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—B, REEGHE LWL, KBS LIOREMBEZEMNE LT, BoREHE, 7525
v 7MKL EBEEMERSICSBEMBEYEEGESL, HECRAYHCERMEENES & T
LD THHEMAMBEL TEHIRTE Y, TEOEER, BEBHOVWLU L LWEE
CELRCZDOHAERDLEVGEEML TS X5 Bhbhs, *OBREL L T, FHEk
HE R BERICLRBNE LT v S5 v A -avA NS 7y g vi—BITHL, LiL,
FOERIT, WhPLF VL yF - avALIT Iy VIEABRD X5, REHEOER,
BRIXHBRTH S, COBOREHESHHOMESELL T, REMBOBEEREE, HIK
BICRENT 2 W3, BBMOKED B THLS R RELOMEROMRZC L v &
CBILH, By, B E0BEVRENEL LIS, ZOWETIE, —BULKEES TR
5 BT, & RS X OBMREZOB L BMIES & LT 2 BMEAHERA Y L 0 b,
ZTOAFHEEDS b ity v /7 7 (E), RAKBERE(G), £7V vk () ok
BHECRBCEAL, r~2 ) BRI VEBLFETERT - 2 2 BBECE - 2 H L,
DL BMECBOHCHENE OBREFETHLNC O TR ML, b, Zhb
HEMEDOHAHER L LT, *UEMERF R X ORI h R E R ER M 3503 5 thFRI
B OoWTEREE R Z o Th,

ek, APREBCROSCHI), KEBYLEBEY RV ERE RBRES =5
BHBECHLRESRBT L b, FREBLEABELDE LR IS L Ehkh -1
AMMITEZZADOF 2 LhbBsileBL LF5,

1. E B &SN

AP b o ¥BiRix, /% (Tilia sp), 3 X+ 5 (Quercus mongolica var.



AEFEMBOBEERBE T BHE (WE- LH-2L) 337

grosseserrata) KX OXT 7V (7 4V vy ©VEDV v FF 7 vR, Shoreasp.) O 3BETH Y,
Wb ILEERERBHC K Tr -2 ) —YBIZhcdb DTHS, ChHLBERBKOR
WIE (h), HE (RJ), BKK MC), BEIEK (. BEEICHTIBERES DEE, %)
EENFE (n: lom 20 ) ORENBER) b i v v 7 RE (Er, Er) (%, Tablel
Alle v/ %, 9 VIE3EE (A5 1EEHOBKYERCHLL,

Table 1. Basic properties of veneers

Lathe check

Test material Species h Ry, M.C. l Er Er
(mm) %) (%) ' (x103kg/em?)

T1 SHINANOKI 1.50 0.469 10.3 20.0 10.0 107.1 —
T2 2.25 0.382 10.1 37.2 41 63.5 —
T3 4.50 0.478 115 57.7 2.8 102.0 1.1
L1 LAUAN 1.64 0.540 10.9 35.0 4.5 100.9 —
L2 2.20 0.485 11.3 54.0 59 94.6 —
L3 4.30 0.520 10.2 65.0 35 114.6 —
Q1 MIZUNARA 2.00 0.680 55 — — 113.7 2.0

(Remarks) h; Nominal thickness of veneer

Ry ; Specific gravity at test
M.C.; Moisture content at test
l.; Percentage of lathe check to thickness of veneer
ln; The number of lathe check per 1cm
Ez; Young’s modulus in bending parallel to grain
Er; Young’s modulus in bending perpendicular to grain

1.1 ET7aK
RIFEA B % 45X45 (cm) L) b 25 %, (EERDVEN08~10cm BEI2 & 5 EE
Boax 2 TRTEREMFHLA, 2 2Tw 5 FTEHREIRE OBRERDMBMES M T TE

Table 2. Properties of veneer-laminated woods

Test material Mark Nl?’i of h Ry MC.
Y (mm) (%)

a T1 6 9.0 0.646 11.2

b T2 4 10.0 0.508 13.1

c T3 2 9.0 0.510 11.3

d L1 5 8.2 0.599 10.2

L2 4 8.8 0.517 9.6

f L3 2 8.6 0.603 8.7

g Q1 4 8.0 0.804 6.0

(Remarks) ' h; Total thickness
R, ; Specific gravity
M.C.; Moisture content
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fTeisd Lo HEBESE L AMBROERHFRTH S, EFTEROBKERER, LEXVES,
HE, SK3FL Table 2 RLic, WTFhi 4~5HEEL, RhCR D e OFE WA LB
NERLORBATERCL b, ks, ZOFRICHERLLS 7 vEIRICOWTE, B
B bt DlA—TH B, AEHELXETIIDLAARL, BRI FTaHEY
ERle, FIROBPEELXLOE THAL -,
1.2 REEEHER

DEFRE, TOFEROIERBRGTHS 6 EHEORBMERRARLEEL L, Thix, 28
BB 3 75 1 EXAREL, TOERBEIT Table 3 I/RL 2%, WFh b FHERE L
2o LR - BROGFHE I ETHMOE I RTFEL {705 X 5 WHRL &= CFE#R).
ieds, {1 EAND kA 45X 45 (em) OIEEFMR & b L S clL, FEESLIREhLh 38D
DHEL 7o,

Table 3. Construction and properties of two-species plywoods

Test plywood Construction* h R M.C.
(1:2:1) (mm) (%)

A T1-L2-T1 5.20 0570 9.2

B L1-T2-L1 553 0.588 9.0

C T2-L3-T2 8.80 0.539 10.3

D L2-T3-L2 8.90 0530 9.3

E Q1-T3-Q1 8.50 0.631 5.6

F Q1-13-Q1 8.30 0.688 6.6

*: 3-ply

(Remarks) h; Thickness of plywoood
Ry ; Specific gravity
M.C.: Moisture content

1.3 SGERH
FAR, REEERGKE DCHERBRA—LL, D¥OBEYTHS, ik, Bk
BHLEMz A P AL A% B IRy, RBREXYEXERBEIRTTrLbERITI DV,
B R M 47 VHEAREBIBERM (KEAK ¥+ § HD1002)

& & H: HD1002 100
INEB 20
X 30

w7 vev 05
BB FE15g/45X45) cm?
E & FE: 9~10kg/cm?
b= B 120°C
B H: WElmmico2§14%4
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2. R M FH X
2.1 ETEIE

