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Abstract
Inspired by deep learning applications in structural mechanics, we focus on how to train two predictors to model the relation between the vibrational response of a prescribed point of a wooden

plate and its material properties. In particular, the eigenfrequencies of the plate are estimated via multilinear regression, whereas their amplitude is predicted by a feedforward neural network. We

show that labeling the train set by mode numbers instead of by the order of appearance of the eigenfrequencies greatly improves the accuracy of the regression and that the coefficients of the

multilinear regressor allow the definition of a linear relation between the first eigenfrequencies of the plate and its material properties.
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Frequency Prediction

Elastic constants distributions

G10:  𝑥 ~ 𝑥0 1 + 𝑁(0,0.1) U50:  𝑥 ~ 𝑥0 1 + 𝑈(−0.5,0.5) U75:  𝑥 ~ 𝑥0 1 + 𝑈(−0.75,0.75)

Multi-Linear Regression (MLR) used for the material-frequency 

relation

Regression tried with the frequency dataset ordered by

• Appearance of peaks inside the plate response

• Mode labeling (requires identification of the modes, first)

Worst case scenario:

mode (2,0) vs. fourth peak

R2 = 0.921 (no labeling)

R2 = 0.994 (with labeling)

MLR Equations

𝐸𝐿 = 𝑎1 + 106 𝑏1𝜌 + 𝑐1𝑓 0,2

𝐸𝑅 = 𝑎2 + 106 𝑏2𝜌 + 𝑐2𝑓 2,0

𝐺𝐿𝑅 = 𝑎3 + 106 𝑏3𝜌 + 𝑐3𝑓 1,1
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Caldersmith’s Equations[2]
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MAPE [%] MLR Caldersmith

𝐸𝐿 0.35 0.88

𝐸𝑅 1.99 3.38

𝐺𝐿𝑅 9.22 11.77

Multi-layer Feedforward Neural Network (MFNN)[3] used for the 

material-amplitude relation
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Finite Element modeling of rectangular wooden 

plates with fixed dimensions as a function of the 

material parameters

Model Input: Density, Young’s moduli, Shear 

moduli and Poisson ratios randomly sampled 

around Sitka Spruce nominal values[1]

Model Output: Eigenfrequencies and mode 

amplitudes of a Frequency Response Function 

(FRF) evaluated at prescribed points of the plate
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• Architecture (n° neurons x n° hidden layers): 

G10 (8 x 1), U50 (14 x 1), U75 (8 x 2)

• Testing done using Gaussian test sets with 

varying std (10% - 40%)


