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Sasaki, H.%*%, T. Maku,** and H. Kanepa** : On the Deflection of Wood Based

Circular Panels under Uniformly Distributed Load and Clamped Edge Condition.
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Table 1. Average values of specific gravity, moisture content and thickness of the

panels.
Materials Specific gravity Moisture content Thickness (h) cm
in air dry (ru) W) %
3ply 1:1:1 face : 0,260
L 0.55 8.5 core : 0,250} 0.770
auan plywood back : 0.260
3ply 1:2:1 face 0.180
L ) 0.52 9.3 core : 0_400% 0.765
auan plywood back : 0,185
P28 fompered 10 0.5

2. MEtoRBEMEEK
KGR L ERE L LR T 5 2ok, ERck o, HRHTECOLE R XLk

* 15[ H AR FEAKRSE (FEHFM0E4 A) KB\WTHRE
*OREMBHFFe Y, Division of Composite wood.
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Table 2. List of simbols of elastic constants.

: modulus of elasticity,
: modulus of rigidity,
: Porsson’s ratio,

: thickness of panels,

SR OO W

he : thickness of the core of plywoods,
suffix b : in bending, or accompanied with bending,
# ¢t :in tension,
# «x :in the face grain direction of plywood, or in the felting direction of hardboard,
#» 3 : perpendicular to x-direction and parallel to the surfacc of the panel,
# 45 : in a direction inclining by 45° from both x- and y-directions,
# L :in the longitudinal direction of veneer,
# T : in the lateral direction of veneer.

The first suffix of PoissoN’s ratio except b or ¢, means the direction of applied load.
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Ew 8L 2,
Eip=CiEpy+CoEbey, e O
Ci=—(h3—hed)/(h3—2h3),
Co=h3/(h3—2h3).
{E.L (where)
hae ¥ 2 ho*,
A REFADEZX (thickness of plywood)
he : 27 ®OE X (thickness of core of plywood)
CRBOEERNT, AWOBMFIBET2HE7 Y Vi Mooy Hope) KRR SEH IR,
Hoye=Evp+ 17/ Evg,
Loy = Eve* toyz/ Evy. ]
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TRIh, TORDFT,
Et45=Eb45, ERERETEEIATLEEEELY (4)
Eto=C1'Epe+Co' Eyy } 5)
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ht—hhed — Rt 74— Bt -
] — ¢ c _ ¢
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Pioy=Ep ‘/JzLT/Ecy ‘
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1 _ 4 ﬁ\j 1 + 1 B
Gbxy B Eb45 lC1/Eba;+cZ'Eby Cz'Ebm'l-cl/Eby
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Table 3. Elastic constants of the panels.

cosirs | BRLOLD | BROaD | e,
Fpu( % 104kg /cm?) 9.4 ~10.2~11.4 6.5 ~7.2'~T7.5 5.0 ~5.3 ~6.3
Epy(x 10%kg /cm?) 0.5 ~0.56~0, 67 1.7 ~1.8"~1.9 4.0 ~4.5 ~5.1
Enes( 3 10%kg /cm?) 0.8 ~1.07~ 1.1 0.87~0.88~0.90 4.4 ~5.0 ~5.7
- 0,40~0.55~0, 64 0. 40~0, 55~0. 64 —
ptmy — — 0,24~0, 34~0. 25
E¢p(x10%kg/cm?) 0.20 0.72 —
fioe ' 0.011 0,055 0.20
Gy 10%kg/cm?) 0.30 0. 24 0.20

* Average of ten specimens. ** Average of six specimens.

