¢

gdzo GgDHKOKoDZ D 3 KD GgQ30DZ UKGGg QD& o Q
§303g 0KnoDZiggG

(N«
O
S
(@]
O
o]l
(@)
o
N
©
Q)
NK¢
©Q
o]l
O
®

Oggg3D QVGQgGr‘?fsv QVGDIijdzh?_, VGR_QGB,h;S ,QVDZ{—U_
golgoDxl 3K ¢g0 GCHSTIQPILKHRLPO59 QdzDLEKo G350 Q
gKgDZAK3INn3 0QOgo K3DAzig3in3i Qgggildzgun

3KggDG QO goDHN3ggoOQ KdzigGog

DaizDZi dzg 339 3KggDm HPogOn3 GDDAHY N 6 Kigdz3DLG3K3C

3
OQggKHUH3GO: O0Kiugdz3DL3K30Q GKnaHGoQOO Ogo GKoG3

UKGGgoDZ QO

2020



Qggg3DBO GogGn3 oGpHIzh3 GKoG3n3 §gDau pn dzD

3K g0 GH3gHgGgeQQ Kdz303Keog 35gQdzDGKo G300 0n
Q9o K3DAzig3In3i Qgggildzguns3
Hup Oal geeEeU aUO gy @7 U GURI OAgUO GUU ¢1 UBGEU
Gd 0o I 6oKGUBY OG1 el H duR) Rl KQiAU0U 6Q 6 7 Gl (R) UielbR G 6 G
GUOEGY Ol OAgUb
Q1 Ud OV il o E eed O & B16/20201 9

gOoET U1 096 Ki OUUGUEe g KoEUBOO O
D¢ UaAROO QORIOWEBAEBHWOOg. Dz U., KoEAl ¢RI
3A0AUODED GURHEIUB®O6T UBO oKygOGS. i. ©. 3@l 00 ¢
Got aoOoel UsUEe @b R¢Euoé¢®©
DU UF RAT T O6 1 ppordhioxd Vg0 oKgUGL aB&L OO ¢godEY UI
GaTaéoTOoUEézo KoEUBOYBO



30 UGEGUI UTE ¢UT UUO uEeUEQYT UUOO

0ggg3DBQ GogGn3 oGP Hidzh 3 GRQ?BhﬁngHM@QW@EQGDHJQ
KdzZ503Kog  590QdzDLBKeG300Qn3  gKGDZK3IN3  QdNo T K3 DAzl g
30009 U6 REUED gE®I RT UUEeg Ko AUGsU

E MiaitDh Ravnalis, Geologist, 2020

All rights reserved.

SPATIAL DISTRIBUTION OF DAMAGE FROM STRONG EARTHQUAKES IN THE AEGEAN AREA
FROM THE JOIN INTERPRETATION OF MACROSEISMIC AND INSTRUMENTAL DATA
Master Thesis

Citation:

dzA&a 1 OM.g,Q020.71 QUUUT OV ¢ al vaail EaRoeoal aGUEGYOT U006
ﬁaiu*UﬁUEé@U@®WQM@m®EéYéTﬁi eUE UTUOAHIRIKEGUBYUUUA
30000 U6 REUED gEOI RT UUEe g KOAIBGGWI, . g7 7 U GURI OAg L

Ravnalis M.D., 2020. Spatial distribution of damage from strong earthquakes in the Aegean
area from the joint interpretation of Macroseismic and instrumental data.MasterThesis,
School of Geology, Aristotle University of Thessalonikj 180 pp.

g UAOO BWO WERA 6 UG @, © pibreWedio@imd OUGUSO U AUGsUO, 01
g 01 6y U000 UsU@H, AEU U1 ¢Od0Eéen Géeodpu. KoEUd&pUOU
AEU GeOolu ODEEeWd >ub&@UEUUVUOUEegO @ UoUo61 EUEegd (0O
Ul UG&dOUUE E OEAQO ¢00&l UsaEO eUE TU UWEUUE®dUgUU
UG Od 00T UE ROQGUE UEO UBAUGsUO AEU eUoulOueOdEen
GoAAdDUGa&U. DE Ubhat QEDAIEGWEIOVUWO6 ¢UdBE2ROI UUE GU
UedoAa ool UO G6AAdDUG&U eUE uUT ¢o&pUE T U UdTETOD
UO6 g. Dz



,.:@};%ntpmnﬂ auAhoy# \?

= iIBAIOONRKN

YOEOZPAZITOI"

o)
N

T hfRpa MNewAoyiag
AR
N ize-. AN.O /{3




DA dzo Kp DA K 3 g

1.1.
1.2.
1.3.

1.4.
15.

2.1

2.2.
2.3.

3.1.
3.2.
3.3.

DzizDD DZi DX
DK dzo 0 QN O

ABSTRACT

OKigogo-DZoiGginiQ

Gl £aGDed 00 0BI Uz BE O

KT 0o AQUOOBGAD UG &0

GUORUGUEeg ¢d50601 OsRAE EGR6DDO GUEQD
1.3.1 Q 120000 UEO GUORUGUEegO ¢
1.3.2. KEGUARAg &UOH EOGEEREN GR®@® o U010
GUEGT OUUe U0l Een eUelOUGO aUO RadO U
GUU RIEDE 91 RT UUEe b UbAUGBUO
QKOgogo-Oin2 GKo G3Dd

DA E6OGOOEODOI

211.DZ GOEGT 0O UO6 GUsaldo6 (20/ 06/ 1978
212.0 GUEGY Eeg UeOl O6eéslU UO6 1981 aU
2.1.2.1 DZGUEGTUO URT glieoldl guRl (2
2.1.2.2 DzaUVEGITud URI D4 UUUEGT (041
2.1.3 Dz GUEGT UG UESO OQUI UV £AUUO (13
2.1.4 DZ GUEGT U0 UEO Qo1 1 @1 EO (16/1
2.1.5 Dz DR E® YBrd/ 05/ 1995, 3= €
2.1.6 Dz GVUEGT 0O UO6 gEAsO6 (15/ 06/

