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Summary

By growing the population and need for settlement, many cities have been built on soft
sediments and seismic areas. It emphasizes the need for a careful and reliable assessment
of site effect phenomena. Beyond the methods of studying site effects, microtremor
recordings has become popular over the last decades as it offers a convenient, practical and
low cost tool to be used in urbanized areas. Besides, in areas of low to moderate seismicity
which gathering a significant number of recordings with satisfactory signal to noise ratio is
a time-consuming task, microtermor studies are more useful.

Lack of accurate knowledge about the nature of microtremor wave field, would lead to
misinterpretation of site effects, hence, investigating microtremor wave field is an
important goal to achieve. Two techniques are predominantly used to determine
microtremor wave field: the array techniques (such as SPAC and F-K methods) and the
single station horizontal to vertical spectral ratio (H/V). Array studies have shown that
surface waves dominate microtremor wave field, but the relative proportion of Rayleigh
and love waves has still been unclear.

In this study, single station horizontal to vertical spectral ratio method was applied to
investigate the nature of microtremors in south of Tehran. Theoretical aspects of this
method, has always been a considerable issue for researchers in this field. Regarding the
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dominance of fundamental Rayleigh wave mode on vertical component of microtremors,
some researchers believe that, if impedance contrast between surface layers and the bedrock
tend to be high, ellipticity curves (ellipticity at each frequency is defined as the ratio
between the horizontal and vertical displacement eigenfunctions in the P-SV case, at the
free surface) of fundamental Rayleigh wave mode shows a conspicuous peak around the
site resonance frequency. It is due to the vanishing of vertical component corresponding to
reversal rotation of fundamental Rayleigh wave from retrograde to prograde, In contrast,
some other researchers do believe that the SH resonance in surficial layers (removing the
effects of surface waves) accounts for H/V ratio peaks.

Data used in this study was recorded by Haghshenas et al. (2003) using continuous
recording for a period of five months in 13 seismological stations. The results of two
stations are shown here. Geopsy software (www.geopsy.org) is used to analyze
microtremors.

First, particle motion behavior in microtremor wave filed was studied. The results
showed an elliptical behavior that can be related to predominance of Rayleigh waves in
microtremor wave field. It should be mentioned that if body waves dominate the wave filed,
the particle motion will show a linear behavior which is not observed in our study. Then,
spectrum amplitude curves were obtained. To compute H/V for each time window, root
mean square of two horizontal amplitude spectra is divided by vertical amplitude spectra at
each point. H/V curves showed that site resonance frequency varies from 0.3 to 5 Hz in
south of Tehran. Our study revealed that the peaks at site resonance frequency were
localized by minima in vertical amplitude spectra as well as by maxima in horizontal
amplitude spectra. To study dispersion property of layers beneath each station, shear wave
velocity variation with respect to depth was investigated. Dispersion curves were obtained
based on earth models. It was shown that the under-structure layers are dispersive. Take
into consideration that Tehran has a complicated geological state and lack of borehole
information, Jica & Cest report (2000) was used to obtain earth models. Jica & Cest report
(2000) includes only thickness and type of layers, while, the shear and longitudinal wave
velocity is needed. Jica & Cest report (2000) contains Standard Penetration Test values
according to the type and thickness of layers and experimental relations between these
values and shear wave velocity. These relations were used to compute shear wave velocity
under each station. Longitudinal velocities were computed by the relation proposed by Lay
and Wallace (1995).

Finally, ellipticity curves of Rayleigh waves were modeled and compared with H/V
curves. The same earth models of previous step were used to model ellipticity curves. The
ellipticity curves showed a conspicuous peak around the site resonance frequency. These
could be due to the reversal motion of fundamental Rayleigh wave mode from retrograde
to prograde. To sum up, it could be said that in south of Tehran, fundamental mode of
Rayleigh wave accounts for H/V ratio peak.

