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Fig. 1. Decomposition process of Imperial Valley earthquake up to 5 level using wavelet-based de-noising method

¥y.o



FIWF B YY) dxbo NFe o Jl.u) A% b)l.e..m LY 0,93 ‘,..S)ml ul)a.c LY“}W 4:)..“.)

Seolbod Judxi jo ooliswl 0590 b A3y Glasicn . ) Jouo
Table 1. Earthquakes used in dynamic analysis

amax (M/5?) il S gs89 Juo 43l el 23,
“IYA sIf YooY 2 \
\TER £10 Yava Jlsealoy0 \
ne sIf Yoof T ¥
-/aY g Vav) PRUHER ¥
Y0 £14 1440 Fiks 0
YIvY \liz 1344 Sbsss 2
YIEf 28 VaA] Ly Lo y
V/aa 0/0 Vag) JEO S A

IR cn

©oue g lwJon o S s awssn Y o
Fig. 2. Geometrical configuration of earth dam in numerical modeling

6o 55kw o 50 soliwl 840 pllan wlasin . ¥ Jgoo

Table 2. Characteristics of materials used in numerical modeling

v k E 1) C y

(-) (cm/s) (MPa) (deg.) (kPa) (KN/m?) gllae
AR Y Yv YO Y. VYO FLOWS
AN yxy.¥ Y Y- Y. Y- Liwg
A Vv Voo - - Y. Ogamligh




YIWE U YY) doxio AFer Jlo & ojlad O 093 ¢y yuol ()l jos cwdins 4 i

35
Abhar earthquake

25 -
Hollister earthquake

Period (sec)

Period (sec)
18 _
Imperial Valley earthquake

25
Kobe earthquake
15

Sa/a,,

3 4
Period (sec)

Period (sec)
18 -
Kocaeli earthquake

20
LomaPrieta earthquake

Sa/a,,,

Period (sec)

Period (sec)
1
> Rudsar earthquake

4
0 San Fernando earthquake

Sa/a,,,,

0 T T
2 3 4

Period (sec)

——MER  ----DNM-1 -

oah 41 3505 g ol 3ty sy ) o (S vw gl olid grwly i Comnd ¥ S
Fig. 3. Ratio of acceleration response spectrum of earth dam crest under the main and decomposed earthquake records



40

32

24

16

Sy/Vinax

30

25

20

15

Sv/Vinax

10

25

20

15

10

Sy/Vinax

30

25

20

15

Sv/Vimax

10

Fig. 4. Ratio of velocity response spectrum of earth dam crest under the main and decomposed earthquake records

FIWF B YY) dxbo NFe o JLMJ‘VD)L@.M:@YIO)BJ ‘)...S)mlul)o.c L;w.\...e(om).m)

Hollister earthquake

1 2 3 4
Period (sec)

Kobe earthquake

Period (sec)

Loma Prieta earthquake

Period (sec)

San Fernando earthquake

1 2 3 4
Period (sec)

——MER  ----DNM-1 - DNM-2

45

Abhar earthquake
36 ;1'(“

27 A

Sv/Vimax

0 T T T

[\
Y

(] 1 2 3
Period (sec)

4

25
Imperial Valley earthquake

S¢/Vinax

Period (sec)

12

Kocaeli earthquake

Sv/Vimax

0 1 2 3
Period (sec)

20

Rudsar earthquake

0 ; ; .

0 1 2 3

ouul i g ol Ay gleo,es ) coni S v U e b s L P S



25

20

15

Sa/dinax

10

30

25

20

15

Sd/ dmax

10

20

15

10

Sd/ dmax

S ¢/dmax
© =B N W » U1 O N

TIWF LYY asan AF v Jlo oY oplosd dY 09 ¢S puol oyl jas awdins &y i

Hollister earthquake
0 1 2 4
Period (sec)
Kobe earthquake
0 1 2 4
Period (sec)
Loma Prieta earthquake L

Period (sec)

