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PE3YJbTATHI IPUMEHEHUSA I'AC JIJISI OIEHKH CEHCMHUYECKOM YIPO3bI U
MHOXXECTBEHHOT'O (MYJIbTH) PUCKA TOPHOH TEPPUTOPUHU KBIPTBI3CTAHA

RESULTS OF GIS APPLICATION FOR SEISMIC HAZARD AND MULTI RISK
ASSESSMENT IN MOUNTAIN AREA OF KYRGYZSTAN

byn uzundeede mabuewlii  KOpKYHYyumapovlH ap mypoyy MmMunmepuHr, moOOKe uUIUK
acmulHoa 0OON2OH DIIEMEHMMU JHCAHA KOONMYVAYK UYeHOONopOy ICKe anyy MeHeH MYabmu
mobokenuunukmu 0aanoo ycyi0apvlh OHYKmypyyee 6acuim aneanowvlz. Keipevizcman cviakmyy
HCO20PKY ~ CEUCMUKANBIK — AUMAKMapoa Myaibmu  moOOKeIuuIukmy 6aanoony aghgexmusoyy
AHCYPRY3YY, KON (Myibmu) KOPKYVHYUMApObl OAANOOHYH CANAMbIH JHCAKWBIPMYY YYYH MUKDO-
CEUCMUKANBIK  YCY0apobl  KOAOOHYY Maanunyy. Mukpo-celicMukanblk  0aaioony  icypey3yy
maxcamoinoa AKnvin eonoeusnvix xvizmamoeinwvin (USGS) myypa moaxyHOapOwvlH vlioamowvibl
(Vs) boronya maansimammapsl JHcana YCMyHKY MOIKYHOApObl KON KAHAL0Yy maidoo YCyny MeHeH
(MASW) orcypeysyneon owcexeye ueHeonopyoy30yH maanvimammapsl koai0onyndy. Ouienmun, o6u3
Koipeviz Pecnyonuxaceinvin Ow obnacmeina xapawmyy Yowu-Anaii pationynoa scavieauikan oOuium
bepyy MeKkemenepuHuH Mynomu MoOOOKeNYUIUeUn 0aanoo yuyH 2eoepaguanblk Maansimam
cucmemacwi (I'UC) kondonyy scana oucnepcuoHOyK moakyHoapobl 4eHoo 60oHYA aupbiM UTUMUL
U3UTLOOO JHCHILILIHMBIKIMAPLIH KOPCOMYY20 MAKCAM KOUCOHOY3.

AuKoly  c0300p: KbIPCHIK MOOOKETUUNUSUH MOMOHOOMYY, MYIbMuU  MOOOKETUUTUKINU
baanoo, celicmuxanvik KopkyHyumy o6aanoo, MASW, USGS, T'UC, Kweipevis Pecnyonuxacei, You-
Anaii pationy.

B 0annom uccreoosanuu mul 6viiu HayeneHvl Ha pazsumue nooxooa Oyenxu Mynemu Pucka
C YUemoM pasIudHbIX MUN08 NPUPOOHBIX YePO3, USMEPEHUL YA36UMOCMU U STEeMEHMA HaAX00AuUecs

noo puckom. Jna sgpgpexmusnoco nposedenuss Oyenxu Mynvmu Pucka 6 maxkux  6blCOKO
celicMuuHblX pecuoHax kax Kwvipevi3cman, 6adCHO NPUMEHAMb MUKPO-CEeUCMUYecKue Memoobl
OYeHKU O VIAVHUIeHUs. KAYyecmed OYEeHKU MHONCECMBEHHbIX (MYIbMmu) yepo3, a 3HAYUum u
pe3ynomamos QOyenxu Mynomu Pucka. [na npogedeHus: Muxpo-ceucmuyeckol oyeHKu Ovliu
npumeHenvl OaHuvie ckopocmeti nonepeunvix 6onan (Vs) I'eonoeuuecxou Cnyacovr CLIA (USGS) u
cobcmeeHHble uamMepenus nposedenHvle cnocobom Muozoxkananvrnoeo Auanusa Ilosepxnocmmvix
Bonn  (MASW). Taxum obpasom  mvl Hayenenvl  NPOOEMOHCMPUPOBAMb  HEKOMOpble
ucciredosamenvckue pesyiomamol 6 ucnoavzosanuu [UC u uzmeperutl OUCNEPCUOHHBIX BOJIH,
npogedennvix 011 Oyenxu Mynomu Pucka obpazosamenbHbiX yupescoenutl pacnoniodiceHuvix 8 You-
Anaiickom pavione, OQuickou Obracmu, Keipevizckoul Pecnyonuxu.