QK0OgogoDZgadP gGgo QO DazDLDZE DD h GO

DD O OV O RGE 1I100RE DEEaMEIRIESIM
GoGRxeURIMDH Eeail OuUGEeal G667l e&Eeéeal 1 C
GEUUEBODORUGUEEe OO ¢0000OT ORAGED
3.3.1. DE@G BEOHBO (20/ 06/ 1978)
3.3.1.1 DHOOGUO GUT ABEO ¢50G07T ORGED
3.3.1.2 goOOUUBO GUT ADEOUG® OQ s DGR

13
13
20
23
26

30
30
35
37
39
40
43

50
53
57

62
66
70
73
73
77



3.3.2. DURDIECOQIGIURTI (24/02/1981)
3.3.2.1. DdaUO aUl ADEO ¢d008 0T OREBED
3.8.2.2.0@UAIE0 O)d060T ORGED UOs a0
3.3.3. DZRDIEGUGWENT (04/03/1981)
3.3.3.1. DdaUO al01 ADEO ¢000801T OsRUED
3.3.3.2. gulOUUVUBO GUT ABEO ¢d0BOT ORI
3.3.4. DIHA@EFGUHIWW AU0UO (13/09/1986)
3.3.5. DZHO®HE J Ii6B™988)

3.3.6. DZHODARMHEI E® (13/05/1995)
3.3.6.1. 1 BE00¢800O0T O RUED QCOATGRNE G
3.3.6.2. igAUEHOI®IOBRIEO DO6QOAELEOL
3.3.7. DIGYEEABIOQHBO (15/ 06/ 1995)
3.3.7.1. DdaUO a01 ADEO ¢000 01T O6RUED
3.3.7.2. gulOUUVUBO GUT ABEO ¢d0GOT ORI

OKUgogoD K dzK HU3 OGQ g OG Dzm dzg 3K ¢ dzDAu Ds:
GgbDPgGgoOOG DAzDLDBZDHNGOG 3K go pd
§ o KdzK U3 O GO G MPNIEIARLO

KigogoDZHBZDNQ Qgo GHZIDKdzgG3g9gg

Ou

GoGooDZidzgiog

Dxg dzg dz§ Q3 g

81
82
86
01
91
94
97

103

109

109

114

119

120

125

131

147

151

170



DaizDZ DI

& UEpgd ROV EBE&FED OADA URT G UEG
Eeu eUetilEiId ¢plthoE OMRgAE teeolBOMI 6o O UE 4 1

U0g@eed OO0, ¢UDdEAD AGOT UDES OEU RANGERD gu EigU IR OEUE &

U @° a UE G BB

ésl EGEAUFEI Ee WE®S W UORUVUGUEe gOU D@ ORI B Ra BBGYT Eé
UTgUo Al T¢Edo0Ug & U1l VUE U0GUBdT OA&eO UEO 1ReadO6 GO U
G617 @RUEU, ¢UbO6GEAAOUBODN DFENT £16I0OE U VOEEOT e UE
eUUUAD E@IRod 00 . é oK gEo@iEEED)d s a UUUE E ¢ UOEORG 11 01 &U]
i U009 UBREUE BC al ¢

Eat D0

;

G0Q° 0UG Al UEST 01 UU
10T 00peEel GUET ¢UD

U 5 O ¢ o O
OO eaBWAELEROG. UK btk Ed Wa aUE
UEUO ORIERT o6 ¢ UdRad ORD EWG E@ 0 Rd§a O eUE E UoUT Ud AU
KOEG)] @i UUg e 0G ODWET iU Uou UEO 6 ¢ ADIRRDIAGD tellal ABé
éesl EAEWDW eA2 0 UVUOEGUT UEUeu GUEGTU ¢O06 TUI VOUgeEel 0

GUBOUG Al BEO O6 0 EZDOIVG & Bap
ROEGEY Op OEgeEe Ul E
pUBUUsE VT UUE OE 0

UE ROODOE URI EXSIVABEVSHE O 1
bOOGUEOOEGNT OU UWRAC
d e OA gell (B o gaeE OORT  UEY O
UEYT &0 URBO O®DBENIERGIRR O

U UEO UEYT 20 UPGy TeAEGURAE VGH
UEe A EQD @MWVOBWERD U .

8

GUE OVG Al BEO® UU
U0 ¢ Mdnte Carlo A



- B
— B
&
e
O
(@))
Co
— [T
=
Q»
&
=
=
b
C
(@
o
m»
SD
(97
%
¥
§
D
Cc
m,

(@)

—_ O
Co
C go ([ex3 &\ a;\ m =

a Co
D
C«

86O S XM oo M
cc o O

Q

C

O mr &
(@)
(@)

(@)
pug
Cc

geil Upsal OFYE U Ae
UE O GAa 100 o ADDAL4e 10O QpatRAnolRY) (Dad ¢ E & AD
J ATaaUOEO ¢0O6 11 OdUdaRIPRE U 11 &R

Osual. Mb(“:éqm‘ia'eé‘io @ BRROASWOU ¢
5o 07 ¢ OA BB Ul E & E Ue Ol OAE

e C 0O

M
[antd
Co
s Ce 9
Cc
o ®

o O
—_
X F O Co
rm S > o

[enlq
Cc m O
m»
Cc
C
mp
< O’

m & Co
Cce
8; m C e m ©
>

(D 7
c 2
.
C @

(4
< [

¢
mp
&7

o O
B m
(@]

m € c cc S O 83\
S o o

_)C(C‘ﬁ])
i-&‘@:@
° e &
)m;%§
R
g

o & ©

- Cca e Lo
OO0 Ce mc KN C

cC < O o

(@) Ccc

c @ 0
. O

(p))

[

£«

o S

o O

CCo orm C”
‘, o © ¢ —

O’ O’ > Ce
(@)
ms m

—

(an)
m-

O>_83 (@]

C
Co
C
[
Py
(@7
(@))
(@}
Of
(@)



DX dzp ¢ (

EGUOOEedl CGRIELOIOIT
ORIBT U U¢OUSB DOEU UlLitAIestlPE E

-y o

RO QU G

RT 0 dO060sUGBET VIUEBaU UEAIOA R BXERD 0 9O G UEGT Eé
es1 EUBOOKOEPOBOBEOUE UT UBAUTE ¢UDSOTPQEWNQUY UEOD
GEY 0T O PEEU 4l aJiEa Od W i y AdUdal U
Uoa C ' UEGT

