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ABSTRACT

In this paper we are presented brief overview of the project "Evaluation of seismic hazard for
Georgia and seismic risk for city Mtskheta with modern aproaches”. Seismic hazard and risk
assessment is very importance in Southern Caucasus (SC) and particularly in Georgia. The goal of
society is to create urban environment that is protected from destructive earthquakes and minimize
the expected losses. However, complete elimination of expected losses is unreal. One of the reasons
for it is deficiency of knowledge about real seismic hazard and vulnerability of urban areas and
infrastructure. In this regard, the general purpose of this project was to provide a reliable seismic
hazard assessment at the national level and risk assessment for strategically important objects
(cities, critical facility, lifelines, cultural heritage and others) of Georgia. In our case Historic city
Mtskheta was chosen as strategic objects. Historic city Mtskheta is located in eastern Georgia, and
is the administrative centre of the region of Mtskheta-Tianeti and Mtskheta Municipality. Mtskheta
IS a city museum and in 1994 was listed as a UNESCO World Heritage Site. Mtskheta is
characterized by increasing urbanization, population density and infrastructure. Also taking into
account the current reality of high vulnerability, the results of this project allowed us to evaluate
recommendations for a new strategy of urban planning of the city, by proposing specific mitigation
actions in district with high seismic risk, as well as adequate protection of infrastructures in case of
earthquake.
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Research goals

The one of main goal of the project includes a new assessment of the seismic hazard at the national
level; evaluation of local seismic hazard for the city of Mtskheta; assessment of its seismic risk and
analysis of mitigation action of the risk.

Seismic hazard analysis involves the quantitative estimation of ground shaking hazards at a
particular area that are expressed in term of peak ground acceleration (PGA), spectral acceleration
(SA) and macroseismic Intensity I. Seismic hazard analysis consists of four main steps: |i.
Definition of a reliable seismic earthquake catalogue extended back in time as much as possible; ii.
development seismic sources model at national level; iii. selection of ground motion prediction
attenuation models for the relevant ground shacking parameters; iv. Integrate (1)-(3) into
probabilistic calculation of seismic hazard curves with uncertainties.

Seismic sources (SS) and methodology of probabilistic seismic hazard assessment of the
region were developed in EMME project [1,2]. Catalogue were developed up to 2006 year for the
region of Middle East [3]. Unification of catalogues towards of Mw and Ms were done according
correlation equations proposed by Zare el al [3]. Following these work Catalogue of earthquakes
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were updated up to 2017 for Georgia and surrounding regions. In modern methods of seismic
hazard assessment the use of active faoults as one of SS is recomended, which in turn requires
accurate knowledge of the 3-dimensional geometry of the active faults and slip rates along them.
Another type of SS is area seismic sources (ASS). In this work we have taken active foults sources
from work [1] and developed new areas sources.

Each zone was defined with the parameters: the geometry, the magnitude-frequency relation
parameters as slop of curve bgr and seismic activity - agr, maximum magnitude Mmax, depth
distribution and tectonic characteristics.

Due to the lack of records for strong earthquakes at short epicentral distances, four (global
and regional) models of prediction equation were used [4,5,6,7]. On the basis of obtained seismic
sources probabilistic seismic hazard maps were calculated in terms of peak ground acceleration
(PGA) and spectral accelerations (SA) at 0.2, 1, 2, 4 sec for 10% probability and 2% probability in
50 years using attenuation relationships [4,5,6,7] correspondingly for Rock Vs30=801m/sc using
EZ-FRISK. Results are presented in Fig. 1,2.
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Fig. 1. Probabilistic seismic hazard maps for 10% probability in 50 years.
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Fig. 2. Probabilistic seismic hazard maps for 2 % probability in 50 years
Estimated seismic hazard were used as input motion for local seismic
hazard assessment for Mtskheta region.



Local seismic hazard assessment

In Mtskheta areas, for the local seismic hazard assessment first all information of previously
available geological, geotechnical, geophysical data were collected. These information were
provided by City Hall of Mtskheta.

New on-sight fieldworks investigations were done to define the subsoil model, based on local
lithological-geotechnical units, their stratigraphic and geometric relationships, and their typical
physical-mechanical parameters. The site investigation of Mtskheta was carried by geophysical
measurements that performed MASW and noise measurements processed with HVSR technique.
HVSR method is widely used for the site investigation studies in the last two decades [8,9].
However the horizontal and vertical (H/V) spectral ratio of natural seismic noise first proposed by
Nogoshi and Igarashi [10,11]) and this technique revised by Nakamura [12]. The analysis of H/V
allows us to estimate S-wave resonance frequency f o (Hz) of the sedimentary cover and it’s
thickness of overlying bedrock. As a relation between the thickness h and average S-wave velocity
(Vs) of the sedimentary layer [13,14] by the equation :
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In order to evaluate S-wave velocity profile with depth we use Joint inversion of Raylegh
wave dispersion curve and H/V curve. The inversion procedure was carried out by Montecarlo
algorithm (MC), a multimodal Monte Carlo inversion based on a modified misfit function [15] that
was proposed by Maraschini and Foti [16].
Figure 3 is presented investigating area. Red dots are were single station investigations were

done and blue lines indicated place were MASW measurement were done.

