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The stress relaxation curves of flat grained Ezomatsu
specimens in 11.7% moisture content.
P :load at the measuring time
Py : initial load
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The stress relaxation curves of flat grained Ezomatsu

specimens in 16.0% moisture content.
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The stress relaxation curves of flat grained Ezomatsu

specimens in 21.4% moisture content.
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The stress relaxation curves of adsorbing and desorbing
flat grained Ezomatsu specimens.
Adsorption : 16.0—20.5%, Desorption : 21.4—17.7%.
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Fig. IT-5 /K& FHE X OFEFERIEBIC B 5 50l
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The stress relaxation curves of 16.0% moisture content specimens
and adsorbing, desorbing specimens.
Specimen : edge grained Ezomatsu.

Adsorption : 16.0—20.4%, Desorption : 21.4—17.7%.
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Fig. II-6 WRFENIRL &IEiHERn
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The stress relaxation curves of flat grained Ezomatsu specimens
under the adsorption-desorption cyclic test.

Specimen : flat grained Ezomatsu
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cunninghamii AIT.) & FAWIBHEFRIOMIT 7 V — 7RI BN T, W0 F 723 8E— RN ¥
AIMZEB7 ) —TREEREL TWBD, ZORRICBY TRREBNBEICIbHIDBINPRELLE
DUERNOBRTIHIZLALBOONRVEETH S, ZHTTIREESEN D (BKR 3% 125 40
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The deflection

Table M-1. EAKERHDZ Y —FEEZDLAE

recovered by unloading after stress relaxation

7 Y — FEE T b & /R EEIE 7o 3 A X 100
P Creep recovered deflection/Instantaneous recovered deflection X 100
B [ | 18
PHFHE | 7 b & P .
Initial load | Instantaneous Period from unloading to measuring (min)
recoveged
deflection | 5 4 I 10 4 ‘ 15 45 | 20 % | 235 % |30 &
&K% 21.4%, M.C. 21.4%
g mm % % % % % %
450 1.24 18.55 22.58 25.00 27.42 27.82 28.22
350 1.23 14.63 19.51 22.76 24.39 24.80 25.20
195 0.90 7.78 11.11 12.22 13.33 14.44 15.56
50 0.26 3.85 5.77 7.69 9.62 10.77 11.54
E7k®K 16.0%, M.C. 16.0%
500 2.03 5.91 8.37 9.85 10.84 11.58 11.82
350 1.46 8.22 10.96 13.70 14.73 15.41 15.75
250 0.98 13.27 16.33 18.37 19.39 19.90 20.41
150 0.54 6.48 9.26 11.11 12.04 12.41 12.96
100 0.39 5.13 6.92 7.69 7.69 7.69 7.69

RA =<y, 1RH

Specimen : flat grained Ezomatsu.
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4) BRI 30 iR 57 V) — SR bR, WEKERIZY,
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SKLTW3 (Table IT-1),
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Fig. -7 ¥IHIFEL EEREERE— = <Y, IRERF—
The relation between the initial load and elastic modulus at recovering.
Specimen : flat grained Ezomatsu.
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Residual stresses in plates glued with various glues.
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The relation between the thickness of veneer and the stress in the

sliced layer, the variation of curvature etc.
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Residual stresses in plates glued under various hot press temperature.

Specimen : Buna sapwood, 3 plies sawed veneer laminated plates glued with urea resin.
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Residual stresses in 3 plies plywood glued under various hot press temperature.
Specimen : 3 plies plywood composed of Buna sapwood 2 mm thick sawed veneer.

Glue : Urea resin
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Residual stresses in 3 plies plywood glued under various hot press temperature.

