 53 3.6~3.7
| o | B52 %g%ﬁ@ci{?ﬁ B 0.20 110 | P:R:F=| 52 |3.7~3.8] jg60s
2| F-50 Both sides F 0.22 141 [ 0.95:0.05:2] 50 3.8~3.9| 4 A
— 15} .
. overlaid ~ .
,,\; J-50 by self-bond J 0.38 226 _ 50 4,0~4,1 f}ggél
=z, R 0.125 | (63)*3 Tﬁff 4 p }% ' es | 3.6~3.7
Lo || o) omthe | S |50
LA ¥ ’ market
Non-overlay
N (Base plywood) 3. 65~3.75
K| A2 aa&%&cch%ﬁ A | 012 | 62.5 42 (3.8 ~8.9
L8| Boas WA——V4 | B | 020 | 110 |P:R:F=| 45 [3.95~4.08 t°p"
-8 Both sides
8| p-43 overlaid F 0.22 141 |0,95:0,05:2] 43 [3.95~4,1
N | K-45 | by self-bond | g 0.25 120 45 |3.95~4.1 Jlgré’f
4 ﬁﬁfﬂﬁ%ﬁ*f% L 0.22 141 v
F-25 wr MEA—S= | F | 50 o | 40, gt 254-58%24.0 ~4, 25
K ” a-60 A 0.12 62.5 60 3.8 ~3.85
18 a-se [HEERCERM A | L | |amstmmis se s ~a.0 | 194F
38| a-53 | Both sides A ” ” Tna}i reﬁ'ln 53 3.8 ~3.9
x| ofoas overlaid F 0.22 141 | A Co lab, | 48 |e.05~a 1| June
SZ by self-bond : 0. 1ab. sV 1962
f—-43 F ” ” 43 4.0 ~4.05
¥l 2% A, B, F,K ZRI5L7 77 byl T 3EEMRE,

Symbol A, B, F, K : Kraft pulp, J : Ragged cotton.

* % ¥
W N

B2 HIZERDME AT, The second term shows film glue.
#EE Presumed value
Both sides overlaid with film glue.
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Table 2. & & & W& © # & £ #
Manufacturing conditions of base plywoods
& W B =
Scslrmbol of plywood N N
A-42, B-45, F-43, K-45,
BiRE UlcA—i— v A A#R| A-53, B-52, F-50, J-50, F-25
Base plywood for: R, L a-60, a-56, a-53, f-48,
f ~-43
Laboratory made water soluble
W o phenolic resin Water soluble phenolic resin
| Resin H P:R:F=0.9:0.1:2 on the market
Solid cont.=46.5%, 100 100
DEA pH=7.1
CAE —
Glue Soybean flour °
formula| ¥§E 7 « 7 —
P Filler — 10
(Parts) | yecommended
7K
Water 10 20
W o pH — 10.1
pH of mixture .
#f&E Glue spread 30 ~ 35 30

(g/30cm X 30cm DGL*)

H R fE K

Lauan (Almon) 3 ply
0.94+2.0+0.9mm

Lauan (Red lauan) 3 ply
1.0+ 2,04+ 1.0mm-

Veneer construction

% I
Cold pressing

10 kg/cm?, 2hr

10 kg/cm?, 4 hr

" Hot pressing

10 kg/cm2, 10 min, at 130°C

10 kg/cm?, 6 min. at 130°C

% mw £ E

Surface finishing

T 180 FT V71 7 7
Both sides No. 180 sanded

W 180 By VT 4 VT
Both sides No. 180 sanded

* oAl @& Amount for double glue lines.

HERREGAPFERORREEB L THELLSDTHY, ZORMIC OV TRAHESY KR~ BNT
Y-

BFRAHTHS N BIU N 3, METHELLI Y VED3 71 4WTHY, Bikdkitx Table
21CET BRI ZNEN0.9-2.0-0.9mm, 1.0-2.0-1.0mm T, OWIhb 7/ —VRREES
# (N 12 P:R:F=0.9:0.1:2 oibkoRlE, N ZHEO 70 ) ) 2ER Uk,

v vy — rFEKE Table 1 %5 A, B, F, K 3Rk&5L7 77 boov 7@, J 3BERRTS
B. ABERIEE LTI, MBHO 72/~ (P): v/ vy /—w (R) i dva7rTe ¥ (F) ©

E0.95: 0.05 2, AKBALF b Y Y AEMIEE UTARLE, BIZFRO 7 =/ —VRBIES, BXU
FRD ARt OBIEE AV e A —N— L4 RAROWEICAED VY vy — P RRENIE L1z, A TH
$HTEORERARET S K45 11, 85 K OF#k CR&5L2 77 bSv 7, E&0.25mm, ik
B 120 g/m?, HIHFENINC EBEMNTSH S, Table 1 2R) 2RV AERIBIBOVY VY
—bEA—r— L4 LD THY, A—— L A%HE A2 UTOdDEME (0.2mm D7 v
2 VHEETIEICE 5 KUV, E12kg/em?,  #MREE 1256~130°C, 1653fH) Th 5. %7 a-60 LT
12, BEFEA -3 FICAMBIEEERE LY b0T, AERRENTNORTORMECELL, A~
— U4 SR EEER % 130~135°C & L7PISNE, A-42 DITERMETH 2. N oOEBAHRIE, K
BOTRABYEICT B, Table 1 IKRLELSIE N ARZAIRET S A-53 DITORKOME N
) —%, N AREBKRET 260055, N v —XERUHBROBIRE A 7o A-42 LI ORHB
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DfiE N vy —x, A e Ve a-60 LT ORBOME Na/ &) —XELERT EET D,
BRSO T, WEENESEZEMNETEILI VY — FORKTREREE LT, OF—— A BOLHIE
EH, AEBRTHOEEC SN TR 0g/m UEH 5 &, @F —S— V4 BORFA (RHEROARR
IKERT 5 4M) DBIRDHREH 16kg/l5mm () LSBT E, D2 OEFF L, ABMOBKT
i3, N ¥ —x® B-52, F-50, J-50, L (o 7/ v—7F1) 5, N ¥ ) —xTig F-43, F-25, K-45
BRBO TNV —T W) BRCNODEHERETHHDTH S0

