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Abstract: [Objective] To provide a new method for the online non-destructive determination for modulus
of elasticity (MOE) in two main directions of a full-size plywood panel, the vibration determination for
MOE in two main directions of a full-size plywood panel simply supported on two opposite sides was
studied. [Method] 20 pieces of full-size plywood panels with four different thicknesses were used as study

objects. The modal sensitivity analysis and experimental modal analysis of full-size plywood panels simply
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supported on two opposite sides were performed using finite element software COMSOL Multiphysics and
the PULSE vibration test system. The frequencies of needed modes were obtained by a vibration detection
method for MOE of the full-size plywood panel proposed in this study, then incorporated into a vibration
detection algorithm of the dynamic MOE in two main directions of a full-size plywood panel. In order to
verify the accuracy of the dynamic MOE values measured, the static MOE values in two main directions of a
full-size plywood panel were also obtained through three-point bending test. [Result] The frequencies of
free vibration modes (2, 0) and (2, 2) as the first and seventh modes in the first nine modes of the full-size
plywood panel were conducted for calculation of MOE in the length and width directions of the panels,
respectively. The results revealed that thickness variation had no effect on the ordering of the first nine
modes for the full-size plywood panels. The dynamic MOE values were greater than the static ones of the
full-size plywood panels, and there existed inhomogeneity of mechanical properties for the full-size plywood
panels with the same thickness. Dynamic MOE had a strong correlation with static MOE in both length and
width directions of the full-size plywood panels (R* = 0.907 and 0.655, respectively). [Conclusion] It is
feasible for determining MOE of a full-size plywood panel based on two-opposite-side vibration and
vibration detection algorithm for MOE.
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Tab. 1 Coefficient values of the natural frequency

expression

52 F% J7 ) Width direction K J7 1] Length direction

L A Value FH HUH Value
Coefficient m=2 Coefficient n=0 n=2

P 1 P, 0 1.506
I, 1 I, 0 1.247
I 1 Iy 0 5.013
K, 0 K, 1.883 5.328
L, 0 L, 0 0.182
M, 0 M, 0 3.584
Piyizy 3 P12y 1.506 3.500
Loni2) 9 Loz 1.247 10.022
Jn12) 9 Jins2) 5.013 18.935
Kin2) 0 Kz 5.328 6.092
L2 0 Lz 0.182 0.999
M2 0 M2 3.584 7914

W POL UKL LRIMYS )y 5 R RGP S IR B AH 50 10 R % LI
5] 2% CHR[8]. Notes: P, I, J, K, L and M are the coefficients
related to mode shapes of full-size plywood panel, and the values of
these coefficients are cited from reference [8].
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Tab. 2 Initial parameters for calculated mode

analysis of full-size plywood panels simply supported on two opposite sides

FRPERE

> Modulus of elasticit DI DB SR 2% RE
LLEELES MOE)/MP Y Shear modulus/MPa AR LL HE JRsf
Panel type ( )/MPa Poisson’s ratio (vy,) Density/(kg'm™) Dimension
E, E, Gy G,. G,,
JE B Plywood 5200 6 950 950 170 220 0.039 574 2440 mm x 1221 mm x 18 mm

T R AR 5] B 22 SCER[10]s (13111410 EJRE, 53 59 8 RUBE A B BERN 58 B D7 e I BB, G G NG 0 R AR U5 B -y y-2
x-z VI P IIBT YIS R . TRl Notes: data in the table are cited from reference [10], [13] and [14]. E, and E, represent the MOE in length and width
directions of full-size plywood panel, respectively. G,,, G,. and G,, represent the shear modulus in the x-y, y-z and x-z planes of full-size plywood panels,
respectively. Same as below.
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Tab.3 Basic parameters of the measured full-size

plywood panels
Lz A RS P B
Panel Panel dimension Average density/(kg-m™)
PWI12 2441 mm x 1221 mm x 12 mm 541
PWI15 2440 mm x 1221 mm x 15 mm 534
PWI18 2441 mm x 1222 mm x 18 mm 532
PW20 2440 mm x 1221 mm x 20 mm 524