—— MER

---- DNM-1

30
Abhar earthquake
25 A
20 A
g
E
= 15 A
=
N
10
5 4
0 T T T
0 1 2 3 4
Period (sec)
20
Imperial Valley earthquake
15 A
g
E
= 10 A
=
N
5 B
0
0 1 2 3 4
Period (sec)
6
Kocaeli earthquake
5 4
4
=
£
2 3
=
172)
2 | £
£
1 4 ‘.}.,’./
0 ez T T
0 1 2 3 4
Period (sec)
25
Rudsar earthquake
20 4
5§ 15+
<)
=
»nn 10 4
5 4
0 T T
0 1 2 3 4
Period (sec)
DNM-3  ----- DNM-4 e DNM-5

oo 43525 9 Shool A3l 3595 ) i (T gl (e b G . B S
Fig. 5. Ratio of displacement response spectrum of earth dam crest under the main and decomposed earthquake records



FIWF B YY) dxbo NFe o JLMJ‘VD)M‘QYIO)5J s)...s)mlul)a.c L;“’“\-*-@("d’)"‘“

9 Hollister earthquak:
E 1o | Hollister earthquake
$ 10 1 |
E 8 i
n‘ ]
£ 6 - i
< 4 i
B T it
s 2 J‘
a 0 /iiwj:\fj\“\h{ ».‘\ A«{V\"\«—\(
0 0.4 08 12 1.6 2 24 28 3.2
Frequency (Hz)
£ Kobe earthquake
E 15
D
g 121 !%j'g
i 9 “ 1
£ E 5 |
Ted
= 3 4 i 1 ff
= £ 1
S 0 Jecand ’“i % '\4"" .\wa’fﬁﬁmf\mf\
0 04 08 12 1.6 2 24 28 3.2
Frequency (Hz)
~ 35 -
é Loma Prieta earthquake
< 28 - A
El
£ 21 - l|
(=7
g ., | H
< 14 l
: I
R 13 A
£ 0 Wl ‘/ ‘F"ﬁﬁwm AR N .
0 0.4 08 12 1.6 2 24 28 3.2
Frequency (Hz)
~ 25
§ San Fernando earthquake
= 20 A |
D !
E !
= 15 A !
|
Z 10 1 M
£
.:1’ 5 L‘
el N
2 o Jacredunrty iﬁ 7-"{ ’i‘m"’\fxﬂ*—m
0 0.2 0.4 0.6 0.8
Frequency (Hz)
——MER  ---- DNM-1 - DNM-2

g Abhar earthquake
il |
£ |
B 4 i
g’ |
< ii
S H
:‘i 2 iLf\
i
£ o !\/*"I \I‘W}/\«.\,;‘MA,{\,,«WWR -
0 0.5 1 15 2 2.5
Frequency (Hz)
=20 _
E Imperial Valley earthquake
= i
g 15 1 ’i
= .
3 i
210 - i
g I
: |
S 5 1 :
: f i 3 ’\
= ! ah. .
é 0 el ‘er Wx\&ﬁr\ﬁj'\\‘f& VN o Vsshed
0 04 08 12 1.6 2 24 28 3.2
Frequency (Hz)
20

Kocaeli earthquake

Fourier Amplitude (m/s)

0 04 08 12 16 2 24 28 32 3.6
Frequency (Hz)
g 4 Rudsar earthquake
2 3 1
= Il
= i
2 2 R
g g :
: Ay
- ] "J i 14
g1 , \,/.,!vi,‘ A s
| (1 B 'RY Ly
0 0.4 0.8 1.2 1.6
Frequency (Hz)
DNM-3  ----- DNM-4 oo DNM-5

o a3 3 ol A5 s )s8 ) el (S ks U 599 aals i 5 S
Fig. 6. Fourier amplitude spectrum of earth dam crest under the main and decomposed earthquake records

Sy |y a3y 0,65, (ilS B lyione (o95u W

g5 o0 2,98 il

4588 aisle (ol el o odalin £ S jo a5 jsblen Layles
DNM » GM IR 4..1].?0 LSLAQ)}{) Cod (5§l> S Cl) ul.u.u
iy hel 9,55, cod 498 ansls b b (YL 6,850

| )‘\))95)."