Specimen : 3 plies plywood composed of Buna sapwood 3 mm thick sawed veneer.
Glue : Urea resin
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Table I[-2. BERE LEEFRMERNKSE
The depth of curvature resulted from hardening of glue spread on the

one side surface of veneer under various hot press temperature

2 OE R E CO £ ® & (mm)
Hot press temperature Depth of curvature
60 4.30
FV
120 1.05
60 0.50
CcV
120 0.15

) RERIZ AV 15ecm OFRTHIE
FV:% (B) #k Face veneer
CV:a7—HjfK Core veneer

EROFE (Fig. M-8, M-9), ATEERMEBIRE 420, BERE 60°C TiIR (B) BB
HBEEL, EEBIZAPIIC LI > THALTWS, MBEEN ERL L LIz, ZAbZEIL.
120°C TR L T (B) BIRICEREAEZ4EL, 60°C TRONS X 5 REEEBICHY > THOFEEIES
DEHRER (BB ki, 27 —BiRPTIRIEANEEL. BEEBAECET sHT 0
FABIEN L TH D,
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Stress distributions in the spruce lamination after water-impregnating.
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Stress distributions in the spruce lamination after drying.
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The moisture content gradient in the Oak lamination after drying.
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Fig. IV-12, IV-13, IV-14 Ofkici g 3ERBIz DWW TEE T,

1) oy REEERAOEEIE, WHEHT or BZERSHLR2Y (Fig. IV-12, IV-13). 0x HEMGH
DBPAIE, AIET or BBIESA LB (Fig. IV-14),

oy DRESIF (X=0, Y=01) ZBJ3 oy LBERABENHSIKETS LENELS,

2) txy 3E (X=1, Y=1) O TRERGEFTLEDbhS, ZoERZ (X=0, Y=1) ik
3% 0y ORFENBVIZERW LRSS,

Txr 1X oy BEIBRIEAOBEE (AL, A2RK) 0FR, EREANEE (BRA) XVEWEZRL
TWaA, THhERENL I, Al, A2RF D (X=0, Y=1) icBiF5 |ox | BBRAOVHENE
RIDLBENZLICEBLELZDRS,

BUBC BT ENBERRROBRCLRALAZ X I, BWENE T BT BEEE LREVWO
T, Al, A2RFERIZWED or Y FROERZSB 2D, LisioT, (IV-1-4) XpHE
BTE5L 51T, tay ODX—HFAOEEID B LAY, ZOMHE, FERTOBELD LEFITENE
59,

THIRHLT, 27 —HMOBESERSKhT o BEFEANEE (BRA) 1KiF or oY —8iGHED
BEEHRIZ L AL R, LMo TRAMISANETIZAL, A2RANBRRESZ2VLEILND,

TR OSEIRE T U HACKRIE S TOBMEL Yk b S REBIL, Fig. IV-19, IV-20 iZ/R¥/h
& 51919, F7- SCHNIEWIND'® OMEFERLHBL TX CELLTWER, wry OFRAEEL, (X=
0, Y=1) kI3 ox LOT, FEREROFINE,

Fig. V-16~1V-17 O¥EHORITREIC OV T, 2RMICIIAREKOEHE LRKR I LBEXD
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Stress distribution in plastic lamination of 3 ply material composed

of metal-plastic-metal (by KOBATAKE and INOUE).
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The stress in plastic plate glued between two Oak laminations
(by A.P. SCHNIEWIND).
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D Al, A2RFLGIZ X=0.727THET, oy, oy OAMEBICE#MAZ L. ox ZRIEICTTD -
TEABICHEML#E, 0ITfd > THRPLTD, ZHIFHEKREERIC L > TEKRENBELEESTH
B30T, BHERIAEL, ERCITRERTVBHELY bEWMECARZ LEZORD. g IZOWTH
Rk Z LANWRBIEB 5,

2) EBT~EENOR. AIRKFOBECR, MEckid s or iz, fKKICBIT 2 EREEINES
DELIEFELTVWSELLVWI L THD (Fig. IV-15), A2RFA TIZ 2o/, HEsE 31
IEARMEICTW S (Fig. IV-16 B, :

