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Table 3. Values of damping coefficients a and p for the
studied environment
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Fig .1. Schematic view of retaining wall and soil in
numerical modeling
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Table 1. Properties of retaining wall materials
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Table 2. Sandy soil parameters
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Fig .3. The main record of the Sarpol Zahab earthquake
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Fig .4. The record obtained by the first step of the
wavelet filter on the Sarpol Zahab earthquake
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Fig .5. The record obtained by the second step of the
wavelet filter on the Sarpol Zahab earthquake
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dynamic time history analysis
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Table 4. Characteristics of Sarpol Zahab earthquake
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Duration of
Arias intensity strong Dominant
Records (m/sec) movement period (sec)
(sec)

Main 6.91 10.36 0.22
Level 1 6.95 10.36 0.22
Level 2 7.17 10.36 0.22
Level 3 7.72 10.96 0.22
Level 4 8.60 11.12 0.22

Table 5. Different features of records compared to the
main earthquake
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Fig. 9. Comparison between acceleration spectrums
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Fig .6. The record obtained by the third step of the
wavelet filter on the Sarpol Zahab earthquake
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Fig .7. The record obtained by the fourth step of the
wavelet filter on the Sarpol Zahab earthquake
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Fig .10. The horizontal displacement of the 5-meter-
high retaining wall under the main earthquake record
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Fig .13. Comparison diagram of the maximum
deviatoric stress under different records: 5-meter-high
retaining wall
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Fig .11. Comparison diagram of the horizontal
displacement of the 5-meter-high retaining wall under
different records
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high retaining wall
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Fig .17. Comparison diagram of the maximum
deviatoric stress under different records: 7-meter-high
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Fig .14. The horizontal displacement of the 7-meter-
high retaining wall under the main earthquake record
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Fig .15. Comparison diagram of the horizontal
displacement of the 7-meter-high retaining wall under
different records
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Fig .21. Comparison diagram of the maximum
deviatoric stress under different records: 9-meter-high
retaining wall
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Fig .18. The horizontal displacement of the 9-meter-
high retaining wall under the main earthquake record
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Table 8. Horizontal acceleration of the retaining wall
and its difference percentage in the filtered records
compared with the main earthquake
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Table 9. Deviatoric stress in the retaining wall and its
difference percentage in the filtered records compared
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Table 6. Analysis duration of the retaining wall and its
difference percentage in the filtered records compared
with the main earthquake by computer:
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Table 7. Horizontal displacement of the retaining wall
and its difference percentage in the filtered records
compared with the main earthquake
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Abstract:

Retaining structure or retaining wall is a wall that acts as supporting structure and the stability of another
structure. This wall is used for preventing collapse of soil and generally wherever lateral support is needed. The
retaining wall can be designed as gravity, cantilever and supported. Considering that the retaining walls are
essential in protecting the related structures to them, therefore, studying the dynamic behavior of these structures
is very important due to the financial and human damages. Such structures should be stable against the forces
acting on the wall. In addition to static loads, which are always an inseparable part of the calculations of such
walls, forces such as cyclic forces caused by the movement of machinery and also dynamic forces caused by
earthquake occur on the wall during the period of operation. These forces can be effected on retaining walls and
should be investigated and evaluated. Trying to investigate and analyze the dynamic behavior of different
retaining walls is one of the most challenging for different researchers.

The wavelet theory in the dynamic analysis of the issues related to civil engineering is going to be widespread.
This research aims to investigate the effect of using wavelet theory in the dynamic analyses of concrete retaining
walls. For this purpose, a soil medium along with concrete retaining walls with different dimensions (heights)
are considered. Dynamic analyses are performed based on the finite element method. In the first stage of
modeling, the Sarpol-e Zahab earthquake record is filtered during four steps using the discrete wavelet theory.
The numerical models are prepared and subjected to the available records. The percentage of the difference in
the results of the analyses done with the records obtained from the different steps of filtering record with wavelet
compared to the analyses done with the main record, along with the reduction of the time consumption, is
evaluated. As expected, the best match of the post-filtering results to the main earthquake results is for the first-
step filter. It can be seen that even the first step filter reduces the analysis time by about 60%. Based on the
obtained results, the difference between the results obtained with the filtered records becomes less compared to
the main earthquake with the increase in the height of the wall. It has also been observed that acceptable results
are still obtained, and the analysis time is reduced by almost 80% until the third step filter.

It should be noted that the Mohr-Coulomb behavioral model is used in the conducted analyzes in this research.
This behavioral model is not inherently able to model hysteresis damping behavior at low strains. Therefore, this
issue can affect the results of deformations and stresses obtained from dynamic analysis. However, the purpose
of this research is to evaluate the performance of the wavelet in the dynamic analysis of the retaining wall.
Considering that in all the analyses (both the performed analysis with the main earthquake and the performed
analyzes with the wavelet filtered records) the same structure and trend are used, it can be concluded that the
effect of using the wavelet compared to the main earthquake gives an acceptable overview and quality.

Keywords: Dynamic analysis, Retaining wall, Soil, Finite element, Wavelet theory.
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