OB F % A
CRERCR LI, ER 384mm oM, Fig. 2 ©REFTIE <, BEA 334dmm oFA LKk,
s, 4B AL M ilE BT, AUOBEECR, Fig 3 1R L5 Mo ) v 7% A
Wik, RThhskdk, 3201 v 70/, BB AXL LTI =y AfRESY Fog
v FL, B PTLOLDED T, KEEROLORIED, FOhER I cikBEE(be = -1 Ho
Fa2—TERAN, BEEFEOTHELNT e Vv Z70RFCET HER, ER 284mm »5H
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FRER 3.5, T, 10 X 18cm ishkAE 250 ML oW T Dk, R F L OH
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Plywood /:/:/  h=770 mm Sy —vm panet
Plywood /:2:7  h="165 nui P ;
S2SHardboard  h=3.60 mm : j

Fig. 2. Test panel. Fig. 3. Steel rings for clamping test panel.

| Se—==— From oir pump
| I Manometer
2y Dial gavge
QJJ @  Steel ring
Test panel

®  Inner L_7!'/‘— tube
Aluminium panel

Fig. 4. Test apparatus. Photo. 1. Test apparatus.

Table 4. Bending strength of the panels.

Materials Span Bendriéli% St;?*gthréla{}%/cmz)
Plywood Parallel to the face grain (g»g) 624 ~ 669 ~ 705
1:1:1D Perpendicular to the face grain (os,) 168 ~ 179 ~ 185
Plywood Parallel to the face grain (gsg) 378 ~ 390 ~ 404
1:2:1) Perpendicular to the face grain (guy) 322 ~ 344 ~ 378
S28 Parallel to the felting direction (g»,.) 538 ~ 545 ~ 553
Hardboard Perpendicular to the felting direction (as,) 481 ~ 497 ~ 525

* Average of ten specimens.
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WDODVRAB DY\~ — FAE— TR, EHERT 5RRLHOME (BT 57
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. aZ
Oria=Orirmay = * _qhz_ .................. )

PRI HEAL T, omee & L CHIEBEOR/ME 480kg/cm? fRA L, ¢=0.4kg/cm? %R
Lico BRICOVWTREFTENRREVDT, TORMDHMNRTERWE, BLODHVRASLD
EZRIANT, ¢=0.8kg/cm?’ #RHA Lk, OfER eq. (9) WAND L Omay=200kg/cm2
& 713: z)o

HBEORRLER

BRRAAMECDONWTDIbADORIEMIL, Supplementary table 1~3 kiEd+, EHKFLE
BKABLOCR/MEN Db 3 L5l OREMOIED O, HER/NIWLOTH B2,
ZOHFTH = FR=-FRELPIV, 2hbOFORENLDDICOWT, BREE O
B0t Bi? i, BN WEE TR, BEXEFEMAR O BIEELRET <,
EOKAE (@ 252 BBEDRDA (W) RERATHEL B S,

W= *@qﬁ@z — )2, v e, (10)

(AL (where) D:%@m+ﬂwmm,

Dy=Eys-h3/124,

Dy=Eyy-h3/122,

H=o (B 119G, ),

A=1— Ly Uoye.

w @ fzb % (detlection of the panel),

q : HLHHFAE (uniform load),

a: AxNOFEE (radius of the panel),

v AR AOFHLASOHERE (distance from the center of the
panel).

CORDER D' % Table 3 OHEBEH»LEHT T Table 5 0 ¢ s, HbsH
BRELEDTLDE, MOLDbHIRORIRLOEICHLTERTEIAVEEL A, K
OAWMCFIRICIZMMEND L 5D, LehnoT, EEOLbARR, FRO/NERE
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nNTwz, BHUEFARDO cbBC O TOREHERMC L 2%, chECELMCINT
winnhs, FHUAROOFAh=FAF—Fric X5, HLMEY Cxd slMIREOR DI o
A0 @ D' #fRATHE, 0% %, BAMNRCEATEZCL2HlOLTHE S, Liso
T, T TRERRE AV, ’
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Table 5. Bending stiffness of the panels.
Materials 2 ! D, ; Dy H } D!
Py 0.998 O,39><104kg-cm‘0,O21><104kg-cm 0,027 10%g -cm| 0,18 10%g-cm
s 0.998 | 0.27 0.068 0.033 0.14
D2 board 0.952 | 0,022 0.173 0,0059 0.016
Tihebb,

72 2
w:w0<1— e > s 1
qa* 1

64D7 wet
hz

Wy =

140,488

wo ; TROD A (Deflection at the center of the panel).
eq. A 1, LT
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Measurements were.carried Out on diometers parallel
(symbol ©), perpendicular (a) and tnclined by 452 (X)to
the face grain. Large and Smoll derfiection formulas are
tllustrated by the full Lines and dofted lines, respectively.