7 01 aXERa U
1978-1995 T U 30
eUE UOTuoAUT U
ROEGEY Op OEOQUT U
U0 O0¢0sU eROO6M
o1 EGEC) BAEORAO U1 UEUMDUG «&10moual Wawn OWE &IET RO DG E
UO6 1 OABXBIME&AUEU G U é AR BE O GUE T U UoEdouGaeUOUE RO

-

SMSIM 33U GEE EuEUe 20 EAEWNO UOJ A (eo4I0 G UEGT U 6 EC
»0o008 0T O6RUEOD, uuo uQJd)ECDzUaMEEe%ULEIG&x)(GﬁR UEU

Q,
&
<
mp
c

RidO UO6 gEAUsO6 eUUA UE
.0 AEU U006 A0 uQiptbassO® 00 BAG UB é teaitb UCBT sl A
8\ ®0EO a0 C‘) R U ﬂﬁjééiét‘m'" a@pim‘i‘) a @@ zﬁ‘)a@
5 N

ODBAT UBDP) . 3xGU Ul UEHRGARUEGK R DG Uo¢ D
GUORUGUEE T ¢o00001T O AED @ £ 01 GAEI QO VORI

o

Q
e 30 &l UUGEOD ‘|‘ U U E Waldzed #1,01899)¢ U &l EE |
| Eé A @OEGES @G OU Bl ¢ o UDz Wi
W

D
mp
Cc
Co
> C’

o 00 UbEaA @O Q’)L’]Dl TU Agl @Bl BEDOOROH EEGBHA T ¢
o} 3 §VeY ez 8 E ‘“GUGL”JEéé uOul‘éiL"JéU

g
O -
b
P{}p
6
@
&
S
m
>
m



ABSTRACI

ABSTRACT

Interpretation of strong historical earthquakes is based almost exclusively on the use of their
macroseismic data, making it possible to study the areas that suffered the most significant
damage due to their strong ground motion. In addition, the contribution of instrumental
recordings from seismological stations for recent events is also important, which also
contributes to the study of various earthquake parameters (source, propagation path, etc.),
as well as their impact e.g. the response of a structure to an earthquake e.g. via the study
of elastic or inelastic response spectra

In this thesis the method of stochastic simulation was applied for strong shallow
earthquakes in the Aegean area, which occurred during 1978-1 995 wi t h MO6. 0,
both macroseismic intensities and instrumental recordings were available. The method of
stochastic simulation of strong ground motion is a widely used tool that is used to produce
synthetic data in order to study the spatial distribution of strong ground motion in an area
due to an earthquake. This method was applied with the use of the EXSIM software while in
some caseswe also relied on the additional use of the SMSIM software. According to the
above, various simulation scenarios were adopted, which differ in the ir basic simulation
parameters (e.g. fault dimensions, etc.). Through the extraction of PGA and PGV values,
resulting from the stochastic simulation of each earthquake, synthetic macroseismicintensity
values were generated, using appropriate scaling relationships (Wald et al., 1999), so that a
comparison with the actual macroseismic data could be made The aim of the thesis was to
make a combination of different simulation methods but mainly to perform a simultaneous,
joint interpretation of two types of data (macroseismic data and strong motion data) for the
previous shallow earthquakes. Finally, we evaluate how well they these methods can be
utilized to study the spatial distribution of strong seismic motion , as this is reflected in the
damage (macroseismic) and strong motion data. For this purpose, a Monte Carlo simulation
approach was adopted, in order to p erform a search for various values of the stress drop
parameter, and model both independently and jointly the available macroseismic data and
the strong motion instrumental recordings.
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GoGEenl GUET OV &l RipO@aERT OERGTI BOT GIUE GUEGYTEegd eéesl
UEO ¢oaU0U0UO UIUI CDAOVUESO UEO UppudUGEO URT UO¢Eenld
UpUoelsUO aUAedEGE UROIUURADGEIGEWED ad U ¢RI VED 1 U
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UuUGEegdd UpuedoEGESO aUO ¢VusO UET Gl URT Go6RT OUQGUI
UEO U¢EGUT UEUegdO AURI OAAGBGEl d @WEH UELD & AN H&Ed (Rl BUE Oi
UsUgeEl geEe Ul ¢ AEOGDsU VI 80 ali UngNasgusshitiadce Igatashg 1970,

1971; Andrews, 1986; Phillips and Aki 1986; Nakamura, 1989; Boatwright et al., 1991,
Ler mo an«aC It #998E lachet and Bard, 1994; Field and Jacoh 1995; Raptakis et
al., 1998; Rieplet al, 1998) T0OUA UEO ¢od60aU0006 01 ¢UEBDEE&O Ul

X 0 .
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1.3.1 Q RPUIWEO GUORUGUEegO ¢d500607 OSREEOD
gU UOUT U6UUBsU ROUIEU O el £AUOO UEO ¢gURIT Eegd aUED
pouou0O, evleuad &RO61T Ul UpUsREeUs UWEAGCOBULO 1T U&0UOI
U6l O00T eUl OUUbE oU0UTEGUEey UVeUsi DGE =«8DOOEGRES
GUORWEe 30 ¢00G0T OSRGEDO UPOUUT Us TEU Uon UEO GEN
BERoOOWOUGEe O ée¢l EAGEO ¢06 UITUUROT &I RO T U ¢o0el Ee
GUEGT O0U a0 YEU GoAeUedEl &l E ¢UBEORG. O 1T 280000
(1983) e UEETGUGO6T &«RUEU UGUdTOGUEeU Uou oAU ¢OITOU
Pp0000T O6RGE EGRoOOGT UOuUGEeal eETOGURT @&URdGT UUC
and Atkinson, 1987; Toro and McGuire, 1987; Ou and Herrmann, 1990; Atkinson and Boore,
1995). GUE @odue®0BEOE aWUdRUGUEeZO ¢00001T O RAGED
G0 TEU 1T 22000 ¢OD0 VGO0 FR HWER 2O ¢ U UdUGT JuRpiO6u EUG U,
é AeleUQEB O uEUEoUzUUEeumw&mmwmmﬁal, eA2U TEU U
0T OUUE T U eBXROERIUBE (RO 10 UORU DRt &sddrce) (MBtdzedae & ¢ EA @