INAL. A2RAOREICRT B5RES or 1%, WEX Y ORI X » TAU-EKRERIZL S
BlEEIEAL, RAOLEFAEL Y OERIZE > T, IXFSHPIzELMhiFE— 2 MzESJEERC
BEIBLSIBRIEAPERSNILNTH D, BEOBENKEVWI Lk Fig IV-18 OXKGHH1L L
HRETED, R, KRBT 2MED or NERETHEEL, TOEBLRIVILERLT
WrEnx k9, EFEIDOERCE - TETZEERS o P HRIETAENI LT FLEIRWY
THELX 5. DIETZ H'OREBLIZEBY Th 5,

3) Al, A2RFLBIZ, X=0.727 O 0y, oy OEHAMETIRASESHS X 5 # A O8N
BEEFEERDLNT, X=0.818 iZMh > TRREML, TNHE X=1.000 2D > THIL TS, &
CIRATRATRZOEANHL RSN, MESECHORAMSNIETOBREZ VAW EEZ LR
%,

4) BRAT, or FEKROLLHEL THETABIZEML TR Y, HAWIS IR filMET
B, ZOZLEHENEOEEE THANISHNETOBRIESZ I LETTLNLEZONS,

DLEDENHIX, BEEREZSGEMEDN RS bAEAC >V T, ISR BRE L BEE LY
TEEYMETERTH S, Fig. V-12~IV-17 OIESPREZ. B S I/ 3plies £MNEKEL
£E 53 TIEANVHERL T BEEIC BT 5 27 —HPOEAWLERAERDL TVWBE LELTIVES
9.

V-2, OZREBMOIT <8P EARMEH E DB
V-2-1. i< BHEERR %

13 EHMEERBR O F R, ASTM D1101-53 : “Integrity of glue line in laminated wood products
for exterior service” [ZHEHLL TIT7R -7z,

RALLT BARBENIXFIREBLIVCHER &, HEO0.43~0.45 0= < YiREH LU 0.37~
0.40 N YHBENUVEHRE AWT, Fig. V-21 k9

ARG b 7.0cm BSORKICT =/~ LIV . .

Y=V 73 VAT AT e RIEEEBIEEER (AT A ) =~ 377
ER—VE R & TD453) # VW THEE L. -—%/ i
ZORKFE ASTM BICHEIL L - FEETEZE—MEN Y A IR

I M X - THKIRIEE L, #E3k 30°C, ¥EZR 18°C, HE 1
m/sec DT TEBEL, ZOMK—EEE 291 7 VikY
BT BERRE LT, 7278 LAERTIIEMRRHC Table Fig. I-21 1 < BEEER A

V-1 k3RS ZHBEE RF12fTR»>T, BRARKM Accelerated delamination test specimen.
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Specimen for measuring of elastic modulus
and swelling length in widthwise.

FARERAICOVWT, EKE12% LY fKET 0B
ERBIZBT 2 EEEE LIE L7,

X HEE. B OWEOBEERBICIR - KB IR
HbhT, TRUSNOBHCRET B L2, LEW

Table V-1. &% ® h o #% B & #
Drying condition of accelerated delamination test specimen
FLIRH R ®_OF o L B FE B No. of cover treatment
Period of
drying (day) No. 1 No. 2
AEESONE REERBL, LT | ppr ok FEOLELREL, WE
Whole area of end and side face of m%%,%t;‘_? f end and top and
specimen was covered, and top and bot?oiiaf::eowaesn covgred ped ge
1 bottom face was notAcovered. face was not covered.
Side’
end
2 FiZEIC Do. FizEIC Do.
*Ekl(jﬁ'ﬁﬁ!fi‘._fdﬁl 0.5cmBEE ggf%zﬁi?ﬁfﬂ]ﬁﬁl Y 0.5cm#k
Cover of 0.5cm length from edge
Cover of 0.5cm length from top and .
side at end and top and bottom
3 bottomgsfnela was taken off. face was taken off
ETHEHXV1.0cmBBE L 5, BRI L V 1.0cm#EBE L 5.
Cover of 1.0cm length from top and Cover of 1.0cm length from edeg
4 bottom side was taken off. side was taken off.
LETHEED1.5cmBE@EE L5, APHE L D 1.5cmBEBE & 2,
Cover of 1.5cm length from top and Cover of 1.5cm length from edge
5 bottom side was taken off. side was taken off
5
6 kiZFEIC Do. FkicFEIL Do.
ETHE XY 2.0emiEEE L 5, PMRE X Y 2.0cmEBE & 5,
Cover of 2.0cm length from top and Cover of 2.0cm length from edge
7 bottom side was taken off. side was taken off.
cmy_ =2
20
-