3. BiHE 3%

BT AERROMERIRD BV TH S,

3.1 A% (1) (FEm - 45°EAHE < A)

91X 182cm DAHE 30X30cm I LcRBlo T v 9%, vy, —ailscy—n L, WEER
B LICFEEI T 45° A &4, @RS v F M Uk RS (1962 5F % TR LcREIRE) IK&REL
7z (Photo. 1), < AHBDBIE, N ¥ U —xX13196044 A, N’ &) —X{(319614E6 A, Na’ v
—R319624£ 6 ATH B, &EH 5 KT
AL, 14, 24, 34, 6EBLUIFR
TREHEIMFOL0ETL, MER B L
Too 7L, —IBITDOTIRIID A S HEHR
W1, REICE > Thbilcd D
bbb, cDEFL AREIETNTOREHC DN
THEME Lo '

nE, COELHEEFERNHTTHERE
UCHER - BEHICHERT2HBA4LD, N3
DEVLITHB ELHEEINTNAEY,

Photo. 1 ¥ A% (1) okt (EL AHF0

SENT, AHOB O EZRT ) 3.2 < 5% (D (FEM - |EEL 5)
Circumstances of Weathering I SelC F DB DO —IRIO HRE XN TV B8
(The samples under exposure .

are not those of this report). BHER, A—r— 1A OFWBIDOARDIE L

DRBALEERALTH %, THbb 91X182
cm OFKIE, 84X84cm DR 2 KiC TN
U, ©UD % B SEBRM I 3 18 L ok
BAC, SRBEED k> THE - EH
iIcE YD (Photo. 2), HElo T v Vi
VI U7 g S OMMIBIRETH 553, iS4
B (Ebe 28 THNN—INTHY, HE
DPOE AR TEUETOE IRV 1IMTH
- | 5 < ARE REI962FL0 519685
Photo, 2 3¢ A3 (1) O  W0AETOCEME, Z0HE19714F10/ %
Circumstances of Weathering 1I. TO EMECDT TS 5120 TDIEL A
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BB, NY U —X 0BT 20 TREFITI 57223, 6 EBIZ ADREHT DT DB DBIERER T
3, TUHDOLECAECAICESHRS 20mm BEORHMBRLNIDLTS 2, '

4. 1F < BEREOMERERE

HI#7P® E TOREHEE - WEZIKELT, @ ARMOMERBRETEY, 2N oORBREEL D,
F—=N— 14 ORHRP, EL AEEOLBERA I
4.1 BRA OWICE
ENENDE L HRED D ORI DRIUL, RO &SI - Foo
ELAE (1) 20 TRERP EHE Lo
<2k (D OREHME - BIC4F3 L, £OEL, ATO2KEDELNS L CREICH 5 HFO
DLERDT T Fig. 1 O X HICRBRF EHR Ui
HE L AEOREEEE, RIRL 3BT DBEIL Table 3 LBV TH 5,
4.2 REEHL
BAEL A 1ERBE S HRREABR L, &—— L BOENORERELH o &R HIE
ELTEDLT Y, SWBEROMM S IMICERZT 5 HERERY, € OREREH S B hOREEL—<
(K5 f5) THE Ul BIERBOEFDO X HICET 720
B AE (1) TRr, HEohiic®ir/z30cm 0T, BERIEEERSRBLTEDRTITC
etz B,

Table 3. MEHBRIEH &H BRA
Items of measurement and B yvre e |20 22223
number of test piece :

BLAE | LA

Grain direction
of face veneer

i < A B (1) (m NEREE R RS
Type of exposure |Weathering| We:zthe)ring
i
EL AR ORES |
Size of panel 30X 30 84X 84 -
exposed (cm)
Iy VDY = H b 7% L
Sealing of edge Sealed | Unsealed
3 = 33 34
AWM DR
B
Number of sample 1 1 =
for each test =
period 27|28 |29 |30 |31 |32
K = i
(5 X 5cm) 2 4 -
Water absorption : ”
' 71 8 30
Adhesion strength . . .

- 1~15: Bending and tensile strength test piece
HEU‘WM& 0=0° 3 10 16~32 : Adhesion strength test piece
Betrgltng 9=145° 3 10 33~34 : Water absorption test piece

(20 X 2¢m) | 0= 3 10 Fig. 1 <% (D) 0450158 »50
SIRDBE | g=0 3 10 R DRI ,

test efggo g 18 Cutting diagram of test pieces from a
(20 X 2cm) o= quarter plywood of Weathering II.
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ELAE (D) T, MEOETHE ALBMIOH - #E10cm FofPlicH - cdzidhis sk
&30cm O, BEUHhRC 30cm, F3AE Ui
FEEENMBHETT B &, B BBSZFLIAEY, 20Kt —~—1 4 BT 5CESL SO0H
505, ZDBSIIRERmICK 3 JPLES O KIEOmEEEERH Lo
4.3 # E & .
5X5cm BB DT v U%k, 574V Tk Y (1:1) BRAWMTY— L, 25~26°C DKIC 24l
M, 48BFRE, 72BSRNREL/L EOBKEBERBERMEL, Zho0E» OO EFOFERCL - T "KE
B REM U7, COfEEF, KIKEBELTHEBKLEVEAIIE 100, REAOERGIRER UK
m%®%®ﬁ0tﬁéo%ﬂ@ﬁb%ﬂﬁ&w&of,%@<6®ﬁﬁéﬁ&b&*ﬁﬁk%“%@@v
4 F ZDEERT
W RE=(1— (Wov/ WxoN) mean) X 100
czic, Wov: ikEOKRIE24R, 48R d 5 W IT2MHI RO BUkE
Whon @ RIZL A « HEMBEEEIRD, 24 FR, 4885RIH 503
2R R DB E
(Wov|WxoN) mean : JKIEi5 24, 48, 7T2HHHB D, ZNENDRA
ICB B (Wov/Wron) D
44 EEAH
20°C, 65%RH THE Lo BE#EENE, BHEICXORE Lico WAL
Fa 13 mm, WHHEEEE Lo
4.5  ilF BIERER
FLAREP B, 6=0° 45° 90° (6 [FRBUMMEHE EDITTH) 3T
ED 2% 20 cm HERF 2RI L, 20°C, 65%RH THEH, #kLi. 5k

