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Studies on the Elastic Constants of Wooden Sheet Materials
Report 1. The Elastic Constants of Lauan (Shorea sp.) Plywood

By
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BEHEE LTAMEECHERL TP DTIXEERANTRCH D 2 &1 4HF
DO EDEHTFLND, EMEHRDBHE LTCERATLEI I, BEHHILREELLT
Lbh L ADOR—RRAITob TH B, EEROHEDR LD B X IITEROESC X
DAREEEFR DI & LTHERSAD X5l T, BETRILICAMES
BH 5 LIRS A M A KRB HR S S W T R E RO R L ORE L L
THEAIAT D, ZOPFRTIE, ZhbOREMEIONENEED 5 b CHEICHEER
CHEH L CEBIMBRH A S S ot 1M TIET v v AROBEEICET 5 4 EER
I, SREAE S LTONFIRER, ThEBE LTV A EF0ET BIE L X
DESHBRCH BhE, FAAHAEETSZ LC I VAR L, SLEERAROE
UMM - hREPHREOED OBAAHE LEIE & OlBA S 2o te, = OH
BRiY, AR ALMER O 42 EESGRARIEIREC X 5B A M TREFE A 0 FE0y
WECBT 5% (REZE RERER) of |
HIEE IREFEHROBEER & LTk
Kot DTHD, HEERETTHBCH1
o TR S Hel A o e R RS A /// ;;//
AETDL L LI, EREROMIEAOWE i,
e D SBREN F e KB A O, AR - i
BEFORERCOLNBES L T,

Z(R)

Y(T)
1 EHBLCAROBHEN xiL)
Fig. 1. The three axes of wood and
Fig.liz L&+ X512, K#o 3 5HiE— veneer-laminated wood
AOE, HEEE L OKHE—% B4 3 8ok x(L): Longitudinal direction

A . y(7T): Tangential direction
TR & OPATC & B ERDOBABRIIRT B, 2(R): Radial direction
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&= S110:+ S0y + S50,
ey = Sn0:+Spay+Suo.
& = 83102+ Sp oy +Sy 0.
Tye = SuTys

rzz = SSS Tex

Vay = Ses Tay
ZZT e=FXEFRMOEL, o=HEILT, T=%ANEAR, t=vAWIEST, S=HEHRK
BT, ZOXHCOMBREE S X ERETRKRD I 51Tk 5,

) . ) (1.2)
Su=g, S TG. Se=q,
Su=Sp=—- g —— 1 (1.3)

Tichb, FHOEBEMBEERE, v v 7 R7H (EL, Er, Er), ¥AKMERE (Gir, Gir,
Grr) BXOHET YV VI (tzr, tzr, prr) OFFFIMETHES,

O, v ) BT X AELXERDOLFE LT, Fig.205 754 &REEL
5, MXobEoricIse, WD E, E %#RETHDIXERD EL, Er 335X UK
EThb, E X Ep EARBENCERAL S O T
HB. BROWENCIT DA BPENE R
G id, ZHLABMCERD Grr AL SO
EEZDRDN, Wh¥hHr—) VU T
BROBHD Gy 6 LV Gy LB D Grr, Grr 3
TOBREZL Y& D, RT VY VKON T

z(3)

SR, mp RO Er, Er 3 50 pur i ' y(2)
b, ps il Ef, Er, prr BX O pre T X x(1)
PREShDLELDND, Fig. 2. The three axes of plywood
i) FROMTY v 7 RE z(1): Grain direction of face veneer
S e e e e B ¥(2): DlreCtIOI'l perpendicular to the
face grain
hs, z(3): Direction vertical to the plane

EI- ¥ E.I, (1.4) of plywood
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SITE TBXREREROY Y 7 RES LOBIE 20 e - 4 b, By LidTh
Eh, BHWKEROY Y /RS TOEOWIE 2K E~ AV P THD, V¥, PI#C
BILCHROBR R T ORI RO T Y R Ey By, X RCERKAROY
VIEREE E, LT L,

E\=E A+EL(1-4) (1.5)
E,— EnA+EL0-A) |

oo TR fi% Fig. 3 o 18l & BTk Hmx b o#iREH bbb L, i 2@ F
I A% L oA H S b T, H—mEDOR
Wi X5 EH T, Ey=En, Eny=Ep L7t%, A
AEHOWTE 2%k T - 2 v bCT 5 1 HEERD
Wim2®ke—2v +OLTH 5,

i) AR A MR

U — b ARRBRIL, TR B0 R
THAHw, BECIERY M MEBTs Lo, B
REEOWE 2KE—- 4V b AZEBLAETRIERD
s, ZOME T, BEEOEI0LEERELE

Fig. 3. Moduli of elasticity of

XL LTERER S BT, veneers in plywood
Suffixes f and ¢ indicate the veneers
Gr= 2 Gty (1.6) with grain direction parallel to 1-axis

and 2-axis respectively

2 2T Grre, b RN E MHIREESR O & AW
B R IO EXCHT A F0BEEDEIORTH B,

i) AWOAET Y Vi

TV vILE YV 7 EROBFRE, HREROER,D 1.3) Ao is 523, FHic
DUTIRERINC LRI T 5 2 EARAELRT 2D, GROEH VX (1.3) T KO X
5iT7e%,

e Ha
E, K
s M
E, E, 1.7)
ey Pz
E, E

SO THEZE LTI bR s, Ao Y v 2R E B Y v R — g
FECII e E b 2 2 THhbH, THITIEGROERER ELARNZEZDZET, £
DD, SRPAHVEILE BT - TEAMBIC LT, ArdL2@ox7
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VVHPRET S EATHERS,
BRI, GHOEMC LD ET Y vEOFERE LTkeB.