Keywords: Microtremor, Horizontal to vertical spectral ratio method (H/V), Ellipticity
curve, Rayleigh wave, Tehran

o b 5 b o sed B8 4l s Coner
Hlod |y (Ol laanigs calds claoys) p 3 s
Sl (5103 ) (Slag g T 55 dateee T ST L oS
5 555 Y oL s CaY M Gli 5 B, e)
(Slala (Sl b ot g 55 J1(Y 0¥ 1,

dodde
b o e ey e ok 4 b oKl 1 IS 0L
Oladss ol Ooldal 1 (oo wldgw) Ll b
4-*) Sl O)jjwﬁ) j]a> -’Jﬁij 9 b GNL.&«J))
OPAL OLSan 5 Glad AV (O 2 g (503 Ol e

Sl b &S Sl Caeal Bl S OT 1 alies oyl



¥ wo) 5y HIV b o dnieg Cols gy

J‘U Afé)}.p)J L gTJL'a LgLAC}A Uaoj_)lj'.ij
AL 3L g S g b glaaY il
Sab o) Jiss slag s Solssdn la e
gl 53 J) o D3 BB 5 B glrals o5
el tts dobew Jlg 53 oedly b (Cpe)
J‘ Jd) Cjﬁ Q\)J dﬁ QA Ojj‘j 4:;:.’.’.! BE) V.:B
Q%uj\ﬁ) Slode ¢ Jlas y3 .l J&@}&
HIV oo ai Coale (Yo v v VAAQ) 1) a8 ale
T 02 S Lad ) (Yoo 0L 5 g g Sl
odalive 6@% wlfubc.bubl.wj r\:u“\.a‘s_{swsw(f
s ei s BB 4 (Bl adge b Slsge 65, edd
g..JjL'J 69 svju 9 633‘ L;LAMJ‘;A Ll u.:b Ls.>=..ﬂ
dezst b g, T s ST gy 1y oo e b its oo
Lgl.an\.ﬁ}pd.:b@\:ca@:'-\.w L LS ;.)jL'S 6593 33 S
afSJlmerlﬁd}a@ub)%J\mgujﬂ
OLSan 5 p3 g Gaimed Cdlaze (Y00 F) T L dilodn
(s T 003 e Golwde 3l eslazal b oY)
‘) H/V U;j) B okd a..\.aL.'u 61.&% 45 als QL&J
S el 6o Sz e 055 A L OIS
C}.& Q‘.L:_.e BE) a).s &} )t.é) c\u\:.:‘ cé.:E’J u..:" BE)
8 I3 w2 O S oy 03 e ln,
AR l6SG sla s ;S 0101 3l o3lizul b caalsl s .ol
Sl laaiy WOLg 48 oy s ke,
B3] L Coe R PR w:&'a' o\i:.w.i‘jk)JH/V
Juo b ol o b 3 (sl sl 05y ouisl
HIV S ai ( Jiss oz 5o Slssn Swr 035
el e aniy sl 5 Lais ol by 4 by e
BE) "y M"gs‘ ol 6[}.’ Lol 4.“..1LE.» kS‘SJ L;LQC}A
A a5 J) Glagse ol e O 45 O

el ol 25 el & b gy s i

At (B Sz s il Jeol L5 SIS oL «
Gl g5y 8 B WS Dlgw) 55 odd
5 Srd) sde ol o WIS IE Sl
OYAR O, s

Sl iy ofSetle 1 sy 53 et gadle s
@ 8 5 a5 350 e bae I35 6 S 311 e
b by ool (Yoo f 0L 5 SIS~ (6585 90) Sl
23 035 e b 5 03 S (Sole e
@3de ilead Gl Sy, b oawlie o (g e bl
F30) NS 55 5 (S5 e s Lol sas
w3le 5 6L Jim ¢ U5k (sles ) o) (eSS (slo5
shls a8 able )3 ¢pioman 3505 (glof s Cuanl (OT
dob 3k e 5 dmen ol i) ST
25 65 4 IS S b i glaosls b A28 s
Lod g Sl be3J5s 5l eslinel (Xsd (5T max
33 (Yoo OLSKan 5 S S- (ki) sg dals
Cooal 13 o) 55 o go O Zoale Lol cames
s Olde Caale 31 Cwys Ct il Ol .l (lo s g
Ala by Gl & sphe Lol oS
5 gy Al SIS iy gl s oKL
Coned 65T ol 03y Ol Sladss (Y048 O Kes
S ety e Ol adias JSE slag pe ool
Bl aa opl ys bl (ol auwfbducf
S S 5o IS 5l L 3550 53 Oliies o NS
I 3y Wej i, mae Ole 55 Y oz s s
(Y8 OS5 S NS5 5h 5)