Knrouegvie cnosa: Cruoicenue pucka 6eocmeutl, OYenka MYIbmu pUCKd, OYeHKd
ceticmuueckou yeposwt, MASW, USGS, I'HC, Kvipevizckasn Pecnybnuka, Yon-Anaickuil pation

Within this research we aim to develop Multi Risk Assessment approach with consideration
of various types of natural hazards, vulnerability dimensions and elements at risk. For effective
implementation of Multi Risk Assessment in such seismic regions as Kyrgyzstan, is essential to
incorporate the micro seismic evaluation methods towards an improvement of definition of the multi
hazard and therefore the Multi Risk Assessment outcomes. For conducting of micro seismic
assessment was adapted shear wave velocity (Vs) data received from USGS and the measurements



conducted by the Multichannel Analysis of Surface Waves (MASW) method. Thus we aim to show
some case study results of applying GIS, dispersive wave data and tests with the objective of
contributing towards a Multi Risk Assessment of education facilities (institutions) located in Chong-
Alay district of Osh oblast, Kyrgyz Republic.

Keywords: Disaster risk reduction, multi risk assessment, seismic hazard assessment,
MASW, USGS, GIS, Kyrgyz Republic, Chong-Alay district.

1. Geographic setting

The target area is located in the south-western part of Kyrgyzstan, Chong-Alay district
which occupies the western part of Alay valley (Figure 2). The northern boundary of the district is
located in the Alay Mountains and the southern in the Trans-Alay Range, between the Tian Shan
and the Pamir mountain systems. The hydrology is dominated by Kyzyl-Suu, to the west, and its
tributaries .and flows from Irkestam to Kashgar, flowing westward on the northern side, through the
Karamyk pass and into Tajikistan, where, under the name of the Vakhsh River it flows
southwestwardly into the Amu Darya. The Alay valley is inclined from east to west, with the lowest
point at 1560 meters above sea level. Villages and evaluated education institutions (schools,
kindergartens, school based kindergartens and home based kindergartens) are located at altitude
ranging from 2298 m. (Karamyk village) to 3028 m. (Achyk-Suu village).

2. Multi risk assessment paradigm.
The Multi Risk Assessment was based on main paradigm of Risk, where Risk considered as
function of the hazard and the conditions of vulnerability and element at risk (Formula 1).

R=HxVxA (Formula 1)

Where: H
— hazard;
V — vulnerability; A
— elements at risk.

Final values (index) of Multi Hazard and Multiple Vulnerability were calculated within the
adapted formula of Multi Risk (Formula 2) as a quasi-probabilistic level and was based on
preliminarily fixed indexes and rates of each type of hazard, vulnerability and element at risk.

R= Z(Hnlpl+Hn2p2) X Z(anpl +Vn2p2) x A (FOITI’IUIEI 2)

Where: H
— hazard;
V — vulnerability; A
— elements at risk;
n— number (type) of hazards and vulnerability;
p — coefficient of priority.

Within research was considered 3 types of hazard (geotechnical, natural, seismic), 4 types of
vulnerability (fire safety, disaster education, structural mitigation and retrofitting, structural) and 1
type of element of risk (number of students and teachers).

Within our work, we are united and analyzed data from different types of risk factors in one
multi factor system. For this purpose we used relative system of normalization of numerical
information and mapping the results through the application of GIS software. In general, the
outline of this process was based on the adapted national standards of risk factor assessments used
in Kyrgyzstan [7,9,10,11] and methodologies of Multi Risk analysis of European Community [3]
and United Nations [20,21].

The priority coefficient for hazard and vulnerability were fixed according priorities revealed



and evaluated within the regional risk assessment of the target area [23]. Integration of the priority
coefficient makes it possible to increase the meaningfulness of the calculation of the final risk
indexes, which was calculated according to differentiation of quasi-probabilistic level of impact
from each specific risk factor.

The purpose and objectives of research were reached through the production of outcomes
presented as information which clarifies the preliminary evaluated levels of all types of hazards,
vulnerability and element of risk and final values of multi risk for each of the evaluated educational
institutions.

The preliminarily methodology approaches and results of Multi Risk Assessment were
reviewed and approved by the decision of the Scientific and Technical Council under the Inter-
Ministerial Commission for Civil Protection of the Kyrgyz Republic and were recommended to be
adapted to the local and national system of disaster management [12,13].

3. Seismic hazard assessment methodologies

The whole of the studied area is a highly seismically prone area, with 89% of it exhibiting
Grade I — seismic hazard sub-area, with a seismic intensity of 9 and higher in the Medvedev—
Sponheuer—Karnik macro seismic intensity scale (MSK) and the remaining 11% with a seismic
intensity of 8 on the MSK scale [1]. Among all other types of disasters in the target area,
earthquakes are the most hazardous types of natural disasters [23]. Regarding this, within multi risk
calculation, the seismic hazard was considered with higher priority or higher coefficient of priority
(within hazards block).

Methods and results of the macro seismic zonation was inappropriate for purpose of our
research because we were needed to develop comparison of seismic parameters for separate points —
objects of assessment (education institutions), which were located within similar macro seismic
areas.