E:PWI12. PW15. PW18FIPW2043 AR AR FRE L A 12, 15, 18N
20 mmAIR AR - Notes: PW12, PW15, PW18 and PW20 represent the
full-size plywood panels with nominal thickness of 12, 15, 18 and
20 mm, respectively.
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Tab. 4 The first nine mode parameters of full-size
plywood panels simply supported on two opposite sides Hz

BriX Order PWI12 PWI15 PWI18 PW20 #&%! Vibration mode

1 31 36 43 45 @,0)
2 64 15 91 94 @
3 113 138 167 172 3.0
4 153 173 222 246 )
5 248 302 340 350 (4,0)
6 298 346 422 430 @
7 310 382 467  49.0 2,2
8 352 432 543 565 (3.2
9 485 570 700 710 @,2)

B 3 BN (2, 004 (2, 1) (3, 00, (3, 1), (4,
0). (4, 1D, (2, 2). (3, 2)F1(4,2), Hf, 5 1.3 Al
5 B HR AL 3 NI BE T A 243 Fl 4 27154k
2k as i, 55 2.4 A1 6 MBS HR AL 7 5l iR K B T

G A 20 3 A1 4 25719 20 IR 25 il AN LA 1 8, 5 7
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Fig. 7 The first nine mode shapes of full-size plywood panels simply supported on two opposite sides
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Tab. 5 Results for MOE values of full-size plywood panels measured by two methods

YR3N¥Z Vibration method Fp 259 Static method
A1 Panel MOE
E! E} ES Ey
“FHJ{H Mean value/MPa 7057 6 841 5864 5964
PR % Standard deviation/MPa 481 210 410 178
PWi2 25 5 280 Coefficient of variation/% 6.8 3.1 7.0 3.0
HXT 2 Relative deviation/% 20.4 147
“F-¥){8 Mean value/MPa 5151 6954 4625 6262
FrHEfR % Standard deviation/MPa 470 267 360 211
PWIS A8 5 Z M Coefficient of variation/% 9.1 3.8 7.8 3.4
A% i 2 Relative deviation/% 11.4 11.0
“FHJ{H Mean value/MPa 4 846 6 886 4383 6619
FrifEfR 2 Standard deviation/MPa 460 144 362 126
PW18 A7 53 Z ¥ Coefficient of variation/% 9.5 2.1 8.3 1.9
AHXT i 22 Relative deviation/% 10.6 4.0
“FHJ{H Mean value/MPa 5358 5755 5041 5644
PR % Standard deviation/MPa 863 260 733 270
w20 AR 5 2% Coefficient of variation/% 16.1 4.5 14.5 4.8
FAXF 2 Relative deviation/% 6.3 2.0

VE: AR R B = AR 2 T AR R 2 = (BhAS AR — ER AR /B S PR A B . Notes: coefficient of variation is the ratio of standard
deviation to mean value; relative deviation is the ratio of difference between dynamic MOE and static MOE to the static MOE.
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Tab. 6 One-dimensional linear regression and related parameters of MOE of full-size plywood panels measured by two methods

MOE L) i y=hotr UES S o Pt R
Panel Number P r Correlation coefficient F value Significance
PWI12 5 0.812 134.225 0.952 29.329 0.012
PW15 5 0.704 996.482 0.921 16.733 0.026
E, PW18 5 0.754 727.515 0.957 32.957 0.010
PW20 5 0.841 534.570 0.991 157.710 0.001
PW 20 0.691 1107.289 0.965 246.123 0.000
PWI12 5 0.771 690.256 0911 14.635 0.031
PW15 5 0.693 1 440.095 0.878 10.062 0.050
E, PW18 5 0.839 842.478 0.961 36.134 0.009
PW20 5 1.028 —272.761 0.993 206.327 0.001
PW 20 0.616 2052.229 0.809 34.185 0.000

ey = ke + 1 ROy B R B R SR B A A HERL R, B R% o H . Notes: in the formula y = kx + 1, x and y represent the
dynamic and static MOE of full-size plywood panel, respectively, & is the regression coefficient and r is a constant.
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