S ) HIV) (36 (Bl o hb o i)
Lolas mni (51 (VAAR o, 0086 VAVY ¢ 5L, K0
Sty Coale 3550 55 g5 S 4 oKtle wuis
sl ks HIV Gla goie g5y oKl Ldis dolay
oY i) Oliies I A sy Solis
a5 L (V43A 03,0 V48A ¢ mbosl 5 555 144F 05,0

Wi gy Joo slag s ol e Y sone Syl



\vaf o)wsf\a)jésw)&yj&}ézw ¥

‘s‘foMub&:‘e&“i‘)bgL:a;y\J.{&@‘ﬁe; Q\J@'Wg)}.’))ho))ﬂ)w Y

5 BT T eSOL) AZP Glagk & bl oy S 6K b odd (5, E o1 slaosls I e cpl o
S 5o 1 GLT Gl ailais 5> - 5ae Ol sle) MOF Yor¥ Jl s ods i o A VF 230 6,05 )
b e 48 (55 6K ¢ Slaldie L O e (Yo rd ol g Y ¥ O 5 el ) Ol g 5o
3 bl Jpy slasls i5ls sl des e O Ol g osb asle gz Jsb s ags Sejll ol okt asliza
sl 0l 0 3lazu! (WWW.QEOPSY.Org) geopsy Sl s &g CMG-40T  (glad) joan LSLQGMJJ; b jates

.
.'—‘S : ' ululu'

z
é
Bl
28 B 1 C ( KAHRIZAK Plis 5 1
A [ C « ing HEZARDARREH Formation ; Mio - pliccenc ) |
“E' [ | T Basic/ Inteemediate sit{
5 I B i
= i w2 B 7 picrie

E} = Uppee Tuff member : Andesits/ dscite lava and pyroclastics . shale |, nart / sandstoes

EA: Asara shale member EV.E:’:A desitic and lastics
va

E; : Lower shale member : shale , dacite lava and pyroclastics

Egz : Limestone ; pammalitic ( ZIYARAT Formation )

Ef : Gypsum

Eg: C and 2 (FAJAN )

EOCENE

K': Limestonc and marl

Kyp: O ¢ TIZKUH Fe : Aptain - Albian )

‘ K* : Shale . Sandstone and congl
=

3¢ Limestone (LAR Limestonc )

L'-*TI? 3, : Shale and : coal bearing K ion )

i ———— Majoe Fauh
g ]lj:‘ ! : Dolomite and limessore TN
=
§ ZITET] ¢ :Limestone ( MOBARAK LIMESTONE ) High Wey
Z ———— Roads

b 5 ) €, : Sandstone , quartzite oa top (LALUN SANDSTONE )

z&

3z

E g PC: Dolomite , shale { SOLTANIEH DOLOMITE with chapoghlu shale member )

=

Slas 8 5 ATV OLKas 5§ inr) Ol b 428 53y (JKaEdie slacadle) 01,6 o 55 boj s S ol eyl Cardse N K3
23 Ee Koy sbacdin b s esls OLES olSaugl 53 (slaeals (1448 (OLilad 5 e 9 VTEO (5528 wlidipe Olle Ol g5 il s 4l

ol a8 818 ealital 3550 o g



1) ...ho})ﬁ)H/V&yww@uMJﬁ

0.
0.00002
g g 0.00002
0.00000 ©0.00000
-0.00002
-0.00002 -0.00004
0-0.2S 0-0.3S
P T o .00000 -0.00004  0.00000 _ 0.00004
East 0485 - East
0. 0.
0.00004 0.00004
3 0.00002 S 0.00002 =
aro| € i @
-0.00002 -0.00002
-0.00004 -0.00004
0-0.4S 0-0.5S
20.00004  0.00000  0.00004 T0.00008 O, °
East East

s e 0L 1y S o g O, AZP oK) 5o aes )5 Toe OMen 3 03 Gho s, Y Jsa

DS s e 5l ol el 3 Ca I8 L 4S50 Sl ol
O35 A 4 Olsee b Dlsolm B, Gl sb
Bl Sl Bej ) mae O 5o Ji) slapss
T O p A e Glapse S Sosens
(Bl a5 03 Jiim Ly edes (Uil e S5
53 S Jlm 5 (V40 (W15 5 ) syl s Sl

w&?a):}&m:-)té)éﬁ‘sudgﬁ

0.0044

0.0040

0.0036

0.0032

0-0.2s

0.0024

0.0006 0.0012 0.0018
East

0.005
0.004

Bose ;

