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Earthquakes are considered to be among the most devastating natural phenomena, causing huge economic damage as well as human losses. Many regions prone to earthquakes
are densely populated, and experience a high level of seismic risk. Special attention should be drawn to developing countries, where natural catastrophes can cause tens of thou-
sands of deaths and severe economic losses, setting these states back for many years.

Unfortunately world practice shows that attention to seismic hazards remains low in so called quiescence periods and rapidly increases only after a catastrophe occurs. Though
the short-term prediction of earthquakes remains an unsolved task for the world’s seismological community, long term probabilistic prognoses in terms of seismic hazard and risk
assessments are well developed. The latter is connected with pre-disaster activity and the management of consequences of a possible disaster. In particular, this direction includes
planning of insurance policies, decision-making, early warning, training and education of the population, and the organization of relief, rehabilitation and reconstruction. There is
a broad recognition that it is extremely important to ensure disaster preparedness through reducing of vulnerability to its impacts. This approach is based on the results of hazard

regions.
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Georgia is situated in a seismically active region within the Caucasus, which is one of the most seis-

mically active regions in the Alpine-Himalayan collision belt. Present day tectonics of the region is de-

fined by the northward movement of the Arabian plate towards the Eurasian plate. Convergence rate
is estimated to be about 30 mm/yr, 2/3 of which is likely to be taken up south of the Lesser Caucasus,
where it completely vanishes at the Greater Caucasus, forming a complex structure of seismic faults
with diffused seismicity. Analysis of the historical and instrumental seismological data shows that
strong earthquakes with magnitude of up to 7.0-7.5 and microseismic intensity 9 (MSK scale) have
occurred here. The reoccurrence period of such events is of the order of thousands years. Several
major seismic zones can be defined in Georgia, first of all the main ridge of the Greater Caucasus and
Javakhety volcanic plateau, the Adjara-Trialeti ridge fault system is also characterized by a history of
destructive earthquakes.

assessment research. The proper and adequate assessment of seismic hazards represents an indispensable condition for the safe and stable development of seismically active
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The catalogue of earthquakes of the Caucasus consists of two different parts: historical and instru-
mental. The documentary historical catalogue stretches back to the beginning of the Christian era.
The information about the earthquakes of this period has been extracted from historical annals. The
parameters of historical earthquakes are determined on the basis of macroseismic data analysis
from contemporary documentary description of damage caused by earthquakes. For the older events
the errors, in both location and date, may be substantial. Still, while bearing this in mind correlation
between the locations of historical events and active faults is evident. The magnitude of the largest
events was estimated as ~ 6.5-7 and the macroseismic effect as 8-9 on MSK scale (New catalogue,
1982). The largest historical events were mainly connected with the active faults of the Greater Cau-
casus (Alaverdi earthquake of 1742, Ms=6.8, l0=9; Lechkhumi-Svaneti earthquake of 1350, Ms=7.0,
lo =9; etc.) and Javakheti plateau in the Lesser Caucasus (Tmogvi earthquake of 1088, Ms=6.5, [0=9;
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Akhalkalaki earthquake of 1899, Ms=6.3, lo =8-9; etc.). The exact epicenter of the strong Samtskhe
earthquake of 1283, Ms=7.0, 10=9, is still not clear, but it was probably connected to the Lesser
Caucasus fault system.

The instrumental period of seismic observation began in the Caucasus at the very beginning of the
20" century. Since then, several destructive earthquakes have occurred in the region, causing dam-
age and human losses. The Kartli earthquake of 1920 (Ms=6,2, lo =8-9) which occurred in Gori (see
Figure 3.3) has to be mentioned as it caused severe destruction and around 150 people died. During
the last decades several destructive earthquakes with magnitudes up to 7, intensity 9 (MSK scale) oc-
curred in the Caucasus region: during the 1988 Spytak earthquake in Armenia (M=7.0) 25,000 people
were killed, 50,000 were injured and economic damage equaled nearly 15 billion Rubles. Just three
years later, in 1991, the Racha earthquake (see Figure 3.4 and 3.5) occured in Georgia (M=7.2), more
than 200 people were killed and approximately 60,000 were left homeless. The damage covered
thousands of square kilometers. Unfortunately, the last few years have shown that high seismic risk
is also associated also with moderate events. Big cities in the Caucasus, such as capital of Georgia —
Thilisi, are subjected to high seismic risk, which was proven by the 25 April, 2002 Thilisi Earthquake,
the epicenter was located within the city limits. Although the earthquake magnitude was only 4.5 and
intensity up to 7 (MSK scale), there was significant damage in Thilisi — assessed as 160 million US
dollars, 7 people died and several more were injured.

