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Choise of axes for veneer (wood). Atk&XKBFT 5, )
¥ y “LJ R

y (=" T THRBLOCBREDOHNRTE 2ED L H2EFICX »

4 e BIRAT, ERICBED Aoz 20 11
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Choise of coordinate-axes in the i and 7 veneer, BRETRIOFHEERRL LT, ':'T&(Djj

respectively. : FHIS—ENEL BT T2, C0kky:
LI LR LILT B,
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Yizty'=S"is 042r+S"t62 Oty'+ S 466 Teary!
Oiar =Ci11 izt Cliss EayrbClitg Tianyr cweeressesesssssstonimmnesiainssinnes 1.1.7)
Giyr =Clig €1ar+Ci2 €ey/+Cize Tiary
1oty =Cte €12+ Clign e1y+Cligs Ty
Si‘x’.'—'rejz',r E4yr=¢€jy’, Texy'=7jz'y’
(BRI T R0 § % 7 ICEEHA2 bOIRE L)
ZUTC, (113 RUcF L, SBEERMOMERRESE0 X 5% 0 OBEIC2 5,

S't 1 = Si 11 COS“¢9+( 2 Si 12+ Siss) COS.20 sin%0+ Stzz_sin‘ﬁ
S'415=5"121=(Ss11+ Ses2— Ste6) cos?f sin2f+(cos*0+sin*f) Siiz
Sg2s =S1ii 5in*@+ (2 St12+ Sies) cos?d sin?d+ Size cos*d
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R O PR (1.1.8)
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E70; 0 =45° OBAITIE
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.................. (1.1.9)

Cleyi=Cls == (Cs11+Ciss+ 2Cisa+ 4 Cics)

Cla15=C"t21

NS

(Ce11+Cias+2Ci1a— 4 Cies)
C16=C"161="C126= C’iezii (Ci11—Ci22)
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Fig. 1-3 AHRA® i j BRAIZBIT 3
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The respective component of stress
distributed to ¢ and j veneers in
plywood.
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SEIZ, BROBEREHICOPVWTEET S, (1.1.11) Rick - T, TRRE (B 2ZBEL2LTH
IV kb, HBRLLTOEDLICELZLNTES, ‘

Oz'maz. = Oizx'maz. lti +0jz'maz. 13
Oy'maz. = Oiymaz. JtL-l_ 03y'maz. f[f .................................... (1.1.16)
Tz'y'maz. = Tiz'y'maxz. t; + Tjzy'max. 2

1-3. BROMIFEETIRD E— A ¥ b EHBEIGRDROMARFR
Fig. 1-4 2R L x Y B LU 2y’ OFEEMIZE, 2E¥0 X ) REE— A FORAIBR’H 2,
Mz =Mz cos?0+ My sin?§+ 2 Mzy cosf sind
My =My sin0+My cos— 2 My cos Sinf  --eeoveeseeeessessesnssnes (1.1.1D)
Mzy=(My—Mz) cosf sinf+ Mzy (cos26—sin?d)
F7o, BUNEER»S, Fig. 15 KXo TOXFOHERAPBL LI TES. XL, Fig. 1-5 i
FEDZD b DI DN TRLI, Dy, 2 BIW Y FEZOWTh, SoIEEICOVWTH, &
SHELRIUEEICE - Th 2 b5 h 50w,

aZw ey — aZ w aZw

EI:_ZW’ y_—zW’ T:cy————ZZW ........................... (1.1.18)
0 > X
x
W
2 5z
4 Z(w?)
Fig. 1-4 xy BX W x'y' JE Fig. 1-5 phiFic X % x FROEMRB I
BREOKE— AL RS BARER
The respective component The displacement and deflection of
of moment distributed to i and j veneer in plywood to %

coordinate ¥,y and x',y’'. direction on bending.



— 50 — HERBRBUIFTRE F225 5

L3,
Ebiz, v Y EETOCHN 2L AD 'Y’ E&EFE}@B@%% (Fig. 1-4), (1.1.1.7) KE:FLL-&
DX HIZEIF B,

Fw_w cosgﬂ-l-a sin%?0+ 2 o' w

%2 ga’ BJ’ 9707 cosfl sinf

az u,_az u' 2 a w a T cevesscececreeeriscacans

T TS n%0+ IE TF ] cosf sinf (1.1.19
Pw _(?w o*w 0p 2
35737 (—BJ’Z axz)rosﬁ sinf+——— 3 ay (cos®f—sin?f)

BRCERORITH 2 WIXRY DE— A2 bAMHL &, YR FBRAC b ERCEELL, NA0E
—AVPEET D, RITi JERTNICE - ToE0XEH, 2%, (1.1.7) ROEIRER 0TI
ZZEhFT, HEIL, (1.1.2D) ROFHEEATI LI - The»BZLTHDB, 1 i ik
DNTHEL L,

Mz =D'ill(tz;¥'>i -I-D/ilz( ) +Di;6( 2w )

ox 0y'2 9x'0y’ )¢
My =D'¢zl(gi—1:)¢ +D':zz(g;—l,l;)i +D'izs(a?‘2,g;ﬁ)i ..................... (1.1.20)
e 7)), ),

7<7ZL, .
Din=—Csn fi¢22dz=—Cin Is
Diso=—Cs9 fi22dz=—Ci2 I
Di1z=Din=—Ciia f122d2=—Cio [12°d2=—Ciyz [t=—Cs2 It
Digs=—2Cies fi22dz2=—2Cuie It
fez2dz=Ii ;s i—KE— A b

D' = Diyy cos*@+ Dize sin*0+ 2 (Dsi2+ Diss) cos?f sin2f
D'415=D"t2y=Di12+[Di1y+ Dizo— 2 (Di12+ Dies) ] cos?d sin%
D'i= Diyy sint@+ Dise costf+ 2 (Dir2+Digs) cos?d sind
D'i16=2D't61= 2[(Di11 cos?—Dise 4sin20)—(17m+ Dig6) (cos?0—sin2@) ] sinfcosf
D'so6= 2 D'i62= 2 [ (D11 sin20— Dise sin20)+ (Dz12+ Digs) (cos?0—sin26) ] sinficosd
D'ies= Digs+ 2 [ Din+ Dize— 2 (D124 Dses)] cos®d sin%f

0 =45° TiX

D'syy = % (Diu+ Dize+ 2 Diya+2Dies) =D't 22
D'iyp = % (Din+ Disat+ 2 Dii2—2Ds66) =D'i1

D's6

D'iss=2D"t61= 2 D'tz = % (Diu—Disgr)

D'igs = 71)- (Diu+Disg— 2 Diy)
........................ (1.1-21)/
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LB,
Fe jBERIEOVW TR ERF D i & jIcBEHBE 52 Lick->T, ALAXTLLED S 3,
FIT, =AY FOHBVELEHL
Mz +Mjz =Mz
Miy' +Mjyr =Myr  ceeeeeeseeti s (1.1.22)
Mgy +Mjzryr=Mzry
LY, ERBEEORENS

(gjcu;)z=<zc_1§)1 (%;%)tz(g%)j, (aigy)z:(aangyy—’)f """""" (.1.23)
LiB, LedtsT, (1.1.20) b (1.1.23) KFETO 3Rz k- T, 2F0@rHEXEH
Mz D'z D'iss Mz D'ji2 D'je Mz D'jys D'jie
% Myt D'ase D'asg | + | Msy' D'jor D'jos| = | My:  D'jee D'jog
Mizy' D'tes D'ics Mizy D'jez D' jes Mzy' D'j62 D'j66
D'syy Mgzr D'ige D'syy Mizt D'jie | D'y Mz D'y
% D'iss Miyr D'isg| + | D'jos Miy' Diyss| = | D'yay My D'y
D'i61 Mizry' D'ies D'j61 Mizryt D'jes D'jo1 Mzy' D'jeq
D'y D'syo Mizr D51y D'jip Mig i D'jyy D'jps Mz
%— D'sgy D'z Miy' | 4+ | D'jor D'jos My | = lD'ju D'j00 My
D'tey D'se2 Miz'y' D'j61 D'je0 Myzy D’jer D'j62 May
........................ (1 1_24)

Ai, A iE (1.1.13) Rk 3,
ZOESIFERE Miz', Miy' BEW Mizy 2OV THEE, Xo6ic (1.1.20) Ric. ZofEZA
FAUZ. i (220/0x'D) BLUMRYE (20/0x'9y) Ab kb b, HREAND L DORD,
DERZEROMFB IR IC X BBRAEAE L L DD, ZOFELEBRE. ThbbLEBAOREY
BELAZLTHIVAS, (1.1.22) Rtk -T, 28D X HIcET 5,
' Momas. =Mizmas. +Mjsmas.
My'maz. =Miy'maz. +Mjymaz.  -ooereeeererrrrremeereereentrmnnnnnnn (1.1.25)

Mzy'maz. =Miz'y'maz. +Mjzy'maz.

B2E AROEMEHZLVICRXISHDRBRAEE

2-1. SBREWOBHELMEELK
FHEDOHRIE - R AT, SO 6HEO LN TH S, BEWARAESE () AOXFIC
Lo THRER L, £, ARETRTRBREEBRERD b2 572,
1. 79v (L) 74V v EVPE

2. 7rbhr (A) ”
3. =H2 (K) degiErE
4. ¥FFE (T) ”
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7 > (B)  HFRE

LI L _ 6. Xk & (D) KEPE (2> 27Y~b7x
T i),
eF——L —7

ZhebD iy, LEBIWARDWTR

Plywood Il plywood
Fig. 1-6 HEREHES X UOTTEIR MR (HTEH) &1k
Plywood ; glued alternately | and _L to DD HOEILE, HEINIESFIC X IEES
grain direction of face veneer. o . . - _
|l plywood 5 glued || only to grain BB RAMT, 2E¥ORMCOIICRRNE,

direction of face veneer.

—FADPD L o TEORBHBRERB 2 57z, L
ZOBBROZLE, EFMNRRABL VO LIZT S,

FAT (Q) A#REiE, Fig 1-6 0Tk oic. T_RTOEREHBMESAIC, TIFIITY b bo
T, FHMER—HMBIZHIHTH5L0THB,

Table 1-1 IZABFEI b bW e REE RO, BIBIC & 5 BRI S L S EWEEE 2 T9EI &
> TFT, '

2-2. HABRAROEMERBICRRISHIE

Table 1-1. REREROMEE, B

Kind, construction and const. of dimension

Construction Veneer thickness (observed) mm
Kind of Ist | 2nd | 3rd | 4th | 5th | 6th | 7 ? I1
plywood ply ” ” 7 ” ” 7
L 11 0.95 2.85 2.80 2.80 0.95 - - 10.4 4.7
V4 12 2.45 2.40 2.40 2.40 2.40 - - 12.1 7.3
V4 15 2.45 3.85 2.40 3.75 2.40 — - 14.9 7.3
” 18 2.45 2.80 2.40 2.80 2.35 2.80 2.40 18.0 9.6
A 10 1.0 2.8 2.8 2.8 1.0 - - 10.4 4.8
V4 12 4 2.4 2.5 2.4 2.4 - - 12.1 7.3
L 28 1.0 2.4 2.4 2.4 1.1 - — 9.3 4.5
” 31 0.9 3.9 2.4 4.0 0.9 - - 12.1 4.2
Ve 34 1.1 2.9 2.2 2.7 2.2 2.9 1.1 15.1 6.6
Vi 35 0.8 3.0 2.5 2.9 2.5 3.0 0.8 15.5 6.6
Va 37 1.1 3.8 2.4 3.9 2.7 3.2 1.0 18.1 7.2
V4 38 0.9 4.0 2.6 3.4 2.7 3.9 0.9 18.4 7.1
Ve 40 1.3 3.9 3.3 4.0 3.3 4.0 1.4 21.2 9.3
L A 1.8 2.2 2.0 2.2 1.8 - - 10.0 5.6
4 B 1.8 3.2 3.2 3.2 1.8 - - 13.2 6.8
4 C 3.0 3.0 3.0 3.0 3.0 - 15.0 9.0
L XV 2.4 4,1 2.4 4.1 2.4 - - 15.4 7.2
T 3 1.5 2.3 1.4 - - - - 5.2 2.9
Vi 10 1.4 2.7 1.8 2.8 1.5 - - 10.2 4.7
Vi 15 1.5 2.9 1.6 2.9 1.6 2.9 1.5 14.9 6.2
K 3 1.0 2.9 1.2 - - - - 5.1 2.2
V4 10 1.5 2.9 1.7 2.8 1.5 = - 10.4 4.7
V4 15 1.5 2.9 1.7 3.0 1.7 2.9 1.5 15.2 6.4
B 11 1.3 2.9 3.0 2.9 1.3 - - 11.4 5.6
15 2.1 4.6 2.4 4.6 1 - - 15.8 6.6
” 18 1.8 5.6 3.9 5.6 1.8 . - 18.7 7.5
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EFEARRREED T, FEROPMRAIC L 2HMERRE, 7T JIS K X5 AHMEBHE, Hov
FENCET L FBIC L > TR I R o,

FREERER L LT,

2-2-1 JEHE

2-2-2 Bl

2-2-3 ghF (PREPIFE)

2-2-4 R7T Vv (EREEL TE)

2-2-5 VTN (JEHESL L BI5RAD

2-2-6 7L — MEIRR
DEEERI L o, £LT, ZORBFENPHBTICOWVWTHE, EEOFFERECTRL THE05H,
T TRARLEERAREC X > TR

Table 1-2 IZHBERE TT. BERTXTEEETH 5.

ARG TR W ERICE D b L icffic, XHELABERAEED, Zo—HMoEEE> 2 Lick-
TRIR o7,

WHERR B X W EEK
of several plywood used to test (Mean value)
_tI_ tJ t]t,] t] II IJ []I,]~ II hl .

ts p - i 7 7 7 2 T Te Literature
5.7 0.46 0.54 0.248 0.85 0.48 0.52 0.250 0.92 1.24

4.8 0.60 0.40 0.240 1.50 0.80 0.20 0.160 4.0 1.67 17)
7.6 0.49 0.51 0.250 0.96 0.70 0.30 0.210 2.3 1.48

8.4 0.53 0.47 0.249 1.13 0.68 0.32 0.218 2.1 1.36

5.6 0.46 0.54 0.249 0.85 0.49 0.51 0.250 0.96 1.24

4.8 0.60 0.40 0.239 1.50 0.79 0.21 0.167 3.8 1.66

4.8 0.48 0.52 | 0.250 0.92 - - - - -

7.9 0.35 0.65 | 0.228 0.54 - - - - -

8.5 0.43 0.57 0.245 0.75 - - - - -

8.9 0.42 0.58 | 0.244 0.72 - - - - - 12)
10.9 0.40 0.60 0.240 0.67 - - - - -

11.3 0.38 0.62 | 0.236 0.61 - - - - -

11.9 0.44 0.56 0.246 0.79 - - - - =

4.4 0.56 0.44 0.246 1.27 0.75 0.25 0.188 3.0 1.56

6.4 0.52 0.48 0.250 1.08 0.63 0.37 0.233 1.7 1.38 33)
6.0 0.6 0] 0.240 1.50 0.80 0.20 0.160 4.0 1.67

8.2 0.47 0.53 | 0.249 0.87 0.68 0.32 | 0.218 2.1 1.45

2.3 0.56 0.44 0.246 1.27 - - - - -

5.5 0.46 0.54 0.249 0.85 C.64 0.36 0.229 1.8 1.40 12)
8.7 . 0.42 0.58 0.243 0.72 0.55 0.45 0.248 1.2 1.25

2.9 0.42 0.58 0.244 0.72 - - - - ' -

5.7 0.45 0.55 0.248 0.82 0.64 0.36 0.229 1.8 1.41 12)
8.8 ,0‘42 0.58 0.244 0.72 0.55 0.45 0.248 1.2 .25

5.8 0.49 0.51 0.250 0.96 C.56 0.44 0.247 1.3 1.29

9.2 0.42 0.58 0.242 0.72 0.61 0.39 0.232 1.6 1.36

11.2 0.40 0.60 0.240 0.67 0.49 0.51 0.250 0.96 1.24
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Table 1-2. REBRER GEHBIOFTEREST) Ol
The YOUNG’s modulus (E), PoISSON’s ratio (¥), modulus of shear (G)

Kind of test
Compression
hN \_Observed
VN > values E. X 10% kg /cm? G.maz. kg /cm? Et
w \,Graln_ -
3 Kinji--\i‘rec“m L L T-45° T L L T-45° T L
) of te§t\ : or or . or or or or
specimen o ° ° ° =o ° °
or plywood 0 45° . 90 0 45 90 0
Wood (air dried) 131 12.8 5.2 382 - - 119
2 (oven dried) 137 13.3 6.2 446 - - 128
I -plywood 142 11.4 5.1 484 - - 135
L 1 70 18.6 79 254 168 287 -
12 86 17.0 60 305 155 221 -
15 67 15.1 68 246 127 240 -
18 75 16.3 65 270 145 240 -
Wood (air dried) 162 15.7 7.7 563 205 -] 152
» (oven dried) 163 16.8 10.0 566 217 - 162
A Il -plywood 186 16.6 7.4 718 242 - 169
10 90 24.2 98 369 217 406 71
12 112 23.8 76 431 200 326 97
28 86 - 108 - - - -
31 .45 - 100 - - - -
34 51 - 67 - - - -
L 35 42 - 77 - - - -
37 47 - 75 - - - -
a8 49 - 94 - - - -
40 48 - 68 - - - -
A - - - - - - 57
L B - - - - - - 63
C - - - - - - 62
L XV - 18.9 - 301 | 128 296 -
3 44 - 42 - - - -
T 10 38 17.9 54 252 185 294 36
15 38 22.6 52 240 198 297 -
3 70 - 94 - - - -
K 10 80 27.4 93 383 287 443 74
15 74 34.9 103 363 295 458 -
B 11 63 25.9 55 279 242 288 48
D 15 67 21.5 83 253 118 324 -
18 51 15.2 63 235 116 285 -

UT&RBRFBICOWTEEHBET 3,
2-2-1. [EHERBRT
Photo. 1-1 B X ¢ 1-2 ik Eit & AV EMEHRREB L 20WREFRT, £, AROERBRRED
#fl& LT Photo. 1-3 iz 7/ SAHRD 0° FHEMOEE %, Photo. 1-4 127 UV AIRD 45° FRADHE
%, £L 7T, Photo. 1-5 & B 3AMRD 45° FAIDHAER LT,
ek, ERRRIET VVHOREOHELED T, +_T ASTM BEMREERL* LBV THIA-



BROBIIIERRIC BT 5 BRIOBTR (BR)

EERBAIC 31T 5 BIEEE S X URKISHE
and max. strengths of wood. || plywood and plywood on the respective test of strength
(Mean value)

Tension Bending
X10% kg /cm? Otmaz. kg /cm? Es X 10% kg /cm? Opmaz. kg /cm?
L T-45° T L L T-45° T L L T-45° T L L T-45° T
or or or or or or or or or or or
45° 90° 0° 45° 90° 0° 45° 90° 0° 45° 90°
9.4 3.8 1053 84 46 128 11.1 3.6 691 131 53
10.4 4.4 1116 89 47 133 11.9 4.1 894 141 54
7.8 3.1 809 48 25 129 12.6 4.6 896 117 50
- - - - - 59 21.1 62 515 285 577
- - - - - 83 17.1 29 630 214 328
- - - - - 73 15.4 36 516 183 416
- - - - - 80 17.8 42 634 2C9 454
14.2 6.8 1396 152 73 154 19.2 8.9 1107 212 99
15.0 7.5 1613 149 69 160 23.3 9.2 1121 240 99
12.0 3.9 1398 65 23 166 19.0 6.9 1411 171 69
16.9 86 736 155 909 79 26.6 91 733 329 787
17.7 65 879 148 653 124 23.3 38 989 285 462
12.2 44 - - - 71 15.4 28 - - -
10.0 50 - - - 64 14.7 98 - - -
10.3 55 = - - 76 12.7 100 - - -
- = = = = 86 17.2 47 - - -
15.0 53 274 122 393 37 16.4 40 364 232 454
- - - - - 47 18.8 33 354 240 231
23.6 75 766 221 756 102 30.4 62 925 364 565
- - - - - 83 31.2 81 698 347 762
19.3 46 531 207 561 63 24.1 46 572 377 493
- - - - - 64 16.1 45 456 152 357
- - = - - 57 18.0 46 366 144 413
7o

2-2-2. B[5RHER™
Photo. 1-6 123 ERBRE T, BRUEIEREL X - TBZ R o7,
FEOLDTH B, MOFEDO LD LT RTIDEHCBI R o7,

ZORERIC X AWEREOHF L LT,

L T-45°) ORFERT,

ZDERIFITARD 90° A

Photo. 1-7 K7t F v OETEKROZH @R (L,

T BIWV
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Table 1-2. (Continued)

\ Kind of test POISSON’s ratio
~ B jon test ing t
) '\Ob'served y compression tes By bending test
\ ~ values v, Ve ¢
w : Gra;(xil. -
3 ~ _direction . _4E0 . . _4e0 .
g | Kind LT L T-45 T-L LT L T-45 T-L (LT)
2 of test \ or or or or or or or
specimen °.0n° o e, n0 °.on° ° °.n0 °.0n°
or plywood 0°+90 45 90°+0 0°+90 45 90°+0 (0°-20%)
Wood (air dried) 0.44 - 0.02 - - - 6.1
# (oven dried) 0.47 - 0.02 - - - 6.2
|| -plywood 0.49 - 0.02 - - - 6.1
L 11 0.077 - 0.04 0.074 0.79 0.048 7.5
12 0.164 — 0.047 0.192 0.59 0.027 6.4
15 0.135 - 0.027 - - - -
18 0.143 - 0.027 - - - -
Wood (air dried) 0.42 0.12 0.027 0.49 0.44 0.031 6.9
7 (oven dried) 0.47 0.12 0.029 0.44 0.39 0.034 7:1
A || -plywood 0.55 =0 0.020 - - - 7.2
10 0.061 0.73 0.049 0.072 0.69 0.046 8.0
12 0.146 0.70 0.026 0.160 0.71 0.025 6.9
28 0,652 - 0.029 - - - -
31 0.037 - 0.037 - - - -
34 0.055 - 0.033 - - - -
L 35 0.032 - 0.052 - - - -
37 0.055 - 0.039 - - - -
38 0.045 - 0.052 - - - -
40 0.067 - 0.034 - - = -
A - - - - - - 4.7
L B - - - - - - 4.3
C - - - - - - 4.3
L XV - - - - - - 7.0
3 0.084 - 0.068 - - - -
T 10 0.115 0.56 0.081 - - - 5.3
15 - - - - - - 6.1
3 0.056 - 0.074 - - = -
K 10 0.082 0.62 0.058 - = - 10.4
15 - - - - - - 11.0
B 11 0.114 0.63 0.057 - - - 7.9
15 - - - - - - 8.4
D 18 - - - - - - 7.5

2-2-3. @FRER™

Photo. 1-8 IS RERE T, A CEY o 2B, FTRUPREPHETR 2V, #
BPEE PRABIZHT 72 30mm A e — I DFAYAF DItk - Thediz, ZEBREFA7 Ty
JIHtvl&Rizs S, EEERI LK,

2-2-4. K7 Vv HHIERR

1. ERFEI X55E8™

R L BB L E 5 KR 0T, BAZORBRESEN, ML RECEERLRELR



BROSIWHERRIC BT 5 ERERITE (BR) — 57 —

Plate shear Panel shear
X10% kg /cm? Tmaz. kg /cm? G X10% kg /cm? Tmaz. kg /cm?
(L T-45°) (L T-45°) (L T-45°) (L T-45°)
or (L1 or (L1 or ) (LT) or
(45°) or (45°) or (45°) or (45°)
Nor. | Inv. [(0°+90%)| Nor. I Inv. [(0°*90°)| Nor. | Inv. | (0°+90°) | Nor. Inv.
4.3 4.5 - - - 5.5 6.1 10.9 98 - 21
4.9 5.0 - - - 5.2 7.5 10.9 88 - 25
- - - - - 5.5 6.9 8.5 79 - 20
- - - - - 6.1 40 42 95 226 255
- - - - - 5.4 40 41 89 208 227
- - - - - 4.8 40 44 76 190 198
- - - - - 5.6 41 45 88 187 185
7.5 7.6 - - - 7.3 6.5 7.7 132 - 39
7.7 8.2 - - - 7.6 6.7 8.0 132 - 39
- - - - - 7.8 5.8 7.0 118 - 37
- - - - - 7.1 55 55 127 359 352
- - - - - 7.3 53 57 110 309 342
22.3 - - - 3.7 30.4 29.6 - - -
23.6 - - - 3.5 35.2 35.9 - - -
20.2 - - - 3.6 41.1 41.7 - - -
32.5 34.2 285 211 217 - - - - - -
16.1 15.1 - - - 5.2 22.0 21.1 87 193 188
20.1 21.8 141 179 219 - - - - - -
36.0 37.0 - - - 10.4 52.1 50.0 170 341 378
42.1 42.1 353 443 397 - - - - - -
24.6 23.6 - - - 7.3 28.2 30.8 130 265 268
31.4 32.2 179 201 205 5.6 47.8 55.8 62 181 170
27.0 26.0 150 152 164 - - - - - -

FERLRNI L ThH D, AFETIE, ZOWEERL LTERERBIVERLA bL—r 7 ~CF%n 2
LRV ERAI,

a) gk

Photo. 1-9 2 ZDFH#EER LIz, %7 Photo. 1-10 iZid FDEBHMEETT, W TFh LMEAOM
FEIEALTWE DT, MEADLDIX Photo. 1-1 DHEICE - Th & i, Litd T, WEIHE
BFIRRNT 2 BER D IR L THT 7=,

b) AL —rF—UK
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[EfER B 0K B AIC Photo. 1-11 D X 9 R+FBR— =7~ #[EFL, Photo. 1-12 IZ7FT
Xo%5 FUABDOANVE U EMERERE (A), DS 6-REBHEREME (B) AV, ASTM #
JEREEE (C) Bl (D) #RELX,

I. BWEI X556

Bk L 7= g 38k & R U EECHITRBRA O PR 6 dom @dAanENIC, <—r—F—-UrIY,
Photo. 1-13 OFEIC & » TERZHE LI,

2-2-5.  SLRIVEIETRERT®™
2-2-6. 7L — hBIETRERTO™

TO2HEIONTiE, FE2WMTELD THMICBYEO>DOT. ZZTREKT S,

P EORBFEREH» LM B LOARICE T, BB BT 2 HEIc VT, D& 0 X5 R
ERBIRoT,

1. Giur BEW Goernoe & Ep OFFRIZONT

BEFRRARERD O EIR (FTER © Er 3RKHMO Er X0, k) EROEIRR -7, JHIGER
DEHNOEEY LEZOND, THICRLT Gy TRIFLALEED > TVRY, LEd-T, KO
HREEED Er 3—#ic JENKIN Rz X - TEPRB L O I,

Ep = Gpp  vveeeeeeennmmn ettt 1.2.1D
ko T TE 5, %7z, ®BD (1.3.44) K, &5i2id (1.3.49) Kb Grr=GCoorg0 ERDMD,
ET = Go°-90° .............................................................................. (1_2.2)

b5, £72G OPENTRARER L Fizid, REOFE®DOL LT

Grp =L Eppiise weveeeereieeeenen e (1,2,3)

lohhihiEebrnz bizhk 3,

S (R L AROMICIE EL+Er=Ew+Ewe OBRPEH 255, Biko EL 3 (1.2.2) A b,
BLEALDEDORTLLED S B,

E; = (Epot+Egpe) — Ggo.gpe  +eeeesrerescens (1.2.9)
ARV TIE, EFEERRBRIIOSRICL TE, $T
" ZOBGRIZ X - THRBERD E, BIWV Er 2 b o,
™ ,«—"/ 7 2. Gpp & Grr-use OBfRICOWT
08 .
oo Gt (1.1.9) Kb,
06
o Cur w45 G
04 G rr-s50 E,
02 DEFER P E LN DY, ZOBKREERTS L Fig. 1-7T DX 5
o B, FITC, BEEALOAML, FITAKRT 26.0/E, OfEN

©R RO DTN 0IMEObOL BT EPEIT, NI,
Fig. 1-7 A OBiEH % Grp == Grpoggo weeeeerssssssessssssiinnereennn (1.2.5)
Tue reationsy besyeen  EB< T EFTES, Tible 12 £ ATLIOLI AL
s and grain decon. S EBPPES

0° to edge of wood. 7275 Grr—ssorny. DIEIVY LEM - 7220% ZHIX, AKFEHRADS,
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B EHMBERD bz BedIc Tl b L Bbh 5,
DEREFRREROBNIEIEIC DV THB L, R ) B CETAHR O ormes. &, FEHOZHIZ
HEEL Thvie VRV, 2V BEHOFBIZLE L0 TH B, FRIZKL T 1or-mez. DFEEFEN X
HIEE BI BN, —ISREBENO LD LEDbNL B,

HIE AWMBIUBHEROEMERREL S FICRXEHEROBERF

BT IFEMIZ, 0°, 45° BN 90° FEITHEZ L > TW5B, Lo TERUNDAED LD,
EHELTWAZ L ORSICHETE S, Fig. 18121206l L o728 ZTOX5hliigei#ii, &
METIIZDOZ LN, Z03HEHICOVWTOREETS,

SFICAROUIHELT. MHEAFBEDOHE L RIS 0 o v
b5, FECTROEELRA—ICRIES LN TEB, 2%D 08 Aritong pywoad
R T, DEOL 5% i EEERL TJike LTRY 5, LT )

1. [RIRE BB O E {206 w
i ] BRTOEREEOEE, D2FDOLIRERICL-TITH 0 N
e LTEHET S, n 754 AHR TR )

0

0O 15 30 H & B N

n n-1
St = t; St; = t; o
i=1,3,5... i=2,4,6...
Fig. 1-8 AHRHARKD 0° FHM
n n-1 2333 BEERID Egof Ego DfE
SIs = I, TIg = Iy ceeeeeereeneincnnes 1.3.D The relationship between
E51,3,5,.. 7=2,4,6... elastic const. of YOUNG's
o _ modulus Ese/Ege and grain
trtits=1¢, If’ =1 direction #° to edge of
2. REEEERROSE plywood.

