BOEIZ &> TETBEERPTONRTBICITTIZDONT
L5 (2" i LA

I #

T

BRCEERNBAINT, ARCEBEEINDI Z L2 » TET AR, B, BEELE,
REEN, BEOUEFOARE LTORERAS(BRBT7255 Z L URERS LS,

Ldic, BEEFTETNEERNAEICL > TUSHREBE L M U73aikidin <, & <HEROBE

CTWIEVWRETH B,

ZZCIOERTIE, £BRLCE—MCRICIUECACONTNE AT M AEYPEAY, 3K
BMEEROBSICHEAL > 25EXEE, ZOX¥AWVT 60°C, 90°C, 120°C THEEI AP
CERROBMCEATACKEAYEH L. FLT FOERYREOUBMOBRCI - TEE L M2
720 THELWIZZWIZEI AR, FIEMASERRER, PRAEHRBER, FHEAMRERICHE
KT B

oD X 8B K &

FERKE LCHEX 16.5cm, 1§ 2.5cm, EX 3mm OB 7 FAMRFER—H X VBiEFANER
FRENHLTEAEIS X S ics#ElLTREL .

27 —BigE LT EROM L VES 16.5cm, 18 2.5cm, EX 3mm OB 7 FIHRA L1
MEXHEEPTE IS L 52 HEILTHIEL7: (Fig. 1 2). '

ZORK BT 20°C, BR 17°C THEL, RA&KE% 14.2~15.3% Tl

ZLCZORIEITA2RFOBMAROFRICEE Y 2T THIT v v 7 BB RS,

CORKIT, REMIEEES GEESEAN=—=1F No. 120 (Lo vE70%) 1= NHCl 20% ¥
x5 %%ML T 330g/m? BffL, Fig. 2 2L oi&RLisd L5 CBBLC, EHESN 15kg/cm?
T, ¥R 20°C, BE 17°C 2 THEY 1T 5725

r 165

el
== /%:3
[eesssaaasaamesiaans i ——
KR B IR Foce or back veneer ( FVorBY) 3 y[l""l""’lll'lllllll!4 C\’/
R Fhon o bk veneer (7 S L LI
lﬁ o - Mﬂ
J7-¥4R Core veneer (CV) Hnit: onitsme
Fig. 1 REHB IO =7 —EH Fig. 2 A B A &
Face back and core veneer. The plywood specimen used for this test.

(1) A PHREBREEETEER
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Table 1. AWERF OFHEEKR

The equilibrium moisture content of .G@b
plywood speimen before slicing. Q &
AR \ 150 S
MEERE | RAOFHEAE ° &
Temperature of [ = Epuilibrium moisture @ &

gluing (°C) content of specimen (%)

60 14.5 Dial gauge

90 12.1 . ey

120 0.6 Fig. 3 i1 R & b # & &

) The measuring method of the curvature.

BEDCHREXRDBEEROMER EA L TV BROBRIERIZTRbN 5 2RBTH -7z, DR
EAFEIREE 60°C 12T 2545y, 90°C i2T 174y, 120°C 2T 7 HHBERHEE L7z, BUEROEMENT 15
kg/cm? Th 120 FOHST2I-UEE 20°C, BE 17°C T4 HEEEN SITEE L 85 F CHE
L7zo ZOREOREEKRIT Table 1 DZE L ThoTzo

ZOFBHEAT A ABL L > TREL Tz, Thbb, BRADO—HOREL VMEICHEI D X S ICH
CHHILTVW&, RAOREAAOFRIZIHNT, 1BEHIZZLEELTIREREY AV 15cm KT
FELS (Fig. 3 21,

1EOHEENC L 5 THIL 7B XX, TOERELBEU TEIZ 0.20~0.45mm Tho7, £ L TI3HHE
BEROBEICEATES LI NHERERO L I L THESE, Z0HERICL » THEIZ /- L 2O
B, RE@L O RDI-MBEMMEL AVCUSHLHEL 2, UTHERXOEEZ HFiionTiL T,

HEA%

V¥ Fig. 4 CB\WTHRBK (FV), BEERK (BV), =27 —HiF (CV) s #EEZHNT, FV, BV &
IIZIAES P, Pey CV HiCiZ Po I8 BEMABHEET 5 & 01, REDFILLRT IRV,

P4 P,=P,
ZDHE, FV, BV #RA—RETHIIRR L 1e5,
P=P,, 2P,=P,

46— sap . Y, b Wi FV OFKELVFIRESN 0 ©
Fv FvV ' HETHHE 4 #MBZ Lo
v v [ 25 . . _
BV BY [ T, ZORKFOEIPITIC Fig. 412mR

FTEIIC od IsBNEERAI R

Fig. 4 BRERNIZRXLbN 255
BIHLALERERITZLEIHL

The external force substituted for internal stress.