3060Ld3G00m 3odmB391em0 B0obob ©3LOb3gEMO BMAH™do (1991 Bemob 25 93G0agmol doBobdz®mo Gododo M=7.0).

boboBo/Figure 3.5 { Photos of earthquake damage (1991 04 25 Earthquake M=7.0)
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Earthquake Hazard Assessment
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bogomm39emmL bgoLdy®o LEdodHMgdEL 30M3gemo GY3d 1948 Bemom MOMOM©IdS, HMBgMN3
©00030dL0MgdY bgobdPHMISL 9u3YdbgdMEL S 9(396¢0 D339 dmBbotMo doBobdztgdol
Bmbg089 3900090Mo. 33969060300, BYP30L OO gooRbs 3 MabmBymo 9emgdgbho o
gm39emo 3mdg36m demogto 30Bobd3tol 3930093 dobo gobobemgdo begdmeo. bdEybotmeo,
1988 Bemob b3ndhozobo o 1991 Bemob Hodob doBobd3tgde dmbd 8mbgddo, bos(s
3mbommbgemo 3o30mbgolbdy®o 9i3gdho 1-2 domom bozmmgdo 0dbs gmolgdymo.

LgoLdPEo LdodHMYdNL d9a3oLYdNLOL MOBOTgEMH™M3g FnaMad deMBdIMYM LYoldy®
LJIOMYOOL gm3Pdbgde, HMBgemoE nBobdzmol dgbodemm 396Mgdol gobLodmamolo o
300 306039¢hH080300L 00030eM0LB6YAL. dHb0BYEEOD godmanboty, 3obolodmamgds
MMM 0d0bo, HMI oM 3399em BadhhoemIo bgobdy®o ga3gdhob (3o3EmLgaLanHo
06¢hgbLo3MdY, 3O1BAHL dogdbodomyMo sBJotgdd, 3ebhob dogduodomyo boRdotmg,
L399dHHYo OBJOMYdS o bb3.) EMBY 3oEOZoMOdIYMO 0d69d0 EOHMOL Bogdbotgdymmo
3960mE0b 3obdogzemmdsdo.

bgobdneMo LdYEBGMYIL dEMBSNYMO Fgx3OLIINL 390MEO BIGMME 0BG P360L3690m0
30 Bemob 3o63030mMdv80. 93 39mm©oLb doGmowo P30MohHglmds bgobdnmo bddodtmgdol
99330Lg00b Lbgo 3gMMEIOMOE Bgotgdnm obod, HMA 0go bdyomgdol ndemgss, JBG™
BLho 0969L gomzomobBnbgdymo yzgeme dgbodemm doBobd3zMmol 9a3gdho, BoBobdzMoms
39639m©9000md0L bob3otyg s 3MB0MYd60, HMIMgd0E dbemogL dobobdzGob
Loddgmo3M0b, 3egdOMIMINLY O gobIgmMMgdoEMdNL LobdoMmol 3R MagbmBatgdsl.

bogoMHM39MML J06M39eM0 BENOVMYMO bgoLdyeo LododHMgdab Gy3zo 8gngddds 1999-2000
6cm903d0, LogoMmzgemmb 39(36096M9d0mo ©39009300b gmanBozol 0bLAHEHYAHEL Hggombyemo
LgoLAMEMa0L gobymanemgdol d0808g (M. $g9emady, 8. $930b0830¢m0, M. 396OBO6OZ0em0,

The very first seismic hazard map of Georgia dates back to 1948, and was based on observed
seismicity with an emphasis on the zones where earthquakes had already taken place. Naturally,
the map did not have any forecast element; hence it used to be updated after every severe earth-
quake. Unfortunately the Spitak earthquake in 1988 and Racha earthquake in 1991 took place
in zones where the expected micro-seismic effect was underestimated by 1-2 points, which was
directly reflected by the resulting victims and losses.

