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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
scaled to the acceleration g
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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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Fig .2. Mesh and absorbent boundary conditions for
dynamic time history analysis
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Records (m/sec) movement period (sec)
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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 .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 displacementhe S-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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Fig .12. Comparison diagram of the maximum
horizontal acceleration under different records: 5-meter-
high retaining wall
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Fig .17. Comparison diagram of the maximum
deviatoric stress under different records: 7-meter-high
retaining wall
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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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Fig .19. Comparison diagram of the horizontal
displacement of the 9-meter-high retaining wall under
different records
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Fig .20. Comparison diagram of the maximum
horizontal acceleration under different records: 9-meter-
high retaining wall
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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
with the main earthquake
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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


http://dx.doi.org/ 10.22034/24.6.7
https://mcej.modares.ac.ir/article-16-68744-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

10.22034/24.6.7 ]

[ DOI:

\i'vdb/-\c)w/vi a)}:

oode Ol es L;w.x;yg.i.a}}é—wipd;u

Syl el s 038 A gl Sorpe 5058 Sl S
B) Slwlows Oloj 3 a5 LG 2alS sl Esl S ol
Syl et 358 0 (Dleals Oloj 2l o3 Av 5 pu
Sl 55 L e S Al 4 S s itk
Sl o ) e St et s plosil A
s o s e il Sk s pls
53 ok pladl Sla il 53 65 bl o L3N L el o
ool 0l osliad ol S - se ()8, e Sl Ged
s 5, 055 Jde LUl 513 sk 4 ook, Jie ol
g b oplpby 0L onl GRS 03 el et
5 b S =l s LlE e oSl &S b
Al azils 50 Solus gla Lo 5l edel oy sla i
Uil LEasn opl 5l Gde S bl Sl g s
23 s ekl Bl s (Salos Lo 53 Sope 5 Ses
P R N N I R RS
N (Sose Lot i slas, S5 Lo pll sla o
Sl i Ol g wal 0l ealizad gy 5 Lkl S
el AL alie s S Sl eslinal S WS s pe
bty o plple oy Jsd LB (A4S 5 IS us Ll
sldds 3l el 5 S il glaaY cawdin 4 ax g
ke nlae oy w Gl cl (S woslane (gl
055 S eslimal ped 0 Ll gl WS 5 W IS s

Gl 2l el

3y aBle Sl g s &S IS e pMlel DS 5

&

1. Fakher, A., Principles of Advanced Foundation
Engineering. 2010, Tehran: University of Tehran.

2. Abdul-Hussain, N., M. Fall, and M. Saatcioglu, Blast
response of cantilever retaining wall: Modes of wall
movement. Transportation Geotechnics, 2023. 40: p.
100950.

3. Singh, P, et al., Numerical investigation and
estimation of active earth thrust on gravity retaining
walls under seismic excitation. Soil Dynamics and
Earthquake Engineering, 2023. 167: p. 107798.

4. Kamalzadeh, A. and M.J. Pender, Dynamic response
of Mechanically Stabilised Earth (MSE) structures: A

L Jolos Ol Ll o Sorpe 85 S eolinad 5,5 13
2B e ok b LS s el 1) Odes ) dnd
JE s S el b st DL 2y, oL
S 5 Sl > 3me LI s 230 ol ABAQUS
250 5 S g OB e 0o Ol sb 4y SLbI las
25 g oles s S flie JE s S 13 L
L Loyl 5 oo 31 clisin (slatnin A3L o 515 il
S Sooles o gl s a5 B s il glaplis )l
03 30555 orl A eslind el e 15 Sl s, S
s S Sose s S 4 (B) e e
Jols (Sope 55 by old 2d) dir glas, S,
oS 4 e sladie Sl et o Solys Jde S
Ao bl Sorpe b ol 2l slasy S5 5 el 55555
Wb S N s asse s b B s ol

el 2555 by edd el s S Al L
Loodd 2hd glas, S5 bw s odd pldl Lo il 5 4305
Sheslanal (IS s s sl e it (Sorpe (658
ot Sl ol sl a8, 005 Al s Sase (558
5o S8 BB Bl Ol s s B el
55 hs 5 008 A R Dol apd Jols
GS i sk 4 Slals Oloj il 0l Eoly S s
R iy e Sl S S S0ka AS g sl
S ol bl Lot 2ld slas, 85 L s s (6 850
bl ol () al e sl bss e el Lol 58,
Aoss el Oly RS pes il slapls sl
e g R N i

Sl by bl s s gyl Sl L
A s el 55555 L s s 4 0o 5 A L
A Gl el el Aoy (s Sole 4 st e
gl B by ol 5)8, 4 5 088
bl St B Ll L) e S
(o5

Gl 3 o 55 Sl s OlS e w pess
GusS hawy edd A laa, S, L P s (Selss


http://dx.doi.org/ 10.22034/24.6.7
https://mcej.modares.ac.ir/article-16-68744-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

10.22034/24.6.7 ]

[ DOI:

Q\;K@)J.\J!%L@)Jvl

e Seles s 53 S50 (6555 5 sl

Decomposed Earthquake Records. Iranian Journal of
Science and Technology, Transactions of Civil
Engineering, 2023. 47(4): p. 2365-2377.