EHERRAHOBRERIC OV C, FORBRBMBYRET B0, FHEIOMEL
FAARHLREL LEHER, LE, 8K, #Fy v 7 fE EBY v 7658 Sv -t
AETEE GRS LOEMRARIC I D RT Y vHTH B,

EBROIERFIL Fig. 1 @ERBTRL 1228, 45X45 (em) ioft FF e ET &I 2T (a),
ROl AHEARTTV — P EANEEREEZHIEL 2, ¥, ZOEHBOFTARE
AR ARE D (b), MPFEFIRBEELGCHITY v 7 HREOAEBY Sk, HEo
RBCX Y, Grr, Er, Er 5 b &5 %, Tk, EER Fig. 2 1TRT X 51, Kt (BITEKR)
DMEH Y L, ERARE T, ¥R AR R EL,

DS T, MOMEERY L ED5n, BTV v S RBOBE R K2 CEMRRRA %

45¢em

p——— 45cm ——

(a) . (b) (c)
Fig. 1. Test procedure

(a); Specimen for plate shear test : (G)
(b); Bending test specimens made from (a) : (E)
(¢); Compressive test specimens made from (b): (E, )

L

Fig. 2. The three axes of veneer-laminated wood
L; Longitudinal
T; Tangential
R; Radial
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d e f
Fig. 3. Compressive test specimens made from veneer-
laminated wood

(a); L-direction (b); T-direction

(¢); R-direction (d); LT 45°direction

(e); LR45%direction  (f); RT 45°direction
XL 2RMWCHEBESEL TETAKR T vy 2 %21FRL, ThX DEE25X25 (cm), &I
Tem 705 X 5 CEMBEBA ZAREDY (o), EBCL bk, EMRRRBRIER=FRF7v v £
— A o T, BELBEERE, Ern Er, Er Eimse, Erpns, Erpse D 6 O Y v 7' (R
Bl BTV VI par, tir, Prr, tre THDH, EMABK OBARIL Fig. 8 krd,
2.2 REEBBEER

EATEME F o e K FUHKIC L ) KBE DR, H—DOHBIIHEERONEY 2

Fig. 4. The three axes of two-species plywood

1; Grain direction of face veneer
2; Perpendicular to the face grain
3; Vertical to the plane of plywood
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Fig. 5. Compressive test specimens made from
two-species plywood

(a); l-direction (b); 2-direction
(¢); 3-direction (d); 12-45°direction
(e); 13+45°-direction  (f); 23.45°direction
e AICKARBRE L TOMFRBE S I -2 & TH Y, ZOFERODLTULIER TS,
B Fig 4 T X o, EROBMFMEZ L, ChtBXHAY2 EXHEE3 L L,
b EDIHEERIL, HAREERE G, BT Y v 7R E, E, Efivyv /7 %&H E,
E;, E;, Enuss, Esuse, Ennao 3 X OAE 7 ¥ VI e, s, as Mizase, fasase, Mo TH 5,
Fig. 5 X EfEABRA OBEARNTH %,
2.3 WHEEHOMNEE
Mo L S, PR, REEEERAKRE IBEFESIVEFZE >HE—THhH5
DT, FHEEROWEEXUTCE &»TE T LT3,
2.3.1 HTBRXUERYVIRE (E)
iy v 780, Fig. 6 KirLicX 5w, EMREBA 21 bW T, UMMz fFdg
BEEEFCTRAR LD RDI,

PpB
4819

E=

TIT, ERMFYV/RE TRBEZKRE-Av b, L3ASY, PRME 634
RYBPROELZTH D, AViL, LA) HADRROEH L0 em, T (2) HFk30em &
L, WMEISMCL Y AAvPREHz, HTBERXBEORIER 1/100mm BEED £ 4 7 144

—CELLWIHELADO T TE Zin-» e, i, HTAIEOD SRR L, WESRICL
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LB TEXHRTY L THD, &4
Ty =L D3P L TELZYAIEL
oo WERRBF OREBBEICZ HWZ N

HEM2 TR Iy, FBRREZENR
BEOX5%Br b LD\ X 5 IHEY
FEL P2,

Efgy v 7R EL, EX=FA27v Y
A= RER X VPR Ik, ERERRIC

Fig. 6. Bending test apparatus

BT, FFEOREIA~7006 1{E
DHRBAZ LD, ThEHbh U HHEHER
Bucftl, chick b LOIRMEL FHL
725 2T, x OEEAFHETOELA 10 5
BEGRLEND L5 CHBELH R EDI,
WA LY EfEY v 7 RBULFHE SR D (Fig. 7),

P
E=7s

2T, ERESHY 72 PIIHE, AR R
FOWER, « IMEHAOBELTH D, ki, R
AL BITRRABRE (BRAMESY by, &L
PIE D S EE L 30 mm, f531% 1,000 f5 & L1,

2.3.2 HABMNHERE (G)

Fig. 8IZRL 72 X 5 ic, HAMBMEREOHE L,
Fr—rRAWMI EHEFRCL VIR, TDFH
T, EFERARGDO SBAZEMIEL, BHD1
BACHEZML2bD0TH), HECEZFHEEL B
foo BAEOWER, HESK U0 mm BEDOL 17
A —Shey PLTE IR, BRABRIREDYS
zirnX oL, RBREOHEIC O W TERY R
totee ¥, FFERKRRACL -7,

where :

3a?P

G ="

E; Young’s modulus in bending
I; Moment of inertia
d; Deflection at mid-span

!; Span
P; Load
P
4 £€q
Gauge 3
Length “T %, °
F
!
P

Fig. 7. Compressive test

Young’s modulus E=

P
Aea
&

Poisson’s ratioc  pas=
Ea

where: P; Load
A; Cross sectional area
ea; Compressive strain
e»; Extensional strain

TIT, GREANBERE, o JROARK, h IHRE, PIHE, 6 RBELAETH D,

2.3.3 RPVIH (v

K7V vHE, ERY Y /7 REOMELX B I A—RBRF 24 b\, MEHAELEA
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HEDERERFEL, KAX VEEL

2

5 =
Ha ta

T, palERDBEET Vv, e BHEF
FODOEL, o XHELEAFAOELRTHD, ¥V
FHREWEOBELRAL X5, MEILARYEL
LDV ICEELL, vk, BELZEED
B AEERET 20 mm, fFERIX 2,000 £ & L,