NTHhHd.
i dri b (a) FV #7:1% BV d0Eh
e e —— - H Ay, dpgeeee dre
NL— e __'_Q]’—?—""“'—"-":;-N.L)drm‘ FBLY dry, dFe-drio BY
ey BV JIFE H og:og;g:ﬁu Ve 7D FVOESR

Fig. 5 #BxUMIT2Z LItk > TETBIRAB IO % hri, Rpgeee, RFiog B L, ED
E—~AV POEL R -HlBELEIOBD 1/rp,

The variation of the axial stress and the moment
resulted from slicing. Vrre1/rriy &5 %,

7ri ¢ the distance from the back side to the neutral line. KB BE D BRG] or
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Table 2. BRE, YEIBHTOIEH, MEEL, HOELZOREK
The relation between the thickness of veneer, the stress in the sliced layer,
the variation of curvature, the strain of elongation etc.
. (T BoREELd BRHIOESN 4 BRELNIE .
JREIISEE |Rodicked sEh|e & PlRERE | & OHE S CanR
. The thickness of the| The variation of The strain of .
g{‘,e tR‘Cknfs§ of sliced layer and curvature after | elongation after Theb;itll;s,t:?;: tféom
f tah e{ S 1c13g the stress in the slicing of the slicing of the neutral axi
ot the layer sliced layer layer 4 layer 4 X18
T Hr dFiear, 1/7Fy dzrp,
hry dFseoFs 1/7Fs ders 7FL
ks : : : nFa
: 1/7Fi-a depioy :
Hr hri-s dpi-120Fi- 1/7Fiey deri-y K
hFi-1 dFisori 1/rFi deri MFi-
hri : : : NFi
; 1/7:Frz-1 dEF:n-l :
J hFn-y AFnsaFn 1/7Fn dern NFn-1
— hran, Hc doreocy 1/rer decy NFn
ko dezeoce 1/7ce dece K
hCz : : : 702
He 1/7cize dsci-s :
hei-z dci-1000i-1 1/7¢i-y degi-y 02
hei-y dcicoci 1/7ci deci it
hei : net
|
i)
Hp
!

OFEETD dri BT FV OEIRN hry Lol &, BRAOBRBIIRFORIAE (UTHEA
M EFER) I ders 72T DML 1/rr: OEMEEINZ 72T 5 (Fig. 5 3L Table 2. £,
oridrib=(Erhr-der.+EcHcd:ri+EpHpdzri)b

depi= OFIAFT s 1
g Erhri+EcHc+EpHB (1
iz, Er, Eg, Ec |3 FV, BV, CV 0o+ v 7 {&#<, Hp, Hec ix BV, CV °EX, b @3RK
BTH>o
L7223 T, REDERKTIZOWTRNE, FV FO5ERE X
= ;= oFiAFiEF ------------------------------------------------
Erderi=—g Grt EcHo+ B (v
7ML, CV o ERIGHIE,
SR = UFlAFiEC ................................................ 2
Ecdzr Erhri+EcHc+EpHB (2)
72084, BV Fo5IRIENIZ,
_ oridriEB e
Enderi=—p g T EcHo + EsFls (3
M TaZ L LB,

—5 oridri TX > TE— AV PEAEEL, BMBEC 1/rr RETIHERERD, ZOE—-AV
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E{ex dMr: & ThiE, Fig. 51k

dMri=oridrib{(hri+Hc+Hp+ Agi)—vFi}

opidri{(hritHo+HB) —nFi}beereeerrrresereireini. (4)
ZZIT gFi BEENR hri TIso7-& EOhTEE THEHE DEHETH S,
—%, dMp; FRD LS5 IEHLIND,

dMpi= EI
TFi } ....................................... (5)
ZZic ZEI=ErI(pp)+EBl (up)+Ecl(ugy)