- HMr
P = X3 YZXY (1.8)

S I T g, trr RFENFRERE LUOEKO K7 Y vk, X ke E swxd 5 E R’
MHAEROGHES, Y I8 EJE, Th b, MFERTHETY vk, 1.8
B X Ohbh T i) TRNEBRECIAZRB A 2L bW RACTIVFRERD,

_ Hir _ trrEr
M= "fAta—Aa T E 1.9

Tetil a=E /E;

iv) AWROMMEER L RIUEE

Fig. 20X 5 wBEElix* X5 L, AHROEH V- x, v HEOHDETHEL T 2z HH
ORERTFT IO TIOHEADIGH A BR LU TIRELHETECLV-2EXDA
B, WExy ENTENE Y AE O OBEERYE IS L, HLuvEa, v BT 5
BEMEREL S KD X 5T B,

Sty = Sumt+ @Sy S) mint+ Syt = (1.10)
Stz = Sy 7+ (285 + Ses) m? n+Spymt = El (1.11)
»
Sto = So = (Su+Su) M2 102+ Sy (1) — Segm? n® = — ——’u;:y = — Lusl(1.12)
! '’
&p=4@n+sﬂ—2&gm%ﬁ+sﬁmﬂ—nw=:C{w (1.13)
Ste = — 2(Sy m?— Sy n?) mn+ (28, -+ Seg) mn (m*—n?) (1.14)
Ste = — 2(Sy, 72— Sy m?) mn— (2854 Sgs) mn (m* —n?) (1.15)

f-fS L m=cosl, n=sinl
EWROEE OB KT BRMEAERE, L10~1.13)5 Ey, £, G BI Ut @
AEOEBERYRATAZLCIVEEIDEOND,

2. ERSHOHT RS

BB EL, R ERHEY ML Ed o EiR 0BT 2 E R
DFEBZOCTIET TIRRELEY ©C, S TREROLERT, EROZEGEOEH
OETEHROMITEII—BHCRROH THobTZ LN TED,

w=§ff® (1.16)
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CITSRIEROTERS IVERER AT IV BREIRBETHY, E IRXOHRE
7‘&4)00

k _ 2(1— ﬂzg/ .uz/z) Gm/+ lu.ilz EZ
VE.E,

EETE, RORMAEC LI YRDO3IBEBOEDVHAEEL, ThFRCOWTHREL w,
11(1.18), .19 B IO 1200 R vt EIh 5,
i) k<l oiEH - '

(1.17)

wom PES W0 B e vt e (118
feti L t1=\/§, 2—\/1 Eow=2% o=t2%,
il) k=1 oEH\

w=TL @i f =g 5 L (anham ) (1.19)
L a= 278

i) E>1 oiEH

oo

1
Wy = T f f(k mn 123:5 n3 (tl tanh a,— 1 tanh al) (1 20)
el a=y Ly JEL R AL
bm¢ bm¢
Q=5 h, ;=5

ok i), ii), iil) FTRTIEZHWT
B ,_m o, EF
m‘\/Ey’ b= D= 12(1— oy pya)
a=zx FRAOAE, b=y FRAOILE, k=KE, p=THE

T4VEVEDVy F5 9 VRIERKR (Shoreasp) 54K LD SEOEXDHIRAY v — &
U—Vv—AZLbUEIL, SMEEHEDFEITAM (veneer-laminated wood) 35 X 05 EE O &
# (plywood) ZBE Lz, &2 TW 5 HTAREE, ThEBRL T\ 5T XTOHKRD
HWHES A% P 52 THBES LAMER 2 R T4HTH 5,
31 £ T & &

FEEIDOERND 32X32cm DEHHMOHEK Y —~ & & b, Tablel @i+ L 51ci
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Table 1. Veneer construction of test materials

Test material Notation [No. of Ply Construction Total
(nominal thickness in mm)

A 9 0.94+0.9+0.9+0.940.9+0.94+0.94+0.9+0.9 8.1

B 6 1.6+16+16+4+16+16+16 9.6

C 5 1.64+1.64+1.64+1.64+1.64 8.2

Veneer-laminated D 4 22422422422 88

wood E 4 24424424424 9.6
30% 30 cm F 3 25342534253 7.59

G 3 3.2+3.2+432 9.6

H 2 43+43 8.6

03P 3 0.9+4+1.640.9 34
06P 3 1.64+32+1.64 6.48

Plywood

09P 5 1.64+2.4+1.64+4+2.4+1.64 9.72

91x182 cm 12P 5 22+32425+32+22 130
15P 5 2.53+4.34+253+4.342.53 16.19

ERYVEEXT0Iem BECKS & 5B Y XD, A~H 0 8BEOFETAREE
A~5HBIEL, 205 babh Uil DN/ b 0% & 3HEERL 30X30ecm
EFTERIC BV,
3.2 & ol

ZOERIC L bW EHRE, RIS M ETRRIREOGEE S &, RS
CHEARLTEROAHEILNBESE LA LI2CHER I h TV 5, ARTHEL,
91x182cm CHBEERMEALS, 6,9, 12k LV 15 mm EDFH &£ 21, ERMITR
BALLTY, 1251 0°15mm 0L 0& 28, FEFTLEHEABEGRLE LI, ZhbD
BAF#E L Table 1 2R3,
3.3 MEEH

AR OEBRMED 5 b, BERYEIS L O EREE L IEE VRERBSIC T 2w
PAEROBBIAWREC TR Zle- o, &L, KR PHERE DEA—-EL, K
DERHTH 5,

B % #: KBAS v+ $HD 1002 (27 3 vEHARREREER)

it &4 k: HD 100 100 %
il NER i 10
~E B 10
H,0 30

NH,CI 1
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%A B HFm12~15 g/(30%30) cm?
E & F: 9~10kg/cm?

=1 fE: 120°C

i3 Bl : . #XE 1 mm &2 & 50 sec.