ZOBEICE, YREHEEOTER (E, G, omez.) BRRDZPE, 2EDXS4 i jROEMEEE
WALTHET S,

WEERD | j BIROERELEEIC LT, TRUOEREZOBEBEICELVLOLRET S, T5
L EDHEROBIED, { j USNDOERICET S (Zhbk i’j LT3), ZOEEOEAEE, ZAER !
JOBIRD tes by B ey Iy WERBRAIIL, Fo& e 2, 5 BV e Uy izt ot
L3, EITIO L BXU I % (1.3.1) Rick » TAETIE, RABEOHEEL -~ RILFE
TRO®|E B, 2%V, | jEETSERTE S,

DEREEBORE B LETREBIC OV TRRE®DVW S X 5 ICER L TRY Koo, BEHOES
IVCHRAMDLOERDE, TORRETRNIL®EEETS L, FARICKEREER 2V E
b5, .

AFFEICBNTE, BRI IAPELV LD LHBEN/0T, BEEBORBIARDOBRS TR
bOLLT, HFMERENERI R o, LAL, T ITVERBROARICR S L, bIEEOYSE
BEHBLDLEbREMN, TORIZOWTIIAEROWZEEEL Lz,

3-1. BROBERELE TR RES 1222874006661

3-1-1. 0° BXUT90° FRDFE
0° FEDHFE L Fig. -1-9 OREOFEATHD 1, (1.1.13) XBIV (1.1.14) Xick-T
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(A+¢)Sr2 (1+9)S112 0
Orz = L QA+¢)Sri2 (Sraa+9S111) 0 oz

A
0 0 QA+¢)S1es

_ A+ é)[Sr2a(Sroe+8S711) —(1+$)S%112]0
(Sr11Sr22—8%1) A+ )2+ (Sr1u—Sr)?

(Sru+@Sren) (1+¢)S 20 0
A+8)Sre (1+¢)Sre 0 oz

0 0 (A+#)S1e6
_ (14 ¢)S712(S711—S122) 02 .
I-veneer J- veneer (S111 S122—S2112) A+ )2+ (Sr11—Sr22)* ¢
Loading direction ; 0° Tray=0
Fig. 1-9 AR 0° FRMEOHAI
B B BHERE Lied, L,
Distribution of stresses in the [ and J (Siu+9S1) (1+6)Spe 0
veneer when compressive load is ! !
taked in parallel to face grain of AL = Q+8)S;ar (Sree+9Sii) 0
plywood test, specimen.
0 0 (A+9)S 166

=+ 8)Sre6 [(Sr11S700—S2712) (14 )2+ (Sp1a—Srag)2 @] coeeeeerereeees (1.3.2)/

—
©
Av)

/]

O1x

Ory =

1
A

_ ¢ —
=——, Ar1=1—VYi1p Y7L
ty

ZZT (1.1.15) KB XY Eve=0z/e1z 95,

— (Q4+#)(Sru Sree—S%112) (S 111+ Sy22) Oz eeeeesesseneeeeeerienns (1.3.3)
(Sr11 Srea—5%11) A+ 8)2+(S;1i—Sy22)2 ¢

Erx

Fro= ArEn Erp Q482+ (Ern—Er)® @ e, .3.
’ 21 A+ ) (Er+¢ Err) a.3.4)

L3,
80° FADEAE D, 0° HFADHEALE oK RA—FEIC L - TH L DB LRTES,

o M E B QE O E=Erl S ;
P 2 A+ DB Erp+Erp) (1.3.5)

ZIT 2 DEEANRTOANRARL T, E OEIZZIFEAEEENR2OOT™, (1.3.4) RBIW
(1.3.5) KF2>&n X Hc&HET 5,

Epo = ¢E11L+E11 =E,, l‘tz +E;p ty

+ ¢ ¢
= Er+9Er =F s E 2 S UP PRSP 1.3.6
Eqoo 1+ ¢ 1wy +Emr 7 (1.3.6)

EyotEgpo=E;,+E;p
Fio, IEPIICE Er> Eir L bHDNDE0H,

Evo=E;, ttl , Eeo=E;, ttJ ................................................... 1.3.7)

wEFS, ZOEPRELLWTHELTY, (1.3.6) Rtk - THHEL T, EL0LIELALRLE
IR B, R FIFARD Erp 8LV Erp 2T (1.3.6) KpHFHELIE EHRFER L, &
ROEREL ZHH#T 5 L, Table 1-3 DX 5L -T, FERIZGLAERLLADND,

FLT, 20X 5 2RSS TREOF AT, WINCET 5 ERE L2 ThInZ Eatbhol,
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Table 1-3. AROEMRRIZBIT S Ecee BLU Ecooo DEBRAE L FHEE
The observed and calculated values of YOUNG’s modulus
in compression test of plywoods
EliSt;c ¢ YOUNG’s modulus in compression
L. onst. E. X 10% kg /cm? Obs.
Direction Cal.
of load to™\ Observed Calculated
P face grain
Kin o ° ° o o °
of plywood 0 90 0 90 0 90
L 11 70 79 67 80 1.04 0.99
. (64) (77)
4 12 86 60 87 60 0.99 1.00
(85) (56)
7 15 67 68 72 75 0.93 0.91
(69 (73)
4 18 75 65 78 69 0.96 0.94
(76) (66)
M. 0.98 0.96
A 10 90 98 90 103 1.00 1.09
(86) (100)
7 12 112 76 114 78 0.98 1.04
(112) (79)
M. 0.99 1.07
() Calculated value by formula of approximate.
Table 1-4. EHROEFHERRIZIBIT S 0coomaz. BLY Ocopomaz. DEBRE L HEE
The observed and calculated values of Max. strength
in compression test of plywoods.
\ Strength Max. strength in compression
. . g, kg /Cm2 Obs.
D1rect1on\\ Cal.
_of load AN Observed Calculated
4 ~. face grain
Kin ~ ° ° ° o ° °
of plywood\ 0 90 0 90 0 90
L 11 254 287 220 264 1.15 1.05
e 12 305 221 291 193 1.05 1.14
4 15 246 240 236 248 1.04 0.97
7 18 270 240 258 226 1.05 1.06
M 1.07 1.05
A 10 369 406 332 387 1.11 1.05
4 12 431 326 434 285 0.99 1.14
M 1.05 1.09
BRIEAEZ W T, (1.1.16) Kbb
Ooomaz. = O[Lmax. tr + O17max. ty
.......................................... (1.3'8)
Ogoomaz. = OILmax. ty + Orrmaz. 4

LB, Ele—MRIZ 01rmaz. > OrTmaz. TH B E, EPR L LTHOED L HI2EIT S,

. t
Ggomaz. = OILmaz.—L

ty

Oggomar. == O[Lmaz.
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TIT, HTEROEEE-T (1.3.8) Ric X > TRHAL-HMIE L, KER{EL & HlkT 5 & Table
14 DX5hs, ZVRLRTBD DB, ETHELVLOLHETES, TLT, ZOHAKD
HEISADOBEREBRLZLTL XV,

3-1-2. 45° FADHE

Zhid, Fig. 1-10 IR TREOHETH B2, AMHELFAICLEHETHEATE 5,

S'rie (1+9)S' 12 A—9)5 116

lp lp 0rp =—1F® 5| & (1+8)5 122 (1—9)S 126
I N Y 122 \

~S'16e (1—9) 162 (1+8)S 165

Y 1
- =—(1_¢)2 2572116 (S’ 11— 112) Oy
x=
] \\Q\ ) A
-45

4‘3{ Uiz’ 0, 2% A+ e A—6)S 116
Iav! 3%07’ A+¢)S 121 S22 (1—$)S5' 126
(A=) 161 — 5162 (1+98)5 166

Q4+ 166(S 111+ 112) (1 +9)2

1- veneer J- veneer _ 1
Loading direction ; 45° b

Fig. 1-10 A0 45° HFAMEOSE +25216f A= IS ="y

BF 3 BHIERE A4S A+¢)S 112 S'1ie
Distribution of stresses in the [ and J veneer 1+9) , , ,
when compressive load is taked in parallel 77%%'= Ae oyr| 1+ )51 A+8)S 1 S'rae

to face grain of plywood test specimen. (A—8)S"160 (A=) 162 — S 162

\ .
— (129;) 2516 (S%u—5%1) oy

A+9) S (A+9) Sz (1—9) 16

A= (A+¢) S (1+9) 122 (1—9) 1o

(A—9) Se1 (A—9) S162 (A+9) s
=1+ 11— 1128 166(S 1+ 5 112) A+ 8)2— 2 52 116(1—$)?]

........................ (1_3.10)
X512 (1.1.15) KB LW Eso=0yr/eryr 35 Epo 3OED X D2/ 5,
[ 25716 ] 4¢
Ey50 = — — _S.IIGG(S wmt+s 112) S 116 (1+¢)
S/“l_'_[ 52116(5 11— 5" 112) kT
S/lsﬁ(s,lll‘l‘slnz)—5/2115 (1+¢)2
(E;L—E/p)? ] tr J
1+
_ [ A Erp By
1 + 1 [ (Erp—E;r)? ] IJ
Epr—sso 2Grr L 220E Erp V¢t
.............................. (1.3.11)
if:, (1.2.3) it?)’%- 56‘: ¢1:t1/t, @J:iJ/t &33( &
Eyso = 2G r (14 T)  eveevimmmii it (1.3.12

1 (B —Ep)? A )
2 L EnEg 0%

T = 1 Brp Ly L P (1.1.13)
+

1 (B —Ep)?
1+ T ¢, @
2 21 EiLErr P
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LETB, DFEY Euse BHMWNCE > THREZDTHS,
HEARMON?? |z X s

Eys0 =S,+S’2m ............................................................ (1.3.14)
1 s

ERBZLEVSTNSE, THRHIFHALMZ (1.3.13) KT ¢=1({t,=¢t;) PHBATHBZ b5,
TIZT (1.3.13) ROT %, BIRO 45° FAOEMBISNICHT S, HMER (THEE LEHT 5.
EZT. ZOT-0; DBFREL-THBE, FUVEB

FUT P AROFAITE Fig. 1-1158E5605, L > Louar pywoqd
Tedio T, ZORPLRPEDT LANVR B, 5 Zi v
L 0=0, (t;=1) DL & THEKIERS, 2w
2. En/Err BKEVEY. THH< k5, 52 \
Eru/Brr —~ Tl T=1 e o JHA
Er/Err =0 T, T=0 R /
3. Ep=Ei, D%V EHETE, T=0 o
4. @;=0, Oib%ﬂ—f‘ﬁh T=0 0 ol 02 03 04 ()450;)1.6(#2.; 08 09 10
5. BHD (1.8.75) Kdb T=vse L2300 Retio of veneer construction

ig. 1- & ° H
Ey505= 2 Gpp( 1 +v450)=E; pp-s50( 1 +Vss50) Fl%)léisﬁng%g%‘é{;g;} ?Tg: %fég;
............ (1.3_15) %ﬁﬁﬂ: D (wl) @Eé{,%
The relationship between the coefficient
LbET B, of addition and ratio of veneer
construction when plywood panel is

ZIZT, HAERD Ese OFFEEL, FTEROEER compressed with load acting 45°
BT, (1.3.11) RpLIELEb0L, EBAESH direction to grain of face plies.

Bt BL Table 1-5 0 X 9ic/a b, BLALTERMELVERONS, 77 AHAERETET/
VXY IBbNER, —ISEEOHENOLOTHS &KL,

DEI 45° FMDFERIGTNTOWTELE TS, —fkic Fig. 1-2 X 574 x v EEHL x'y' EEH, -
DIz 45° OEERD AT, BHDORGERE TN X 51z 5,

Oz =

(0z40y) + Tay

(G'z-l-O'y) — Ty eeeeeeseeseeseeseineecciiinee (1_3.16)

tay'= (0y—0z)
Ebiz (1.1.1D) X&EME-T, T T %HELBWSHL Fig. 1-10 0T L —oy OREHLZ L H6
Gyt = QTppp  seeeeeeesessessseesssieeieseneeeeaeeseennera e 1.3.17)
Lied, LithisT,
Oysomaz. = 2 TILTMAz. = 2 T00.900maz,  ++ss+reseressesecsnsesnssennnsannnsans (1.3.18)
LELZLENTES, IEL, Tirmes. =Too.goemaz 1T HIBD (1.3.45) Riz X - TIHEHI L 3,
TDXHIT, Oomas. aib‘éw@%'J%jﬁE%‘?mﬁ@:;ori%iéor%éo ZDZ ik Photo. 1-4
BIW 15 Rlick dic, BERRETIE THERL J BERAEWVICHEOFMICIIT<p &z L. +
b, LHEROTRYIWHZ X - THETZZ LEFRLTWS,
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Table 1-5. BIRD 45° HHDERERBRIZBIT B Eesso DEBRIE L FHEHE
The observed and calculated values of YOUNG’s modulus in compression
with load acting 45° direction to grain of face plies

\»\ Elastic YOUNG’s modulus YOUNG’s modulus
-._ constant Eecys0 X103 kg /cm? Obs Ecrr-450 10% kg /cm?
. T~ Cal. The observed o ao
K‘{;‘;gg d \ Observed Calculated values of 2a(r;131'°s°he§f
p | plywood | P
L 11 18.6 21.0 0.89 11.4 12.2
(21.2)
4 12 17.0 18.8 0.91 11.4 10.8
(18.9)
” 15 15.1 16.8 0.90 11.4 9.6
(17.0)
e 18 16.3 19.4 0.84 11.4 11.2
(19.6)
M 0.89
A 10 24.2 24.7 0.98 16.6 14.2
(24.8)
” 12 23.8 25.8 0.92 16.6 14.6
(25.6)
M 0.95
T 10 17.9 (3'2) 1.05 - 10.4
33.3 —
K 10 27.4 (34.5) 0.82 20.8
B 1 | 25.9 i 1.12 - 14.6
D 15 l 21.5 (o h 1.10 - 11.2
M | 0.99
( ) s Calculated values by approximate formula. G 5 10* kg /cm?

Table 1-6. GO 45° HHEDEMARIZIIT D 0cssoman. DOERIE L HEME
The observed and calculated values of max. strength in compression
with load acting 45° direction to grain of face plies

\ Strength Max. strength Max. strength
o e O ca50 kg /cm? Obs. O 450 kg /cm?
Kind Of Cal. 2TLTmaz. by 2 Toe.goomaz.
lywood Observed Calculated panel shear |by panel shear
piyw of || plywood | of plywood
L 11 168 158 1.06 158 190
7 12 155 158 0.98 158 178
s 15 127 158 0.80 158 152
4 18 145 158 0.92 158 176
M 0.94
A 10 217 236 0.92 236 256
7 . 12 200 236 0.85 236 220
M 0.89
T 10 185 174 1.06 - 174
K 10 287 340 0.87 - 340
B 11 242 260 0.93 - 260
D 15 118 124 0.95 - 124
M 0.94

Tmaz. } kg /cm2
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72T, (1.3.18) ROFEME HERE) LEREL 2 HBT5 L. Table 1-6 Dk 51/ »T, WE
RIBEHEZELNZ L23bh 3,

3-2. BIROHFHNR AW

3-2-1. 0°BIU90° FRDHEE

T3y %
== " btz [ o '»
Z-veneer J-veneer

Fig. 1-12 &ROBMT (0° L 90° FRDFE)
Diagram used to calculate stress, strain and deflection
in bending of plywood.

Span-direction is 0° or 90° to grain of face veneer.

Fig. 1-12 X9z, A,V HRNC @iz L D I JHEELH VT (1.1.24) Xa b, 2E0E HEX
FHLZENTED, ZOBAR Mz DBEND

Mriz Dryp 0 Mrz Dy 0 Mz Dj:2 0
N | My Dr» 0 + | Mry Dy 0 =10 Dy 0
| Mrzy O Dres Mrzy 0O D e 0 0 Djes
........................ (1.3.19)
Dry Mz 0 Dy Mrz 0 Dy Mz 0
N | Drsy Mry 0 + | Dy M1y 0 = | D 0 0
0 Mrzy Dies 0 Mizy Dyes 0 0 D 6
Lnb, TNEBNT, Mia BXU M1y 2bLdBL280DX 52k,
Miz=— ZEZ [ArErp Erp+9E; (BErp—Erp vipr vir)] Ma
Miy= K: GE;pvior (Erp—Erp) Mz el (1.3.20)
Mrzy= 0
TIT, BEEEOEDL B,
Dyiy Djs Dy
Dyoy Dyss Dy
N=D Dje1 Dyer Dyss | _ I3,
As Dryy Drys Dirss I
Drsy Drss Drss
Drey Drgo  Digs
......... (1.3.21)

(ND;es Dyze+Dges Dyoz) —(NDyes Dyiz+Dyes Dyiz)
(NDyes Dy2s+Dyes Dya1) —(NDres Dyii+Dyes Dyin)
— 6% [(1+¢)% Ay E;p Erp+¢ (Erp—Err)?]

Il

gL
- ¢ I

0 = 2Gypr
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ZZC, (1.1.20) Rz k- THIL (dw2/ox?) FoXDXd5icbedbhs,

0°w _ Dys» Myg—Dyie Myy _ A1 (Brpt+¢ Erg) Maz
ox? D1y Dyse—D?ppe I; [Q(L+9)2 a1 Erp Erp+¢ (Brp—Err)d
........................ (1.3.22)
Fi2, Eooel =—Ma/(Pw /0x2) THBZ Lhb
Eogo =149 2s Epp Erp 4+ ¢ (BErp—Err)® e (1.3.23)

(1+9) 2; (PEL+Em) .
L#5, &bz (1.3.5) XEFUL L. Suffix OEBERRYIOZ L5, Eoe b2EDOXTLLD
bhs,
Q492 Ar Eqp Erp + ¢ (Erp—Eyp)?

Epgpo=—x 9" Ar Lrp Lyr + @\ Lrn—Lrr)” (1.3.24
%0 C1+¢) 2 (Erp+9Ep) )
TIT, iy DEBRERTELZOT, 23280k oich s,
E;,+¢E I I
Epo =_2IL T — 1 E J
%0 1+ ¢ et B
E E
Ebgof,:‘/’11++¢1r= Eyy IIJ + Egp [II .................................... (1.3.25)
Eb0° + E090° = EIL + EIT
7, Erp > Erp 2B 605 05EEEE LT
Ethgo== E; ;. III s Epogo=E,, IIJ ................................................ (1.3.26)

DEHCET D,

T OEMRIC X o TR L2 WIMEE, EREIIEEZELVY, Le-T, ERARNLLTE A
LIRS TH B,

F7 (1.3.4) & (1.3.23) K, &bz (1.8.5) K& (1.3.24) RFF - ABT, ¢ BLU¢ %
EHELTEROBRS5(E, A—RXTHRRTBHIEMNTES,

Iz BT 2RI BB Iz o\ T

(1.3.23) KD Eppe BIU (1.3.24) KD Evgee 21t Grr OEEORNWZ L DI 572, THIFTEE
FEE LT, BROLAEERLLERICEE00ThE, L L—Ricix, MFETES 0y %
BTERVEERE N, LedoT, T BHICIE Grr, ] BARIZIE Gor ORERH LI, ZhEAIC
DlahpbFRE L TL 399,

AHETI G 1C X BHIEESR s 1, PREPHEOH I, >FORTEXBNZY,

= pls E ]12 ------------------
68_485‘1 1.2 G __[2 ] .................................... (1.3.27)

[ 2B, b BOBS
Table 1-2 725 F TV BIUT E h L OTFAROERIEL LTO oy & Euw i, BEFOERDS,
LB DA, Bor 1320 55 OEELEE L CHE LIS Th s, 0s 2B ANTHIETS L, b

DI —ET B,

DERARIZOVTLBRTH S,

Table 1-7 1278 L7c & 5 ICHGEIRRER D 5, FATARD Eop &6 TERD Lo BLV Evao &,
Zheh (1.3.239) R (1.3.20 RebHETS L, ERENLPRVEOS SRS, T2 THE
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Table 1-7. &K T 0° B X UT90° FRIDHIFHEIC BT B Eo» DERIE L FHE
The observed and calculated values of YOUNG’s modulus in bending test of plywoods

\ T Elastic YOUNG’s modulus in bending
T~ const. Es X10% kg /em? ob
N s.
Direction \\ (1)Calculated | (II)Calculated Cal.
N off load to \ Observed (from Esp of (from E.; o
\lace grain N || plywood) || plywood)
I;‘I“y‘ivg(f) a | o 90° 0° %0° 0° 90° 0° 90°

L 11 59 62 63 70 71 76 0.94 0.89
(61) (67)

Vi 12 83 29 104 30 114 32 0.80 0.97
(102) (26)

Vi 15 73 36 91 42 101 46 0.80 0.86
(90) | (39

Vi 18 80 42 89 44 98 49 0.90 0.96
87) (41)

M 0.86 0.92

A 10 S 79 91 85 88 94 98 0.93 1.03
(82) (84)

Vs 12 124 38 132 40 148 45 0.94 0.95
131 (35)

M 0.94 0.99

() Calculated values by approximate formula.

12, RUHERCEATEROMIT D Bor 28> TEHETZ L, ZOHIERBEL IE-TLB, 2%,
SR, BRI TRBY ZATLE-ERHEI Z LItk » THRIRTE 3,

Tk, BRIZ Grp BIW Grr OFEBE ANIFEEHELTAS,
REOHER®IZL Y, Table 1-2 5T P EARD A 1022V THD &

E, E.
= 0.727, I =3.89
Gpr bo Grr

h2
12

@

0s=41.66

................................................ (1.3.28)

Lisd, EBTIE [=18cm, hA=1.04cm IZ & 572 %

i) o

Ads =13.9 % \K- Eo of plywood

30
Ll ote, DOFED 14 % OHMTREN TV o TN3EZ 46, \

o

Libhb, FhiERHLT, (1.3.23) Rick - Tah

BLi=rzhD, MFEELEIELME (Table 1-7

L13.9%
R s
10% Vimit —\

3

|
5% limit N

DHEM I &, EREZHBTS L 16% ORI

The ratio of shear deflection to whole one’s

in bending

BORW-TWBZ Libdrs, RAOHERIZ, &

o

RZDZ L EFHLTN S, Ay

FEFALTEPCART (1.3.28) ROBRE R Fig. 1-13 &k ciif# BRicB 3 5. A/l
; 50 - e PEEELEETIEE
TB& Fig FIBOX5IE7%, ThICE - THIT The relation of Ads tonh/l in bending

%L, BEOBEICITERBRICE - TS boERiy  of plywood.
% ; Height of plywood.

5. TEIHRIHMBEEY 2 T3IHICE. ! ; Span length of bending.
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R/ ZNELRTARERSEKOI L THB, Fig 1-13 55, T 10% UNICBE 2 L5 L T57%
B 1/20, DFY ASUREEAGROBEO 0FU LI L bRIEARDROI LI D, 5%ETHT 30
UL R 5,

DERMITIC L3RRSI DOTEET S, (1.1.22) Kb Fig. 1-12 i LAl T

Mz maz. =Mz maz. +Mjz maz.,  crverrererereiii (1_3‘29‘)
THH20, HIFOBBERBOERIC LN T, 2ED X 52ET 3,
Opoo mazx. = OIpL max. I + 6157 maz. hy R

he I

I

h I
L 24} 65b7 max.

hs I
hys PrEh Y D REMROIEE TOHEY,
he s RALERE D B2 BHBIROSNRETOED,
ZL7T, O1oLmaz.>> OlpTmaz. I2ENDBME, HEPRL L TOED L HITRTIENTES,

Op90° max. = OIpL max.

I

I
Ill I,]

Opoe°® maz.=0IpL maz.——

12 I
Table 1-8 12, ZhZh ERiCX » THELMEL, ERELZHWB LD, ELALE—HLTVE L0
LHWiTE B,
22T, EELATNERSRVC ki3, REREREROGHRIC 1] BEEIHE, e maz. D
Bz hi/h: OERFNEV 2T BDT, h: ORECFRET EOEL U TEMEER LEEC L h3 25,
I; YR BEZDDET, Lo b2 IDIWRHEERDRTNTARLRNT L TH B,

Opoo maz. = OIpL max.

Table 1-8. AT O0° BLU90° FEAIDHITIZBIT S dsmas. DEERE L FHEE
The observed and calculated values of max. strength

in bending of plywood

\\\~\ Strength Max. strength in bending
\ Directi RN Opmazx. kg/cm2 Obs.
, Direction ™. Cal.
. of load tq\ Observed Calculated
d\ . face grain
Kin S A° ° ° ° ° °
i ply%;;;i“‘\\\\ 0 90 0 90 0 90
L 11 515 577 450 597 1.14 0.97
(424) (574)
Vi 12 630 328 (724) (350) 0.87 0.94
’ 714 309
” 15 516 416 (640) (437) 0.81 0.95
625 402
V4 18 634 454 (624) (426) 1.02 1.07
608 392
M 0.96 0.98
A 10 733 787 730 920 1.00 0.86
(696) . (886)
v 12 989 462 1128 549 0.88 0.84
(1113) (494)
M 0.94 0.85

( ) Calculated values by approximate formula.
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Rolling shear ~DEE 7
T OB E, RARIMIEIEO S Do TR o TG sher
BUoTud L, MR X ARELEL T, AT, PR A
HAR & R L TRE S 7oibic, ¥ 5 LTLEINIoBoESIh _
BEL, EAAD, TR BIMRES A E L 3 RAOFRIC 2 Fig. 1-14 &R ehT Otz
_ w o - B . $°% Rolling shear MIKEE
2 TVBWe A/ L EATRICHEHESNE b2, fHoY The appearance of rolling shear
TOBERRICYARRZS, SV BEBEART @HIC/RBDT producted in inner veneers on
bending of plywood.
Trrmaz. DB LA B, Fig. 1-14 FO—FlIERLED,. #
ERBIZE MRV RERTEISHEEF AL 30z, EEhORET. Photo. 1-14 0 X 5 2 3IWRHES 4
T35, BEEOWRERBHEER D Rolling ALILTWB DT, £DLADT &< Rolling shear LFEAT
VB ARTE. ZhANVWBLUSLLBWELAZRZDOT, BHHECRBCEELRATRER L2,
FITIULAERPIZEY, ThEEEMIZERY o THI,
Table 1-9 IZRT LK, BERNELRBIZ LN 5T, tarmaz. PETLTL 3, ThHDBIKT
Z. BEAXRTE. Pl L 50kg/emE L3S B L0 LERAIShEND, ¥ob 1/21275,
F - AR DA RRRICE 572 T T AT, FITEIRD 0rrmas. X 25kg/cm? Th i, ¥
BEICREIRAR b DOTREAVOT, EFHMEFTERTIE, U THFMOSIEOERKRIEIHTE,
e 10EGRITR- TV B LHBTES 2D, JYVAIRTAHAZRY BERE LTI, 2¥0Z L0 i
FHTHB.

TRIMAE. 5= GLTmaz. — terteesssssrssntessmmimiiiititititite e e s e es e (1.3.32)

FTE R ICVE s TiE I/B3RETLTNS, Lz TERTIE, BEROEE DD, »wbT
B5L< Oirmaz. BETL, ZNAW Trrmezr. EETEEZLIZR-TL 300, WTFHETILT
TRTmaz. (2 X BREERITE, BSHRLTHB X O LA,

Table 1-9. AR THEREROEFHNIBHMIRIICBIIETEEE trrmas.
(Rolling shear) iz X » THIE L 7= ERIE

ERO %ggg Rolling shear s %

O % | Trrmaz. kg/cm?

L Ao | 10~30 46.1 g TSR 5 PP RTEIC X B REE, AU Ri3 9.3em
7 Bo | 30~50 30.4 BARKERK 5 Ao. Bos CoBRIETARTImmES, Eiko
7 Co | 60~80 25.0 %£E5 754, BHRESEFHL T14.5mm,

1. BRIZTRT0° HFEOMITHE T 6 AT o0FHME,

2. L Ao AHESHHITIEAIC X BRIET, MK ARD o7y LIzhto To Tormas. (2, ZH
2 X 3 SMEHREET. EROEIEL- BN LOLBbh B,
L Bo- L Co ARIZLEIINTIZ X5 (Rolling shear) BHETH - 7=,

Fig. 1-15 AROEMENT (456° FRDFE) 0w Ty
xX=0
Diagram used to calculate stress, strain "'_ —
and deflection in be?ding of plywood. N Qn)\ N - céﬁi"(ﬁ\r"% rr
Span-direction is 45° to grain of face Nz-L
veneer.