and Atkinson, 2005; Boore, 2009).
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0Ol OAEGT UO URI Go6T eU0OUEeal eUUUAbdUGOT UL EGRODS
UEO O1 OEuT OddEO OilgaeEaEO eUE UEO UURUUEUUO UEA
dPBAT UUOO WalTUET GusdwWaVUE TE odUUI EGUEe £ 194.EGT OADd /
JEAGOOOE UbU6T EU2O &RO6T UGEGEYT A UE ¢RO UU ¢1 AU
eUUA eUBEO TUAO Ul UEO UEAGOOUO UUUBOAx2I UEUO UE
1986; 1997) . KoOEu@o O RUE 0o AeUedET &l E T UeOuldl OAgU e
URIT P01 1 OT UEeal UEUdO® @1 URT , ROEGEYT Op OEOUT UUE @
e0ROEUVUEEe ¢ouail Ut E UEW Wi EeWOEeadiUnlE &. O Ul U
6FYET 0 G6RTUUEUUOGUIUODY O® UG ceRPBAe WaT EU el 67 Ue U
GBUATEUQTmmwpr¢bér¢ooUEéEé0 Upu UO6 DO Papageorgi
U0 GUORUGUEFWRI OHA®&k® Bnd McGuire (1981), Boore
and Boore (1988)
Q aAktE UBGodOGWE&d GUORUGUEegd T Ueuulb6 AEU UET ¢3
eET SOORT Us] OGROEIBU O IGUUORT U Bobre) (2003)TE T 28 06006 UEO
GUORUGUEEZO ¢00G07T OsRUEDs 1 YO UAHUT Ue pUOEAU &1 E
UpUEE Ol ¢ a@R dilk): giolroEee, OUUE ¢ @o DARDG T DoeOU &0dU0aCd
Gauss @ O OO0 QdHIWOWE Ade UEU EUVOQPOmlUUUBT BUOR. B U
UT 0 UED Eé aaDE AAR&UBIEOJEO EG RO O(ZRIN.ERE G0 ER@OU eWwd Ew EXOU
G617 eRCEUVUOBB UEUE odpilOB® A U006 GUO ¢ Ui B DAW@OGARDA I O
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GOTTUGT UGEUDGT 0O UDb Va1 UEWD O dlioA£dddEXE #p BOU & Eokde U
(GROEb). GUE GoUgRdBUO6a0/ 6T U Agi ab0 WEAGUEDAIRA @ r U
( FFT)O ¢0Dd &R 06 RT OWRMIREBC). GUO Uo¢nY UT QO o tians Q,
Ul OT EEOROEODBUOEOED B0 OO UDOO UARTOEIEU dAGY UT UR& Us
T OTUUEUSO 1T 200 (UGRGAEH. 1gd GU0MAUOCDOUT OT Ee O OEET &l O
¢0|‘D¢T0mﬂﬁw®®m@imﬁmnHOUEuRoozé Ou UGHE@BR). e 61 EGE
Teel OO (AT U ¢06 ¢00eU¢ BWEIRI @ UPUBRED ViBR@OEBHET O6 (
aalU0U TU ¢00eUlr UE E 6T 2UUEey GUEGTEeg eUUUABUGO.
45 w0 15 2 2 Yo 5 10 15 20 25
Time (sec) Time (sec)
1000 10;
¢) Fourier amplitude ¢ d) normalized spectral
[ of windowed noise . amplitudes \
100 + 3
é 10+ _-_\\uv" 3
g
2
1k -
001.001 ofm 0:1 1 1Ao 1oo°‘ ?om oin o‘.1 4 ‘1lo 100
Freq (Hz) Freq (Hz)
10000 @) model and mf)aooeleraﬂon (cm/a/s)
shaped-noise spectra
= 100 2
g o
-~ //
o v
s 001 "
5 /
E 10%+- 5;
Y Y T e E—T
Froq (Hz)
dzO£15 gUWAEY Eawa YOE QUwaEFrE gal AYOE (Baoke, WYl OU\

2003).
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up O dYM,,Rf) UO (i Aourier, KM,f) O ¢ Ud £AAOT U

UG UPRG o dp U AAOT UUO URIOHE b ABRIUEAIOGESO Ul
T &ROE UEI eaeuEG(f)paJaLUJ@@oEﬁJﬁﬁ URT UO¢EeqT UbwUG ®e q
(Haoet a0l 6a0OUUE E U¢pstioUGBE UO6 OBAALI O6 eUUUAbd UG

" ﬁ yatd
ZeEIOPKA ﬂopmﬁxuv

gotia 7 3

dzO A Y7 dz0al UYaeEA UYUWAE?Y
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O GRa&OEBEGILUE UO 1T O1T U&l O
Atkinson (1998)

foii (t)=4.9 10 NR(t) U3 N3y 3 ARy (1.5)

Up O &g (t) ARTEUe g GoRIODERA®D GEHAYT DD &0 Go6l AU
RoUT QO FeoOEGUEeud UBE&TUO URT o6¢O¢EAGT UO6 o GAT
O ol Ol Eeud UdE&TUdO URI o6¢00O¢EAGT, ga E ¢Ud A VU
UAeUd G o RI 0&lElAURIOEORY .@wDsa BEIAT UUAEYT UER& Uy ¢ RC

UoE&T ud URIT oWwpoO¢Al OUUE T U UO Roui O eUUA UE uEAdE
GUE G671 &@RUEU aUUe& Ud @rdAtkitbonJ2005). ¢ &0t a2BBEag Ul U¢ OU:
E ARTEUé® G6RITUUEUU TU YOEGT OUUE GU dao6l ABUEGE 1 U
GUE G&f #RBEEU T U0 aU0U& Ubd an Atkingen(PO0B). GMo i &£ eJdhil O A

I AU 006 UEO aUEGT Eegd 50900 ¢0O6 UITUEGUOERUgs aU
0 Re&ed E

Y vij = MoS; / ngl B%ﬂl“‘@ (1.6)
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(Papazachos etal., 1997).