R=170

R=253

7w o Aoty 15 cm OHRERHEE (< AROEIEERHE L), HE

Fig. 2 31305 L rbaOBEE, < AE (1) ©64£F COREN, SEERINEC X
| JromR STHAT MY = ITHBED, 9 EDRI S XU Bk (D ORI

Tensile strength .

test pieces DNTIE, EBREHEIRRTRERREE (BEA-1777) K&kB S-S A

(unit : cm) —TBLESED, TRENET Y Y S EE () BER U, S, 4—

W=V A LIROVERIZEILE SR X BEXFEABOB LS L, RBEOESEd LicEd Ly
vV TR R LS VB A S 50T, ©OBAICIZETEIEE BT Tk L,
4.6 BREEDHEE _
BT BB A o 7o BRI 1 5, Fig, 2 IORTERI AR LBIED S (1) 2Rb7eo

5, HBRERBIUESE (1)
(N, N’ ¥ ) —X&WRicD0T)

5.1 RERENZE(L

REENQFERRAE Table 4 {ORT e BIEPPTORNATEL, VYV y— N EBORRIKED A-
53, R, A-42 i3, < ik (1) OBAIR 2ERBOC 5 XD REENSIHIED, 2 ISIEERICE
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Table 4. 13 < AEEBRIC X 3 BHEN ORART

Surface crack*! of outdoor weathered overlaid plywood

3 < A # (D 3 <A H (I
& [ @Sﬁeﬁ Weathering (1) Weathering (1)
Plywood inspected| 3 year 6 9 3 6
. . - # (S) ] 18~30 |(20~50%5)*8 (100%) 0 (20%)
su—=71 | A3 g (N 0 16~26 41 0 o
| South 6~13 (2~5%) (90%) 0~2 8~25
Group 1 R | North 0 0 9 0 0
Ny —xX _ S 0 2~6 23 0 0
B-52 N 0 0 0 0 0
N series . ., S 0 0 — 0 0
sv—71 | F-50 N 0 0 — 0 0
_ S 0~1 8~14 28 0~4 17~24
Group I | J=50 1§ 0 0~1 1 0 0
L S 0 0 11 0 0
N 0 0 0 0 0
R R A-42 S 32~56 | (95~1009%8)| (1009%)
Jnv—7 B N 0 7~12 30
Group II B-45 S 0 8~16 (50%)
N N 0 0 1
¥)== F-43 S 0 0 —
N/ series | /' — IV N 0 0 -
F-25 I§I S o -
Group IV -
B S 0 12~12 (5%)
K-45 N 0 0 2
Sl Number of sample inspected 3 2 1 1 1
B2 ¥ Number of inspection for each £ 1 &1 1 3 3
*1 R 30cm OMERNT 2REENDOEE,
Number of crack crossed with the line of 30 cm.
*) EBEBNSETL, VY Yy — ESHE LRSS OEEE S,
Percentage of area stripped off resin sheet after intensive cracking.
Table 5. B4 3 < At & %2 $E i © & (¢
Changes of covering efficiency by weathering tests
< AU < A E (DD i3 < ATk ()
& i Ini tiafi” Weathering (1) Weathering (1)
Plywood value 3 year 6 9 3 year 6
Jnv—71 A-53 90 63 23 —21 82 39
Group I R 99 76 33 -9 95 42
NvY~—X
B-52 96 92 87 52 94 89
N series | 7 v—710 F-50 97 86 87 — 91 88
Group I J-50 94 89 78 54 90 75
L 92 90 90 77 92 89
7 wv—71 A-42 83 12 —19 —37
N’/ Group I B-45 89 73 31 —16
Iz F-43 8 8 7
N o -4 6 4 6 —
N’ series | 2V 77N | gz 65 61 72 —
Group IV | g 45 86 78 40 — 4
3 <A R B B _ 1 1 1 1 1
Number of panel exposed
H OB A %
Number of specimen (#) 3 2 2 2 4 4
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FL, 9FEEBOBATIEA —— A BIEZOREHHREL, REREOHRITEE LS > TV,
ZNEABICERICSENDBED, BRACBMLTH L, BLAE (1) THEKOBEIMSD 525 <
A (1) OFEICHE L TAKNICENOREZDE O, L A (1) Kk B-52 & B-45 %1k
#8945 L, B45 BRI A—— LA BB LIRLTESY, HOEEMSTETLEERSBHBTIR
+HTHEBCTEERLTO S, :

FHRENDOE D, A —n"— LA BOFBRERICK > THELLTROI LN TE S, TUDD,
Table 5 ok L7z &k Sic A-53, R, A-42, B-45, K45 1313 A1k (1) D IEHOEL ATA—"— 1
4 OHRIBERLTED, LA (1) OBAICSTORECZ/NEVY, ThoDARIIMOFEENC
U CHE RS T OEADAE

52. % & A ; :

EENRROMSEL Table 6 IKRTo BBROT &L ABRTANAARE, WIhd 7 =/ — Rl
JEEEXZAOTRELZSDTHY, IEROBAE ALK > THRBOBERIROSNE P oTe U
ML, BENE UTHE INISEICEEMEL AR BETHREAL NN, KBRS RNCEDPD
BT, COBETHELT LDEBZHOBETIET 2L ERBRSE. ¥is LTHELNWUETO E A,
(1) WEAR, (2) A—~— LA BENEEH LI A-B3, R, A-42 isEp s v—7, (3) fl1d
A== VA AR, DIEFET/HSBIEANEYD, BEIOMARDETEA —~— v 1 DBRHBKE
NWZEERLTO S, ‘

