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Evaluation of Dynamic Characteristics of Marun Embankment Dam
Using Ambient Vibration Test and FEM

M.K. Jafari, M. Davoodi and M. Razzaghi
International Institute of Earthquake Engineering and Seismology

Abstract: There is a worldwide interest in the proper design of embankment dams to resist earthquake loadings. For the first
time in Iran, a complete ambient vibration survey due to low-level loads such as wind, machinery activities, low level tectonic
activities, and water exit from bottom outlet was performed on Marun embankment dam. These kinds of ambient vibration tests
are suitable for manifesting the lower vibration modes of the dam body. Using different signal processing methods such as Power
Spectra Density, the results of in-situ tests have been used to evaluate the natural frequencies, mode shapes and modal damping
of the dam body. Besides ambient vibration tests, the 3-D modal analysis of the dam body was performed using ANSYS software.
The foundation and abutment flexibility effects on dynamic characteristics of the dam body was investigated and the dynamic soil
properties were used from Engineer’s report and some empirical relations. Also initial shear modulus of the dam body and
foundation materials were evaluated by refraction survey. In this paper, the test procedures, related signal processing results,
numerical analysis results and its comparison with the dynamic characteristics of the dam body obtained from the full-scale
dynamic tests will be presented. Finally, calibrating procedures of the numerical model (based on increasing the accuracy of dam
body geometry, soil and rock material parameters and foundation and abutment flexibility) will be discussed.

Keywords: Embankment Dam, Dynamic Characteristics, Ambient Vibration Test, Modal Analysis.

1585 (g gmeiils ** SLsls *

\“\ \Y'/\Y )ﬁ_}‘@"‘; c\ SJLA-\; LVY Jl»\ﬂ LJM&\


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

bl ke
5,55, 5 oy » bl slaas NFFT

iS5 g i OCR

Oly b J&s nb PSD S

SNt 355 &b Ru

bl ot &b Ry

Cewd b s sVl LSl 34 U-D
B Bl spe Y

Oselyy ooV

5 Ea 4
L.w}iﬂf}ﬂqu O,

é’ui‘ M b CPS sSxy
bk Gy,
S CJL,a.a Jlss s e
TPV SR
s3dowe slyl Jows 55, FEM
e 8 Jias FET
Sl ety Sl 3 Jsl Gy
0535 (535 31 s 2SI i)
SVl s Calbs
Sl Sl glealS 4SS s hy

V-1

Sl Sty oo el Gl i war S L ol s
Slas ie end Sl el ) Ol 4 015 e S
Sleml e 5 JSA el 3 ol (350 (Sialis (sl 2
S an e slaosla gl b 5 5 (S glade (6350
AL ol 5l oo il Sibesl ly cpl 53 a5l
Sladinsl (F 5o 058 o a5 Vgane &S ol o)
Q)_'SUJwbﬁ&g\sﬁjb.sjjrbglmge)ﬁ
s ol adi il 5528 s s St slade 655
sldw o) = oladllae ol Loy 5 as el Sl Sl
ol aalsl s s lae s s Sl ol LT S
ey 5o b8 S Ol s Sl eslil 5 A8T s
Sle—ilosl 51 Jool el 251 5 GralesT plawl 6500
s el dze s U s 8 Slosl s il
e 5 o 3 ol e Slgs) &S 5 baalans LIS
Gladw m8ly Jde ) p e Sl sleiolesl S 0
Vs = Jls a5 el o slelNava Jlo 3l Sl
sl a s s line Slual Ly S5 S
S glaan 8l s 65 0 ol ol bl
ol aw V) oy 2 VATVAAY Sl alols 5o 55 S

WAY e o) 65l TY Jlu oDzl

dodde—
B S slas sy B xS e, Ly werst
S o= SV Cands ramen 5 o ldle s 5S
badw ol 5L, 5550 53 (6 iy Clid Sl (55 00 508
e o, s 358 ool o5 e g s e 02
oslinal” 3 5l o ose s sl 4 Ve S slads
Sl slaad s an s el leld oS eSS
el elide S S gl 555 AT sl
s el plnil Tules 5 T s 3l il
o eily slaad 5 eslinal L S sladtes s, )
5 Gb Sl B s 2 B8 S 4 sl s
cdel Sos G, bl w Sl dilaie j3 63 ) e £55
le—iobesl el ol LS s a8 5 s
Ll dw 3 lie S S lee 5, AR
Jlos) OLSal a5 S m 51 5 8L 5 O3 e 2ol
SN Ly s S e el 3 ol g el slag
Bt S S Je 55 anllas 5 Gilesl S iy L3
o=l ool i lse ABls sl (g, p andlae gl 4 s

e il bl aile b s il gledalesT Ol

VY-


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

s el s 4 e (5350 Sl e 5 IS g8 3 el
o3yl 53 o Selys s (g3de Ju Ol s
e o Seelen ) G aslie bl L S S el S
L G805 (U oo 3 dmn)edkds odaline [l 5 ol
S5 Ol o S sS sl S 53 (g3de Jde O sl IS
aslial b ST S5 laes ) cpmes 3 1y e Sl 5l (g zanls
ol De 5o syl s 4y b 8 3o el
N s S35 e L) STl 6
o Sy a3 S Dy ol o il glas S
Jie G805 Sules 5o s s 5 bl mls o A lis

3y o Sl gsde

D3)be 3 s i =Y
14 55 5 Ol e o 3 Ol e A
Sl g5l aibo s, G 2 Olee S5 dled (g e skS
wlw)mpd\aﬁﬁw@;;léww\.wuu
A oL )| bl xS e 5L V/Y O o
V0 25 2 5 e Y80 26 Jsb sl b (555 511 T0m
OSUS Sk pllas 5451 IS de ) Byl e
ol 1y cnSla e Ogabie A3 sl e be 45
Pl oolte Slakige 08 5 b b ) (b 30 e
SIS s Slatign OS5 5K 5 ot
Il 3 O Slasl 5 a8 8 &y Slagy 5538 51 b
Ol £ 3 Ogsle dow Cond g ¥ Jemel a8 p 1y OLL VYV
o=l OO e 5 o shade 5 el eals 0L (V) IS s