4. X B B &

41 T F & K

PAITERE > COBPEHEB L, WE, SKE, BTy v 7R, EMY v 7R 7
U— P RAKEERER XOCEMBC L AT Y vEHTHh B, EROMEFIL Fig. 4 iw#XH
WWRLTH B, Tithb 30 cm OEFHA LT LFETERCOVTET v — r o7
LB HAMEEREARIE L, R DEFREEMRCEE L, BFy v 7 HREO
HEHXFR ot LLEC XD Gip, EL 5 XU Er O 3AOERABELNBN, BOEK
HRET Dzl OEMRABRAF ¥ SO CEBES L TAR 7 ey 728EL IR X
h EfERBRAT 2 KB - 7o, REBA WA 25X25 cm, HE A Tem OERETH D, FBL
DREEIIFER=F AT VY A~ X - I VB I o, COEMRABICO-TI, Ky
Er, Er, Eimso, Ernse, Ernise, 7V Y prr, tur, trr 3 X0 pre % BE LT,

> ( iJ 25¢cm
{ cut off m laminate rem
[
'/f / o m
30¢em 25cm
a) b) c) d)

Fig. 4. Testing procedure of veneer-laminated wood

a) Veneer-laminated wood for plate shear test
Observed constant: Gzr
b) Strips for bending test
Observed constants: Ez, Er
¢) Laminated blocks for cutting out the compressive specimens
d) Specimens for compressive test
Observed constants: Ez, Er, Er, Ermse, Errise, Ermuse, prr, #IR, MRT, UTR

4.2 & ¥
4.2.1 #FvrrR#

EWROMHT v v 7R OMER, RIWHMET 2T D ARV HECH LT 0 25
15° 2412 90° F T TRBORBHF 2K LTE I o, ZOEHV0° HALARD
RUOFExIEL, BROBHEETNCLOEMTEIITH- TL AP ERL TRBF %



AREPEA SO MEER BT 5H%E (14 (LA) 151

Table 2. Dimension of plywood specimen (cm)

Bending test Plate shear test
Test material Width Length | Span/Thickness | WidthxLength | Width/Thickness
03P 5 20 50 20x 20 67
06P 5 35 50 25% 25 42
09P 5 50 50 32x32 36
12P 5 65 50 45x45 38
15P 5 80 50 45%x 45 30

&otomﬁ@xﬂvuﬁg@wgtéb,aﬁﬁﬁéu,xxv+&m,@m¢&f
DERFECH L Toem O—F & Ui, WEIET I A vhiuiing, BEAIEES
TCRE1/100mm O &1 Yy — O TRE L, BRELVZRED 12 LIS d X5
CERAEIRL, WERRBR OWEIZ 2T k-, 7tk 3mm kX6 mm ORBE
FCHFRIEO N XL DRI, A7V VI RPER o f 1 vy — SR AL, MTEE
DOEEY TEDHRET/NEL L, REHHE W Table 207,
4.2. 2 HABEHEREY

AW EH G b LA dIc Z 0EBR b e HEL ]l GEC I A7V
— N EAMRBRTH S, BHEOTV - b AKRAR TRESFOHENT S 2 BAYIHF
L, %% 2BACHEL ML 5, 1 SAHEE T, EAUKRO SBAYZHFLED LEA
CHEAINZ 5, EAMRC BT AIGTTREIER A BN ESHOHFEE b -0 %
LWeE2ZONRS, BAONERMESATFICALI YAF—Shty FPLTE o, &R
Bk 1% Table 22 X 51, ED 30~70 DU % H T HESTHR T, RIFREHETT L
A LT0°% 15°% 30° K X0 45° 0 4B TH B, Fv— AN THROZRRCIHE M
DR AMIS A FBCIER T %5 o T 60° 75° 90° 1z % h 30°, 156° 0° L[EfE & 75 5,
BARRED 12 e L, WERXWEIC2WTE It 1,
.23 R7V K

MY v 7 EBOMELK T LRBRA O 5 b b ABHEF > T 2R 2 EEI
EDRLAT Y VIREIRAORBR & Lic, ZORBRFOFRRIZ2HDOA Vv, v~
CHEARAVHRAR IO ThCBEALTMCESET S, 2AMEC X YRR PR —#
fiiFes—Av 525258k, ARXVHRDOA MV A V&~ SEFH GIE) Bk o 4T,
FHIZEAFREO Y — 23515k (M) Bh o 24E L b, ThIDVBLNBE ol T
CIXBRERTY VHE LT,
4.3 EXEROHTHER

HPHL 91 X182 cem DEALG|T, BEX129, 12kLU05mm o3 @HE 2K TH
%, EFHEX, 80cm & 160 cm DR I OFUUBME 2 Ky RAGMCHGEIHRO L
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Fig. 5. Supporting method for bending Fig. 6. The plywood loaded at the center
test of rectangular plywood plate
CAWAEES LD TH D, MEERFRZRI 2N L TEIC X D Nz, BRIl
R TR 1/100 mm 0 £ 4 ¥ 7 — 2 X 0 JlE Lz, FEBE Lo SR> 0TF,
BRE 2B fonF RGO B OGO E Ui, AT L b o a8

% Fig. 512, faf il

D4 % Fig. 6 1275579,

5. BRLEER

51 FITEHRDOEEEL
AT AR O, SKE s X OB E $ o BE §
5. 1.1 EFEHROPUIRE
AR L 2 F v v SR s,
Er o3 hd, ARSI
oL DA InBE A o B

/l =

LDRREPKREL T2 T 5,
sz bbb hixf 2% thh,

/J‘,

Table 3.