Fig. 3. Investigated areas of city Mtskheta for seisic microzonation

Finally investigated area were characterised by dominant frequency and Vszo.
Seismic Risk Assessment
For seismic risk assessment first inventory of residential building were created for city Mtskheta.

The inventories of the built environment (building and lifeline system) was studied and
converted into a GIS system with the following categories:



e Base map: Buildings, streets (street name and building number), parks, green areas, rivers,
lakes, sports stadia etc (Fig. 1);

e Buildings: Building material, number of storeys, number of entrances, condition of
building, building period of Thilisi buildings, photos of old Thilisi buildings, populatin
numbe;

e Initial cost of bulding;

e Electricity system: Electric power transmission lines, operating stations and centrals;

e Water aqueducts and supply system: water transmission system, sanitary sewer system,
pumping stations, and reservoirs;

e Relief of Mtskheta: Digital Elevation Model (DEM);

e Aerial photos of Mtskheta.

Based on inventory map, vulnaranilty of building were estimated according to [17].

Finally seismic risk in terms of damage, economic losses in GEL were estimated for scenario

earthquakes with intensity 1=7,8,9 at MSK 64 scale.

Fig. 4. Economic losses in GEL for Intensity | = 9 at MSK 64 scale

On bases of obtained investigation Map of the emergency limit condition was produced for
the study area, underlining critical elements and priority order of intervention.
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OuneHka ceiicMUYeCKOM ONMACHOCTH s ['py3un u ceicMU4eCKOro
pucka s ropoaa Muxera ¢ COBpeMEeHHbIMM MOAX0AAMHU
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Pe3rome

B cratbe kpaTko mpeacTaBieHbl pabOThl, MNPOBEACHHBIE B pamkax mpoekra - «OneHka
CEMCMUYECKOM ONACHOCTH MiId ['py3sum M CcelcMHYecKoro pucka mig ropoxa Mixera ¢
COBPEMEHHBIMHM MoaxogaMm». OLEHKH CEHCMHYECKOM ONAaCHOCTHM M PHUCKA OYEHb BaXKHBI JUIS
HOxnoro KaBkaza u ocobenno st ['py3un. Llenp oOmiecTBa - co3aaTh Takylo TOPOJCKYIO CpEny,
KOoTopasi OyJIeT 3allUIIeHa OT pa3pyLUINTENbHbIX 3eMIIETPSICEHUIM 1 OYIyT YMEHBIIATCS OXKHUIaeMble
norepu. OIHAaKO MOJHOE YCTpPAaHEHUE MOTEPb - HepeanbHo. OJHA M3 IPUYUH 3TOTO SBISETCS
neUIUT 3HAHUH O peajbHOW CEeWCMHUYECKOM OMacHOCTH, YSI3BUMOCTH 3aCTPOUMKH H
UHOPACTPYKTYpbl. B CBSI3M ¢ 3THUM OCHOBHOM ILEJBbIO 3TOTO0 MpOEKTa Obla 00eCHednuTh
JIOCTOBEPHYIO OLIEHKY CEHCMHUYECKON ONAaCHOCTH Ha HAallMOHAJbHOM YPOBHE M OLIEHKY pHCKa AJis
CTpaTEeTHYeCK BAXKHBIX OOBEKTOB ['py3mm (ropojaa, KpUTHYCCKUE OOBEKTHI, )KM3HCHHO BAKHBIC
JUHUH, TAMSITHUKH KyJIbTYpHOTO HAacleaus U T.7.). B HaimieM ciydae B KauecTBe BaXKHOTO 0OBEKTa
ObuT BBIOpaH Topon Mixera. Mcropuueckuii ropoq Mixera pacroyio)KeH B BOCTOYHOW YacTH
['py3un u siBAsieTCS aAMUHUCTPATUBHBIM LIeHTpoM Muxera-MTuanetu u Muxera MyHUIIMTIAIUTETA.
Mixera - ropoa-mysei, KOTopblii B 1994 rogy Obll BKIIIOYEH B CIIMCOK MHPOBOIO Hacleous
IOHECKO. Mixera xapakTepu3yercs pacTyiieil ypOaHu3amuei, IMIOTHOCTbIO HAaceleHUs u
uHppacTpykTypoir. Kpome Toro, ecmm ydectb peajibHO CYIISCTBYIOIIYIO BBICOKYIO YSI3BHMOCTH,
pE3yNbTaThl 3TOrO MPOEKTA MO3BOJWIM HaM pa3paboTaTh PEKOMEHIALMU JUIsi HOBOW CTpaTeruu
TOPOJICKOTO TIUJIAHUPOBAHUS, MPEUIOKUTH KOHKPETHBIE MEPHI IO CMSTYEHUIO TOCIEICTBUH B
pailoHe BBICOKOH CEHCMHUYECKOW OMACHOCTH, TakyKe IS 3allUThl MHEGPACTPYKTYphl B cllydae
3eMJIETPSACEHUS.
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