Fig. 8. Plate shear test

2.4 REESHAROHTHR G - 3P
h3d
BEL 7 6 EREERRAMORMRABE L T where: G; Shear modulus
DED2HY) DE&BERC L AEFHHEOMITARY I a; Width of specimen
. . . h; Thickness of specimen
Zhot, RBAETEIZVTRD 456X45 (cm) TH d; Deflection at load point
D, W RO TR & B RS & O B P Load

BT RS lo e, Tots, BERAILRE - EHEY, MarcH? 35 1 OUFHEY 0 b D& b bt
241 BOE#HZIFPREPHEROEDH O

Fig. 9 wwaARL it 5, REOBEZRAEXERL, RBRENKERRD L 5 WERM E
RRBLTohE £~ e Li, HERIERSmm OEECARLY & Y2, =0 LIS
PEE TPREPHEL RS L 5L, ABEIECLEOPBT L I XFREERL 0V
B, BOA LS ERECTINE GEME) ¥ Trbariers, M
BRIC oW TORIEL, BEICIL /100 mmBEED £ 1 75—k b blk, MEHE
HTEOMNED/NELTHRD, FAkr2 THEHTHHE TAEPEL S RV, £OFH

Load

S ¢
/ upport edge

Test plate

Laminated wood

L I=40cm —

Fig. 9. Bending test method of two-species plywood
(four edges simply supported)
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Bxd > THITEAE L R L, ki, A-40140X40 (cm) TH 5,
242 HABHEHPIREFHEOEIH0O

Fig. 10 RL e X 5T, BEHM ECSUTM2 A2 FTCREL, ROBEMIFOE
HWERUHEHFRCLD, 1/I0mmEEDL A4 71y —2 THITELAEXYTEL 2. WE
BRPRE L CHALFRRD 2HFTCOWTE I, BORKORBREOFEEELL EDHT
HFEARE L, 2vi3d0cm &L, 05\ EBEORKBME F RN £— t LEHMH)
B X 90° i (REBRGBOBRKBHESEA Y R — b EET o TRRL %,

Load
Test plate

Angle steel

{\ | /I
I‘— 1=40cmA‘

Fig. 10. Bending test method of two-species plywood
(two opposite edges simply supported)

3. BREER

3.1 ETAmOMEER
3.1.1 HigEETEE
BROMUEER XMLtk Y, EXAR (ABES L CRBEER) OMEERYE
LAHEETED LI, BERFOECHEECHFEAE LD, LAL, »—xY —BiRiCID
LIFBENARBEL T2 LA EARDRWRD, TOBEWFERSIOCBEERBICL 214
BRRNERCIIMRETNDEEL DD, Licilis T, A B free constant 23155
hBDHL, &84 E L Tik pure constant #fIEE THEHVRE W2 L2 ELD &,
ChLHRPRCHHATHHERTOERNLBELR DT TH D, UEkoz Eickd, 20
PrE Tk, BEROMMES L2 FTCEBESE L BTAREERL, CoF—2%1 - THIKR
BRE ORI T ARBMEE L,
BREPTAROMTY v 7 E AR T2 L, 7/ 15mm DIEH - uDF - TF
TEROINTRTCKRELSHbbRD, EL DSk EhHE, FHARIBEFEOKMEL D
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HW2EEEEbsThb, Thik, BRCETh2BEIIEEBOPHRCI VRS AL
RRLELOND, BEBOFENKEOHMME LS TI LRI FTHRVA, FDIL
ARIEHEMO ERBEREREAEDSA, ChIBEhEBO—F/NZis 7/ % 15mm D
EHV, TORIEHEMEINTEALERDLRIEh oI D OHEIN B, —F, AV
BXOMEBHAREDPOELT, EriZ b CBEHNEEBIRES OO DETHEIND,
COMRTIE, BHACETIRFCESY b ic®d, KEPHERES TH- 10
YF 7 FAS MM BIPIRAFIZ2mm OESH VIO WTOREED Er #WEL, kit
Table 1l iIZ/RL7c, ThiRkdE, v/ FTH3ME I X7 CRHSBEULLPITERT ~
AHRKRELILY, BERETE, Er WBHABENFEBEXT TH5 L8R ELNTH D,
3.1.2 FITFEROVVIAH .

BT 7 68 X OHE AR Y ¥ 7 (R BO R R Table 4 (RL 7, ShE DBIZ b
o, EtDiEdb\v, g AR (§ X7 7 2mm) 20X TWTFhbEMY v 7 HREDHR
PRRELDLLR TS, ZOFHEELT, 1) MTFRBCAMIN I CAHBLAOEE,
2) TR ORNWEHIC L 5EFORT LM, 3) MELHEOHEELLENELZDND, L
L, HMTFRBROE, wANELROEEI2~3%BECKEIELIICAAAY —BLkERE
LTHAHDT, THEBELTIEIL oo eErxbhb, LikdioT, 2 BIV3) K
IAREEENEEINIER, Ry Y 7 RBE Ty v 77 I D 3BETARELSSbbR
el DEBbhb, ¥, g AROEHV, BTy v 7 HBERERY v 7 ERI OV REL k-
e BRI, FOCEER BN I o2 b, KX OERERD Er HEXHYKE Do o fed T
555 LEBPRE, Ll, £5UCCOBED AT Y+ i@IbRKLX 5 Bbh s,

Table 4. Young’s moduli of veneer-laminated woods (X103kg/cm?)

Bending Compression
Specimen

Er Er E; Ep Ex Erpse Erpse Erpyse
a 103.8 49 1177 4.7 — 11.6 — —
b 74.6 29 79.4 25 1.6 8.9 5.3 1.5
c 103.3 3.4 108.4 3.2 29 78 6.9 24
d 139.9 5.2 146.4 5.5 55 12.0 12.7 4.1

120.6 4.1 127.7 4.7 4.2 10.4 9.8 29
f 145.7 3.2 174.8 3.1 4.7 7.4 10.3 2.6
g 151.1 10.9 143.5 104 14.3 19.3 21.6 11.7

¥, EJEr BI O E+EricownwTELTHRD, Tableb iRL7X 5, Ef/Erix
HMIFCIALDOLEMCLBLDEDERIBLEAERDS ORIV, KL, ¥ F /7 FDIEH
FEfic L 5b0nErETAE DA, CHIBFCLDLOREMCE 50X D Ern
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Table 5. Ez/Er and (Ez+E7) in veneer-laminated woods

