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Abstract

This study focuses on the dynamic structural characteristics of historical construction-style masonry
buildings in Nepal under ambient vibration. Most of these buildings do not seem to be built with a proper
design procedure based on structural analysis and to be constructed under material quality control; thus, the
structural performance of these buildings under seismic excitations is difficult to clarify. However, to improve
the anti-seismic measure of the historical masonry buildings in Nepal, it is necessary to quantify the structural
mechanism of these buildings based on the structural sensing and analyzing procedures.

For this aim, the natural frequencies and the dominant vibration modes of the typical historical masonry
buildings were observed by executing the micro-tremor measurement. The historical masonry buildings for
residence in the old town of Bhaktapur were selected as the target, and 10 residential buildings in this survey
area were measured in 2017 and 2018. Two accelerometers were used to place at the top floor and the ground
levels of each building. Through FFT analyses, the Fourier spectrum ratios of the building top vs. its ground
are investigated, and the first natural frequencies are estimated. In parallel, the Eigenvalue analyses using the
numerical models corresponding to each observed building are carried out, and the second-order natural
frequencies of these building are estimated. Most of the buildings have a similar predominant natural frequency
from 3Hz to SHz. The observed spectrum ratio curves also have the amplitude peaks at the high-frequency
range, and these peak positions appear near the analytical second-order natural frequencies.

The further measurements at the historical masonry buildings were carried out in 2018 to assess more
detailed structural vibration characteristics about high-order natural frequencies and modal vibration shapes. 4
historical masonry buildings are selected for this aim. Micro-tremor measurements were carried out by using
two accelerometers, and the simultaneous data between each floor and the top floor of the buildings were
recorded. These results are used to characterize pleural vibration modes of the historical masonry buildings
and are referred for the numerical model analyses. The natural frequencies are compared between the observed
results and numerical results. The Fourier spectrums of the observed floor responses show plural predominant-
peaks, and some of these frequencies are corresponded appropriately to the Eigenvalues by numerical model
analyses. Moreover, the influence of the out-of-plane vibration of the masonry wall is also estimated. The
transfer function between the top and bottom of the masonry wall is investigated. By executing the FE model
analyses, it is found that some of the high-order frequency responses could correspond to the out-of-plane
vibration of the brick wall.
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