Meoceremenis werg carried out on dicmeiers parollel

(symbol O, perpecicular (8) and inclined by 45° (X)to
e 1ete grain. Large cnd Small deflecticn formulas aré
tlustrared by the full tines and dotted lines, respectively

Relations of load-deflection

Fig. 5.

in plywood 1:1:1,

Fig. 6. Relations of load-deflection
in plywood 1:2:1, :

16 —
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Measurements were. carried out on diometers parallel
(symboL O),; perpendicular (a) and inclined by 452 (X)to
the face grain, La/;ge and smoil deflection formulos are
tliustrated by theful linesand dotted lines, respectively.

Fig. 7. Relations of load-deflection in S2S hard-

board,
r .
00 0'/4 as2 Ja/q Q
‘ G=01 hg/cm? 5 M
8 a8

Measurement were carried out
on diameters parallel (symbolscea)
perpendicular (s a a) and inclined
by 45°(x x%)t0 the face grain. Large
n deflection formula is illustrated by
o the curved (lines.

Fig. 9. Deflection curves in plywood 1:2:1,

0 a/4 ‘ a‘/z

ol hg/em?

3r Measurementswere carried out
on diameters porallel (symbolsoea)
perpendiculor (8aa) and inclined
by 45°(x X3 to the face grawn. Laorge
deflection formula is Wustrated by
the curved Lines.

O

1

Fig. 8. Deflection curves in plywood 1:1:1,

(mm)

Measvrements were carried out on

diameters patollel (symbolsoea),

perpendicular ( aaa)and inclined

by 45° (X X %) to the felting Firection.
Large deflecticn formula is diustrated

by the curyed lines.

Fig. 10, Deflection curves in S2S hardboard,
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Table 6. Theoretical and observed values of deflection at the center of circular panels.

Plywood (1:1:1)

. 1
Load (kg/CmZ) Deﬁectlon (Toﬁ—mm) . . wo(()bs)
atios of ————
g Theoretical values | OPSerVed vaues wo(theo.)
wo (theo.) min. 0av."‘ ‘max,
0.1 36 52, 52 53 1.45
0.2 70 104 105 106 1.49
0.3 105 152 153 154 1.46
0.4 138 202 202 203 1,47
0.5 173 246 247 248 1.43
0.6 204 291 292 293 1,43
0.7 235 332 334 33 1.42
0.8 265 372 375 377 1.42
Plywood (1:2:1)
Deflecti 1 :
Load (kg/cm2) eliection (Toﬁmm) Ratios of wo(0bs.)
atios of — —<—
q Theoretical values Obseufvsgbg%lues wo(theo.)
wo (theo.) min, Oa\\f.* "max.
0.1 45 59 60 61 1.33
0.2 88 116 117 118 1,33
0.3 132 172 174 176 1.32
0.4 175 221 223 225 1.27
0.5 215 269 270 271 1.26
0.6 255 313 315 316 1.24
0.7 292 356 358 360 1.23
0.8 329 395 400 404 1.22
Hardboard (S2S)
Deflecti 1
Load (kg/cm?) etiection (T()Umm> Ratios of _10(0DS.)
atios of ————72—
q Theoretical values Obse;fvigb‘sf%lues wo(theo.)
wo (theo.) min. Oav,* ‘max.
0,04 148 165 166 167 1.12
0.10 299 299 303 307 1.01
0.15 376 370 374 379 1.00
0.20 455 427 431 436 0.95
0.25 517 473 478 484 0.93
0.30 557 513 518 524 0.93
0.40 651 580 551 592 0.85

* Average value of five observations.
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Table 7. Theoretical and observed values of deflection at a cocentric circle (»=10cm)
of circular panels.