Er/Ep Er+Er (X103 kg/cm?).
Specimen : : . .
Bending Compression i - Bending Compression
A o e 5 s @
a 21.2 25.0 0.848 108.7 122.4 0.888
25.7 31.8 0.808 775 81.9 0.946
c 30.4 33.9 0.897 106.7 111.6 1.013
d 26.9 26.6 1.011 145.1 1519 0.955
e 29.4 27.2 1.081 124.7 132.4 0.942
455 56.4 0.807 148.9 177.9 0.837
g 13.9 13.8 1.007 162.0 153.9 1.053

REVWOIEHL, EL3FDORMER - T B7DTH5b, Ec+Er OfEIX, ZOBEERL hER
ShAHZBELAER (ABBOEH W) OY vV 7 RE E+E*RETHIEERR TTHS, Th
CEBE, TV, vF / FEBBL LD DAT Y ERREN, &Y T FOEDL,
bA&HRE a, c G OHBIFFCHEETHY, ThIVERBBILZIFH iDL
Bbhs,
3.1.3 EFAROEAMNMERE

COWETE, Exbhb 3EDRAMBIERE (Gir, Gir, Grr) DO H, Fv — FEA
WiRBRICL D Grr DAFREL oo & DEPMEIL Table 6 1IT/RL fehd, & TR AMME:RE
i, —BECRRCIVFBEIRD Z 2061 T3,

1 4 1 1 | 2 (1)

Gry  Espar FEo E, ' E,

Table 6. Observed and calculated shear moduli of veneer-
laminated woods (X103 kg/cm?)

Grr G G
Specimen i Fr ELT45°/ET
Obs. Cal. Obs./Cal. Cal. Cal.

a 7.1 7.6 0.934 —_ —_ 2.47
b 44 20.8 0.212 7.8 0.6 356
c 59 5.0 1.180 4.2 0.8 244
d 6.2 6.6 0.939 7.6 15 2.18
e 5.7 5.7 1.000 6.0 1.0 2.21

5.2 45 1.156 5.8 0.9 2.39
g 11.9 9.1 1.308 114 4.6 1.86

(Remarks) Obs.; Observed value from plate shear test
Cal. ; Calculated value form equation (1)
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LR Jenkin KD LT B LD TH B, ZTTH L — b8 AN A R A
DEBEY BRI DORKL, Jenkin X h HE I h 5 AW MM G EITEMRC L 2 HMF
BEEL TR ERERTRETH D, HAEELHEELY BT S &, b SR EA
RORLS—8TE, CObARCEIHAAFEAEOFERIHE ST\, Jenkin Rz
MO2RCRELSKREINDID, Erpse 85X O Er AR T 20 TiRie b 5 & Bbh b,
DED, ErpselEr A B E, b 112356 Lie 5D LMD EHRIL1.86~244THY, Th
DEEECHBLTW2X 5 Bbhb, ik, ZOARBELTESEBILICRN YN DL
BB LEBbhb, LAL—BMCiE, »ith B EAEL HEE I EETAZE L VX
Balgk 51T, v~ AKRBRIL, CANBMERROBMECHEL T, RILELL-RRS
BD—2THBENH T ENTED,

Ig¥, AMRCHERLICBETIE, X7 IO 2BBELEBRL TRERGr¥E TS
C L nHRITH B, |

A D Rolling shear IBART 52 AWM ERTH D Grr, Grr TOWTIX, ERTE
Tlebitinotoht, BEL L TEHEEY Table 6 1R L1z,

3.14 FFAWEOAT VK

KTV VHIMEOREER L BT 2 L HRAEEL LY, B8 KBl 2883 b
HTYRL, BE—EBEARLIBLEELZLR TS, LiL, Table 7 @R L& HH D H
7Y VHOEMERZD L, hich DT YEREDOLR, ThbiiE: L THELECEHE
THLOEBbIhSE, —BECEM T, pe+04, #7205, par=06RETHLL bR T
WBRD, COMRTLEDLNIEETERORT YV vHERM@ELFEHT S L, te=04, prr=
0.6, prr=02 %7 b, LW prr CHEVCTHEELHEERAL®BRS, ZORRAD—DII,
BECIOHMRHRTHAO LBbhb, 2%, BREBECTEMEEOKE, BEEKOWBELL
DETRITWEIIRIRITOh B, BEEROBEC X 2BENIATORBHRDE

Table 7. Poisson’s ratios of veneer-laminated woods

Specimen srr MLIR HTR {RT prr*
a 0.420 — — — 0.017

b 0.439 0.300 0.143 0.059 0.016

c 0.572 0.447 0.314 0.255 0.017

d 0.556 0.351 0.209 0.235 0.021
0.680 0.334 0.300 0.243 0.025

0.715 0.374 0.162 0.221 0.013

g 0.474 0425 0.211 0.340 0.034

(Remark) pzz*; Calculated value from the following equation, EL-sz=Ez-yLT
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2, RAMELYL T HHICEHTIHKREL
HELNBDTHAS,
3.2 REEEHESHEOMEEH

3.2.1 AalEOYVIERY

BROBMTRAIER, —BICKAL D EHE Fig. 11. Cross section of two-species
na, plywood specimen

where: h; Thickness of plywood specimen

El= L E]I (2) he; Core thickness

e B LSERE Ao iy N-N; Neutral axes of plywood
7ERE, WH2KRE~2AVFTHY, EcBIC L IZFEREZOMIT v v 7 B8 K X OWE
2RE—-AV EHRLDT,

ZOMRCHEAL - REEERARKE, Fig 1LIRL-X 5K, 37751 &8 CHhirk
CBL TR TH Bicd, RREMEFROMTY v 7% 8% E, ThicBAKHRHOH
Fryv 7RG B % E LTHLRATHOHLEINS,

Ey= Eip A+ Eg-(1—4) ' (3)
E,= Ezp+ A+ Er.-(1—A) (4)

T2, BT S RRREBET AR BT 28R EBObL, c X hEBELTHHAD
HfRxsbobd, AXBRIETH Y, AROWIE 2K — 2 v P+ 5 R & @G mnR—
BT2HBROBHE2KRE— 2V FOKTHD (A=L/I=FH—hJH),

¥he, EfiY Y 7 HHE, —BCKR I VHE SRS, |

E, = E;p D+ Ez-(1—D) (5)

E, = EzpD + Ezo-(1—D) (6)
E3 : ERf'ERc (7)