I-vereer J-veneer
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3-2-2. 45° HHEDEE
BIEEFL X Sz, Fig. 1-15 12 LedoT, I ] HEizkd (1.1.24) XhboF 0 @y HFEXrE
o Mot DR Z 050

Mz D'y D' Mz D'yip D'y Mar D'yiy D'yis
N'| My D'yss D'pss | + | Myy' Dlyee D'gss | = | 0 D'yze D'yss
Myztyr D're2 D'res Myzy' D'yoz D' yos 0 D'yez Dlyes
D'y Mz D'yge D'y Mz D gie D'y Mz D' g6
N | Dlpar Mpyr Dlpss | + | D'igas Myyr Digss | = | D'gar 0 D'yes
Direr Mpzvy' D' yes D' yo1 Mpzyr D' ges Diyer 0 Dlges
D'y D' Mg D'y Digie Myzr D'y D gyp Mg
N’ | Doy D'pse My | 4 | D/yor D' yoe Myyr =1 Dy D0y 0
D'rer D/ Myzy: D'yer D' je2 Myzy Diyey D'y 0
........................ (1.3'33)

Lied, IHIZTHEMRL, 2E¥DXHITk5,
Bi Myz+Bi2 Myy'+Bie Myzyr=B My
Boy Myz+Bos Myyr+Pos Mz =By Mz' — -oevreeeererseniniieeneniincnen, (1.3.34)
Ber Myzr+Bs2 Myyr+Pss Mpzryr=By My
7iZL
Dy Dyis D'gss
D’j13 Dyyoes D' ys

JAX; D’ye1 D'yez Digss| _ 13, _

N/= — =
AU Dy D'y Dy I’
6
D’ ya1 D'ypa2s Dipge
D'yer D'yez D'res
Bu=Ps =% Jo (1 +¢)(Er Erp+Gipr ar)
Bi2= P =—% Jo (L =P)(Erp Erp—Grpr ap)

Bie=P26= 2 Be1= 2Be2= Jo (1 —=¢) Grpp (Erp—E;p)

Bl:% Jo(Ery Erp+Grrr ar)

.................. (1.3.35)
Bz=—% Jo(Brp Erz—Grpr @p)

Be—_—% Jo GILT (EIL_EIT)

I 1%
Io P Jo 7

a;=E; +Eir— 21170 Ep,
Eip Err

ILT—45°

@;=E; +Eip+ 2vip Err =
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B Bz Bis
Ag=| Bar Bz Bos = 4% (1+¢) C?ror Erp Erg[(1+¢)% 21 Erp Epp
Bo1 Bez Bos +¢(Er—Err)?
L7z T, THURNTO M1z Mry BEXO Mray 32EDX 52725,

Mrz =ALB (Bi—B)[Bes (1 +9) (Bi+By) — 4 B% (1 —¢)] Mz

Al TG r Er Err [(1 492 ap—(Erp—Erg)? (1 —¢)] May
8

My =—2—[4B%(B.—B) Jo (1 )] M
ANs

............ (1.3.36)
=0 (1 =) Erp= i) M
Mizy=—7—12 B¢ (1+¢) (B1=B)] M
8
:—le ¢ (1+9) (Erp—E;r) el My
Zhbg, &bic (1.1.20) KicfRATB L
Mrz D'hz D'ne
dw\ _ 1 R Ve Y
(§?ﬁ>1_ﬁﬁ? Miy' D'rss D'ss
Mrzy" D'rgs D'r1gs
=ﬁ TP To G310 B2 B2 [ 45101 Grprn{ (1 +9)20a; a4
—(Er—Em)(1—Pt—=¢ (1 =) (Brp—Err)? (4511 Grpr—1)
— (149 (Br—Err)? (85 11 Grpp— 1)]  wovevveereeevinns (1.3.37)
LY, EHIT Epse ] =—Mz/(2w [0x2) THBEND,
(Erp—E;r)? ¢
1+
Epys0= [ Ar Epy Epp ] L+9* (1.3.38)

S’“‘+[ (Erp—E;r)? ] ¢
42; Gror Erp Erp (1+9¢)2

L7323, £2T°C, Zhiz (1.2.3) XoBFE AN, Ebic Ur=1/] BXW® U,=1,/T BT Lick
S TOEDLSRELZLNTES,
Eoi50=2G 10 (1 +To)=E pp—s50 (1 +T5)  coeeeveemrmmiiiiinnnn, (1.5.39)

1 _Eu—Emn? y y
T, — 2 A1 B Err s
T 1

(Er—Err)? v,
2 A Erp Erp res

ZORIZE > THOPB LT, Essso it Grpp ik - TR BN S,
Zo Ty %, BIRT45° AADHMIFIENCHTF S, MG (T-%5%) LE%T5,
F

B, DEV ORIV #EHL LTHBRLE, MLRICL > TRFRTE 3,

L7c#3oT Fig. 1-11 132D Ty OFP/TY, Mlhc ¥ 252 L2k - THERATES, 554
T-0; KOWTERIShIc5HEDREDL, To k202 2EATESZ ik 5,

Eio, BB (1.3.82) Kz k> T (1.3.39) RFOEFD L5 I bET S,
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Eps505= 2 Grpr (1 +voas0)==Er pr-s50 (1 +Vouso)

Table 1-10 IZFB-EROFBEE L EREE R LN, EFEALE—HLTHWB3 L0 LEMTE 3,
OERZ. MIFIZXBBRRKIEIICOVWTERT S,
4 (1.1.17) KT 0 =45° L LT, Fig. 1-15 06 2F R0 E1N 5,

Table 1-11 2.

Mey=—1 212

Opy50 max. = 2 T0.900 maz.

ZOFEOEEROERIEL FHRME HEEE) Oz Lich,

ZHERDELDY

Wiz, BREDBFEE, BIEDOHEIC L, ERELFHEERRPRA—FLIZ W, LT, Z0%
DEREDLDLE BT, L TWALDOLATEEZHTHS,

Table 1-10.

BART 45° RO HITRRICIUT B E oise DOERIE & 7H51E

The observed and calculated values of YOUNG’s modulus in

bend with span directing 45° to grain of face plies

\ Elastic YOUNG’s modulus YOUNG’s modulus
const. E 450 X 10% kg /cm? Obs E b pr-s30 10% kg /cm?
Kind of Cal. Obs. value by| 2 Goo.g0 by
lywood Observed Calculated bending test | plate shear
plyw . of || plywood| of plywood
L A 15.4 15.3 1.01 - 9.4
(15.5)
4 B 14.7 14.6 1.01 - 8.6
(14.8)
e C 12.7 13.9 0.91 = 8.6
(14.9)
M 0.98
L 11 21.1 24.3 0.87 12.6 15.0
(24.8)
7 12 17.1 19.7 0.87 12.6 12.8
(20.1)
M 0.87
A 10 26.6 27.2 0.98 19.0 16.0
(27.4)
4 12 23.3 22.3 1.04 19.0 13.8
(22.8)
M 1.01
T 10 16.4 17.1 0.92 - 10.6
(17.1)
Vi 15 18.8 19.0 0.89 - 12.2
(19.5)
M 0.91
K 10 30.4 33.1 0.96 - 20.8
(33.9) _
7 15 31.2 - 35.1 0.99 22.0
(35.9)
M 0.97
24.8
B 11 24.1 (25.5) 0.97 15.8
M 0.95

( ) Calculated values by approximate formula.
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Table 1-11. AT 45° HAD T RBRIZ T B dossomaz.
DIERME & FEE (HEEE
The observed and assumed values of max. strength in

bend with span directing 45° to grain of face plies

Strength Max. strength Mix. o:;rzength
Tvssomaz.  kg/cm? Obs. kg /om?
. h Cal. 2 Too.ggomaz.
Kl{ld géd \ Observed Calculated by plate shear
plyw of plywood
L 11 285 214 1.33 -
7 12 214 202 1.06 ) -
4 15 183 174 1.05 -
7 18 209 196 1.07 -
M 1.13
A 10 329 288 1.10 -
4 12 285 251 1.13 -
M 1.11
T 15 240 196 1.22 196
K 15 347 353 1.02 353
D 15 152 179 0.85 179
7 18 144 150 0.96 150
M 0.91
M 1.08

LBIVAERTIE, FETAERERETL L DK
2t rmaz. (L—158, A—236, kg/cm?) £2XFDRICL > THELZ LD,

- I h 1
2 Too.goomaz. = 2 Trrmaz. (—L b T")

1 h2

3-3. AIROBIBS 1K ke 8 T T
SROBWEE Fig. 11621 —Flm LS. AEC [{L"“a” Plywood
Yo BT B, COME. ¢=1BIV ¢=1 OFAKD © //ﬁmmg plywood
WThEDEbDOTHBH, (0°:90°) HE (45°) HTIIHE gf, 4
Bx L5, LIzAoTHFETIE, 2D 220HEHEL2LD ) y \\
KoWTEET 3, RBAROEERFTHHELLT, B V N
BEOHAIIE () Bbby, TOPICAERTEANS

0o 5 30 H 60 B 90
Fizk - TRtz et 5,

0°
3-3-1. (0°-90°) HOHE Fig. 1-16 AW TREMRD
0° FHrEizxd 3 AEMD

3-3-1-A. KFEE (3 RVBIED G,,/GL: @;%
S Fig 1-17 2R TREO DT, oy OB EL T When the angle between the

edge and the grain direction
b, (1.1.14) Rick - CoF DS HFEAPELL D L on the face veneer is 6°, the

relation of shear elastic con-
NTE5, stant to §° of plywood panel.
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—)'Fzzy — TTJ’CZ’
Z Il
. x
— Jil
I-veneer J-veneer
0 (14+¢) S
1z =%— 0 (Sroe+9 Srun)
(149 Sres 0
(Sru+9 Sra) 0
ory =—| (14 S 0
0 (1+9) Sre
Sru+¢Sr2) (1+9¢) S
TIry = Al (14+9¢)Srar (Sraz+9¢ Siu1)
1
0 0

A

MEABRBHRRE F2255

Fig. 1-17 &Rz tzy DHEZ BHED
2% )VEI, (0°-90°) EDHE
Diagram used to calculate stress and
strain in panel shear of plywood.
Shear stress is taked on Tzy only.

0
0 Tay=0
(146 Siee
0
0 Tzy=0
1+ S| (1.3.42)
0
0 Tay

(1+4+9) Sres

11 (14+6)Sres[(1 +¢)2(Sr11Sr22—5%712) + 9 (Sr11—Sr22)? Ty

ZD trzy & (1.1.15) Kz ANRB L Tay Db e®BNB, THhbDL

Tzy = i( 1+¢)S2766 [(1 +0)2(Sr11 Sroa—5%712) +9(S111—S%22)] Ty

=S166 Ty
oy =G117=Goo.900
Tzy

Table 1-12.

ET (0°:90°) EmDRNAVBIWHZ BT B EERE

The observed values of shear modulus and max.

strength in panel shear test of plywood

\ Observed Shear modulus Max. strength of shear
\ value X 10® kg /cm? kg /cm?
Kind of

plywood \ GLr G 0. 900 TLTmax. Toc.900mazx.

L 11 5.5 6.1 79 95

” 12 5.5 5.4 79 89

7 15 5.5 4.8 79 76

4 18 5.5 5.6 79 88

M 5.5 87

A 10 7.8 7.1 118 127

Ke 12 7.8 7.3 118 110

M 7.2 119

GLT, TLTmax.

G 00.90, Too.goomaz. > ” Y

; by panel shear test of | plywood.
of plywood.



AIROSIRTEREIC B 5 EBREAOITE (B R)

LB, THRRART, BEERBROWIALCPLDLTMYIIO, DEVFEH B 0L EL. 4K

DL OEEHELNZ L EFRLTWEZ LT 5,
¥, ZOBAOEKRUEIEICOV TR, (1.1.16) Xad
Txy mar.l =Trzy maz.t 1+ Tyoy maz. ty
Too.90° mazx. =T ILT max.
Lizh, ZOHEHERTERERO W
AEPPDBT, TORBRY LT L EF
T

Table 1-12 KRFZL <. G IKDNTH ;%
TROVWTH, EROBRIMSEELVZ L Mg——-‘?—»——g
Nbh b,

3-3-1-B. #RY Y (7L — FEIHD I-veneer

Zhix Fig. 1-18 iZ5FT HRE D LD T,
Mazy DHEZBFEDLDTHB b, (1.
1.24) X2 o >EFDEL HEXZE L Z A

Mizy

=

|

J-veneer

Mrzy

Fig. 1-18 AIRT Mzy DA EZ BHEEDF L — b
3917, (0°-90°) EDHE
Diagram used to calculate stress, strain and
deflection in plate shear test of plywood.

Torsional moment is acted on Mazy (=Myz)

TE3, only.

Mz D 0 Mz Dy 0 0

N | M;y Dy 0 + | M;y Dy 0 =|o0
Mizy 0 Dyes Myzy 0 Dyes My
Dy Myz 0 Dy Myz 0 D,

N | Dy My 0 + | Dy My 0 = | Dy
0 Mzy Dyes 0 Mjay Dyes 0
Dpy Dy 0 Dy Dyiz 0 D,

N | D2 Dy 0 + | Dyoy Dyss 0 = | Dy
0 0 My 0 0 My 0

efEL, BLoo 2R 6HEhs L2 505K,

Dyie
D2,
0

0
0
D6

May

--+(1.3.46)

(NDyes Dyas+Dges Dyos)(NDyes Dyie+ D yes Dy1n) —(NDyes Dyro+Dyes D yiz)?

=4J% G (A1 Erp Erp (1 +9)2—¢(Er—Err)?)
R—RENZ 0 Ll bl VW EREBRIC B 5 L LT,
Miz=Miy=0
DR D 3L,

L7z T, 3FEBORX D,

- Dy Dygg — D?pyp ~
As
DJll D,]ZZ _D2J12
YA
NhEovbhd, ThEEbic (1.1.20) R AR THETS L,
Mz
o*w
GELES

Mzy=Mzy | 1+

Gov.goo:-— = GILT

21
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Table 1-13. &#T (0°+90°) FAOF v — b Table 1-14. AMRT (0°-90°) WD L — b
bulialects ] BT 0 EER{E
The observed values of shear modulus in The observed values of max. strength in
plate shear test of plywood plate shear test of plywood
Elastic Shear modulus St th Max. strength
const. (observed) reng (observed)
X10% kg /cm? . kg /cm?
Kind of \
plywood Gir G 00.900 : Plate shear | Bending
Kind of
L 11 6.1 7.5 plywood Tye.goomaz. | Opszomax.
7 12 . .
’ 6.1 6.4 T 15 - 240
M 6.9
K 15 353 347
A 10 7.2 8.0
7 12 7.2 6.9 D 15 179 152
M 7.4 ” 18 150 144
Grr’ by [l plywood. _ L XV 285 -

G 00.900 5 by plywood.

LB, ZOBREI bERTHEBEBRO WA 226 TR YL,
Table 1-13 I X 5T, ZOZENITEHITHDZ L3N D,
Fie, BRI ICOWTIE, (1.1.17) Ki2BWT 0=45°, Ma=My= 0 DFHIc>THLdh
FXWoThd956,
¥ ivereessererarernentrecstsonticens (1.3.50)
LY, Mzymaz.= Mz’ maz. 5
T00.900 MAT. = Tp450 MAT.  cteeeereseeseescecetstatatatitiitiititittitiiiiiitas (1.3_51)
L7325, Table 1-14 27T X512, ZOBBRIREELVWI L2Xbh 3,
3-3-2. (45°) mMDOHE
3-3-2-A. KEIET (SRABIND
Zhit Fig 1-19 RT X9 BRET, toy OAEEZEHACONTTHE2E. (1-1-14) Ric
Lo TOEDES FRA LB LNTES,
Sy (1+6) S (1—¢) S
ore = (1 49) Tav' | Sy (149) S'rze (1-9) 1
S'yes (1 —9) 5162 (14+9) 66

=— Al S 116 166 (57 111—5"112) (1 +9)? Tay’

y/
— Coxy’
/}"//1 Fig. 1-19 AT (45°) @D Ty DAL
55 = PR o oVAE VI i)
Diagram used to calculate stress and
strain in pane] shear of plywood with
4 45° face grain to edge.

I-veneer J-veneer
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(14¢) S S (1—¢) ;116
Ory’ =Z12—( 14¢) tzy (14+¢) S S’y (1 —9) ;96 =0,z +-(1.3.52)
(1—¢) 5161 S'ye6 (1 +¢) 166
(14¢) S (14+¢) S5z Sy
TI”"J':—AI—Z—( 1+¢) tay [ (L4+8) S (1+9¢) iz o
(1=¢)S1e1 (1 —¢) 162 oo

Z—Al—z( 1+6)° 566 (S 111—S"112) [S166 (S 110+ S 112) — 2 572 16] Ty

E6iz, (1.1.15) X» b

Tray = —Alz—( 1 +¢)3 S’]GG .(Sllu—sluz) [3/166 (S'“x—s’uz)— 2 5/2116] Tx'y’

........................ @! 3_53)
L72B, ¥l Gey=Cuomrtay/Tay LBYBME, LRESFDL 5 ICHEI 5, |
Guso = S'166 (811145 112) (1 +0)2— 252,16 (1 —9)2
5’166 [S're6 (S'r1+S"112) — 2 52116 (1 + )2
= Grur-o (142 B0D" 0 5]
= Grrr-aso[ 1 +W] e (1.3.54)

— (B —Esp)?
W=—=Z—— 0, 0
A1 Erp Epp i

ZLT ZOWE, BRO (45°) BCHIFBXIUBOMMELR (W-HE0 LEHT 5.
LT, TOW-0; DRERIZOVWTLLERTHS L. FUVBLIUTE b BROPAITIE Fig. 1-20
DESTIeoTe, LTzHoT, ZORBLDEDT LAANZ B,

1. 0,=0; DFD t;=t;, DLE W BEKIck B,
2. Eii/Erpr BREWZE W HEL 5,
3. E;=E;pr, D0 EFETIE W=0
8
4. 0,=0, PEVFHMTE W=0 . [ Fouan aywood
—
%72, B> Err O X5 ABAIH, BEHRELTS 5 ::% ity wecd
3
E0xoicHET 5, gW 5 7
E 2 W4
G's505= Grpr-ss0 [1 + EIL lo:0, 27 /
T .2
=Grormiso[ 1 +W] oo (1.3.55) g 2
1
- EIL
W =F, 0 % or 02 03 04 05 06 07 08 09 10
. o D1 (Yr)
BEWD Guo OFEME (FATARMED) L. ERE Ratio of veneer construction
EHBELTHS L Table 1-15 DX S ick o7, HLH Fig. 1-20 HRT (45°) WO 1%V
(Fv—b) Sz BT 5, iR
i, MEIAZELObO LSRG, 2B, ZOHE ¥ow (W) & BRI 0, (¢)
- . . R . R DR
i, JEBYHT L BTS2 (Fig. 2-7), YBb The relationship between coefficient
LRI 2 5, of addition and ratio of veneer con-

struction on plywood with 45° face

DEI, O 457 EO RKIWIEA IOV TEE grain to edge:
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+5, Table 1-15. BT (45°) D F/VBIETHERIC
(1‘3—16) iﬁ:‘:ﬁh"fy x k y 7‘-5 xlk yl ‘}o’U’Z) G45°, @%ﬁ{ﬁ&%{‘%{ﬁ
The observed and calculated values of shear

i, TRENBEIMA O, Fig. 1-19 modulus in panel shear test of plywood

DBFETHDI N, ZOXREEIHIZ (1-1- with 45° face grain to edge
16) Ric k- T AL LToEF¥0X2E Elastic Shear modulus
oyt ; ._const.
P, taty @A{ﬂ,< P \ Gao X10° kg/cm2 chf.
—O0z=Tg'y =0y Kind Of\ al.
plywood (| Observed | Calculated
—0z max. =Tz'y'mar. =0y mazx.
L - 11 41 39 1.05
............ (1.3.56) p 12 40 37 1.08
Lo T, — IR LTHOEFDLS 7 15 42 35 1.20
” 18 43 36 1.19
CET 5,
ol M 1.13
Tysomaz. =0 coomaz. = [O'Ichax. 24 A 10 55 49 1.12
. Vs 12 54 50 1.08
+07cTmaz. l’J ] or M 1.10
” :tftooomax.=[01t7’maz. 'y T 10 21 23 0.91
10 50 46 1.08
+0s¢Lmaz L ]
t B 11 31 31 1.00
............ (1'3_57) M 1.04
7L, ZoRiE Fig 1-19 T —rtay ' -
) Observed value ; G o= G 4soNor. + G g501m0.
FEZFEOLOTH S, BRIz 12 2

+zy Th, —tzy THLRILNEDO LD TH DY, FFECTIMY W ER TR —toy B EXHE
KHYETE0T, ZhICHISEETOED L 52/ TEET 5,

FHRPEEINTVBE I L0, o500 GREM & 0700 GEER BIV orer (HEBIE) & oser
(HEBIER) 13, ZhRZhRICFRCFUEMNE TS, —fKITiX orcimaz. & drtimasz. m&iﬁ&fo&?{j

B, o 2 20BEHD IS, EbDTIEW, Lzl T, BEOFHEET orcimas. ttlg: »
drermaz. L D, EHEDPIECFOMEICE o THKREhBZ Lich B, Liehio T, JENEE IO

t
Wz CEXD L, 2E¥DLSICELZENTES, L, BEHEDOFMBEEZL TS,
~ Oc0omaz. <=0 cLmax. t;
i JEBSET csoman. wor.= ,
—- Ot9°max.5=0Jt Lmaz. f'l
................................. (1 3.58)
- Ot(® maz, ==0It Lmaz. ttl

i BT T maz. Inv. =

—~ O0.90°max~=0J ;Lmaz. ;

ZORICL ESEFARD tisomaz. EFHEL, FOFEREL L L THIZDH Table 1-16 Th 5,
R L VX, ZVMBELREVD, EFRYURLOTHEZ ERNHWTE B, 78/ NIz X 50
FVBIMI T, Photo. 2-9- DX 51z, HIKOKRN MROJIKTHINRL T, T2 ORELEZLONRE
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Table 1-16. AT (45°) FED SR ABIWTIZ 31T 5 IEBTHTIS X UMBTNT
D Tisomazx. DERE & FHEE
The observed and calculated values of max. strength in normal
and inverse shear test of plywood with 45° face grain to edge
\ Strength Max. strength in panel shear
. Tysomax. kg /cm? QObs.
N Cal.
AN Observed Calculated
Kind of AN
plywood \ Nor. Inv. Nor. Inv. Nor. Inv.
L 11 226 255 223 261 0.99 0.98
* (250) (292)
” 12 208 227 194 290 1.07 -
* * (222) (310)
” 15 190 198 237 247 - -
* * (239) (245)
Vs 18 187 185 227 257 - -
(243) (272)
M 1.03 0.98
A 10 359 352 372 430 0.97 0.82
* (369) (406)
Vi 12 309 342 323 485 0.96 -
(326) (431)
M 0.97 0.82
K 10 341, 378 (ggé) (iig) 0.97 0.89
B 12 265 268 ) G 1.00 0.98
M 0.99 0.92
L FEfE Nor. ( ) =0.oomaz. DERE
I G2 Inv. ) =0.pomazx. D 7
2. *5EHE 29 IFRT IO, AV MROBEBEC X3 bOTEVFETH S,
3. T 10 AR X A 07D IEIz 2 ) ALV,
4. K BXU B KTz, 0. max.=0.95 (O.0omaz. +0cgoomaz.) 12X o770
K bolcldiz, BEREEZHLELZVWLIDOLD - %er $/‘7sz'
7o DEVEED tgomez. EXH IV LKELH 7
BEFTHS. N _ /0,_45. 7
3.3.2-B. WL DI (v — HIUHD \\, N oy

Zhi Fig. 121 AT X H5RRET, Moy

DHEEZIZBEITOWVWTTHEH5, (1-3-33)
Rick > T, DFDES FERZBEL Z LA TE

50

I-veneer

J-veneer

NI

N/

Ml:c'
My

D' 112 D'pie
D' pos D' 26
Mizyr D 162 D’ 166
Dllll Mzz’ D156
D/ yoy Mpy' D'pse
D' 161 Myazy' D'res

BEDT v — B

Fig. 1-21 &KT (45°) ®WD Moy OHE-% 7=

Diagram used to calculate stress and strain

in plate shear of plywood with 45° face
grain to edge.

M[,z"
My

D,JIZ DIJIG

Myzryr D’ 62 D’ yes
D/J“ A/II,Z"
D' jo1 Myyr

D,Jlﬁ

D’ jey Myzty D' o6

D' joo Dyss |=| O

D',/ze =

0 D' 1o D' yi6
D’ y22 D' yos
Mzryr D' j60 D' 4o
D/Jll 0 D,Jlﬁ
Dlyer 0 D’ 596
D’ g1 Mzry' D' ye6




— 80 — HERBRGIME #2255

D'y Dy My Dy D' yis My Dy Dlyig 0
N'| Doy D'yos Myt | 4| Do D2 yss Myyr | =| D%ys D22 0
D'yos D'yoa Myaryt| | D'yoy D' yos Myzrgr || D61 D o3 Maryyr
Zhid, (1.3.33) KEMBDLDOTH B0
Bi=Fi=D 1us (D' yio— D’ 1) =1 G117 (Ero—Err)
B2=F2:D'J16 (D/JIZ_D,J11)=F1 .............................. (1'3'605
By=Fo=(D"pu— D) =Jo Gryip @,
LBLTEIX T, DED LS Mish, My BI Mizy &bl dbZLNTES,

Mz = My = Al 2% G 1r Erp Erp (Erp—Erp) e ¢ (1 +¢)

8

Miaryr= Als 2% G pr Erp Erp (1 +9) (¢ (Erp—Erp)i+2(1+9) 2 ErL Efq]

ThE, S (1-1-20) RicAhB &,
Mz D'pyp D'pis
( it >1= L Myt D’poy D/pog | = 4% (1 +4)° G®rpp B2y B2y I2r 0y Mazryr

aw/2

Ne Ne Ns
Miary D're2 D res

: '
—_ (14+¢) az0; iyt eeseesess 1.3.62
21 [C1+¢)2 2 Erp Ergp+¢ (Er—Err)?] Mary (1.3.62)

L3,
Fiz, Guo=—Maryr/ 21 (2w /9273Y") LB b, DEDNDLHITRD,

A1 Erp Err (1 +9)24+¢ (Ep—Erp)? ]
ArErpErp (1 +¢)?

=Grpp—so [14+Ws]l e (1.3.63)

Guso= Gm_m[

= Eu—Er)? gy g
L v o

O W &, ARO (45°) EICHITZ TSV — MEROMMEY (W,-FED) LEHET 3, 20 (1.3
63) IFFGRD (1.4.54) R E K FRDOLDT, @ & ¥ icE2 7 bDTH B, LikehioT Wo-¥
DBfRL Fig. 1-20 X > TRTIENTES L, ERWIROVWTV /2 4EAL. ZOEEWs iz
WTWZ25Z LR B,

FREERLE LTOED L IcEL Z LR TE S,

Gli50=Grpp—aso[1 +W/s] e (1.3.64)
1= En
W = Eor v, v,

Table 1-17 i EXP S HE L AL EREEZ MG L2, MEIE LA CHELV LD LALRD,
DF (46°) EOBRKBBIEINC OV TEET 5.
Zhid (1-1-17) RicPWT, 0=—45° L L Maw DHEEXHEAETHE N,
—Ma=Mary=My
—Mamaz. =Maty'maz. =Mymaz,  cvereecerreenrerrersetatitiiiiiiiitien. (1.3.65)
LhB, LEzdtsT, A :
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Table 1-17. BT (45°) WO v — 5§ Table 1-18. &IRT (45°) WD 7L — BT
W38T D Gase DEBRIE L FEHE BT B Tisomer. DERIE
The observed and calculated values of The observed values of max. strength
shear modulus in plate shear test of in plate shear test of plywood with
plywood with 45° face grain to edge 45° face grain to edge
Elastic
Shear modulus '
“Sonstel G sex 103 kg /em? | Obs. Strength ngb-sgggg‘h
. Cal. \,
Kl”:;io% Observed |Calculated AN Tysomaz.
ply N\, Plate shear | Bending Oymaz.
L A 21 22 1.04 Kind of \
\ Tysomax. Oymax.
V3 B 24 24 1.00 plywood \ kg /cm? kg /cm?
7 C 18 20 1.11 -
M 1.05 L XV 428 454* 0.94
XV 31 33 1.06 T 15 398 354 1.12
0 19 16 0.84 K 15 840 762* 1.10
7B 2l 21 1.00 D 15 406 357* 1.14
M 0.92 7 18 316 366 0.86
K 10 41- 37 0.90 M 1.00
ro15 44 42 0.96 M 1.04
M 0.93 I
1. Tyomaz. :E (T4somaz. Nor.+ Tisomaz. mv.)
B 11 29 24 0.83 2. Osmax. I Opoomaz. & Opgemaz. D EH H M
D 15 28 31 1.11 hECTEED,  *E Teromas. O,
Vi 18 28 27 0.97 . 1.3.66
’ o =0 ppo = OMAT. *tere
M 1.04 430mazx. voomax. =Cpe0omax. ( 3. )
LELZENTES,
M 0.97

LaL, ZOREF—HMATH - T EBIZIT o
maz. {¥ Opoomaz. D> Opgoomaz. DELBHHNSWHDMEIZ L > TR E - TL 5.
ZLTZD Gspomaz. BIW Osgoomaz. 121% (1.3.30XROBE1RH Y, £oFDkHIcELZLNT
&5,
- Gpoomas.

Tysomaz. = (V‘fhﬁﬁll\é‘«‘ﬁ?:&é) ........................... (1.3.67)

— Opgoomaz.