i

Lt Table3 iz D TR LTH S,

EAFRBIC & 2 v v 7 REw T % &, EL
i 3B TR ACE & A WS
FELTL, JEfHz

Results of tests

i | Modulus of rigidity
Moisture content|

Modulus of

Test material Specific gravity | 1 (X108 kg/cm?) Bending

%) Grr ‘ Er Er
A 0.654 96 53 165.8 5.4
B ‘ 0.733 | 10.3 ‘ 73 149.2 6.7
C ; 0,599 % 10.4 | 6.2 139.9 5.2
D 0,517 ' 9.6 1 5.7 120.6 41
E 0.633 88 1 56 180.0 43
F 0.603 9.2 6.8 ; 1625 5.1
& 0.585 9.8 , 5.7 | 120 41
H 0.603 87 | 5.2 ! 145.7 3.2
av. | 0.616 9.6 6.0 148.8 48
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L5V VI7RENAREL D, CORKRE LT, BMTRBFCRAERAEZ LT3
LDONRENr STl b EZbRhD, DFR, EfEr 8L Er+Er %% %k, Tabled ®
X5, EfEr 3T XL 0L EMr X AL 0L TR L A EENL, FHTER
Fh3l0BLU3L7 bied, LALZORREE, 22~60 L KERIELDEXOEEY & T
Vo, Zhil, Table3 2 b hiond L 51, Er BRI TIC >R TR T 57,
E; 2, BRES LGBEFREN W n e Exbhb, Ei+Er OF(EE, ZOBREY LB
THEIhLEROY Y 7/ E\+E, #RETHEERRTFTH5H, Tabled ik
51z - ORE I T 125~184 X 10° kg/em?, FE#ETiL, 132~204X10°kg/cm? & ¢ b s
Y DELDENH D, CHIESEKDOEROMESN LY AE—TH- felcd EE2 S
n, COBRREZLHLVGRARD Y v 7RI ) OTESL S v TN TE S,

FEMEPTEROFBROMELL, BERBENLEERY L TVHEVS LT
BB, AENL, BRCHGTE2EMCOCTOREBEERIIL I bk - DT, EiTa
W FMOEEN BRI TE RV, EHAOY Y 7HED Er i+ htkd 4%
L, Tablebiind Xk o1z, MMM AMEOEMBELTHAZ Lbhb, Tihbb,
FEMD Ep X Er O%5% THEIPITENRTIL2~4% L7, Ep 3FEHT EL D 8%
DEZAPITERTIEZ~6% LMY LT\ b, ZOBEIDHRDE Er ORI A
bTPEREL > T B, X6 E/Er DT 25 b, EMHTIWLT THEOIZR L
T, EITEIRTIR09~16 Lich, ZoZ bl Ex OEREN Er L L RTHD LW
5ZEMNTED, PFIROMBBREBEIOFECZIY T FATRLAKEREREYRTEE
2bhbn, CoBBEEEETAIZ LIy, T HARESEBOFHAC I YMEIND,
CHEHM LT R AETHEEFOERIRADBALEZER L THL FOMBMEILNXL, P

on veneer-laminated wood

elasticity (X103 kg/cm?) . .
Poisson’s ratio
Compression

E; Er Er Ermse Erms Ermse ez e prr frr
167.1 59 77 11.7 17.8 6.4 0.511 .363 183 292
162.4 7.1 9.3 146 18.3 6.1 461 425 .236 241
‘146.4 55 55 12.0 12.7 41 .556 351 .209 235
127.7 4.7 42 10.4 9.8 29 680 334 .300 243
198.9 48 6.1 10.8 15.8 5.0 427 .289 222 314
160.6 57 9.0 12.1 159 5.8 .b99 375 194 385
1445 43 5.6 9.1 13.5 3.8 542 375 178 315
174.8 3.1 47 74 10.3 2.6 715 374 162 221

160.3 51 6.5 11.0 14.3 46 0.561 0.361 0.211 0.281
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Table 4. Ez/Er and (Ez+Er) values of veneer-laminated wood

. Ez/Er (Ez+Ez) (X108 kg/cm?)
Specimen . . . .
Bending Compression Bending Compression
A 28.1 28.3 1717 173.0
B 22.3 229 155.9 169.5
C 26.9 26.6 145.1 151.9
D 294 272 1247 132.4
E 419 414 184.3 203.7
F 319 28.2 167.6 166.3
G 310 336 131.1 148.8
H 455 56.4 148.9 177.9
av. 31.0 31.7 153.6 1654
Table 5. Relation among moduli of elasticity
Specific | Moisture
Specimen . content Er/Er Er/Er Eg/Erp Reference
gravity (%)
0.55 12~15 0.050 0.074 1.48 (5)
Wood
0.54 15~18 0.045 0.083 1.85 (3)
av. 0.048 0.079 1.67
— — 0.036 — — (1)
0.65 9.6 0.035 0.046 1.31 UEeEDA
0.73 10.3 0.044 0.057 1.30 ”
0.60 10.4 0.038 0.038 1.00 »
Veneer-laminated wood 0.52 9.6 0.037 0.033 0.89 »”
0.63 8.8 0.024 0.031 1.29 »
0.60 9.2 0.035 0.056 1.60 »
0.59 9.8 0.030 0.039 1.30 »
0.60 8.7 0.018 0.027 1.50 ”
av. 0.033 0.041 1.27

FTEREERE LTHRB EHBOBRED L IC, Ex OEBRMNEMTERELRELDLEE
Zbhb,
5.1. 2 EFTREOEAHEERY
AT DB AWM R0, Fig. 1R $ X 512 Gir, Gie 8 L0 Ger © 3 HME
2bhBN, ZZTEMLELDIE T Y — P RAWRBIZL S Gur D2 TH B, 1.10) K
i)
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1 4 1 1 2m,

G " Ew E L =+ E, (1.21)

T HBEBRNPEOLNRE DT, ORI EL, Ep, Erpse 5 X ptrr DEBIEXRAT S E Grp
NEHEIRS, TRAL2DRXOBHEDO 2HUE, 83X 2t/E: 13 O T 5 & /)
WL DD TERT S ERNEB S,