B STICAM RIS BT 2B () — 43—

E ﬁ_/ ______ ’43\4_
<= sem —7 R BIRIE IR
b\ (RIv6Cm)
Fig. 128 & < BEWOE % Fig. V24 % % W E 8 K
X BER= a—; b 'l+%-l' The specimen for measuring of curvature of

. . . . lamination caused by drying from one sur-
Diagram illustrating measuring of FRSEERS
.. face.

amount of delamination.

Table IV-2. Fifid: 5 DFEHRIC & » TET ZEHMOEd 2 RE LR ORLBRSEMH
Drying condition of specimens for measuring of curvature of lamination

caused by drying from one surface.

O 7
Period(é)f grying A KA o & E L Cover treatment of specimen
ay
T, AlESIOKROLEE2EEL EROA DT 5,
Whole area of end, side and bottom face was covered, top face was not
covered.
1 ' .S:Ae
L U Bottom face
as covered
2 E & F v Do.

fiEB I ORAENHESL LEX D 0.5cm &5,

Cover of 0.5cm length from top side was taken off.

4

05 cm,i‘ ——

s L OARAEOHEL EFKL Y 1.0cm L3,

Cover of 1.0cm length from top side was taken off.

1
10cm
T

J

{

|
A\

B I CAROEOHBEL LEX Y 1.5cm &3,

Cover of 1.5cm length from top side was taken off.

4

1.5¢cm
1

Iy
N\

6 FE 1w W T Do.
iR I CAROEOHEEE 2.0cm L5,

Cover of 2.0cm length from top side was taken off and only bottom face

7 was covering. @
Covered
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Table IV-3. & < B {8
The results of accelerated
. ST TRE |(BERR 0
s BFHE | xS Eickg sy
REES | K % 2 FmmE | &k EH | & B | oERE < UM OIERE| Esx 4l
Marks of HAE Density of | Specific Bending Swelling Swelling
specimen |Combinationjannual rings| gravity modulus percentage | percentage of
of grain E. E of Oak and | Spruce on the
0 =8 Spruce glue line
X108 kg /cm? 4/, % 41, (%) kg /cm?
(1) (2) (3) (4) (s) (6) (7) (8)
. . k1 .9 %5
NT 0.52 & e e 5.08% 20.0
TTA 1 ET 10 0.43 ey *7
3.3 4.77 5.38%10 20.0
NT 0.51 6.4%4 5.54%8 ° .
NT 0.64 6.5 6.31 5.85 23.1
TTB1 ET 10 0.45 3.8 5.23
3.4 5.38 6.00 21.5
NT 0.64 7.5 6.77 . °
NT 0.73 8.4 7.69 7.08 132.3
TTC1 ET 1 0.43 o 4.2
* . 6.62 73.8
NT 0.73 9.3 8.00
NR 0.67 12.7 2.31 3.23 —98.5
RTA 1 ET 10 0.45 4.2 -2
NR 0.67 12.6 2.77 3.54 —i2.3
NR 0.76 14.4 2.92 3.60 86.2
RTB1 ET 10 0.45 e 2-38
NR 0.77 13.4 3.08 4.00 —60.0
NT 0.50 7 g 4.92 —15.4
TTA?2 ET 8 0.45 : :
5.1 5.23 477 P
NT 0.48 5.6 4.46 . °
NT 0.59 gg ggg 5.38 4.6
TTB2 ET 7 0.45 31 5 08
° * 5.54 13.8
NT 0.59 6.7 5.54
NT 0.63 & 3-8 6.62 63.1
TTC2 ET 7 0.45 : :
3.8 5.54 7.08 58.5
NT 0.63 6.1 7.54 . °
NT 0.67 3 Z-%8 6.46 64.6
TTD2 ET 7 0.44 : '
4.2 5.38 6.62 52.3
NT 0.67 8.2 6.92 . *