COBMRE LLRTHEOY, Table 1-18 THB, BLZ, THOROELV-Z LB CE 5,

3-4. /WRORFT VY Ui

3-4-1. FEMETX5RT Yol

3-4-1-A. BAROET VU voe.s0 B LU Yore. o
ARELTORT Y v % Fig. 1-9 55 Photo. 1-11 DX 5z LTh L HBHETH B,
IJHIZE->T e & (1.3.3) Rtk -Thew, F—FE1D ¢;v b5 35,
EIT, IOWMEPLRT YU ENbLDOLNRD, ZORBROLEEL LOEDI TS,
FERD 0° FROHEITIE (Yoocsoe 26 LHBEHE)

. (1 +é)(Sru S122—52112) (b Sru+Syee)
(Srut Sroa—5%712) (1 +9)2+(S;11—S122)% @

E1x

Oz

.................. (1.3.68)
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ery = (1 +6)2(Sru Sro2—5%12) Spie o
CSr11 Sree—S2712) (1 + )24+ (Sruu—S22)% ¢
LY, 90° FEDBEIZIZ (Yow.oe D EDBHE)

ey = (1 4+6)(Sri1 Sraa—5%119) (Sr1a+6S122) oy
(St Sr2e—S%712) (1 +9)2+(Sr1—Sr22)2 ¢

.................. (1 3.69)
erm = (1 +6)%(Srun Spee—5%12) Sy oy
(Sr11 Sra2—S%112) (1 +6)2+(S711—Sre2) ¢
LT, BTV VHOERIZL T, 2¥DLHICR 5,
Yoouope = (1+8) Sy _ Yirr
@ Sru+Sre tr _ ity Epp +E,L
¢ t Enp  En
..................... (1 3'70)
Vogu.® = (1+¢) SIIZ - Yrirr

Sru+9 Sra tr _ tr Emr _|_EIT
t t E;nn  Erp

Z2ZT, ZORICE>Th LDEFHBHELERBELTFLEDR Table 1-19 Th D, EOFERPEDL
SRR e o7,

L. v BELOSTYREHZH, ETHEALEREZS S DO LALND,

2. voe.or FEREOFVHEMELY, 2~4F bW RELL>TVDE, EITERRORT Vv
HoEREE, REBDES T (¢r) Blocflizk L > THB L (Table 1-19 DA, 1FIE—EMEICES
EAZDL - TVB T ERbR5, DT Lk, RERODERC L - T, DRERNLELALEEL T
WHbDLBEbhE, REREEZ, EAXDHZOENPE, AMLELTORT Y VEHOEE (0.5~0.6)
WWELE5 LT 50, FASEELWOIHR®ED B, T ELOBELArTERVED (EXRICH
WABESN TN E20I0), ERAEC X - THRRANPPRELB I Lrb, ZOX5REfELR
> ThbbhizbD LY Erahs,

3. Yoo BIU Ygee00 DEBLBIZLTY, AT S LIRS BT, RTYUicX
PERFHERIELEALRLRY, SBIT 2 13

u=1—-0=1 N PP PPN G % /4 D)
LHTHEVZ e Rbhoie.
4. BUEFOEBII R,
3-4-1-B. AWDOET Y v vse

BELFCEHT Fig. 1.10 »H b H 3, (1.3.10) XrbREROFEHEI S LY, &bk
e (1.1.15) RICARBZ LItk T, erer BEW e Bb L ES,

ZOFERRT VU Ve ZDEDX I B,

S/nz — (EIL_EIT)2 ¢
o = A2 Gror By B (A6
Vise = Fa N (1.3.72)
S 1u +[ (Ern—Err) 0
427 Grip Erp Ere 1 (1 +9)2
T, (12D Ko AR L,
Slp1e=0  eeeeeeeesenes e ( 1.3.73)

LBBNBEND, LitdisT Y Z2XFDEHITR B,
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Table 1-19. AHRDEMRR L VBIE LR T YV vl voo.goe. Yoe.ve B LW
vise DFHEME L ERIE. S 51T Yoouse/tF DFHEE
The observed and calculated values of POISSON’s ratio measured

from method of compressive test of plywood

\ Elastic POISSON’s ratio .
N\ const. (Compression method) Ob Thick| ¥ oe.500
\ Direction ™ d C ? ??SS e

\ al. of face
\. of load tq\ Observed Calculated veneer, (Observed)

~face grain -
o, o °,n° ) °,90° .°n° ° °, o °.,n° ) F 2
Kind of plywood [07+90%190°+0 45° |0°+907|90+ "0 45° 10°+90°190° <0 45 mm X 10

L 11 0.072| 0.040 —| 0.032| 0.034] 0.73 2.25/ 1.18 - 1.0 7.2
e 12 0.164| 0.047 —| 0.042] 0.026| 0.74/ 3.91 1.81 - 2.45 6.7
4 15 0.135| 0.027 —| 0.033| 0.032] 0.76{ 4.09| 0.84 —| 2.49 5.5
4 18 0.150| 0.027 —| 0.036| 0.029| 0.73] 4.17} 0.93 - 2.45 6.1
L 28 0.052| 0.029 - - - - - - - 1.0 5.2
e 31 0.037| 0.037 - - - = - = -| 0.9 4.1
7 34 0.055| 0.033 - - - - - — - 1.1 5.0
4 35 0.032] 0.052 - - - - - - - 0.8 4.0
4 37 0.055| 0.039 - - - - - - - 1.1 5.0
7 38 0.045| 0.052 - - - - - - - 0.9 5.0
4 40 0.067| 0.034 - = - - 7 - -1 1.3 5.2
A 10 0.061} 0.049| 0.73| 0.038| 0.042] 0.75] 1.60| 1.17 0.97] 1.0 6.1
e 12 0.146[ 0.026] 0.72] 0.060| 0.032| 0.74] 2.43] 0.81] 0.97] 2.4 6.1

T 3 0.084| 0.068 -] = = - - - - 1.5

e 10 0.115| 0.081] 0.56[ 0.053| 0.057| 0.63] 2.17| 1.42! 0.89 1.4
K 3 0.056| 0.074 — - - - - - - 1.0 5.6
7 10 0.082| 0.058| 0.62| 0.061| 0.057| 0.63| 1.32f 1.02] 0.98 1.5 5.5
B 12 0.114| 0.057[ 0.63| 0.061| 0.045] 0.63] 1.87\ 1.26] 1.00] 1.3 8.7
M 0.96| 6.4

T, K. B®D v i&ERZFHO0.5 0.55, 0.5%, vpp IR 0.03. 0.03, 0.025 % & -7z,

. _%[ (Err—Err)? ]¢1 o,

v s
1 +-§ A1 Err Err ] o1 9y )
=T it (1.3.74)
ery IEMERTHDIWIT, viso 1T T I2ELLAB, 2FY (1.3.13) KEFLIZR 3,
V50 = T ettt e e (1.3.75)

ZORICE - THE LB L EREY., FERIZOVWTHB L, Table 1-19 DT L FHIFLALH
LW,

ZLT, Yo ORAITHIWOBERERBIRVWLOTHD I Ll bh o7z,

3-4-2. HMTFRNzX3RT YUl

3-4-2-A. BAROET YV UM veo.se 3 LU Ybsoo.00

BIFOBEDL, EMWEIC X > Thbeifi L, -2 FAULFETHL LH 55, Photo. 1-13 i
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RLE 9, i CRRANIEMETT, BAEEERIENIC X » TERTHERLE 572 GED) B1E 2/
N

bH 5 AERIC, KEARFOBENTIZIE S5 LRILEMEIC 222700, ERMCEITEOFE
Brlo-T, TORROBMITORT Y v HLBBON, RYLBDbhD, —, ERHERIHEOSZ
5k, ERERE L - TRITT 5,

Fig. 1-12 28\ T, Fig. 1-15 OAFIT L7zdi o T (1.3.22) a2 b x HHOEL L L. FULF
Bz X > Ty FAIDOHELL LOONE0E, ZORBROLELL LO2EDL IS,

2w ir (Q Ern+Err)

ox LT+ i1 Erw B¢ =y 1
............... (1.3.76)
dw _ (1+¢) 21 Err Err Mz
IR L+ &t Erz Err+ ¢ Brz—FEr)T]
Ebiz, (1.1.18) KERT Y VIDOEHEDN S, BRD voeo.oe BLU Youo.oo ZTDEFD L I i272 B,
2w
2
Y boe.goe = %
ox®
- (U APEr
G EiL+Err A dr B B
T I Emrr Err
............ (1.3.77)
omonnge = —SLFOEL -
Y bgoo.0 Eri+9¢ Err YITL I _ I Eix  Er

T I Err  Eiz
i, 20 (1.3.77) Kk, W0 (1.3.70) KeHThrd Lo, 6./t L /I L bieEEXEL
TRLAELE, AREE K FAROLDO LD, LichioT. ARORT YV Hid, 2&0Rick»T
RTTE S,

| vo.000 | = ——FEL
X—XK+K
................................................... (1.3.78)
Ygoo.00 | = T
X, 1
X K+K
Table 1-20 iZ. HHITDEFED vooo.se BEN Vogoo.oo DEFHEME L EREEZ T LA, ZOERELLD
EFo X 5¥kE T 5, '

L. visos.o0 WEEHEHE & SERRIED L < B .

2. vie.ge FEREDOHMBHEMEEL D 2FELEREL LTS, ZIT, BRORT YV HOER
%, REROES (tr) THo2fBE & - THB L, Table 1-20 1277 T X 9 IR E—TEMHEIC 2 572,
IOTEPDHLT, REBROELIC L » TORERMLEAAELEL TWE L0 LEbhs, ZOH
BIZERRETRT Y VR L L DIBED v EE-TL AL EHVE B,

3. wpe.goe BEU vage.e (FE LB G, ARICARD LI /NEREERY, KT YV ERORFHIIIE
LAERL B, £l it LIREAF LIZELWLDOLEEZTEIL2MZR,

4. BT 3 EHEOREI AV,

3-4-2-B. ARORT VU H vbsse
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BTEDHE LR L, Fig. 1-156 226, A SV FHRAE ¥ FRICE > BEO 2" BIW ¥ FEogh®
% (1.3.37) Kb, 2FDLHIcb L EB, L 2w/oy2 1%, (1.1.24) KicX - T Pw/*x2 %
LEDELOLEFEICEI-ThEDB,

2w __ (14+¢)? Sty a1 Grer Erp Eir+¢ (Ern—Eir)? Mar
9x’2 IGror [(14+¢)% A1 Er Eir+¢ (Ern—Eir)?]
......... (1 3.79)
2w _ (1+¢)? S A1 Gror Ern Eir—¢ (Err—Err)? Mar
y'? IGrer [(1+9)?2 21 Err Err+¢ (Er—Err)?]

Z
T

T, RTYVHOEHREDPD,

(ErL—Err)? 1 ¢
421 Gror Erp Err } (A +9) '
S’y +[ (Erc—Emr)? 7 ¢ (1.3.80)
“U\T4ar Gror Ern Err (1 +9)2

L. &6iz (1.2.1) XoBEFEIS

[ (Err—Err)? Jq,-l v,

S'r12—

Ybgse =

Yo = — [ (éIfILEf;;‘Z Jz,b S Tp eeeeereeneeeennreeenns (1.3.81)
Ar Er. Err
L7235,
i, Fw/ox FEWAUNCARBZOT-—2LD20
Upgso = T eveeeeesseeeseeesiesiie e (1.3.81)"

LBFB, 2FED (1.3.39) RE:RIUHEIR 5,

TORICE > THE LAY, EREZEFSRICOVWTHS L, Table 1-20 DX H ik otz, WHIE
FLALHEELWZ LM aS, $-SIMORBELERIVOARVI L b5,

-2 TR LSz, T & To BR—BRIZ X - TRRTES, 2% 0 BIVOY #EHL 20T
IVDTHEND, Ve FRRUCK - T, EMOBELHTOBRELR—ICWMIES Z RT3,

Table 1-20. AW THITHRR I VPIEESET Y Yooo.000. Yosoo.oo B
W Vosso DERMELFHBME. BIU vooo.oo/t F OFHEE
The observed and calculated values of POISSON’s ratio measured
from method of bending test of plywood

. .. Elastic POISSON’s ratio Thickl  vgo.see
"~ const. (Bending method) Ob g il
) Dlrectxor; d C 15 ??SS tr
»._of load to Observed Calculated o 3en22$ (Observed)
h &egraln\
o, o °,n° o o, o °.n° o °, o °.n° o tF A—2
Kind of plywood \ 90719070 45° 107+907190° 0 457 |0°+90°[90° <0 45 mm X 10
L 11 0.074| 0.048] 0.79| 0.034{ 0.040| 0.73 2.18| 1.20[ 1.09] 1.0 7.4
” 12 0.190| 0.028] 0.59| 0.077{ 0.025] 0.66| 2.47| 1.12| 0.94| 2.45 7.8
M 0.69 0.70 1.18} 1.02 7.6
A 10 0.072| 0.046{ 0.69| 0.042{ 0.039| 0.65| 1.71] 1.09] 0.99{ 1.0 7.
” 12 0.160f 0.025| 0.71} 0.091| 0.025{ 0.71| 1.76] 1.00] 1.13] 2.4 6.7
M 0.70 0.70 1.05) 1.07 7.0
M 0.70 0.70 1.11] 1.04 7.3
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[ (Err—Err)? ]( 1-X)X

A1 Ern Err
Vigo = < teiiieiesieceieiiitsisisnesitonns (1.3.82)
11 _(Ero—Err)? _
1+ 2[ Ar Erp Eir ](1 X .
X=0Qror¥r

3-5. FAMNSIROBEIREMEYE

BIEOEMN b AR O RN RF ML, @B T5X 9% Fkd»rk) BHO L > TH5D, Lix
L, W BEATHLEFHFIZIESN b DIT/EY EiFevn b nd Z L, MRSz - L bEEh T3
LTBTHB, bbLbAHALERDL. ZO—DIBZX LR TTETE L DD T o7, 22T, KFENEA
FIEL LT, BROBERIEREN D ZhE RT3 FREEL TH 5,

WE, OEFD X R

LTI 05 ‘
——=—7=05 (1.3.83)

2B L, =1 ABABEPE (1.3.6) RBPIV (1.3.25) Kb, 2EFOREBEL I LNTE3,

EcouZEcggo = Ebo°= Ebgooz %(EL—!—ET) =E

..................... (1.3.84)
E s50=FEbso=FErr-450 (1 +T) =Er7-450 (1 + v4°) = E}50
F72, (1.3.44) KBIV (1.3.49) X»b
Goorgoo (PRRN)=Gooug0o (FL— R)=CLr=G  +roeeerreveeerirereniinanninns (1.3.85)
ZLT, (1.3.54) KB XV (1.3.63) Ahb _
Gyso (SCFMA)=Cys0 (FL— F)=Crrogso (1 +W)=Gyge  +orverrrererenes (1.3.86)
OREELZLNTES,
FLTRT Y vikizonWTid,
Ygo.g00 = Ygge.0e = Ypoo. goo = vbgoo,oo;—%=y R S (1.3.87)
Lo T, EETEDN, Vo i
| Daso | =T eeeeeeereeeeiienen eeeerree e (1.3.88)

Lz o THEETERY,
A, WhRBEbAMELELI L, (1.3.83) ROz B EHREBR D L D,
E, Ego, G, Gysop Vyso

D5 EDEIC &k - T, WHEASIEEFIEGRSEON S, I LEIT TR, G & Grr OMIHERD
fHgett, tarmez. @ Rolling BIWHZ & 5 RABTIENEDETEIZ, HRiTILEOSH B2 i
LURTH B,

¥, 37TAAMTIE (1.3.83) ROFHFIELTHEIARWY b, 577 UEEZEIZ Lk
Jhigz b, £257 74 TRBIEE—2THDH, 77 7AULETE, LB IUFRERDER
koT, BERELEDLSICTLELBZ LRNHETHS,

i 57T AARDGE
Fig. 1-22 KEDEEFIZE - T, (1.3.83) ROFEHZ L - TR Lo&D L5z B,
titts=t2, t3— (ot ia)34 3= (ta+#3)3—#3%

N
tl:%“: 0.1835 £ +reeeerernrererrrirereriiieiinnieeniaasanns (1.3.89)
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i 5ply plywood with-symetric construction of veneer mm r;llm
Vi
\ 5 6 -
Case of 5ply plywood s
-z E ;
ké 5 @
o y 2
l g / )
: g / <
. AN Q 2 4 S
Fig. 1-22 A0 BARKER 2 o | B
Veneer construction of plywood. %5 A g
; il 3 3
¢ 3 thickness of veneer. § ‘o7 | &
h N o — S (0 k{
Table 1-21. SERIEFMES 7°F A AR O BARMER 2 & i 2 g
Veneer construction of 5 ply plywood with v ;53
approximate isotropic elasticity ] 1 £
Thickness of plywood = #cm 2 =
Ist ply Face veneer «++seeeeee 0.09175 ¢ 0 2 4 6 8 10 12 14 16 18 20 mm
2nd 7 Cross band veneer *++ 0.25 ¢ Thickness of plywood(t)
3rd » Core veneer --+eeeeeeee 0.3165 ¢ Fig. 1-23 ERIEHHEARO BRERENE
4th » Cross band veneer --- 0.25¢ The calculating table of veneer construction
5th » . Back veneer +++teeeeeees 0.09175 ¢ for approximate anisotropic plywood.

TDIHUT ¢ > H TRIMTIRLRVPDE, +vT BEhRv, LidsT, Z0X5R48R0E
WHERRIE Table 1-21 D X 51245,

¥ic, AROER t 5% 5L, BERERIZ Fig. 1-23 0 X5 REBAHICARS, HExF lecmERDE
BT, REREZ 1 mm35. OBERE 3mmiEo boi Tl kv,

AHETHE oA, L ILBITA L0 DLDH, 22 OELHELFEERICEN D TH 12, E
B — & —NXThEFT,

B2fR AWROBIMREIMES X OBIMTRE B+ 5 B
B1E ERE/SRIBIN

1-1. DEEEBRER
FER, MERRFIC X » THAXNBIMRBRA B b e HEICiX, 2&E D 3 HFENEZ HR TN 00,
1. ASTME (ABFETIZAEL X&) |7
2. ASTMHRE (AWIETIEXBEL L8) Do
3. LWEP? CGREFZETIREDY Hbkv.,)

1. ASTMAE Apsowsd

Zhud Fig. 2-1-A OFEIZ b &5\ T, RER(kE T

Photo. 2-1 NEEICHRE L. EMFEIC X > TIIH A

EHEEZ S LDTH S, ASTM Type (A ‘method) AST?\BI;ng)t,pe
BRPDVS L, R X5 RREE T REY T g e o e D A S

b5, TOEEL L TRSEDOZ LEBHTE 5, Diagram showing shear stress in test-
specimen under compressive loading on

Fig. 2-1-A THZERHIER Q.2%) b5z 530 panel shear of minor plywood specimen.
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BT (0°-90°) IR LU (45°) HEICRIT B SRV BIHTRER. ASTM
(AR BIURKBRE (BE) THRIELKGCDERE
The observed values of shear modulus in panel shear

test (A and B method) of plywood

Table 2-1.

Elastic Shear modulus (observed)
const. G X 10% kg /cm?
. ™~ (0°-90%) B meth. (457 B meth.
Kind of \\ A meth A meth
plywood N A method | B method meth- | A method | B method :
1 1
L A 9.1 3.7 535 86.7 30.0 2.9
1 1
e B 8.3 3.5 TI 102.2 37.3 _2.8
1 1
7 C 8.1 3.6 23 117.2 41.9 2.8
/ 1 ———1
M 2.4 3
WiE /) o i3, FEL L TERMICIIELY L EbR S5, ERC—HARRA248 72, BE5L

YROBMETR R, ZOMOBET, HRHZ ¢ X ) pR YV DEAREICR > THERETH D,

FERIZI L. ZORDREELARD (IH1/2 L LTWBRS, AT Table 2-1 IR T X 912,
1/2.4~1/3 1278 572,

FITC. ZOBYEERETHHIC, 120K EE LTYURE (1.1H) o Biz: (.28) ozh
L, 24V &ELTHZLTHS, LR, Photo. 2-15-A DX 3B IUDAKBNTYH, E
B X > THREL, (ERELY3Z LRBETHS,

Eo. tmaz. L EDBICLTH, RBRIVELWERHLERW EBbh 30 TRALE V. LiL

Fig. 2-3

Rough sketch showing the panel shear

test-B apparatus by load of Rough sketch showing the panel shear

compression. test-B apparatus by load of tension.
: Steel loading plate. : Steel loading plate
: Pin : Pin
: Roller : Roller

: Axis of roller
: Fitting to tension load

: Axis of roller
: Knife edge

moOw»
OO W R
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TRIECH B Z LIIHENTHBZ L2 b, MR SAINT VENANT
DERNEATE 5,

2. ASTM BES®™ Bk

Z DFEE Fig. 2-1-B OJRBIC X - TR 42\, Photo. 2-2
DX 5 FETHRIEEFAR L, Fig. 2-2 3 XU Photo. 2-3®
KECT, FRNELEL. WEEHE S sHEROLOTHS, B D
3FEDI L. bk L ERICHEES JUREOEABLNS b
DLBbhd,

ARG CEY Poo 72 BT OMEEL. T_RTZOFHEILEL T
b bOTHS, , ¢

Fig. 2-4 /3 VBEHC BT,

ABAE TFRHTRT. PRI 10X 10cm? O IESHHEHK BRI N L, EED &

PHRER (1.28) Tho. +EOEEHO W SRR b 227,

Choise of axes on panel shear

(1.18p) 2HEL CTHMEEZED, ZhiZ3HORV M RE S test specimen that shear stress
. . Tzy’ is distributed by load of
T, TOXRNVMEICE » TREMZ. (1.28) ~c25x2Xk9 compression.
LT BEETHS, WE (1.28) OFRic Fig 2-4 IRTIOR 2y BEU x'y OFEEHY L 5,
MEPIZE > THWIES ooy 2EXBZ L0, YRWEER 7. 24&T3, T5L Q.25 O
WHHIMELRER G i, 2&¥DORick > THLLHBHRB™,

NG, EAANERTS X5, (1.25) HdeTid #ifes lp
A

1
Ty’ =? (a-’:—a")

G = e P (2'1.1)

?z'y/=”z=“‘7v:\/§PA ...................................................... (2.1.2)

At

L BRI IARER,
TITE, BABIVEROHFMEEZX RN LIzt 5,
(2.1.2) X b, BATEIEHZ LD L Sizhid 5,

I = Pmar. A
T.L'V mazx. ‘/_2— A P P
......... (2.1.3)

1-1-1.  (0°+90°) HOHE
FBIMI-3-1HTHT LI b0 L, NEMICRE
bYidawny, mrdLe KRBy BRLE Fk
T, 1T BEES TR,
Fig. 2-5 I RLRETEYHEI bOTHB A

{ B

I-veneer
5, (2.1.2) Rick->T 7.y 2EZBZ LT A J-veneer
;o BT o s o s . Fig. 2-5 &R T. ~AXABzBIT5 (0°
‘h Uz j’OIU‘ 01( E'E‘X.éh l:“—%{ﬁ—cbéc I./ gou) ﬁ@ﬁwmﬁkgﬁﬁk D 7))7.:
=RoT (1.1.14) Xhb, og“@; 5 {2 sy HiE Diagram used to calculate stress and strain

in panel shear test of plywood with (0°-90°)
REBELZ LN TES, face grain to edge.
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1 (1+9¢) S (1—9) S5

o1t =ﬁ —1 (148) S (1—9) 126 | (1 +)(S"s11—5"112) Toy=7uy
0 (1—¢) 516 (1+¢) Sres

(14¢) Sy 1 (1=9¢) S'me|  eeeeeeeenens (2.1.4)

o1y’ :—Al—z (146 S =1 (1—=6) 126 [(1 +8)(Syn1—5g12) Tay=—7uy
(1=¢)S16 0 (1+49) S'1es

Trztyr= 0
Ehiz. (1.1.15) Kb
erar = (8'11u—5"112) Toy =% Sre6 Try
eryr = (S'112—S5"192) Toy= “—é— Sres Ty
LY, Ledi-T (2.1.1) RicZhiARD &, BIRD Goouge ROEDKTH L E3,

Gos. 900 = : T;v = GILT  reeeeeeereeressiieeeseseiiiiienecnns (2.1.6)
(—2— SIGG+§ S1e6) Ty

F/z. (2.1.5) XBIV (2.1.6) Xh b,

—JII/ = EILT—45°= Ty =2Grrr
>y &% Erx
Grrr :._.%_. ErLr—gs0  eeeeeesesnieii (2.1.7)

LY, Thiz (1.2.3) ABYVILOZ L&, £/ (2.1.6) Kb, (1.3.44) REFLL, iR
BROVPAZ2PLET, ZTHBEYIIDZ Lk, T T2 Table 1-12 THEH L 7=, ]
DERERRIBIC IOV TEET 5, (2.1.2) Apo2EDIHICRDTILENTE S,
— Ocs50maz,

T0°9.90° maz. = (/J\éb\jj‘&k%‘)) ................................... (2.1.8)

~ Otysomaz,

ZhiE. Fig. 2-5 25 bb2D X I, Tussomar. D Otssomaz, BEHHIWNSVWHOMHEIC X - T, B
BrRITL, TOMEMBDOED tosomas. KRBT LEFIKRLTVS, FOFEDZ L BWL B, £Z T,
T ORMRE % B 7 i FER{EL Table 2-2 b iF7e,

—HRIZ Too.00omaz. LD Otssomaz, DHEDEHETFTENMEILKR > T B, THIBIWREEY, BHROEER
IZX > T, tRrmaz, DFBEIFTNWBZ L H—20FELEEZ NS,

FHTiE Photo. 2-4 D X 5 ICERICHIMRIET 255 Trrmas. IE X > THRES, FATAMKD Photo.
25 DX, Trrmaz. KX 2T Tormaz. DREBZ LD LH S, AT Photo. 2-6 DX 5 Trrmas.
12X 5T Toougoomaz. DREBZSDONEN, ULDISKDOBEETHHIPSB X 2. Too.o0omaz. & Tcssomaz.
BIWV Otsomaz. DOVTHIZIBHENSI, (2.1.8) RDOXIICEPRELR, DEY, Tusonasr., R
Otssomuzr. FERLERRERETHZ, bBDA Tewsomar. DEMEEIZE > THIEEL. (2.1.8) X b
ZDMEIZ X 5 T Toousomaz. ICRDBLNBZFHEALH DS (EROKBEIHEKL 2 (45°) TR, Z DI
BF3b00%0), WFhicLTh (2.1.8) KOV F 4V I LEEFATIR, 3203 b0nTFhiick
> THEEBZ T, o 2 2L/ NHERE W BRI X 5,

Table 2-2 IR L2 X DT, THPLHETZE (2.1.8) Rk » T Tocuoomer. EEET 57251,
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Table 2-2. BROAXNVIWRRICIIT B (000007 A7 LD Otasomas, D6~ TH BV
O 7 soemaz. OREE & HEENH iz X - THRDREAR DR O T & bk

The observed and assumed values of Max. N s
strength ‘in panel shear test of plywood Bo TIUE, BEFAD Tarmes. DEE

hEeEdhlznrn, BERTIRLESDH
Strength Max. strength
(observed) DTHBEMD, TOZLIFTAEELR
\ Panel shear | Tension | %Toe.900maz. FHE R bR,
Ot 450 .
N S, HPWEE (Fig. 21 0 (1.2
ind of Too.90omazx. | Otssemax.
plywood kg /cm? kg /cm? ) o RESIMEREBIZOWT EBET
L 11 95 87 1.09 5.
4 12 89 87 1.02 FFFETIE, ZOEWRELHEET 5%
o 76 8 0.87 BE LT, SX0L57% 0 GELUEL L
7 18 88 87 1.00
M 0.99 T FR) £boTHBZLIZLE™,
A 10 127 155 0.82 Fig. 2-5 5
Y 12 110 148 0.74 ey
M 0.78 o= ryvall IR (2.1.9)
T 10 87 122 0.71 (0°-90°) ETIE (2.1.5) bbb
10 170 221 0.77 X9 =1 k7%, Table 2-3-A TR
B 11 130 207 0.63 FE5i, EbbEATHHOLEHRDE
M 0.78 HBEN —FEILR o T3, Tz Table 2-

1) TRTOARE D Oesomaz. > Otgomaz. L7 - T  3-B T, FHMLEROBEERLEN,
D TN R oriman, By bl TTVE O Q=D ERTRE L0
WETH -7DT, FSULVERDBEERI Abksr  LTHETE 2, HTRRTREI/DEL
>1eDT, RHOERIER & -7, 3o TWB DS, BIROBMESMAALT LY
FTRCFFTTRNZ L hD, TOXIRECR-TLDLBbNS, ZOBKE (BH) 2WET 3Hk
LLT, AETEOED 2L B0 LD LB, ’
1. #RE?
2. ARL—VHF—TE®
MR, SMERECTHW LTHE0T, ZITREEICL-TOATHATS, SEREETR
Photo. 2-7 AT X HEXEHE AW TEREZRE L,
¥/, AML—UF—P¥ETHE Photo. 2-5 DX 9T, MAREIZ S —CEWECH - T EAEAE
L7z,
2B, ZORRCIABRHOERLE,LD, VMR SEOMEBEOMIvickY, Fig. 2-2 ® a AT
DFA 7Ty SORESN, BLFELL8ERY vy FiciabY, EMEREZRI T, 20oknicfliEmOR L
BEOWELOFHE LbhFRbRY, Rifiv 1, Bz 2LT5L
€z=% (eratesn), _e”:% (—1y—Eap)  serereeseresmsesenseerninieeens (2.1.10)
L UTHERER b Lk,
Zhiz, ERERBRBLIURT Y VHRAIERROBFE L, E-RALEXFTH S,
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Table 2-3-A. AWROAFNVEWHZBIT S Table 2-3-B. ##f, FATARE LUEIK
(0°-90°) HEDEFARE 8" DEBRIE DARFNVIRTIZ BT B, (0°-90°) EdH B
The observed values of transformation Wik (L-T) mOEEHEK s DERE
in panel shear test of Lauan plywood The observed values of transformation
Coefficient of in panel shear test of woods. plywood
Const. : . .
\ - transformation with parallel glued veneers (Il plywood)
\\ (obs;fved) and plywood
Direction 0. 0n° Coefficient of
of load (0°-90°) \\\ Const. tr%n?)formati)on
. > Compression | Compression ~_ observed
hwd S| @ 7 @ e
piyw direction direction “\. Method of (L- T)
L A 0.96 1.02 ~,, Observe (0%-90%
. <
P B 0.97 1.05 Kind of . ®Comp. + @Comp.
1 d i
7 C 1.03 1.04 pyweo T~ z
M o L wood 0.96
%9 1.0 DL ~ (oven dried) 0.99
L || Plywood 0.88
L 11 0.95
Vi 12 0.94
Vi 15 0.96
” 18 0.92
M 0.94
A wood 0.84
DA ~ (oven dried) 0.90
A || Plywood 0.88
I-vyeneer J-veneer A 10 0.90
Fig. 2-6 BRO_INVEIRHcBIT S (45°) ” 12 0.96
TS/ LD LY e M 0.93
Diagram used to calculate stress and strain
in panel shear test of plywood with (45°) T 10 1.01
face grain to edge.
K 10 0.95
FEXETE, HELECHELELLNEDT, £ B 11 1.03
NIV IHEEIEET, POLEMSEA M-y — D s o
CEOFRI,
M 0.98

1-1-2. (45°) EDOHE
BIE®D (0°:90°) WOFHE L, FoAUBLPZTRYEL S, Fig. 2-6 WTFTREOLOTH
B8, (1.1.12) Rz X 0 & DIEHEE» S

01=(1+8)(Ssuu—Ss12) Tory/

0= (1 +0)(Syia—Sym) Targr  eeeeessesssseseseiess e (2.1.11D)
5= 10
&bz, (1.1.14) Rtk - T, DFDOFELFBERNZEL Z L TES,
(Sr1i—Srie)  (1+¢) St 0
Orp = —AlT (S112—Sr125)  (Sraz+¢ St10) 0 (149 tary

0 0 (1+¢) Sies
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1 (1432 Sree [ (Sr22—Sr112) (Sra2+ ¢ Sr11) — (1 +¢)Sr12(Sr12—S111) ] 727y
1