Sy g edaline (V) IS 55w

bl s ok eslizul slgallanws Slasein -

‘-;h.:?w u:'ow‘)‘
SS-1gla K —V-¥

Sl Cotlw S SS-16 8 54 5 sl o)

)

il S suas Slas i Ve o 03 ol o
5ol ol e 5 Se slada 3 4B 8 o sledls
el o 03l o el ol 3 g i

b S glain (Sl o (s3de sleds,
Shddee ols olks ple « L s o bdes &S Ll o les sde
w5 5 Skl s Hlas Dlasia ek Lyl s Bl
P U U PRI BN WIS [ PRI WSV PN LS
S5l et s b amlis 5s o plonil 0l & s s
Sy Al s p s dds a5 b
IS s (s B b 5l s slaes ) el U3 A Sles )
eslial (g3de gy 3l S glads gl ) Hs, Cladles
Slulesl Jha) 53 353 0 s 5 g yeme 53 35 0
230l b Dy so s oo Sl 5 ae LS
ol 3l s 555 eslinad _Sbe glades gl 03] sla bl Aalllas
Sl gl s Slaseie s o jiws g odle I,
G Zls Oladllas s eslazal (gl 5 Ao (gade Jdecds
3

st 5 058 5> xSV e w A S L
53 S glaosle (b 5 Lo Sl ldits G305
S35 = b 3 il sleilesl el Lo ) ey ol
5 s 5 I o o ias el slassl
ploml 2y (Slidos dssl p s Dl o3 ) mtige
L S slade 55 2 ol 5 e il sletules
o st sy eialasT ol el Sl e o
5200 sl sl plas a8 sl S 5 il lglela
S s s sl esls 13 s g 8 5 s s Ol Ll
505l S Ao 53¢ 538 53 5 e S slads asllas
Pl Slssa s @ Ol Ol s Oledls dens
Sl slemialasT b dew o) 5 4od bl gl
L WYVA Ol 5 5l 53 ol 33 Jlasl 5 o
o Slalllan 5 Letulesl el Ly s ploil ol o

S S Slgdd S a3 dome o A L3Sl Gl el )l cab gy o

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

Ty Ry £y
x ot ot L .__.1
[ L
#.5_._... e i

D‘ﬁ‘%d})ﬁb})bh@y—\ Jg.:u

S Cul ol C,.GL_J J}_SJ.A LSLG‘"':LG cCM BEI J}Jaw
Sy 44 W‘N C)\_&maa): ) )jngS-léuji.w}
DV, 15 eslind

SSR-1 slgls —Y-Y
Al e S i 4l ol SSRAT (gl
53 ealKus ol aS s 1SS sl Ko leilss
5 JUES 25 6 49) 1 JUS 4w Lo Gl pene s
Vore L5 (gl ped 5 a5 5 il (el il 31 B
ol oo s (s LU sl 4 a4l 5o £5el
1V AD Jie sl S sdme 57 ol 7505 Ll
L;j,ﬂmguuwuw&wr@ RCIU I
Ssd @MW e 5 355 0 Lo DU pl S S

[8]5 55 o Jime L1, L

WAY e o) 65l TY Jlu oDzl

oS bl Y Sl Slos et (sl 1 oK e
Li.q,x_@”u;pjr_%uowu‘ﬂ?bd@u;
eSS 0 035 5 Jyb e e T0 Ll e Lo Vsl
Dl Jowe 2l e o b conlite ) poins 9 5 Leen
i Hreme DI 53 5 S rb (33 5 e O
U 5o o) Sl e Sm 3 5508 s sdme ol 58
L el o &S ol b sl 5ol 5 oa 00 o
sl G =l Caslie SO e L Ol S
33 mellS 5 el s S pl 3 3 S e Y e
BYYE e | [ VR S GHPS P SN L g P | P PR e
seals =t dB/dec i b anb S 5 51 i S slis
Jeos Il o 4 S sl K 4l s A e
Slas S, 53 5 dSoI (sl 48 e (650 4 (S5l S e
sdaliie ‘DO islie b sla3lly | seb oMK in 55 okl &

WY


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

b 5o b R il b 5 b e Lokl Cond g ol yob 4 035k du o phaie 5 OO Y ISS

S d &E—M§Y\f 6\.@.::.:!

Slimey 355U 5 Slomd o B 5l T S o cinss
3ol mlis ke 51 a6 w0 05 51 Of sl g1
s T S B ISP I WG S P T TP
5581 Ko ol & 5l aslitd bt S5 31 s bl
Csgdowe e a3 (6,5 o3Il SSR-T s oKaus €
i Sl T 03 5 glad) o S5 5 L, 65 ) slaws
L, 03 (BB L 5 Al g 53 Sliks ) o L

g |y A e ablis Al g oS sl ST s o
) A 25 J b s e S T 6 g (V) IS0 tims
gl Jsb o3 e 5 (Z0 sk JS 5 o) e
o5 lemlT 5l (S Sl s 35 (F) JSKS 5 d ity
Yo Sl o b K S e sleialasl L3 s o 0l 1

Yy

e 5,1 bl —£
oy b s sl sl el 05,51 s w1
el Ao i (555 a2l sletalesT Ol
il e mlasl ool 6y o s 25w i cpl 534S A

V.;)‘.}ﬂd/a QT )\ OJ.AT Cewd @L’J 9 ‘\-Lﬂt? L;thjjs)

oRelel plosil 25 V-t
ol als ;5 55 48 Osle dee Jas byl ilesl s
oems &m0 0 8 JLALG 1 4 s el ol ATV
arls plaal 5ol s, el s sl sy sk o
3 dem G s sl 5 SO slgdles s B L

S ey SUS ol aeT e s ol B

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

b S T 5 (10505 5 (G 0 ol s oo 31 3) o 2651 e Y IS

FLl bl 53 ead i slas, S, B5ls YL

h

Sl sy L Ol de ame i) lesT s
ol s 3 d el 5 A WSS L 2y O >
SIS 01 s an (il o (6,8 0311 O gl i 53 5 s
L sl S SledlSS (55 m O seml b —dr S,
G 3138 ealind (e (63555 S Ol e 42 Ol oo
LS aS ol o s 53 ool oVl 5 Ooladss Jf.la
S OlF o omigr U8 LB (Slam S8 03 5dome 3 Aas e
L b B35 15 08 5 S35 s S sS slaes ) 51 L
o Sl 53 [0l S (28 ol b S U
Sheslial L il s 15 035 " Ule Jayl, ELEISE-S
5 Il gl b 015 o IS 3513 5 SdIS (slgd s
35T s | A 6y (5350 (Sl e