1 4 1

Go ~ Euw By .22)
¥ L 13) A RANRBLND,
1 _ 20+ feyss) (1.23)

Gz Y Ez y45°

Table6 11, Grr DERfEL (1.2D K, L.22) KB L Q.28) Ric X W HE LB L 2 —1F
LTRLADDTHS, ERELHABERIVThORXC LI 203 I<HEL TS, &
DZEit, 1EHECIZ v~ e ABRBAL R VAR AFETH LI LHERLT
W5, ¥l G OFfEE LTIE, E: OANCITERFRICIZIT6X100kg/em? L E % T X
V>, Table6 ® Gz, Grr it (1.21) R EREXYRA L THELLLOTH B, WHhD 5D
RO — ) v TR T O RAMEERBIIEL LT Ger THH, LOFEMET
L 1.7X100 kg/em? L g5 7y, TS OFERIBHRIKRBRTE IR FETH 5,

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

Gir Gir | Grr
Specimen Plate shear Calculated from Calculated from
test Eq. (1.21) Eq.(1.22) Egq.({1.23) Eq. (1.21)

A 5.3 5.8 5.6 6.5 10.7 | 26
B 7.3 75 7.5 81 9.1 21
C 6.2 6.6 6.6 6.7 76 15
D 5.7 5.7 5.8 5.8 6.0 1.0
E 5.6 6.2 6.2 6.0 115 19
F 6.8 6.4 6.4 6.7 7.2 21
G 5.7 48 4.8 5.1 8.6 14
H 5.2 45 46 41 5.8 0.9
av. 6.0 5.9 5.9 6.1 83 17

5.1.3 EFAROKRT VR

5.1.1 R\ TETERD Er/Er 13F3513 £ 75 ) Er OMNEERD LS oS,
H7 Y VHEOWT L trrfpre FEH L3 7)), L) RUXTFIAEHRZ OV THLTERRK
YT5ZEMbD,
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5.2 BIROBWHEH

HEWOWE, HKRE LOHALY Table7, BikEHOFERWFERL Table 8 177,
Lok Xfckoin, EROWERNCETHEBEOHBOMEERL, E, E, GBIV
e DABOZBRIZ LD (LI~ 1) XrbEHE NI TH 5, T I TREEZDER
Bl LT, 4 BEoEREEER Y L\ T 0°~90° KoM E R & 5T 5H L SERIE & L
L7z,

Table 7. Specific gravity, moisture content and veneer
construction of plywood

Specific | Moisture Veneer construction

Plywood ‘ . content ~ A
| B @) (mm] S
03P \ 0.572 ‘ 8.3 0.93+1.504-0.93 1.86 \ 1.50 0.911
o6P } - 0.604 ‘ 115 1.62+3.10+1.62 3.24 3.10 0.883
09P 0.580 ‘ 10.1 1.654-2.254-1.654-2.254-1.65 4.35 [ 4.50 0.768
12P ’ 0.558 ‘ 10.4 2.104+3.10+2.104+3.104-2.10 6.30 6.20 0.709
15P ‘ 0.617 ‘ 94 2.46+4.00+4+2.46+4.004-2.46 | 7.38 \ 8.00 0.689

Note #: Total thickness of veneers with the grain parallel to face grain direction.
ts: Total thickness of veneers with the grain perpendicular to face grain direction.
A: The ratio of the total moment of inertia of all veneers with the grain parallel to
face grain direction (I;) to the moment of inertia of the full cross-section (I), I/I

Table 8. Results of tests on plywood

15P 113 441 613 709 .568 .250 014

Grain direction of face veneer
Elastic constant Plywood
| 0° 15° 30° 45° 60° 75° 90°
03P 1318 887 403 168 138 155 146
Modulus of elasticity 06P 1232 765 292 187 158 210 229
by bending ( 09P 806 547 267 182 172 308 443
(X103 kg/cm?) 12P 854 535 20.1 135 20.2 313 485
( 15P 1117 601 337 198 194 291 491
| 03P 55 75 104 134
Modulus of rigidity ’ 06P 5.6 6.5 11.4 15.8
by plate shear |  09P 59 80 135 282  =30° =15 =0°
(X 108 kg/cm?) ‘ 12P 5.4 68 124 240
] 15P 54 70 136 322
03P 0084 528 895 543 269 085  .009
06P 111 390 768 677 329 094 017
Poisson’s ratio 09P 046 253 830 841 599 193 021
r 12P 083 372 602 633 498 268  0I8
\
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5.2.1 AlOHITPorRYg

HF S OEBUCO TRRME L BB Fig. 7~1110R T, RBA OF B 72t
A Y FRIERE LT 167 35 1 0 30° 0 & b -CLEFMMEAFHEE & b A ¥ < 72 B b DR <,
45° U EORMAE TR EA L —FKT 5, 2k, 1.10) [T fRAT 2 4 O ELBEEH M
KAECTH B Z L2 L HERBREDETRE, 0°~30° TRARIAE L ¥ v 7 FROBEFRE =T
HEARELERE L - TV A D ABA ORI OBENFEYEL 52 L H DT
MTRBC KT 2 RNORBEC L 2 EREGEORE (L ENELLND,

5.2.2 AWOBAMEHARY

E, E, Gu XUty OFERE% (1.13) RICRA L THE X O AR O A KM R
*RH%H L, Fig. 12~16 offg2 Boh 5, 2k U CERMBEIARMTRLTH B,
FHEHBRE L —FHLTED, 202 25, RGO G 3RIZICBIR: < 55x10°kg/
em? TWETH D PHERD Gor LI EASTHEEEL TI VI EMbh b, —7 G
BAEWREIC I O b DEYTL, G0 2~6f5L7h, BT Grir & Gruse & Tk
ZDXSRKRERERRNZEEREZ L, 45 HFRAOEROAMAMKIZERD L2H
FRIREFIEDOLOTH A Z &b b,

