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INTRODACTION

Regional Seismic Hazard

Seismichazard assessmentof urban areas is an
important and extremelychallengingtask. It is so
important becausewithout the knowledgeof the
influenceof localsoil conditionsandproperties,of
the changinglayer thicknessin urban areas,and
without considering multiple possible scenario
earthquakesfor this territory, engineersdo not
have enough information on how to designand
constructseismicallysafebuildings. Theparticular
challenge of this task is due to the great
uncertaintyaffectingthe predictionof the spatially
(andsometimeseventemporally)changingseismic
properties of soils with respect to urban
development.
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Based on the geological and seismological data the 
general seismic zoning map in terms of intensity by 

MSK-64 scale of the territory of Tajikistan was 
created in 1978 (Babaevet. al, 1978), and it uses as 

the seismic building code till now.

Existingseismicaction estimationsare basedon the old
approacheswhen the main factors of the local soil
conditions only consider general engineering-geological
features of the territory as well as macro-seismic
observationsdata. An additional problem is the building
code in Tajikistan; it uses the estimation of the ground
motions in terms of the MSK-64 scale, but does not
enoughtake into accountthe varietyof the soil conditions
in the Dushanbe city area. Existing seismic hazard
estimation of the area of Tajikistanis basedon the so-
calledά¢ƘŜmap of generalseismiczoningof the territory
of ¢ŀƧƛƪƛǎǘŀƴέΣthat wasproducedin 1978in termsof MSK-
64 scale. Theseismicmicrozonationmapof the Dushanbe
city area was made in 1975 in terms of MSK-64 scaleas
well and was based on the engineering-geological
approachmostly. Thismap doesnot representthe highly
variablesoil conditionsof the Dushanbecity area which
are partly due to the anthropogenicinfluenceof the large
city. Therefore,earlier seismiczonationmapsassignedan
intensityof IXto mostdistrictsof the city.
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Seismic hazard map of the 
SE part of Central Asia, 
entirely including the 
countries of Kyrgyzstan 
and Tajikistan (mod. from 
Ischuket al., 2018). 
Indicated are the locations 
of the Khaitand Gissar 
earthquake events and of 
Dushanbe (see also city 
map on the right).
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Dushanbe city is located between the

southern border of the Tien Shan and the

northern part of the Tajik Depression, between

two major fault zones: Gissaro-Kokshaal in the
north and Ilyak in the south .
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Presenta map of earthquake
epicenterswith M> 3.0 from
the CASRIcatalog (compiled
during the ISTCKR project
#1176), which hasdata from
ancient times until 2009
(Abdrakhmatov, 2009) and
additional earthquakeswere
added from 2010 to 2020
from the USGScatalog. The
strong earthquakes on the
territory of Tajikistan are
distributed unevenly.
Epicenters are located in
South Tien Shan, South
Ferghana, and Pamir-Hindu
Kushseismicactivezones.
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Seismic Micorzonation
Data Collection
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Data collection, analysis, and evaluation of data
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Up to now, extensiveresearchwas
focusedon the qualitativeapproach
of seismic microzoning. Even
though such methods proved to
providevaluableoutputs for urban
planning, those ones can mostly
not be directlyusedfor engineering
purposes(construction)as they do
not represent any ΨƳŜŀǎǳǊŀōƭŜΩ
value. The quantitative approach
consists of data collection from
strong ground motion recordings,
micro-tremor studies, shear wave
velocitydata,andother information
relevant for assessingthe seismic
responseof the groundςcombined
with numerical models. The
analysisand data results that we
get from numericalmodelscan be
assessed and validated by
comparisonthroughfield data.
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I. Topographic and existing regional seismotectonic and geological data

ÅThe general geological map of the region of the
Dushanbecity (from Geologicalmap of the TajikSSR.
Scale1:500000. ChiefEditors: A.P. Markovskyand V.I.
Verkhov. PublishedbyVSEGEI,Moscow,1974).