1995,May13, 40.16°N, 21.67°E, M=6.6, Kozani

dzO £ 2)16 HAT Yauil wW) wYOE WaaPr YIvaw ol AAEafp=6)18/ 05/ 1
(Papazachoset al., 1997).
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(Papazachoset al., 1997).
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@dU0UT5sed E 09 OsU O
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al., 1991; Hatzfeld et al., 1996; Baker et al., 1997).
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https://www.ktimatologio.gr/

MName

ZIRIA

ZELI
ZACHLORITIKA
ZACHARO
YPSILANTIS
YPATI

YDRA
XYLOKERIZA
XIROPIGADOD
VYTIMNA
VRESTHEMNA
VRACHMAINKA
VOUMICHORA
VOULIAGMENI
VOMNITSA
VOMYOKOU
VOLOS
VLACHIOTIS
VELO
VELESTINO
VASILOPOULO
VASILIKO
VARVASAINA
VARI
VARETADA
VALTETSIMNIKO
VALIMITIKA
TYRNAVOS
TRYPHOS
TROPAIA
TRIKORPHO
TRAGAMO
TRAGAMA
TOLOFOMNAS
THYRIO
THOURIA
THIVA
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Minimum
Distance (km) MName

3.697644817 Zhria
2.333663724 Zelion
1.048664668 Zaxlvritika
1.168778060 Zaxarv
0.882751681 Ychlanthw
2.215142841 Ypath
1.356076317 Ydra
1.793623404 Jylokeriza
0.265531114 Jhrophgadon
0.902418242 Bytina
2.865239585 Bresuena
2.508182527 AgiowStefanow
0.894067305 Boynixvra
0.935639448 Boyliagmenh
3.469290028 Bonitsa
0.414289258 Bombokoy
2.771281871 Dimhnion
1.115631948 Blaxivthw
1.252245307 Krhnai
5.211180572 Belestinon
1.552411661 Basilopoylon
2.657097373 Basilikon
0.766553625 Barbasaina
1.669972244 Barh
1.633256939 Baretada
1.21522747 Baltesinikon
1.194600012 Rizomylow
3.935261134 Argyropoyleion
2.824586659 Tryfow
1.269705242 Tropaia
0.87962244 Trikorfon
2177624756 Kalybia
2.577394658 Tragana
0.557840503 Tolofvn
0.725896879 Uyrion
0.781215544 Uoyria
6.316403582 Neoxvrakion
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Latitude Longtitude
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AURABUGEeD ¢1 AADR OO0 ADOBO6EI UE T U ETWERS Vel W UED
UE aA&tE ulOulOl & RT UEO HEAD ¢O6 ROEGET OpOEQgeEe!
GET UBUBEGUUgs HUY G REOUDUDiMBaY antd Rddorovska (2001) & UE
Skarlatoudis et al. (2003). ¢gO Gl UdO ¢ 06 UVGUdTUGUESDUGUOE e 38 O
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QKUgogg

Dz 1 (PRUK ¢ E¢ d U GAEUI0 Ug A2 U  e&dAEG A Ui 2UE FRowiér (FAZEGT UUOO
Fourier Amplitude Spectra).

(o
41° F D) % M=6.?(*1978) /\:
FL:1 of E[ﬁl S N O
& ° A HEA
KAS1+ *KOZ?I{ERI A
o KA \
40° F M=6.6 (1995) -
‘ ©
é
%iR1 o

39°F
M=6.4 (1995)
SRNAUA '\TNAAAMM

) L PAT? M=6.7 (1981)__
38° ﬁg}s i TSfM*-:*

M=6.0 (1986)
KAL1+ A

37°F

36°
(] o o o
21 22 23 24
dzO £ §128 HAYT Yal YOE WUAEAEYT OBwVYAHEUANRIVawEPE YOE
WwuavYyoi Ewal 67 Ay OF Y J(ondBA)I fOR)Awal T Ul a AAAEUYE
UUT T RWY yauyyYi aga.
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QKUgogg

DA EURQIdZYT aOWy Yy YOE WYUAIFFPE Ta EUYUsiT Uyail YOE 1T U
WUYA wwawlk WBWY BR&¥BEE UUT I RWY y Bttp:fewa o/£& (Ua
w.itsak.gr/head/ )

QRUES &l Ol UaURADUATORAD UG 952 A vs30
uluet| vuuetT ¢ ol AUO( i gé OO0 (NEHRP) (m/s)
AIGA Aigio 38.2500 22.0800 C 484
AMAA Amaliada | 37.8000 21.3500 D 382
AMIA Amfissa 38.5300 22.3800 C 457
ARG1 Al Argostoloi | 38.1670 20.4830 C 442
EDE1 Edessa 40.8050 22.0510 C 341
FLO1 Florina 40.7870 21.4040 B 478
GTH1 Gythio 36.7540 22.5670 B 589
KAL 1 A| Kalamata | 37.0330 22.1000 C 445
KALA Kalamata | 37.0300 22.1200 C 456
KAR1 Karditsa 39.3660 21.9200 C 289
K AS 1 A| Kastoria 40.5180 21.2590 B 487
KAT1 Katerini 40.2670 22.5000 C 369
KORA Korinthos | 37.9300 22.9300 D 339
KOZ1 Kozani 40.3020 21.7840 B 482
MRNA Mornos 38.5300 22.1200 C 755
NAUA Navpaktos | 38.4000 21.8300 B 381
PATZ1A| Patra 38.2500 21.7330 C 384
PAT2 Patra 38.2380 21.7380 C 378
PAT3A| Patra 38.2540 21.7380 D 322
PATA Patra 38.2500 21.7300 C 150
PYR1 A| Pyrgos 37.6700 21.4380 D 438
SPAA Sparti 37.0800 22.4300 C 451
THEA Thessaloniki | 40.6300 22.9600 D 452
VER1 Veroia 40.5260 22.2030 B 584
XLCA Xylokastro | 38.0800 22.6300 D 285
ZAK1 Zakynthos | 37.7850 20.9000 D 243
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QKiIgogce
DZ EURRIGRY I T Wi OEIl YAYOE YOE ¢9,evYiT OE U1 Ol awa
Wi EAWYaAaEAT EUYUST Uy Al
) ) gUo O
5585\? GUEGT DO Ou &G O| f(Hz) f (H2)
(NEHRP)