Plywood (1:1:1)

Deflections (T(I)Hmm)

Load (kg/cm?) Rati ¢ wio(obs.)
q Theoretical values Observed values* aHos 0 wio(theo.)

w1 (theo.) OD**MMZSQQES-%Oo** Qokk  AGokk Qoo

0.1 9 18 16 13 200 1,78 1.4

0.2 18 36 32 26 200 1,78 1.45

0.3 27 54 48 40 2,00 1.78 1.48

0.4 35 72 63 54 2,06 1.8 154

0.5 44 90 79 68 2,04 179 1.55

0.6 52 107 94 82 2,06 1.8 158

0.7 60 125 109 96 2,08 1,82 1,60

0.8 68 143 124 110 2,10 1.82 1,62

Plywood (1:2:1)
Deflections (—1—mm)

Load (kg/cm?) 100 . wip(0bs.)
q Theoretical values Observedbvalues*' Ratios of wio(theo.)

wio (theo.) oc**u“25g2*s'%oe** 0oF%  AGekk  QQokk

0.1 12 21 19 17 1,75 1,58 1,42

0.2 23 43 38 Y4 1.87 1,66 1,48

0.3 34 64 56 50 1.88 1.65 1,47

0.4 45 84 74 66 1.87 1.64 1.47

0.5 55 103 91 82 1.88 1.66 1.50

0.6 65 121 107 97 1.86 1.65 1.50

0.7 74 140 123 112 1.89 1.66 1.52

0.8 84 160 139 128 1.90 1,66 1,52

Hardboard (S2S)
Deflections (—l—mm)

Load (kg/cm?) 100 . wio(0bs.)
q Theoretical values Observed values* Ratios Ofrwlo(theo-)
w1 (theo.) Oo**ivzgﬁﬂgfébo*** Qokdk AGoskskk Q()osksiok

0.04 38 46 45 44 1.21 1,18 1,16

0.10 76 89 89 87 1,18 1,18 1,14

0.15 " 96 116 115 114 1.21 1,20 1.19

0.20 116 139 138 137 1.20 1,19 1.18

0.25 132 159 159 158 1.20 1.20 1.2

0.30 142 176 177 175 1.24 1.25 1,24

0,40 166 208 209 206 1.25 1,26 1.24

* Average value of ten observations.
** The angle between the face grain direction and the diameter of the panel which con-
tains the observed point.
*** The angle between the felting direction and the diameter of the panel which contains

the observed point.
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1:1:148K<cik (for plywood 1:1:1),
2.35wed+2.84w,— g=0

1:2:148%Tik (for plywood 1:2:1),
1.86w3+2.23wy—q=0

S 2SS~~~ FTlk (for S2S hardboard).
0.952w3+0.252w0 —g=0

Lled, TNHLDIKRAE wo WOWTHEE, RENATE (9 OECHT S w, OERESE
Repiz, Table 6 1k, WOFROILLHICET 2HMAME L ERME, ROOCEZOHEFELE
HDTHbB, Fig. 8~10 THLAAR XIS K, FHE&LERED S WEWO R, pOMHT X
DEACENE ZALEBEWTREN, AR TR, AROHLEET 2ROAEDEbLAE, B
THEL Tk, ERBMECFETRERLObORRBAREL, 45° FHOERED 0B FRK
fex, BEAHROEREDLOI KL/PI v, ke xiE, r=10cm oMELETO otk
M7cd ok Table 7 o &2 ¢, MELR, FREZNOMEOHERECTTIHELRLTH
Do TNHLOENLH L L S, BRTR, BROWMEY &b, ERERERMEC K~
TRINPCKRELMEERL, v OEIKREL LD EHEOOLEFRELCEFE LI kD, Thic
RLT, »~— F&—=FTiE, WOFLMGEWES O bs R AEROERR (eq. 11D) i
T —HKLTEY, BUEL T, 2HDOR—FEIADON B2, AFITECRFL L v,
cokdke, ~— FE—- FOMEHBEEEREN, IEF—BT50kKL, AT, EREoZ