A
| (Stu+¢ S12)  (Sra—S1i) 0
o1y = i (1+9)Ste (Srie—Sm) 0 (1+¢) tary
0 0 (1+4+9¢) Sres

= _A1—1(1+ #)2S166.[(Sr11+ @ Sr22)(Sr12—Sr111) — (A +¢)S112(S122—Sr12) ] 7ry7

Trzy=10

E6iz (1.1.15) b,

€1z = AL< 1 +¢)2Srs6 (Sry1 S120—S%112) (Sr22—S112+ ¢ S11u— @ S112) 7,4/
1

&1y = le—( 14+ ¢)2S166 (Sr11 S120—S2112) (S112—S1114+@ Sr12— @ Sra2) Toryr

........................ (2 1_13)
Lied, Liz3-T, ThE (2.1.1) KitRATHE2ED X iz 3,
Gueo = Ty’ 1 T (S111—S159)? [
4 Erxz—E€Iy Slse L 1+ (Sln 5122‘—52112) (1 +¢)2 ]
=Gror—40 [1+W] e (2.1.14)
_ (ErL—Eir)?
w 7 EiL Eir 01 Os

HELIT, ZORF (1.3.54) RERUBER LR TWB, Lied- T, ERic20TH
BEZX B, TABIZ OV TRIFERE?R L UOAFEOF 1 3-3-2 HTHL LRV 72,

R LD

BRARBMWILz o0 T, (2.1.2) p b Y8 (1.3.58) R & L 2%#ph 5, Table 1-16 TR LI &

I, ZOBARKURCZBZLTHD, Ehe. 20 (45°) HTR Toousomas. PEEDEH%
shear & L& Tprpes. PEEIL, BVHRVEITH S,
—f&ic, BARERED»D LTERKRD Tsonas. 9 5I2H,

Opmaz. = —Oymaz. Steteteetesteteseiititeiiiiiiiiiiitiiititite e (2 1'15)
B Thiiw ke s,
ATz, BX*%
Temaze = L e 9 N
Gy (2.1.16)

Rolling

DERPIZH B, t1/ts=3 TR BEREBRICLT, Lavd tr DBEROMKMES M EROMEHRIC

%BBEITHE, ZOREN tsone:. DEKENEONDZ Lizk3,
Zo (45°) EICBLTid, 2 o08BFEBEFEEELRTER L2V, ZHUT EBTE & HBIHF
LThB,

Enshz

AFETEIROFIEIR LIZANBD LD E b bWie, LicloT, ta>t1 DX 5 BERERIZS S

WA, Fig. 227 WRLEX S ROFPIc X - TRES, BT L bRBEROMMESmIC X

> TR

BRELDTERL, ¥ S REXBROES, OX/MI X »>THRES = Liz/5, Table 1-2 IR L1
X9, ZoJERET (Nor.) LBk (Inv.) @ G XL H LoV, Lo T, BARER LD

BRI bRV, LaL, ZORRTIEOEFD 2250 T, SBEZEELRTERGARNT

«}:753297)=
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-7,
lp g FD 1D Tasomaz, B2V RE2fERD
T, ARBDLEL 25 &, DAxDEHRDYIR
BT -7 < BTk, Photo. 2-9 D X
24z, RV b ROTIMEERE SBICRI L, 22
ECLPMERLLLRNI ETHD,
Db H 1o, KV MRIZEVFBFENT
Normal shear Inverse shear %o TTTHEMEAVRAREEL TOBRIEICE
Fig. 2-7 &ikD (45°) mECIESTHT & H3THTo E, B G BT, 2 VIIARICHP]

|ttty
(£0°< E90°)

Al , LT Gue Ml 252 LT, Lo

Difference of normal and inverse shear
test specimen of plywood with (45°) s BRS lem L EDERT, (45°) @D
face grain to edge. IOV, b o LB L hEE L B XD

EzhEh bR,

SRR TITEROIET W Tt EHWANRT FEicR5kd, FIETHEL T TD Tsonas. Nor.
b by, Fhicxt LTSN TIZ, Photo. 2-8 DX 5 icEh»bELIcEINS, 2%V 5EEH
BT HEZRBDTH B,

AT (1.3.58) RITTFT & 9 2RMT, METI0OTH SR, AR THEM L aRE R A K
4 Photo. 2-9 DX I RNEREAR DD TH o7z, LAL, HBOERSHENTEG AHRO HBH TR,
Photo. 2-10 Dk 9 ic [EREEEERHE L 22, Photo. 2-11 D X 5 &3 ERIEI X - THE LIRERIES
hiz,

2EI, TOBEOEMREETT 0 (3) KOV TERT 5,

(2.1.3) KB s BIVY FZOEDX 25,

(EI—Ii— vrrr) + ¢ (1 — vrrr)
erz Err
= e—: T e (2_1‘17)
Ty (1-— ”ILT)+¢(——I—L- — vILr)

¥ -

ty — 1 s Erry -
ra (vrzr =0.5 , 5 (¢ 1)<—EIT)

DFY, ¢ PHLINTEREREIC X > TEZbNBZ L3 b2 5, AL THE - 72&HkiE Table 1-1
i)

DHEFEANIZHZZ LB3b1 D

FZT, BAWICOVWTONEE S LER[EL Table 2-4-A 12k - THEEL, £VDAAFT0&EF
F LT, MERREE-TVWE L0 LEbh3, (2.1.17) XTbhb»2 X512, ¢ 3K
S & BT CIE EVICERKERIC R - TW5, Table 2-4-A OERETIZOERMERL TV 525,
FENRERS IOV TRETRENTENZL5TH S,

FHBIOFETFAIRD 8/ 122V Tik, Table 2-4-B iz7RLiz X 912, & & 6 RSB OF A
era L ery, EWBEIOBEAIZIT erx > ery LD I HBRERECR > T3S, v
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Table 2-4-A. HIROARVEBTICEBIT S (45°) mMOLETARK 6’ DERE L FHEE

The observed and calculated values of transformation in panel shear

of plywood with 45° face grain to edge

\ Coefficient of transformation
. Const. / o
N o i bs.
(457 Cal.
AN Observed Calculated
Kind of
plywood Nor. Inv. Nor. Inv. Nor. Inv.
L 11 0.72 0.99 0.85 1.18 0.85 0.83
V4 12 0.87 0.90 0.67 1.50 1.30 0.60
7 15 0.76 1.00 0.96 1.04 0.79 0.96
7 18 0.84 0.69 0.89 1.13 0.94 0.61
M 0.97 0.75
L A 0.71 1.23 0.79 1.27 0.90 0.97
; Vs B 0.98 1.17 0.93 1.08 1.05 1.08
4 C 0.79 1.37 0.67 1.50 1.18 0.91
M 1.04 0.99
A 10 1.27 0.74 1.18 0.85 1.08 0.87
7 12 0.66 1.25 0.67 1.50 0.99 0.83
M 1.04 .0.85
T 10 1.48 0.81 1.29 0.85 1.15 0.95
K 10 1.18 0.74 1.22 0.82 0.97 0.90
11 0.87 0.84 0.96 1.05 0.91 0.80
15 0.48 1.36 0.72 1.39 0.67 0.98
M 0.95 0.89

Table 2-4-B. FMHB I UFETERDOAAF
AHWHZRBIT B (L T-45°) EOLEFR
o' DERIE

The observed values of transformation

in panel shear of wood, || plywood and
plywood. with 45° face grain to edge

Nt | it
a/

N serve (45)
Kind of \‘ Inv Nor
test specimen T~ . .
L wood 100 0.02
DL ~» (oven dried) 1000 0.06
L || Plywood 30 0.01
A  wood v 12 0.05
DA » (oven dried) 11 0.05
A || Plywood 14 0.02

WFhIZLTY L FROEXEERL. T HREo
Er BX Orpaz. DEDHE ZETHIT LIV LT
bH%,

(1.2.1) KD Grr=Er, (1.2.5) RO Gr7=G 1450
B Gy =Ep 222220, ZOZEnbbbh
%,

Fie (1.3.57) XD Trr-somez. = Otrmaz. L7
> TWBHZ kb, FATARTRERMIZIELY, 7z
ERMTIR, PRVBR-DOT, 583b - LRR
FORBE. ¥EEEL L TRELTARFNERS
VLR,

1-1-3. (0°-90°) E& (45°) EDRAR

(1.2.5) K, (2.1.6) KB IV (2.1.14) X b

EoRX1EHIND,
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Gio . Gso
Goousoe - Grp—sse
ZORIZEBEEME (1+W) LERENPD D GusofGoo.gre ¥ BT S L Table 2-5 DX 5z 3,
FEZELAEHE LN LD L HRNS, Lizho>T, Gue i Goocsro DHKITHEBRAKEL RoTNB DL
HErcE s,
¥z, (1.3.57) & (2.1.6) Ay b oEF0REMI S,

= 1 W reeeeeessariiieiiiiiiiiiiiieiiite st (2.1.19)

T45%maz. ch"mar.(Ol' 01’90°maz.)
T0°.90°maz. Tirmax.

ZIZT, ZORZEBZFETARPLDFEREL, é\iﬁ@%‘ﬁﬁ&ﬂ:&br&%}: Table 2-6 DX iz
Rofe, MEIHEELVWLOLHETES, Lieds Ty Toomar. 1 Toc.oomaz., DFI2.5fEL HWVKE
K edb0eEZLNS,

Table 2-5. é‘*ﬁ@/fﬁ’\ﬂ/;ﬁwﬂ:l % G50/ Goorpoe DERMER I UFEME
The observed and calculated values of shear modulus in panel shear test

of plywood, and the relation between their elastic const. of shear

\ Elastic Shear modulus Coefficient
- const. X10% kg /cm? of addition G 150
N G 00.900 Obs.
AN Observed Calculated Cal.
Kind of ™\
plywood \ G 00900 G ssoNor. w Observed | Calculated
L 11 6.1 40 6.4 6.6 7.4 0.89
4 12 5.4 40 6.2 7.4 7.2 1.03
7 15 4.8 40 6.5 8.3 7.5 1.11
4 18 5.6 41 6.5 7.3 7.5 0.98
M 6.4 1.00
A 10 7.1 55 5.8 7.8 6.8 1.14
Ke 12 7.3 53 5.6 7.3 6.6 1.10
M 5.7 1.12
M 6.1 1.06

Table 2-6. BRDAAFNVBIEHZIITF B Tisomaz./Toos0omaz. DEBRES X OFHEME

The observed and calculated values of max. strength-in panel shear test of plywood

\ Strength Max. strength in shear S
T
Observed Calculated 0°.900 ma.z.

.

AN

H ~N T4somazx. Ty50maz.

Klln d of d \ foowsoomaz. | gy | TOSsemaT | (yop) Observed | Calculated
plywoo kg /cm? kg /cm? kg /cm? kg /cm? .

‘L 11 95 226 79 223 2.4 2.8
4 12 89 208 79 194 2.3 2.5

M 2.4 2.7
A 10 127 359 118 372 2.8 3.1
4 12 110 309 118 323 2.8 2.7

M 2.8 2.9
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1-2. KERBREEOBSE

A 1-1HTHMY Fo7z ASTM KRE B IROKMAE M, SHICKERBRARICERCEZL51cL
bDTHB, TORGILESE Photo. 2-15-A IV B i2iRT, R IEREHNE Fig 2-8 iR
T BIRLRRD LI A Photo. 2-12 DDAT, EEEBORN M X - THERELELZ L ThE, =
IFTBILILE-T, YMHMIREMRS T, RREOLEERL 5 5. bboA, SROTHTV#
Bz iz s,

IOHEITYL, RRERD 43012072 Y o O YRR E FEIc#EE L, Bz &5 LR, &
VRO AEZ b b7z EhiE R 6202 L3, BEOBELALTHS. = DEETIIERERERT
70X70cm? ECOELFMIREBRBRT 5 L3 TE 3,

ZOHBREICERT 3N B Ll NN, TRT I E0HENEY 20 TR S, &
REHMEDIDIT S BT JIEET,

1. ¥AYNTF -k

2. Rbv—rvF—-Uk
D2EBYDOLDELBLY, ELLTIDFAYAF—JHEIC Lo TRIEL. R L=V F—D83,
Photo. 2-13 @ X S iZHOX AR EPRT, BEICS -C&13D, BLHEEK L,

HBRAWICE, WhWY5 4X8F A DT EHE bbbV, Table 2-7 (I Z D BRERE R L, =
DEWIENRE. SHF2O/NEB ICRBORBRARE L D, W IFh b XASERBA I L T
5. MERBREBIR 57, Table 2-8 1Ti3/MURAIC X 5 KV BIMRBREER 2R L, Table 2-9 i/
RERR ORBRERERT,

B

Fig. 2-8 REL SR NVBIBTABRER O #FH

Details apparatus used to major shear tests of large plywood panel.
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Table 2-7. RELCXVEIRRERC B L7 7 U 2 S0 BARRERR & Wit EEX
Veneer construction and dimension of Lauan plywood used

to large panel shear test of compression type
(Mean value)

Construction Veneer thickness (observed)
. t ¢ t
Kind of 7 J
plywood lst | 2nd | 3rd | 4th | 5th | 6th | 7th
L 9 A 1.2 2.5 2.0 2.5 1.2 - - 9.4 4.4 5.0
4 12 B 1.2 3.9 2.2 3.8 1.0 - - 12.1 4.4 7.7
4 18 C 1.2 3.6 2.3 3.8 2.3 3.6 1.1 17.9 6.9 11.0

Table 2-8. 5 U v ART/IIMAIC X 5 0V BIBrABER (RBRE)
The observed values of shear modulus, max. strength and coefficient

of transformation in minor panel shear test of Lauan plywood

\\\ Elastic
~-__const. Shear modulus Max. strength

Coefficient of
transformation

" Direction of
N\ llgzcdggxrgl ?0 G X10° kg /cm? Tmaz. kg/cm? o

~ace grain

Kind of ~\(Oo,900) (45°) | (45°) (0°-90%)| (457 | (45%) (0°+90°) I(\;lgr) (45%)

plywood Nor. | Inv. Nor. Inv. Inv.
L 9 A 4.8 42 42 80 213 222 1.02 1.65 0.88
7 12 B 3.7 38 41 64 183 206 1.04 2.24 0.64
Ve 18 C ' 4.5 43 43 75 153 162 1.10 1.94 0.71
M 4.3 73 1.05

Table 2-9. UV AROKRERFIC X 58RI VHIERERER (GERED
The observed values of shear modulus, max. strength and coefficient

of transformation in major panel shear test of Lauan plywood

N Elastic ..
Coeff t of
const. Shear modulus Max. strength tr:(i)ri:s fi)crlr?ntxtign
\. Directi f
\‘ ’lszcd‘ct’g © G X102 kg/cm? Tmaz. kg /cm? 8’
face grain (45°) | (45°) (45°) | (45°) (45°) | (45°)
) \\ o, ° °, ° °, °
Kind of \ (0°+90%) Nor. | Inv. (0°+90%) Nor. Inv. (O 907) Nor. | Inv.
plywood
L 9 A 4.4 37 37 67 165 161 0.98 0.98 0.57
Vs 12 B 3.7 42 - 60 168 158 1.03 1.60 0.61
Vi 18 C 4.9 39 38 70 181 184 1.00 1.44 0.69
M 4.3 66 1.00

1-2-1.  (0°-90°) EWDHEA
Table 2-8 & Table 2-9 OEHEMEZIFFHE LY, T0Z LI/MRFTLRERFTL, RAUA%E
BNAZ D - TWB Z L &TT, N HRRTEIBEORILE X CBET 32 L ARAETH - 7228, KE
HAOBAIE, I{BETER, UT, BHEICE - THATS,
ABMIZ OV T, Photo. 2-14 I REMLHIEMREL R T, Photo. 2-15 b ABMOBIEFITH 3.
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BAMRIZ >V Tid, Photo. 2-16 IZWEEMIEL T3, 723, Photo. 2-17 (LiNEORIETH 5.

CAWIZOWTix, Photo. 2-18 IZRHUERER RT,

ZORER, BROESICE S TOTFRALTCETIC, hE LA RSV RRNEROIIWSZ &4t
Pole, bbBHA, B 12V L 2ERPHEHCHCEBbhd L 251230 D, ERMESMN L
Mo TERLEEL, 2 L CHER (Toos0omaz.) KITFEDL 512723, Photo. 2-18 12, ZDEERED
BWAIEFEES TR LI, L, WIFhicLTh,

WA E = R E
ELTIVWEEDLNEREBTH 70, e HOAHIE BRELZVLO5THB, ThonZ b,
Fig. 2-1-B I RLIzE 2 ADOHEEARLEIC b - T, —HRIZBOTVWHZ LANI-ED b2 3B,
ZLT, Z0OEOREROBHES M LEAIITV > T3,

1-2-2.  (45°) EOHE

WETROEIRS >t L7 o - BERERIC H 57w, NEBIET L ¥8IRY, RERIzH L Fig. 2-7 ©
X5 IREETHE 5T B, £7, Table 2-8 & Table 2-9 CHEOHEE L THS,

Gy DIETHE, MNIRBROFPETEC LI TH52, ThIRBOTEIZ L5882, H50VEAR
N ERORVIAADPS L ZRBEEVRFRL T3 b0 Bbhd, LA LWTFhIZ LTS, FHEIZER
CHEIC2 2 Z Lic@Eb B0V LD LHBEN S, Tuomer. IZ2WVTE, WHEIZHRYBEVZLO LR
Bz, L18C AHRD Tusomar. 1% Photo. 2-0 DX 572, #4 hRIZ L BHMHED L X ThBMD,
FEERE D - LRERBIZRBETTH B, Licdi-T. WEOMED LA TIEIRTLHIMTH, KER
B OF BB ENE WL D, ZOEBE. KERRH CI, BEORPTHMITEELEIL, £0%
EDRNED Tsomaz, WMo T NETH S, YUK, MIRFTID LI AD Twone. HlEICHR
BARVILEBALIRLEIATHD, TIT. Zhb45° EWMOEEI NI - T, WETZBBREEHIC
X - TRREET S,

ABIRT, Photo. 2-19 LAl 2-20 FIESMHC BT 5 RAL BAINSEWE L2 LT, EEI IV - T
ZHHEEELTVWSZ E b5, i, Photo. 2-21 FHBIMOBETH B, Xbiz. ZOSENE
EOSEWET B L, Photo. 2-22 DX HiREEIR B,

ZDX I, EFFROPRIZBNT, HEEPAETZIAEMEICRSZ LU -V BEIIS, Z0
Wb B EROFEREEL, MOBBIVCERIEBONTHLRL TH o725 ABBRIHEN DIz, bo
LV IOBEEE o X VR LI, BE 1oL TEY, IESIN L SR OE R h 57, 2 LTREERSE
SIZEEIRE RRGHE (T X > T) K- T, PRTHAREICET -, BAWKTIE. Photo.
2-23 IZIESIF CRHE L= A% 7%, BT { Photo. 2-24 iZ¥BIM DB A E2 T, Zhd, ARKLIE
AR YRREBTHEZ & 2%ba 5, C AR T, Photo. 2-25 3 X UMF 2-26 I JESIcREEE L
7Ba D, #ALEMNORELZTY, FIU X S5ic, Photo. 2-26 3 XURE 2-27 (3B CREEE L7355
DHLDOTH B,

UEA, BBIUCAROBERELBRE L. BRUICESEDISONFILLIFTAZI LNT
&5,

1. BIEMEIC X o72b D Photo. 2-22, Photo. 2-26

2, JEREREEIC X 572 b e Photo. 2-20, Photo. 2-24
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3. MUMTEEEIC X oo b e Photo. 2-27

Photo. 2-26 13338 L EMBO TS I BHEELI bOORETH S, ZNEXHic, HERE»PLAT

b, FSHIC (1.3.58) ROV ->TWBZLBbhB, 2%V, ARBLDLIAD Tuemaz., coo

maze BEL Otoonaz. JEBIBFOBFE) D55 b oL DHWMED b >HKTHEEEI L, ThICE-T

Tysomaz. nor. BRELFHESN B Lics, bbHA. BRBLVWIZ LEZETIT, LFLLZO

Kok, BHICRERESAVEEDRBY, 108> THORSEHETESI L, MEEES

SMEPBTHIE, ROLERILTHY, KnEDIRILTHS,

TIT, KERBRMOBERE L EEMTRRV -2 Bbh bR (F 4 YT — Y ORHBILFIRA

B EBDbhBR) &, BRWMELLT. ZOMEDRE L 5 ThDE Table 2-10 D& H ik o7z

ThickhuE, ARSECZYERWER/ SV, Zhid, Table 2-8 & Table2-9 @ Tmez. &HIc

B, KERBHMO tmes. 2WNEIRFOZRIVECZ L0 bb25, BV ERETE L R

FEOENAR L 425, Table 2-10 FREIRBMIC L > THIE LA DD TH S, ZhbHARD b oEE

ORSEFE T, IVHRACHE LEOHFNELVWEBbhshb, RKBIEIEAD 5\ VIZRKERES

LIRSS & DBHRE . Geri./0emaz. (2D THB L, Table 2-10 DAL D IMEWEICAZ 2T TS

%, AR TIE, Table 2-10 TIX 60% BRIZ/R > TV BAS, TDZ LEEETIL, 456% bWz T

{3, LN T, UMICKBZBREHNNERISHICE>T, $TC12BREEZTETSETELRTN

BRSO EERLTNS, . _ '

AT, ZOBBEAOMEIZ ETRYFEbar o7, ZOXHR—IEDRLEBLEDFERLD

Lit, ELOTHEPRLDOTH o172,

Table 2-10. 5 U v 4RO KRBT 5 EREER 5 8RBz oW T, JIEIETTAR
T2 o e RRVBIIRERIC I T B HBM TIET R X Y /NS flice - 72, I/
BB,/ IR B O RRIE LHCREVIC BRI b BT b L, EECE

¢ buckling load

The observed values of £ iired load  PEEEEMFhT, KWREHOHHELN LD L
with Lauan plywood panel in large

panel shear test HET 5.
~—__ Load FRANV—VF—DHEIZX T, 2ED2HIZD
Peri. \ = .
. Direction “Pman. WTHIEZ RA T,
of load ¥ ai 1. Ao L Bl CEAENDB1E I %
Kind t:\\face grain’—, coy (459
mnd o . E R HRBE |- y 2R
mwww\\\\\ Nor. Inv. 2. BRIV S & & ORERTE,
L 9 A 0.64 0.62 LZPWTIE, EEALEERLDER T, &
# 12 B 0.80 0.63 TFAXNT =D E 2 ThEDRBEHRL E oL
reC 096 | 0% gl Linie<, ARRTOZOBEAWEL.
Pere i Critical load. BEHE (ke) SN - DETR R S AR L LHTLT,

LIZZOFEEBRALTRHIE L, A28, ¥—YVESE 50~60cm T & -7z,

2,220 T, FAYAT—Jick - THEATE S (WFIRABEDLS) P LN, EHAOERENK
bR TLBZ EDbhol, LiedioT, FA YV —Pick - THET2HES, RIRTERKTLE
BEHETAHEAE. EROXE LISVRAICEENCREL TVWAZ LB TRV TR,
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W|2E SIRE/SRILEIHT

2-1. PEIRBREROEE™

BIEE 1-1 ISR U MBI ASTM BEIBEZ. b o VO3 BRERIC LTRY -0, =
DHBOBEHETH 5,

Fig. 2-2 TWE~y FED»b iz, Fig. 2-3 IRt L 9% F%, v —5—CBIUDIC X - THH
L, ZThhbBliRick - THWIENE 52X 2%BTHS, 2%V Fig. 2-1-B OH¥RED 5L b
5Z L/, Photo. 2-28 I2 £ DEBEFT, ZOEBEMERBEBCEY 0T, SRMELZELS
ARz Uie,

ZLT, ZOHFEZE - TRIA) HBREDNZHFINT. ZoERBELZRHIC X - T/RLZ Fig. 2-9
KEoTRIRI, BUEFRBREOFLEREERICLY, RO X5k 2 >0OEEHE L5, 758 (2.1.
2) Kk b-T, 2FOREBEL LY TES, FEMEL P, LASD'=0 LT 5,

2tanf

P
—G:’:‘_—— t = T
Yo an ¢ 1 +tan @ v

S

T
Uylz._r;_z; Try
v 1 +tan @ 8
A=ABXt
A

Ehiz, (2.1.1) X»b O
. 1 P(1+tanh)
= . T 2.2.2
N | ez 1+] ey 2vV2 4 ( ) B D
Q

LB,
AEB T, tan 0=0.7 12725 X H{ERR L7z, 01X TE31F

) Thickness
of plywood=¢
Kzl o7z,

A5° IZIESFBDREE LW, TOEEBETIE 0=tan~10.7 2%
2.2.1) Xp b, BEmMTET 5HWIETE

b3
Toy :w \/E ..................... (2.2.3) Fig. 2-9 ASTM EZEL<xL3Y
24 WiskER D 3 [BRAVER 12 X 5 %R

- i N - ¢ I NS s B FEATHER L UEED &Y 227z,

LAB. SNREREOHAL X - (FALARDLOT, ML Sketch showing the_rdirection of
TWE P IcR LT, BIEEDBAICIE 85% LA Inssdbiwn coordinate-axes and loading in

- test of panel shear by tension
ZricheBd, iz, TOEBTERY HomEREER, EHFERL type.
FICHEOEREE L b e, RIS, HHRBREBOREREL L BIETEAVLO L Hizo
T, GOPEDHRIZL EdI,

HREZ. EREOLONZOEE ORI MERTES, 22T, R—RBRA CERR L3ERT
b E D EREL Table 2-11 ISR LT, TORKR, EHETLEIRERATLCOMEIIZLALRALICRS
rbdot, ERREOFREELT, 2V HMIEIN 47 DBEL, -t OFALTH B,
FERLEDFL G Offic/e 5 Z &A%, Table 2-11 26 bdol, ZNT LiX, BWBESIT, Hlfcxt
LTLHMERTH B2 L 2T T,



WERBRGHERE F2255

— 102 —
Table 2-11. AR T/NURBRAIC & 5 BIIREL R X OVEREEL < X VB ER O ERIAIE
The observed values of shear modulus in minor panel shear test
by compresson type or tension type for plywood
\ EL?;;? Shear modulus Shear modulus
T~ G o X10% kg /cm?
(Apparatt& G 00900 X10% kg/cm? Nor. Inv.
o shear test
~— Comp. Tens. | Comp. Tens. | Comp. Tens. | Comp. | Tens.
' Direction™.| type type type type type type type | type
. _of load in | @ ® ® @ ® @ ® | ©
. - — B _ - _ .
I{;ﬁgv gg d \F’{ Conslip('::s Tension Consli% rrizs Tension Con;i% 1:5 Tension| Cox;:ig;es Tension
L A 3.6 3.8 3.6 3.7 29.1 | 31.7 | 29.1 | 30.1
4 B 3.4 3.6 3.4 3.6 35.8 34.5 37.3 34.4
7 C 3.6 3.6 3.6 3.6 41.0 41.2 41.7 41.7
* C_D ® Comp.= @ Tens.
2 ® Comp.= @ Tens.