ÅThe map of engineering geology conditions of the
Dushanbe city area. Colors indicate surface soil
materials(Zolotarowet al. 1968). The thick black line
representstodaýsadministrativeborderof the city.
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I. Topographic and existing regional seismotectonic and geological data
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II. Seismological and vulnerability data collection
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In the framework of the

international project GEM-EMCA

(Earthquake Modeling for Central

Asia), an instrumental study of

seismic properties of soils in the

territory of Dushanbe was carried

out in 2012 (Pilz et al ., 2013). For

these purposes, a temporary

seismic network (March ðOctober

2012) was installed to collect

seismic records in 72 points inside

the Dushanbe city area, using

portable EDL seismic stations . In

addition, ambient seismic noise

was measured using 37 single

stations, and 4 seismic arrays were

constructed . All measurements

were made within the actual

boundaries of the built -up area

(see overview map by Pilz et al .
2013).

The seismic network recorded 292 earthquakes (Pilz et al ., 2013). The

distribution of epicenters is shown in right part . The data set consists of 27 close

and 257 distant earthquakes . Another eight tele -seismic earthquakes were

added to this set. Thanks to the various epicentral distances, a wide spectral

range was covered by the recordings .
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III. Focus on HVSR, Array and Seismic profile, data collection and processing
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Passive ðsource recording of ambient noise: HVSR

H/V ambient noise measurements were

completed with a MARK L-4C-3D seismometer

connected to an EDL (PR6-24) microseismic

station . Ambient noise was recorded during 30

minutes after setting up the sensor in a flat and

quiet zone . Between September 2019 ðOctober

2019, a total of 175 single microseismic recordings

were completed in the study area . All

measurements were processed with the Geopsy

software (Wathelet , 2005). A large part of the

responses resulted in double frequency peaks f0

(fundamental frequency) and f1 (secondary

frequency), this means that more than one layer

interface was detected . The HVSR results are

presented through a combined form of lozenge

shape : the frequency value is marked by the color

of the lozenge, the associated amplitude by its size

and the preferred azimuth of the shaking by the

orientation of the long diagonal of the lozenge . In

the case of double peaks, two lozenges (generally

with different size, i.e marking a different

amplitude) are superposed . In order to structure

the results, the study area was subdivided in 4

zones.
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III. Focus on HVSR, Array and Seismic profile, data collection and processing
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Passive ðsource recording of ambient noise: HVSR

ÅMap of the fundamentalfrequenciesof
the Dushanbecity area.

ÅMap of the HV amplitude of the Dushanbe 
city area.
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III. Focus on HVSR, Array and Seismic profile, data collection and processing
Passive ðsource recording of ambient noise: HVSR

Seismiczoning of the city
of Dushanbein terms of
predominant resonance
frequencyf0 of the soil.
The area number and the
dominant resonance
frequencyrange(in Hz)are
indicated. Dots are the
locationsregisteredfor the
ambient noise. The
boundaries of the zones
are approximate and
further analysisshould be
confirmed.
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III. Focus on HVSR, Array and Seismic profile, data collection and processing
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Passive ðsource recording of ambient

noise: Microtermor Array measurement

(MAM)

In September 2019, 5 arrays of 5 seismic

stations were installed in different parts

of Dushanbe city . For this purpose, we

used a seismometer Trillium Compact

20s connected to a 24-bit recorder

DATA-CUBE3. Trillium Compact 20s from

Nanometrics (Ontario, Canada) is a

seismometer with extended low -

frequency sensitivity in the frequency

range of 0.1-100 Hz and a resonance

frequency of 20 s. Seismic equipment

has been rented from the Institute of

Geology, Earthquake Engineering and

Seismology .
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III. Focus on HVSR, Array and Seismic profile, data collection and processing
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Active ðsource recording : MASW

For the purpose of investigating the

seismic properties of the subsurface,

we performed the seismic refraction

tests were conducted along nine

profiles of 115 m length in Dushanbe

city . Seismic waves were recorded

with the use of 24 geophones (with an

interval of 5 m) connected to a 16-bit

24-channel seismograph (Geometrics

ES-3000). Seismic waves were

generated on the ground surface by

a 20 kg sledgehammer hitting a metal

sheet at various points along the

profiles . The moving wave signals

were recorded by a set of 24

geophones with a cut -off frequency

of 4.5 Hz installed along a straight line

at various distances from the source .

The profile lengths were selected

based on the availability and size of

each location .
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III. Focus on HVSR, Array and Seismic profile, data collection and processing
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Passive ðsource recording of ambient noise: HVSR

ÅMap of the sedimentcover thicknesses
abovethe bedrockfor the Dushanbecity
area.

ÅMap of the Vs,30 distribution of the 
Dushanbe city area.