0.002

0-0.6s

0.0009 0.0018 0.0027 0.0036

East

Lo} I3y g so Ol 53 093 o YU,y gy ¥
 bej sy Cal eyl i LB, e p Gy
el (450 > i o 53) oU 587 Hly (Sloj (Slao 2y
Slao ey pl )3 6y3 Jiis Loy Ol s 6 gl g ol
23053 i Sy el 8 8 1 F gy 3 se Sl
53 MOF 5 AZP (slaolans! (51 ez gol 5Lz i

Gy 03 il (Ll el esls QLAY ¥ 6uJ§;

0.0044
0.0040
0.0036
0.0032
0.0028
0.0024 0-0.4s
0.0009 0.0018
East
0.004 l
go.oos 0
0.002
0-0.8s
0.0009 0.0018 0.0027 0.0036
East

s e 0Lz |y S g Lo, MOF oKl 53 ey, T Ol 53 003 Sl s, ¥ JKS



\vaf O)Waf\a)jésw)wj&}ézlau s

Sl & (,llul 3585 Db sde o #3ol luis)
e 53 S 0 s (G -) Jpl) 05 8
Llokd (svaib @luls Fues FY B s Olg
.(g—\ Jed)
Sladie 4ii b ilas 348 0 odalin &5 & S 0la
25ba 0,65 G 5 s 53 AZP oKyl (F JS) e
5 Sl os 1S5 od albblids chaig I LI
Joe 53l (o F2) (057 55 sl s K e
0 3 s 5 5 e S F e MOF oK
$103,) i Ko Gos 5 Sl Lo e e b glanls
LS Lol b ol ol ol 55T 5 (e V04) 5L 50
o) 55 o) eolid Ty 5mn) 5 il n Lo
4 Gyl bl oIl aals 5 ST Ges il

3 Gl en g (Dbl 31 alols lIb o

JE) 7 Slg e e Siedie §
Solasn SV 5P bz g0 Oljer sl - 5o
S Dy gty |y ety o 53 053 i () 5
OLES ol o 53 @3B 5 (a8l glrarlr 05 Slaml o
OYAL OLIKar 5 Slas 6 ) 0LIKa 5 1) das o
Sl FHed LS 4 5L S g sSlede Gl
&a)sdbf.sﬁjqqg-jﬂ{:)yal).sgc,w‘d]dx
(F JS8) en Sadite a2 Sl ey 2 3) 30 (5120l
Al Gl dYer) G Kl 54 w0
03 edd asls gladde L Cowl odd oslinwl e gladde
SbalS Sl sTper bty SHIE Gl
Cose Sl 5 Sl Glap b ) edd o)l
oaT Loy D15 slo) ) st s b sl 48 8
N e _elol p ST it Gaiows b Gollas oon

Fap Ol $1 055 SR At 35

Tk A s Sty N el e

o 11
INEEE I NN
| I
'8
0
1 u
T 1
Ll g 1]
¥
"‘%IL
1
=au
- in
- 13
B AN o
1

b)) (JSasle zls slacadle) Ol sl Jobowi 1 oes Sladibe 428 S5, 016 o5 s L3 baos Jins (S o3l slaelKanyl Condse ¥ S

el 015 pasitie St 5 Sl pls b s 3550 Slaelanl s (Trr s e 5



Lﬁ-l"j‘_}’; GJL«")“’M L;’jj J‘ (.Quw)\ awl>
crl o o33 (a2 B b el 0l oslizal (129A)
We(f, fo) = (F)