NAUA g6 AEO 1995,/ 0%+ 6 B 0.506 - 0.690 | 25 - 27

GTH1 QUI Uy £AUU198 63/ G&/|B 0.456 - 1.300 | 25 - 27

FLO1 004& /Al E (19935 ,0%56 . 5 B 0.976 - 1.279 | 25- 27

KAS1 O0a Al E (19935 ,0%76 . 5B 0.738- 0.830 | 25- 27

KOZz1 O0Oa Al E (19935 ,0%56 . 5B 0.286 - 0.656 | 25 - 27

VER1 00a Al E (19935 ,0%=/6 . 5B 0.717 - 0.844 | 25- 27

AIGA g6AEO 1995/ 0%+6, {C 0.350 - 0.500 | 25 - 27

AMIA g6 AEO 199%/ 0%+6, 4C 0.502 - 0.685 | 25 - 27

MRNA a6 ABLB/ 06/ 1995, |C 0.476 - 0.648 | 25 - 27

PAT1 ag6AEO (15/06/19]|C 0.111 - 0.147 | 25- 27

PAT2 g6AEO (15/06/19]|C 0.115-0.329 | 25- 27

PATA g6AEO 1995/ 08+6, {C 0.529 - 0.723 | 25 - 27

SPAA OuUl Uy £AUU (13/09]C 0.214 - 0.362 | 25 - 27

KAL1 QUIT UY £AUU (13/009]C 0.291 - 0.307 | 25- 27

KALA QUIT UY £AUU (13/009]C 0.200 - 0.250 | 25 - 27

PAT1 Qo1 1 @GIE (16/10/|C 0.701-0.829 | 25- 27

ARG1 Q611 QI E (16/10/|C 1.010 - 1.405 | 25- 27

PATA Qo1 1 @I E (16/10/|C 0.773-1.039 | 25-27

EDE1 Q0a Al E (19935 ,0%56 . 5 C 0.516 - 0.856 | 25 - 27

KAR1 Q0a Al E (19935 ,0%56 . 5 C 0.321-0.812 | 25- 27

KAT1 Q0Oa Al E (19935 ,0%56 . 5 C 0.159 - 0.350 | 25 - 27

PAT3 g6 AEO 1995,/ 08+6, 4D 0.107 - 0.307 | 25- 27

XLCA gl esaOl gul0O (24/|D 0.075- 0.125 | 25 - 27

KORA gl és0l guUb (24/|D 0.413-0.572 | 25- 27

AMMA Ol 1 @I E (16/10/|D 0.682 - 0.911 | 25- 27

ZAK1 Qo1 1 @I E (16/10/|D 0.344 - 0.475 | 25- 27

PYR1 Ol 1 @I E (16/10/|D 0.419 - 0.502 | 25- 27

THEA GUgaOb 197280,/ 0%6=/6 .| D 0.409 - 0.642 | 25 - 27
GUGRO229) tu ¢l Wi@WHo £i VEAT U 0¢n UET 0UABUUD EDWRBIE U¢ E!
ROGE UO6 ¢0O0ADA TUHPOO ylDe wimae @ip OUBT £G7T UUU, GEI
ROOT OF aU0OBSU0UO UGEUURUT GURT (Acickel BEAQt UBBED GORA
UT U UOERU (UETUUBUBEOEIU® UOUDE a odierrdg & OEW A£a1 U
G AT WGW e d EGE-BURU O PEeUHOVelocity Responss.
GUOoUuT BUOAT(URXH.¢ UdUUse 01 UDUE UU UopOUUI &aY UUU ¢ Ob
GUAedEGE URT uUOuOY & RT URT Ol udAUTRT eUUUAsdUGaOIT
UET UGUdYT OAg UEO 1T U0euuOo6 UEO GUORUGUEegOE ¢d 00O
URT GUGWFeatERORT OT 00 AUT RT eUUUABUGOT THRourighU Gol &
Ko¢saEOD, Ue Ol OUalERIIU PRBW & OB G E) o Oke o6t Ul Uou UEO ¢
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Ace, Comd s Ace, (em/ % Ace, (o &%)
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Ul
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go O)

=
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=
=

TU UEO UET &0 URI PGA, PGV
Wl o6¢AORUVUE GotGReUEGE T 00U

Acceleration (cm/s2)

] 1 r L (peak: -143.6cm/s?)

: || T [peak l-lS.Scmfsl)

N L L I L U I M Wt T I[plejalls Ty lcmfsl)

] LALE LB B TITITTITTY A LALBLRLE R ) A RAE LRI LS L) RELELERI RARI B TITTTTT TTTTTTT

D 2 -1 6 8 l[ll 12 1-1 16 18 ?D 22 2-1 26 78 3[)
Time (s)

Velocity (cm/s)

20
7 L (peak: 12.55cm/s)
1 S e
7 T (peak: 16.4%9cm/s)
] V (peak: 8.340cm/s)
DEMWWMWWWW
0 2 4 ] b 12 14 16 12 0 22 24 26 2B 30
Time (5)
100 Fourier Amplitude (t=0-30.5s, parz.=0.1Hz) 50 Pseudo Velocity Response (h=5%)
10 4
1 =
1 7]
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L3
] y
1 02 0, o5
0.1 e —— e N
DD* Ell 1 10 20 005 01 1 10 20

S

y Wa BVE&EWE 6 Uwy U

Frequency (Hz) Period (s)

THEA 1978/06/20 20:03:00 at (h=4km, M§.5)
EUYUSI
1 Al \lieW\Wadvd (Kashima, 2005) .