I(hpy)» 1(up), I(ae) FZTHELY yri I82EHCH 2PUBCE T IHE_RE~ XY M THB,
L7:2toT (4) R=(5) Re&FBZERLHT ori iTRDHNB, Thbb,

DEL e (6)
rricdpisb{(hri+Hp+Hc)—nri}

LoLissib, ZOX5RLUTRDON ori 1T dF1, droe-- , drioy BIWEELZILS 0F1, oFs,

OFt=

» OFicy HBRBEINIZZ LR IZEBEYZT TV H0T, TORBICEBT BEHEERLL TV 20T
TV, '

L7225 T, dri BRICFETZEORBICHT ZEDMST ori iX, ori b ory, oz
X o> THEENEHERELRIT TR LIV,

s OFi-y

Erderi+Erdepst-ooeeeees +Erderi-

_ Ereori*dr, + Ereorydr, R Epecri-1°dri—y
Erhr,+EpHp+EcH¢ Erhrs+EpHp+EcHc Erhri1+EpHp+EcHc

i—1

orisdri
= o iieieeeeseresseccscsenecttarsstttsaasrnitansn 7
D e g Bl 7
i=1

(7)) KL > TELINDFIRIEAEHEML TV 2T LTIt

—J OF1, GFy, OFiy DFETD dry, drseeo , driey BEERYE 72720 ME LML T
dri BIZAELBHEIE,

gphritHetHo—9r) | p. (hrotHe+He—yry) g, (hritHptHe—pri))

7Fi TF2 TFi—1
i—1
= E Ere (hrit Hp+Ho—=9Fn) ..o (8)
7Fn
n=1

T OFERIG A EEML TH3Z Litis 5,
Wz, dri BRICTEOREBTHEELIZIGH or BRATRENS,

i—1 i—1
- L oridri _ Epe (hr +Hp+Ho—nra)
orimon: ZEF Erhri+EsHs+EcHo Z f 7Fn 9
i=1 n=1

(b) CV $DEH

CV bl EETAGHEERTAHERD LR L ARLEL AL - TEETZZENTES (Table
2 2R,
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Tisbb,
dMc: = acidcib{hct+HB+% —nci}
200id0ib{hoit Hp—gi}--eveerererserorsemnisnnei i (10)
—7%,
dMci = YEI
i } ......................................................... an
ZZC YEI=Ecl(py;)+Esl(np)
oci 1 (10) X=(11) K& LTRDBNS-
L7235 T, b EDRBIZET S doi BFEOEDIGH dei BRATRDLND,
n—1
oci= aCi—[ ZEC EFhFi:EzBA};;'l'ECHC 2 EB;II;'ngHC + Z ¢ EchZf-il-Ag';HB ]
i=1
n i—1
*[Z'Ecwmﬂbzﬁﬁﬁﬁ—#] ............................. a2

(A) Gluing temperature 60°C

I RBEERBEIUER

ERERO—H% Fig. 6 I0RTo MOR .
Kb RSB ER L. cozRicseT [V
i3, BEROY Y/ REGL 2 7 —~BIROES
BOY Y 7RI E LV RisL 7z, BFIC

Glue line

EEBY AMIICTR LT, Fig. 7 i3 —

BEE Hr, 18 b ORBIFO FERBH
DEKRRE Uro & L, BRIGERE ar &

T3, LU TERBERICESR BRI L TEE 40 30 20 10 0 10 2 30 a0 0 60 (kg/cm?)

COMPRESSION TENSION

THLEOBGEINIAUOE KB Y Uri
(U'ry, Uri BBHEATIRIA LI O RS

(B) Gluing temperature 90°

TEDOERRE L 3), By fng
KL% Urs £ L, Fig. 7 OX3iC KDA
FIpHmRRIEE b DL T3,

5T HLBEFENIRHIE (Uri—Uro)

Fv

arDFEBLEEL, BN SR WU

== Glue line

—Uroar DEEZAEEL T, BFIHTH
KWflichAMT 25, ZHEFEICESE

f"‘“:o 40 30 20 10 0 10 20 30 40 50 g0 70 (k&/m®)