N v ) —xXaiE N v ) — XAROBEENRER FHHEICTT k. 6 FROFHTENE 1 98

Table 6. BT AHBIC L 2HE DL
Changes of adhesion strength by weathering test

s e i3 A |D) i3 < A E (DD
o i ‘ihfitﬁlﬁ” Wéathering\:(l( ) Weathering (1)
Plywood value 3 year 6 9 3 year 6
N 15.2 (35)| 11.5 (34)* Hijgtlh | HiKih 1.5 (99| BEtIn
A-53 | 19.5 (90)| 21.6 ( 75)| 17.3 ( 94)| 10.7 (100)| 18.5 ( 96)| 13.8 (100)
Ny ~= R 19.2 (71)| 15.3 ( 89)| 10.6 (100)| 21.1 ( 96)| 14.1 (100)
. B-52 23.0 (70)] 22.3 ( 97)| 13.9 (100)] 20.2 ( 99)| 14.1 (100)
N series | p_50 19.0 ( 93)| 17.5 (99 — 22,0 ( 95)| 16.1 (100)
J-50 20.2 ( 91)| 21.9 ( 81)| 13.1 (100)| 22.9 (100)| 15.8 (100)
L 21.9 ( 88)] 20.9 ( 92)| 13.9 (100)| 21.5 ( 96)| 15.7 (100)
N 17.7 ( 80)] 8.4 ( 36) 6.0 (76)| BitIh
J o ! A-42 | 16.6 (82)] 14.9 ( 48)] 10.5 ( 48)] 7.5 ( 50)
N vy == B-45 14,4 (35)] 18.6 (59)| 7.0 ( 12)
N’ series F-43 14,3 ( 33)|  14.0 ( 72) —
F-25 20.1 ( 93) 15.4 ( 86) —
K-45 15.4 ( 33)| 12.6 ( 38)] 8.1 ( 30)
HREHEH (») 20 8 8 8 30 30

* NEDWTRERE D7D 24EDDEEER,

Value of 2 years exposure because of lack of 3 years value.

BRI, FEEET (kg/cm?) &, () RICHEEREBETE (%),
Each value shows average adhesion strength (kg/cm?) and average wood failure (%) in parentheses.
(#) : Number of specimen.
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%, 80%) EHWB UGG, WEOFHSREVEABRASN, MG THELIerk P:R:F=0.9:
0.1:2 OHEFEAS, JOMAERT CEMBESHICEINI,

5%k, EAEEHR N, N O < 55003, @< AUMICBEBRNEMENES Vs, EHE (6 ~94)
BBELIODR, IRV FAWRROLE, BB OWAALOERBR TN 2 (A & > TR A
HEWICH Y, 20D THNT 2) 12, BEHBOWEREENE UCHEBT 2 L3MEKRTH 5
DT, TCTRERHLUE L -7

5.3 YV IR

BLAW (1) X2y v/ EBO 3FE L0 Fig. 3, Fig. 4 i, $7:, WHEICET 2
WABERE LT Table 7 itiR Lo CTOBA, VYV Y— s 2. Tz, @, @ D 25445
TED, BPICE>TNY Y ~XEIVv—TT (2&EEBRELIEVI V=), Tr—7T (244%
BRI BI7v—7) kad, N v —XkzhZTns/v—70, Sv—FNERS, £7v—THNTD
FEHEESDE TR, e, EL A% (D kB0 2BER (MPEE LTR, B A% (1) oK)
BOfE% & 57:) % Table 8 KR Lo

LA (1) IKkd 22O BEAE, —RNICE 6 FDTTOEAD, ZORD 34FMICH 3] Skt

(8/ent)
x10|

150~

bending

(Eg)

Modulus of elastici
i o AR

o

o< A F OB
Length of Weathering [ (year)

Fig. 3 F< AHE (1) IKX3 N v ) —X&|ROMES ¥ v 7 EFROEL

Changes of modulus of elasticity in bending (EsB) of
N series plywood by Weathering I.

(kgtm?)
1so N A-42 B-45 F-43 F-25 K-45

x
w

P
-/
/
;
/

>

£

©°

C

W

Eal

£

ol

o®

£

Ebe

o O

DN

© ¥ 50

2#

2 1 1 oL 1 1 1 1 1 1 | 1 1 1
o 3 6 90 3 6 90 3 6 90 3 6 9

wr o< A F O#
Length of Weathering I (year)

Fig. 4 X< A% (1) iKk3 N v ) —X&ROMT ¥ v 7 HRE 0L

Changes of modulus of elasticity of bending (Es) of
N’ series plywood by Weathering 1.
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Table 7. ¥ A% (1) KEB#T Y V7R (Es) BEROREEL
Changes of EB remained by Weathering I
IEE Item Es B f£ 3 Es remained (%)
0=0° 9= 45° 9 = 90°
3 6 9 3 6 9 3 6 9
year
N - 67%3 36 — 44%3 30 — 78%3) 102 —
. N A-53 77 62 53%4 73 43 24%4 62 55 50%4
sFuv—=711 "R 86 82 69%| 74 48 20%¢| 74 70 56
Group I
Ave 81 72 61 73 45 26 68 62 53
B-52 91 90 82 84 75 55 89 82 60
N F-50 95 92 — 79 71 — 74 70 —
=71 J-50 81 85 75 77 60 46 83 66 45
Group I L 107 94 101 98 89 71 104 92 81
Ave 93 90 86 84 74 57 87 77 62
N/ 77 48 18 47 38 24 88 107 93
N 5 A-42 94 Q3*4 60%4 60 45%4 26%4 72 63%4 52%4
%’V*7H1%1 B-45 85 79 73 68 45 26 72 62 51
rou
P Ave. 89 86 66 64 45 26 72 62 51
F-43 95 89 — 88 72 — 79 69 —
Tv—7IV F-25 105 98 — 90 67 — 84 78 .
Group IV | K-45 103 91 80 89 59- 35 92 68 50
Ave. 101 93 (80) 89 68 (35) 85 72 (50)
*1 Direction of test
*2 Exposed for : .
*3 2D OMEEEM Value of 2 years exposure because of lack of 3 years value.
*4 F—N—VL 4 BHB Stripped off resin sheet.
Table 8. < A (I) iKY 38T ¥ > 7R (Es),
BIRDRE (o) BEXR
Changes of EB remained and or remained by Weathering I
Iﬁﬁ Item Es BFH Es remained or BEZE or remained
A agﬁﬁrﬂ*l 6=0° 6 = 45° = 90° 6 =0° 6 = 45° 6 = 90°
=
Ply- \iZ< A 2| 3
wood ~ FE®| Sear | 6 3 6 3 6 3 6 3 6 3 6
N 62| 37| 53| 40| 123| 154| 19| 17| 48| 36| 72| el
. N A-53 71 62 71 39 64 48 65 52 72 54 68 71
%?3;1? II R 93 92 85 42 78 36 93 81 100 64 90 83
Ave. 82 77 78 40 71 42 79 66 86 59 79 77
B-52 82 82 83 64 76 65 75 70 70 65 65 77
7 —71 F-50 88 90 79 65 88 72 105 90 110 92 112 100
J-50 81 72 76 53 81 48 80 57 60 44 73 57
Group I L 97 102 99 83 102 93 96 99 72 821 91 94
Ave 87 86 84 66 87 69 89 79 78 71 85 82