&I, (1.6), (1.21), 1.22) K TN (L.23) KX W FFE LA D Gy, % Table 9 iR
T FRME L EFTEMEIRZE-RL TV 52, FHEROTPHE L BT 5 LWL B OR

150
xlOskg/cm2
C
<\
100
(o]
E (o]
50
(@]
o
o° 45° 90° 0° 45° 90°
Fig. 7. 03P ‘ Fig. 8. 06P

Fig. 7~8. Calculated curves and observed moduli
of elasticity of plywoods
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150
" x10%kg/cm®
{00
‘ J
E
(o}
50 <
(o] o .
o
o° 45° 90° 0° 45° - 90°
Fig. 9. 09P Fig. 10. 12P
150
xlOskg /cm?
[«
{00 \
E
50
o
o}
(e}
o° 45° 90°

Fig. 11. 15P

Fig. 9~11. Calculated curves and observed moduli
of elasticity of plywoods
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Calculated curves and observed moduli of rigidity of plywoods
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Table 9. Observed and calculated moduli of rigidity
of plywood (X103 kg/cm?)

Calculated from
Specimen Plate shear test
Eq.(1.6) Eq.(1.21) Eq.(1.22) Eq.(L 23
03p © 5.5 6.3 6.1 5.9 54
06P . 56 6.0 6.1 59 5.6
9P 59 59 54 5.1 49
12P 54 5.7 3.8 36 4.1
15P 54 6.0 57 55 5.8
av. 5.6 6.0 5.4 5.2 52
av. of Table 6. 6.0 — 5.9 5.9 6.1

PHEBR B, Lrl, KAOBBLZEKIT 5,

Eg  ExE

G12 = GLT = 2(1+/l45°) - 4E2—E450

(1.24)

5.2.3 ABROMKRTIE

BT X B R7 Y VHOMETIE, BAOMIEIVNS W2 L 55 VIRBE ORA
HEOREA—FBAOERELXE LIPHTH 2 L & L ) WEEITREE T, RREL
DYHDDORNIETH D, FEMEEFEER Fig. 17~21 0 L 5 0@ EEL X < e,
L Lxoii@olass s, KE, SAEEOVTRIEKEL 45 DNOLZATH
bbhd I &TH-HL T2, 2FLARCKCTLDABEELT 20 E >0k, H
P X 0B LTAR D &, Fig. 22 0 L 51 p/E 2 0 =45 %xtfrtii s LCi3iE% L
BEfd, cnib, w/E =t o/Exos EIsDBEZE 2, y %52 5D & tay/Ee = tyef/ By
BRTT B E2bnb,
5.3 BROWHETEHOET
5.3.1 AP REoKE

BROMT Y v 775y, LKL 9HELNE TH 5, 5.1 TR EBFaH o
Y v 7R EBREC I ARE A 24 bW TREIDERD E, E, #5323+ 5L
Table 10 DFER®H 5, (1.5) K CHBEHRAFEHEDOLDOTH S &,

E+E,=E;+E, (1.25)

Lis%, Tablell ® E\+E, 3MEC L Dl DXL 2& %R, Ik Tabled o
a0 Ext Er OEARBCIEL OB TWA Z LB L TR D, BEROSBECHED
DULMRBHoTcZ NI hnbbiFEIND, ABOEBRBMH RS 0 EEH LR
DYV I7RB E %, ED K|, E % 1085.3.2,5.3.3 Tili<X% G 3L 0% 1 % (1.10) 5
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Fig. 19. 09P
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Calculated curves and observed Poisson’s ratios of plywoods
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MERFRLBHEBRFTRE F 265 15

xI0%m% kg

50

10
5
/E
I
0.5
Oa, L | 1 1 1
0° 15° 30° 45° 60° 70° 90°
Fig. 22. Relation between y¢/E ratio and face grain direction
Table 10. Calculated elastic constants of plywood
(E, G: xX10%kg/cm?)
Plywood E, E, Esse G G 12 a1 Haso
03P 151.7 18.7 185 6.3 16.1 0.156 .019 465
06P 124.0 194 177 6.0 16.3 113 .018 .488
09P 108.5 45.7 20.1 5.9 311 .059 025 699
12P 86.7 39.9 19.0 5.7 26.2 .066 .030 667
15P 113.0 48.8 20.5 6.0 33.3 .041 018 .708
Table 11. (Ei+E;) values of plywood KRATHZ LI VEBLRD, 0=45° DiEdh
, (E\+Ey) (x10%kg/em?) W OFTE{ES Table 101T/RL TH %,
Specimen
Observed Calculated 5.1.1 T~ L 5, FAERom T
03P 146.4 170.4 ¥ 5 Ef/Er i 3F85 31 L 75 % H% 22~46 D EEFE
06P 1461 143.4 . -
09pP 133.9 1542 RREBREDLOEEFTOTIOVHELT 7
12P 1339 126.6 VERDOY v S BREAHEET LIS DL
15P 160.8 161.8 .
B THCIHEN DD, & EffEr=a it b
av. 144.2 151.3

ErdseT e, (1.5)RiL,
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Eﬁ=AaEb+ﬂ—%UE}=E&L%rH1—Aﬁ
: (1. 26)
E,= AEp+(1—A) aFEyp= ET{A+(1—A) a}
E, Aa+(1-A4)
E, - A+(1—Aa (1.27)

Tihebb, RO EJE, %, BEER A L rh e BRT I8RO EJEic X h ikEZh
HZ Edbhrb, Wk a=30 L LT EJE, - A OBf% 75 7icfti< &, Fig.23 0K
DISTB, FARFCHTRTEL ZOEBELIVOT 7 vEARCHT AW 2ohoF
— 297 LB L DT, =30 L LiiEB\ 0BG L ZISEBEOEA L RL TV 5,