The modern approach relies on a probabilistic seismic hazard assessment, which is based on the
identification of possible earthquake sources and their parameterization. As a result of this, the
probability that the predicted level of seismic effect (macro-seismic intensity, Peak Ground Ac-
celeration, Peak Ground Velocity, Spectral Acceleration, etc.) will be exceeded at a certain point
during a fixed period of time is defined.

The method of probabilistic seismic hazard assessment was broadly introduced 30 years ago.
The main advantage of this method, in comparison to other seismic hazard assessment meth-
ods, is the fact that it provides the possibility to reliably consider, including: the effect of all
possible earthquakes; the frequency of earthquakes’ reoccurrence; and uncertainties associated
with the definition of magnitude, location and reoccurrence frequency of earthquakes.

The first probabilistic seismic hazard map of Georgia was created in 1999-2000 by the Regional
Seismology Department of the former Institute of Geophysics (Authors: T. Chelidze, Z. Javakh-
ishvili, O. Varazanashvili, M. Elashvili, I. Kolesnikov, T. Godoladze, N. Butikashvili and E. Glonti).
Later, in 2009, the probabilistic seismic hazard map was officially approved and became a part
of the acting Building Codes of Georgia. The map is based on the following principle: “From the
earthquake source zones to the seismic effects on the Earth surface”, i.e. initially, potential
sources of earthquakes and their parameters have been studied and identified before the total
probability of the cumulative effects of the stated earthquakes were calculated at various points
of the Earth surface.

To carry out a probabilistic seismic hazard assessment of Georgia’, the software SEISRISK Il was
used. This method consists of four stages:

1. Identification and parameterization of Earthquake source zones

Identification of the earthquake source zones is based on an analysis scheme of active faults in
Georgia, which has been reanalyzed and compared to the observed and historical seismicity,
as well as to other geophysical fields. The faults have been classified by the earthquake source
zones and parameterized.

3. 9emod30em0, 09. 3memgbbozman, . gmmeodyg, b. dhH039830em0, 9. WEPMbHO).
3m3300069000 2009 Bgemb LgoLdy®o LBoIOMIINL dENBEMYMHO 730 MABOOOTHYHO
9(h303000 beGBoh0Yem ©EM3nIBHO© o 8930000 LodomM3gemmL dmddge Loddgbgdmm
B6m®39080. 9b08bYM0 Y30 98YsMgdd 306303L - "d0Bobd3zMol 39600l Bmbgdnob
00900030600 3900030689 LgobdPHo 9ngdhobo3gb”, 96y MV3E30M3geMme JgbBogemaem ngbo
00 3960bBM3MmO B0BobdzMoms 3miab0nMo 396900, Bomo 306Moaghtgdn, bmenm 89393
309m0m30emo 53 3060bd30gd0l Bgbodemm gm39gdhgdol $939M0 deMISMMdS ©gsdnBol
8900030600 Lbgoobbgo Bgthoemdo.

bogdotmmzgmmb Bhadohm®mool bgobdy®o bododHMYdL deMddMYMo Bgaobgdobomaal
399mygbgdyem 0gbo 3GmMaMmads SEISRISK 111, 3g90mo mmbo ghodobaob dgggde:

1. 3060Ld3e0b 3960b Bmbgdol godmamgbo o JoModgh®odogno.

3060Ld3Mob 39G0b 3mbgdoL 09bH0a3030300L boazyndzmoE ogEM bogdoMmzgmmb ogdhon®
H990™b03n6 Hm3930m0 bggds, HMIgEOE 300093 9O Mbgem ZooboemBrov, goteod
00330639000 390093500 ©Ox30gdLOMIIYIM O LHMMOYMO® (36Md0H Lgobdy® dm3aemgbgdl,
bbgo 3gma3080396 39¢m9dL. dmbros H393900L bobAHgdogeBdoios 0Boldzel 3960l Bmbgdo
00 30639 M0Bo300.

2. 3060bd3GOM 3obdgmMgodEMdNL 396MBBMBngtgdobo 390l Bmbgdolom3ab.