2-2. RBHRREWROBS
CKEFECIRY & 72013, Fig. 2-10-1 iR T L 51c,

LU CERMEZRELELS L T545DTH B,
HBRARL LT, FTVAHRDI0X180cm? (3 X 6 R2 &) DbDE LB Wz, FDAROHEEL

Wik ES & Table 2-12 1277 ¥, T OHRROETIZAE L, Lo bAROELRED YRR (8 5 cm,

RE=AROTER) %, WmCEEREL HMELED, &5 Fig. 2-111IRTXEo2, ZLDEVIR
(& 2cm) & biT, BAREIRESH, ThERVIMEDIZL

BRORAROTIETERY . 2 OLRES

Photo. 2-29 ® X 9 7 SHEkEFRE T LTIz
THERE L ERL L7z, Photo. 2-30 iz, BIEEEEO ¥ v b LizREEE =T,

BRI T LAT7 -84 b FEOBHRO L ORFEHR L,
RO AN % RERE B2 KV 8T, Photo. 2-31 ® X 51z, BERICERE L. Z0EOM
Wi, Photo. 2-32 IC R T X H KA ¥ #MAR b OBt ANEBEHRT Mick - T, 3ELRZLS

WHARA TS,
P(Load) FLDA MV —27i320cm, ¥z,
D é DD C '.;C 5, DD "E’ ﬂg’& BBk (B YHEOLDI, EN
| A iy, | VBATERBRVOT, 4BTFO
3’9 O 5' AV AT o bBBENOTMT & L b
e AN AN g;’{gz D o 2 BT 4 - T,
ol _, | S N Photo. 2-30 X 5 Ic#f#ic X 54
G R BN Rl T
7T T T *n 2Ok 5 i LTRBAHIC IR
Fig. 2-10 KEORBRAERE BIER ARV LIZEED HEMF3 L, &R Fig 2-10-1T
&A1 & RO EER DL BB

Transformation details of large plywood panel
in panel shear test by tension type. Wk, EEEFRKDOAB & AB/
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CEEEL—ES g5 e, RRMOREIZRS,
Fig. 2-10-1 %5, Z OARNICAET 5 3TEE 7T,

Ty = Pcos§ ___ P
bt Rt

Tye = Psinf __ P
i at Rt

L72%, REIAABRET t 3AWRER, 7z, ZOHEOHMEL 71X, Fig. 2-10-I 76,

Ry =(R+CE)=R+ 2R 3,

Ri=a2+p?,
R =(R—DF)*=R*+ 2R3,
A ABC b
r#gnrz—mscg+r):§§;£%%§gi
—_Ro _ g e (2.2.5)
ab sin@ ¢ cos 0
A ABD' b
7 =sin? =cos (%— ) :%DB%DLZ
—__Ro _ &2
ab sin 0 * cos @
BB, LEhoTES e,
€= e1] = [€2] oo (2.2.6)
LRRBH06,
ST S — 2.0
&Ry, Eoic
G=_t_=_Psinfl-cosf (2.2.8)

s Rte
CE->T, ZORRDOIIWTMEEENR b L ¥, i, &
DRBIEE T, Fig. 2-11 b bbhsd Lo, =86
cm, b=176.5cm & L THi— L7 BBRAWIHE LT 720
T, R=19.3cm {272 o7z, L7’ >T, tan §=0.487%
Rol, T3, (2.2.8) Kiz-XDEHER IR B,

=1 P
G= 198 < (2.2.9)
T=2.54 ¢

EHBER FA YNV -Vt o THZ R o7, Fig
2-11 B XV Photo. 2-30 Th» 5 X Hiz, RREROT
MARET, 2ROMEVWABIETAZREL 1 LAV
X, RKIDOr—=F—2TFTRBNTHEHLLTVISIC
Lic, ZD2ARDMAEY A B BXW 4B, L¥T5 (Fig.
2-11), A0 12 ETEEL, iz Photo. 2-31

o !
o o
o o| ABi=d=I760cm
(¢] O] AyBy=d,=d,
[0 [e]
o o
o o| D : Dialgauge
o [e]
1765cm |© o
bsem s o Bolt -hole
o ¢}
o o
o [e]
o o
o o
o ¢}
-+---{oo0000O0OO

Fig. 2-11 KBDFFREL 30 Bk
R O~HE L BHRERS A ¥V
57— OB H ik

Detail of test panel on major panel

shear test by tension type.
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Table 2-12. REIOBEREL < FAMWRBUCHBER Lic 7 7 v A0 BAER & Bimek
Veneer construction and dimension -of Lauan plywood

used to large panel shear test of tension type
(Mean value)

\\Construction Thickness of veneer (observed) mm
Kind of \ Ist. |2nd. [3rd.| 4th.|5th. | 6th.|7th. t 1 Ly
plywood ply 7 7 7 7 7 7
L 12 D. W 2.3 2.4 2.3 2.4 2.2 11.6 6.8 4.8
” 15 D, W 2.3 3.9 | 2.4 3.9 2.2 14.7 6.9 7.8
e 18 D, W 2.2 2.9 2.4 2.9 2.4 2.8 2.3 17.9 9.3 8.6

DI, FAXNVT - BD 2 TEERTFIZZ Table 2-13. KEIERDFIEEL <2V EIHT

v FERI, TOF ALY — D OEF IR =317 5 KBE
- The observed values of shear modurus
Dby BHERH L. and ratio of transformation (&:/e;) for
¥z, TORRTEOTOEENDL GOREL»T Lauan plywood panel in large panel

shear test by tension type

b ol
1. RREOFETE ~ s | o | Lo
2. BURMEAEC 25 L. EROAAR (40D e x10'kg fem? | 1
i, BIFEEINEVWY, BRORFRANR AR R L 12 D 4.7 1.08
%o 2% Db { + YRR i TR AR 2 5 7 w 5.0 1.16
b, ERNELIPPITbRA o, L 15 D 3.9 1.07
.y _ 4 w 3.9 1.08
DEIZIEERIESL Table 2-13 12573, (45°)
DRBEMEIEN D - 20T, F<T 0000w - D 4.5 .10
4 w 4.5 1.06

DHLDIZDONTBI R o7,
ZOFER, EORRLERERO VLA L ST —EENEON, ERTEARK /e biZiF1 LA
Y, ERERAIAVBIEOEE L E - RLBBVWRTESZ L bbb o1,

B/3E FL—b (RY) BHR

3-1. MERREROBSE

ZORRIT Fig. 2-12-A IZRL7 X 92, EFBOFEEARDOMTB B X UDATES»b F~EH
EPEMT, ThEWFABIVCHATRI&SEX5L9LzbDNTHS, ZOREERKBICX - T
EETIabE, 2y WMEAECLTHNE, ZOAWE My BIY My, ®, RLYE—- AV i
AZLiRBLWZ Lichd, bbbA, ZIOHEI, ¥ @rbHNE, FhEh My BIU-
My OfiFE— AV MM Z LIt B, Lo T, 2EFORMBRY L0,

Myy=My=—My, Myyr=0 sereereereieneniiii (2.3.1)

DD, X ET My=M,y, ¥ WIT —My =M, OIFE— A b2 REHCELZ & EEMTH
%, Photo. 2-33 D % S REE T, AIRO—FHOMARFMT Lr WL, thioARIRTIhER
FBE5LT, L bEEE B ThiE, CofERERsh TS L — FIBHcR 3, ZhAF.P.
LBEERRLD DBEETH B9,
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(1.1.19) KT §=45" DB AT
2w 1 <a‘3w o2 w) 2w

0x 2 \9x* ' 9y*/  3xQy
azw=i<azw azu,‘)_ aew A
0y?  2\9x*  9y*/ Qx9¥
fw _1(Pw 02w\ .
2x0y 2 (ax'2 ay'i) @.3.2)
Lis, £z (2.3.1) Xhb I b,
_ M., _ M,y B
Des = Fw l(@Zza_azu)
0x0y 2\gx? 9y~
= — Meyy
GI= (ﬂ_a_zi) (2.3.3) ‘
xF 9y w =_ZU1'+ wy
L%, Fig. 2-12 620X E»rh5, TLT, &EHI2ZD 0C,= 08, =
W deflection
=i Fig. 2-12 &H0 7L — 1 5
2w 2w BUERIC 3517 5 TN OB
Ao Jexrjorl_ 1 ] LY 7B X OEIREE
GI Mar My’ - (EDz; (EDy Choice of coordinates on the
P E surface of N. L. plane and
G=—1L2 %y (2.3.4 loading and moment acting
Eo+Ey ) on a plywood plate in the
LY BERDTILNTES. plate shear.

Eile, TOFLV—MEEHIR LT, MABEREZERAL, TRV X BRI - TGELLDB T L
4) —G :ég 5 76)83)92)0
c=23%Y P _ 3 r P

h3 w 2 h®  w _
7L, ZORO wid Fig. 2-12 TRLEEZIAD, ¥ BEY Y B ETOMEMNELERETHH T
Sz, BEELATRERBRG,
7z,

r=vZi=voy¥ rerteer et et tsa et e st ene bt e eneeeaninonarerins (2.3.6)
LT3,
BRBIBIEST Toymaz. 13 (2.3.1) Kb
Toymaz. =0bgimag. = —Obylmag.  treeeeeesssesesssiiiiaseeiii s (2.3.7)
CEoTheDBILNTES,

BARAEIEICOWTIE, (2.3.5) RTHR X S ICHMBEHZEREZ L LONT IVWDTH B H, Fig. 2
S12-B OO0 X V&Y r 2B AT, LAbHAREOEB I BIUTCIRDER, wy b ~wy DEDEY
wor—(—wy)=wertwyr LB wkbrHBI LD,

WUty e (2.3.8)

FRARETE, 20wkt 5BRAINARECHAANBLOND, TO4RE20-TEY
BLERELLEDZEET. LebFAVYAST—UhoBEHETED X I LD Photo. 2-34 IT/RL
7z, MORBHAAERTH S,

OFIZ, TOwk r DERIZOVWTERT 3, (2.3.5) RESHESPEDLILERT 5.
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%Ghﬁ%:%_ U R (2.3.9)

ZORPBFELAERTPE—EBIZLTEL %261, r2/w li—"n;’kfa?f‘of;b‘miitf‘ofiw T T,
FUVAR LB @ (0°490°) mMOREBERF T, 2D P-w-7 EoBRE#S L, Fig. 2-13 DX 5tk »
Tz, TORER, COENPSBEHEEZ TSI LItk > T, Table 2-14 285N 3, 2%V 7 3%bo>T
br/w= —ELRB, CNERORFNETEE, 7 2 BboTh G RA—BIKARBI LILRS, T2
T, 7 QLD PRIZDOVTIE, SAINT VENANT OERIZZETE, RV DAEVHERIVDIFTH
B, LIER > T, ARDOIARD 1/4 PR BWVIZEZDONRIVDOTERVWIEEbIR B,

o Table 2-14. HRTAL— b
Plate shear 2 IR
kg L.8,(0-90" Plywood HERBRICBIT 5 r %%
30X30 cm A/ w OERE
0r o The observed value of
p *2/w, when 7 is varied,
30t . in plate shear
A
3 = r re
s . RS : ém w
i
y 6 1.95
10} 7 2.04
8 2.00
0% 80 ®m i@ 2P 9 1.91
w X10 mm
Relative deflection M 2.00
Fig. 2-13 &Ko (0°-90°) HizRIF 37
L— FUWTREBR D r R EX BAD P-w F7-, JEBIWT L BT SV T, ZOFL— b

DR (RERIE)
The relationship of relative deflection to SO I 2 O BIEICIE 2 52 (0°-90°) ETIRA

Dlste with (0%-00°) Tace grain wo-crgemm  MEELZC TLI0, U5 WTh, oM
plate shear test (observed). BCRMPIEI T, BRI Y
Ebieb H—HORFAREARTEL, RUHRFCR>TVWD, BFIDI S, HEHRE bICFELRLR
BiehHd0b, BIBETILERRNI LiZied, 275, BRELIZIb A - TEETHHAICE, ¥

RAXNVBEEOLED L HIZEE LR TRAELARY,

FIT, UEDOZ L 2EBRNCAIBLTAS L, 2¥DX 5 RfERIIR o7,

Table 2-15 IZ7R L7 2F@D 7 UL AROBBRHA #1E - T, Table 2-16 O FRICTFTOWE L O E
DFED T v— FNBIFRBRE Lz,

ZOFER (0°-90°) EOFEIIE, EHFORMI RIS, OWETHLOWNETS wNEIIEDLY i
20, (45°) WOHADRLZ L4z 5, Table 2-16 Itk - TZhNT - X VEHS Rz, 22 213,
FATAWD & 5 I FXHARE R TR Az Yo S REN R 5 5D ThH, TOEIFE 7RV, DFD
JEE Bz oW T2 2K THEWT & &R, FERIZTHIBERZR LTS CEROOFEEZHY
NEBHT L g, OMEREIORSI 2 5).

3-1-1.  (0°:90°) EDHE

7v— MO ST L LT, B IREIECRIM-AATI LEY 23R E b, A

THEOT L~ MEEREIC X 5 TR IR S I, BREL LTOE0 X SR FHRICE - TRV ES ORI
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Table 2-15. /MURERERD 7L — PEIBICER Lic 7 7 v IR0 BEAUER & Bl
Veneer construction and dimension of Lauan plywood used to minor plate shear test

(Mean value)

\\\Construction Thickness of veneer (observed) mm
Kind of \\\\ 1 st. 2nd. | 3rd. 4 th. 5 th. ¢ tr 24
plywood ~| ply Y 7 7 7
L 9 N 1.3 2.35 1.4 2.35 1.3 8.7 4.0 4.7
4 12 N 1.3 3.15 3.1 3.15 1.3 12.0 5.7 6.3
Note : Veneer is all Lauan wood. .

Table 2-16. /NEIRERAIRD 7L — FBIMTIC 3317 B I E G FBI O RBRFERE
The observed values of relative deflection for Lauan plywood plate

in minor plate shear test, when direction of load is changed

\\ Elastic Shear modulus YOUNG’s

const. Relative deflection modulus in

G .
- bending
4 3 2
o w X 10-*cm X10* kg /em®| p | |03 kg Jem?
\ Dlr:fctig:d (0°+90°) (45°) (0°+90°)| (45°) 0° 90°

™ @ ®
Kind of\@-Load @-Load| —=— |®-Load|®-Load| - — — — —
plywood @ @
9 N 29.9 30.4 | 1.02 53.3 51.4 | 0.96 3.8 2.4 103 3
Q&)
K4 12 N 11.0 11.5 ] 1.02 15.3 16.7 | 1.09 4.3 3.0 103 3
(Q&EH :
M 1.02 1.02 4.2 2.7 103 3
L 9 N 26.9 29.3 | 1.09 4.86 4.84 | 1.00 4.2 | 26.1 59 41
4 12 N 9.2 9.5 1.03 1.68 1.63 | 0.97 5.1 | 28.7 62 43
M 1.06 0.99 4.6

S SIS c ®-load ; Down loading at A and C.
®@-load 3 7 B ~» D.
w ; Relative deflection per 1 kg.

@R

P
P
@R

LBEbhB, (1.1.24) XL (2.3.1) ROFEHE»IL, >EOELFEAELEL,

A/[I.r’ D/IIZ D/IIG 111[1./ D'le D/Jle ]"I.rl/ D/le D/Jle
N’ M1y D'rss D'ase |+ M1y Diyay Dlygs | =1 —Mzy D'yaz D'y
Mrpryr D'1gy D'res My pryr D'gea D'ges 0  Dyer Dyes

D'ryy Mry Dl D'y Mry Dy Dy Mgy Dy
N’ | D'rey Mryr D'rss|+|D'gar Mryr D'yos |=| D'yar — Moy D' jog |ooee+ (2.3.10)
D'rey Mrgryr D'1es D'ye1 M1ty D'yes Djer 0 Dree
D'ryy D'rie Mrgr D'yyy D'yye My D'y Digie My

N’| D'ray D'ros Mryr | +| Dlyay D'yaa Miyr | =| D'yay D'yes —Myy

D’rgy D'rgy Mgyt D'yer D'gsa Migryr Diyey D'z 0O
SLREROEDE., 2ED LSBT,
Fh=Diges (Dl Digie)—DPrig=AErL Err - weeeeeeeeessseesenssnnnes (2.3.1)
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Fo=—F,, F¢=0
(1.3.34) KOMBELFRIL L H5ICLT, [HEOEE—AL Fe2EFDE5Icb DB ILNTES,

zwu/=-g;[mswu+ma~ﬁmjplmay

Mrpyr = —Mrgzr e (2'3'12)
Mrgryr=10
Licdis T, (1.1.20) Kiczhz Ahs e
Pw _ Fy Mo = My
9x” D'ru—D1) Bu—pF) =« Dres (1 +9)
.................. (2.3.13)
*w — I M., = —A/lel
0y’ (D'ia—"D'1g) Bu—Be) ' Digs (1+¢)
LB, Sbic (2.3.3) Rdb
Guo.s00 = GILT[TI(1+¢) S GILT  eeveeveereessesseessesseeneenneeeeneenne (2.3.14)

LRoT, ZOZ LEEEEROVPAC P LS FHIL. ¥ (1.3.49) REFAUHRL A, £

Ey=Ey=Epse OBFE2L (2.3.4) Rick-T,

Goo. 900 =—2 Eys0

2
LB,

FIT, TE MR EBEGEHRRR2S, Z0 (2.3.14) XRBIW (2.3.15) R0BEREH5, ER

#HRE Fig. 2-14 15T,

T hUEMBIUETEETIE (1.3.39) KIZBNWT To=0 L LB THEIND, YUK Eppge=
Eprr-150%= 2 Goougoo= 2GLr L72 5T, (2.3.14) KB IV (2.3.15) KRR Y L2,
%7z, Fig. 2.14 75 P-w OBHF L ESBHEZ R LTV 325 BERE S b7y,

a
o>
A
&
W
V\B <&
O O.qc\
mm|  Apitong wood &) O 0
w IS5F 4 g“y!ywnod} Plate shzar (},j«@b@&\'
c » plywood W, 2
2 30x30¢m RO
3 100 _,‘Q‘W Qo°
N AR
2
< 05F
o
%0 2 4 6 6 10 2 14 6 8 20

kg
Load P
Fig. 2-14 T o0 BHMLEFTEREBIO
BROT L — BERBRIC BT S P-w O
% (5
The relationship of relative deflection to load
for Apitong wood, || plywood and plywood
with (L, T)-or (0°+90°)—face and (L T-45°)
-or (45°) face grain to edge respectively in
plate shear test (observed).

LAL, T8 MERICBEL TS RIER.
b5, Fig. 2-14 iR L= X 9 iz, MENEL
RBIZLIEN T, whhE L3, EHET
3. HEBEREE RT L O ICEL 5B,
iz P/w 3—Eicz b, PiclfiL
TwPhE 72> T 2 &iE, (2.3.9) Kiz
AT EYiC. FBRGCEREL L > TuphiEh
bWz kizi B, ZOBEEIC OV TIREED
LTA, ERE D LTV, 8561
Ty DB ty: BEIV 12 DIELERTE A
WIZLZEBZDOTRRVALEBDbRS, %D
To. Sis, Sis, Saa BIU S OBFEEMITLT
HELERDD, bL, ThPHELcEZEhe
biebTOTHE, H5\id VoicT-HORIG
DEFRIZF CRMBT RN LIz Bt Lhdk



BROITERRIC BT 5 AR (FRD —109 —

v,

ZZT, ABETRELZGIE, TRUERNECHAAEE LY, M LTER2Mlicbs vz
YEELT, ZOFHEANTL LD, RBEBESICIOREELBRE LV, EBRMICIT Fig. 2-14 Th
DB L5, FTEREARIFIL Gice s ) (2.3.14) s, BEVW25Z L RARROARSRT
X >TVBZLhEHS 5515,

BRI 2T, (2.3.7) X b

Tgo,90omaz. =Obssomas. (2316)
Bbrwbhd, PEFETLLV 2 ZORREBETE, 4MTRAOBEHRERICRORWIDIZ, 3
BRI TR ThH - 7z, BB, EHBIVTAERDO 7V — M IIC X 5 BROEHRES, FLBR:
B o L HIERE 15 5,

3-1-2. (45°) EOBA

AR Ftkic, ZORBREBICL > THIR) HAic, >ToELFBRC L - THRIFRI VL

5, Fig. 1-21 iI2L722> T (1.1.24) Kz (2.3.1) KoKz AnTHEL,

Mrz Dris 0 Mr, Dsp 0 M, Djs 0
N|{ Miy Diss 0 |+|Mry Dsss 0 |(=|—M, Dj2 0
Mizy O Dies Mizy 0 Duyes 0 0 Dyes
...... (2.3.17)
Dy Mr, 0 Dyy Mr, 0 Dy, M, O
N| Drsy Miy 0 |+| Dyor M1y, 0 |={|Dsas—M, 0
0 Mir,y Dres 0 Mr.y Dies 0 0 Dies
Mr.y=0 L RBZ L9k,
B'y=Dyec (Dyse+Dyi2)= 2AGrrr (Err+vire Err)
.................. (2.3.18)
By=—Dyes (Ds11+Dr12)=— 2 AGrir (Err+vire Err)
LTI, 2EDX IR,
By Mr+p1e Mry=B1 My
............................................. (2.3.19)

Blie Mr 4B Mry=DBy My

B'11=N Drgs Drss+Dyes Drsso= 2 A Gror (Err+¢ Err)
B12=p21=—(N Dirgs Dr12+Dsgs Driz)=— 2AGrer (1 +¢) vire Err
Bo2=N Drgs Drii+Dyes Dyu= 2 A Grrr (Err+¢ Err)

Bu B
B E'zz

No=—Ns= =4 A2Grr [(1+¢)2 21 Err Err+ ¢(Ern—Err)?]

Lo T, THIRRNDOEE— AV MIOED X HITR B,

Miz= Al 4 A2 G2 (Err Q+vrre) (Err+¢ Ern) — (14 ¢) vier E2rr (U4+vier) ] My
9

Mry= ——A1—4 A2 G2 [Err U+vrer)(Ern+¢ Err) — QA+ ¢) virrn E2rp (W+vire)] Myryr
9

ThE&biz, (1.1.20) RiCAhB L

]
|
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9*w _ Dres (Drog Mr,—Dryz Mr1y)

ox? As
92w _ Dres (Dry Mry—Drie Mr,)
FER As

Rw_Pw_ 1 (14PI ;
o 93T Ay EiL [T [Err (1 +vrer)(1 +vire)(Erc+Err)

—vrrr {E?rr (1 +vrzr)*+E2rn (1 +vrrn)?}] Moy

........................ (2.3.22)
LY, LidtoT (2.3.3) ROKMHEMS
Gow = (1+¢)2 21 Erp Err+¢ (Err—Err)?
! (14+¢)2 a1 (Erc+Err+ 2viir Err)
= Grrr—gso[ 1 + (Err—Eir) ¢ g IR PIT P (2.3.23)

Ar Er Err (1 +¢)?
L%,

ZORIT (1.3.63) RLES7KFAL DD ER>TNSB, Lichi>T, Weo I22OWTH BRI
WT%. Fig. 1-20 2@AT 52 LBV THLTRTRALTH B,

EEHRRBIZ L5, (45°) HARORBA P LNRYP - D THEUE TR I RbAd o7, TH
ADORBARTBI B -7 bDIZDONTIE, Table 1-17 2R L72AS, Thizk - T (2.3.23) XPIEL
WZ L AEEHE NS, E7e, 20 (45°) HORBRERTIE (0°-90°) HDOHD L RA-T, P-wdf
BERCERAEFE R LT3 (Fig. 2-16),

BRBEIEAIZ D2V TiE, AEFERRIC, AEB CRIRERREY TERP O TEE LA -7, HH
WRENZIE (2.3.7) Ko 2&D X5z, (1.3.67) RERUBRONEEIZ LATES,

Tisomaz. =0s0omaz. (OF Gbgoomaz.)  eeeeseessssessesssicinisiniiienion, (2.3.24)
3-2. ABHABREROBE

hid, BPEICBVWTERY o/ MIRAAF.P.LES L — FITRBEE S, SOIERHERLT
KEARBRERCEATES LI LI bDOTHS, ZOMRREEL Photo. 2-35 B XV 2-36 1M T
¥ 3EHEM R E Fig. 2-15 27T, /MNERBRAAO F.P.L BL R B L2 51T, 43FAN, R
BREROK ARSI HHICBEITES X912, $H/R Roll-Bearing 2 b5V T7 Vv sy aviEo
FAR LT by, WFCIEE Z)KECTEH LI, KERF—VCBEMR LI LTHE, ©
IFTBI LTk o THRAWDOEEWEL ATREIC Lic, ZDEETIX 100X100cm? { bW ETOEFF
WObLDIZEZ B,

Photo. 2-37 [XE& 2.8cm D 13 774 5TV ARD 90X90cm? Db D& (0°-90°) E7"v— hBIMF
THESELLDOTH S,

Fic, MAHEAERw ORIEICIE, MNMIRFOL&ICffio7z, F.P.LE 4 SREARHELEE , Photo.
2-36 DX I IR UCHETH -,

L7ed-T, #ERO (2.3.1) Kb (2.3.20) KETOLE, FOEEZOXRBABREKICEA
TEBT LIIUATHS,

%7z, Fig. 2-12 TERAF—EE BBV THE LCER?D, S0 Fig. 2-17 0k 9

127 o7z,
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Ty
o i
! {I_”] el
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5
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L F455-20mn :
1%:___..__%‘%____— ————— llblll!l!'l"é?(Jvavll-lgolll

mfr\
2

Fig. 2-15 KEIAWD 7 v — | BIETERBRIEE o R EHENS X

Details of apparatus used in major plate shear tests of large plate.

ZORBRICERLARIE, BERLET Uy (L XV), ¥F4E (T 15), =43 (K 15) BLUkK
B (ODBBITDIY) D4FEHTHS (Table 1-1 B XV Table 1-2),

RBRAROKE &iF, ASTMOHRNIC X - T 302 LY, 45X45ecm? I2k o7z, D 18 721J1d 54X
54cm? IZ& 577,

3-2-1. (0°-90°) EDHE

Photo. 2-38 iz D 15 AMROMLERIE S R LIS, = OREBRAHIT Photo. 2-39 BLUF 2-40 TH
3, TRbBbb1RB X5, SO HIE Fig 2-17 0X 512k > Tw3s, R Photo. 2-41
12 K 15 ORHEREBE TR L7, £ RALAATH S, LiL Photo. 2-42 DX Hiz (2.3.1) Kz
F 5T, Mytmar. =Mgomaz, ICEDHEEZTTLOLD S,

TR I AEIRTH B, Photo. 2-43 DY FFEARIC b ABRZ, Thizk-T (2.3.1) b
2.3.7) Kiche o, HBWNT (2.3.16) R o722 225 F-FV bbb, 2%V, iFLhlY
Bt EEEOL DV HICE - TR ZPRBINIC X - THEASh S, ELTZEDOELL BT &5 HiE =
wE—AVMZXY, BEOHEELTWS,

IS KEOBALFEL <, Fig. 2-16 KRLE X iz, P-w OBMRIERECIZR RN,

LRV PRRELRBIONTwAVIE 2%, (45°) EOBEIE, ERERLIZ20, HBERE
FoMETRAVEEDbNS, LERoT, T, Ty BLUN Ta OFBLEZBND, Lo T, KB
HKBEMOBE D, MRAOLELALL, COREIMILHEREBEL T, TS 2REFENEDOH
FANTH L iz,



— 112 — HERBREIHERE F2255

mm | Phte shear o 3-2-2. (45°) HOHE
wx)ﬁﬁkﬁm““*T@°w<“u@ﬂm INRIBR A CHRD o T RHERIE, REIREBRK O
lywo %0~
R ¢ BACLEATE S, £/ Guo BEV Tuomas.
% P OFERIEL HAMOLEEE Table 117 & Table
5 1-18 IZ7R Lz,
Q
, = Photo. 2-44 IZKAEAE D 18 OBIMIHHEIRIE
180 200
°2°“°°?:°m;°m ke BRF, D Fig. 2-17 12 LIt » TIEAD T
oo
Fig. 216 KEBERAKD 71— b Wic X LTWBDHRbh 5, Photo. 2-4513F DEMH
5 P-w ORIFRORBRENE _ BHIbDOTHBH, PIbAi 46° HFMOMHFIC
The relationship of relative deflection to
load for plywood with (0°:90°) - face or FoTHESRA TS, 2% Y, (2.3.7) X»1d
(45°) - face grain to edge respectively in R
plate shear test (observed). HEhiz (2.3.20) K, Twsemas. =0se0omaz. DK

VILDZ LBbh B,

[AIC X 9ic Photo. 2-46 ¥ X UF 2-47 iz¥
FHEERMOBEREBE R LI, 2hixvYF&=E
BAED XhE L) BEBER SR TWeD
T, TOEIRRFy LiThicX it ote, &
REMRTIE Photo. 2-48 125" X 9ic, HARW
REEERLTWS, $ZhbD/RD P-w

Fig. 2-17 7v— b Bz BT, SREE

PIIc 245 SO ) O AR ]
Distribution of shear stress in the plate OBRIE Fig. 2-16 A bhic X Hic, ERIL
shear test. BIBEERE LT\W5, 7z Photo. 2-49 IiRLTc

o, ZhiZ TV ERTH DY, BERROLDICETTIMARY 2B L, &b TROEEL
THEER LTz, ZhE Gssomaz. THBRGIT, 90° FROERIBIEIERELOFLIZ, 2EYVE
HEXRL T3 &) 2HMAR Y MBIcE TS 2 bid, HIFOERIL+ANEESND, LEEN-T, A
ROBBERRIXZOF L — FITRBICB N T bRV SNE 2 L b -7z,

UEoREBE» ¥ LT, ZOXBRBHMIZX 57— MR, R @S TLALIENcET
SHEMR IUHREOHE L L FRTOT, SHRFRE LTORRICE, ¥OZhEMesdhudzdiy
Lo rLEbh3, '

ZOfER, (0°:90%) mL (45°) EmOBAREEE TS L, Table 1-2 IR TEREND, BIXEOED
XY RBRIEL R,

G g50 -
- 4
G 00. 900
............................................................... (2-3-25)
—Taemez. - 9

Too.goomax.
ZUVER (L XV) BZoHEEZE AN RP ok, 8B, 2071 — NIRRT, RBHFOENR
BPULRBY P ol X 2IcBbhaDT, S#L 5P Loz THRBREBZ 2V, FORICELWER
FHLIZWEEZ TWS,
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IV i =

(1) VoIGT-HORIG Eifids X1 JENKIN Rz b b\ T, AAROMERERS Bt L, BB IO
MEOREL, 7 (I]) BECLY, SE0oEAEr HEE 8 <. FhiZX o TRV - 72,
1-1. FEEF & NISH 0B

f gy o'y &y o'y 0y oy ST ST
Epf = &y = —é— S'a11| 02 gy @lpe | +57 ;12| @ay O3 Olss | +S"i16 | @2y @lay 0y
1 T 02 0ee a'sy O @gs a'sy gy Og
f 01- 'y oy a’y 0y oy o'y oyp 0y 1
Eyr =&y = % Sia1| G2 @lyp @ag | +S 500 | @y Oy @ag | +S 106 | @2y Wy 0y
l O @2 @es @51 Og 'gg o'y &gy g J
j 0, &/yp oy o'y 0y @y o'y ofyp 0y
Tty =7y = %— S’i61 | 02 @ag @lag | +S7362 | ey 0r @ag | +57 66 | a1 oy 0
I g5 0sy g o'sy Og @/gg @'g ex O
........................ (1.1.15)
Oz/maz, = Oiz'maz. t; + Ojzimaz. Ltj—
Oy'maz. = Ciy/maz. %-l— Ojyimaz. _ttj_ ................................. (1.1.16)
Ta'y'muz. = Tizly/maz. Ly + Tiz'y'maz. ttj
1-2. HITFBIURUD T—2v b LflIRBIORL Y RORIER
My D'sie Dlier M;,r D'jp D'jis My D'jye D'j6
—2—: My D'ips D'y |+ | Myyr D'jos D'jos| = | My D’joe D'jsg
Myztyr D'ses D'ses | | Myaryr D'jer D’ se6 Mzryr D'je0 D' j66
D'iuw My Dl D'y Miy D'jie D'y My D'y
%:— D’yor Myyr D'iss |+ | D'jor Myyr D'jog| = | D'jar Myr  D'jog |--o (1.1.24)
D’ o1 Mygryr D' es D’ 561 M zryr D' g66 D’j61 Mpryr D' je6
D'y D' yie My D’y D'jye Mo D'y D'j10 M’
ﬁf D’yay Dlyos Myyr |+ | D'joy D'jee Myyr | = | D'jay D00 My
D61 Doz Myzryr D’j61 D'je2 Moty D' je1 D' joz Mty
Mytmaz., = M;ztmaz. + Mjztmaz.
Myrmaz. = Miyrmaz. + Mjyrmaz., —  oveerrerresromaerineiin. (1.1_25)

Mzryrmaz. = Mizryrmaz.+ Mjzrytmazs.