#) NT: IXF+7%H, ET:=/<YikE, NR:

Ey: X7 7 i BRI, Es: = < Vo i B R

*1, k4 pi E07 *2’

IXFFHEH, ER: =< YVHH

*8 pi Es ”){EE/_J_%-;_O *57 *8 Pii‘/’k‘\ﬂ‘aa) Ally *67 *7 li1f77@ All ﬁ&
Yo M, MO MEERF O ETHERERICBIT S 41, ERTFT.




BEEE S NI ARMORERISAICBET 38K (RO

# R B £ R

delamination test

No. | ##BHEER ) No. 1 cover treatment

No. 2 #BEOER A No. 2 cover treatment

1 %427 1cycle 2% A7)V 2cycle 1 ¥4 7 1cycle 2% A 7V 2cycle
5 SATITRES AN TR AETETRE
Period of | Amount of | Period of | Amount of | Period of | Amount of | Period of | Amount of

drying |delamination| drying [delamination| drying delamination drying delamination

(days) (mm?)| (days) (mm?)| (days) (mm?)| (days) (mm?)

(9 (10) an (12 13 (14) (15 (16)

S 60 190 0 0
0 5 70 0 0
3 450 750 0 0
2 1090 1540 2 865 1260
1 1165 1420 1 1125 1175
0 5 80 0 [¢]
5 75 380 [0] 0
0 5 60 0 0
5 25 85 (o] 0

Note) NT : flat grained Oak, ET:

grained Spruce.

flat grained Spruce, NR :edge grained Oak, ER :edge
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Table IV-3. (23%) (Continued)

(1 (2) (3) (4) (s) (6) (7) (8)
NT 0.70 8.9 6.46
el NT i o0 52 e %8 6.46 52.3
: 4.8 5.69 6.77 52.3
NT 0.70 7.9 7.54 ; )
NT 0.76 i-? g-gé 6.92 86.2
TTF 2 ET 6 0.45 : :
3.9 5.69 7.08 53.8
NT 0.77 8.4 8.92 : ’
NR 0.49 12.2 f-gg 3.08 —40.0
RTA2 ET 6 0.44 ’ :
2.8 5.08 3.69 —38.5
NR 0.52 10.7 2.31 ) )
NR 0.67 12.3 ﬁ.gg 4.00 —41.5
RTB2 ET 6 0.45 : .
3.6 5.08 4.15 —38.5
NR 0.67 11.4 3.08 ) )
NR 0.74 lgé g-gg 4.15 —64.6
RTC2 ET 6 0.45 : :
5.5 5.69 4.46 —67.7
NR 0.72 14.7 3.08 : ’
NT 0.59 g.; ng 6.15 55.4
TTA3 ET 7 0.35 : :
4,1 4.15 5.08 38.5
NT 0.59 7.6 5.85 : ’
NT 0.60 g? i-fg 5.69 47.7
TTB3 ET 7 0.35 : :
3.7 4.31 5.39 40.0
NT 0.63 7.5 7.54 ) ’
NT 0.68 g-g Z-?‘; 7.85 133.8
TTC3 ET 7 0.35 : :
4.3 4.31 5.54 52.3
NT 0.68 8.1 6.62 : ’
NT 0.76 ;83'3 2-2(2) 6.15 50.8
TTD3 ET 7 0.36 : :
2.7 4.46 6.15 46.2
NT 0.74 9.1 8.00 : ’
NR 0.59 8.0 3.5 2.92 —93.8
RTA3 ET 7 0.35 : :
3.2 5.23 3 69 _49 2
NR 0.59 8.8 3.54 ) )
NR 0.62 gz ﬁ'é? 2.62 —52.3
RTB3 ET 7 0.35 : :
3.7 4.15 2.15 —73.8
NR 0.61 7.6 2.00 : )
NR 0.65 12; i.(l)g 2.15 —49.2
RTC3 ET 8 0.34 : :
3.1 4.15 2.62 —47.7
NR 0.65 11.2 2.62 ’ )
NR 0.72 133 0 2.31 —58.5
RTD3 ET 7 0.35 : ;
3.6 4,31 2.31 —72.3
NR 0.71 11.9 1.85 ’ )




