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Calculation of Stability Number of Tetrapods Using Weights and Biases
of ANN Model
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Abstract : Tetrapod is one of the most widely used concrete armor units for rubble mound breakwaters. The
calculation of the stability number of Tetrapods is necessary to determine the optimal weight of Tetrapods. Many
empirical formulas have been developed to calculate the stability number of Tetrapods, from the Hudson formula
in 1950s to the recent one developed by Suh and Kang. They were developed by using the regression analysis to
determine the coefficients of an assumed formula using the experimental data. Recently, software engineering (or
machine learning) methods are introduced as a large amount of experimental data becomes available, e.g. artificial
neural network (ANN) models for rock armors. However, these methods are seldom used probably because they
did not significantly improve the accuracy compared with the empirical formula and/or the engineers are not
familiar with them. In this study, we propose an explicit method to calculate the stability number of Tetrapods
using the weights and biases of an ANN model. This method can be used by an engineer who has basic knowledge
of matrix operation without requiring knowledge of ANN, and it is more accurate than previous empirical

formulas.

Keywords : artificial neural network, stability number, Tetrapod, breakwater
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Fig. 1. Structure of ANN model.
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Table 1. Input and output parameters of ANN model for Tetrapod.

Symbol Notation Minimum Maximum
H, (m) Significant wave height 0.087 0.266
7, (s) Mean wave period 1.036 2.99
&, Surf similarity parameter 2.33 6.86
N, Relative damage 0 5.75
N Number of waves 427 3078
R./D, Relative crest elevation -1.429 6.203
k, Packing density 0.88 1.02
cota a=slope angle of structure 1.333 2

N, Stability number 1.66 5.025
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Table 2. Correlation coefficient between observed and calculated
stability numbers depending on number of hidden neurons.

z 1 3 5 7 9 15 17
R 0795 0926 0980 0992 0.992 0.99% 0.998
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Fig. 2. Comparison of stability number between calculation and
observation for training data and test data.

Table 3. Statistical parameters of the results for training and test

data sets.
R RMSE I,
Training data (70%) 0.980 0.110 0.996
Test data (30%) 0.901 0.180 0914
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Table 4. Statistical parameters of the results for training and test data sets for different numbers of data.

Case Number of data R 1,
Total Training Test Training Test Training Test
0 286 0.990 0.995
1 286 200 86 0.986 0.900 0.997 0.934
2 200 140 60 0.986 0.819 0.997 0.850
3 140 98 42 0.999 0.748 0.999 0.817
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Fig. 3. Procedure for calculating stability number using weights and biases of ANN model.
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Table 5. Statistical parameters of the results.

Authors R RMSE 1,
Van der Meer (1988) 0.666 0417 0.707
De Jong (1996) 0.707 0411 0.806
Suh and Kang (2012)  0.805 0.406 0.876
ANN explicit 0.990 0.080 0.995

calculation method
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