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Prediction of Dynamic Young’s Modulus and Loss Tangent
of Plywood in Bending"

Nobuo Sosue*’

The aim of this study was to develop the equations for predicting the dynamic Young’s
modulus E’ and the loss tangent tang of plywood in bending from the viscoelastic constants
of veneers and the veneer composition of plywood.

In the directions of the principal axes, E' and tang were predicted from the following
composit law on flexural rigidity which was expanded to complex variables:

E*I= Y Enln+iZEnln= ZEula (1+itang). (Eq. 12)

In the direction 45° from the fiber direction of a face veneer, the coefficient o which
represents the degree of restriction of twisting between adjacent veneers in plywood was
introduced into the modified Hearmon equation (Eq.5) in order to predict the dynamic
Young’s modulus and the loss tangent of the plywood in which the restriction of twisting
was intermediate between pure and free conditions, as follows:

Efs

* — , 7
Eds 1—A¥% (Eq.7)
Als=aels , (Eq. 8)
(0=a=1)

where els is the complex coupling factor and ¢ =1 and =0 correspond to pure and free
conditions, respectively.
High correlation was found experimentally between o and the relative anisotropic ratio
of E', K/Kk, as follows:
a=1.043 (1—K/Kr)1 750, (Eq. 16)
r:0.999
The process for calculating the values of E' and tang in the three essential directions of
0°, 45°, and 90° is shown in Fig. 5.
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Fig. 1. Composition of veneers.
Notes: Red meranti; A to D. Spruce; A and C.
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Table 1. Comparisons of dynamic Young's modulus
E’' and loss tangent tand between observed

and calculated values in principal
directions.

. COmpOSitiOI‘l E,obs./E’cal. tan &:bs./lanacal.

Species of - - " -

veneers* 0° | .90 0 90

B 094 | 1.00 | 099 1.05

Red . C 1.03] 1.03| 0.97 0.98

meranti

D 098 1.01| 0.97 0.97

Spruce C 0.99 | 1.09 | 098 | 107

(ave.) 0.99 | 1.03| 0.98 1.02

* . See Figure 1.
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FEZbN5, &> T, #H{LL 72 Hearmon »R) E}
(free BH) 1213, FATERAROERELH V32
LT3,

PAITHERAROMEIEEER, 5, o Ol E),
B L Ftandss O free B & pure EMEETET 2 &,
Table2 DL Jic% 2, %8, BERT VK
(=v+iv) ORI 6 13, BIRORERES 5 90° A
DERWEEDOMAZE S0 D 1~2 2% 50T,
IITRISEELTHELZ, (6) R e NETE
BRRIZBWT, [ESI>ERl, W<l THoihb,
V' OEE T AIEIZM/INEN B E DRI TERT
EDITENEL, 8T DETEHKRIIHELE 2
Zevy, LA L, BEHes oW TIko, ngEr®
BLTBLEYFD ), REERRAA TS/ da=15
T NEEEEZ DL, (6) A0 € NBELLT
K10 %% RAAUUENIH D Z ehbh b,

B~D DERN AN Ejs & tandss 12, L Fh
Table 2 7) free 5E# & pure EH N HEEL L, E
DEFHI E/Egy 75/ & € % 21224T pure B
ISR Zedbr b, $hbb, EXERIEA
ENERTIE, (1) R S ICEAT 5 AMER
HHEET 2 BIREEOMTHRL A4V, RENT LR
UNERYG—IHRINLRECLZLDEEZ L
b, Lad>T, BIREBRICL > TZOMRNE
er%Eb Y, BRMETH 2 free E#L L pure TH &
DFEEZTRTZEICL D,

4.3 R ULHhOBRFEROERIHEE

DEIL, ALNOWREK « ZRET 5 2HNY

Table 2. The observed values of E,; and tandss of plywood and the complex

values of ej5 of veneer.

| Composition E. exs of veneer
Species of " ) tandys K - -
veneers (x10'*dyn/cm?) €5 €45
A 1.00 (free) 0.0220 (free) |27.9
B 1.04 0.0200 21.4
Red
. C 1.66 0.0161 3.38 | 0.460 | —0.00354
meranti
D 1.60 0.0165 3.15
- 1.85 (pure) 0.0154 (pure) | 1.00
A 1.54 (free) 0.0219 (free) | 20.0
Spruce C 2.53 0.0172 2.94 | 0.532 | —0.00470
- 3.30 (pure) 0.0118 (pure) | 1.00
Notes: Pure values of Ej; and tandss were calculated from Eq.5.

K: anisotropic ratio of dynamic Young’s modulus.
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Fig. 2. Relationship between coefficient of restriction
for twisting a¢’ and anisotropic ratio of
dynamic Young’s modulus K.

Notes: qg' was defined in Eq. 9 and was calculated
from ths results of dynamic Young’s modulus.
K= E;)/Elau.
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up = 1.043(1-K/KF)1'750

1 1 1 1 1 1 1
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Fig. 3. Relationship detween ar' and the relative
anisotropic ratio K/Kk.

Notes: Kk is the anisotropic ratio of dynamic
Young’s modulus of plywood A (parallel
venner-lamination) shown in Figure 1.
Ueda’s™: calculated from the data reported

in Reference No.5.
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Fig. 4. Comparisons of prediction curves given by
Egs.16 and 17 with observed data.
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T Determine (or measure) the viscoelastic
constants of veneers.

)

Calculate the anisotropic ratio K¢ and the
complex coupling factor e’ of veneers by
Eq.6.

l

Determine the veneer composition of the
plywood.

l
Calculate the anisotropic ratio K by Eq.13.
E' and tand in principal directions by
Egs.13 and 15.

!
Calculate the coefficient of restriction for
twisting « by Eq.16.

!
Calculate Ej; and tandys in the direction 45°
from the fiber direction of the face veneer
by Egs.9 and 10.

]
Calculate E' and tand in an arbitrary
direction by Jenkin’s equation of complex
variables.

Fig. 5. Flow chart for predicting the dynamic
Young’s modulus and loss tangent of
plywoods.
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