BREE SN AM oIS BT 3% Gef) — 47 —
9 (10) 1) (12) (13) (14) 15) (16)
5 75 195 0 0
0 5 90 0 0
0 0 3 70 90
|
0 0 0 0
1 750 950 1 1125 1150
i
4 120 350 0 0
4 10 180 0 0
4 ! 140 560 0 0
'|
|
4 I 140 875 0 0
i
) |
0 2 320 0 | 2 50
|
0 1 130 0 1 70
0 3 10 0 ' 0
0 1 150 0 1 103
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Table IV-3. (2>-3%) (Continued)

N 057 ?'? g‘gg 1.54 10.8
RRA1 ER 4 0.40 . .
3.9 0.92 | 69 0.8
NR 0.57 7.9 2.77 . .
NR 0.63 10.5 1.85
RRB1 ER 4 0.39 2.2 1.23 1.69 10.8
: 1.1 1.23 L9 b
NR 0.64 10.8 2.00 . .
NR C.66 lgg g;}? L.54 %.2
RRCI ER 5 0.39 . .
4.9 0.77 169 s
NR 0.66 10.8 3.39 . 44.
NR 0.72 13.5 2.15
RRD 1 ER 4 0.39 2.7 0.92 1.39 12.3
’ 4.5 0.92 |39 s
NR 0.72 12.9 2.31 . 1.
b ol B <0 - T LI I
RRE1 E 5 0.39 2 9-52 s o
NR 0.74 12.5 2.62 . .
NT 0.53 gg g.;; 3.2 0.2
TRA 1 ER 4 0.40 25 0o \ o e
NT 0.54 5.2 6.46 . ;
TRB1 1;; 098 3.2 3.2 4.00 103.1
4 0.38 e 5.2 » .
NT 0.67 7.1 7.1 .
TRC 1 1;11; o Te o 5.39 69.2
4 0.37 we .08 s o
NT 0.73 8.1 8.31 .
NR 0.59 10.1 2.31
RRA?2 ER 5 0.39 1.7 1.08 1.69 10.8
: 3.0 0.77 |39 6.
NR 0.59 10.2 2.00 . .
NR 0.73 12.9 3.39 5 00 7
RRB2 ER 5 0.37 3.0 1.08
’ 1.8 1.08 | 60 .8
NR 0.73 12.6 2.77 L .
i 063 o 5-31 3.85 41.5
TRA 2 ER 5 0.39 1.4 0.92
) 1.8 0.92 446 [ s
NT 0.63 6.6 6.62 . [ 63.1
I
e 068 e 8.co 462 . 877
TRB2 ER 5 0.39 2.6 1.23
' 2.1 1.23 .
NT 0.68 7.5 7.08 . 73.8
R o-n 94 8.2 3.69 46.2
TRC 2 ER 5 0.38 1.6 0.77
' 2.1 0.77 .
NT 0.71 8.4 7.85 4. 84.6
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9 (10 an (12) (3 (14) (15) (16)

o] 0 0

0 4 15 0 0

0 0 0 0

0 0 6] 0

4 15 30 0 0
0 0 0 0

0 0 0 0

0 4 40 0 0

0 0 0 0

0 2 30 0 0

0 4 20 0 0

0 4 25 0 0

0 0 0 0
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BRI » TINER~EIT L 72