4558 diels cads -0
cod e B0 gl b S o U Olls 4558 aels el
2 e oad 425 sleoysS ;) o (MER) Lol a3l glas 5,
il ol oals ools las £ S 0 (DNM) g5 ol o,

il il oo SR L Al w5 egmu SULAS 459 aals
A o ol ) JUiSw ST 50 09290 SlenilS B ol ol

ARRRS



FIVE B YV doio VFre Jlo Y o,leud DY 095 ¢y pool () po i 4yl

2.50
Hollister earthquake

0.00 - T T T T T T T
0 5 100 15 20 25 30 35 40
Time (sec)

Arias Intensity (m/s)

12
> Kobe earthquake
E o]
£
£ 6
S
=
@« 3 A
g F
- _.
< 0 "I’f.. T T T T T T
0 5 10 15 20 25 30 35 40
Time (sec)
16
Q) Loma Prieta earthquake
é 12 A
>
=
£ 8
2
=
o
w4 -
=
2
< o e —

0 5 10 15 20 25 30 35 40

0.8
Q Abhar earthquake
i 0.6 - e
£ 0.4 - £
e
E ya
.é’ 0.2 4 j‘/
2 0 el
0 5 10 15 20 25 30 35 40 45 50 55
Time (sec)
8

Imperial Valley earthquake

Arias Intensity (m/s)
H

0 T T T T T T T
0 5 10 15 20 25 30 35 40
Time (sec)

Kocaeli earthquake

Arias Intensity (m/s)
[<)]

0 5 10 15 20 25 30 35

Time (sec)
0.5
o Rudsar earthquake )
T oad =
=~ AR
£ 03 - T
2 [
< 0.2 7
=
& 01 1 d
] ’?.(_f_:
< 00 —
0 10 20 30 40 50 60 70 80
Time (sec)
DNM-3  ----- DNM-4 ceeeres DNM-5

ouih 41325 9 ol A3l G395y o (S s gl ol yT s LV S
Fig. 7. Arias intensity of earth dam crest under the main and decomposed earthquake records

Time (sec)
5
i San Fernando earthquake
E 4
£ 3]
v
g
E 2]
g 11
> g
< 0 I’. T g T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Time (sec)
——MER  ----DNM-1 - DNM-2
tg
T 2
I, == [[a@)] dt *
2
g5

Doyt 5 A3l it oy 4z (D (5 lis g o
b S a 2b o] St Sloj azsin b ¥ S sl 435
odd 325 s ysS ) g el dli)j slasysS ) cod ye O el

ARRR

b, o —0-0
w>ly 5o @5 U gserme 3l ool jle da) bl o
3 ogazmali (sl asgaze bawgs A3l o bl 50 ead i o3
bl oas [RV] Sl e oyl sy S sl Silugs
S5 J L cmlie a5 ol loj ) el sla el )b 5l (S
a el ol el S 4y glos) sl bawgs oo Jiiie

puSain |y prn ) Qiag pd o e g dald (uilS (8 (6 dastine



FIWF B YY) dxbo NFe o Jl.u) A% b)lo..m LY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

wy g shol slroyss, cod (Sb slaaw gl byl was
GH9) 2 e $3355 5 09y (nl 5l 9090 (nl e ol
Sledelos o 1) dily (Lol slasyes, b Wil (o0 g (a8

il Uyl S slaaes Saaliyo

eodle Cow pod

Sl oidle

Cosgey Srge hos  CWT

Slolgge 1Y)

m/s? .ol b S,

M/ W5 8,68 ) dicdn Sl @,
m/s oy cino S,

M/S a3l 3,65 ) Aoy ot oo Vinax
m. gl il S,

m il o, alalr aviy 4,
m/s « wb,l o la

m/s* @il olis gloj el a(t)
s il e g

sy el ag, DNM

kol dil; 0,68, MER

oad 425 aljl; 0,68,  DER

s oidle

ol g &b p

O R

1/Hz . olés a

J! b
&y

[1] G. Gazetas, P. Dakoulas, Seismic analysis and design
of rockfill dams: state-of-the-art, Soil Dynamics and
Earthquake Engineering, 1)11) (1992) 61-27.

