
1

Universität
Karlsruhe (TH)

Damage and risk estimation in Damage and risk estimation in 
earthquake prone communitiesearthquake prone communities

Universität
Karlsruhe (TH)

Sergey TyagunovSergey Tyagunov

Center for Disaster Management and Risk Reduction Technology (CECenter for Disaster Management and Risk Reduction Technology (CEDIM)DIM)

CEDIM AG CEDIM AG –– Bulgarian Delegation Bulgarian Delegation 
Karlsruhe, 11. Karlsruhe, 11. –– 12. April 200712. April 2007



24

Universität
Karlsruhe (TH)

Preliminary estimation of Preliminary estimation of 
seismic risk distribution seismic risk distribution 

in Bulgariain Bulgaria



25

Universität
Karlsruhe (TH)

Map of seismic hazard (in terms of intensities). There Map of seismic hazard (in terms of intensities). There 
are zones of intensity VI, VII, VIII and IX.are zones of intensity VI, VII, VIII and IX.
Grid of districts (provinces). There are 28 provinces Grid of districts (provinces). There are 28 provinces 
(oblasts).(oblasts).
Grid of municipalities (communities). There are 263 Grid of municipalities (communities). There are 263 
communities (obschinas) in the country.communities (obschinas) in the country.
Population distribution in communities. Population distribution in communities. 
Composition of building types (reinforced concrete, Composition of building types (reinforced concrete, 
masonry, other) in provinces.masonry, other) in provinces.
Indication of the status of communities (urban, rural).Indication of the status of communities (urban, rural).

Input data provided by the Bulgarian partners:Input data provided by the Bulgarian partners:



26

Universität
Karlsruhe (TH)

Having intersected the layer of seismic hazard Having intersected the layer of seismic hazard 
(zones of different seismic intensities VI, VII, VIII, (zones of different seismic intensities VI, VII, VIII, 
IX) with the layer of administrative boundaries of IX) with the layer of administrative boundaries of 
communities (263 communities), we obtain 421 communities (263 communities), we obtain 421 
computational cells.computational cells.

The cells are too large for detailed analysis of The cells are too large for detailed analysis of 
potential losses, especially for generating probable potential losses, especially for generating probable 
earthquake scenarios. Therefore, it is strongly earthquake scenarios. Therefore, it is strongly 
recommended to consider smaller computational recommended to consider smaller computational 
cells (settlements), which will require more detailed cells (settlements), which will require more detailed 
input information.input information.

Computational cellsComputational cells



27

Universität
Karlsruhe (TH)

Distribution of seismic hazard in BulgariaDistribution of seismic hazard in Bulgaria
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Vulnerability models are constructed on the base of the Vulnerability models are constructed on the base of the 
vulnerability classification of the European Macroseismic vulnerability classification of the European Macroseismic 
Scale (EMSScale (EMS--98). 98). 

For constructing the vulnerability composition models in For constructing the vulnerability composition models in 
different computational cells (communities or settlements) different computational cells (communities or settlements) 
we need information about the composition of the existing we need information about the composition of the existing 
building stock in terms of building types.building stock in terms of building types.

For the time being the information is available only for For the time being the information is available only for 
provinces (districts). Therefore, more detailed data are provinces (districts). Therefore, more detailed data are 
required for differentiation and improvement of the models. required for differentiation and improvement of the models. 

Vulnerability analysisVulnerability analysis
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Vulnerability classification (EMSVulnerability classification (EMS--98)98)
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Karlsruhe (TH) 6.22362.19835768.778in villages

2.40624.12398327.512in towns

8.62986.3211.34096.290VRATSA

12.18333.47835546.016in villages

1.17411.16151312.848in towns

13.35744.63986858.864VIDIN

15.94644.9001.63462.480in villages

4.35921.7433.07629.178in towns

20.30566.6434.71091.658VELIKO TARNOVO

12.72933.38391247.024in villages

5.37339.5713.32848.272in towns

18.10272.9544.24095.296VARNA

8.76651.2553.25963.280in villages

1.16729.8464.32135.334in towns

9.93381.1017.58098.614BURGAS

10.65739.8502.09052.597in villages

1.79021.6033.39426.787in towns

12.44761.4535.48479.384BLAGOEVGRAD

369.011972.39034.9851.376.386in villages

84.117606.53160.344750.992in towns

453 1281 578 92195 3292 127 378TOTAL

OthersSolid structureSteel- concrete

Residential buildings by structure of building
Residential buildings - TotalDistricts

Composition of the residential building stock in Composition of the residential building stock in 
districts of Bulgariadistricts of Bulgaria
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12.00831.6613.58247.251in villages