A REBZERDSLLNABHD—DL LT, 25V 7DOHODYIADKENT ERBHT
bhb, HE, RBREBEOAWRO O OEREIZZEL WS, ~— FA— FTiE, 3&A b
BiWEETH S, FHLLERE, »~— FA— Fchx, 8EROEMNIBIEF IS ne
Lo, SHNOWECEEHFAOBEE, &5WRIEMSEHBEN ~— FE—-FD FhickL
TELPNINWED, 25V TRIZDDAARELL, Fh, AHRICIOTEDDDALE
DHEMLT, 75 v 7ol E—2v v AEPIMET T %, ok, AR TR, EIK
THEREOHN, ~— FA~FelhU ML, MELCHTZbAENEFC/ NIV,
BADDVIABDOHEN D THEMIC cbABICHET L ctxE2R0REA DR W,
o, TOEIRBUWHHATR 2 7ORAMBERICL 2cbsrBELERTCEIRAVEEZDERTTH
55, bL, AROBESNHDLNEL, "= FA—-F2EEELVWEEZDO O THNE, £
Db HBERRKELEDIND, 753 Vv 7 OEEBRREN NI W, 0522708 AMbE
HTELNDERCENEL LD THS S,

1 2

RAxXEELERE L~ VA~ VAR, WABERSSMEY 52 HED b b
SfiERIEL, B o—FEMELRE L, B Etotikix Table 1, 3 3 kot Fig. 1
w, REBRAxLOBRE Fig. 2 ©, AMEER Fig. 3 X4 thtfhm Lk,

HERAEHN T2 L ROBEOTH 5,

1D REBHGBRR (¢ AD) ioT, REAFVObAE@BERIT L 2RTHEL
E21bh b,
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2 TRELERETRRT 5L, S2S~~FR-Fo k>, BROM TR, WER
WD TEL—FKT 55, BRO LS CHEOMB TR, 27 7O0MHODOAHNEF LWz
O, ERERFCRELIANL, Fhk, COEROISCHAROBEINAXNVOERCHELT
HBEAE N &, 2708 AMERLER T &\ (Table 6, 7),

3 CORUELHEORERLI7ORAMC I VAT HEER, “FLOEICHL TER
BHoLRELLBNIRDIE, 2E0kbAaREOMMCEL DT, HMNCHBL T3 TH2
5,

Summary

Deflection of circular plates of plywoods and hardboards which were subjected
to uniformly distributed normal load under clamped edge conditions, was observed
and compared with the theoretical values. .

Properties of panels used in this experiment are shown in Tables 1, 3 and Figs.
1, 2. And the test apparatus is illustrated in Figs. 3 and 4. The results are summa-
rized as follows :

1) It will be possible to estimate the deflection behavior of wood based circular
panels with eq. (11).

2) The observed deflection of hardboards coincides well with the theoretical
one, but that of plywoods always exceeds the theoretical value (Tables 6, 7, Figs.
5,6,7,8, 9, 10).

3) This difference seems to be attributable to plastic deformation at the clamped
portion and shear deformation in the core of plywood, and if the diameter of the
panels is extremely large in comparison with the thickness, the loosing in the clamp
and shear deformation in the core will influence little on the deflection of the panels.

X 3

1) #% ¥ ANC-18 Bulletin, Desing of Wood Aircraft Structures, U. S. Government Print-
ing Office (1951), ¥} ¢ ANC-23 Bulletin, Sandwich Construction for Aircraft, Part
II, U. S. Government Printing Office (1955) 7¢ FREH I T\ 5.

2) TIMOSHENKO, S., Theory of Plates and Shells, 2nd ed. 376, McGraw-Hill, New York

© (1959).

3) [k, 401.



Supplementary table 1.

Observed deflection in 1/100 mm for 1:1:1 lauan plywood.