S e Ay (o fsd “55‘&-’“ SeMS sledss 02
3 Seeligs sl el asles (gl 2L SISGH (5355
ik 515 (1) isles 3ilks "PSD 0155 b S &b
esli ol (Y) doles ilas abil 53 o "CPS oblize Sovran

WWAY s, ) sled oYY Jlo (ISl

s (V)35 5 L)z Jsb (U-D) o ol =
Joe Bl DLl )5y Sde Sl 5l aldS ja 53 5 s
orFta Sl 5,8 C Olegen Dy pe a5 ) e
a3 ) b S Syl s 5l 30 gl 03 S
3B ol U S o8 aw 3lan B Sbr
S Sy oas K oS D po ik A eslinad KU
S S50 pad elis s 03 1S S5 Ko dals
p oKius 5 e 53 Ogdde 00 x0+x0CM o2y S 5l ankad
o Leals adS 5 8 S 15 i S g p Lt 3
Els A8 S il e SLELS Olejen &y
53 Sl 3l IS 3 (5 gmn 5 wials JolS Gollas 51 e
coialesT dalsl 53 pelad ol a8 5 S e CulSs il K
ﬁ,;.xmg,ucﬁududj)ﬁuﬂmuﬁ*}qs
Slasc e (o eyl Gl ol glealT Sl alus
Bl G Jsb 53 S A i 1 gk A gle sl
E b s (65 2,55, 4i33 0/0 De 4y sl a5,

5,8 Siyso Foa Ve Gl el

1V F


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

eI Peaghhd ST e 2989 il 2948

i ! y
g o {1} 150 200 250 a9
xig (RRE] <haq

& = T
L] L]
| 83 |
o e G4 : |
{) & |
Y r [! | |
v 1 Yl
— e T, ™ i i an 3 b _
z = -] o 13 s 1E 1 e
HE
AL ;= |
: |
@E |
1 -”. .“I . i
..'. .||.'._ s,
Sl % Yol VY | SV N
2 ] b i 12 i 18 ) 30
1 .\'. T T
. ko i
R 1 | ' | i t
Lix vl { |1y I | -
5F 4 11 | 1 i |
) | yia rl [ 1 | WATE ,
] 1 1l " ! / | i

i.ll} I IIII : I] 1l I Ill i IIII- i I-"I-" ' ' IIIIII [ | |

LI 1 L TR ) ." i R
-:l . i - - 1

. = - | i 12 0 1E ry 50

] d § 1 .'JI II.|I I

TR v l| ; o [. I. II I I

(st V0% LI (T

aF e | % | A |||' oL II' | |
' g | J - | |
4 !I L |

i S 1 :
s . |

2 & ] T} 12 4 16 13 0

[0 25

23 (Gl s b V& 53 1) Dgsle (S e 26 51 G5 s ok o o oy By 5 — il -1 IS5
)bé‘}@fwAeg;?am.;)"s.lﬁ.\)"S)&wﬁb|jshénbu|é—C ")"S)bt’:‘éﬂbélg?_? M&Wﬂﬂbji
3,555 93 pblins Ol g b 56— a5 S0s 558, 93 LIl ib -5 £U S s

S ()= [ R (e de

Sy()= [ R (e dr

RN

(\) b . )l OJL&:\_.«J‘l_J.‘@l:). Cown QOW‘M‘)J‘)J‘)&&
Sled 5 a). 555 0 S (F) idslee 31 "CS Ll

y
) (og amrl o (8) IS0 4 by o

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

ol 55 Sde LuilS 5 53 CS b duals LG o 5 salie
Al an 0s Sy L aS g5k 4 il andls 55
By 55 S IS5 5 B 33 e iy bl
o WA L o 4 SO e e Bl 5 0l (5 558
S 5 S e leslS B aS Clbas & Oliabl (6l L
Sl 2 5l S amD jo 5 Ll e sdalin 5 bas, S
LUE S 51, CPS 5 PSD (sleid Ll cils e Ayl
3 el e S aole ] s 4 5,535,555
S8 e Ol 4 Ol o | (eS8 (6 e
L LS ol aS e S 1 st 6 s sleudlS 3
T2 i Las) S, s s aar o WA L jis 56 s
RN S PP U PRI JYRCA PR TPR PRVRE
'bﬂ&"-—wJ@M*JJeﬁ@fM&@Mbéﬂ@
STV VY S an (B) Ko wars by wlal cpl
CS 5 CPS (PSD (sle—mio 55 oL slils &5 55,8 VY0
e et bl 5 58lse (315 S 5 a5 il s
5o Ao bl Kos el 5l 5 las, S5 53 immen 5 Ll
L il 3 s Sl B o e Ol 4 L gd or odalie
Al s 4 s b=Vl G 5 s G
5o L S S L e S o b
2 aS Culeg gl oS an dw S Lok, S
—Cwd Y Ol 55 ol S o el A VYOS 8
S Sl 5 A V/Y=Y/E 8 )5 s gl 53 (s (b
03 3d s 53 5 Cmwd Gl —Cws YU O5late 550 e g
iz 5y e S Sl 5 VUYL

