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Abstract : It was calculated using empirical formulas for the weight of Tetrapod, which was a representative armor
unit in the rubble mound breakwater in Korea. As the formulas were evaluated from a curve-fitting with the result
of hydraulic test, the uncertainty of experimental error was included. Therefore, the neural network and M5' model
tree were used to minimize the uncertainty and predicted the stability number of armor block. The index of
agreement between the predicted and measured stability number was calculated to assess the degree of uncertainty
for each model. While the neural network with the highest index of agreement have an excellent prediction
capability, a significant disadvantage exists that general designers can not easily handle the method. However,
although M5' model tree has a lower prediction capability than the neural network, the model tree is easily used by
the designers because it has a good prediction capability compared with the existing empirical formula and can be

used to propose the formulas like an empirical formula.
Keywords : Tetrapod, Artificial neural network, M5' model tree, Index of agreement
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Fig. 1. Comparison of the stability number of Delft hydraulic(1987)
with MOMAF(2001a) using van der Meer's (1988) formula.
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Table 1. The value of N, and &, for fixed damage levels

Case cot o T, N, N, 1000 fmlooo N, .3000 55000

z od s K

15 14 00 176 358 176 358
15 14 05 244 304 229 3.08
1.5 1.4 1.5 Out of the Rayleigh distribution
15 17 00 176 358 176 358
15 17 05 261 356 243 385
Delft 15 17 15 310 325 280 347
hydraulic
(1o87) 15 22 00 243 484 228 497
15 22 05 303 430 285 440
15 22 15 333 406 314 422
15 295 00 222 667 213 7.03
15 295 05 317 563 284 585

1.5 295 15 370 527 322 563

133 192 05 20 454 -
133 192 1.0 3.12 3.63 - -
MOMAF 133 192 1.5 322 358 - -

(20012) 15 192 05 20 512 - -

1.5 1.92 1.0 3.17  4.07 - -
1.5 1.92 1.5 3.30  3.99 - -
4
A A A
3 —
» ] FAN
Pz A o)
O
2 O
(0]
1 T T T T T T T
1.4 1.6 1.8 2 2.2

¢ 04
Sz

Fig. 2. Relationship between the stability number and the surf sim-
ilarity parameter.
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Fig. 3. Nonlinear regression according to the number of waves with
Delft hydraulic (1987) and MOMAF (2001a).
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Fig. 4. Comparison of the stability number of Delft hydraulic(1987)
with MOMAF(2001a) using modified van der Meer's formula.
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Fig. 5. Surf similarity parameters for surging wave and plunging
wave conditions.
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Table 3. Index of agreement as various nodes of hidden layer with

Model 1
Nodes of hidden layer Model Index of agreement
1-1 0.982
10
1-2 0.964
1-1 0.976
20
1-2 0.986
1-1 0.982
40
1-2 0.975

Table 4. Index of agreement as various nodes of hidden layer with

+ B3 194 1eekR] &2 packmg density2} U]——riol g Model 2
= ZIAA I B8 29014 Delft hydraulicse} S Nodes of hidden layer Model Index of agreement
Ik 20012)2] A3 F &£,7F 3.56 22 7)1 219 2-1 0.953
41714 AF7.9} De Jong (1996)2] AdeA] £ 7} 3.56K T} 10 22 0.943
Z A3 2319 1147 ARE ARSISIT (Fig. 5). 719 2-1 0.961
AYTHCE AR P49} ATNFE w58 2 22 0953
g2l W3S Brrek] A8l Willmott (1981)2] LA 2-1 0.972
40 2-2 0.965
Table 2. Input parameters of neural network models 2-1 0.964
Model Input parameter %0 2-2 0.969
1-1 N, Notr Som 2-1 -
1-2 N, N,y Som tan 80 2-2 0.972
2-1 N, N, &, (D), AR/D,) 100 2-1 0.969
2-2 N, N, &, tan a, fd), AR/D,) 2-2 0.965
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Fig. 7. Comparison of the stability number of Model 1-1 of ANN
and the physical test.
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Fig. 8. Comparison of the stability number of Model 1-2 of ANN
and the physical test.
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Fig. 9. Comparison of the stability number of Model 2-1 of ANN
and the physical test.
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Fig. 10. Comparison of the stability number of Model 2-2 of ANN and
the physical test.
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Table 5. Comparison of index of agreement between the empirical
methods and the neural networks

Method Index of

agreement
van der Meer (1988) 0.896
empirical Modified van der Meer 0.922

method

Modified van der Meer & De Jong (1996)  0.919
Model 1-1 0.982
neura] MOdel 1-2 0.986
network Model 2-1 0.972
Model 2-2 0.972

4.1 M5' model tree

ok AofA JFAIES o83l ITE A5sISiTt
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O FHEA 7] wlitel, 7|Ee] Al et
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e 53] Al B Helxls AZEYY 8 7]
o] 3lL4Q1l M5' machine learning S AHE-SHT}. Tre
] Fr(true) 0= 73k WS model treetal Sf
(false) .2 F-5F-3H= WH-2S regression tree2}al 3HC}.
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4.2 M5' model tree 2
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Table 6. Index of agreement of M5’ model tree with Model 1

Model  Index of agreement number of rules in the tree
1-1 0.969 7
1-2 0.969 7
2-1 0.959 19
2-2 0.959 21
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Fig. 11. Comparison of the stability number of Model 1-1 of M5'
model tree and the physical test.
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Fig. 12. Comparison of the stability number of Model 2-1 of M5'
model tree and the physical test.
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