A
LB E5T, BAINTOWIRWHITIE eFe

COMPRESSION TENSION
Fig. 6 &R0 HoH

DFREAR, BMAINIMUTIE cre ODFEH The distribution of stress in the plywood.
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(C) Gluing temperature 120°C &t
Sy R/ L —

' FV(BV)
A —
k—(Uk - Ur)<F—=—=
Voo B«aé,-//:)q ) &
o | Pl
e
(Ues~UcoYke
: + Glue line
. : L—(U%,-UF::)“‘F-{F:———J e
cv H
‘ R (R P
. T
Coi —_—— - _ UL ~Ueo) - Ecc et —f ! \
O .\. T v U Vel | l: '
30 20 10 0 10 20 30 40 50 (kg/cm?) -
COMPRESSION  TENSION BV |
. e
Fig. 6 &WHOEHRT (Ub-Uhe-tee
The distribution of stress in the plywood. Fig. 7 BOSKEEEL L OREKE
It RTERAR
EARETZ, ZLUTHEABIZ A'B' b L 5z .
) . Schematic diagram illustrating the
UBdZLlind, relation between the moisture content
HMEROEER L 2 FA—L 15, and the strain. ar>ac

—/iB& Ho, 1@ b D27 —BRDO THEKEY Uco, BEEFEBMINIHRO BAEOEGKREY
U'cr, BRFRIZIVT 2EKEY Uct (7272L Ulcs, Ucr IIMBHERIRE D Eis b S Rafs 0 & kR e
%), BRIERY ac &L, GKREAMNL Fig. 7 O X 5 iCHIRRIzB DL T3,

5 Thid, BRETE (Ua—Ucnac DEBEEL#4EL, hRCE (Ua—Uc)ac OEEEL LA

LT,
B

fads:O

A

8% &5 ICBNE TR coo DEMEAY, E7:PRCE o DFREFEARELT, ABEIZVWDH LIS IC
A'B HETHRORZ L LIS,
VE, CORMBICHY BRMN, =7 - Wi, BEEAEESAT—(hERY, TOREESHTFV,
BV, CV E3RRVHLIREARR U CFE LI LT3, ZORDIGHIREBEELTRL Y,
ETHE SN Fig. 7 0X5 1k, ' '
{(Uer—Uco)ac—ecc}—(U—Uco)ac={Uc1—Uco)ac+ect} — (U—Uco) ac
DIFEREL, XHIHTOHEF4
2P, =P;
MR END LS5 WIMEL T, FV, BV FIZiZ35k N P, CV IREMH P 4T3,
ZOPEFBEEMI-T L 578 CV FOEREL ¢ ZRAICL > TRDHONB,
2Er[({(U'r1—Uro)ar—erc}—(U—Ury)ar)—[{(U'ci—Ugo)ac—ecc}
—(U—=Ug)ac)l—ec]*Hr=EcHcec
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_2ErHr({{(Uri—W)ar—erc}—{(U'a—U)ac—eccl)

¢ EcHc+2ErHr

L7235 T, FV (BV) FTCRRAICL - TEHLENB55RE o x

H o KB L LD, l
4 #
er=((U'ri—)ar—crc]—((U'csi—U)ac—ecc)—ec

COBREEL F, 0 I X » TERZ INBREEHD FV 7/////////2/1////”/”//‘
(BV), CV iz} 33 MRBYREDOITMOERICL - TE Fig. 8 HELLICHEE S N7-ETUHK
BLTRLS, The rectangular plate glued on

VA Fig. 8 0k icRE T KBV THEESH, % the face.

DIFEEATH o728 T Do REN I o727z, WREIZL »
TZOEMRICET S « FEO y BICEERGOORBE M E
FLEP RPEGOMEE LTRIK-> TROZE L 18Y, KHE

EDERERL L —RKL-EBE LTV 3, © 05 o5 0 5 20
. X
oz/Edat =1_i§{1;(_)i+1{(1+1,-b) cosh Aix Fig. 9 SEWREOIEHAT

—Zix sink Aix) xcos Aiy/m(2i—1)erd The stress distribution in the
rectangular plate.