&;».wl ol Cewd &:.:ltt:—t:,.w.) Yb J).A

Ol dw (595 5 0 plnil (g3ue glgldo -0
o ol Sl el sl 53 W0 L s
oo bt (950 IS 5 LeullS 3 0 gle s 4 (555
o b sl o 5 SAPIV i1 65 L 35 0L

o 3l s SN 51 S Lo V]l cns

WAY e o) 65l TY Jlu oDzl

S, (D)
025 s, 0
w (D)8, (F)
‘_rﬂi? cu )l Q)LJ« SXX LSl—“;f-:" LB)—‘) Yalas L

)

bl i v,y bl Stes ik Sxy Ol id
j"cbu;ﬂ LSZ_.M @URXY ‘\\;S:'—‘”‘?‘*A 34 @URXX
Mewl j=+-1
£ 5l ki e 5l 5558 (Gl S
JK;— (o) IS s ccews b~ Vb Cr 5> A
CPS sblize 0l 5 ib (as =8) JSE 3 PSD Oy Cih
257l S 00 18l ar e dhed 4 S S e 5,58
Olae i3S 3555 53 C8 LU Cib 5 () IS5
sl ‘QK_.ZLxJ)lQ,.?}“rK;A 4 sl ol o3ls OLLS 4 gas
Qt_sw)\u;jlsﬁf&ﬁ@,w Sl 4l s (gols 5 & el
sl 0l flqu'l [A]MATLAB-6 ,l ;! ff.' 3l eslaal b oS
Cllee sl s, 585 2 2 5l el 2 NFFT Lo sl
2 Sao Sbaaised Olpe @V YE L FFT 4,58 LS
5 adai 0VY 1 s NFFT Cias il as, S+ sl
e b Slales el ol sl T Km0y Sl il
sl plowil oy st (68 st ol S an ) eslind |
2 aS 3y 5 e edalie Ky pder PSD ik s [A]c
L s e a0y Ll slasge 51 K s 0L L oS
Sl il (859,55 S e 53 Sy S 8IS ek i
IS 035 35 ol 5SS 1 53 ol Gt
)smpyébf@‘y\dl&b.mﬁxesu;ﬁ\ésy
alie gl 5358 0 S ol slas e 5l S
3 JSd a atey SUSG 4 nd LS S s S S
LV il s 5L 50 ampa VA L L 5 56 e b ol
S5 S eslil aa 53 s 56 ual sl 5l eslinal (g
s b S o i T bl S i
LPSD e 5l Sy a3 Al o LS
250 Sy by e s IS 5 Ol g 4 O e o0

50 CPS e 53 5 Sde S Vgl as @i 8 b 5 il

R4


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

b‘gjb.kmd‘:yg}ﬁja ol ealaiwl @LG.I ";L(.‘JA Olasein - J_,b

Jds 7 42 el
el 0 ealaal g3le s d.éjpcbj./:@jl Ol 55 a8 sl Ja Y J
W S sbdae s g csleslanul sy 5 Jdo o 2ids wdis Blad 5l aS Ju -
.wlauasu;,.“\d@fé@
S5t 53 0F Wlse Slas e Jg ol ¥ ke wlie i Bl 51 Jts -
RCO PP P B TN v 31
A3 Ol SLs wllas Slasiine Jy ool ¥ Jde alie s Ll 5l Jike -
sl 0 o3l ol et &y 4 el 1S
Slase lo ol s Lal el £ 9 Y (Y glg e aline v Bl 51 Jue AU
Wl 0 sl st Sl o 5l Al
Sl sleldoss 51 0T mllae Slaaseie ond Sl s Sl A Jis il Sals -
RGIOU [P W R P 300 [ =P
Gleebins 5 1110 gl sty Ko 51 ol Lol o s (Gbay e o | s (5 4 il
o iy g8 (g o) o 0/0) ol il Sleallass 3l il | il o8aSS L
(L5070 0N V0) s K 3l —iloses lgmalns Lol jon s (S dws Je | 5 A (Sdbn aws Jibe
Lo g L) 2 R

3l d Jlssa Jodods sy i Tl 3 56—\ -0
33 30l s i Bl 0 s g

Jde SO 4 SO ojleds Je s il eslina] guas 4w Joe
y;dzb@j\esu;.ﬁ\p,\.ﬂgj,uwl,\.ﬂj\nu Lo
5 A A Dl 5 B ol ] laaiis Sl edel s @
WV Ol gh 5 el Jdw agd Cgm 50 ¥ osled e o
S8 gl ol aldd jlelial b b dats
SIS Q}:_.ﬂ\.ujéjaj,\{wmpéléwjlglfg
(veo-)JJLY“AOJ\J.Q:;AJ,\AL-,J”I.,\.;Q&&UMJ,\A
Nl 5yt S &y L 31 S oS 3L e il
23 4S) dew e ablis i a Sl as Sl
e Glgs5 5 55 s (Sl el sslinad T 51 g3l

VY

Sl o AL Gilesl 5 ko (6350 (5lemilS 3
LV Gt l 350 oS 53 opdsl 55 4 shay S e
ol oml bl GBI VL sl e 3 5 s 8
O 9 Ol e Selys Slasiio 03,531 Gy shate
=g el by Jod o S Sl
— ikl s Alas Clak la e Olasls)
Oasle Ao 3l (o a3 5doee sl ] Jie pr (A S
s5s sl ki 3550 5 A5 4 ANSYSaal 5l eslizal U
sl Sleddbe ads cn 8 (1) o 1235 13 (Ul 5e)
S leisn 53 das e OIS 1 Gl 3 eslizal 3 5e
A dlsse bt b S5 s Jolse 51 SG a2

S E o 2050 Ol

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

‘55% ﬁ;LZ.A wb‘ﬁb};b.&md‘a‘}adﬁ): 4:5),\54.361.@ éflsﬁ Olasein —Y J_,b

Ol 2 8 EZXIO9 Kb Jgde ESXIOS P 053 Hlas g5 5 4t
m m
/t A=/ Yon o
L/EY /08 —Y/Y1 V4/0 Y
/ey Ve —¢/Y) Y+ /0 SVl a2
/e V/EA—Y/oY A3 Cwd ol gy 0
/YA \—Y/0 i sV gy 5 Ko
/YA AV = Y/ 3 S b g 5 Ko
¥ VY * - K

b apbe 455 B 55 d g3 g0 Slasia p il GaasS 5 K e ST 45 590 slehdow plowil s -
By 4 S O gl 3 315 @2 s 0 Sy sl b 53 3550 3005 (520 Sl IR b 5 o (K
M&Jgﬁ“ﬁdwsqu'yéﬁda)‘p da.;‘_yﬂ.ﬁx}‘ ajuﬁ,deg_...\S; (hw

