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Table 1- Material parameters after back analysis in numerical model
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Table 2 - Additional characteristics of materials in the hardening behavioral model
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Figure 5- Three-dimensional mesh (left) and the reservoir level and ferriatic line at the end of construction of the HS
model (right)
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Figure 6 - Soil stress changes of section 19, the last stage of fill in the hardening model (HS)
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Figure 8 - RMSE values for different combinations of inputs in TPC19.1 cell
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Table - Comparison of numerical and hybrid models in estimating the total soil stress of TPC19.1 cell
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Table 4 - Optimal values of NNA algorithm in NNA-ANN hybrid model
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Table 5 - Results of neural network model in all sections of Kaboudwal Dam
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Figure 11- Soil stress results of numerical model and instrumentation of Masjed Soleiman dam
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Table 6 - Comparison of numerical model and artificial neural network in estimating soil stress of Masjed Soleiman
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Introduction

The stress created in the soil significantly affects its engineering behavior. Changing its
value during the construction of earthen dams causes volume change and shear strength,
causing rupture, soil compaction and settlement in earthen dams. So measuring soil stresses
of dams is essential that it is done by instrumentation installed. Artificial intelligence models
such as artificial neural networks for modeling many engineering applications. Also by
extending the meta-heuristic algorithms, combined with neural networks have become very
popular due to more accurate results.

Methodology

In this study, the cross-section 19 (cross-section of the middle part of the body and dam
foundation) for the modeling of soil stress were used during the construction of the dam
Kaboud-val. Also Kaboud-val dam instrumentation data (derived from Golestan Regional
Water Co.) was used at the time of construction during the period of 4 years. Type and
number of input data is the most important thing in modeling artificial intelligence. By
examining data TPC19.1 cells in section 19 in Kaboud-val dam, embankment alignment (F),
the water level of the reservoir (R), the construction of the dam (T), speed filling and
dewatering speed was selected for input. The soil stress (P) in the body of the dam during
construction, intelligent model was selected for output. This process is most effective in a
subset of features from the set of input features according to the least error, selected and
additional features will be removed. In this research, a meta-algorithm (artificial neural
network (NNA) algorithm) is combined with an artificial neural network (ANN) that has the
ability to predict complex and nonlinear relationships and extracts effective features for
modeling soil stress with appropriate accuracy. In this study, the most effective features in
soil stress modeling were determined in a case study (Kaboud-val Dam) using the NNA-
ANN hybrid algorithm and a comparison was made between the results of the hybrid model
and the numerical model. Five features include reservoir level, fill level, dam construction
time, impounding velocity and fill velocity was selected for the input.

Results and Discussion

Using hybrid algorithm and feature selection method, a combination of three features,
including reservoir level, fill level, dam construction time (with RMSE equal to 0.5024)
were the most effective features in modeling soil stress in the selected cell. The results
showed that the hybrid model in Kaboud-val Dam (with values of R?, RMSE, MAE and NS
equal to 0.9943, 25653, 1.9973 and 0.9999, respectively) has better performance in
modeling soil stress than the numerical model. (With values of R?, RMSE, MAE and NS
are equal to 0.9625, 26.2567, 16.6725 and 0.9772, respectively). The results showed that the
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reduction in the input features to reduce the time and cost reduction is more economical and
more effective. Because with the increase in the number of features in the hybrid model, the
increase in modeling accuracy did not occur. Sensitivity analysis showed that the dam
construction time and fill level, of the highest sensitivity factor, the most important feature
of the model is the total stress in cells. Modeling with the mentioned features, in another
dam with a new construction site and new geotechnical specifications (Masjed Soleiman
Dam) showed that the use of artificial intelligence model according to statistical indicators
has more accurate answers than the numerical model.

Conclusion

The results showed that the use of artificial intelligence methods in the design and initial
estimates of soil stress parameters in earthen dams instead of using numerical methods has
high reliability and accuracy. The combination of input data in the hybrid model under study
is suitable for Kaboud-val dam and Masjed Soleiman dam and the appropriate combination
should be used for each construction site. By completing the number of data in different
sections of the dam and the number of construction sites in areas with similar climate and
geotechnical conditions, a design software can be obtained to predict the amount of soil
stress during construction in the body and foundations of earth dams.
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