72720, Ai=Q@i—1D)n/2h (i=1, 2, 3, ) Y=y/h, X=(b—x)/2h, b=1/h
ZIT E :HEBIEROY v 7 RE LLLL Ll L LLLLLLL,
da: 2RI & Mtk 2 OWRIRI O o
tiT—t  b:il/h ¢ b1 2o X
T, W Y=y/h, X=(b—x)/2h & > TRIZFHEIT Fig. 9 F//////Z;//////J//’
DL Fig. 10 #&RicEE®H S - EHK
ERizw1T 3 Edat Db YT Erer T ENE FV (BV) & The rectangular plate between
D er REBBADMOREOEERHSZ L NTE B, LIt two materials.

»T FV (Bv) hOE AT, BT CEX AR @ Tempemmre 60°Cor 90°C

ERT sz e EmbB,
CV DA DMORIEE, M&, FEPst Fig. 10 FV
CEWCHEBRIZUTHEERD, EREA—HEREKLZZ
EEREL T2, cZ CV-- N

I OERNLBELTRIE, FV (BV), CV
FOEAEOEELE NG H I HEOERXRIL Fig. 11

CRT L5 RIBIC I 57255 £ %2 bIua, (b) Temperature 120°C
L Lishih, AERERD Fig. 6 ¥ Raug, BE FV )
RE 60°C, 90°C »FEIT, FV, CV 0EEBHS IO
ZOEDCRHCEC RSN AL T 5. & ARK ' /[
DL IEERERIC L - THRIASNS 37555, €z CV=- T -

, Fig. 11 BEROBIC L B51RGHOHE

MOE—EI L 0 #EIC & » TRIRL7- Fig. 1125 BISWEE DL IS
L ) The stress distribution not effecting by the
T LT FBIEDRE FV, CV L AT BEOMIT  stress resulted from hardening of adhesive.



Dial gauge

Fig. 12 & & # & &
Measuring of depth of curvature.

Table 3. BFRELREE

HERBREFERE H155

m

O 1 A
Adhesive layer

¥EIR 20°C, BE 16°C T TAKR 11.1 ~
12.3%ZAB L, ZORKOFEICHITORE
BlegAR E AiC e ARIC L TBHL, BAR
ASSMIEER 20°C, @R 16°C DFM T T closed
assembly #1T7c\, FZOHBMERE 60°C,
120°C T D FD2053 3 L U84 SEHE Licw
THEL CREICERM L-BEERTYELLE LY
120 EDHSIIOHLERE T CERNERE

The depth of curvature and temperature of gluing.

5 ETHABLT, BNAMICH-72hAH

DRERY Fig. 12 0 X 5 iCHllEL T HEEH

BHMOREBLOEY R B 72 TOEREY
Table 3 2R 7

n E B E & s -
Tempera?alrce) of gluing Depth of curvature (mm)
60 4,30
FV
120 1.05
60 0.50
(A
120 0.15

Z ORI I NIRERE 60°C 0FE, B
MfEf~bA#L, BEEROELIC X - TEM

- ERCSERIBARET B Z LR LTz, BER

E120°C OPAIcit, BEERAODAMEEST, Uit TRAEMICEL 7-3BIE I ESTh 5

ZEERLTN B,

DL IERNDEER S L OEOELAOF RIS HIIMERE 60°C, 90°C DHFAE, 120°C

DFEMELRDZ L IHEEEZ N D,

L7eho T, FIEROERLERAL THE 7L, AERERD Fig. 18 CRT L5 KESHEADK

HEREET ST L IBBENS B,

—h, BEREXEL 85120 T, FV (BV) FDOEHIBIEmMLEM~NEBY, CV FOEHDE

(@) Temperature 60°C or 90°C

T

ngW—f///

\ -

(b) Temperature 120°C

1

cz C(Y—- { ﬁ/

Fig. 13 #HEAOHEIIZ L Z5IERIEHO
HELZT AR
The stress distribution effecting-by. the
stress resulted from hardening
of adhesive.