Bl e 53 s i 4t i S s s
oLl ANSYS i3l o 5 Lo 55 5I85 550 & 5o (0) IS0
Jds gy aSii gl 2 8 s Solid slgll 5l 5 as
03,551 s i g Jls g s s 5 3 8 e3lind
el b aglio s plonil Jits 3 s wasiie plie
L) Jsder 5 Jdee 53 ol il gl 35010 anhs
et e SN oS das e 0L Lk il Ll 0
Juie 55 ol Jlsge Jdoss 5ledel s 40 a sleuilS

AL e oy Ve Y

A s s Jdod Sy Allas Clasils 36 -Y-0
0ol

b s o llas Slase fa 6 ) e

DA dsse Jolo 5) 50 ol s Js Dler g seme 3 I

e S By gl B A (£ T ) B S

S edm bl sy a8 A SO (g5 Ll il

WAY e o) 65l TY Jlu oDzl

28 e Dlasle 5o Ol id bl G Sl s A
Vo hsie jsda a8 A 5l B L8 shads Sl L p LB )
Y e aS ca S 15 e sl kol a5l e
opBe e L e s sl Sl il S5k 2l
‘)‘)_L;\A&.il@ij\GJLAA:'JJA}JJ\J‘}AM@L:;WGA
Lo o Je 93 cal Jlage Jlosd mld (o 35 50 LSS0 oS
Ll HeSde o g e Olasiie Ol 1 AU
LJ_\J_.:}.\_Mg,_.;:gU\J_:&u;)l‘@Lwow
omlp dd e S 5 OLasS Jde 55 8 3 AT
sdd )] llas Soalys Slasiia 5l dda 53 s 55 el
sl JATILs S esla () dsdr dw #lb pslis Lo s
A fLE Sl s e Da 035 s lae w3
G35 3 O Sl 55 p Ll e b el s
Ll, 5 b gle S As an S s 3 \Yem bl O gl 5
Sl e il Slagles el Ol 3 & pee (A3l

J;—‘“%LSJJJ—iJJ—A jbﬁfgyﬁ_djfki\ﬁéw

VYA


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

e i

() oyl Jha — (V) o)led Jho — Al slgdl 5 D5l daw (b 4w 5 9doe 1l sl -0 IS

U bl 51508 Cgr s S dlesl Lo plad 5 Lo
Jhe U Gdee ot Bl 51 L adS ( wdis Loyl 5 5
JJ_aj;);él_mQLb._;u.x.x_;aﬁjmﬁv oyl
Ly oas Ol ol i olie ) eslinad LE ¥ o led
Jie 53 S Sl ol b il e (N d st 1L 5L
Mw)sa};ﬁémw;ﬂdjmdﬂfurww
S A s Ol s sl Eesled Jue js 5 et &) sa
ol L 55 Je 5o cpl il odls Jlesl Jde s ol
S S A3 sl L alie YlS 5 a5 i solid
s S5 s ge oo 5550 5 LA
blLa s él,,m Sesles Olasis B A Jue 53 5
Sl ol sy (£ 15 bl s il
s S )5 eslinad 5 se e 4 il glgldl Sl
SaS a5 ddoee sl Jg) w0 Ole A sk 0l gl 2
bt b s e Sslal e s se ANSYS il e
Bloas Slasis 5l Skl glehdos ol j3 .25 5 13
ol 4ol (£) Jsdar 53 oS b jslis Lo 5 ol &)
Sl Oy e 31— ST s Jue 5 [4]0 eslizad ol
il 3 RGO S N S B P S WO TG (E
S Oy (5SSl S s S 5 Sl sl
L i > (L Ol bghs 5 8 S e m e
o) el e (ST Ol w5 Lol 02 sl
A e e il Sl b3l el Ol 53 5

"'\M)JA

A4

LI TP PR gt RVpUR IS MY R T Y PR

FA e 095k e

Y Jus Y Je 350 0 lads
V/VE /A \
/40 \/AQ \
Y/YN YW ¥
Y/e)N Y/ ¢
Y/04 Y/0) 0
YAy Y/00 1
\AR Yo \
Y/AL Y4 A
Y/A- Y/AR 4
Y/AA Y/9A \
Y/YY Y/ Y Bl
Y/vy AVAR Y
\VAR \VAf3 Y
Y/ey Wi V¢
Y/0. Y/¢o Vo

QTCLJSJ\JS/HN;QJL..&@ A an S ks Ol

wuﬁﬁjﬁw;jkijb\“'mwﬂ&u))@w" ;7

\YAY )ﬁ.]@"‘z A ;)La.:: YY JL»: cd Vool


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

w

N
o

Byse

()55 puts b

¥ yae

Foboe ot

1

0 1 2 3 4 5 86 7 8 9 10 11 12 13 14 15

ge o lads

Sl p p las Slasiis Jlesl b ou b IS

OJ)LGM&;::L«J)‘ JJ‘ 5}4\0 w..b

3230(2.97 —e)2
l+e
K_ajul)l.; ﬂij wl‘f&.m et L OCR dslss ;ﬁ‘ 3

= 55 Gy 5 O ¢t Wslee 53 s e (8) Wslas b

G. = (OCR)*c!" ©)

O atly &S ol 2l e ,dKjMFW
dslas au L;'_.ZCJL&»:U_»):.Q_M\L;WM.U\
3l el Sole S V0] A 4B S LIS
G. =1000K,(c.)"’ 0
SA s i D iy e Oo 5Go las ol 3
eria WA B A s atils o i 610 Ko
NG

BN dwowm)ﬂww;lw
o=l e bas Jlesl B 5 A sl 4 olasiln ol S 5k
j\g,\_ﬂh;_w;«_g@t_.méuﬁ\)g;\AJ,u);s%;
oz gla bl 5B Jue o 5 b (SSlul glets
s bl 5 et e Sl gleds 5l edal e
dlos 2 (sl 4SS ) ey s dde 5o ()l eslinad
Sl gua 50 Sms QL (1) Ko 5515 Jls e
el 095l Ao Sslys Slasilie ﬁCJL.a.«
Jdos Lol s i oo edalin (1) JS2 55 45 658 Oles
Ll 53 g Jge lets 03,50 Cos a4 sl Sk

de_AJ))lJ{élJ{&ﬁrjJ@l})j\o.iujm\j.lm LJJ;&.JJ:;A

WAY e o) 65l TY Jlu oDzl

ohns o (Sl o (51 pllae Slasia -4 Jgr

[V¥] A By

o | KL s
ber

O3l | KN/m?x10°
/Yy ¥ ol o
/Yo AR 5y K
N 1. Cows ol e gla A
/Yo £0 S YU ide ola ol
'/i \E sw)m