[2] M. Rashidi, S.M. Haeri, Evaluation of behaviors of
earth and rockfill dams during construction and initial
impounding using instrumentation data and numerical
modeling, Journal of Rock Mechanics and Geotechnical
Engineering, 4)9) (2017) 725-709.

[3] D. Russo, S, Sica, S. Del Gaudio, R. De Matteis, A. Zollo,

JSS j0 a8 jebilen amane plis 1) ng alS bg) p (e
150,55, s S a2 Lob)] Sd wgdis eanlie V
Loanlio )0 p)loz mhaw B 5o 2ol (b, » (e ool 4525
@Y 28 51O Jgam) il ol glas o8, cod ubyyl o

Ll )‘.))5:5).3

& S Az -7

awn b SB gloos slay ) mul Jdow 4 asdllas ol o
Sse 695 5 e odd @S Ay les )T, Lol o)
U g o Lmals hg, 5l oolatwl b adily glos,sS, ol axzls
ol 3 W Sl 3 35 IS g, 55 A a5 el 0
Slo i g Sl zge 90 4 g o lax S0uSs 5l il (Lol zoe
3o B 398 (oo 2325 Toaome Sl 5 gge el ;3 390 o0 41329
ooliiosl Uy yio B gl )| b ST a9 Jol gopir ol i
Tm) Lol Jy; sles,sS ) v Plaxis sgame oLl aslsys |
a5 (Seelins el (0,55, T () Ll s 3z 5 (9,55, A
Sv/) sy Gwla u:...b Cnas ‘(Sa/amax) uL..uJ @»b ;Q.Jo Cnas
a9 sl b (S /) slraly ol il e (V,,
o ,sS ) cos S glaow zU bl Gas Slejy azsu )b g
Amilone Sz g (6595 1 (e 00 4525 (5loo S, g el A5
W

o,y v S slaos zb olid guly gl o
9 )y (Sa/amax) Aion g_;l.......o ol 4 g (51"0‘ AJ)J)
i dily Gleo s, as wes o plad anslie pl ol aslie
Jol> @S b pgu 4520 gl U 5295 (Rals (o9, p (e 0
A Ca o b Cod pwy Sl oo )Ll Lol slas 65,
kol Goyss, cov SJd s 5 (S ) aniin Ce e
120,55, 5l Jol> mbi b p)loz 428 whaw U g (hals by,
Coms oo @STas S waline sl cov sads plel
cod gl aly b Cad g Cepu b ol Ol ab
FVOV L plp ool @ (Lol 90,55, 9 apd pow haw 9,55,

4,98 Auls b paslin (puizmen Al o 2o 0 AFY  FNA

¥yYY



YIWWF B YY) dxbo NFe o JL“’ A% O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

Procedia Engineering, 158 (2016) 361-356.

[14] Charatpangoon, J. Kiyono, A. Furukawa, C.
Hansapinyo, Dynamic analysis of earth dam damaged by
the 2011 Off the Pacific Coast of Tohoku Earthquake, Soil
Dynamics and Earthquake Engineering, 64 (2014) 62-50.

[15] Y. Sawada, H. Nakazawa, T. Oda, S. Kobayashi, S.
Shibuya, T. Kawabata, Seismic performance of small earth
dams with sloping core zones and geosynthetic clay liners
using full-scale shaking table tests, Soils and foundations,
3)58) (2018) 519-533.

[16] S. Park, N. R. Kim, Safety evaluation of cored rockfill
dams under high seismicity using dynamic centrifuge
modeling, Soil Dynamics and Earthquake Engineering,
97 (2017) 363-345.

[17] Xu, D. Zou, X. Kong, Z. Hu, Y. Zhou, Dynamic damage
evaluation on the slabs of the concrete faced rockfill
dam with the plastic-damage model, Computers and
Geotechnics, 65 (2015) 265-258.