" EreD+Egr-(1—D)
L, DBTEBRETS D, GROME ST 2RI LML AT 5 iR
DEFEZDWLTH D (D=(h—h)/h),
Ehi, WY EEAEESE A EHATIELCOEMY Y /R, RRL VHESR
ha,

4 1 1 2 1
Epws K + Gy, E, + E, (8)
Euuse = Eppusor D+ Egpuseo+(1— D) (9)
Eys.450 = Eppisor» D+ E ppasoc+(1— D) (10)

ST, Epe BEOWHE, BMRHEBRRIEOEE L DIXFE XA, Jenkin K& b
bLEDHI LTI ETE ARG, HED ()~(10) Rk v, REEHEBAKDOHT R L OEMR

(Y



AREPEMHOBEERCHETHE (WE- LH-2) 319

Table 8. Comparisons of observed Young’s moduli with calculated
ones of two-species plywoods

Bending Compression

Plywood -
E, E, E, E, E; Eyp.450 Ey3.450 Ea3.450
A 0.993 0.969 0.842 1.033 — 0.750 — —
B 0.997 1.044 1.130 0:.977 0.793 0.940 0.584 0.862
C 0.874 1.086 1.019 0.821 1.100 0.609 0.860 0.629
D 0.872 1.178 0.752 0.969 0.968 0.912 0.747 0.886
E 0.872 1.040 1.042 1.132 1.189 0.982 0.426 1.246
F 0.842 1.020 1.013 0.951 0.762 0.857 0.674 0.898
Av. 0.898 " 1.056 0.966 0.981 0.962 0.842 0.658 0.904
Y S RBIHE SRS,

Table 8 (X fiF s X MV v 7 ZREOERE L HAREOLTH Y, I THELLILL
REBEOY Y 7 FEBE, PAARL DL LD L0THE, AROWERICL - & LEE
DR Ey, E, THBHH, ERfE & FEEOES LT, EFERRE L EHLO TR, BT
GO Er, Er 2 W+ EBCERO E, E, XEEEIRD, Zhbiclk~T, Eofstkx
EFEL I T0aH, ChixFEBRF OTHREENE 8L UHEE#EO Bt (8 SR 30 mm)
ECFERT EEZLbRD, ¥, Epw BHEBEHNBLEETSD, Ess BXIUW Exe i
BEPORT7YERFDOID, COBRRIBEONTRGY, EEFEAPCERE IR T
RORAWOEBCIDLDETFHEEND, 2Fh, ThHORBREOED ., BEEBCRE
4% Rolling shear WEARKFRALY I IEL, BEEFBIZEE AL Z D Rolling shear iZ&H
LTWBZERnBEIhE, Thil, BECRIOHRELERTHZLENTEY, Zhrids
HERETXELFEEE b0 EBbhb, Gu G DUERBIRblichotDT, 0
BF%E T2 Rolling shear 1o o\ T 15 /e 43C & T 1228, BERAHT 5 HAR LT
BEIRAEROIEH, & <122 D Rollig shear REDO N F MBI KX B 525
LEABRBD, TORCOWTLELIFEMLLREILETH S,

3.2.2 SIEOEBABHMHERYE

FAHEEER AR OES v, AEHEOBK L VR IN WD EERETZ &, wANME

FREIRATHOb IS,

Glz = Gzr (11)
¥, RALHEOEKRI VEBRINDESH L, EELANEKELD
G = X Grrts (12)

Lied, 2T, Gir, t RFRFNEEBREROT AW B RE S I CRABRBOLERE XIT
T H5EOBBRBERDOEXDKTH B,
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Table 9. Observed and calculated shear moduli of
two-species plywoods

G (x103kg/cm?)
Plywood Obs. Cal. 1 Cal. 2 (1) (1)/(3)
) @ ®

A 79 6.5 7.0 1.22 1.13

B 6.9 5.5 6.1 1.26 1.13

C 59 4.8 4.5 1.23 , 131

D 6.0 58 5.7 1.03 1.05

E 9.4 8.8 10.6 1.07 0.89

F 10.3 8.5 11.0 1.20 0.94
Av. 120 1.08

(Remarks) Obs.; Observed value from plate shear test
Cal. 1; Calculated value from equation (12)
Cal. 2; Calculated value from equation (13)

Lal, REEEEEROES -, BREBKOHBEMEN BT WANARKSEZE, 25
LTV~ P RANRBSHT RS RORRTHD I L S v E2 B L, BREXOWE 2
RE—AV I EREEBLRTFHIERED G, Thbb

G = 42G1j1¢.[i (13)

Telil, TREROKE2KE~ £V b, Gin, LIZEhZThd 5 HRERO¥ AN B i
FREBIOHHEZKE— 2V I TH 5,

Table 9 /R Lo Dix, RAfEEL (12), 13) KX v b D HBEER IO LTORTH B,
X e, WTFRLENERFTEEY L b T30, #EBRRERFTHS, 3A
D THTHIAFAMENFHEEY L H3FEER, RBREOEIREH B I 0L OX LMK
EREBbDEEZDIRD, (12) HX O (18) R X 2 BHEXEHET 2L, WHE2KkE— 2
VIEEELE 13 ROFRBEEENB G2 Ebr s, Lhl, SEOERICHEL & RE
BHERATL, HEATUL 2w ABTRERECL b DR L VBRI h T Bk, (12) R
i) OFERE R LI, CANEEREOILWAAKRER I XFFBERYBRCLLE, F
EWOED, (13) RiC L 51HEM2 (12) RICL BT I DL ERBEEFETH LW
EoaleX o, B, TRTEAMBEREICKELHEDOD B 1Xd L, WiE 2%k = — £
VIRERTALENDDEELLND, ok, TOHEEN, F5Fv rx— - 1AW
BILOZOMOR AKBEERBEOFECRLIMB L VBRI KEEAHFEC O CHLER
ERBNE I ML, SERORFCHEL NI,

3.2.3 SROATY VK

GRDOEMCLBART Y vHOHEREL UL, KA1 Ez26R5,
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_ (perErly D+ 1pr Eflo-(1—D)

Hiz E, (14)
ts = trre D+ prg. (1-D) (15)
ta = prrr D+ prr. (1—D) (16)

Lt CIWTTERERRIL Y VETE SR B A, e B N2ER TS L EROL OH O
Xh3, 22T, ABERMKEDIEH\IL, Maxwell DEBERK LTS5 DT, pp=(trE)E,
Ly, BRI B5HEREL KT 3,