S S e o O T b bl ol
YU &yl 53 atd (2 ) o (555 1 (SSlm syl
QMYQ@‘%;]&}CJL@MWQj)}.\.&o:l;)\}cwa
Ll s s 4 S a5 )3 55 b ge s a0 ST a5 53
BU g 03 4S8 Aoy B 605 00 €SSl 05T L
Gl 52 ) S (gl Jls g Jows gl 05 ST
YU a0 o s YU s s vl asy b S
A (Salys 5l (S 5) 2 O e (Soals g s 5L Sl s
o 9 Aeils Dl i By 5[V ST a5 O e Ol
238 sy ks gLl e el
ol 50 Sleid o g o Sl ledos el Sl ey
DA alme 55 50 ds oz Sl YAO SIS 8 55 59 5
Gy (Soolios 5 dpds LSl 51K a3 508 S
iy Jade Sl &S o Ll mLA:w,llJ.(GO)éLm
Cd LS 0 Ol (il Glels el il 1 (Sl
— ool adsbes 51 ks mllaas 3 5m 3 pslate b gl ]
e SV0I eslinad 2358 55 (o) anle slad so sl S

il el osle

3230(2.17-¢)’ 5
l+e ’
ije‘w v.i:»h.ﬂb Lf‘;'.)" J).,\»Go QT‘)J‘\S

G. (&)

D3l el b oS V0] eslinl M 3 s ladlsles

VY-


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

sl — Ay SVl il slgmbing L5b A S

090 dw 390 S B s~ (5290 S B

JIsse s bt o g eSS ol a0 (e300 b
535 e
Gilks (Ko iy Sl (35 Kl 5s J s
25 53 s b Sle B S s (W) S
aSdas o OLS el bl Slellod e 50 0 710
e (M) s a8 SO culbs il 58l
S W58 Oles s a5 o AI] aeb 3 e
e 55 i ol Jlie 555 e odaline (0) Jsdx 3
by e O] S C Y il el Jue S
b s 3 oo (5l SlealS AT L s b S5
Rl @l el 1=0.5H Gl 4 Sal il o8eSS
25 Sl e e edalin (4) JSG 55 5 Lellos 51 A
48 ad eslial (g3de Juos 51 2l dIs e sl ol
sasan S L sh=H ol Hl Olasl S s Culis
S NH T Ll Olasl ol gleall oS5 culss

'YV

sgdoe g5l Jbe s by sV Sl cki.a—\/ Jse

Hﬁ‘ﬁﬂ%@%ﬁﬁ#}b%b})bh

Bl sl LG 0 wlas aiy (Solys
a3 50 GleadlS 5 olie 5 35108 ot Jlsse Ll
S el paiy L dsde S Jb kool
S 5 a5 das e Sl NN ssds 3 sl S
o Sl aslil 52 5 55 it S5 ol )
Js o mle o R gl e e e SO
b LS i NS 55k il s

ol 18 S B 5 A Jde 3 55 ot

Do gms Jubos s 3 A 45 Lyl 18 ksl 35 —¥=0
0ol e
S S5 K men gy 2 Ol du
Sl 3l edel s 0 SleMbl lus O 5 5 Jsde
S o sl o5 ) Sllles il 55 5 VYT A £b sl
T W W R SRV T S g YL
oioylﬁ%,,;}GFlszé%pﬁtjm]c,,w\
s s edite an elal )l il el 550, vi=0.3
Lo Sl Slasine ;a8 oS5 gy Slasil 8 S
b Gleals 4SS 5 e S ) ke slgnlis (s
A am S ks (H) de JS gl Sl sao s e 4
ol 35 03 (onmh S 84S das oo DL Ll ) s
VOH Ll S s Sl &S b Bode il )
ol 3l 5 MO I3 e o sh S
05 i ody Gllanil Ay ol 58l A 4wl

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

FP Bl e (Smy A Je (5330 SLgmilS B (sl SLAS ST (5 1y Bllanil 51 -0 Jgue

h1/H s ﬁ.a\.fu 6‘)| 4

‘/o ¥ A ~ hi/H
VA \/Y V14 IV \ 3
VM V4 V/AY \/ Y 50
Y1 YNV YA Y14 ¥ s
Y/ Y/ Y/YA /v £ 550
Y/oA Y/0A Y/o8 Y/ 0 330
Y/ Yo Y/ YAV s
Y/VY Y/vr Y/VE Y/Vo Vs
Y/AY Y/AA Y/4) Y/ar A s g0
Y/ar Y/a¢ Y/40 Y/av Q540
Y/t Y/\0 YoV Y/ A Ve 5

oo s rb SledlS 3 45 (o5b 4 3 5 e I35 i -

DVIKS o oo (S oy b (5lelS T i
it 31 gl i (so5 ) sletalesT 51 oslisel ~£-0 il —
JIs g Juloes @Lﬁ oS hi £

5 o 2 VWVl s b lo ) Slallas i, o

Selos gl el clid sk 4 050kt LealSaSS . H""'"mh

013 S oLl L sl ST 5 dw il sl 3 lae e -

S i ool 85 leialasl plil L V] o
il LSSl los T by e fsazee 3 e
b GVl w53 b 4w ol oS ol ol
23 s S zbs I Kl g o
ol > DV L e el 5SS s (35 RG2 J 5
i Sl eslial L) oz ge sl e g5 55 51 S Lol
Sl 5o 5 SL o 05 be (o253 amibn 35 2 S
o T8 el ol eslitnd (A sl alBasS s Ko
i oy B a ol Sl se sl S 60 058555

ool a, LI

WAY e o) 65l TY Jlu oDzl

o (B ass il glgbs b -4 Jse
B e T

09l A (5340

rj_;-l.@_l.:lpdb)_\ 53 Sl S OLLE (ol ol ol OLLS of
o S s s a8l s e (S e
L;:\Masjjgf)ﬁqu&@&jl{dl?lzjd.u);&
M@ujbéjﬁd@)‘jfw}ﬂdbk J.\.n)b