50

EVE25 ' /

05

03 04 05 06 07 08 09 IO

A
Fig. 23. Relation between A and E,/E; ratio
:  Experimental values )
: Calculated from Eq. (1.27) by substituting a =30

A - I, _ Moment of inertia of parallel veneers to l-axis
I Moment of inertia of full cross-section

5.3.2 BAMBERMOEE
TTRHTERE LCERDOEANBERBORIEL Y Gz & GpiiZE L & &%

Edbmots, Fie, (L6 R X B2ERO AN ISR O E(E L, Table 9
WRT IO Gy OFHT60X10%0kg/cm? & /s ) GWOERE L 13i1T—FKT 5, “Dk
SR, Gur PEFELVERILEEINLZEAHD G, L.6)XDL 5 CHEIRDEXD

AT IDFHBELTORFI LB ERE LT, ILCHMICBRERD Grr ©FI5E
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bbbV TLRSEBCANRD G WEETELTHAH 5, bbAHAC OFEET, B
BRRICLIZEK, T3AFy 24 —"—VvAH5HEFOMO G ORI Y b R
SRTVWHIARBHEEMCHERTAZ 12Ty, G i LI~ te Gy, Ey, E, B X
O X DEE L Table10 w537,
5.3.3 R7VVRD#EE
FATEWRD prr, Er, Er 5 XOAHOBEER A % 1.9 R RA L TERO T
IBRTY vHERD I, R Tablel0 WRT, e IAEROBEINKEL LB E2h
TBAYTHEMED D, e T THICHEMT D, T pn=pnE/E THHH, —BHO
T s TEINKRE L 1ed & EJE, 3BT 2D T poy Z—EOBEEIIRE LV
5.3.4 RMECHEEDOLR
BETERX 5, AROMBEELRE, FITAWROBEMEL, D HEEE T 52,
CHODELAROEREL 2 EOBE-FHL TV 5% 0°, 456° Kk I0090° o TH
NTH D, Tablel2ix, AHEERORRE/MHEELRLIbOTHD, BPFTKFET
EIRI L7z ik, 20% LA EDBEXAETRLDOTH D, 2 TRANMEREIERC X
C=FHLTEY, YYI/7RELBITEENTELEZORDY, #7 Y vHIZKTHIEDS
DERIREL, 15mm RO pp, TEEPEAHEEOH 3BT LEL Tk h, ERFE
ORIBE L BRE S OME (L) R THBREROEINER IR T EV) ©2WTED
R RBRIBH Inz 2 hidls b,

Table 12. Comparisons of observed and calculated constants

Plywood E; E, Eyse Gz Guso 12 H21 Hase
03P 087 078 091 0.87 0.83 054 047 117
06 P 099 118 1.06 0.93 097 098 094 1.39
09P 083 097 091 1.00 0.91 078 084 1.20
12P 099  1.22 0.71 0.95 0.92 126 0.60 0.95
15P 099 101 0.97 0.90 097 276 078 1.00

av. 093 103 0.91 0.93 0.92 126 073 1.14

Note: Boldfaces indicate ratios with discrepancy more than 20%

5.4 BROWEREKE s
FEROMFERAERETIRTOO LD EERE £ 3552 LIzonTik 2. ¢
BT, TR, EARBIRED LS REX LB EERORRAECE L TRILT
A5, Fig.241%, AHRHEHEID E GH LU ¢ OFREREBED L1 117 Ric A
LTCHELIELDT, kL 0=45° B L THHICies, oo CRED D = &, SHEH
BT ABECEERC k=1 L50RN LT, ARTIL AL k=180 k>l D3 #&
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DIEB BT THEETDHZ &ETH

B, Lok, BlRCHVTRARE O

BT 225° Thk=1 58, = /V"

DREECET BRI MO v v 7 1F AR

H, Ens & Egs SIXRERIZRS "/// \\\\“

TR RARETRL, Es THE 2 # w“ﬁ

ZHED EFHELGR, k3l Lk #ﬁﬁ\ﬁow

Bicvs, kOfEIR, 0°~25° X0 g ,[2;’;,2%

65°~90° Tl AT Sic X B EALIT ‘77 \§§

PEC A TRAROES LD A S

FOMEICKEeENRTTL B (16~ f’ %

2.38), ' v %¥§
BECE, KRAECL) 55 ygf AN

b T3 L 14) K I (1.15) XD ) ) , |

Sis 35 XT% Sk #20 270 % X 5 75 0 45° s0*

FREOEBEDH, Fbo ko Bl B0 ik value ot et

BxrOEEERT D LN TE o= (L= tey 1) Gyt 1y E

. . E.E
Bo LIzdioT, BWROIEBV S Vel

BEO S 230 &7 B5RME, HERGAE A 705 (E;=E,) T45° RKILh 0¥ HIZBRE &
ha, L, AROBEREBRECSTEEFEOLY HEEXHZ LT b, ez B
771 B L, T bORBEERR IR ENTED, FLFEBIT Sk &
O S REHRL T LI ) REROMITFERLZFML TbThigERELEN LI L%
ExBLEOLOEEEE L COBRIRDLILNTELS, ZOHAROVTITSHED
HEBEE LSO HMeEROBI 2N TP E L,
5.5 EXERO#ITHESY