O, MEEFEWSEEEE 45°FHATHEHVORT Y vHIX, —BRICKRTHLH S
na,

_E. E,

_ et e, T E,
Uay-45° = Ez Ez (17)
1+“q—2ﬂzy+ E,

DF D, ppee i Ey, By G, the L VFE IR, FEC e B tus b D5
EMNTE B,

KTV v HEOERE L FEMBOHIE, Table 10 @R L, fOMETERE LB+ &, &
TV v HREENDNEL, EREOAREC IS TLHEY 30T, Lirt, TRERGEL
DOV ARELRIOLELIRT VWIS THD, ChbLbORELDE, ETHEFEOE WD
DLHRSTENRBH, DX VWTERERFOERNELhIL SCBbh %, Table11 i3
p DRPE L FHEME, ROORHEMEYRETIERR, THREBERERORT Y v HTHSB,
ChIVBHELNTHEA, pe D ERMELGFEMER1L ) R 2REAR, R, SRox7
Y vHOHE, 2F ) EAYRCIZIDOLELIOND, FEEKEROBLASAOBERRIL
Fig. 12 R L c2s, e MEARBA QX S\, EROBEERBMUIEZDRCL v BROME
BERL & 5RBR (tr2=002) RTHAAE X SN D OWH L RERIFEROEBR (1 =
05) DEEHZTRT V. Thik, e DEH, ERBERCRUEINLELI VREIH, 2

Table 10. Comparisons of observed Poisson’s ratios with
calculated ones of two-species plywood

Plywood M2 13 Ma3 12-45° 13-45° 1123.45°
A 2.304 — — 0.820 — —
B 1.190 0.926 0.705 1.028 — 0.486
C 6.176 0.574 1.012 0.706 0.646 4.480
D 3.833 0.383 1.177 1.157 A 1.745 1.872
E 3.721 0.757 1.536 0.827 2.083 0.393
F

5.294 0.705 1.231 0.817 2.095 0.430

Av. 3.753 0.669 1.132 0.893 1.642 1.532
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Table 11. Observed and calculated Poisson’s ratios of
two-species plywoods (¢3)

face core back 2
Plywood
nrr ure prr Obs. Cal. Obs./Cal.
A 0.420 0.025 0.420 0.106 0.046 2.30
B 0.556 0.016 0.556 0.075 0.063 1.19
C 0.493 0.013 0.493 0.105 0.017 6.18
D 0.680 0.017 0.680 0.138 0.036 3.83
E 0.474 0.017 0.474 0.194 0.052 3.72
F 0.474 0.013 0.474 0.180 0.034 5.29
Av. 0.516 0.017 0.516 3.75

(Remarks) Obs.; Observed value from compressive test
Cal.; Calculated value from equation (14)

EDUhEBE, il D ERKRE CEREMLT
WEIhHZ LEMh, TO/KRRBEIFEMBEELKE S
EEbotborad3FbR5, ¥, BLHEL, R
5. DEXINKELLIBHEEEINDLELDR, ThiX
Fig. 12. Strain distribution of Table11 X OVBIZ LN TH b, e BL UV T2 T
two-species plywood (112) e = o 5ivaz B 4%, Table 12 X 06 13 IR X 5
i, BEREROET Y v pp OEHCEEEENBED LR, BRI B EY D
Dfcd, ERIEELFRERGE-RL TS, Zhil, BELAARCISEE DT HKRELBH
niehosfeZ L BRI B AHNR 5,
DL, BR=FARAT VIV A—RELIDLRET VY vVHOREIX, —BCA LA v

Table 12. Observed and calculated Poisson’s ratios of
two-species plywoods (z43)

face core back - g
Plywood
ULIR UTR ULR Obs. Cal. Obs./Cal.
A - — _ _ _ —
B 0.351 0.143 0.351 0.251 0.272 0.93
C 0.300 0.162 0.300 0.132 0.232 0.57
D 0.334 0.314 0.334 0.128 0.334 0.38
E 0.425 0.314 0.425 0.278 0.367 0.76
F 0.425 0.162 0.425 0.203 0.288 0.71
Av. 0.367 0.219 0.367 0.67

(Remarks) Obs.; Observed value from compressive test
Cal.; Calculated value from equation (15)
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Table 13. Observed and calculated Poisson’s ratios of
two-species plywoods. (#23)

face core back a3
Plywood
“TR HLR UTR Obs. Cal. Obs./Cal
A — — — — — —
B 0.209 0.300 0.209 0.172 0.244 0.70
C 0.143 0.374 0.143 0.263 0.260 1.01
D 0.300 0.447 0.300 0.365 0.310 1.18
E 0.211 0.447 0.211 0.516 0.336 1.54
F 0.211 0.374 0.211 0.363 0.295 1.23
Av. 0.215 0.338 0.215 1.13

(Remarks) Obs.; Observed value from compressive test
Cal.; Calculated value from equation (16)
— 2R EMOPER L HERD L, KEREIL- LB EELLNRSE, LaL, m0iXdh
WOXSK, FIREBRTLIEERORT Y VECKRERHEELR DS L X2, BEEZEORT
HEAXRET ZHERTRIRLT DT, ThALDERXI AL ILTRI ML ZLNERD
5EBbR3, - ' '
3.3 REMMUK/NFOHITR
EEEERAROERRAR L LT, MUBMEHE I O AIRMTEP R EhHERGET
HMIFRARBR L s 2o, BARAORAENEZTRAEERCE - TEORETFRTHEE S 5 i
DWTREL Thi, ek, FREEILEE X EHER v 2 —DBEE HITAC 107 2
L7,
- 3.3.1 BRALCLBOLENEEY
BRROMTERL, BRBREOHMTBIUE Diy, Dy, Doy 35X OET Y VI tay, tye EHE,
HENILHBEIND, Lichi- T, MFBIIL, MRk LY R ET58EER E., E,), Gy,
ey BED e LD EDORB LB,
ZhboAMEERE, RBREL D UL PR OEHELY BV 20— BETH B
B, CCTRELKRERLRIRSLETERI VHEI R - ERELERL L i Eao®
RitERY R IR, ik, BRIEOR, ZORRTRERRBECI AT Y viEE LD
WA, ELKEHMTRRC I 23 02FRT2ORENRTHS, UL, BT Y v s
BACS2 2HBILELDTHITHY, BRLTILELAEIL D&V ) FiEY ©
BELH B0, HERIVRWLDEEZLRS,
3.3.2 MAEMIHRREPHTRC ZSHITRER
HEBH R Table M KR LIcEBYTHD, Thitk bk, HrbrflFEaoERHEE
FEMERLRYRS—ELTED, FAEARI VHEIR L - T L BREIEER &8 o Rk
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Table 14. Observed and calculated deflections in bending
of two-species plywood plates
(four edges simply supported, concentrated load
at the center of plate)

wy (X10-3 cm)