*1 Direction of test
*2 Exposed for:
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Table 9. BT AIC X 3 AWDE S
Thickness decrement by weathering tests

\ 1 < % &
: Kind of weathering
B

i < Ak (1D
Weathering (1)
(6 years)

3 < A B (D
Weathering (II)
(6 years)

j=]
Plywood
N series overlaid plywood

0. 35~0. 65 mm
less than 0.1 mm

0. 45~0.6 mm
less than 0.1 mm

N/
N’ series overlaid plywood

0.35~0,5 mm
less than 0.1 mm

Table 10. I A% (1) kKB 2BOBAROHMI R (EI) BER
BRUOBNIES 2D BIIRDBUEAE (Pmex) BHFEE

EI remained and tensile breaking load per unit wide (Pmax)
remained of non-overlaid plywood by Weathering I

. 3 HEH EI & & ¥ Pmax 7% f7 K
& ¥ | Exposed EI remained (%) Pmax remained (%)
Plywood f%;:ear) 9=0° 9= 45° 9= 90° 0=0° 9= 45° 6 = 90°
N 2 59 39 64 37 40 63
6 20 16 61 19 17 47
3 65 38 76 49 41 83
N 6 38 30 80 | 26 19 74
9 12 16 64 6 10 34
Table 11. < A8 (1) 6 FMOMNE N 44, ERMEICEY 2
v v 7 %8 (Ep) BXodhdmie: (E1) BER
EB remained and EJ remained of non-overlaid plywood (N)-
measured in full size after 6 years exposure of Weathering I
BB 0K M Es B (%) EI BE (%)
Direction of test EB remained EI remained
South side:
9 = 0° Compression 55 38
Tension 52 35
South side:
6 = 90° Compression 116 79
Tension 119 81

HEDA X & Size of panel : 84 X 84cm

= Bt 5 = Testing method : X-¥> 60 cm OHf#EHRFEE Span of 60 cm, center loading.
R E LTI, 91 X 182 cm A& 2 E5 LB OMF DiEE M7,
EB And EI are compaired with that of residual half panel cut from 91 X182 cm panel.

TWVB, 2LTA—— VA4 EBHEL, dA0REXMENORENE L, S SKHPREER LT v
—71, M, o/ v—7 1, VIHKELTHSMICETOESNRE D WIS 0=0°, 45°
HHOEFE QICkE L, REBROFIEYE->T 5. CO%H, Tabled 1TRY & 5 IRHRIC
RCBESHLORY, RBFOEIZd EICENT YV 7 HY, 5RVEBITE, 0=90° OHMAK
BOTHHELORECERINIBRIZAFD LN, 22 TELAHE (1) © N, N o iR

M EI, BfIEH7- 0 OBROBEMED 2 Dic 20T,

B AEHC L OREREHELT 5 & K,

Table 10 O &Y, MEETOREBEISEBTE S, COXHKEEREDLVIFL ARAK DR
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(ko) N A-53 R 52 50 1-50 L
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(c7)

K
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o
\
S 2001 X =~ ‘\\1
= \ \\ x\’\ e X\X\

XQ_X "\,( X

L

o< 5 F oW
Length of Weathering I (year)

Fig. 5 (<5 (1) 10&5 N ¥ —XAHOIIED RS DL
Changes of tensile strength (¢1) of N series plywood
by Weatharing 1.

(¥S/er)
800}

@
=3
S

Tensile strength
3®UBS (61)
s
(=]

~
=3
=]

o ek

Leng’rh of Weathering I (year)

Fig. 6 X< A% (1) K X3 N v —XAROEEDR S DL
Changes of tensile strength (o) of N’ series plywood
by Weathering I.

