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In this study, an Artificial Neural Networks (ANN) model is built and verified for
quick estimation of the structural parameter obtained for a concrete gravity dam section due to
seismic excitation. The database of numerous inputs and outputs obtained through Abaqus which
are further converted into dimensionless forms in the statistical software (MATLAB) to build the
ANN model. The developed model can be used for accurate estimation of this parameter. The
results showed an excellent capability of the model to predict the outputs with high accuracy

and reduced computational time.
© 2016 Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Like other civil engineering structures concrete gravity dams
are one of the important structure in the service of human
civilization from centuries. They are generally built for mul-
tiple tasks and to serve for decades. Being an important civil
engineering structure, it requires proper qualified engineer-
ing attention at analysis, design, construction and service
stages. However, its behaviour prediction for proper analysis
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and design is a quite complex subject, which requires
extensive knowledge database of mass concrete properties,
ageing effect behaviour, dam-foundation-reservoir inter-
action, site specific conditions etc. In addition to this,
the concrete gravity dam has to experience some major
or minor seismicity during its lifetime, this aspect makes
the problem even more challenging. To predict the non-
linear seismic behaviour of concrete gravity dam, there are
several readymade software’s available, but they require
much computational time. To overcome this problem sev-
eral researchers have suggested neuro-modular tool for
the behaviour prediction of concrete gravity dam. Arti-
ficial Neural Networks (ANNs) are a family of statistical
learning models inspired by biological neural networks (i.e.
Human Brain) (Haykin, 1999). It is used to estimate or
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Figure 1  Geometries considered: (a) for training and (b) for prediction.

approximate certain functions which are generally depend

on a large number of inputs and are generally unknown

(Tully, 1997). Artificial Neural Networks are generally pre-

sented as systems of interconnected ‘‘neurons’’ which

exchange messages between each other to predict the out-

put variables (Shiffman, 2003). Neural networks can be
composed of a single layer or many layers, according to
the complexity of the architecture of the network (Haykin,

1999). There are several studies available in the literature
conducted for the nonlinear analysis of concrete gravity
dams based on Artificial Neural Network (Joghataie and
Dizaji, 2009; Al-Suhaili et al. 2014; Joghataie and Dizaji,
2011; Wang and He, 2007; Hu et al. 2012 and Joghataie and
Dizaji, 2013). All the above mentioned studies are focused
on different aspects of concrete gravity dams like dam-
reservoir-foundation interactions (Al-Suhaili et al. 2014),
deformation behaviour (Hu et al. 2012), and nonlinear hys-
teretic response (Santillan et al. 2013) etc. and are generally
based on the behaviour of concrete gravity dam with par-
ticular geometric configuration. However, the non-linear
behaviour of concrete gravity dams is largely dependent on
its geometry. Therefore, a specific study is needed to be
conducted on ANN based prediction of non-response param-
eters of the concrete gravity dam which would include the
geometrical configuration effects.

Data generation and training of neuro-modeler

Problem which deals with non-linear seismic behaviour
prediction of concrete gravity dam has large number of

parameters which vary site to site conditions. Some of
the important parameters are geometrical configurations
of dam, foundation properties, reservoir depth, height of
the dam, site specific seismic conditions etc. Dealing with
each of the parameter in the problem would be quite com-
plex and time consuming task. Therefore, present study is
framed to establish a neuro-modeler based on Artificial Neu-
ral Network, which can be used to deal these parametric
variations in the single stretch of computation time. As the
first study on the subject is to prepare a controlled precise
data for training and testing of the neuro-modeler so that
the precision of the method could be evaluated. A commer-
cially available analysis software (ABAQUS) is used to obtain
the data of both inputs and outputs related to non-linear
seismic behaviour of concrete gravity dam. The considered
geometries in the study are typical geometries which are
generally used in construction of concrete gravity dams and
are dependent upon the height of the dam: Fig. 1(a) shows
the considered geometries of dam for training of the neuro-
modeler. Fig. 1(b) shows the geometry of dam for prediction.
To obtain the sufficient data on nonlinear behaviour of
concrete gravity dam, incremental dynamic analysis (IDA)
(Vamvatiskos and Cornell, 2002) is performed consider-
ing each geometric configuration. Fig. 2 shows comparison
between IS 1893 (2002) design spectrum with mean spec-
trum selected ground motions normalized (FEMA-P695,
2009) and scaled to 1.0¢g hazard level.
Based on the acquired data, efficiency of the neuro-
modeler is verified. Training of neuro-modeler is done
using Matlab. Neuro-modeler uses certain values of input



434

Mohd. Sagib et al.

“”

s Moz Speciruin
———15-1893 (Zune IV) Spatru

0 s 1 1.5 2 25 3 3s 3
Time period (Sec.)