(2) 68 (FUv, Ty, YFFE, w83, TFBIUVKR) OAKRT, [EHE, BIEY, #
F, RT YU, R:r\/va 7v— OB X MR LOBERRE B o, EREAITLTTY
YBIVTE PUMIC X BEGEHRAR FEHM-TTERERER) 2RIk o1,

EBLIKBRRL LT, 2803 LY 0RBEBRTER LI,
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1. REORRVBIBAEBREEE A (Photo. 2-12)

2. ” ” B (Photo. 2-30)

3. KEIFv — | BiRdkE (Photo. 2-36)

(3) (DHOFEFELFEXE LBV T, >FOFIIOERFENE b Lo, ERWEM L ik
LT, ELWZ LFTFH L%,

3-1. FHMTGOEWMYFLiz oW Tid

ET#GLT=Goo.goa¢.é_ELT~45°¢GLT_,5o .............................. (1.2.1)~(1.25)

3-2. ARTHRERD EL b3 —FHEL LT
Er=(EpgotEgpo) — Goo.gge  w-ereeeerrereesamemeesmnntteeinirneree e (1.2.4)
3-3. [FIBERIR TR LcaikD, EME (or 5I5R) LT, >&0R—FRick - TWYIHS
ZLRTES, bLAARBEBERERICBYTY ') BEEALT, CoEREERTES,
G- C3)

ErrL E 2 — 2 .

............ (1.3.4), (1.3.23)

bl 2 _ 2

............ (1.3.5), (1.3.24)
Eyso (or Epsso)=26rir [ 1 +T (or To)]=Errr-450[ 1 +T (or To)]
1 (En—Em)?* 5 X, e (1.3.12), (1.3.38)
T (or To)= 2 A1 En Eir
141 B Em)t oy oy,
2 A1 Eir Eir

ZNHORT, EHE (or BIFR) 12idk. X=¢, Xr=1t1/t, Xs=1ts/t bbbV, WFIF X=¢, X1
=I1/I, Xg=17/I ZbbWV5,

Eyo (Evoe),  Egoo (Bopos) IZIEBIWI ORI AV, Egso (Bosse) 13 Grr 2k o THRDHNB, T(To)Fid
Fig. 1-11 7% L 528, AFETLLWAMRIT 0.5~0.8 DEIZRVW->TH Y, —MIcizizgE
0.7 bVicHbD, SEMBTHR LER T, Ern/Eir Ok - TEIEDbBY, 3FE T =
3/4, Toe=2/3 AT X\,

Tz, BWD Euso EFEMD Err-se TVFT0% SHWEL 2B, £LT,

T (T) = vyso (Vosse)  eeeeeeserescsesssmsuemsnsasansseseonennens (1.3.75), (1.3.82)
OBEFRIZ LR 2TV B, '

FEi, Eooo BEW Eogoe 121 G BIU Grr OFERIIV - T ML EZEZ T 5, Z0OESE
5%LTIZREI 2 L5 &FHT 1/t % 30fEL EIcE bR TFNTR SR (Fig. 1-13),

G9!

JEfE (or BIBE) T,

Ggomaz. = OILmaz. XI + OrTmaz. Xg

Gyoomax.= OILmez. XJ + 0ITmaz. Xr1
Ogsomaz. = 2T00.900maz. = 2 TLTMAT.  *+essseessseesssesastosesseansocranaces (1.3. 18)

RN
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h
Oboomaz. = OroLmaz. X1+ OIvTmaz.—— X7

he
.............................. (1'3.30)
Obgoomaz. = OIbLmaz. zl Xs+orormaz. X1
2
Opy5omaz. = 2 TQ0.900MAT . teereesresestestestestesteetieaciiiciatiitiiteoiiens (1.3.41)

LB ENTES,
Opomaz. BEW Gyomaz. ETz Onpomaz. BEU Ovgoomaz. ITIFBIETOBEEI /2w, L L, BRKOES
NOTDHIT Trrmaz. BEY Otrmez. FERL, BIE2EOERBRDOON S,
TRTMAz. == CLPmag.  veeeeessrssssstenemnnmuamnruarteranetiseaeneeterarrarnaees (1.3.32)
Lo T, BITHRE Gomar. DFHIZEVWLTIIZ DL 972 trRrmes. (Rolling shear) D&
Bkt ~&THB (Photo. 1-14), Fysomaz. B LU Gvssomaz. 1 Too.goomar. (=Tirmar.) I THE
% (Photo. 1-4, 1-5),

3-4. BROIEHZ DN T

(€
SRR T, ARSI 7 v — PO RA—TEic X > TR S Z Lt T& 5,
Goougoo = GLT ~ evveeremsem e (1.3.44)’ (1.3.49)
Gﬁ, = GLT—45°[ 1 +[/V (or Wb)] ........................... (1.3_54)’ (1..3.63)

Err—Err)?

W (or W) DX, AIETLHWIEIRTII4~6 DEATH LM, —REMIZHAT Guo i Grr-so
D IERTHICR B D EEX T, SEBRIER OB L, En/Emr 12X - TEVEDLBH, BE W
=6, Wo=4 LFhIFIV,

LizdioT, Fu— hBID Gue 3SR VBROZR L D 30% < HWEL 2B,

F7z, JESTHT T L HBINT T L Z ORI ED bR,

(C: ;3]
NRVEIET T,
Tgov00omaz. = TLTMGz.  +eeeseeeessessesesessiisenieeneaine e (1.3.45)
Nor.= 6 pomaz. (or Otgpomaz.)
Tysomas. { .................................... (1.3.57)
Inv.= 0toomaz. (Or G.g0omaz.)
7v— M,
T00.000maz. = Obisomaz.  eeeeessesseesseesreeesisesieesiieseisiesiseeneaenns (1.3.51)
Tisomaz. = Obgomaz. (OF Obggomaz.) — ceeeeeseesessessessesssenenieniensenns (1.3.67)

—fxiz, BEOCHAREMEIZIRY N5 YENH - T, BHEOL I IT—BLIA-wiThEL, 7
Wiarbo LI,

Tysemaz. (BRI L 5T, EHbANSWETHIEL, Tz X » TEKBIEAESRES LE
zbh5,

3-5. ARORT YV ,

EfcE-oTb LAY, #iFick-oThbensHAL, A-BRcX-TBRYHEI ZLNTE



—116 — MERRPHRE F2255

6O
Y go.g900 (Or ¥ bgo.go0) = \ -X-_I—-»KL;I—I-K_ ................................. (1.3.70)
Yggo.go (OF Yagge.ge) = | —2TE L e (1.3.78)
Xp -1y 1
K K
Y 450 (or yb45°) =T (or Tb) .............................. (]_.3.75)7 (1.3.82)
AT Y I I OEEIITI VSR,
FEEO AT

Ygo.500 (V005.900) = Yago. 00 (Vbege. ) == 0
Yys0 (Vogs0) = 0.7
CHWZATENERbR S,
F 7z Yoo.s00 (Vooo.00) IZIFRERDIEAIZ L B2EAEEH S DO LEbRS,
3-6. ICHREL U CRIBTEERERO AR, TEBRFEF IO LR25DIT, bok bk

VEBHBRO ST
X7 = 0.5 eetrtereriiiieereetiiriee e e eaaenaeas (1.3.83)
LFBTLICE - THRDBIS,
Lieh T, 5774 QROBFED BRI,
f1 = 0.1835 ¢ (Fig. 1.23) «rrrereeersrrsrssnornnsnnineniiiitiiiiiiniiiiieiieinaaen. (1.3.89)

LRy, DEORMEERBEICELES,

Eoo = Eogo = Epgo = Epggo = _1)_ (EL+ Er)=E

........................... (1.3.84)
Eys0 = Ebgso = Err—150 (1 + Yy50) = 1.7 ELr-450 = Eys0
Goo.goo (FL— 1) = Goo.goo (VSFRIV) =GLr =G ceveerrerrnnennnnnnnnns (1.3.85)
Guso (P —1)=Gyze (LSHN)=6Lr—350 (1 +W) =7 GLr-450=Gy50 -++- (1.3.86)
Vgo.goo = Yggo.00 = Ypgo.goo = Yhgge.go = Y = () = ceeeececeeens N ( 1.3.87)
viso = pgge = T (To) =Vyzo e (1.3.88)

(4) AROTKFIETER
(ELLTEBRNBREBIA D, SHAHONERLELAZOETHI K -7cbDTHS)
4-1. [ERESxVBI
1. ASTM B (A#) TRIWIEHDHA, BRED 30~40 % < HWIIR B Z LMEESH
5.
2. ASTM HKEZA! (B#) 3IHUE, HWHARDO S LTRERDOLOTHS LEDIS,
ZLT, MNP IUARRBRARICIKBLT, 280Nk - THETHZ LN TE B,

1
7 (0‘11——0'1/1)

G =Teu/ ............................................................ (2.1.1)
z
Trymaz. = \}_)_ P'”:Z" ................................................ (2.1.3)

(0°-90°) ETIX
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Tgo.g0omaz. = Ocqsomaz. (OF Ofggomaz.)  weeeresssmercecessmnnnseennnnnee (2.1.8)
LB, ULhL/ABIERETiE Photo. 2-6 WX 51 Opomaz. LV ThRTmaz. 10X - THETZ LORE
W, Led-T, 5L TH,

KRB OBATIE, BEONRIC Photo. 2-17 D X REREBOEB LR T, ZoMRIIE
WERIEE NS RHRTEL T, ERETIZOEEIEU L &0 WELEAWE EWE) b
i, BLALRILSBWZR 57,

(45°) ETI

INEIER BT SRR O ARl A & O BIRDO A Tisomaz. ZINET X 7228, —MRICHBIWIRS 72, &
DI LIBRERPOEXD LAROERTHBZ LY. BRIEI DM 5, £ZTRKRD tysomas.
%5 Bl»izi,

FI = 8 £7 e (2.1.16)
OB LT, Lird ¢r BAROBHES R, FEHMICTATICARD I LiboRIv,

RERBM CRBEORP THLTHITERSZVY ., CODIKEENREDONS, D%V /MRFO
Tysomaz. £ Y 2R VEROEKRIIMISH THIET 5, T L THOEREL ZOERKEVEITHB, 20
R ABIED L 5 2 RKEIRBRAER T, AROEBWEIEOBENE (MIRFOL2) ©1/256
Wiz, AR b Bbh 3,

¥z, TORRTYUBERATHECE, RV PR A VRS, E0LBIZ G REFHES N Tnae. 2UEKL
HESHh 30T, TOMBHIREITITCRIAbhiEbRu,

DEIZHIWHIC X BENERIC OV TEET 5,

NIRRT LRBORBHTL, EHOARE, EboLRALRERTD o7, 2V EHOREL A5
E3- S N CIONER

°.g0° < P 0¥ 2 e
(45°) HTIX o = l_f‘_-;_l ................................................ (2.1.17)

DERIC A > Tz,
UEDORBERND, 2E0ERNALDLRE,

&g_&—”:l-ng'] .......................................... (2.1.19)
Goo.goe G LT-450
Tomaz. . Ocoomez. (Or Otgemas.) . o 5 eeeereeereeeeceeen (2.1.20)
Too.g0omaz . TLTmaz. T

4-2. BIFERL SR VB

HEHNBREREOEE L E - AL D EV LB,

ASTM %EH (BH) #3IEEIc L, /IERFAOCKETIE, 2F0RITL - TRERERDHEL b
LB,

G= 1 PClA4tan ) s e (2.2.2)

ex— &y 2v2 A

1-+tand P’_"_“_’- ............................................. (2.2.3)
2 v2 A

KR DOPEIEO2TORIcL-Th 05,

Trymaz, =
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— Psinf-cos 6 - = Pmaz. 5 5
G e , symaz. =22 (2.2.3) (2.2.8)

R XARE, t 5 BRES,
CRIEHHRITL L bD e —E LI,
4-3. v — 3O
Fr— NI X B BIROERBEEZ SEDRICL - TH E D B,

-3 7 P - —_3 _Pmas.
C=—f g =+ Tmem.=—— R e (2.3.5) (2.3.1

1. P-w OBRIZONT (0°-90°) ETE, ERWICRLAWENAZO NS, Zhid, 6L
Tire Trr DBV To R EDEERIV - TL Bt BEbh3d, (45°) HTE, BFEAMEEZRT,
2. r/w F—ELRB, LhL, rETEBRFHLICELS LB ENEELY,

3. BRBRAWRTIE, £H00XMAREMICHELZ 1 TH (Table 2-16 DOWETHOWMETDH). [
Cwiizd, 2EDJE HFORATLARLTH IV,

4. HBAOBERE»S, (1.3.51) RBIV (1.3.67) ROBUERSHIT 5 b0 LYWish 3,

5. ERE,LOTDERICHEI LD T,

Gyso
—=— =1
G o0.900

T450maz. .
——Aomaz. 1.2

Too.90omaz.

vV #&

i

AREIZE > TOEDZ LBFEMEN B,

1. BEREFER L LToOARICHT 5 HEHBRVICE, FTAKRIC L EEFEE»DLLT, ]
R AN e FETH S,

2. —RIZFEMOBIMEIEIZIE, BXEOEDERBRITHLEELTE,

Grr = Goo.goo = GrLr—y50 = Er = %‘ELT—45°

3. AMRD0° BXU90° FRIDEME (BlHR) HiFicit, Gir R tur ORI HObhv, Li
L. #f Tk Gr BX W Grr OBIWiHELA~DHE, K5I TrRrmes.(F 0tTmaez.) 725 Rolling shear
DEENRD > T, TAERVBELS LWHAEHTOT, Ri#HEOHECITIBET ILENDH S,

F7245° FRAIOH AL, Gir BIW Trrmes. OFBIFE LI KT, BEOBEREREAT5EKT
&, Ego BFEMD Err-y0 1V 10 %12 EEL 2B XTSRS,

4. BRORT Vv HIZEBOREI 2L AN B, EDOELIERIT/NE 725 DT voo.g0 = Yopo.00
=0 kBB,

¥72, 45° FAD DT vaso=T £ 0.7 Lo TR Y KREL RS,

5. AWROBWICET 5B

5-1. HERREUEE

RENVEIWTE v — IR, L DIFICAFEMNEE b > TINS5, LER-T, 2&0DLD

HRRLD B,
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GOO.gow': GLT= ; E45°

G45° = GLT—.:so [ 1 +[V] =7 GLT-45°

Too.g90omax. = Trrmaz. = Opgsomaz.
Tysomax. = Ogomazx. (or ﬂ'goﬂmaz.)
5-2. ERWEBE

EROBRARRNI LRI SR LR OO TH S Z LR SN, TONEEHTTE>E0D
L Th3,

5-2-1. SRV

(0°-90°) TP Too.gomaz. {X Trrmaz. KX - TEDLRBFANEV, HDEVRERRITRITN
. “HEWESEENE KRB LN TES,

ERRBE LTI 8/ =1 Lah3,

(45°) T, IHB LW X - TRENRR 255, MERFHCIIEREBREGEZEE L2 TH
72670,
BEEMEIHECARESENMEC2 ). $RERELORE bREABHEARAI TR S,
RROIWIZE, ANV PROBCAIHBZEEL, BIRDICT3 I 988 E LAThER LR,
ERRIBLE LTI, 8 =|ti/t1] KRB ERTDBAI,
INHORERSEORRICHZZ L2 Do 5T,

Gaso 7 Tysomaz.

=2.5

Goo.goe | Tgo.goomaz.
5-2-2, 7 v — B
F—AHRTiE r/w= —EEL226, 7 OB ILGT G O—FEL b LD 5. $OFEL
OWET, LHbFAL w552 L2b, JE FHEOKFIEZ LR TH IV, P-w ORERIZONTH
T, (45°) EOHERIEROBERIZRZDOT, 6 3—ETH 525, (0°-90°) ETIHIKWE CTERRL
HoNBXMLH B, SR THRBERICRS, 20T L, Su. S BLU To ORENHDI S
HLEZLBND,
TOFRER, EREL LTOED L ) REHRI R 572,
Ty5omaz.

Guo =y, =1.2

G 00. 900 Too.g00omaz.

VI FHROHREIVISH

1. PHREBINISHE~D RF
BEAM TRV LR TV SO BRSNS T2 HESNE fs) &, bREOREFSOBGE
&?d,%ﬁ%ﬁﬁabr,77Vﬂf6kyﬁﬁ,7eryﬁf1mgkm2aﬁwrwémo
¥ 7R EHO SRR GO BIROBATE L LTT Uy DEFAIZ 12kg /cm?®, Rolling shear it
+TBEABETIZIE 4 kg /em? FEE- TV 5,
ZOERLLAAEL DRBRESEISHEZ LD LBbIED, bRETRERICEL TOTF—F -3k
Bz, VERCEESHTWAWRETSH 5, AFETRZOAICH L, —EORERIERY R
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EFTZLzEME LT, EFEARRBRIRCI3RREBI o7,
Table 1-2 IZRTFITEHRS 5, 2EOEEEZERMICL Lz, &P ( D HEIFEM»L LD
DThHB,

TILTmaz. TRTmaz. (= OtTmaz.)
AR 79 ( 98) 25 (46)
5 kg /cm?
T by 118 (132) 23 (73)

KEOARBEOBEL R LD L, H6HELbVIZRS,
79/12 =6, 25/4 =6

2%D. BERKBMESOKNI/ECRELV S Z Lit, ERCHTOFFENELRDILLEDLOL, 1ZEF
CREOLBRMEIC NS,

Lt T, RESHEEHE TR Fbh TO I Lt > T, baETH 207 ) ORIEREY
LEDLRBDTE0, SHOERRL Uiz, 2120, KRPFFEFIC LIZLIFEH LI L D2, Teo.oomaes.
B tirmas. EDEELS trrmes. (X > TEDONB T LRFODT, urmes. X Y ETHY Bl AE
2boT, HFAEGAEREDRIRLRVWERDINS, %7, TWH® Rolling shear iZxt3 5 FARS
Bizon T, 0trmaz. DB EDBIFRELELLV-TH, I iBbhs,

(45°) TD b DI LTI, KEOAREKTIZO?, AFIWTT (0°:0°) EOMED 2 £, mPIBIlT
TABER L ON TS, AFFETRIAEL SRV, BENS L — FBNCERATE 2 b0 LR
Sha0T. ERIETHET S L,

REBIWT 2.5 4%
EPBIETT 1.2 fF
LhoT, BE—BRLTVS, LihioT, ZOMC T bIEE LEOHBHIZ YA k 5 i Bbh 3,

FEBICHT A HASHE L SRB I Abr IR R, AFETALRICE 5iT (0°-90°) &
Tid, 2R KEOHBIRT OHENE = BENEC 25205, ZHRBERBERVLOLEZBND
25, (45°) EOBREIIT, BEFRED 12 bVWTERBELZHBERHZ0T, RESR X >TALR
DHEETBLERD B LBbh 5,

SEEHFFICHEC T 5 BENBEREIC E TULEB 2 L2 &, bo X Z0BHRVICHTE
2FhE. REBLIZDVWTORMBEDRIIZE Y EB,

WG o Tid, REAHREETOLREL TWARVD, REY YU /S RELFEL L, LE
CEERLOTHEND, RETETHBLBbIG, FALHEICET 5 k5 R ERREY L 5 0E
DBRNZ L, Gp.oe IFEHMO Gor LRILTHBZ LErD, —Fiz4~5 X10%kg/cm? &, %7z Guo
1335X103 kg /cm?2 TWEREHEL LT, Zhiz a2 20 TREBETIW AL EBbh3, LoD
i3 Guso (FBURBRRIZ L o TW B EDB DT, WM e 2 L& TRFTIVDPETH B,

2. BRI OV T ‘

ek, FHRE L COMMERECET oMENTRZ L cdic, HEYEAS AR o725, K%
Y —RER REL 2, B BOAFICOW T HWisl o L Bbhs, 2D, ZoRREI
3, BLEOEDI LRI NELLNS,

1. 7ry 738 (EMERL, BlEREDs
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2. SUROVEINE (ERERL, Bl3RED)

3. Fv— Bk

1. 07wy 7 3073 NORRIS® pHET 5L 91z, 2. D AW L2 L A YR EREZELNS
ZImb, TRIGCORELTE, XbICHRMICS, ERIIC L ERR IABBOF BRI, 72122
DRBR T, YURFRORMPE RNV M LB AV RREETEI LD D, ZhdHB L CHE R -
THERKHEEN, tnez. PMESFHESh D Z LICR 0T, FCEELRTER 640,

7o, FIRETHLEMMTLRICERE S 22, EBHORE I EFEHSRS BRI ToT. &)
BRICE > TREKE/EE L2232 i30T, ZOXIBRFRESEEB LTI R LR
WRIER D B,

ZORBTR, BROBHEFMNSIEREERCTOTL, MEBICRZIREEPRNEICY
Hbhiz,

b OFRER, BOXRSFHBTIUE, FHETRY Ro-BEORRENL - b T hicboL
HWrEh 5B, _ .

Efe, EREL LRFCRYEI L7425 L™, AFRTERLKREL S BBHEEEL, b
TERRLOEELOND, HHC T, BB L EER” 2 BV 1%, VMBI LERLT
LbIWEWISRFLHD, HFRRLBDREIESTH 5,

EREREEL THEDEARESE, BRAET, £8F vy FILk - TEABRET 3 IV HER, WED
EZBRBIELRVD, ThARTENITENRERBILAZTHS S5, SEOMEREL Licw,

3.07 v — FEUEHIZ DWW T, BEQ F.P.L. BICIIBAIEEE*RE L2 DR - T3, &K
DRETHH D, FHECERELARERALA L — FHEBDO L <, 4 XABMTIRERCEET S
LR, BEILEBI, 7Y v sy arE Rl LTTERZLBKREITHB, LT, Z0X57%
FAFPONRFADLOREBLEND B,

Fie, HESHEAZERwERBET S, F.P.L.ED 4 RREEER, FEECIVLOTHE, BO
FRREYRY v FIR ) LebBELRVWRERBR I Z bowchud, EbickniBbha, T
ORETE, BMIFOERLRFIZE > TRASDT, YRZNIZRENS Rolling shear ®, FHEER
BObAETS A BT L RIS NG, ThicEbd THEICRRATE 52 L¥EX5 L, bilE
BN THZ0F L — MNIERBRIC X 5, BIMERBREL R LR2ThideshnweBbh s,

ZOPETERULRE RNV IMABREETE, R IVRBRERNEO N, WEAR LKA
FVHETRBOEA bk, 17200 bhhiE. BLALOERIZHRAEIZL bbiro
72o

3. AROBIMANEORRRE

Goo.gpo = Grp= ; Eys0

Toe.90omazr. = TLTmaz. — Oysomaz.
DZEnD, (0°490°) HICHT 2 bPREMO LD LRACIKIMiEhEDT, bEVFROLVI LT
RBEN, FAHFICL > TIDT Db ol ki, PRVEELRESEDDZ L LEDIS,
LA oT, B (45°) @icd 3,
ERRFEARCERD ¢ OfEEZTTOR (45°) BERIES D LiE. bHHATHZH, £OHPT
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Lok b A B O 8 BAROBHE R ©
¢=¢=0.5

DHETH D, TLTIOFRMCHBEWT, b bEFERICELT 2D THDI L. WAED X

S 2HEICAMEE 52T 3 o, EFFRE LTOFv— MREBOLHEACEDA S bOE, RLED

Thod,

L» L, Box-Beam™™™® DX 5 RV ZTRICHED LB L, TORERZFTEILT LA EEIVE
B, FhE—ARic, BFHTHTFE~ AL P ERT B L, PRESICLT, ALEMTIFEMEOE—
AVENERT B, LEkdoT, VIHOBMSRS —ED LN THS &, ARIESEOREI 2h
3, ERSLTEORBIZR S, EBbh—FRLPRHCLizRD, £IT, b LESEFHENES
RTHBETED XY, HULENG Sz 5 X 5 REEIC Laghidi s sy GloFi),

&

X
Va7 D\
T NNEN
! I
IDXHT, BROIEEDTRY BOPLETH B, —MICEROBTEBRT t1=3ts OFRHAT, 11 B

WAEMEE 5 54R08, 2%V ERO X 5 RFERK LB bORZRITTH S,

Guso (ZIEBIMT BT LRI AL 72 o T B 2, BT oW TR EER RV, BECHT22e3
22%L, VWRRRDBEFEHEROARTS, TEZRE)RROFELRESEI72DIcL, BHTZOLD
REEISAIOF M E H T, FRITHL LR TR b,

DER, TORNPEH - TEBROMENRD S, AL LT Stiffner ® Load-block #Ah. Zh
ERHCFBRELTVEA, THEIAMHETLHALARZE L, L9 A AKTIE 70X70cm? 2 d 2 Fimik
BT BEEISS Tert BRHRIEND 1/2 LB TAE ROV L bh o, TRIAR, BREIES
SHEIENETIZT B2, DL BVOEENRYPLEN D L, BIEHETI 20X20cm? { b1
LOLBONDE®, LT, ThibkeR3 e, PRIBKREZ AN THBLATRER bRV, &
BT, ZOSBE~OEROFE, ERUBRVBVETRIRDbRP o722 VI THcEbTIo X
S5eiple b THELIBHEHIXI L TE, EhOTHEERRELR - TL5b0LBELBhD, ZLitSH
BREEO TOEEH OIVIOWIN0 o3 WAENWLDOETHESN S LD LBEDLNEDT, 25 LEE
~OEBROHRE DB Z LB TEDOE, EbDTEREVLOLEDLS,

EEr

X 23

1) ANC-18 Bulletin : Design of wood aircraft structures. 2nd. (1951)

2) HEWEZB): UAY - 2bvr—r - F—Y (28R, BFITEERE, 224 pp. (1963, #E38, 5
A

3) BEHEAR - BE—H : AROBR L BENHER, IFRAMEERESHEHEES, (1963)

4 BREHEAK - BE—RE  AROBENRGEIzoWT, M 12, 121, pp. 761~768 (1963,
FE 38, 10 A)

5) "X—kv 7 (EEE=F0 : W - wiR, FRITEHEH, 412 pp. (1956, W31, 12 A)

6) COKER, E. G and G. P. COLEMAN : Photo-elastic investigations of shear tests of timber.
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Selected engineering paper No. 174, The institution of civil Engineers. London, p. 15,

(1935)

7) D.F.P.A: Technical data on Douglas fir plywood for engineers and architects. D.F.P.
A. Tacoma. Washi., (1950)

8 —— :D.F.P.A. Specification No. BB-8 D. Design of plywood beams. D.F.P.A.
Tacoma. Washi., p. 11, jul. (1959)

990 ——:D.F.P.A. Specifciation No. BB-8. Fabrication of plywood beams. D.F.P.A.
Tacoma. Washi., p. 11, Aug. (1960)

10) —— : D.F.P.A. Specification No. SS-8. Fabrication of flat plywood stressed skin
panels. D.F.P.A. Tacoma. Washi., p. 10, Aug. (1960)

11) ————:D.F.P.A. Specification No. SS-62 D. Design of flat plywood stressed skin

panels. D.F.P.A. Tacoma. Washi., p. 27, Mar. (1962)

12) DIETZ, A.G.H : Engineering laminates. The strength of laminates and sandwich structur-
al element’s. by N.J. HOFF., Newyork, John Wiley & sons. ING., pp. 6~201, (1949)
13) —————— : Engineering laminates. Plywood. by N.S. PERKINS and D. COUNTRY-

MAN., Newyork, Jchn wiley & sons. ING., pp. 208~271, (1949)

14) Douglas Fir plywood Association (D.F.P.A) : D.F.P.A. general design specification
No. 1, Design of plywood-Lumber structural assemblies. D.F.P.A. Tacoma. Washi., p.
9, May. (1959)

15) {LEHT - fiAEE © BROERh & SIRGE L OBR, HRAHEEHRITZEIHESR, pp. 19,
(1962, W37, 11 A)

16) ERICKSON, E.C.O : Rigidity and strength of wall frames braced with metals trapping.
F.P.L of U.S.A., No. R 1603., pp. 117~120, (1950)

17) F.P.L of U.S.A : Wood Hand Book. U.S Department of Agriculture. Hand book, No.
72, (1955)

18) FREAS. A.D. : Guides to improved framed walls for houses. Engineering News, Record,
17, pp. 7, (1946)

19) GEORGE, E.H. : Wood doors. Wood products., p. 3. (1941)

20) % EHEEFREEAS SO RERRHERO KOV T, BAMEEER, 2, 4,
pp. 12~17, (1954) .