EHfeosEmiciE, #gRc X 3 FE0EHTS 510,
EeAE (D kB Th, LA (1) T LW ERABERICED S (Table 11),
5.4 BlERbpE
A% (I) IKk2 3ECLDFED® IO % Fig. 5, Fig. 6 i, EFEHEE Table12 iRl
Tro Ttz L AE (D) KX 2EEXE%E Table 8 KR Lo ZDBIIRDIRE T B B & AR E
s s, FSv—71, M, Zv—71, NEDETOEABKTH -k,
5.5 [£<¢ 5% (1), (II) ks
BANEL AE (1), (D) oMEBEREAZD, BEN, HWERRER EOEERE Table 13 ITF
Ldtce TNRBHOEHEEE L APHMBENENE LNV Y —XH5RD 6 £ ADETH %0 C
OEPD, 2FHEORL ALERKT 2L, ROLSBTEHNT 5,
WHEE» OHIIGE
(1) 45°EROEL A (1) OFs, EX-BHORLAHE (ID) XDbTFLIET LV, #EE
WETRED SOBUKEDEEFANTHELTWAEDT, LA (1) TRER (EH L L) OB
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Table 12. X< A (1) KEB3IHREHRE (or) BERORELEL
Changes of op remained by Weathering I
@ or B B # or remained (%)
P?ﬁ ;fiﬁjjraj*l 6 = 0° 0= 45° 9 = 90°
- . 3
vgood w year 6 7 8 6 ? 3 6 °
N 1 39%3 23 — 38%3 19 — 68%38 57 —_
. o A-53 50 45 26%4 67 58 20%¢ 85 77 55%4
%;18;37 II R 83 54 43%¢| 92 61 36¥| 92 91 794
Ave, 66 49 34 79 59 32 88 84 67
B-52 81 73 37 86 72 56 78 83 93
N ° F-50 96 99 — 77 76 — 61 76 —_
Tr=7TL| T 5 95 93 60 54 35 32 62 66 56
Group I L 91 73 79 89 75 62 108 83 81
Ave, 91 84 59 76 -64 50 77 77 77
N/ 53 27 8 44 28 11 89 84 39
N N A-42 64 51%4 25%4 37 28%4 10%4 73 634 4]%4
Jn—7W | B-45 87 80 39 55 36 12 84 67 69
Group I
Ave, 75 65 32 46 32 11 78 65 55
F-43 85 58 —_ 84 60 — 72 53 —
FSwv—7INV | F-25 98 87 — 82 56 — 85 71 —_—
Group IV K-45 93 65 62 66 38 20 82 64 48
Ave. 92 70 (62) 77 51 (20) 80 63 (48)
*1 Direction of test
*2 Exposed for:
*3 2MEMHDIEEEM, Value of 2 years exposure because of lack of 3 years value.
*4 F—N— L A BRI, Stripped off resin sheet.
Table 13. FEEBEBNICH 21T AHO KK
Comparison of weathering methods by items measured
. WERRER BEBRAEER —0° —0°
'H:'KEE Ttem Covering Adhesion Es (9—0} ) o (eﬁ—o %
. efficiency strength ined (9 ined (2
&< E&F‘i remained (%) | remained (g) | Femaine (%) | remained (%)
=]
A A (D [ () [ (O () | ([ () [
AL Find and denSihlia < AU < AR X AT < ABIE X A < AT K AHRIE < Ak
Plywood (1) (1) (1) (1) (1) (Im) (1) (1)
6 4E 6 4 6 4F 6 4 6 4 6 4 6 4 6 ¢
N — — * * 36 a 23 17
N o A-53 26 44 89 71 62 62 45 52
7le —7 1 R 34 43 78 72 82 92 54 81
roup I Ave 30 43 83 71 72 77 49 66
B-52 90 92 114 72 90 82 73 70 -
. T F-50 89 91 90 83 92 90 99 90
snv—71 J-50 84 80 112 81 85 72 93 57
Group T L 98 97 107 81 94 102 73 99
Ave 90 90 106 79 90 86 84 79

Kind and length of weathering : (1) Weathering (I.) for 6 years, (2) Weathering (II) for 6 years
* YIABICH Y ZERBEROWM 072, Hilidd,

Uncalculated because of tensile failing of face veneer along incision of specimen.
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B L0, THREBNEATS 20U, <A (1) TRIEOBEG S 57:%, HEiEEL
TEHBINZECERZEBDTOVSDOEEDN S,

nH, WERELORLASUERE L3 EELANOMAEEE GINHORE) »5, 2EHD0RAR
_ AUAEKBT 5E, EAE () TOEMEBLLESORER, FAK (1) T4~5EEBL
fo & X ORBICIZIZE LW, 12720, B A (D ToRk J-50 (FRIHAR v I BERENTS
0, {07 57 bV THO SO LE LTRENS V) 1Kid, VL2 LLRESNSEES NI,

BENEND DHIHE

HLAE (D) OFBRKEDVETRERLLY, RIBEMESTNTI0% THEEDH, LT LD
CNBEENDBETTHEENSICERITER, UL, #—"—VvAARICEAREENE LTt
HIREDEESNT O B,

B Y v S BEB X UBEVHRS (WFhd 6=0° H) »oakEa:

A% (1), (1) BEEmicsiRIZE UEIERLTO 5,

INSEEKNICAHDE, L AE (1) OFNA—N—1L{OWEOEERZ > HRSEE (Fv
~ 71 ET N~ FAOESFEICRENTO ) LS5 ICBbb,

ZOXRHSCBAEL AD, AWOMBEICHT ZEEL, A—N—VAREORELBEOAERKSE Z O #
B, WEHEBRECX->TEDLZOT, MAREHNT 256, +ORET ISENRS B0 2 LTA—
— VA HROBHSHEELE UT, WAE»SEMT 25 “WEE 1EHTES 5.

BE, A—— U4 AR, ELAE (1), (1) OREED, 3.2 TO~T/MNESLS, oIS
1MW SN BT o co LD LA ~r8— L4 BHIBTK LIC  WRE, —EBA Lk dimik
LI 07, BHREAHTF TR T BRI NRT 3R L1570, 750 LAk
i, ZORD BT 5 C EABESNTVAP0T, EMICHERYT 25810, chbicktd
BEEANEL Bbh b,