Figure 2  Acceleration response spectra.
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Figure 3  Efficiency of the neuro-modeler.

parameters and output parameters as network object to
store all of the information that defines a neural network.
There are seven general steps used by neuro-modeler for
neural network design process given as follows: 1 — Data col-
lection. 2 — Network creation. 3 — Network configuration.
4 — Weights and biases initialization. 5 — Network training.
6 — Network validation. 7 — Network used. A direct rela-
tion could be obtained using an ANN model, which needs a
database of the set of output variables related to the respec-
tive input variables. In the study, peak ground acceleration
(PGA), arial intensity (IA), destructiveness potential factor
(P4), maximum spectral acceleration (Sa(max)) and spec-
tral acceleration at structure’s first mode period (Sa(5%, T)),
are representative parameters of selected ground motions
used as inputs and the Max. Crest displacement as target are
considered.

The reason for using representative parameters as inputs,
instead of complete time history is to reduce the computa-
tional time. Levenberg—Marquardt backpropagation method
(Nourani et al. 2008) is used for training of the neuro-
modeler. After training the neuro-modeler for different sets
of geometries, crest displacement of the geometry of dam
can be calculated which were not used in training. Curve is
plotted between the % error of the crest displacement of
the predicted geometry (H=103m) to the total number of
geometries (Fig. 3).

Discussions and conclusions

From the study conducted herein, the following conclusion
can be deduced:

1. The ANN modelling technique used for obtaining a
model of direct estimation of the output variable (crest
displacement) for a given set of independent vari-
ables (PGA, IA, P4, Sa(max), Sa(5%, T)) are found
to be capable to estimate the dependent variables
accurately.

2. Results obtained by the ANN model for the geometry in

such a way that are not exist in the database used for
building the ANN model with their corresponding results
of these cases using ABAQUS software, indicates the
capability of this model to give very accurate results.
The % error for the four geometries varies from 20 to
4 respectively. This variation of error represents that if
have more number of samples for training the error has
monotonically reduced.

3. One of the benefits of this approach is that once the
neuro-modeler is trained, it can be used in the analy-
sis directly to replace the integration methods and thus
can significantly reduce the time required for analysis.
However the method requires a considerable time for
the training of the neuro-modeler.

References

Al-Suhaili, S.H.R., Ali, M.A.A., Behaya, K.A.S., 2014. Artificial
Neural Network modeling for dynamic analysis of a dam
reservoir-foundation system. J. Eng. Res. Appl. 4 (1 (2)),
121—-143.

FEMA-P695, 2009. Quantification of Building Seismic Performance
Factors. Federal Emergency Management Agency, Washington,
DC.

Haykin, S., 1999. Neural Networks: A Comprehensive Foundation.
Prentice Hall, ISBN 0-13-2733501.

Hu, W., Zhang, F., Song, L., 2012. Merging model of dam deformation
analysis based on neural network. Appl. Mech. Mater. 170—173,
2137—-2142.

Joghataie, A., Dizaji, S.M., 2011. Transforming results from model
to prototype of concrete gravity dams using neural networks. J.
Eng. Mech. ASCE 137, 484—496.

Joghataie, A., Dizaji, S.M., 2009. Nonlinear analysis of concrete
gravity dams by neural networks. In: Proceedings of the World
Congress on Engineering, vol. Il.

Joghataie, A., Dizaji, S.M., 2013. Designing high-precision fast non-
linear dam neuro-modelers and comparison with finite-element
analysis. J. Eng. Mech. ASCE 139, 1311—1324.

Nourani, V.A., Mogaddam, A., Nadiri, A.O., 2008. An ANN-based
model for spatiotemporal groundwater level forecasting. Hydrol.
Process. 22, 5054—5066.

Santillan, D., Ardanuy, F.J., Toledo, A.M., 2013. Dam Seepage
Analysis Based on Artificial Neural Networks: The Hysteresis Phe-
nomenon. [JCNN, Madrid, Spain, pp. 1-8.

Shiffman, D., 2003. The Nature of Code, ISBN-13: 978-0985930806.

Tully, S.H., (M. Tech. dissertation) 1997. A Neural Network approach
for predicting the structural behavior of the concrete slabs. Fac-
ulty of Engineering and Applied Science, Memorial University of
New Found Land, Canada.

Vamvatiskos, D., Cornell, C.A., 2002. Incremental dynamic analysis.
Earthq. Eng. Struct. Dyn. 31 (3), 491-514.

Wang, S.B., He, C.Z., 2007. Crack detection of arch dams using
statistical neural network based on the reduction of natural
frequencies. J. Sound Vib. 302, 1037—1047.


http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref1015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0010
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0015
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0070
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0025
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0030
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0075
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0080
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0085
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0055
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0055
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0055
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0055
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0055
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0055
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0050
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0060
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065
http://refhub.elsevier.com/S2213-0209(16)30121-5/sbref0065

	Effectiveness of ANN for seismic behaviour prediction considering geometric configuration effect in concrete gravity dams
	Introduction
	Data generation and training of neuro-modeler
	Discussions and conclusions
	References