[18] K. I. Andrianopoulos, A. G. Papadimitriou, G. D.
Bouckovalas, D. K. Karamitros, Insight into the seismic
response of earth dams with an emphasis on seismic
coeflicient estimation Computers and Geotechnics 55
(2014) 210-195.

[19] H. Javdanian, H. R. Zarif Sanayei, L. Shakarami, A
regression-based approach to predict crest settlement of
embankment dams under earthquake shaking, Scientia
Iranica, 27 (2) (2020) 681-671.

[20] H. Javdanian, L. Shakarami, H. R. Zarif Sanayei, Modeling
seismic settlement of earth dams due to earthquake
loading, In: International Conference on New Findings
of Civil, Architectural and Iran Building Industry, 11
December, Tehran, Iran, 2018.

[21] H. Javdanian, B. Pradhan, Assessment of earthquake-
induced slope deformation of earth dams using soft
computing techniques, Landslides, 1)16) (2019) 103-91.

[22] L. Shakarami, H. Javdanian, H.R. Zarif Sanayei, G.
Shams, Numerical investigation of seismically induced
crest settlement of earth dams, Modeling Earth Systems
and Environment, 4)5) (2019) 1238-1231.

[23] H. Javdanian, Predicting seismic slope displacements of

¥y

Near-source effects on the ground motion occurred at the
Conza Dami site (Italy) during the 1980 Irpinia earthquake,
Bulletin of Earthquake Engineering, 10)15) (2017) -4009
4037.

[4] F. Nasiri, H. Javdanian, A. Heidari, Behavior of earth dams
due to downsampling-based records. In: 8th International
Conference on Seismology and Earthquake Engineering
(SEES), 11 November, Tehran, Iran, 2019.

[5] S. Chakraborty, J. T. Das, A. J. Puppala, A. Banerjee,
Natural frequency of earthen dams at different induced
strain levels, Engineering geology, 248 (2019) 345-330.

[6] A. W. M. Elgamal, R. E Scott, M. E Succarieh, L. Yan, La
Villita dam response during five earthquakes including
permanent deformation, Journal of Geotechnical
Engineering, 10)116) (1990) 1462-1443

[7] Papalou, J. Bielak, Nonlinear seismic response of earth
dams with canyon interaction, Journal of Geotechnical
and Geoenvironmental Engineering, 1)130) (2004) -103
110.

[8] L. Pelecanos, S. Kontoe, L. Zdravkovic, Dam-reservoir
interaction effects on the elastic dynamic response of
concrete and earth dams, Soil Dynamics and Earthquake
Engineering, 82 (2016) 141-138.

[9] L. Pelecanos, S. Kontoe, L. Zdravkovic, The effects of dam—
reservoir interaction on the nonlinear seismic response of
earth dams, Journal of Earthquake Engineering, (2018)
23-1.

[10] S. Rampello, E. Cascone, N, Grosso, Evaluation of
the seismic response of a homogeneous earth dam, Soil
Dynamics and Earthquake Engineering, 5)29) (2009) -782
798.

[11] X. M. Ding, H. L. Liu, T. Yu, G. Q. Kong, Nonlinear
finite element analysis of effect of seismic waves on
dynamic response of Shiziping dam, Journal of Central
South University, 8)20) (2013) 2332-2323.

[12] D. Aliberti, E. Cascone, G. Biondi, Seismic
performance of the San Pietro dam, Procedia Engineering,
158 (2016) 367-362.

[13] F. Castelli, V. Lentini, C. A. Trifaro, 1D seismic

analysis of earth dams: the example of the Lentini site,



FIWF B YY) dxbo NFe o Jl.u) A% b)lo..m LY 0,93 ‘),.S)ml ul):..c L;u:.,\...e(e d:)uu

(2016) 1183-1169.

[32] O. Rioul, M. Vetterli, Wavelets and signal processing,
IEEE signal processing magazine, 8 (1991) 38-14.