TIT, ZoORSEERS [ ZAETHEL, BSEMANETRAELTa, b L L, F{HERKAT
KRb3Z L &L (Fig. V-23 £H),

u<%§0=1%iq

MBI TH B I XF T osMUE (ETHE) XY 0RO DIZETS I X+ IHhofiTE— A Mz
L oT, WENOHEERBICEEREREANEL, TOBRESHOBEN KEVC L E V-1 1IcBv TI5HE
L722% ZofBritd 572iz, Fig. V-24 0 X5 B2 28O HEN I X+ 5KE BIUH
HARE VBRI C, 1% BHEERSR L Rl—FEkic & » THIK L Lz, £0#%, Table IV-2 o X 5 izAkN0
BLOWEIC L 2P LT, i KEHBERN 0BA L F—0FRHTFTHB L, 72720, FEIZ7T/VI
BIBAD =Rz X > THB LY, 2L T, ZORKOFANRKELD lem MFBLUES HRoHRz
B BEFAOEIMOREEZ 2,20 6 cm OPRTHEEL 72,
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The Internal Stresses in Glued Wood

Junsuke MUKUDALI

(Résumé)

It is often recognized that the internal stress in the glued wood has an effect on the warping
and the check or crack of the face laminate. .

For example, several years ago, crossbanded laminated wood was used for the core of fancy
veneered square columns used in Japanese wooden dwelling houses and glued fancy veneers were
used on their surfaces. When the fancy veneered columns were subjected to severe moisture
content changes under actual conditions prevailing, they encountered trouble in that they cracked
in a V shape towards the center of core column from the corners (Photo. IV-1).

The progress of development of the internal stress in a glued wood may be divided into the
following two stages :

1) The residual stress resulting from gluing procedure, which develops when uniformly
conditioned to air dry equilibrium moisture content after gluing, such as the stress set up by
the shrinkage of the glue resulting from hardening, and from difference of moisture content
between laminates prior to gluing.

2) The internal stress due to moisture gradient and difference of shrinkage-swelling between
laminates, which develop under prevailing conditions when in use.

This report describes the results of the analysis of residual stresses in sawed veneer-laminated
plates and in plywood glued under various gluing conditions, i.e. various glues and hot pressing
temperature, veneers conditioned in various moisture content; and further, on the results of the
analysis of the internal stress in the crossbanded laminated core columm set up after being
subjected to uniformly moisture content changes.

I . Residual stress resulting from various gluing conditions

A) Method of analysis of residual stress

Whenever thin layers were sliced off one after another from the face side of sawed veneer
3-ply laminated plates shown in Fig. II-1, the variation of depth of curvature in X- and Y-axis
directions and the thickness of the plates were measured (reference to Fig. II-2). -

In this case, the residual stress in X-direction can be calculated by Egs. (I[-1-A) and the
stress in Y-direction can also be calculated by the similar formula to Eqs. (I[-1-B).
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B) Test method

For the face veneer, back and core veneer, Japanese beech (Fagus cremnala BL.), sapwood
veneer specimen (thickness 2mmXwidth 160 mmXlength 160 mm) were made by planirg after
cutting from solid timber.

Veneers were matched in nine groups and used for investigation of residual stress in 3-ply
veneer laminated plates glued under the following condition of gluing.

a) The type of glues used for laminated gluing.

The above-mentioned veneers were conditioned in about 12% moisture content.

The following four glues and gluing condition are used.

1) Urea resin glue

resin content : 70+2%

specific gravity : 1.31+0.05 at 30°C

hardner : addition of NH4Cl 20% solution 5 parts to resin glue 100 parts
2) Resorcinol resin glue

resin contents : 58+2%

specific gravity :1.13+1

hardner : addition of 15 parts to resin glue 100 parts
3) Epoxy resin glue

resin contents : epoxy resin 100%

polyamide resin 100%
specific gravity : epoxy resin 1.24
polyamide resin 0.98 at 20°C

