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Fig. 2. Longitudinal component of the Taft Earthquake
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Fig.3. Vertical component of the Taft Earthquake
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Fig. 1. Finite element mesh of the Pine Flat dam body
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orthotropic analysis with an anisotropy ratio of 1.2
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Difference Displacement

Displacement

disgfg\gfﬁZntS eqrjr;?;ns from (E:Tr:;i lysis  En/Ev
(m) (m)
0.000 0.031 0.031 1.1
0.000 0.035 0.035 12
0.001 0.039 0.040 1.3
0.001 0.042 0.043 14
0.001 0.046 0.047 1.5
0.002 0.049 0.051 1.6
0.001 0.053 0.054 1.7
0.000 0.057 0.057 1.8
0.000 0.060 0.060 1.9
-0.001 0.064 0.063 2

Table 1. Longitudinal displacements obtained from
Equation and analysis
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Fig. 6. Displacement envelope of dam in the longitudinal
direction for orthotropic state with an anisotropy ratio of 1.2
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Fig. 7. Comparison of time history analysis results obtained from finite element analysis (FE) and predicted model
(PM) in Pine Flat dam with an anisotropy ratio of 1.4
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Fig. 8. Comparison of time history analysis results obtained from finite element analysis (FE) and predicted model
(PM) in Pine Flat dam with an anisotropy ratio of 1.8

)



_}b‘fﬂ)"ﬂ“}wdl}*’)

WP SR = S W AN TN RN

VY 6 Slianl cd L cls b a5 PMD) i i 5 (FE) 55000 0ldl g5 51 Lol e s azess 55 El amlie 4SS

0/05
0/04
0/03
0/02

Uy [m]

0/01
0/00
-0/01
-0/02

t[s]

Fig. 9. Comparison of time history analysis results obtained from finite element analysis (FE) and predicted model
(PM) in Pine Flat dam with an anisotropy ratio of 1.3
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Fig. 10. Comparison of time history analysis results obtained from finite element analysis (FE) and predicted model
(PM) in Pine Flat dam with an anisotropy ratio of 1.7
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Abstract:

Dams are structures whose continuous evaluation is of great importance. Due to their large scale,
experimental study of concrete dams is difficult and therefore, the numerical simulation is used in the
dynamic analysis of such dams more effectively. Despite the widespread use of concrete, our knowledge on
its exact properties and physical behavior under different conditions is still limited, and many assumptions
and simplifications are made to study the concrete behavior in most studies. This is especially complicated in
mass concrete structures such as concrete dams. The presence of joints in most concrete structures is
common and inevitable. Lift joints in dams cause different characteristics in vertical and horizontal planes. In
fact, this is a special type of anisotropy that follows axial symmetry with respect to any vertical axis, which
means that the mechanical behavior is the same in all horizontal planes. The mechanical behavior in all
vertical planes passing through the axis of symmetry is also the same, however, it is different from the
behavior of horizontal planes. Since the lift joints are usually ignored in the numerical analyzes of concrete
dams, in the present paper, taking into account the orthotropic behavior of concrete, the concreting joints that
cause weakness in specific positions and directions of the dam body are included. First, non-linear seismic
analyzes were performed using FEAP finite element software, then a Fortran program was coded to predict
the time history of displacement. The proposed method draws upon evolutionary algorithms inspired by
Darwinian biology, which are increasingly utilized as surrogate models for various analyses. This approach
relies on data-driven learning, wherein algorithms, based on training or sample data, generate a mathematical
model for making predictions. The Pine Flat dam was modeled and analyzed under the Taft earthquake
loading over a 20 second time interval with 0.02 second time steps. After successful training and learning,
the model was compared and tested for other anisotropy ratios. The purpose of developing the program was
to reduce the time required for analyzes so that by analyzing the initial seconds of seismic loading, by
importing training inputs to the program, a proper prediction of the response process for the rest of the
loading time could be obtained. In addition, by training the program for the isotropic and orthotropic modes,
time history diagrams could be extracted for other orthotropic modes in different anisotropy ratios.
According to the obtained results, the program is acceptably able to predict the graphs in a very short time. In
addition, an equation for predicting the displacements in the orthotropic mode is presented. The maximum
displacement of the orthotropic analysis was more than the isotropic one, and the use of isotropic material
and homogeneous modeling of the dam body caused errors in the results. Therefore, considering the
orthotropic properties of concrete can lead to more realistic results. The results reveal that time history plots
derived from the implemented program closely resemble those from finite element analyses. The output
results are remarkable, given the significantly reduced time required for predictions generated by the
implemented program.

Keywords: lift joints, orthotropic behavior of concrete, seismic behavior, concrete dam
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