21) ——  BEEOERL ZOEE (L) (F). AARRSEEHAER, pp. 615 (L), 583 (T).
(1967)

22) HEARMON, R.F.S: The elasticity of wood and plywood. F.P.R. Spec.. Rept. No. 7,
London, pp. 87, (1948)

23) HETENYI, M. : Hand-book of experimental stress analysis. Newyork. John Wiley & sons,
Inc., 1076 pp., (1950)

24) EHE= - LEE— : AMEE, SAEME. 107 pp.. (1953, 28, 5A)

25) HRREFRL - FHED : AIK. AARBIRIEMS, 378 pp.. (1960)

26) HORIG, H.: Zur Elastizitit der Fichten Holzes. Z. Techn. physik, 12. S. 369~379,
(193D

27) ——— : The direct measurement of the shear moduli Si Ss5 Ses on materials having
Rohmbic symmetry and small stiffness. Ann. phys., Lpz., p. 12, (1943)

28) JENKIN, C.E : Report on materials used in the construction of aircraft and aircraft engine.
Pro. Nat. Acad. Sci., Wash., 22, 81, (1936)
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29) KEYLWERTH, R. : Die anisotope Elastizitit des Holzes und der Lagen-hslzer. VDI-Fors-
chung’s, Heft. 430, Diisseldorf, (1951)

30) ———— : Erreichte und erreichbare Verminderung der Anisotropie. Holz als Roh-
u. Werkstoff, 17, S. 234~238, (1959)

31) KOLLMANN, F. : Technologie des Holzes und der Holz werkstoffe. 2, 1050 pp., (1951)

32) KRUEGER, G.P.: A method for determining the modulus of rigidity of an adhesive in a
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Studies on the Mechanical Properties in Strength

of Plywood Panel and Plate
Isami TAKAMIV

(Résumé)

This report presents the results of studies on the elastic and mechanical properties in the

shear tests of wood and plywood. The results obtained may be summarized as follows :

1. The author solved mathematically, applying VOIGT’s theory and JENKIN’s formulas, some
problems that the elastic and mechenical properties of wood and plywood as an orthogonal
anisotropic panel or plate are affected by the veneer construction or the direction of face grain.
In the calculating process, the author introduced an analytical method of I, J veneer as expressed
by the following basic system of equations (1.1.15) or (1.1.24). '

1-1. The relation of stress and strain in a face plane of plywood.
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gy a'yp &y o'y 0y e a'yy oy 0y ]
ey = &5y = —i— S’y21 | O2 @ap @os | +57392 | @ay Gy @ag | +S'526 | @ay @as Gy
Og a'sx O'gg @1 05 @gs | @61 @6z g6 I
0 'y @y 'y 0y &y a’y oyp 0y ]
Ty =7 zyr= —i— S’i61| Oz Qoo @ag | +S"362 | @21 Oy &g | +57;66 | o1 @9y Oy
O sy /g s Og @es a’e; 5o O I
........................ (1'1.15)
Oz/maxr. = Oix/max. t; + Ojz/maz. —%
Oyr'maz. = O;y'maz. fi Ojyrmaz. t_tf_ ................................. (1.1.16)
ti

- - 14
Cxly'maz. = Tizly/mazx. + Tjiz'y'maz. J

1-2. The relation between bending and torsional moment to curvature in a ply-plane of
plywood.
My D'syp D'igy Mezr D'jie D'jie My D'jie D
_%_-:_ My D'igy D'sea |+ | Mey  D'jon D'jos | = | Myr D'joe D' o6
My pryr D's6s D'1es Migryr D' jo2 D' je6 Mryr D'j62 D’ je6
D'y My D' D’y Mgy Dl D’jyy My D

—%—i- D'ioy My D'issg |+ | D'joy My D'jog|=|D'jar Myr D'jog | --eoee (1.1.24)
D'sey My zryr D'ses D’ 61 Migryr D' jgo D’ 61 Myryr D' g6
D'41y D'y My D'jyy D'g10 Miar D’j1y D'jy9 My

ﬁi D'gsy D'igs Myyr |4 | D’ja1 D'joo Miyr |=|D’ja1 D'joa Myr

D6y Dies My pryr D'je1 D’jeo Mizryr D’ j61 D’ joo Mazrys
Mzimaz. = Miz'maz. + Mj.t'maz.
Mymaz. = Miyrmaz. —+ Mjyrmaz. —  reerereereeserstetiriaetieiiien (1'1_25)

fwx’zl'maz .= lez’y'maz. + -/V[jx’y’max.

2. The plywood used in the tests were made of rotary cut veneer from six woods of
LAUAN, APITONG, YACHIDAMO, MAKABA. BUNA and DOUGLAS FIR.

The kinds of elastic and mechanical tests carried out are as follows :

a) Compression

b) Tension

¢) Bending (Center concentrating load)

d) PoOISSON’s ratio (By compression or bending)

€) Panel shear (Minor and major)

f) Plate shear (Minor and major)

In these tests, to examine the effect of glue line and the other factors on the mechanical
property of plywood, plywoods were made into two different types for veneer construction. The
one is || plywood in which the grain direction of all veneer is parallel to each other ; the other
is plywood in which the grain direction of each veneer is perpendicular alternately.

The relation of the elastic and the mechanical properties among wood, || plywood and
plywood was observed in a series systematically. And such a test may be styled as “Continuous
comparison test of plywood”.

For the major shear tests, the following three different testing apparatus were utilized

A) Major panel shear by compression type A. (Photo. 2-12)
B) Major panel shear by tension type B. (Photo. 2-30)
C) Major plate shear. (Photo. 2-36)
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3. The values calculated from basic system of equations in § 1, have a good agreement
with the observed values, and the results are summarized as follows :
3-1.- G in wood

Er= Grr= Ggo.gpo= ErLr-450==GLr—gs0  veeerereereisensiosaneenes (1_2.1),.,(1.2_5)

3-2. The evaluation of Er with veneer in plywood is given by
Er=(FootEgo) —Gpo.gpo ~ rerserrernerensensmeereiriiiiiiiiiiiiii (1.2.4)

3-3. The value of YOUNG’s modulus of plywood constructed with veneers from the same
species can be expressed by the identical form as in the following system both for compression
and bending. And when the plywood is constructed with veneers from different species, the
value is expressed by the same system using I’, /' method derived from I, J method (exchange
I, ] for I', ]), too.

a) Elasticity

Err 2 —Emr)? X .
Ego (or Evgo) = £ ];IEI(Tl(—i})-(*-))(%zj-ﬁ?lEzT)lT) =Err Xr+Err Xs5

............ (1'3_4)’ (1.3.23)

Esne(or Erne)= ur IEIEETI(-:;)fJ)fzzz(LEiLEjglr)z X =Er. Xs+Eir X1

............ (1.3.5), (1.3.29)
Eyso (or Ebys0)=2Grr [ 14T (or To)]1=Errr-450[ 1 +T (or Ts)]
1 (Br—FEm)* Xe Xy e (1.3.12), (1.3.38)
_ 2 A1 Erp Err
Tlor I0) =~ & Ery?
4L \Bre—RIr)" % x,

2 i1 EiL Err

Where, X=¢, X;={1/t and X;=¢!5/t in compression, similarly, X=¢, Xr=I;/I and Xy=
I;/I in bending.

The values of Ego (Ebge) and Egoo (Evgoo) have no shear effect.

The values of coefficient of addition T(Ts) for plywood used in tests are about 0.5~0.8 as
the curve in Fig. 1-11, and generally speaking, the mean value is about 0.7.

It is considered that Eo of plywood is about 70 % higher than Err-se of veneer (wood),
and that

T (Tv) = vgs0 (Vbggo)  sereeesrsmscensecsiotcaiinniuniciuae. (1.3.75), (1.3.82)

It has been known that there is an additional shear effect due to shear modulus Gz and
Gpr in the YOUNG’s modulus Epe and Ebgee obtained in bending of plywood.

Therefore, if the shear effect is restricted below 5% of the whole deflection of bending,
the value of //¢ must be taken over 30 times (Fig. 1-13).

b) Strength

On the compression,

Ogomazx. = OILmaz. XI + OITmaz. XJ

....................................... (1.3.8)
Ogomaz.= OlLmaz. XJ + OITmaz. XI
Oysomaz. = 2T00.900mas. = 2T Lpmaeg.  toreetessrssestcitctiiiiiae, (1.3.18)
On the bending,
Opgomaz. = OlbLmaz. X1+ OlbtTmaz. Zl X5
2
By o e (1 3.30)
Gpgoomar. =O0IpLmaz. hl Xs+ orormaz. X1 :
2

Opysomar. = 2 TO0.Q00MAET.  *oetsetetestssststiitestettistettiatttntsitetntonnenn (] ‘3.41)
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The values of Goomaa., Fgsomaz., Tboemaz., and Gbgoomar. have no shear effect, but in the case
of bending Gsmaz. may be determined by Tgrmaz. (rolling shear strength) which is very small
due to the lathe check. In this test, the value of Tgrmaz. is given by

Tprmaz. = Otrmaz.

The typical failure attributed to rolling shear is shown in Photo. 1-14.

3-4. Shear of plywood

a) Elasticity

Shear modulus of plywood constructed with veneer from the same species can be expressed

by the identical form as in the following system both for panel and plate shear.

Gpo.goo = GLT  eeeemtettitiiiiieei e (1.3.44), (1.3.49)
Gyso = Grr—g50 [ 1 + W (or Wp)] = cooevereniiiiiiiine (1.3.54), (1.3.63)
W (or Wy =_ErL—Em)*

Cor Ws) i1 ErL Err Xr Xs

The values of coefficient of addition W (Ws) for plywood used in tests are about 4~6 as the
curve in Fig. 1-20 ; generally speaking, it is considered that the value of G of plywood is
about 6 times as large as the value of Grr-ss0 of veneer (wood).

The value of Gy of plywood is the same both in the normal shear and the inverse shear.

b) Strength

On the panel shear

T00.000MAT. = TLPMAT.  +eeeeeseeeeseessesseesetsiiieieiiiiiiiiiiiia, (1‘3_45)

Nor.= 6 .gomazx. (or Otgpomaz.)
Tysomaz. ¢ e (1.3.57)
Inv.= 0toomaz. (or ‘7590°max.)
On the plate shear
T00.900MAZ .« = OB430mam.  reeseesesseseessetceaiiaiiiiiiiitiiiienatiieiiecns (1.3.51)
Tysomaz. = Obgomax. (OF Obgoomaz.) wwreeseesrsseessssnecnneaniiiieiinin., (1.3.67)

It is estimated that the agreement of these formulas connected with shear strength may be
regarded as approximately satisfactory, but the agreement between the theoretical and observed
values is not so good as those in elasticity.

3-5. POISSON’s ratio of plywood

The calculating equation for POISSON’s ratio of plywood is expressed by the identical

formulas both for the compression test and bending test as follows ;

Ygo.g00 (O Vooo.g00) = ﬁ%ﬁ .............................. (1.3.70)
Yago. 00 0.00) = VTL | e
Ygge.00 (OT Ybgoe.o X X 1 (1.3.78)
 —=r 41
K K
Ygso (or Yogse) = T (or Tv) ~ eeeeserseeneiiiin (1.3.75), (1.3.82)

It is considered that the matter of POISSON’s ratio of plywood has no effect related to shear,
and on general plywood.
Ygo. 900 (Yooo.900) = Vgpo. 00 (Vbgoo.00) == 0
Yys0 (Vosso) = 0.7
Furthermore, it is interesting to note that the value of Yoo.g00 (¥ 200.900) may be affected by
the strain with decreasing gradient in proportion the thickness of face veneer on plywood.
3-6. Plywood with approximate isotropic elasticity
In order to obtain the plywood with approximate isotropic elasticity, the veneer construction

of plywood made of veneer from the same species is given by
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X7 = 0.5 et e e e et e e e aas (1.3.83)
In the case of 5 ply-plywood, for example,
tr = 0.1835 ¢ (Fig. 1-23) = ceererererremmmnmmiioniniiii (1.3.89)

In such a case the elastical constants are expressed as follows :

Eyo= Esgo= Eppo= Epgpe=—2—_ (E+Er) = E

27 T (1.3.84)
Eys0=Ebiso=ErT—450 (1 +V4350) =1.7 ELr-350 = E}30
Goo.g00 (Plate) =Gyo. 900 (Panel) =GLr =G = = cttercteetnieniciiaciccnens (1.3.85)
Gys0 (Plate) =Gyso (Panel) =Grr-s50 (1 + W) = 7 GLr-450=Gys0 ----(1.3.86)
Ygo.g00 = Ygpo.00 = Yppo.goo = VYbgpo.po = Y == () = eeecccccsersniieciciiiceons (1.3.87)
Vyso = Vogso = T (Tb) = VYys0  eeereeeereeieaee (1.3.88)

4. Consideration to shear of plywood

4-1. Panel shear by compression type

1) On the panel shear of A.S.T.M. type (A method as provisional designation) it is
presumed that the actual shear force (load) in cross section of plywood may be reduced to
about 30~40 % of the theoretical one.

2) It is considered that the A.S.T.M. improved type (B method as provisional designation)
is the most excellent apparatus in all shear tests at the present time. And both on the panel
shear of minor and major panel, shear modulus G and maximum strength of plywood can be

calculated by the following equation ;

; (Gzr—ayr)

Gsz ................................................ @.1.1)
Try maz. = \/1—2— —PMTM_ ................................................ (2.1.3)

On the panel of the (O°~90°) face grain
The maximum strength Toe.g00 is given by
Tgo.g0omaz. =0 cgsomax. (OF Ttgoomaz.) stesreseesrsesesssssescetiutiiieitiiene (2.18)

But in the test of minor panel the fracture of panel shear is not led by 0semas. but by
Tprmaz. often, as shown in Photo. 2-6. In the test of major panel the fracture of panel shear
is led by the buckling with wave-pattern occured just before the fracture, as shown in Photo. 2-17.

And the thinner the thickness of plywood becomes, the more numerous the number of
buckling-waves.

Experimentally, the load at buckling may be nearly equall to the maximum load.

On the panel of the (45°) face grain

Generally, the maximum strength Tysemez. in the minor panel shear test could be measured
satisfactorily for the thinner plywood, but the value for the thicker plywood could not be
measured realistically because of the imperfect reinforcement for glued block as shown in Photo.
2-9.

The value of 7yomaw. for the inverse shear is larger than the value for the normal shear,
and then it is presumed that these results theoretically are calculated from veneer construction
of plywood.

For the purpose of developing the maximum strength of shear, the veneer construction must
be composed by

FI = 3 £J,  eseeseeeeeicieciiceeii ety (2.1.16)



EROBIWTHEREICBE 32 AR (BR) —131 —

and further, the direction of compressive load (stress) in panel shear must be parallel to grain
direction of #r veneer.

The initial fracture in the major panel shear is caused by the buckling which always occurs
far away before the fracture. And it is observed that the value of T somaz. in the major panel
shear is very much lower than the one in the minor panel shear, and that the thinner the
thickness of plywood becomes, the larger the difference between the former and the latter grows.

From the observed values of these major plywoods tested it is considered that the maximum
buckling load is about a half of the pure maximum load at fracture which is equal to the value
of the minor panel shear.

For the evaluation of the effective values of G and tmaz. in this panel test, the perfect
reinforcement of glued block is required so as to avoid the errors due to the collapse accompany-
ing the shearing failure at the hole of bolt-holding.

If not so, it must be estimated in error from the reason that the value of G become higher
than the pure one’s and that the value of Tmaz. become lower than the pure one’s.

Transformation on plane by panel shear

The way and state of transformation on plywood plane were almost no different either on
the minor or the major panel shear.

Now experimental results are summarized as follows :

On the (0°+90°) face grain of plywood,

g = 9y’

= | 5 s 1 2.1.9

On the (45°) face grain of plywood,

. ty
o= | 1L
tr

Where 8’/ is the approximate coefficient of transformation.

From the observed values and theoretical analysis as stated above. the following relation is

presumed,
Gaso = Gso =1 AW =T e (2.1.19)
Goo.goo GLT—450
TyPmaz. _ Ocoomaz. (Or Orgoomaz.) D5 eeererrierneeeieeiieien, (2.1.20)
Too.g0omaz. Trrmaz. T -

4-2. Panel shear by tension type

This panel shear test by tension type has the same meaning mechanically as the one by

compression type.
On this shear test, compression type of A.S.T.M. improved type (B method) are changed

to tension type, shear modulus G and maximum strength of the minor plywood panel can be

calculated from the following equations.

_ 1 P(1+tanf)
rtand) 2.2.9
e —— 57z A - ¢ )

oy mag.= 1 +;an0 5_7;_MA ............................................. (2.2.3)
Furthermore, on the major plywood panel, as shown in Fig. 2-10, the values of G and
Try maz. are given by

c=Lsinf-cosf . =~ _ Pmas.
Rte ~ TVMUTTR:

........................... (2.2_3)7 (2.2.8)

The agreement of the observed values of G between the compression and the tension type

can be regarded as very satisfactory.
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4-3. Plate shear

The observed value G and tmaxz. in the plate shear of plywood is calculated from the
follwing equations
‘3 rp

GzT hs—w ................................................ seees (2_3'5)
Tmaz. =%_ P’Z‘;ﬁ" ...................................................... (3.3.7)

1) It is interesting to note that the relation between P and w in the plate shear is not
linear on plywood with the (0°:90°) face grain for the reason that it may be effected by 7.g,
Ter or To, but the relation is linear on plywood with the (45°) face grain.

2) 72/w =constant (Table 2-14)

It is desirable that distance 7 be determined to near center point of panel.

3) The values of w (per kg) to loading for plywood in the plate shear were nearly equal
both at the one pair corners of diagonal @ and the other pair corners of ®.

4) The relationship of formula (1.3.51) or (1.3.67) severally have been established from
the fracture of test specimens in the plate shear.

Then from the observed values and the theoretical analysis as stated above the following

relation is assumed ;
G4;-,o =4

Goo, 900

Tysomar. . 1.2
Too.g0omax.
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Photo. 1-2 HXERELEE L b
The instrument of ipirr(_)r type used to strain

measurement.*

Photo. 1-1 &RDEME (0° HA)D
HEREE

The compressive test of plywood

to longitudinal (0°) direction.

Photo. 1-4 57 &RD 45° FAEREIC & 5 kEE
R (BIETREE %2 =~ 3)

Failure of compressive test specimen of lauan

plywood with loading 45° to grain direction of

face veneer (Showing failure by shear).

Photo. 1-3 &RDEREMERDL

Failure of test specimen of KABA Photo; 1-5 A3EIRD 45° HEERIC X 5 BEK
plywood subjected to compression. I (BIWBEE R

Failure of compressive test specimen of KABA
plywood with loading 45° to grain direction of
face veneer (Showing failure by shear).
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Photo. 1-7 7 & b FfTEMRDFIRMERRI
Failure of tension test specimen of
APITONG | plywood.

Photo. 1-6 &ARDFIFE (90° D)
HERIKE
The tension test of plywood to
lateral (90°) direction.

Photo. 1-8 M REREE
The bending test.

Photo. 1-9 BIRDRT YV > il

EIZ 31 BIRTRE O HEATER Photo. 1-10 SRMETRERE ¥ » +
TERE Mirror and gauge of lateral extensometer
Lateral extensometer set of used to determine POISSON’s ratio.

mirror type used to determine
POISSON’s ratio.
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Photo. 1-12 5b/t»txﬁﬁﬂﬁﬁﬁk;0
DS 6-R BEEREREXED
Apparatus of test used to measuring of
PoOISSON’s ratio.

Photo. 1-11 A#k?D REIZRE - 72
AT Y VHERO+FRA L
—r=v
Strain gauge (cross type) on the
specimen to measure POISSON's
ratio.

Photo. 1-13 AW@%UK;%*T//RMEﬁ
REE
POISSON’s ratio measured by bending test
and strain gauge type.

Photo. 2-1 ASTM A (A #) %
IVEIT O/ NRERERSRE  (JEMERY)
Type of specimen, apparatus and Photo. 1-14 & AR DT #EIZ7RT Rolling shear
method of applying load for panel The appearance of rolling shear producted
shear tests of ASTM type (A). in inner veneers on bending of plywood.
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Photo. 2-2 ASTM KA (B #) ,¢% A%  Photo. 2-3 ASTM KEE (B #) %13

DN EIERER B W oo/ B BR AR E

Apparatus and method of applying load for
panel shear test of ASTM type (B).
Compression type. Strain measured by
strain gauge type.

Type of specimen and apparatus for panel
shear test of ASTM type (B).

Photo. 2-4 U FHD (L.T) mOIIHHE Photo. 2-5 5 U . F4TEMRD BUETREERIREE
gk (L.T) |
A typical shearing fracture in panel shear A typical shearing fracture in panel shear of
of (L.T) type LAUAN wood. (L .T) type, parallel glued LAUAN plywood.

Photo. 2-6 57 A (0°-90°) Wi BYMTREERE
A typical shearing fracture in panel shear of
(0°+90°) face grain type LAUAN plywood.
Photo. 2-7 3R NVBUMTRERIC J61) B BEATENEEH
Panel shear test (the same as Photo. 2-3).
Strain measured by mirror type system.
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Photo. 2-9 <%\ BTG 2 HURHRES 0 &

2-8 TR (45°) wo

Photo. SULE 11: T )
A typical shearing fracture in panel-inverse PR}
shear of (45°) face grain type, parallel A special failure that max. shear strength
glued plywood. is decide by shear-broken of bolt-hole.

- 1 4
1 P . ¢ 0 '
Photo. 2-10 R /\VBYMIREIRAS FEAGIE B IR Photo. 2-11 SR VEIWTREIRSS, SRR X
ToTHRESBHF (776 ~TREBH (FHEHR
A typical shearing fracture in panel shear A typical shearing fracture in panel shear
of (45°) face grain type LAUAN plywood. of (45°) face grain type BUNA plywood.

Failure by buckling of compression. Failure by tension.

Photo. 2-12 KERFH 3 VEIHTRERIEE O
WEifi BB S Yy — Uk
Apparatus and method of applying load for
major panel shear test of large plywood
panel. Strain measured by dialgauge type.

Photo. 2-13 FEEAA h v —> 7 — L0 8D
2 Hik

Strain-gauge for measurement of strain.
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Photo. 2-14 59U A4 (9 mm) Photo. 2-15 77 EHR (9 mmj Photo. 2-16 3§V‘S’*ﬁ (12mm)
o (0°-90°) WOMWEEREEK @ (0°-90°) OIMiHIRERM  (0°-90°) i D> SYRTERIERE I I
B (L 9 ABHR) LHHREHE (L 9 ABHK FBEROH b AT (L12B

Shearing fracture in major X))

panel shear of LAUAN plywood  Shearing fracture in major
panel shear of LAUAN plywood 1 (0°+90°) face grain to edge  panel shear of LAUAN plywood

Shearing fracture in major

with (0°+90°) face grain to edge (L 9 A type). Failure on with (0°-90°) face grain to edge
(L 9 A type). buckling of shear, and the (L 12 B type). Failure on
Failure on buckling of shear.  appearance showing on faceside.  buckling of shear.

Photo. 2-17 Photo 2-16 UEPDIREE (L12B | '
&)

The permanent waves at corner of test
spccimen.

Photo. 2-18 7 &4k (18mm)
(0°-90°) ifio> BYNTAEJEREERIREE
BEFIEBOAN - EFETT,
(L18C&1R)
Shearing fracture in major
panel shear of LAUAN plywood
with (0°-90°) face grain to edge
(L 18 C type). Failure on
buckling of shear and number
on face as showing of buckling
order.
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Photo. 2-19 77> &% (9mm) Photo. 2-20 77> ER (9 mm) Photo. 2-21

(45°) DO BT

BT X 2 RMA (L 9 ABHR)
Buckling in normal shear of
major plywood panel with (45°)
-face grain toedge (L 9 A type).
The appearance showing on
face side.

(45°) i o> NE BT b 8 e sk SR HE
(L 9 AEW)

Photo. 2-19 D &EREZNEE
Shearing fracture in normal
shear of major panel with (45°)
-face grain of LAUAN plywood
(L 9 A type).

— Plate 7 —

A A
EHROER[ (L9A
=)

The appearance showing on

back side (L 9 A type).

o™ |

Photo. 2-22 57 A (9 mm) Photo. 2-23 57> A (12mm) Photo. 2-24 57 v &K (12mm)

(45°) EOHBIHIC X S BINTER
BERE RR (L9 ABHKD
Shearing fracture in inverse
shear of major panel with (45°)
—face of LAUAN plywood

(L 9 A type).

Failure on buckling of shear.
The appearance showing on
face side.

(45°) HEONEBIHTIC X 5 BIMTHETR
BERKE RA (L12B&H
Shearing fracture in normal
shear of major panel with
(45°)-face grain of LAUAN
plywood (L 12 B type).

The appearance showing on
face side.

(45°) T HBIETIC X 2 SRR
BERIREE (L12B &)
Shearing fracture in inverse
shear of major panel with
(45°)-face grain of LAUAN
plywood (L 12 B type).
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A

Photo. 2-25 S V&K (18mm) Photo.

(45°) HEDNEZIMTIC X 2 BIMTEE IR
ke KA (L18CER)
Shearing fracture in normal
shear of major panel with
(45°)-face grain of LAUAN
plywood (L 18 C type).

The appearance showing on
face side.

(v

Photo. 2-28 /NEUEHH BI5EEL <
KB RERIGE
ERE T FEXE

Apparatus and method of
applying load for panel shear
test of ASTM type.

Tension type.

Strain measured by mirror

type.

PRERBRGITE R E

52255

i

(45°) HDHBIMNC X B 515RMRE
gIRE (L18CAH)
Shearing fracture in inverse
shear of major panel with
(45°)-face grain of LAUAN
plywood (L 18 C type).

2-26 7Y A (18mm) Photo.

2-27 7V EHR (18mm)
(45°) HDOFBIMIC X % 3TWTREEE
K (L18CAHR)

Shearing fracture in inverse
shear of major panel with
(45°)-face grain of LAUAN
plywood (L 18 C type).

Photo. 2-29 KREIBIERAL <X L BIHT D AR AR
(90X 180cm?)
Test panel in major panel shear test by

tension type.
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,4.{ .

Photo. 2-30 AEIF D F[3RAL <X VBRI RER Photo. 2-31 REBREWLBIEREL OERR IV

EiE A Xy —o 0Bt Hik (R
Major panel shear test by tension type. The joint method of tension bar and corner

of test panel, and setting of dial gauge
used to measure of strain (side view).

¥ . . a4 4 k,,»ﬁ”ﬁa« . . H
Photo. 2-32 HEREREFIRS DICFA L Photo. 2-33 /INEIRBRERD 7L — | BIMTRER
7 LB IV EDERE S Loading of test specimen and device for

Apparatus and method of applying tension measuring deflection for plate shear.

load for major panel shear test.

S .

Photo. 2-34 #ExtEALZEREw 2 RIET S, Mo Photo. 2-35 KEERAMZ L — b SIMTRREE
REEHBESR (F.P.L &) Apparatus used to major plate shear.
Apparatus used to measuring of deflection
for plate shear test.
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o

Photo. 2-36 &MRKD 7L — k BkTEER Photo. 2-37 UV AKR (28mm 1377 1) O
Loading of test specimen and device for (0°+90%) D7 L — b BYHTIC & B BIRIRIE
(90X 90cm?)

Shearing fracture in major plate shear of

LAUAN plywood with (0°+90°) face grain

to edge (thickness 28mm, 13 ply, 90X90cm?).

measuring deflection for major plate shear.

Photo. 2-38 K#AAMK (15mm) @ (0°-90°) Photo. 2-39 AREMR (15mm) O (0°:90°)
ED7 L~ FEIMNC X 5 EEEEIREE (DISAHR) o7 L — BT X 5REEEIREE (DISEHR)
Shearing fracture in major plate shear of Shearing fracture in major plate shear of
DOUGLUS FIR plywood with (0°-90°) DOUGLUS FIR plywood with (0°:90°)
face grain to edge (D 15 type). face grain to edge (D 15 type).

Photo. 2-40 Photo. 2-39 &K E B 6 & Photo. 2-41 #Z G (15mm) @ (0°-90°)

7=%& (D156 o7 L — B & 2 BREEIRRE (K1581R)
The same as Photo. 2-39 (side view). Shearing fracture in major plate shear of

KABA plywood with (0°:90°) face grain
to edge (K 15 type).
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3
2

Photo. 2-30 REIRF D5 EREL R /L BIHTRER Photo. 2-31 HERAERL5IREL Ol IV

i FA XNy — Y OBRfGHE (B
Major panel shear test by tension type. The joint method of tension bar and corner

of test panel, and setting of dial gauge
used to measure of strain (side view).

9
T

-

Photo. 2-32 REABREZERS DI FIA L1z Photo. 2-33 /[NEUREREIRD 7" L — b BIMTRER
7 LB LIV EDEEHIE Loading of test specimen and device for
Apparatus and method of applying tension measuring deflection for plate shear.

load for major panel shear test.

s

i / Py —~
Photo. 2-34 HHxtEHZERw 2RET S, M2 Photo. 2-35 KEERFF7 L — b BIMABRER
REEHAES (F.P.L B Apparatus used to major plate shear.
Apparatus used to measuring of deflection
for plate shear test.
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wi

s / Dol s 2 . = X § PN
Photo. 2-36 HHRD 7" L — - BHT=ER Photo. 2-37 77 A (28mm 137°7 1) @
Loading of test specimen and device for (0°-90°) D7 L — kSIHTIC X BTEEEIREE
(90x90cm?)

measuring deflection for major plate shear. ) . )
Shearing fracture in major plate shear of

LLAUAN plywood with (0°-90°) face grain
to edge (thickness 28mm, 13 ply, 90X 90cm?).

Photo. 2-38 KA (15mm) ® (0°-90°) Photo. 2-39 ##&HK (15mm) @ (0°:90°)

D7 v — FBINTIC X BREEIRIE (D154 D7 L — b BINTIC X 5 BERIREE (D 1561R)
Shearing fracture in major plate shear of Shearing fracture in major plate shear of
DOUGLUS FIR plywood with (0°:90°) DOUGLUS FIR plywood with (0°-90°)
face grain to edge (D 15 type). face grain to edge (D 15 type).

L K XiA ST ! 15 .
Photo. 2-40 Photo. 2-39 DARE EiEA & A Photo. 2-41 #38#K (15 mm) @ (0°-90°)
%A (D15 AR D7 L — b BIMTIC X S REERIREE (K1561R)
The same as Photo. 2-39 (side view). Shearing fracture in major plate shear of
KABA plywood with (0°-90°) face grain
to edge (K 15 type).
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Photo. 2-42 # AR (15mm) » (0°-90°) Photo. 2-43 ¥ F#¥EEH (15mm) ® (0°-90°)
D7 L — FSIRTIC X B RHERIRAE (K1581K) HO7 L — MBI X AREREE (T 15 880

Shearing fracture in major plate shear of Shearing fracture in major plate shear of

KABA plywood with (0°:90°) face grain YACHIDAMO plywood with (0°-90°)-
face grain to edge (T 15 type).

to edge (K 15 type).

Photo. 2-44 RKARAK (18mm) D (45°) &N Photo. 2-45 Photo. 2-44 &% BEfh & i
7L — b SIETREBRIC X A IRERIRIE (D18&HR) $BE (DI AR
Shearing fracture in major plate shear of The same as Photo. 2-44 (back view).

DOUGLUS FIR plywood with (45°) face
grain to edge (D 18 type).

Photo. 2-46 ¥ F ¥ E&HK (15mm) @ (45°) Photo. 2-47 Photo. 2-46 D&% BN 6 Z
D7 v — b BIETIC X ABHERIE (T15840) rHE (T15 68K
Shearing fracture in major plate shear of The same as Photo. 2-46 (side view).

YACHIDAMO plywood (45°) face grain
to edge (T 15 type).
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Photo. 2-48 #,3&#K (15mm) @ (45°) ED Photo. 2-49 7 U &R (15mm) @ (45°) &
7L — b IUHIC X BRHEIRIE (K158H0) D7 L — b FBIBRROEH TR L BRI

X BB RO R (L XV AR ’

. o . Shearing fracture on glue line in major

KABA plywood with (45°) face grain to plate shear of LAUAN plywood with

edge (K 15 type). (45°) face grain to edge (L XV type).

Shearing fracture in major plate shear of