Distance from
\he ance 13 10 7 3.5 0
~_ 7 (cm)
Load N min. av.* max, min. av.* max, min, av.* max. min, av.* max. min. av.®* max,
g (kg/em?) "~
0,05 1~ 14~ 2 6~ 81~ 9 10~ 14,7~ 17 15~ 20,7~ 25 16~ 22.6~ 26
0.10 2~ 3.3~ 14 16~ 17 8~ 19 31~ 33.1~ 36 42~ 46 6~ 51 47~ 51 8~ 55
0.15 4~ 4.9~ 6 24~ 26,9~ 29 46~ 49 9~ 54 64~ 70,5~ 75 71~ 77.8~ 83
0.20 6~ 58~ 9 33~ 36.2~ 39 62~ 66.7~ 72 85~ 93, 8~102 95~103.8~112
sk 0.30 9~10.6~13 49~ 54 0~ 58 91~ 99.4~107 127~139. 2~150 142~154 2~164
0° 0.40 12~14,5~18 66~ 72.3~ 78 119~131.1~142 165~182, 4~197 185~201.6~215
0.50 15~18.2~23 80~ 89 8~ 96 146~161, 2~177 202~223, 1~243 226~246 . 2~264
0.60 19~19, 8~27 96~107,2~116 173~191,7~209 238~263,7~288 267~290, 6~313
0.70 23~26.9~33 106~125, 2~136 197~221.9~242 271~303,3~331 303~333.6~359
0.80 26~31.7~38 123~143, 4~159 222~251.8~278 305~343.2~377 340~376.6~408
0.05 1~1 ~1 7T~ 7.7~ 8 14~ 15 7~ 17 20~ 23.2~ 25 24~ 25 8~ 28
0.10 2~ 2 ~2 15~ 15,6~ 17 29~ 31.3~ 34 42~ 46,3~ 51 48~ 51 8~ 56
0.15 3~ 3.4~ 14 21~ 23,7~ 26 43~ 47 5~ 53 64~ 69 8~ 77 74~ 78.4~ 83
0.20 4~ 4.4~ 5 29~ 31.7~ 35 58~ 63.4~ 70 85~ 92, 7~101 97~105,8~111
. 0.30 6~ 6.9~ 8 43~ 47 5~ 53 88~ 94,7~103 126~137, 4~149 143~153, 4~164
45° 0.40 8~ 9.6~11 58~ 63.3~ 70 115~125,3~137 166~180, 6~195 188~201. 6~215
0.50 10~12.2~14 73~ 78,9~ 87 142~154.3~169 204~221. 4~240 230~246. 6~264
0.60 13~14,8~17 83~ 93.6~104 168~183.2~202 241~261_4~284 270~292.0~313
0.70 " 156~17.6~20 100~109, 1~122 194~211, 3~233 275~299. 6~328 307~331.8~358
0.80 18~20, 5~23 114~124,3~140 219~238.7~264 308~336. 6~368 344~372.2~401
0.05 1~ 1.0~ 1 3~ 5.9~ 7 13~ 14,7~ 17 21~ 23.2~ 26 22~ 256~ 29
0.10 1~ 15~ 2 9~ 12 5~ 15 26~ 29.9~ 34 42~ 46 .4~ 51 48~ 52.8~ 58
0.15 2~ 23~ 3 156~ 19 4~ 22 40~ 44 8~ 50 61~ 69, 2~ 77 71~ 79 0~ 86
0.20 2~ 3.1~ 4 22~ 26,1~ 29 54~ 59 7~ 66 82~ 92,0~101 95~104, 4~114
- 0.30 4~ 4.8~ 6 37~ 40,3~ 45 80~ 89,9~100 123~137, 2~151 142~152,0~168
90° 0.40 5~ 6.5~ 8 48~ 54, 4~ 60 107~119,5~132 161~180, 3~198 185~203, 4~220
0,50 7~ 8.5~11 62~ 68, 2~ 75 132~147 ., 4~161 198~220.7~242 226~248, 0~269
0.60 8~10.1~13 75~ 82,4~ 91 156~175.7~191 234~261.1~288 267~293.0~319
0.70 10~12 4~16 87~ 96.2~106 180~203. 2~221 267~299.1~329 303~334.8~364
0.80 11~14,5~18 99~110.4~121 204~230,0~250 299~336.8~370 338~375. 6~407

* Average value of ten observations
*#* Average value of five observations

*k*¥ The angle between the face grain direction and the diameter of the panel which contains the odserved point.

N I G4

&40

(8961)
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