BODERAEB - TV, ZHIEDWTiL, BER
DEBRDOERF X HITHRE LisT ISt
75V

BEBRE 120°C 04, FV (BV) FOKHED A
FYERAREVR, ZHIERTCEIFRICERIH
72123, BRBAANOEMECHEISEHERLEL -
rbeEXbLND,

NS, ZOERERICLZEHZME, KHD
BUEZ DD DI DOWTIEELBEME XINDZRNRHA 51T
D, HAROWTHRIWECTRINTHEEEX
b B, RARBROFEICIE, BORCEIREEEL
72¥, EBEOEHRD LS INBDIEVIROGE L HI R
BEOBLALNEWIRENRHZDT, KL LTOHE
ZOWT, EHIERFTIDERHZLEZXDLND,
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EHFOBMES RICERALSRORSMIG X Fig. 6 TRTEBY Tholzo ZHIVROENRD AL
X3,

1. BERENEL 37N, REBERFOENITERL Y LEWCER~BY, 27 -¥ikFois
NERBICEM L 0 5IER~AB S,
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The Internal Stress in Plywbod Resulting from
Cross-laminated Gluing.

Junsuke MUKUDAI

The internal stress effects on the warping and the surface check of face veneer, gluing
faéulfy etc., are known and recognized, but distribution of the stress in the plywood is not
clarified. '

The internal stress' in ‘the plywood set up by cross-laminated gluing, depends upon the
moisture content of each veneer at the time of being glued together, and the increasing of
moisture content by the water in adhesive and epuilibrium moisture content of plywood under
practlcal use, etc.

In this test, the variation of the internal stress perpendicular to fiber direction of face veneer
resulting from various gluing temperatures (hot plate temperature 60°C, 90°C, 120°C) of affecing
the warping of the plywood, was investigated by analytical method. o

The analytical method of the internal stress perpendicular to fiber direction of face veneer
can be described as.follows : Whenever thin lay,ersAwere.-sliced off one after another from face
side of plywocd, the variation of depth of curvature and the thickness of the plywood were
measured. Then the internal stress WaS calculated by the formula which the authors Vintroduced

for calculating the internal stress in 3-ply plywood.
TEST METHOD

For the face veneer, back and core veneer, Japanese beech (Fagus crenata Bl.), Sapwood
specimen (thickness.3 mm X width 2.5cm X length 16.5cm as shown in Fig. 1) was used. These
veneers were made by planing after cutting from solid timber. . '

Then, these veneers were conditioned in moisture content 14~15 % under the air of dry
bulb 20°C, wet bulb 17°C.

Bending modulus of each verieer was measured prior to gluing.

Face and back veneer, and core veneer were spread with 330 g/m? of urea resin adhesive
(resin content 70%) the hardner added. And the mixing formula was as follows :

urea resin-ccreeceees parts
hardner (NH,Cl) 20/ solutlon—S parts and the assembly was subjected to the pressure

of 15 kg/cm? for 1 hour under the air of dry bulb 20°C, wet bueb 17°C.

Then, each of the 3-ply pywood specimens was glued at the plate temperature 60°C for 25
min, 90°C for 17min. and 120°C for 7 min with the hot press. Gluing pressure was 15kg/cm?
(See Fig. 2).

Specimens were conditioned again under the air of dry bulb 20°C, wet bulb 17°C for 14
days. .
The equilibrium moisture content of each specimen is shown in Table 1.

Then, thin layers were sliced off uniformly toward the back side from the face side of the
specimen as shown in Fig 3, and, whenever one thin layer was sliced off from the face side,
the depth of lengthwise curvature of the specimen and thickness of the specimen was measured
(See Fig. 3).

The thickness of one thin layer sliced off from the face side was about 0.1~0.4mm thro-

ughout this test.
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Method of calculating internal stress was as follows:
Calculation method

The calculation formula of internal stress is introduced as follows : _
Assuming that the lengthwise (perpendicular to fiber direction of face veneer) internal force
in FV (face veneer) and BV (back veneer) are tensile force P;, P: and the lengthwise interual
force in CV (core veneer) is compressive force Ps, these are
P1+P3=P3A , .

If the thin one layer 4 having the internal tensile stress ¢ .is sliced off from the face side
of FV having internal tensile force Py, the remainder of plywood specimen expands lengthwise
and increases the curvature with the face veneer (FV) on the convex side, and the back veneer
(BV) on the concave side.

These above-mentioned deformations are the same as the deformation resulting from exter-
nal tensile force ¢4 b loaded at the point shown in Fig. 4.