70514.6132.29417.612in towns

12.71346.2745.87664.863PERNIK

10.77138.0431.58450.398in villages

3.97330.9422.61037.525in towns

14.74468.9854.19487.923PAZARDZHIK

17.21439.62966057.503in villages

3.62323.9271.23928.789in towns

20.83763.5561.89986.292MONTANA

8.73943.90372053.362in villages

2.63322.05493125.618in towns

11.37265.9571.65178.980LOVECH

11.60430.6171.38943.610in villages

1.04616.7151.39219.153in towns

12.65047.3322.78162.763KYUSTENDIL

30.09013.91255844.560in villages

1.2296.0524867.767in towns

31.31919.9641.04452.327KARDZHALI

11.12927.65139839.178in villages

3.51116.7471.08321.341in towns

14.64044.3981.48160.519DOBRICH

7.57219.23667527.483in villages

2.70613.8951.38117.982in towns

10.27833.1312.05645.465GABROVO
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21.59882.5424.157108.297in villages

2.57636.4502.39641.422in towns

24.174118.9926.553149.719SOFIA REGION

15.0538.24786224.162in villages

3.1416.6121.66511.418in towns

18.19414.8592.52735.580SMOLYAN

7.40925.75437833.541in villages

4.64621.0601.29627.002in towns

12.05546.8141.67460.543SLIVEN

12.90116.74730729.955in villages

2.8168.08257711.475in towns

15.71724.82988441.430SILISTRA

6.82533.3571.58641.768in villages

2.83920.7131.69825.250in towns

9.66454.0703.28467.018RUSE

7.92424.40814632.478in villages

1.25610.62256512.443in towns

9.18035.03071144.921RAZGRAD

30.20459.6962.59092.490in villages

8.73841.4685.89556.101in towns

38.942101.1648.485148.591PLOVDIV

7.52960.19846568.192in villages

2.33435.8881.59439.816in towns

9.86396.0862.059108.008PLEVEN
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Published on 03.07.2006

4.13427.61958632.339in villages

2.07212.02381514.910in towns

6.20639.6421.40147.249YAMBOL

18.55518.90734337.805in villages

4.64212.8821.19618.720in towns

23.19731.7891.53956.525SHUMEN

15.64828.98264545.275in villages

4.19224.0021.89630.090in towns

19.84052.9842.54175.365HASKOVO

17.10916.06959233.770in villages

2.1548.0891.80712.050in towns

19.26324.1582.39945.820TARGOVISHTE

25.97136.2951.22663.492in villages

4.86719.6772.01526.559in towns

30.83855.9723.24190.051STARA ZAGORA

2.52023.8532.92929.302in villages

2.14955.9719.89868.018in towns

4.66979.82412.82797.320SOFIA CAP.
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Vulnerability Vulnerability functionsfunctions for different for different 
vulnerabilityvulnerability classes of the EMSclasses of the EMS--9898
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Combining the seismic input with the vulnerability Combining the seismic input with the vulnerability 
functions we can estimate the damage for buildings functions we can estimate the damage for buildings 
corresponding to different vulnerability classes.corresponding to different vulnerability classes.

The mean damage ratio for the whole building stock in The mean damage ratio for the whole building stock in 
a cell can be estimated as the arithmetic mean of those a cell can be estimated as the arithmetic mean of those 
of all buildings in the cell:of all buildings in the cell:

MDRMDR = = ΣΣ MDRMDRii / 100  (%)/ 100  (%)

Estimation of mean damage for a cellEstimation of mean damage for a cell



36

Universität
Karlsruhe (TH)

Estimated mean damage ratio (MDR,%) in cellsEstimated mean damage ratio (MDR,%) in cells
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Potential direct losses due to the structural damage to the Potential direct losses due to the structural damage to the 
residential building stock can be estimated as a combination residential building stock can be estimated as a combination 
of the mean damage ratio (MDR, %) and the exposed assets of the mean damage ratio (MDR, %) and the exposed assets 
(in terms of replacement costs for the buildings). (in terms of replacement costs for the buildings). 

As a first approximation (assuming that the total asset value As a first approximation (assuming that the total asset value 
in a community is proportional to the number of inhabitants) in a community is proportional to the number of inhabitants) 
we can estimate the comparative distribution of the risk we can estimate the comparative distribution of the risk 
potential, as the product of MDR and the number of potential, as the product of MDR and the number of 
inhabitants in communities.inhabitants in communities.

The losses are calculated for communities, dissolving the The losses are calculated for communities, dissolving the 
computational cells.computational cells.

Estimation of potential lossesEstimation of potential losses
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Estimated distribution of seismic risk potentialEstimated distribution of seismic risk potential