Uy Al
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OKugogoDE@BDPgGgo OO DaizDLDZE DD n GC
31. DOOGOT O RUE OWUEUBHRPREGNT EXIIM é UE
SMSIM

UEex®d ¢0000T OEGGUED ¢ 06 @#RO6T ¢dUAT UUO
6RO T U UE ROGOE UO6 e it Bedbterdksdband, O O¢
Atkinson (2005) éUE Ud O¢ Op OE@e Eée U(2000h, I0 D@0 BOoreRWE G610 UL
Al 0 GRORTRANGU UoUain wWEEOD o @GATURROBA UVUEHWES T UA®2e 060 Od

09 Od JAwubfalEs), U Op Os U @& QOOUIUUEpothOsouucB)l'fLELEeUa@CEOQ)EA«

(@)

o1 UOT 6 UEYT U EEXSIMIBAIUWD @WHHOHE e UE O Uiy B0 G & £

UEAIOEDIAEBOIR6OIO UuUGECEO®R B@ILENEIONULIE o REY UUEe @
UpUEeul EGE UbsUge UbE @EeEBOENIRGD 30 0 UE G EAQE Uad E
06Ut Ea WEEREBBOIT 00060 U066 dJAT UU0OO (619 00, o1 AUOO,

North Surface

R Obsendation
T Polint

-4

¢ A (i)
o

7 Hypocenter

O origin OB = (R cos(s, - o), R sinfs, - 6.), -h}

f,  faul dip o = i - 1alr2, 12 - 1) w)]-iul (2] - 1awid) coss)
¢, fault sirike

¢, azimuth to observation point l, = DP - (IF

h depth to fault upper edge r, = {[Reosfo, - &) - (2§ - 1)al2]"+

Fcter of subfauilt [Rsindd, - &) - (2 - 1){awd)sing] +

A Subifault width [l + (& - IHAwWRjcosE]) 1)

Al sublault length

1. j subfault number

r, distance from subfault 1o observation
okt

dzO £ )1 dzOal YNRMAEET E a weO | WaYlTwWAIw | & B £KEl UWUWT Uwl 4 E
y aywy AWMRIOEOD EYJ TBEYEsnev and Atkinson (1997).

gO 1 OAEXBIMEREOUE G EV O DEOHY 206 RB6E &0 :
i. UOT eUBEO eauEeU 70 UO UExdcatdh@®OERO UeUUIl &8 EY O

i. UO U®dRU g (parbnteteniie)O 6
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ii. @1 0 UbRUsO ¢O0b6 ¢UBE2RUE UEO aGUAYT UUE
0Oy BO6 (i ctuktad amplification file) ¢ UE
i o)

iv. &l U UbRUBO ¢ 06 ¢ U0 Egeo) Ed UIEEOA 0¢ALIdADI 1 22 UBEI 6 OUT 6 G R
UpsuoWRIEOUOPEeaT U U (sketamdlificatianifile)E é a1

GUO UQDRUA Gnpud file) 9 U0 EREOTTURKEE ¢ o6 el 0 UEDW/conlqudo), i 1 OEOU
eUE E UURUUEUU URT GUkresécyiemRiU eGRQUOKRONET UVUOPEe d
U007 @ GUEER Y EegO 0aUsUO. ad Olprt,d00alE (BB RP B A & OEDO
U1 @38 AUEUO URIT UAeUdGsRT el AURD @dHOU TUEA RTUT i AR
10T Ukl O AURT UU0EegdO UEUO ¢ ORADE gelRaEBT ¢ W1 Andidip OED
rdur, dur, slope (ndur: cUD E@URIO GEUUOT a1 ¢ O60 dJéelEORO N & OE UD

E U¢UGUUGE U@iukmUdart E V@B 4&de UEU URT e UUUA® U1 AE“
sec slepdE el E U006 UUIT Us U UG G OBd Usipd 8BGO (BA) U&l U E Ad
pOo0OU0T U6UUBO GET U0 )eHBOOWwAO®6&RAOUD OGRBBDO 8 EZED e
KbEdpouaeEO U A DUBQEL frs1, ft1, ft2, fr2, qr2,

¢ OEU UG (GIRAY B). A2 0T EE  ¢Q) 0 AImaIOBE0 r e,  k&pa3Andebsdn E

and Hough, 1984) ﬁaEﬁETé¢®EOU|UUE RO G¢1 UdbU AEU
U7 a0 OE fcut E Ubfder RO E O ¢ C ) TUBEABDEPUD E ¢
norderUp O 0o 0O RUT EI a(h‘ EfecdoRl (OBERI R ¢ W GET  UdémihBfault

(hyeUe OdvwaaAEO@ U006 Ul aUUdO06 G&DO s el AN @O0 dUAA TalERQID

&E‘r sz@jooéoz&ﬁ@‘rta@@e )o L (km)w(kém)li: ¢é‘|‘0cé(1‘i‘1‘>ozaéiooé

Co
|'|'|)
b O
=
e
m
O¢
(@)
C
C
m
Co
C

Ac‘>i ai eoeaJnchzm AeEUUUULRE

u Eé
o UV e 6i@lodatdn(1), siteLocation(2).

<

O)
O

B=2
O
>
&
O
(en)
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o
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O
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dzO I 32

QKagogg
4 40951
gmf "
S
T
3 |
0 —— [ e [ | .
0 50 100 150 200 250 300
Distance (km)
gUWaAaE? Eawa vYal FWYyYgleAd YI1 UUTASTEYUY uy;
Yur wyywa, T TUIT 411 EUYATT | AWYya yYuUr Yal Wi A
Yal UUY Urddd, ¥durd, dur, E Uslope (Atkinson and Boore, 1995).
10* . :
10° 4 L
g
(fr1, @ri)
10% -
10" . . ‘ . T
10? 10™ 10° 10' 10°
Freq
dzO Al Y3 @l syt aAl aE?Y yaAsi Ukl y Y1 10T ] YUWAaET Ey
Ul a? YaQr @W, wi EAY Yawa | W Fred.§ awigOEFHadviy, wYl
Wi 6EWET all AET &1 6yt aAlaE?Y yalAsi Ul y WL EUA
UEY, WYl aOWI Yal &1 YOE UUyYT UEXSKN ©B8a wYT 71

SMSIM (Boore, 2000).