[Sin(log(f/f)") /Uog (f /fO)I*
dolw i 5 555 50 sl £ il (sligy o 2D (0T yo o8
(ol o2 )8l Sl ) STl (555 e
(Oropan 5 Lo s Sob w6 I Ol o5 il L
A3 5l O)lie (55 0 Mely & i W
Gladals & by o gladiii 487 Sl OT bl (b1
5@l ol b OAd Slsen Olpe o S o Lai 1) oS
Pl S g ysba )13 s WS Al by o
ol 03 g e Dlsen ST bl L Sls g bl
s 4 S L5 3 Fe sde b ldie gl e Gao
slad e anls Cab gl g dunl S 5 pla
b S Sl st (o 9 o)l 5, 56 5 (B
Wl 0y o) 2 55 (HIV) (50 31 4dd o
boj J 50 08B 5 B (slaad fo auls b Ol ok w2
Loy i edmsOlis MOF 5 AZP clao&ensl s
Sl Foa o /F s PN Gladelas s e ja SEU
T 039 4 5 L (P 5 S0 sl S)
st o ka0l ds nl oS s e Ol 53 Jis)
Shals s 3 s K 45 K S O3 oS > S
Solsrdn Do sas 5 36 adlfa atels b SIS
sl K2 HIV b glacas .cul Js) Sz
FIA Aol 53 15 admdn g &S5 552 5 (-F 5 0
Ol MOF oas! 55 5,8 +/F 5 AZP oKasl 53 5
4 p3Y s ol 53 ol ST daly 7 a3 e
oKt le 53 iy delay Lois e ST Col S3
5 Ss) Sl Ll sy (eenp 2
ol i 3y 50 (Soist e s 53 S5 55
g o Slm Sl eslinal b cdm al> e )5

odsly () gladde S| 1 fol> Gas 4 S

ooy d5y HIV b s diiy conls oy

o 3 Sl 35155 55 0ds 4 o e (slade

Gl LY iy Culbes SVl fols (Yerr)
Golsstn g Giludde ¢l (om) dsir)
o Lo s Wo) Gy msn Co s ) Slaz s
shte ek & (ol 513550 55 Y 2 5 (Vp) b
25 sba¥ e gluaas () Jodr 4 5 L
358 bl sde eluly pwsp 5550 slaelSan!
4 by n Vo) 5 gm0 ke (N) 55l
(1) o5 oy 3l oslizal L ool pa mlaw 5 bl
odd sl (Y00 0) G 5 Sl a0l gy

1wl

V. = 161 N°277 N < 200 )

(Y) s\.lzb )‘ oalar! L: (Vp) L}}L C}A C'_«&Ju CW
:(1440 ‘d"ybﬁ&éj) Sl ol ATM\M

Vp=\/§vs ()

o303 0L Yo Y sad sl 5o Vs sVp ol e ,5las

Sl 0

oy (A &Kas 1SS 6 ;S 011 slaosls Jos O
adlge am p gl o) Jis anls 4,8 Cab amlon b
3 Bl 20 (B 0 B e -l
5 Bl allie 53 4 by wals Cab 5l (68 Sl
b 56 adl 3o atals b 4 S0l ol S Al
W g5y ks dlesl Sy oy 2 4 by s HIV
wals ) Cab 16,8 Kl (sl el 0
ST PO I IR« I SR PR - PH AP

1w ol oalanwl

2 2
g [vo ;rE(f) ")

N() ¢ ol sloaid jo b aals 5 Kke H 0T 5 o5
ad g0 Cab als E(f) 5 g5 Jld add 3o Cab atels

Cab 05,8 lgen jshien (pomen (Ll o - B0



A S A %LJAJ’\QJ)&@}W}Q}}M A

33 Sl (SmF 5 -0 LgLAJﬁ.i) Sl ol g 3led e
dolw & bp o ady 055 0 odalie oSl 55 2
ol o 4 by o aitiy sl Glate oSl s
iy (Y200) ol G ol ol S5 290
Ol el 55 5,8 V¥ daluw 53 ols odalie
HIV la oo i 55 L5 5 Sl _gmios L gl

3,8 N Far g sy

04 081 a4 812
Frequency (Hz)
(@)
0.8
2
g
4
2
i
0.7
04 08 1 4 8 12
Frequency (Hz)
()

Amplitude spectrum

Golodde b ol 4 8 15y 5590 Y O3y
T el e o PLLI () mar olssdn s
e Sl 0kl sy HIV e i 5 Jis)
s sadds Sl el (Jis) e SB e 3L
33 s sbaaY 03 edisly b S (¥ 5 Y (sladsr)
Lo (7 5 o0 sls JSK8) Sl MOF 5 AZP o

