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Abstract

Introduction: Hydraulic phenomena are typically studied in the laboratory; thus, it appears
necessary to employ a method that minimizes the number of experiments, saves time and
money, and maintains reasonable accuracy; one such method is the Taguchi method. To this
end, the Taguchi method and response level were used to evaluate the efficiency of trapping
and sedimentation in the pond of the laboratory model and introduce the effective parameters
(Dalir et al., 2021). Ranjbar-Zahedi et al. (2021) used the 27 proposed Taguchi experiments to
determine the optimal structure's size and location and minimize local scouring around the
bridge piers and the number of experiments. Atarodi et al. (2020) designed geometric
decompositions using the Taguchi and Taguchi-GRA methods. In the present study, in
addition to utilizing the Taguchi property for reducing the number of studies examining a
stable RipRap size around the bridge piers (number of experiments in the experimental part
and number of responses in the neural network), Taguchi optimization and prediction (a less
studied property) was used. Then, the Taguchi prediction results were compared to the
artificial neural network (ANN) results for validation.

Methodology: The Taguchi method was examined to reduce the number of experiments and
propose different, but limited compounds for study. Additionally, the results were analyzed
using the mean graph and the signal-to-noise ratio (S/N), and the optimal parameter
combination was introduced. Furthermore, the ANOVA table was used to determine the
effects of each parameter level and, finally, the effective parameters. To evaluate the results,
the predictive property was used to compare the results of Taguchi method to the results of
the ANN. It should be noted that the Taguchi method was used to adjust adjustable
parameters of the neural network for the stone crushing failure phenomenon. To determine
the stable size of the RipRap around the bridge piers for scouring protection, 145 research
laboratory data were analyzed (Karimaie Tabarestani and Zarrati, 2013). Four parameters
were determined using these data: flow rate in six levels, rock size, and ratio. The length of
bridge pier to width ratio and pitch angle relative to the flow direction were examined at three
levels. Moreover, the adjustable components of neural network were examined at three levels,
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including the four components of the number of neurons in the first and second hidden layers,
the training function, and the transmission function in each layer. Finally, the neural network
results were compared to the Taguchi prediction results.

Results and Discussion: Compared to the results of Karimaie Tabarestani and Zarrati (2013)
and the complete factorial method, the Taguchi method eliminates 87 and 89% of tests,
respectively, while saving time and money. To this end, a stable RipRap size was designed
around bridge piers to prevent scouring through the Taguchi method. The results of the
Taguchi analysis revealed that the maximum flow depth required for crimping stability occurs
when the flow rate is 0.06 m3 / s, d50 is 0.00205 m, L is 35 m, and O =20 is 20 degrees, and the
most effective parameter Q was introduced in this regard. Additionally, the best ANN based
on Taguchi's optimal combination based on S/N diagram analysis will have three layers and a
correlation coefficient (R) of 0.971 when the first and second hidden layers contain seven
neurons each. The neuron is a training function for tranlm, and each layer has a transmission
function of tansig. Moreover, ANOVA analysis indicated that the transfer function was the
most effective factor, with a participation rate of 95.07%. Finally, the Taguchi-assisted neural
network (detection coefficient of 0.94) was superior to the Taguchi method (detection
coefficient of 0.79) in predicting the results of designing a stable RipRap size around bridge
piers to prevent scouring.

Conclusion: This study demonstrates that by utilizing the Taguchi orthogonal array table and
analyzing its results in the experimental section, the optimal parameter combination can be
determined with a limited number of experiments, and the optimal solution can be predicted.
Furthermore, the Taguchi method is a suitable alternative to the trial and error method for
adjusting neural network parameters. Also, the Taguchi method produces sufficiently
accurate results when designing neural network parameters.
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compared to full factorial method
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Table 3 The optimal combination proposed by Taguchi

Levels of Parameters Response
Method
Q (md¥/s) dso (m) L (m) 0 (degree) Y (m)
By Means & S/N 0.006 0.00205 35 20 0.462
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Table 4 The results of the ANOVA table and the participation of each parameter

Degree freedom  Squares sum

Mean Squares sum

Percentage of

Parameter (DF) (sS) (MS) Variance (V) o ricipation (P)
Q (ms) 5 383.889 76.778 279.97 64.71%
dso (m) 2 133.103 66.552 242,68 22.42%
L (m) 2 8.64 4.320 15/75 1.37%
0 (degree) 2 63.844 31.922 116.4 10.71%
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Table 5 Levels of important parameters for ANN

Number Level Level Level

Parameter of
1 2 3

Levels
Number of
neurons in 3 7 8 9
first layer
Number of
neurons in 3 7 8 9
second layer
Traln_lng 3 trainl  trainos trainr
function m S
Transfer 3 lagesi  pureli tansig
function g n
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Table 6 Analysis results for five replications in ANN

Number Number R in different iterations
I(\)lfusrgi) j; n euorf ons n euorf ons IJ 23;8 r? ']!'ur r?gtsi];er: Ite rition Ite rgtion Ite rgtion Ite rjtion Ite rgtion rs'gt\: o
inlayerl inlayer2
1 7 7 trainlm Logesig 0.740 0.742 0.740 0.742 0.742 -2.606
2 7 8 Trainoss  Purelin 0.862 0.862 0.863 0.862 0.863 -1.283
3 7 9 Trainr Tansig 0.945 0.945 0.945 0.945 0.945 -0.491
4 8 7 Trainoss  Tansig 0.934 0.934 0.947 0.947 0.947 -0.357
5 8 8 Trainr Logesig 0.606 0.606 0.665 0.743 0.743 -3.553
6 8 9 Trainlm Purelin 0.861 0.861 0.861 0.861 0.861 -1.299
7 9 7 trainr Purelin 0.850 0.850 0.850 0.850 0.850 -1.411
8 9 8 Trainlm Tansig 0.964 0.964 0.964 0.964 0.964 -0.318
9 9 9 trainoss  logesig 0.724 0.724 0.719 0.721 0.721 -2.831
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Fig. 3 Taguchi’s output in Minitab for the mean S/N in ANN
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Table 7 Taguchi's optimal combination for the best ANN

Number .Of . R in different iterations
neurons in Training  Transfer
| layer  function function  Iteration Iteration Iteration Iteration Iteration
ayerl
2 1 2 3 4 5
SKI 7 7 trainim tansig 0.971 0.971 0.970 0.970 0971 -0.053
Esman sras 8D e Sl oo 2 ot A Jgoa
Table 8 Participation of each factor in the best ANN
Fact Degree freedom Squares sum  Mean Squares sum Percentage of
actors
(DF) (SS) (MS) participation (P)
Number of neurons in layerl 2 0.186 0.093 1.76%
Number of neurons in layer2 2 0.074 0.0.37 0.70%
Training function 2 0.262 0.131 2.47%
Transfer function 2 10.079 5.039 95.07%
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Fig. 5 Evaluation diagram of the validation results using Taguchi and ANN
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Table 9 Comparison of the optimal combination and responses of TM and ANN

Optimization Levels of parameters
. Type of analysis Y (m)
Algorithm Q(m¥s) dso(m) L(m) O (degree)
TAGUCHI mean of means 0.06 0.00205 35 20 0.586
ANN mean of S/N 0.05 0.007 25 20 0.216
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