19. Segaline, H., E. Saez, and J. Ubilla, Evaluation of
dynamic soil-structure interaction effects in buildings
with underground stories using 1 g physical
experimentation in a transparent shear laminar box.
Engineering Structures, 2022. 266: p. 114645.

20. Lin, J., et al., Application of wavelet transforms to
the simulation of corrosion fields on buried pipelines.
Computers & Structures, 2023. 276: p. 106957.

21. Kamgar, R., M. Dadkhah, and H. Naderpour,
Seismic response evaluation of structures using
discrete wavelet transform through linear analysis.
Structures, 2021. 29: p. 863-882.

22. Majidi, N, et al., Estimation of earthquake
frequency content and its effect on dynamic analysis
using continuous and discrete wavelet transform.
Scientia Iranica, 2022. 29(6): p. 2773-2788.

23. Sarkar, K., V.K. Gupta, and R.C. George, Wavelet-
based generation of spatially correlated
accelerograms. Soil Dynamics and Earthquake
Engineering, 2016. 87: p. 116-124.

numerical study. Geotextiles and Geomembranes,
2023. 51(1): p. 73-87.

5. Hung, W.-Y., et al., Centrifuge modeling on the
effect of mechanical connection on the dynamic
performance of narrow geosynthetic reinforced soil
wall. Geotextiles and Geomembranes, 2023.

6. Guan, X. and G.S.P. Madabhushi, Dynamic response
of a retaining wall with a structure on the dry backfill.
Soil Dynamics and Earthquake Engineering, 2022.
157: p. 107259.

7. Salajegheh, E. and A. Heidari, Time history dynamic
analysis of structures using filter banks and wavelet
transforms. Computers & Structures, 2005. 83(1): p.
53-68.

8. Salajegheh, E. and A. Heidari, Optimum design of
structures against earthquake by wavelet neural
network and filter banks. Earthquake Engineering &
Structural Dynamics, 2005. 34(1): p. 67-82.

9. Salajegheh, E., A. Heidari, and S. Saryazdi, Optimum
design of structures against earthquake by discrete
wavelet transform. International Journal for Numerical
Methods in Engineering, 2005. 62(15): p. 2178-2192.

10. Kamgar, R., et al., Application of discrete wavelet
transform in seismic nonlinear analysis of soil—
structure interaction problems. Earthquake Spectra,
2021.37:p. 1980 - 2012.

11. Dadkhah, M., R. Kamgar, and H. Heidarzadeh,
Reducing the Cost of Calculations for Incremental
Dynamic Analysis of Building Structures Using the
Discrete Wavelet Transform. Journal of Earthquake
Engineering, 2022. 26(7): p. 3317-3342.

12. Kankanamge, Y., Y. Hu, and X. Shao, Application
of wavelet transform in structural health monitoring.
Earthquake Engineering and Engineering Vibration,
2020. 19(2): p. 515-532.

13. Khanahmadi, M., O. Rezayfar, and M. Gholhaki,
Damage Detection in Steel Plates Based on
Comparing Analytical Results of the Discrete 2-D
Wavelet Transform of Primary and Secondary Modes
Shape. Journal of Structural and Construction
Engineering, 2021. 8(5): p. 198-214.

14. XU Qian, Y.C., GUO Hong, GUO Guangling,
Stability alarming for a pile plate retaining wall with
damage. China Safety Science Journal, 2020. 30(2): p.
47-53.

15. Aghamolaei, M., et al., Performance-based analysis
of cantilever retaining walls subjected to near-fault
ground shakings. Computers and Geotechnics, 2021.
130: p. 103924.

16. Memarian Sorkhabi, O., M. Khajehzadeh, and S.
Keawsawasvong, Landslides monitoring with SBAS-
InSAR and 3D wavelet phase filtering. Physics and
Chemistry of the Earth, Parts A/B/C, 2023: p. 103486.

17.Ha, S.J., H. Seo, and B. Kim, Effects of pulse-like
ground motions and wavelet asymmetry on responses
of cantilever retaining wall. Soil Dynamics and
Earthquake Engineering, 2023. 166: p. 107724.

18. Javdanian, H. and N. Goudarzi, Seismic Analysis of
Geogrid-Reinforced Soil Retaining Walls Under


http://dx.doi.org/ 10.22034/24.6.7
https://mcej.modares.ac.ir/article-16-68744-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

10.22034/24.6.7 ]

[ DOI:

Volume 24, Issue 6, 2024

Using wavelet theory in the dynamic analyses of retaining walls coupled
with soil medium

AhmadReza Seifoddin!, Heisam Heidarzadeh?', HamedReza Zarif 3

1- MSc. Student, Department of Civil Engineering, Faculty of Technology and Engineering,
Shahrekord University, Shahrekord, Iran.

2*- Assotiate Professor, Department of Civil Engineering, Faculty of Technology and Engineering,
Shahrekord University, Shahrekord, Iran. Email: Heidarzadeh@sku.ac.ir.

3- Assotiate Professor, Department of Civil Engineering, Faculty of Technology and Engineering,
Shahrekord University, Shahrekord, Iran.

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.
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