6. HEERBPIUCEE (D
Na" ¥ ) —XERICDNT)

6.1 REREOE/LIIOVT

Na? v ) = XEWOREENDFARIL, $BEDORLE Table 14 iICRT, ThHDH 5, 6FHD
BREVY VY — OREEHSFELT, ARESENT S N v ) -2 A-53, N’ ¥ 1) —X F-50, F-43
ORRELBLTRT L Table1s 0CELTHY, WEEDRFLIE Fig. 7 OTETH 5o &Il
ENDREMSIE P o1, HE1TREGTH -7 F-50 & (-48 DB TIE, ENRA SN —F, A-
53 & a-53 DHKTRL Y Y v~ MEOUMBIRIL, OO TREERICERS BNdo 143 14—/ i—1
AHEFO LYYy — b O HREERIATHTE - 7cfcwd, B HSEDICRY Y VY — FEBAEIN
KRB Lo CNOORRIE, MUBIRETH-TS, Vs / —1EPbRs t (PR REVLT
0.95:0.08, N, N &) ~XO VY vy~ MBHINT, A ORI LTHIEORN (How)
B, KOBEREEZRTOOLEDNG, bRAlk, HOBEENTELARROEREELT, LY
VY= PEEERE UTHEE LI AROEBEE D, B/MET 10kg/em? PlETh 2 L] EHEEDL
e, COFMTAOL LY Yy~ L TOMEE, Table 16 [0RT & 31¢ £-43 Tid 4.0 kglem? Th 1,
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Table 14. F< A% (1) iKdBF3 Na/ ¥ ) — ZARDORTRIEDZ (L
Changes of surface conditions of Na’ series plywood by
Weathering (1)
#N* Surface crack*! =
| EmEEn Bk B | M OB
& K EL AEH [30cm B - h DA Water
Number of crack| &Ik absorption C .
Plywood Exposed for: crossed with Number of | (g/5 X-5cm « OvVering
(year) center line of inspection 24 hr) efficiency
30 cm .
0 — — 0.17 92.4
1 0 5 0. 44 80.2
2 0 4 0.35 82.9
3 1~10 3 0.76 65.1
a - 6 4 9~13 2 — —
5 (20~209)*2 2 — —
6 (60~60%) 2 1.82 15,5
7 ( 95%) 1 — —
8 (100%) 1 — —
9 (100%%) 1 2.52 —18.1
0 — — 0.17 92.4
1 0 5 0.31 85.7
2 0 4 0.56 75,2
3 1~8 3 0. 80 63.2
a - 56 4 11~12 2 — —
5 (40~80%) 2 — —
6 (90~98%) 2 2,11 3.7
7 (100%) 1 — —
8 (100%) 1 — —
9 (100%) 1 2.66 —26.6
0 —_ e 0.18 91.7
1 0 5 0.61 72.7
2 0 4 1.35 39.5
3 1~3 3 1. 30 39.8
a - 53 4 o~ 2 - B
5 (25~80%) 2 — —
6 (75~100%) 2 2,36 - 7.8
7 (100%) 1 — —
8 (100%) 1 — —
9 (100%) 1 2,67 —26,5
0 — — 0.17 92.7
1 0 5 0.18 91.7
2 0 4 0.28 87.8
3 0 3 0.19 91.3
§ - 48 4 0 2 — -
5 0 2 — —
6 0~1 2 0. 34 85. 6
7 1 1 — —
8 1 1 — —
9 2 1 1.53 28. 4
0 — — 0.75 68.0
1 0 2 - —
2 0 2 1.69 23.8
f - 43 3 0 1 - -
4 0 1 — —
5 (100%) L - -
6 (100%) 1 2.36 — 8.6

¥ FEOoHN GEEiICiINThdFEELET), No crack is observed on the back side.

¥ Yy~ EBRER LTS OEEE S, Percentage of stripped off resin sheet area.
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Table

15.

HERBRBIRERE $H26 5

LAk (1) 6 FRICET

LZRMEMREBOERBIBIC KIS EE

Difference between impregnation
resins observed in surface condi-
tions after 6 years exposure of
Weathering 1

FmE| Surface crack 2
N 5 (2k/30 cm) B
51 Covering
Face Back efficiency
A-53 (20~509%) 16~26 23,0
a-53 | (75~1009%) 0 - 7.8
F-50 0 0 86.8
f-48 0~1 0 85.6
F-43 0 76,2
f-43 (100%8) — 8.6

Covering efficiency

3

® &

AY
\\
\
60) AN
f-48
N
A
\
Y
40 “
N N
AN AN A
w A
20 A AN
~
43>
~
~
0
\\\\\
D Y
. 353
-29) S~
e
1 1 1 1 1
4] 3 6 9

T < 5 F
Length of Weathering I (year)

Fig. 7 A —N— VA AROEBEREOREZLEL

KHEbNcEREEDOER L A8 (1))
Difference between impregnation resins
measured by covering efficiency change
by Weathering 1.

Table 17. ¥ < % & (1) k& & % Na’
Changes of adhesion strength of Na’

i< A Type of exposure X < A B (1)
57‘{( el Exposed for: 0 year 1
Adhesion strength s
%ywo% and wood failure &7 WF BE N WF
N 17,7 80 12,8 60
(15.0~21.9)|  (40~100) |(11.3~15.3)| (20~100)
17,1 63
a — &0 (12.9~21.9)] (15~90)
15.6 56
a — %6 166 a2 |(10.6~23.2)| ( 5~95)
19.5 77
a — 53 (14.3~19.9)  (20~100) |}, o7 54 ol (35100)
20.0 72
£ — 48 (17.3~23.9)| (30~100)
£ — 43 ’
. b4
Number of specimen (n) 20 8

BEEAI kg/cm?, WF CREBBMFE) 3%, () Az GPM~&K) £577,

Adhesion strength : kg/cm2,

COVYYy— TIRACEEESRTATH 2 EMFRHENTEY, EL AHE (1) TOS5ERICS
ML LD, LOTFRHSERF I N/
6.2 HE S _
BEHORBRHERE Table 17 I[C/RT 6 6.1 THLONA VI VY — DA —N— VA HROMYEEED
COBERIE N v ) —%, N o) — ZAHTH BN I E R

I, BENDETHRAELR-TED,
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Table 16. HAMIELZRICTIBADL Y Y v — OEEN
Adhesion strength of birch plywood bonded with resin
sheet differing in resin impregnated
]; v ? i R B Normal test = i 3 Bt Boil test* SREAH
Resin I NS [ | A B 2= | Number of
sheet Adhesion strength Ave. WF Adhesion strength Ave. WF | specimen
(kg/cm?) (%) (kg/cm?) (%) n:
A-53 . 22,2 (18.5~25.5) 0 24,3 (20.0~28.5) 0 10
a-53 27.7 (17.8~36.3) 2 24,1 (16.6~33.2) 3 20
F-50 18,9 (13.4~24,0) 19.5 (17.3~23.8) 0 10
f-48 20.6 (16.0~30.8) 18.5 (15.7~22.2) 0 20
F-43 23.3 (18.2~30.2) 7 24,3 (21.1~26.6) 27 10
£-43 19.0 ( 8.0~30.8) 1 14.5 ( 4.0~25.5) 2 20
* Pk 3 ERIROBHEERE: Boiled 3 hours, tested wet.
B : 0%, 1.2mm, 3754, kR 12%
Veneer : Birch, 1.2mm, 3 ply, moisture content 12%.
7V X444 Press conditions : 12kg/cm?2, 130°C, 10min.
YY) - X EWDOEEZENEL
series plywood by Weathering I
Weathering (1)
2 3 6
wmE N WF B H A WE. B E N WF BE A WF
12.9 60 8.4 36 6.0 76 rre
( 8.717.0) ( 5~100)| ( 6.310.6)| (15~65) | ( 4.6~ 7.6)| (10~100) B0
16,0 50 14.7 59 11.0 90 8.9 87
(13.6~17.6)| ( 0~100)| (11.6~16.6)| (15~95) | ( 8.6~12.6)| (60~100)| ( 8.8~10.0)| (80~100) .
15.8 66 15.4 57 10.6 96 7.7 82
(10.0~18.6)| ( 0~100)] (13.9~16.9)| (35~70) | ( 8.6~13.0)| (90~100)| ( 5.6~ 9.5)| (50~100)
14.8 48 15,4 54 8.6 61 8.2 62
(11.6~16.6)| ( 0~95) | (14.3~16.9)| ( 0~90) | ( 4.3~11.3)| ( 0~100)| ( 7.0~ 8.5)| ( 0~100)
18.0 58 18.2 58 13.6 87 9.7 36
(13.9~20.9)| ( 0~90) | (15.3~20.6)| (10~90) | (12.0~14, 6)| (40~100)| ( 7.6~12.3)| ( 0~80)
17.0 38 8.9 86 :
(14.6~19.3)} ( 0~100) ( 7.3~10.0)| (60~100)
8 8 8 8