399mygb903em 0g60 30330b00b doBoLdzGmoms 3ohOmmman, 39Mdme, 0bLEHGYIIBHYTO
3960mob 3060bd3tgdn. dmboo 30dhommmanl ©g3emobhgMm0do0s (3mbnems 9.6.
BMMIM3900 o dx3HIMHEM3900), bmemm 399093 M0mmgYmo 39GMobom3zob dogm guhgbdgta-
Mobhgcmob goboBoemgde, HmBmob 39339MO0MS(3 E0BES 3Mmb3Mghymo dogbodyonlb

2. Earthquake Reoccurrence Rates for the Earthquake Source Zones

The earthquake catalogue of the Caucasus, specifically the instrumental period earthquakes, has
been analyzed. The catalogue has been de-clustered (the so-called foreshocks and aftershocks
have been removed), and a Guttenberg-Richter distribution has been constructed for each
source, through which frequency of occurrence for the specific magnitude earthquakes has been
estimated.

3. Earthquakes’ Surface effect attenuation lows

Two types of seismic effects and respective attenuation lows have been applied: first, seismic in-
tensity in MSK scale and Peak Ground Acceleration value (PGA). In the first case, the attenuation
relation of macro-seismic intensity, specifically established for Georgia, was applied while the
peak horizontal accelerations of soil were calculated according to the South Caucasus attenua-
tion model, which is based on severe earthquakes reported in the region.

4. Calculation of integral seismic effects, taking into account the variations of all parameters

The probabilities of exceeding certain level of seismic effects for fixed period of time was cal-
culated (return period 50 years) using the software SEISRISK IlI. All existing variations for each
parameter have been considered and the total probabilities of the integral seismic effect on the
surface calculated. All calculations and composition of maps have been carried out using GIS
technologies. Probability maps have been designed for 50-year return periods and for 10%, 5%,
2% and 1% exceedance probabilities.

8060bd30mgd0b 3obdgmEgooEMINL Lobdotmy.

3. 3060bd3Mob doge 3odmbB399emo Lgobdy&o g3gdhob EOEbOMANL 306mMbBBmMBngtgdsbo.

399my969d9em 0g60 MM bobob Lgobdymo gngdho o Bgbvdedobo wobH™MIol
3006m63m30gHgdobo. 306390 - bgoLdy®o 0bhgblogmds doemgddn (MSK b3oeme) o dgmdy
- 30g4L0BoEMYM0 3MMHBMBHYMO BJoEgdL 360336gemmde - PGA. 30639¢m 893mbigzodn
300mygb9039cm 0gbo b3gEPOMMO© LodoMmMN3gMMLEM30L 3obLOBM3GYM Fo3BrMLYELdnMo
06¢h96b03MBOL EOEbEMTL 306MbBMBogtgds. bmemm g&Ybhol dogduodocmyo
3m&08mbhemo 9BJoMgd9d0 omM3maem 0gbs Lodb&mgm 30330L00L OEbOHMT0L dmegemol
399my969d0m, GM3gemoE H9a30mb3o dmdbromo demog®o 306oldzmgdol shdotgdgdol
RoboBgegOL gm3ndbgdo.

4. 06hgamomymo bgobdy®o gx3gdhob godmm3zm, Yy3gems godmygbgadymo 306modghMmol
(300m300m90900b gom3zomobbnbgdnm.

300mm3emoem 0g6o bgobdMo gn3ggdhob dmEgdnemo ML gosdghgdol vemddMMIgde
©®Omob ogdbo®mgdnmo domgwobomzol (Bmmmmobob M - 50 Bgemo). 3odmygbgdym
0960 3rMaMmodo SEISRISK 111, 3mboos gmazgmo 306od9h&mobomgolb smbgdnm (30m0emgdoms
300350m0LB069d0 O dMEML 3odMom3zoeMo Bge30®mBg 06hgatmomyMo bgobdy®mo gmgdhob
3999600 5eMd0mMO9Y0. Y39emd goIMMZMS O MY30L 93900 O93YdMS GIS-0b (Hggdbmenmgoob.
039090 0d60 10%, 5%, 2%, 1% demdomyMo 63900 50 - Bemoobo dmemmnbol
Mmobomaol.