3] sl e Seslaal b8 gs"ks) T g5L.,4l

0.002
0.0011 :
0.0008%( + '
0.0006"
0.0004
Frequency (Hz)
()
520
0
E 500
>
=
[
%480'
>
]
s
24601
o
440
04 0.8 1 4 812
Frequency (Hz)
(&)

E alje als ik ¢ o bt abai N 3o aials (i e papalal AZP oSyl a4 bgs oo (36 5 31 slaadl o anals il 13 503 () O JKG

Sl (S glagrlas HIV pova (St e Lt HIV b s Sl 503 (0) s o 0L 1, Z el e auls i o o o

Md)‘}ﬂﬂ(@)}éd)cfjuwﬂﬁ\iw(g_.J)‘.,\;A:v.aQL.".Jb@bjemﬁykﬁfHNnL;})L}k}j;)Udu.

SS gar e



4 wo) 5y HIV b o dnieg Cols gy

67 i 0.01-
0.0091

4
o
]
d

0.0037

Amplitude spectrum

0.001
T ™ T L v T 0, \v : b % T ™ A T
0.4 081 4 812 04 081 4 812
Frequency (Hz) Frequency (Hz)
(@) (AN
0.8 i
520
Q)
E
2 24807
2 i
3 H
= ]
o >
% 4401
2
0.7 o
400
04 081 4 812 0:4 0:8% a 8 12

Frequency (Hz) Frequency (Hz)
(@) (@)

E ailgo wls i (5 o ot et N o aisls i 5 (o alals MOF oKl 4 boss o o35 5 a8 (slaadl 3o aels i s gul (i) JSKS

Ol ool o Sin (sla o Lot eH/Vdm‘&WbeH/\/J@MJer (©) s o 0Lz 1y Z i ge wols b (ol cpr o

g;..;lJﬁdjijda.gfu(o))g‘_gjCf;ug;&ﬂ_;m:k._[fu(g)‘.usdpoti.;b@ujaﬁg._{,aplaﬁfH/V‘v.fjJJa}h}j;)!xtMl

Sz
(et i 5 ) ke skl 358 GalesT sae 5 e e Y Jga

S ) S s Ceated £5 o S b
Ca Cs C Ci Sl

100 75 35 15 N :Kbe 5l
ey S A ) | el g S ) | sl s S ) | el e SB b
CSs CSs CS: CS: s

100 75 35 15 N 5Kk laas
(S1ie et s o517 o 51 fotas e 517l e Sl
Sa S3 S S1 Sl

100 75 35 15 N ke 5l
o515 S o o517 o E (S0 o Sl
Ga Gs G2 G1 e

100 75 35 15 N SKbe 5z




osls OLES 53 ;{]) L oeslanal 5,40 ‘5LA'CJV,~J .