Wood failure (WF) : (%).

LTH 5,

Both values are Ave. and (Min.~Max.).

6.3 HALF VY IR¥ESERDES
34EC L pE{L% Fig. 8, Fig. 9 iKBURL, BE%E%E Table 18 IR Lico T OORERE Table
7, Table12 M EDHERELE LB, 7 — N~ VA RIBRET 5, BLBHEEORIE

SH5HDTHY,

VIOV Y— EOBBIREMMBEERT ALV I ENTE B,
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Changes of tensile
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Changes of modulus of
elasticity in bending
(EB) of Na’ series ply-
wood by Weathering 1.

I <& 3 B B
Length of Weathering 1 (year)

Table 18. W< Bk (1) (ks Na' ) —XOHOMI ¥ ¥ 7/ RH (En)
BE s KOIROME (0n) Bk

Changes of EB remained and o remained of Na’ series

plywood by Weathering I

a%jﬁ[’ﬁj*l 9 = 0° 9= 45° 9 =90°
ke
AN - S ) 3
wood \2 ¢ Papgel S| 9 3 6 9 3 6 9
Es B K ZE Es remained (%)
N/ 77 48 18 47 38 24 88 108 93
a - 60 98 78 60 60 40 29 79 66 | 56
a - 56 94 82 54 72 37 21 79 67 60
a - 53 93 63 61 69 30 25 67 60 58
f - 48 102 89 81 92 71 43 80 77 57
f - 43 88%3 80 —_ 80*3 31 — 72%3 64 —
or BH HF R ot remained (%)
N/ 53 27 8 44 28 11 89 84 39
a - 60 84 58 23 54 43 29 86 54 44
a - 56 85 63 23 68 69 39 72 67 42
a - 53 82 38 32 63 27 26 69 39 46
f - 48 103 82 70 90 62 21 92 80 57
f - 43 71%3 50 — 50%8 22 -— 68%3 69 —_

" *] Direction of test
*2 Exposed for:

*3 24V DEEREM, Value of 2 years exposure because of lack of 3 years value.
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Studies on the Resin Sheet Overlay (Report 12)
Results of nine years outdoor weathering of resin

sheet overlaid i)lywood

Tsuneo MartsumoTo®

Summary

This paper is a continuation of Report 10 and Report 11 of "this series (this Bulletin No.
209 and No. 220) in which relationships between the durability of phenolic resin sheet overlaid
plywood and the base paper thickness or the resin content of resin sheet were reported after
weathering for six years in exterior conditions. From the results of previous papers, it was
concluded that the overlay which possesses 90 grams per square meter or more total solid resin
in overlay layer, and 16 kilograms per 15 millimeters wide or stronger tensile strength of cross
direction of overlay layer, shows sufficient durability.

In this paper, results of the weathering test of the overlaid plywood which were exposed
facing south, inclined at 45 degrees against the ground in Tokyo (Weathering I, Photo. 1) for
nine years, are given as a supplement of the previous papers. And the results are also com-
pared with those of the weathering test which are exposed vertically facing south (Weather-
ing II, Photo. 2). ‘

From the results the following findings are confirmed.

1. Plywoods overlaid with the resin sheet which meet the conditions mentioned above,
namely Groui) I in N series plywood and Group IV in N’ series, show good durability. After
nine years exposure, the remained modulus of elasticity in bending (£ remained) and remained
tensile strength (o1 remained) in parallel direction of face veneer (6=0°) are about 80% and
60% for Group I and Group IV, about 60% and 30% for Group I and Group II, and about 20%
and 10% for non-overlaid plywood respectively (cf. Table 7 and Table 12).

2. The results mentioned above depend on the effectiveness of overlay, and the effect is
measured simply by changing rate of “covering efficiency” which is calculated by the following
formula (cf. Table 5 and Table 13).

Covering efficiency = (1 — (Wov/ WxON)mean) X 100 .
Wov: Amount of absorbed water through the overlaid surface for 24, 48 or 72 hours
soaking at 25~26°C by 5X5cm, edge coated specimen. \
Whion: Amount of absorbed water through the non-overlaid, unweathered surface for
24, 48 or 72 hours soaking at 25~26°C.
(Wov/WnoN)mean: Mean of three values of (Wov/Wnon) at 24, 48 and 72 hours soak-
ing.

3. The most surface damage is observed on the top side and the least on the back side
of the Weathering I. Mean damages are observed on south and north sides of the Weathering
I (Table 4). As a result, weathered samples of Weathering I and II showed nearly equal
changing rate of covering efficiency in each kind of overlay.

4. The laboratory made phenolic-resorcinol-formaldehyde resin (molar ratio 0.95:0.05:
2.0) showed good qualities as a resin for impregnation when compared with a trial phenolic
resin made by a company laboratory. '
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