(a) Calculation of internal stress in FV or BV

If it is assumed that, after thin layers dr1, 4dFz,-++-- ,dFi-) were gradually sliced off .toward
the back side from the face side, the thin one layer 4ri containing the tensile stress or: was
sliced off from face side, then thickness of FV became %ri, and the strain of elongation and
the variation of curvature due to the thin layer 4r: being sliced off, was der: and 1/7r: (See
Table 2), it is found that

oridri=Erhrideri+EcHcderi+ EpHpderi
where EF is young’s modulus of FV
E3p is young’s modulus of BV
Ec¢ is young’s modulus of CV
Hg is the thickness of CV
Hp is the thickness of BV

therefore, the strain of elongation deri is

deps= oridri
I ErhritEcHo+ EsHp
The axial tensile stress perpendicular to fiber direction in FV is increased as follows
Ersorisdri
Epdeps=— LFOFiedre s
P = Erhri+ EcHot EpHp (1)
The axial compressional stress parallel to fiber direction in CV is decreased as follows
Eceoriedri
Ecdepi=——C TF O FT ittt
CaF = Erhri+ EcHo+ EpHyp 2
The axial tensile stress perpendicular to fiber direction in BV is increased as follows
A Epecrisdr:
Epdepi=—m—B TFI AFL . iiiiiiiieeiereneeieeneeneannneeeeernnnnnes
B Frhri+ EcHo+ EsHp (3)

On the other hand, the variation of curvature of specimen due to the slicing of the thin
layer 4Fi results from the moment of oriedried, b is the width of specimen.

The variation of moment dMF; is
dMFi=UF’i’AFi'b{(hFi+HC+HB+A§—i)—7]Fi}
2orisdrisb{ (Brit HotHB) —Fi}seseeeeeesernsnneerenaniasinannnan, (4)

where, 7r: is the distance from the back side to the neutral axis of the specimen of the thickness
hri of FV (See Fig. 5).

This variation dMFi is also shown as follows
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AMpi=—=EL
7R
Y EI=ErlIr+Eclc+Eplp
where, Ir is the moment of inertia of FV of thickness Zri about the neutral axis pri—7ri.
I is the moment of inertia of CV of thickness H¢ about the neutral axis nri—7ri,
Is is the moment of inertia of BV of thickness Hp about the neutral axis pri—yri.
The internal tensile stress ori in the thin layer 4r: is obtained from Eq. (4) and Eq. (5)
by substitution, and is shown by Eq. (6)

S EI
rriedrieb{(hri+Hc+Hp)—nri}

However, or: mentioned above is not the stress which thin layer 4r: had under the initial

OFi=

condition i, e, gF: is not the stress which the layer 4r: had under initial condition before thin
layers dry, dFgy---ee- ,dri-y are sliced off from the face side.
Therefore, to obtain the initial stress dr: in the layer 4r: which the layer 4r: had before

thin layers 4ry, dpa---- »4ri-1 were sliced off, the stress or: must be corrected by the variation

of the resultant stress because of slicing of thin layers 4ri1, drz, -+ ,AFi-y. '
The summation of variations of axial stresses due to the elongation of specimen is
) i—1
Ersaricdri
Erd Erdepot-ren = B L eeereees
rdep1+Epders+ +Erdepi- ErheitEcHot EsHy &)
i=1

And, the summation of variation of stresses due to the voriation of curvature is

Er (hri+Hp+He—nr1) +Er (hri+Hp+He—1F32)
TFy TF2 .

i—1
...... +EF(hm+H3+Hc—77m-1) - Z‘EF (hri+Hp+He—1Fn) e (8)

TFi-y YFn
n=1
The initial stress 6r: in the layer 4ri can be expressed. as follows,

i—1 £ 4 i—1 Y H

- ) rearisdri (hri+Hp+Hg—nrn)
=oFi— - Epe

gre=oR Z Erhri+EcHc+EpHp Z F rFn (93

i=1 n=1

(b) Calculation of internal stress in CV

The stress o¢: in the layer dc¢i can be calculated by the method similar the case ().

oi= TEL et
a0 roiedgisbe (hoi+Hp—1c:) (10)
where M EI=Eclc+Egls
Initial stress oc: in the layer dci is
n—1 i—1
Goi=0ci _[ oridriEc . oradrnEc ocidciEc ]
i Erhpi+EpHptEcHe ' EpHp+EcHo Echci+EgHg
i=1 =1
St Gt Homrn) . Cheit Hs—non)
_ ci+Hp—nra ci+Hp—ncn) Y ...
[Z‘EC rFn + ZEC 7cn ] ¢H)
n=1 n=1
RESULTS

In this test, it was assumed that the modulus of elasticity of the adhesive was the same as
the modulus of elasticity parallel to the fiber direction of core veneer (CV),

Results calculated by the above-mentioned method are shown in Fig. 6 A~C, and the glue
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line is shown roughly in these figures.