\YY


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

e 5l slgislesl 5 gous slgdou 5 Juol (53 58 (SlgmslS S Auglin 1\ J gt

FEM sl .
o slgis el
(GIDA Jdo | (0) Ol Lolan A Jobo | (2) SCn o 55 Slealo ST 51 eslizal b ok
U-D Cg=

V/40 VY 1/44 \A fl

\i33 Y/Ya Y/aL \As )

\VAK - - - 3
Ll

\7 V/Ag \An Y/0 fl

Y/AL At ¥/\4 /Y )

¥/ev - - - f3
Ve

Y/o¥ Y/ N4 Y/00 Y f1

Y/A\ - ¥/ A /¢ 2

ﬂbji"ﬂjdé” 6\.@.\476 j‘,&ﬁb)",a ‘_gb}aJSJA\sw‘ JquLﬁfjwl IR 4\3|J| S0 u‘uls)é ;J‘J" CJ‘-{‘JQ

e el ozl =6 LFEM Jue 05 5e5 6 IS
Sledde O gl LS 534S (1O e A3l o0 Ao
e a5 Ol 4 b b s sl oLl mls b gsae
LUl 5les 8 90 ol e aelie plol o 8
ilio 3 )50 pl 5 oo T Blize (53 50 JISCE 5 LelS 3
e Lol 5 oS gle 2 L amlin ploil 5 S 13
DIAT L5k s
Lo s IS 05 8 a4y (5350 IS ol sl
(U-D) s oyl = YU 33,1 350 51 LIl oS
SIS s (V) bl ase 5 (L ) Ssb il s se
w3 5 Ol s ge pdl e Ol 350 sl 5058 4w )
248 O Sls o5 5 ol A ud s 0L 35
@t sl 5l ol S 50l e sdalin (1) J s
e Al LT s L e (555 p 0 plon]

\YVY

.&m‘e:ﬂﬁsﬁﬁ&\jk;ahgwbq%)buﬁ-w)l

du;gf;}u&ﬁuﬁd%uj@uwm

Shas awy Wlae aly 3 Jods an b o 0l
NV BT o ool s 0 Sen e 55 Letulas
o o ol 53 1Sk e b sl Lo 5 0l 1) b
Slibosl Sledsl Cows 4 ST 3 5 Jsde S i
by el Syl ledslS 51 0T Jluis au e gloy )
Slasiin ol ol o dsas § s 5 V/0 Ll sl
o edal e s s S Aol e Jde s Al
FEM Glgkbos s 5 s il o Sl ol 3

S el 4;>'-\:ﬁ:

ol L gsu—s Jolou B Ol S
‘-;h.:?w u:'ow‘)‘

el (gods Gl s 5l ol S S 55k

éJHJ&Q\juJMSJﬁC\J}d‘_wl_}Mu—;\)AaM

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

Flas Slaskiin ol 5o (s glo) ) Sladllae 5 eslizal
03 Sl s e Jue S ol gl o s
s 3l Il sy T i by o350 IS (1) IS
s e e S 3 5 O il e T 3) s
s o edalie (Cows b 4 Cows YL
o a5 (Gus e i opl s Ol S S glasS
BaC L il gl by Ly opl 3 oS ol
L 5V slasge iglio |5 dsl 4 S 3 anslio 5, 50
s Lanse ol VL S5 (glme s 4 K0S

B P L e P P P g S P FE

S5 s -V

o gods e G35 Sals Slascin 335 355, )
ol U s bl JibesT Sl eslizad L S5 Sbt
AT S G =4S 2 0l 5 Gise
A bl 0l
J_:b;jv_bfmu;@)\u:iujj\yu@u;ﬁuﬂ-v
o 3 M el S 4 S sy 0 e
oS sl 03 a8 sk 4 A s (6350 LS
Al SRl VL Glas e 53 5 s e LYY 4 (635
Ay s hasy ol 3 edd plil FEM (slehlos -1
Cass bgsde Jie o) Sae glddes s S e 4l
gk mlas Slaskie 5 wda IS5 515 g0 S
e it B b Sl S letilesl s 5 e
Cgr 03 35 sl b S 345 (o5 4 sl 0l
sleislasl oL ERAJETR P UNIVERN IEUNIVE (T
Sl a5 dias o OLAS Ol e il
Aol s w5 El w3 e

Soslp Sl s Tl 3 eslid 5 (SSlal o il -
S35 SlemilS 3 ol mllae aley (Salos o3 Joils
s bl ety S dsbe S A g ol

s e Gl N seus s Al ey as el

WAY e o) 65l TY Jlu oDzl

W.L;ALJ_\JJJ_L;)'U,\_AO_U:L;_:;:ASAJ.\_A(J\
Al
Jhe (5 333 oS pdy Bllandl O 50ml b8 L ol e Ade(
ol A AT 5 ek Lol 5 Bl 3l s e
S Ss w5 Slagbesl = ol 3 &S olg Je (z
A ol Alas Slasiiae o
fy56 o) palie 555 o sdalie (V) Jsdr 53 oS 45 Olan
ol s gl el LA b (3 S o
Slasse 51 S o OoLae 350 ass 5 Ol 550 sl
LB Ui opl s &S ol S il oV Lo UD il
Il 51 5 s S 5 slie S ol ol ol 4
53 3l ol Sl pde il et 1 Jsdr ol 55 (535
S sy $35e JSi aS sl Ws pl 4 e Jsir
L sdalgs oy b 3 30551 (eI L 5 ssde sl
Ll 03 55 iS5 J{G

50T 55 4S8 A Jus & das e 0L ol plowil dylie
Jodos s Gl b Lails) 5 5 Sl s s
Sk s Lo s 60y s S el Hllas Jd
e aslisge LS 3 s sV s Ol L s
Sl a5 3003 ases Ayl ST il b e
s ol XS e S e @ E ST sl
2 e Sl Glet 5l eslinal Coeal Sy 355 4y
SB s b éuéhmf@&aw:ﬂlﬁ)ab
Serlons Slasc i oy SBllasl Osnlsh 30 g S
\o)m&rgﬁjs&u)@g@u‘owuw
i alts opl (el sl 3 ge i8S 2 s 2alS Ao s
Serlins DLy s Sl iy Sllanil s Shee 55 50
(C) Lo s aS ol Jube slesladd bcwd S glad
Sl mls an ldms (o sl dsosls i 5
ol Ot aS ()b L S5 b s Sl
il 5 e Low 5l ol b bl 55 b