mixing ratio:1:1
4) Polyvinyl acetate resin emulsion glue

resin contents : 45+1%

specific gravity : 1.25%0.05 at 20°C

Each veneer laminated plate was glued at room temperature 20°C under the pressure of 15
kg/cm? for 3 days, with the above-mentioned resin glues.
b) Hot press temperature
Three 3-ply laminated plates were glued with urea resin under the following press condition :
1) 20°C room temperature pressing : 3 days
2) 60°C hot pressing : 25 min.
3) 120°C hot pressing : 5 min.
The pressure of gluing : 15 kg/cm?
Each plate was conditioned again under the air of dry bulb 20°C, relative humidity 65% for
10 days. in the following moisture content.
The specimen glued at 20°C : 12.8%
The specimen glued at 60°C : 12.1%
The specimen glued at 120°C : 9.7%
After conditioning, each specimen was tested by the slicing method.
¢) The difference of moisture content between the face, back veneer and core veneer.
After veneers were conditioned in the following moisture content. 3-ply laminated plates
composed from 14% face, back veneer and 5% core veneer, and from 5% face. back veneer
and 14% core veneer were glued with urea resin glue under the air of dry bulb 20°C, relative
humidity 70% for 3 days, and the pressure of 15 kg/cm?.
Results are shown in Fig. M-3. M-7, I-10.
According to results shown in these figures, the state of distribution of residual stress in

these plates are effected directly by the chemical and physical properties of resin glues.
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1) The low residual stress set up in the specimen glued with epoxy resin because of no shrin-
kage of resin glue at hardening and no swelling of veneer resulting from absorption of medium.

2) In the specimen glued with urea resin, resorcinol resin and with polyvinyl resin, high
tensile stress develops in the glue line and thereabouts, and decreases toward the face surface
and to the center of core, because of shrinkage of resin resulting from the hardening and drying
of veneer and swelling due to absorbing water in glue. Tensile stress in the glue line is highest
in the specimen glued with urea resin, and lowest in the specimen with polyvinyl resin.

3) In the specimen glued with urea resin, when the resin hardened at the low temperature.
the amount of water evaporation after hardening is more than that at the high temperature.

Therefore, the tensile stress in glue line is highest in the specimen glued at 20°C. and is
lowest in the specimen at 120°C (reference Fig. I-7).

4) In two specimens composed of veneers differing in moisture content between face, back
veneers and core veneer, the state of distribution of residual stress was different between the
two specimens, as shown in Fig. I[-10.

II. Internal stress in the crossbanded laminated wood

A) Method of analysis of internal stress and test method

After the 5-ply laminated wood composed of Ezomatsu (Picez jezoensis CARR.) lamination
of thickness 1.9cm conditioned in moisture content 14.7% was glued with resorcinol resin at room
temperature, Hinoki (Chamaecyparis oblusa ENDL.) veneers of 1.6 mm thickness were crossbanded
with resorcinol resin perpendicular to fibre of laminated wood, as shown in Fig. IV-27.

Twelve cross section specimens of thickness 5 mm cut from the above-mentioned crossbanded
laminated wood were matched in 3 groups, and conditioned again in moisture content 14.7%.

Then, two of each group were conditioned in moisture content 21.4% and another two spe-
cimens were conditioned in moisture content 8.7%.

One of each group conditioned in the same moisture content was sliced into eleven slices in
the direction of X-axis, and another of each group was sliced in the direction of Y-axis.

The change in length of each slice between after and before slicing, and the change of
distance between the marked point on the extreme outside slice was measured after cutting off
the crossband veneer from the outside slices.

The displacement measured by slicing method was used as the elastic displacement on the
boundary for Egs. (IV-3-5).

The solution of Eqs. (IV-3-5) was obtained by finding the solution of finite-difference
approximation by numerical method.

B) Results

Results are shown in Fig. IV-28~1V-36. When the moisture content of the specimen increased
by absorption, the high shear stress developed at the corner of specimen.

On the other hand, when the specimen dried, no shear stress concentrated at the corners.

In the crack test on similar specimen to the above, the specimen conditioned in 21.4%
moisture content cracked in V shape toward the center of specimen from the corner, while no
specimen dried in 8.7% moisture content cracked at any place at all. The concentration of the
shear stress at the corner of specimen conditioned in 21.4% moisture content caused the V
shape crack to develop at the corner.

It seems that the state of shear stress at the corner was effected by the characteristics of

creep and stress relaxation of laminates used for laminated wood core.