AFAE ) o lad oF Y 095 clad 5 ) K ud Ao

(Yoot s 5 QL) ¥ K 5 o onls a gladie sl Y i 5 G O s o) Jad=

el 0

Joe o leds

(GL-m) sos

Yo

Yo

Yo

00

20

vo

AO

0

C1

C1

C1

C1

C1

C1

Cs3

Cs3

Cs3

Cs3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3 [ezi

C1

C1

c2

C2

c2

C2

Cs3

Cs3

Cs3

CSs3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3 [ezi

C1

C1

Cs1

CS1

CS1

Cs1

CS3

CS3

CS3

CS3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3 ez

C1

C1

Cc2

Cc2

c2

c2

Cc2

c2

c2

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3 ez

Cl

Cl

C1

Cl

Cl

C1

C2

Cc2

C2

C2

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3

C3 |yezs

c2

c2

Cc2

c2

c2

C2

CS3

CS3

CS3

CS3

Cs3

Cs3

CS3

Cs3

Cs3

CS3

Cc2

C2

Cc2

c2

Cc2

c2

Cc2

c2

C2 ezt

C1

C1

C2

Cc2

C2

Cc2

Cc2

C2

Cc2

Cc2

C3

C3

C3

C3

C1

C1

C2

Cc2

C2

Cc2

CS2

CS2

CS2

CS2

CS3

CS3

CS3

CS3 ez

Cc2

c2

CS2

Cs2

CS2

CS2

C3

C3

C3

Cc2

c2

Cc2

Cl

Cl

Cs2

Cs2

Cs2

Cs2

C3

C3

C3

C2

c2

Cc2

C2

c2

C3

C3

C3

C3

Cs3

Cs3

CSs3

c2

Cc2

Cc2

C2

C2

Cc2

C2

Cc2

Cc2

C2

Cc2

Cc2

c2

Cc2

Cc2

c2

Cc2

CS3

CS3

CS3

Cc2

Cc2

Cc2

Cc2

c2

Cc2

CS2

CS2

Cs2

Cs1

Cs1

Cc2

C2

c2

C2

CS3

CS3

CS3

C2

c2

c2

C2

c2

C2

Cs3

Cs3

CS3

Cc2

c2

Cs1

Cs1

Cs1

Cs1

CS3

CS3

CS3

G2

G2

Cs1

Ccs1

Cs1

Cs1

G3

G3

G3

Cc3

C3

C3

Cc3

C3

C3

G3

G3

G3

A\

C2

c2

C3

Cc3

C3

C3

CSs3

Cs3

CS3

ARl

Cs2

Cs2

Cs3

CS3

Cs3

Cs3

Cs3

Cs3

CS3

Pre-Miocene
Rock

C4

c4
Cc4
c4




"\ ey 5y HIV id e ticig e gy

6 4 3B adlge Cab auls 5 (ous andi Jlie &
2l 93 Oliioe i a4 55 | blond ) (ome daST lAde
(rlogl 9 855 AP oL 5 Y i gad 6l ) wln)
Ol 53 Js) L;LAC}A 059 e 5 (V48A 05,1 144A
Il i ol Ol Wil 5 oo e ol e J ) o 5
s 533 S 45 K 5 s e D3 IS
sz Golssln Slw pa 5 36 alge QUi e
AL S

Jobe Sleslial b (Jis) 50 olssnr Sla e
Giledte (Yo 0) s 5 Sl Sldions 1 ol e 5
Soloen odd iledde Gl g awslie L
S 2l ey HIV Gl b Ji) slag s
Wl i tales Sl 53 ols s (Sl e
Oy s e ol HIV ain b gl lais
(pemen 3 BeS 5 e Ole 55 DS (SHlssln
S8 Sz kol e & by e i sl Sl en
ol odmsilis ol s doluy 4 b gy je atdes
S Sl Aol b O g g 5 &S Sl
el ot L 5 sl 40 Lo gy 0 aiy oS 5

&lr

5.8 @l SoslaS T el Bealy S e (g hnr
Gloaig s (eSS Sladlas WYV 0 (5T
el oBtins s, 0,5 s (s ) S 55
(235 7 b 8 A5 (owdige 5 omlisidd 35

OV ol e 3 488 AYFO ) 5iST wlid s Ole o

(635 Sl 5 el 0O (ol ol (Slad
S L R g S 28T OYAS e
Sz Gty s slalT sl i,
£ O S ope R P
A=Y (PIFE Lob 5 e S5

Abbasi M. R. and Shabanian, E., 1999, Evolution
of the stress field in Tehran region during the
Quaternary, Proc. 3rd Int. Conf., Seismology

Sulssan sova Giledde gl ealizal 5550 ey Jke Y J g
(Y ol e e bl ) AZP Lol s PR s

Thickness (m) | Vp(m/s) | Vs (m/s) | p (kg/m®)
10 733 431 2100
10 981 577 2200
10 905 532 2100
0 981 577 2200

Solsrin ome S3ledde gl oslizad 5550 ey Jde ¥ J gl
(8 ol ey de bl ) MOF oSt s S s

Thickness (m) | Vp(m/s) | Vs(m/s) | p (kg/m®)
30 733 431 2000
50 905 532 2000
45 733 431 2100
0 981 577 2200
S s $

o d 500 zsn O 53 053 i B8, bl Godosd
350 O s s 53 e Jis & oKl 55 5o
Bl 033 i ) gy 811 38 S F gz
dir d 3) b sS Sl Sles gbae ey 55 bl 5
e s O i e 5 b 43S ks (a3l eas
Noogn Sy gy 285 S5 )y 3550 053
d\.MJ@OLﬁJbL&QJS_}i)G‘,AQM:A)}Q‘)SJF
Bog B 4 Ol 1y Db i s L,
15 Cd e 515 50 OMs 53 Jiss slag 50
HIV ab Cos o son g atals Cabs cw) 5 b
Sl gl Ldzs daley (godde jsolie daoj I
A o5 3 polie pl Ldd il baej 5, O
Sk oy 2313513 5 RO /Y gl 0L 55 O g
ot 5y S o3l 51 ol HIV (gla souie 5 atals
5o oKl Luis el Jlm s 45 das e 0L

b Gl cadge Cab awls (G 3 laolKan!