EROMUEER X BRBOERI A XOFETHUET S LXREETH D05, BRET
B LELBEERMELLE S LTHIERBRFCOWTOREL Y b Lkt hidnb il
Vo LAALZDHERLEDZNED, Rico LBROGRCOWTTINTRBRLTERD
BWZ LT h, ZOMRTE, SRCOWCTOEEEROBE LS Z b, T
FHEROWER S b HEYT o, Thbb, HEBRL, 5.3 T L orEBER
L1 RRALTHEB L, WE—HBLMEI Fig.26~270 X 51z, RESEMT
6&0&1%&@%Mﬁﬁ¢¢5ﬁmmﬁb,:mu¢fmxcﬁon%x%anwmﬁ
FaR o LB E: - PREPHEORBERY LAKORKTHE, ZoFEHV 0B
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Fig. 25~27. Observed load-deflection curves of rectangular plywood
plates loaded at the center, four edges simply supported

-]

Table 13. Calculated and observed deflections at the center of the
Lauan plywood plates, four edges simply supported.

a? P* fR)* wy (X103 cm/kg) Calculated
% * —_—
Plywood k m D, (x10-3) | Calculated* Observed | Observed
0P 0.205 1.241 3.436 10.8 37.1 38.8 1.05
12P 0.238 1.214 1.784 9.8 175 16.2 0.93
15P 0.188 1.234 0.724 10.5 7.6 75 0.99
* Calculated from the values in Table 10.
. g _ tnDi+Dyy _4/Di  4/E Dy — E A3
Note: &= N DD, m= D, N E ! 12(1— 3 1)
Eyh3 G h3 )
D, = 12(1_2#12 ) Dy, = 1(23 h = Thickness of the plate (cm)
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MR EDI D OMTBERL 7 I 7hLRED 14 OBLEE LA LRRAYER TTT
¥, Z O/ BB LT, Tableld i, PAAHROMEREN HITHE L &R LR
B2k IOENERTH D, ABBIEH M TH VIS TlRVA, BEIOEFHRICS
WL ORAE/FBEEIE LD TIL—RLTV%,

] T

1) 5vve—zy)—BiEv@BEFarFsrr CEBESE LFOTARYEE L, o
hIvBLhpMEERE, AHRYER LTV SRETORKD free constant TH 5 &
Erbh, COTERIVIECL > CTAROMEERELHE L 25, FHELFEE
EA7 VY vEroLf-TirE—K L,

2) FUVEHOBMER L FHAROFNELHETS L, ¥V IRETI Ex,
ET Y VTR e MR LT B, ZhiE, BERhC LV ERLCERRE?, T HH
TREEBOFECIVHEINSLY R HAREEBOPEYH X VRIS R
micksb0eEELbh5,

3) F—BHEERC L AR ANBEREIL, KROBFCIVHEELTHAREL
HENTNT E DD o T,

o Emme _ Es
Gr=Grr= 20+ prraso)  2(14 pase)

s s LT DERFOSBHDILHER (EAAK) OREER BT 5,

) W, BAER, SRR 77 ATy 2B OSHEMROE S I, Bk
%ﬁkGngwﬁgg”“%&>ﬁlakéomﬁLéﬁfuﬁotmbﬁgmib
<1, A=l 3 108 B> 1 DIEBVATEL, EREFEMK L LToOAROBES 5K
BRLTW B,

5) T AROBEERA b\ T 3 EMOEKSROMIE TR LR L, = Rl
b R - T B RO B DR A A B LI b & 5, BRI/
BFEHT099 L ot, ZhED, B (BITAKR OBEERIBEMTHITL O HK
CEAEEOBROAHOMEERIRIELRCHETCEHLDLEELLRS,
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Summary

In this paper, the elastic properties of conventional plywoods were investigated
in comparison with the elastic constants of veneer-laminated wood, in which all ve-
neers are laid uniaxially. The tests made on eight different kinds of veneer-laminated
woods are: plate shear, bending and compression (Fig. 4). Results of tests on ve-
neer-laminated woods are shown in Table 3. As for plywoods, the modulus of elas-
ticity in bending, the modulus of rigidity in plate shear and Poisson’s ratio in bending
were determined for several angles concerning with the grain direction of face ve-
neer. Results of tests on plywoods are shown in Tables 7 and 8. Elastic constants
between 0° and 90° were calculated for plywoods from Egs. (1.10)~(1.13) by sub-
stituting four observed values, E,, E,, G, and p4, in Table 8, into the equations.
These calculated constants are demonstrated in Figs. 7~12 together with observed
values. Load deflection curves of rectangular plywood plates under a concentrated
load at the centre, four edges simply supported, are shown in Figs. 25~27. The
test method is illustrated in Figs. 5 and 6.

The results of tests are summarized as follows:

1) The elastic properties of plywood except Poisson’s ratio can be estimated
with sufficient accuracy from the basic data on veneer-laminated wood.

2) Comparing the ratios Ex/E; and Ep/E; of wood and veneer-laminated wood,
it can be concluded that the strength properties are affected apparently more in R-
direction than in 7T-direction. The reason of this fact can be reduced to the exist-
ence of glue layers, which act as stiffener in T-direction. The similar fact occurs
in Poisson’s ratio pzr.

3) The modulus of rigidity of plywoods constructed of same kind of veneer
can be estimated from following equation ;

ELT45° —_ E45°
(14 pz7us0) 2(1+ ftaz0) ‘
G, Grr: Modulus of rigidity of plywood and veneer-laminated wood

G12 =Grr= 2

respectively
Eye, Erpse: Modulus of elasticity in 45° from grain direction of face
veneer of plywood and veneer-laminated wood respectively
5, trms: Poisson’s ratio in 45° from face grain direction of plywood
and veneer-laminated wood respectively

4) While the value k(z 21—ty j g) g”’_}_# ve Fe ) of fiber board, particle board,
x Ly
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metalic plate, plate of plastics and other isotropic materials indicate 1, plywood has
three different cases of %, i.e. <1, =1 and %.>1, as is the characteristic property
of orthotropic materials.

5) Central deflections of rectangular plywood plates under a concentrated load
at the centre, four edges simply supported, are calculated from the constants of ve-

neer-laminated woods. The average deflection observed is 99% of that of calculated
one.