Within our research as micro seismic data we adopt shear wave velocity (Vs) data. Several
methodologies exist for extending the utility of spatially limited Vs30 observations and estimations
to larger areas. The measurement of shear wave velocity (Vs) is an established approach in
contributing to earthquake site response [4,5].

The reason for adopting this type seismic data for hazard analysis is justified because
building structures respond to dynamic forces exerted by earthquakes as well as being influenced by
the soil response on which they are founded on. This can be achieved by identifying the dynamic
properties of the soil and hence by determining the shear wave velocity profile, Vs in depth.

4. Masw method
4.1. Methodology.

The local seismic classification of a site essentially consists of determining the category to
which the site belongs on the basis of the main parameters which influence the site response to
earthquakes or more generally to external dynamic forces. Currently there are several international
codes, which classify the sites on the basis of their nature and their geotechnical characteristics,
especially based on the vertical shear wave velocity profile.

The NEHRP [6] and Eurocode 8 [2] regulations help to determine the seismic design force
on the basis of the seismic zone to which the site belongs. The seismic motion at the bedrock is
generally different from the seismic motion at the free surface, depending on the intensity and the
frequency content of the seismic energy. In general terms the classification is defined by means of
the equivalent average vertical shear wave velocity designated as Vs30 (Formula 3):
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The MASW method is a non-invasive investigation technique, through which the
vertical profile of Vs30 can be obtained by measuring the propagation of the surface waves
at several geophones placed at the free surface of the site.

Generally, the main contribution to the surface waves is given by the Rayleigh waves, which
travel through the upper part of the site at a speed, which is correlated to the stiffness of the
ground. The dispersive wave methods can be applied as an active method, generally known as
MASW, or as a passive method, generally known as passive MASW, ReMi or ESAC, or even as a
combination of both active and passive methods. In the active method the surface wave is
generated by a source located at a point on the free surface and then the wave motion is measured
along a linear array of sensors.

The MASW data in the present work was carried solely resorting to active data, since
there was not a sufficiently high level of noise to carry out passive data, and using a consistent
geometry for the proposed objectives.

4.2.Field testing and settings.

The MASW data was carried out on twenty-six (26) different sites which represented all
(48) educational institutions of target area. Within each site a consistent geometry for the proposed
objectives was used. Each site generally consisted of two shots on each end of the linear array.

Thus each site had two tests, using RAS-24 seismograph, to confirm it’s representative result.

The results of the MASW data was carried out taking into account multi-modal
interpretation and some a priori known geological knowledge. After the shear wave velocity profile
has been determined, then the equivalent Vs30 value (Formula 3) can be calculated and hence
the seismic class of the soil can be established.

The data of all of the tested sites was interpreted using the sequence described in
the previous section. Since the obtained range of Vs30 velocities does not cover the full range of
any of the Vs30 classification tables (EC8 or NEHRP) a local relative scale, that would permit a
regional ranking and adequate distinction amongst the different classes of soils, was established.
This scale consists of five rates that extend from the minimum Vs30 velocity (254 m/s) to the
maximum (776 m/s).

Upon observing the results (Figures 1 and 3) the villages of Karamyk (school #15,
kindergarten #7; school based kindergarten #5) and Jekendi (kindergarten #8) (western part of
target area) exhibit the highest seismic hazard amongst the tested sites. The lowest seismic hazard
values exhibited are from villages located in Central and Eastern part of the target area. This
situation is confirmed by the regional seismic hazard characterization [1].

5. USGS seismic site Vs30 estimation.

As additional methodology for assessment of seismic hazard we used - USGS Active
Tectonic mapping tool [22] available online, to produce a map of Vs30 for the studied region.

It seems that Vs30 map of USGS was solely based on the topographic slope and a very
simple geology cartography, since there was not any available information about any geophysical
Vs30 having been done in target area before. At first glance the obtained map seemed to be correct
however when we zoomed in and observed the details of each interpolated element, overlaid with
our measured values, it stood out that most estimates fell relatively far from the measured values.
This fact can be confirmed and geographically visualized on the map depicted in Figure 2 and 3
when we compare the color code of the circles (MASW, Vs30 measurements) with the respective
pixel of USGS Vs30 estimates of the map.



Figure 6. Mapped results of the detailed MASW Vs30av seismic site response within the target area
(The circles indicate tone according to the velocity and the precise velocity is indicated next each
one).
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Figure 2. Figure 3.9: MASW Vs30 values and USGS Vs30 estimation map
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Figure 3. Map of comparison MASW Vs30 and USGS Vs30 values

In Figure 3 we present the values of MASW Vs30 (circles) and USGS Vs30 (squares). Thus
it is possible to conclude that a Vs30 estimation solution for this region is still not adequate since it
requires some type of calibration with in situ testing such as the MASW that was performed.

Appropriate methods of adaptation of USGS Vs30 data for Multi hazard or Multi Risk
assessment and among others works in current region can be finding in additional consultations.
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