AL s} o)usf\e)jé‘\.&j&g}uﬁﬁéi‘ku \Y

sismique a Téhéran: premiers résultats d'une
étude expérimentale, 6éme collogue national
AFPS, 2003, Paris France.

JICA (Japan International Cooperation Agency)
and CEST (Centre for Earthquake and
Environmental Studies of Tehran, Tehran
Municipality), 2000, The study on seismic
microzoning of the Greater Tehran area in the
Islamic Republic of Iran, Final report.

Konno, K. and Ohmachi, T., 1998, Ground motion
characteristics estimated from spectral ratio
between horizontal and vertical components of
microtremors, Bull. Seism. Soc. Am., 88, 228-
241.

Lauchet, C. and Bard, P. Y., 1994, Numerical and
theoretical investigations on the possibilities
and limitation of Nakamura’s technique, J.
Phys. Earth, 42, 377-397.

Lay, T. and Wallace, T. C., 1995, Modern global
seismology, Academic Press, San Diego.

Murphy, J. R. and Shah, H. K., 1988, An analysis
of the effects of site geology on the
characteristics of near-field Rayleigh waves,
Bull. Seism. Soc. Am., 78, 64-82.

Nakamura, Y., 1989, A method for dynamic
characteristics estimation of subsurface using
microtremor on the ground surface, QR. RTRI.,
30, 25-33.

Nakamura, Y., 2000, Clear identification of
fundamental idea of Nakamura's technique and
its applications, Proc. 12th World Conf. Earthg.
Eng., Auckland, New Zealand.

Nogoshi, M. and Igarashi, T., 1971, On the
amplitude characteristics of microtremor (part
2) (in Japanese with English abstract), J. Seism.
Soc. Japan, 24, 26-40.

and Earthquake Engineering (SEE-3), 67-84,
Tehran, Iran.

Asten, M. W., 2004, Comment on “Microtremor
observations of deep sediment resonance in
metropolitan memphis,Tennessee” by Paul
Bodin, Kevin Smith, Steve Horton and Howard
Hwang, Eng. Geol., 72, 334-343.

Bard, P. Y., 1998, Microtremor measurements: a
tool for site effect estimation?, Proc. 2nd Int.
Symp., effects of surface geology on seismic
motion, Yokohama, Japan, 1251-1279.

Bodin, P., Smith, K., Horton, S. and Hwang, H.,
2001, Microtremor observations of deep
sediment resonance in metropolitan memphis,
Tennessee, Eng. Geol., 2, 159-168.

Bonnefoy-Claudet, S., Cotton, F. and Bard, P. Y.,
2006, The nature of noise wavefield and its
applications for site effects studies, Earth. Sci.
Rev., 79, 205-227.

Borcherdt, R. D., 1970, Effects of local geological
conditions in the San Francisco Bay region on
ground motions and the intensities of the 1906
earthquake, Bull. Seism. Soc. Am., 60, 29-61.

Cornou, C., Bard, P. Y. and Dietrich, M., 2003,
Contribution of dense array analysis to basin-
edge-induced waves identification and
quantification. Application to Grenoble basin,
French Alps (I1), Bull. Seism. Soc. Am., 93,
2624-2648.

Fah, D., Kind, F. and Giardini, D., 2001, A
theoretical investigation of average H/V ratios,
Geophys. J. Int., 145, 535-549.

Haghshenas, E., 2005, Condition géotechniques et
aléa sismique local a Téhéran, Ph.D thesis,
Joseph Fourier University, Grenable, France.

Haghshenas, E., Bard, P. Y., Jafari, M. K. and
Hatzfeld, D., 2003, Effets de site et risqué