Mgu:ouﬁﬂ\dl‘\sy\nﬂ‘)dﬂ.ﬁoQL?)JJA::Y[A;‘)\

\YY¥


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

dol 590 — A

p9° 250~

frr g

FEM |Jou 5 ol O,k s (s 4w (5390 slSa— V0 IS

(C,m:&:glg’QW:VQ}‘Q:%WJAJQ)&:wap)b)

&;J)ﬁ‘y‘l_gdéjj_b4_3&;_».»1‘&‘05_:)&;&‘&‘)‘.} S5d 0 V0 Ol 4y dow L3Sl 550 o]l
VYO WWAY e ) 5ol Y Jle oISz


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

Lewly ol 53 558 ags o s &b 5l (g 2i3s (gade e -
5 e 05, S Jd e S ks OS2 58
5 Ll o] Calis «) Ll Olhasl b slealBass
Sl Sl o oLl (o33 250 5 25 50 Tl
I N SNU Y W T G P P P-E WL
Sl Slaste Ol gl o Sl 55 ol
5 e ol 53 Ak e sl Sl A s S s
Cr ol Sl Olgie &0 Ll oo o 2l ) 2oles]

.Jﬁ:lwdswdwguw J s

AR SO S i s OLSen ) amen 5 5L
B s a5 edige 5 el 5 el o83
Oy Slalos 5 Leiolosl Cilies |10 53 a8 e

J;u;wujiﬁl&_«sp@mf@mgw
Sl Slasin 8 I 4 S daw Sl 350 o5l
s a5 Ty 5 (Sbal Jebo 3l eslizal U lan
Jols i b s b o S5l o3 VE/A Ol 4 cdilodel
s e Ol Ol 70 LS as 2l aolesT Sl
o5 Gl ) 03 4 S el bl e s Lt
S lade Sl Slascie mids 550 0 g 355 0
dph ole, b3 sl

J:".'.LA)\ ¢J~_wL§\ 092 le_b.b“.})b‘_r]aoljﬁl Q)}«ﬁ)b—

PIEPET
G s ol Olesla o s g delis 51 LDl s
GoLSer 5 el 3 Olgs sl dlige &S e Ol
ey 5 ssbie o 318 p e Ol)lS 5 ) s dlacans

P el el s sl W 4 gl 3 ke 05l
Sy b Dbl 5 Lald a4y o tes 5 dw S o b 5o
4l o3l 9
1. prototype 8. power spectral density 15. Welch method
2. Romconsult-Bucharest 9. cross correlation spectrum 16. orthogonality
3. passive 10. coherence spectra 17. Hardin-Black
4. DC offset voltage problem 11. auto corrrelation function 18. Hardin-Drnevich
5. nominal resolution 12. cross correlation function 19. seed
6. dynamic range 13. hanning window 20. seismic refraction
7. Stationary 14. periodogram investigation
ey

5 o) ALl letalasl cp gasls oS o (s phn )
el o i s5 Ol s S SLE gl 5 aes
AYAY Sl )y pwdige 5 owlbis 35

S e S Ol ) e 85l e s Sin 3 Y
YWl ol Syp
3. Manual of “Operating Instructions for Model SS-1

Ranger Seismometer,” Kinemetrics Inc., Pasadena,

WAY e o) 65l TY Jlu oDzl

Calif., 1990.

4. Manual of “solid state Recorder SSR-1,”

Kinemetrics Inc., Pasadena, Calif., 1990.

5. Newland, D. E., An “Introduction to Random

Vibration and Spectral Analysis,” Longman
Sceintific and Technical, 1984.

sl A slemialesl” cp g solens .@&%,sm A

\Y#


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7

[ DOR: 20.1001.1.2251600.1382.22.1.8.7 ]

Ol ep 3 5 Il Al a8l glglens v 555
cad s g 5 el 315 el s ol
AYvY

7. Bendat, J. S., Piersol, A.G., “Engineering
Application of Correlation and Spectral Analysis,”
John Willey and Sons Inc., Second Edition, 1993

8. Help of “MATLAB software, Signal Processing
Toolbax”, Ver. 6, Mathworks Inc., 2000.

9. Welch, P. D., “The Use of Fast Fourier Transform
for the Estimation of Power Spectra: A Method
Based on Averaging over Short, Modifed
Periodograms” IEEE Trans. Audio Electroacust.,
Vol. AU-15, pp. 70-73, June 1967.

10. Chanaat, Y., Chen, H.Q., Redpath, B.B., Hall, R.L.
Marjanishvili, S.M., “Measurment and Prediction
of  Dam-Water-Foundation Interaction  at
longyangxia  Dam.,” Report to the US
N.S.F.R.C.,QUEST Structres , Calif., 1999

11. Tarkeshodooz, Jafari, M.K. Gudarzi, F., Popvici,
“Advanced procedures for Earthquake Analysis of
some Large Iranian Dams,” SEE, IIEES, 1991

\YY

Olawdige &S 1 o158 "0 las dor (Salys L™ Y
AT Ol s Olgs sl
dr Olas U 5 sl 5 Sl Lo 5 4 Y
(i Sl sl Oladige &S 2 518 0k
Y10 e
14. Gazetas, G., “Seismic Response of Earth Dams,
Some Recent Developments,” SDEE, Vol. 6,
No. 1, 1987.
15. Das, B. M., “Principles of soil Dynamic” Pwskent
pub .co 1992
U e Sy IS UG P2y PR TP L
ige 5 ol IS5 S ot "0 e
AYVA Ol g s
e S Selus Slo gt U5l e e se gl Y
Sl 5 sl die s lie L b
o iils (| b8 b QUL 7 a3l
AYVA Sliey ¢ wydo Con 5
18. Severn, R.T., Jerry, “Forced Vibration Test and
Theoretical Studies on Dams,” Proc. Of the
Instituation of Civil Engng. Vol. 69, Part 2 PP.
605-635, 1980.

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.8.7
http://www.tcpdf.org

