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Abstract

Failure of earth fill dams is a great challenge in Civil
Engineering, for which one of the main causes is uncontrolled
seepage through the core and foundation of the dam. Thus
seepage analysis is one of the most important complications in
design, construction and operation of this type of dams. The
first step for seepage analysis is inspecting the piezometric
heads. In the following paper, Sattarkhan earth fill dam
piezometric heads have been analyzed via Artificial
Intelligence (Al) models and a classic black box model, based
on two scenarios. Each scenario had different input
combinations for modeling of various conditions. Later the
ensemble models have been formed via outputs of the single
black box models to improve modeling performance. Three
methods of model ensemble were considered, including simple
linear averaging model, weighted linear averaging model and
non-linear neural ensemble model. Results showed that
employing model ensemble and in particular non-linear
ensemble by neural network, improved the modeling accuracy
up to 10%. Moreover, comparing both scenarios, it is
concluded that in case of a failure of a piezometer, employing
scenario 2 can be an effective way.
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Fig. 1- Positions of the piezometers in cross section No. 2
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Table 1- Statistics of observed heads in piezometers in section No. 2
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Piezometer 207

212 216 217

Average (m)

1431.237 1431515 1434.799 1432404

Minimum (m)

1424.830 1424.890 1429.630

1430

Maximum (m)

1439.570 1439.350 1442.730 1438.250

Standard Deviation (m)

3424

3.390 3.536 2.249
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Fig. 2- Schematic diagram of ensemble model
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Table 2- Results of single models for piezometer 207 4,y =./a §i)S ol LYY jiogim clp o7 =+/¥Y L) selyb
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Fig. 3- Observed and computed results of single models for piezometer 207
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Fig. 4- Observed and computed results of single models for piezometer 217
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Table 4- Results of ensemble models for piezometer 207
VeV fogim Sy o ¥ g2 s -F Jgoa

Simple ensemble

Weighted ensemble

Nonlinear ensemble

Best comb. Xl Xl IX
Scenario 1 DC 0.9645 0.9644 0.9724
RMSE 0.9337 0.6340 0.5586
CcC 0.9824 0.9824 0.9861
Scenario 2 DC 0.9772 0.9771 0.9806
RMSE 0.5083 0.5091 0.4678
CcC 0.9891 0.9890 0.9904
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Table 5- Results of ensemble models for piezometer 217
VIV fogim 1y (o 5 sJ2e s -0 Jga

Simple ensemble

Weighted ensemble  Nonlinear ensemble

Best comb. IX IX \Y/
Scenario 1 DC 0.9322 0.9321 0.9399
RMSE 0.5827 0.5828 0.5482
ccC 0.9663 0.9662 0.9696
Scenario 2 DC 0.9647 0.9648 0.9656
RMSE 0.4203 0.4198 0.4152
ccC 0.9838 0.9838 0.9827
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1. Soft Computing

2. Artificial Intelligence (Al)

3. Artificial Neural Network (ANN)

4. Adaptive Neuro-Fuzzy Inference System (ANFIS)

5. Support Vector Machine (SVM)

6. Finite Element Method (FEM)

7. Support Vector Regression (SVR)

8. Auto Regressive Integrated Moving Average
(ARIMA)

9. Feed Forward

10. Back Propagation (BP)

11. Auto Regressive Moving Average (ARMA)

12. Determination Coefficient (DC)

13. Root Mean Square Errors (RMSE)

14. Correlation Coefficient (CC)

15. Scaled Conjugate Gradient

16. Radial Basis Function (RBF)
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