Assuming that the uniform moisture content Uro of the face veneer (FV) prior to glue
spreading, of which the thickness and the width were Hr, b and the coefficient of swelling ar,
became U’r; at the glued side and Ur; at the other side, at the time of gluing after glue
spreading, and the gradient of moistnre content was parabolic (See Fig. 7), the change in
length per unit of length due to swelling at the glued side is (U'Fri—Uro)ar, and the face
veneer warps with the glued side on convex side. Restraining the warping 7. e. holding the flat

plane the warped face veneer, the compressive strain ¢rc is set up on the glued side and tensile
B

strain ¢F¢ is set up on the other side, so that f 0ds=0, and the cross-section AB expands uni-

4
formly to cross-section A’B’ as shown in Fig 7.

The condition of back veneer (BV) is deemed to be the same as the above-mentioned one of
the face veneer (FV).

On the other hand, assuming that the uniform moisture content Ucy of the core veneer (CV)
prior to glue spreading, of which the thickness and width were Hc, & and the coefficient of
swelling ac, became U'cy at the glued side and Uc: at the center, at the time of gluing after
glue spreading, and the moisture content gradient was parabolic, the change in length per unit
length due to swelling at the glued side is (U'ci—Uco)ac and the change of length at the center

is(Uci—Ucg)ac, and the compreressive strain ecc is set up on the glued side and the tensile strain
B

ect is set up at the center so that f ods=0, therefore the cross-section AB expands uniformly to
4
the cross-section A’B’ as shown in Fig. 7.

Assuming that, after the face and the back, the core veneer under the above-mentioned
condition was glued together, the moisture content of each veneer becomes uniformly U, the
compressive strain ¢¢ in CV is derived as follows, from Equation,

2P, =Py
2Er({(U'ri—War—crc}—{(Uci—U)ac—zcc}—sc)Hr=Ec:cHe
therefore

o= 2ErHr{U'ri=U)ar—crc}—{(U'ci—U)ac—zcc}]
EcHc+2ErHF

Hence, tensile strain ¢# in FV(BV) are shown as follows

er=(U'r—U)ar—crc)—((Uci—U)ac—ecc)—zc

Now we will consider the distribution of the residual stress set up by the above-mentioned
strain ¢r in FV and the distribution of the stress set up by the strain :¢ in CV,

Y. KOBATAKE and Y. INOUEY? reported that in the case of a rectangular plate being glued
at temperature T°C on the face of material as shown in Fig. 8 and the plate glued at tempe-
rature T°C between two materials as shown in Fig. 10, the distribution of the X-axial stress
oz set up due to the decreasing of temperature of ¢°C can be shown together in Fig. 9. E in
the figure is the modulus of the plate and da is the difference of the coefficient of expansion
between the plate and the material.

The distribution of the stress in FV is obtained by the substitution of Erer for Edat in
this figure.

The distribution of the stress in CV is obtained by the substitution of Ecec for Edat in the
figure.
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According to Fig 9, it seems that the distribution-curve of the stress in FV and CV inclines
thicknesswise at the edge side and the averaged stress distribution is shown in Fig 11.

However, the result of this test, shown in Fig 6, makes clear that a high tensile stress
develops near the glue line and in the glue line, especially in the case of gluing being done at
a temperature of 60°C and 90°C, It seems that such high tensile .stress was influenced.by the
tensile stress set up by shrinking of the adhesive resulting from the hardening, as shown in
Table 3 of the result of the test, which measured the depth of curvature of specimen after
spreading the adhesive on one side and hardening at the temperatures of 60°C and 120°C (See
Fig. 12).

Judging synthetically from the foregoing description, it seems that the result of this test
verifies the tendency of the distribution of the internal stress in the direction perpendicular to

fiber direction of the face veneer.