[33] I, Daubechies, The wavelet transform, time-frequency
localization and signal analysis, IEEE Trans Inf. Theory,
5)36) (1990) 1005-961.

[34] A, Heidari, S. Pahlavan sadegh, J. Raeisi, Investigating the
effect of soil type on non-linear response spectrum using
wavelet theory, International Journal of Civil Engineering,
(2019). https://doi.org/10.1007/s6-00394-019-40999.

[35] R. E. Crochiere, Digital Signal Processor: Sub-Band
Coding, Bell System Technical Journal, 7)60) (1981) -1633
1653.

[36] E. Salajegheh, A. Heidari, Optimum design of structures
for earthquake induced loading by wavelet neural network,
In Intelligent Computational Paradigms in Earthquake
Engineering, IGI Global, (2007) 100-80.

[37] L. Donoho, Nonlinear wavelet methods for recovery of
signals, densities, and spectra from indirect and noisy
data, In Proceedings of Symposia in Applied Mathematics.
47 (1993) http://dx.doi.org/10.1090/psapm/047.

[38] A. Ansari, A. Noorzad, H. Zafarani, H. Vahidifard,
Correction of highly noisy strong motion records using a
modified wavelet de-noising method, Soil Dynamics and
Earthquake Engineering 30(11) (2010) 1168-1181.

[39] R. B.]. Brinkgreve, (Ed.). Plaxis 2D: finite element code
for soil and rock analyses, Version 8, Balkema Publisher,
The Netherlands,(2002).

[40] R. L. Kuhlemeyer, J. Lysmer, Finite element method
accuracy for wave propagation problems, Journal of the Soil
Mechanics and Foundations Division, 99 (1973) 427-421.

[41] A. Arias, Measure of earthquake intensity, Massachusetts
Institute of Technology, Cambridge, University of Chile,
Santiago de Chile, (1970).

embankment dams using fuzzy systems, Journal of Dam
and Hydroelectric Powerplant, 19)5) (2019) 35-25.

[24] A Heidari, E. Salajegheh, Wavelet analysis for processing
of earthquake records, Asian Journal of Civil Engineering,
5)9) (2008) 524-513.

[25] T. P. Banjade, S. Yu, J. Ma, Earthquake accelerogram
denoising by  wavelet-based  variational mode
decomposition, Journal of Seismology, 4)23) (2019) -649
663.

[26] A.Kaveh, V. R. Mahdavi, A new method for modification
of ground motions using wavelet transform and enhanced
colliding bodies optimization. Applied Soft Computing,
47 (2016) 369-357.

[27] S. Soroushian, E. M. Maragakis, A. Ansari, Estimation
of vertical floor displacement using a wavelet de-noising
method, Journal of Earthquake Engineering, 2)20) (2016)
297-279.

[28] G. Ghodrati Amiri, A. A. Rad, N. K. Hazaveh, Wavelet-
based method for generating nonstationary artificial
pulse-like near-fault ground motions, Computer-Aided
Civil and Infrastructure Engineering, 10)29) (2014) -758
770.

[29] Salajegheh, A. Heidari, Optimum design of structures
against earthquake by adaptive genetic algorithm using
wavelet networks, Structural and Multidisciplinary
Optimization, 4)28) (2004) 285-277.

[30] Salajegheh, A. Heidari, Optimum design of structures
against earthquake by wavelet neural network and filter
banks, Earthquake engineering & structural dynamics,
1)34) (2005) 82-67.

[31] Smyrou, I. E. Bal, P. Tasiopoulou, G. Gazetas, Wavelet
analysis for relating soil amplification and liquefaction

effects with seismic performance of precast structures,

Earthquake Engineering & Structural Dynamics, 7)45)

DOI: 10.22060/ceej.2020.17687.6648

F. Nasiri, H. Javdanian, A. Heidari, Dynamic Analysis of Earth Dams under De-
Noised Earthquake Records, Amirkabir J. Civil Eng., 53(7) (2021) 3101-3114.

o2 glo | Alio ol &y dig>

AR REA