Plywood
Obs. Cal. Obs./Cal.
A 43.1 57.7 0.747
B 39.7 48.9 0.812
C 15.3 16.4 0.933
D 11.8 11.3 1.044
E 10.6 10.0 1.060
F 11.2 10.3 1.087
Av. 0.947

(Remarks)  wp; Deflection at the center of the plate

Obs.; Observed deflection

Cal.; Calculated deflection
ERERMENS, HITERAILL)OBWEETHESIRAZ Ebn b, LitsisT, FilRo
B, FAEROEBEIAERLLOTHIUL, ThHDRFERI VBRI 85K
EHV, MEERERAUL L TH, +HEEIRBLLOLBbh %,

2¥i, E FARCEWT, RMENFHEEEZLT M LEbatmrLbhiz, 0
B, WFRLERIC I X TEEE b bR LDT, Db 0L kT 5 OEY GE
W) BEDPRELBEIR, COZEREEDORRAEL SbbhREROX > Bbh 5,
2%y, REEAROED, LITLIERDBLIhBKY, BhltEOEWERIT, IEL B
EREHERDTD Z ENEL, 20k, EUHOBEL 2B T I&G0EAIEID b
DEEZLRS,

Zh T, EWERLEC X VFRBEORO—HAVr R -t nbBEEND I 5 7EH
Vv, SEOFEBRTIE, ROWHEAVE - VCETLECYHRE GEHE) 2z, Thhbd
MFEADOUEL R /s, LL, KEREVWERD D 5RBGETIE, ROWRNELT
YR P EEETHCREBCRELFHENDLELL Y, BERAFEOBULY 1 THIEHD
FEEBLTLUE D BERRELORALD, Thbbi D EREHEEEEbhl. W F
hel T, ZoBOKEHEEROBE&HRECSWT, BUOREREEZEIABTCL -
TeEbx, TOBURBILAEYRFT LR E BRI D,

3.3.3 WHOMEXHPREPHRCSIMITIER

SHABMZ R DX D, BIRBYEL v H— b FRCBEL ToED 2RI NELOR, Th
LDEFRLREOWTERER I, T, BIRBIEF AN H— PICBRTERDIEH
O HEELT, FORBERIT Table 1512, 1L TEHBEF ANy E— + LEBCR S
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EHR 90° HEEL T, Table 16 IRL %, 2T, o RRBAERROMITELR, o 3+
A= FIh T WEHELPROBFRELTHS, :
2FL LT, FEREEFEEZCGAAR LKL TWa, 0°FHERIPRELC
DT, RESHEBL O3, ZOERELTL, BTFEIOREENRZHD TNIGT &
Table 15. Observed and calculated deflections in bending
of two-species plywood plates

(two opposite edges simply supported, concen-
trated load at the center of plate)

wy (X103 cm) we (X103 cm)
Plywood  Direction
Obs. Cal. Obs./Cal. Obs. Cal. Obs./Cal
A o° 46.2 56.3 0.821 139 6.3 T 2206
B 414 470 0.881 — — —
C 16.5 16.0 0.994 4.9 34 1.441
D 11.7 10.7 1.093 1.8 0.9 2.000
E 10.2 9.4 1.085 3.2 1.3 2.462
F 11.0 10.1 1.089 3.2 1.4 2,286
Av. 0.994 2.079

(Remarks) Direction 0°; The face grain of test plates are perpendicular to the support.
wy; Deflection at the center of the plate
we: Deflection at the center of the free edge
Obs.; Observed deflection
Cal.; Calculated deflection

Table 16. Observed and calculated deflections in bending
of two-species plywood plates
(two opposite edges simply supported, concen-
trated load at the center of plate)

wg (X10-3 ¢cm) we (X103 cm)
Plywood  Direction
: Obs. Cal. Obs./Cal. Obs. Cal. Obs./Cal.
A 90° 207.8 255.2 0.814 2023 2319 0.872
B 296.7 340.0 0.873 2975 3216 0.925
C 36.0 39.4 0.914 28.7 31.0 0.926
D 34.9 405 0.862 29.1 35.5 0.820
E 29.0 33.0 0.879 26.2 28.8 0.910
F 28.0 31.6 0.886 24.2 26.9 0.900
Av. 0.871 0.892

(Remarks) Direction 90°; The face grain of test plates are parallel to the support.
wy; Deflection at the center of the plate
we; Deflection at the center of the free edge
Obs.; Observed deflection
Cal.; Calculated deflection
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b, TDOHRBRENKRESENT LD LBbh, ELEBEOEVC L BRELEXHEL
Bl B LILIDEELLRD,

0° B XV HEOABRBERYLET 2L, O° HARRG TR, RUENGEEY LEH
5hDH2 3HRLREDIEHL, W0°HARRBTIIE S BDbhEV, X, BHA
CET2RARGBOEVDOERCLIZLDOLBbIS, ZOWRHEHAL - REEBR AR TA
BRIIENIT, BEAEN K07 ThHhH, ZDkd, 90° HFRDOIEH\, HHELEILLEY
HBEMLLIOTHH D TH D,

4. & b

AREEAGWO—BL L CREERR AN 2HEL, NENEER L OMIFkiEC>
WTERE L IR, 2¥DOKBREYE.

4.1 FITEIEOMEER

r—fY ~BRYBHEFA Y PTCLA L TEBESE L CEHTaREERL, BEEEBR
EROBEERAHET 2XB LA MTR L OERY v 7 B8, CANBEERER, <7 Vv
HirExb Ldle, TORKE,

1) EFEXOCEMRY v 7 f BB T 5L, EfEY v 7 GZE R AE L HObh EAR
%5, Thik, HFRBHE ORNEHIC X AAREL LT LA, NEEHEOMELS LS
DLEbh 3,

2) Ei+Er i3, FAWRCHEHELLF/ +01EH\, SEHOTTER KT LERN
BOLRIIH, THEFERMERRR - Tk dTHA 5,

@) Fv—reAKRAR, BANMERROBMECEL T, RIRELLHED L DT
Y, Jenkin Ric X 23 HME L FHICREE TS, Lo, Jenkin RAHEET 5 Erns B
IO E DEMBIRIC Y - T, FHALLWEBLHEL B,

@) —BREMORT Y Ve COWBRTHE IR PTAROF R LET S &, ¥
TERD prr OWIHBEERBERTHD, Thik, BEEBCIZHE - vBIhorD
BRI BB, BERBCI Y THTRBRIL LD, *OKE R HARkoBBx b
FORT WD EELLRD,

4.2 REBERBEHONEEH

FAITEWROMEER Y ERE L T, REBEERAROMBEROHTEHEY LL 25,
KUE L FFRMEOF AT OWT, >E¥DR-RE B, .

