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Mongolia has been one of the most seismically active intracontinental regions in the world with four large
earthquakes with the magnitudes of around 8 along with their active faults in the western part of the country during
the last century. Comparing with western Mongolia, central Mongolia including Ulaanbaatar’s region (UB) is
considered as relatively low seismically active zone. Even though, according to the previous investigation, there are
several active faults such as Hustai, Gunj, and Emeelt faults. In particular, the Emeelt fault earthquake with the
estimated maximum magnitude of 7 has been expected to produce great impact to UB region because the fault is
located at around 20km from UB to the west-south-west direction. In this research, building loss estimation due to a
scenario earthquake is performed based on strong motion prediction and updated building inventory data in
Ulaanbaatar city (UB), Mongolia.

In the Chapter I, the seismic and social conditions in UB are described for applying strong motion simulation and
building damage assessment. I revealed that the detailed shear-wave velocity models and up-to-date building
inventory are required in UB because such data is not prepared in the target area. The literature reviews for
microtremor-based approach for developing underground structure model and urban-scale building damage
assessments are also conducted. The objective and methods of this research are explained.

In the Chapter II, microtremor measurements are conducted at 50 sites in UB and microtremor
horizontal-to-vertical spectral ratio (MHVR) are obtained to evaluate the site effects. Joint inversion technique based
on the diffuse field theory is applied to the observed MHVRs and surface-wave dispersion data estimated by
microtremor array observation in previous research at three sites in UB for estimating shear-wave velocity structure
models. Based on the results of the joint inversion analysis, single inversion is applied to the MHVRs at the rest of
the observation sites for estimating shear-wave velocity models. The surface shear-wave velocity models estimated
by the inversion analysis shows good agreement with soil models of existing borehole data. Finally, the theoretical
site amplifications of S-waves are evaluated by the estimated shear-wave velocity models, and the seismic zoning is
performed based on the amplification factors.

In the Chapter III, strong ground motion simulation is performed for the scenario earthquake induced by the
Emeelt fault. Seismic ground motions at the seismic bedrock are computed by the stochastic Green’s function (SGF)
method and the characterized fault model. Seismic ground motions at the ground surface are calculated by the
estimated shear-wave velocity models in the Chapter II and equivalent linear seismic response analysis method of
DYNEQ. The dynamic soil properties for sand and gravel developed in Japan are applied to evaluate nonlinear
response of strong shaking. The distributions of spectral accelerations for typical periods are estimated from the
strong ground motion simulation and spatial interpolation technique. The result of the simulation shows that the peak

ground acceleration is expected at approximately 500 cm/s/s in the western part of UB located near the fault.




In the Chapter IV, the building inventory data is updated from the existing data by estimating heating type,
structural class, and construction year for the unregistered buildings for estimating construction cost of the buildings.
Since Mongolia is located in the cold region, the heating type is a critical item that controls the construction cost. The
building information is estimated from the location, building use, building height, and building shape such as area,
length and width of the registered buildings. The construction cost for each building is evaluated based on the
Mongolian construction code. I confirmed that the estimated construction costs aggregated for the districts show good
agreement with the official statistics for the building properties.

In the Chapter V, the financial building loss due to the scenario earthquake is estimated based on the result of the
strong motion simulation, the updated building inventory data and global vulnerability functions developed in
GAR-13. The building vulnerability classes are assigned by the structural type, building height, and location. The
result of the loss estimation shows the total amount of the loss is approximately 3.4 billion USD whereas the recent
growth domestic product (GDP) in Mongolia is 28.7 billion USD, indicating the loss reaches approximately 26 % of
the Mongolian GDP. The estimated loss almost corresponds to the direct shaking related economic losses in the
recent worldwide M7 class earthquakes.

The Chapter VI summarizes the researches in this thesis, and also the strengths and limitations of this study are

described for future researches.
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