‘|‘ OABNSIME & BT UE &l U aUTOIT O ¢0O0AdUTYT £AURT ¢d500801 O

akoE UEI GUORUG WE®D  ¢ddOMNHRIE® ARXI E (2BAB)0.r e Q
OUBORDE E O0pOsU UV&6BRODEOEBE 2UOU UUAUOERT B UEURD UG
URT UUdsU UOBUDDALN DOHOD a@u? &1 OOXDBERDBE@AH] OAE
EeOl sa0OUUE UO 701 Ul O GETVUEUEe®O oEAQGO UEO 1
O A metrala(20iL6). u
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Fault Plane

T EYAael wal WaUyE A&l Ua g A&l

N T6pgutr E UE AUORT 0UUbs U
UET 0 UOR UeleU @& a 01 O
R g @RUE U¢OuUBERIUS ¢ R
B® e@dOSMSIM, AEU  UEI ‘r(“)TUL"JTC‘)q)C‘)é;E&E Uds o
(EGoRoBWEGEe g @aEERIEN A 0G0 aU0U0 uUo
RUOGUEegdO ¢o 0l OVOSBOBOBEG OUUT &Y UUU UEO ¢o
(jEé@C)Aé'imfﬂE‘Ecﬁn OEAUVUe 00 80020 1 U

Al U O£ HERINGON et al., 2009). g1 Ugp BBWU T Eed

@éééﬁUUoOS@3@E@(ﬂ)’JC§J®®UOT ®&07 00U

E ROSMBEMUGOO6 e UE T U UXBIMRBEPUWE i@a
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o} éoq)m,n B0 OU ¢GuBE(LE diFfke D E o @Bo & U Ud O o

OUeUd OO BEVWEIVEG GAGUU OB UHPOOVDS
(V) 6&]&3@.?0(@JE 601 ORASI U £ Ol OBIDWGuAE UEOD

@@ o6 eUE 006RO 6 EO&UU leffédliv@ distaned) ¢ U1
GUET ¢00G0T O6R0OESN SlfM(B;er 2009A AtkinsoE é al, 2009; Boore et al.,

2010). pp EG EY O¢ QFEUI¢MWA UG EUTUBa) 0A EU  Wistdncere Wikt wrl & A£a O

~ . A A A N An

UEO ¢UBUT 000060 UEO, ART BPOBOI &b RY OAREPODE Cids
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QKuagogce
Go6AeVedET &l OE U0UdU0U6T EUx2O ROEGEODOHD s BDBI0OTUD&AT &1
VUOEGREO ad e Ul eUl @ G060 REEAIEs (UEEGD DG ORORUEERDOO
vs30. 0 UOpOABUGEEe el gaE (slope), o¢OIl OAGIalEled RO
Ou £ZG6060 ( oRH OGN EEH U7 U1 ORY &1 E ®eiOakE UO6 T EGEUe
(GTOPO30) 10 UEUéBEUEé(Z EeUlT DUERROER U-0B@S &Jc, ¢
(Stewart et al., 2014; Kkallas et al., 2018). DAJd Ue AUR G U006 03 951 B&EOD 33 31
el O AWA Eé@ﬁ‘ﬂﬁei‘ﬁﬁééa@é UT EGRUOGUVEOG BAEaIUMBe(LBUBEBAD O 6 U C
UBQNEHMP), G UY G RT U WMargatis@ad®Boore( 1 9 9 8 Klimigd &. (1999), OE 0O¢ O 0O
ROEGET Op OBPEEGOQRUGUEe T ¢ 0 O0 Gi0E:xad@aBU U @ A oo
T Ul O0UgeEeU GUE OED & @ ADE WD ¢ Uod O6 OkEMAOE @ UE |
GUOT ¢6T UelU 3.4 UQTOTUUIEapp@IFJTE EDAD UO6 UEDBT BOIUE R
Uu £6060, 06RO UpsaEO eUE UU VeBU@EnEsecUARA U UseAanld TURD U
UEOG UBUEO eUUEAOBsUO UVuUGal

DZ EUEUITG Uak Wy YAEAT WEawORWWa I B (Marddris Brid Babre,11998) Y Wy Ay T

Frequency Amplification Frequency Amplification
(Hz) factor (Hz) factor
0.11 1.035 1.76 1.478
0.16 1.046 2.07 1.529
0.3 1.084 2.55 1.597
0.46 1.132 3.42 1.701
0.79 1.244 4.94 1.839
1.06 1.328 7.24 2.003
1.25 1.374 9.2 2.11
1.54 1.437 15.72 2.347

DA EUEUTG U3 ZYYAEAT WEAWORWWA I C(dlinigetmI)®8% 1 T 4 Y Wy Ay T |

Frequency Amplification Frequency Amplification
(Hz) factor (Hz) factor
0.11 1.076 2.67 2.898
0.15 1.107 3.51 3.029

0.3 1.253 54 3.243
0.48 1.504 8.01 3.446
0.66 1.763 12.24 3.659
1.1 2.219 24.16 3.99
1.78 2.633 34.04 4.121
2.11 2.751 62.5 4.306

DA EUEUIGU3WI3YYAaEAT WEAWORWWA I D (Kldnid etkal) ¥9895.1 T 4 U Wy Ay T |

Frequency Amplification Frequency Amplification
(Hz) factor (Hz) factor
0.09 1.125 1.52 3.909

0.1 1.142 1.98 4.113
0.19 1.307 3.09 4.376
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0.35 1.742 5.34 4.722
0.46 1.993 7.07 4.918
0.5 2.094 9.39 5.051
1.03 3.347 14.87 5.195
1.15 3.536 40.5 5.461
10.0 7 T T T TTTT T T T TTTT T T TTTT
AR | |
e Amipl. Factors for B Soil Class (Margaris and Boore, 1998)
B = = = Ampl. Factors for C Soil Class (Klimis et al., 1999) I
7 Ampl. Factors for D Soil Class(Klimis et al., 1999) N
[ .
kS ;
'g 4+ . ® - " .
s 3 . .
£ .
? .
<
7l .
1.0 L1l 1 Llll\ll 1 1 LIIIHl I |

0.1 1.0 10.0 100.0
Frequency (Hz)

\\\\\

dzO £1316 ea A 4T Ul | Y Wi WwOEAENMETIWERIGT EYY \Whplikddionwa T (
factor ) WW Wi EAY Yawa | Wreqiendy) wé DET ERRW EUYas
Wy Ay B,iciD,?t UODY awal il Ul aAAAaEUE WYaAaE UUT T RWUY y

GUGROY3T) ¢ Ud O6 ECEéL,LLLLLhHFﬂﬂJoUUEéElaeIRI UEYT wd30 UEO UC
U066 KITETEeOU padoOaoh OA basbitatgaOgdn UEMD * EGEUe T O
SRTM®), UoRO &ROo6T WheShwar etal. (P04, eUvead eUE oE Uil C
T ®@0E (060R&UEGE ¢O6 @&RUE ¢000U&Ugs Allepiand pvald e b a7 EU
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