1) AWMOBMERFFCL- LIBBEEY VY I/7REE, E, i3, #, EMLixhbdTR
HiIsHEEIABON, FOAEBRD EL, Er X )+ EMCHET S Z L0 TH 5,

(2) Enase, Epase DiEH\s, Rolling shear DB ERE 2 S h 5k, HERbicz 0w
AR EERT HLEND B LD L BbRS,
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3) REfE, EMHOBRI VEBRIhZAROED, MFEHLIRITETEEA
R G *HE T, WME2KRE— AV FOEBILETH D,

@ K7V VvHIZ, tEOXGT, BERFLHEAEIEOII, R ESHRCIET
KREGHBEDOERNDDEROIED L, LKt IRROR/BEA DXL PE T HHERIC
e e3 L, WERCETFRMENERIR TV S,

4.3 REEBESROMIER

FAAROEREL VAHETL LD REEERAROBEER X bW, HWITEAY
BRRFHERI VEHL, BURMEE, SUBMEEPRERHEREC I ST ES
REMEE DHERE YR it 7,

1) AUBMEFEGOEH, RBREFROMFERL, FAELFAREILHNANAR
{—FKL 7,

(2) MTHMEFEMETE, O FAHALFRETELZXDEWT, b TRFLHES
WrmSHR, 0° FHABRThROMTBELANKRERERVACLFEAL L Tk, RBREAE
DEVWERE L OCHEBEAEIICWANANIR I LRI DPERENEL OIS,

B#ic, COMRCHEMALLARER SR, HBOMEBEORELL BT X % 2 BExY
REBROBELZAHTH Y, Thithe, BEBCALSIGN, MEROSHLbhY, ELRE
R S —BORBEEHRCRS W THERR I A AL, bEVBREIRLI T

Lo T, Thhdbil, Y5A2AFy 7, 2BREBIVCFRPREFA -~ AL
HAWR, X5ENHEBRORBEARTCOWT, NENEERZITD, ThbD Mo
TOEOSERF LML TP ELTH B,
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Summary

In this paper, the mechanical properties of two-species plywoods were investigated
in relation to the elastic constants of veneer-laminated woods. The rotary-cut veneers
of the following three species were used as materials for the two-species plywood to
be tested; Shinanoki (Tilia sp.), Mizunara (Quercus mongolica var. grosseserrata) and
Lauan (Shorea sp.). Each plywood consisted of three veneers from two species and
their constructions are presented in Table 3. As shown in Fig. 1, Young’s moduli (E)
of the veneer-laminated woods were observed by bending and compressive tests, shear
moduli (G) being by plate shear test and Poisson’s ratios (¢#) by compressive test. Also,
the elastic constants for the plywoods were measured in the same manner and compared
with the ones calculated from the basic data of the veneer-laminated woods. The
bending tests for the two-species plywoods were carried out as follows: first, the spe-
cimen was simply supported on four edges and a concentrated load was applied at the
center of the plate, and then the specimen was simply supported on two opposite edges
and the load was applied with the same manner. The theoretical values of deflection
were compared with the observed ones. '

The results of tests for the veneer-laminated woods are presented in Tables 4, 5, 6
and 7, and are summarized as follows:

1) Comparing Young’s moduli obtained by bending test with those by compressive
test, it is recognized that the latters are slightly higher than the formers. The reason
of this fact is seemed that the simply supported condition given in this experiment may
not be reasonable, since the distorsional deformations have occured in the bending
specimen.

2) The values of E;+ Er for Shinanoki veneer-laminated woods varied over a wide
range, depending on the irregularity of the quality of woods. '

3) About the shearing modulus, it may be concluded that the plate shear test is
one of the most stable measuring methods, and its value can be estimated with a suf-
ficient accuracy from Jenkin’s equation.

4) Comparing Poisson’s ratios of the solid wood with those of the veneer-laminated
wood, the difference in prr between them was especially remarkable. The reason is
seemed that the elastic properties of veneer-laminated wood are apparently affected by
the existence of glue layers which act as a stiffener at 7-direction.

The results of tests for two-species plywoods are presented in Tables 8, 9 and 10,
and are summarized as follows: ‘

5) Young’s moduli, E, and E, that are the most important factors for the struc-
tural strength design, can be estimated with a sufficient accuracy from the basic values
(Ez and E7) of the veneer-laminated woods, both in bending and in compression.

6) In calculating Ej.sc and Exp.use for the plywoods, rolling shear moduli should
be accounted for.

7) It is necessary to consider the moment of inertia of the specimen for calculat-
ing plate shear modulus for the plywood consisted of the veneers having the different
quality.

8) Poisson’s ratios of two-species plywoods except #; can be computéd with a
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sufficient accuracy from the basic data. But, the measuring method of g, using a set
of mirror extensometer apparatus should be reinvestigated, because of the ununiformity
of strain distribution in the compressive specimen.

The results of bending tests for two-species plywoods are presented in Tables 14,
15 and 16, and are summarized as follows:

9) The deflection at the center of the plate supported simply on four edges under
applying a concentrated load at the center of the plate was correctly calculated from
the elastic constants of the veneer-laminated wood.

10) The observed deflections of the plate supported simply on two opposite edges,
except that at the center of the free edge in direction-0°, were acculately agreed with
the theoretical ones.

11) The reason for the disagreement described above is seemed that simply sup-
porting condition in this experiment was not reasonable.

The two-species plywoods that were tested in this study were constructed from the
veneers having almost same mechanical properties. And so, some characteristics that
are frequently seen in the usual wooden composite plate such as a stress problem in
glue layer, shrinkage and distorsional deformation etc., were not nearly observed. There-
fore, more detailed experimental investigation will be required in the future on these
questions.



