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Abstract

Dynamic properties of both sites and structures are the key parameters which can
substantially influence the characteristics of ground response caused by earthquake and
subsequently govern the structural response. As a result, the local site effects and
dynamic characteristics of structures are indispensable to be taken into account for seismic
design. In this research, the objectives are to examine site effects of potential seismic risk
area and investigate the dynamic properties of buildings. These results are valuable for
seismic hazard assessment and further microzonation study in the investigated area.

In the first part of the study, site effects are examined from investigations of site
characteristics of subsoil by microtremor techniques. The objective is to characterize
subsoils for seismic hazard assessment and microzonation study. The technique of single
point observation with Horizontal-to-Vertical spectral ratio (H/V) to estimate the predominant
period (T, ) and the technique of array observation with Spatial Autocorrelation (SPAC) for
exploration of shear wave velocity (V4 ) were conducted for 103 sites in Chiangmai and the
vicinity area, and 174 sites in Bangkok and the vicinity area. Site classifications based on
T, and the average V, are presented.

The variation of the site characteristics can be clearly distinguished where the average
of shear wave velocity from the surface to 30-m depth (V,,) and the predominant periods
vary significantly within the survey area. In Chiangmai area, the lowest Vg, of 230 m/s
and longest T, of 0.7 second were found along Ping river area, while more stiff soil with
higher Vg,, of 560 m/s and shorter T, of 0.12 second were found in the north and west of
the investigated area. In Bangkok area, it was shown that the area along the Gulf of
Thailand and the south-east part exhibit very low Vg, of 70 m/s and long T, of 1.1
second, while high V,,of 600 m/s and short T, of 0.2 second were found in the north,
west and east parts which are boundary of the plain.

Seismic site response analyses were conducted using equivalent linear method. The
transfer functions obtained from equivalent linear analysis of the soil model for
microzonation zones provided amplification characteristics of each area. In the zones of
lowVy, high amplification and long predominant period were identified. In addition,
amplification in the long period ranges was observed due to characteristics of soft soil
layers. The predominant periods became shorter, amplification ratios were decreased, and

long period effects were diminished in the zone of highVy.
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Comparison of spectral acceleration obtained by this study with the existing values
specified in the current standard of Thailand, DPT 1302, was examined. It was pointed out
both discrepancy and agreement of the design spectral acceleration for different zones.

The models of subsoil were constructed based on shear wave velocity in Bangkok to
study the effects of subsoil models on modification of ground motions induced from seismic
waves. The acceleration response spectral resulted from a set of earthquake waves were
presented and examined for their characteristics of amplification and dominant period. The
amplification factor of about 6 was found around the period of 1.0 second for the model of
160 to 300 m depth of bedrock. For deeper bedrock model, 400 to 700 m, amplifications in
long period ranges of 2 to 3 second were significantly observed. Comparison of results
from the analysis and the observed record was made and their good agreement was
achieved when using the model of 400 m depth bedrock at the seismometer station. In
addition, this study presents an application of 2-dimensional ground response analysis by
using finite element analysis software for structural engineering. The applicability of the
technique was examined showing its potential for ground response analysis considering
basin edge effects.

The second part of the study showed the results of dynamic behaviors of 11 buildings,
low-rise and containing some degree of irregularities. The dynamic properties such as
natural frequencies, damping ratios, and vibration mode shapes were extracted from their
natural ambient vibrations, which were recorded by sensitive velocity sensors.

The process of measuring these dynamic properties had faced some limitations; these
were placing the sensors in the right position, installation of a vibration shaker, and
extracting the reliable damping ratios. This research applied algorithms to solve those
difficulties, especially, the process of extracting the damping ratios by System Realization
Information Matrix (SRIM) algorithm, which is a modern time-domain algorithm. Although
some limitations still remain technically unsolved, the main objective of the research, i.e.
the extraction of dynamic properties of mid-rise irregular buildings, has been accomplished.

Measured natural frequencies from 11 buildings shows that they are close to, or lower
than in some cases, the approximated values from a formula given in the seismic design
standard of Thailand. Although that formula was derived from regular high-rise buildings, it
is still applicable to those mid-rise irregular buildings in this research. For the damping
ratios extracted by SRIM algorithm, the damping ratio of 2%, which is the average

measured value from all 11 buildings, is recommended for these mid-rise buildings.

FUNUNDINUATLAYUNITINY (§N7.) Xi



>
<

ﬂ’]iLLﬂdL”ﬂ(ﬂLLﬁiuauvLﬂ’Jaihdﬂngﬂﬂé/’J zJmsﬁnmqmé’nwmwaafuauu‘%nmﬁm

This research also compared the measured behaviors of a real building with its three
dimensional behaviors predicted by finite element analysis. It was found that the finite
element model may not represent the real behaviors accurately. These differences were
caused by some assumptions in the modeling process. This evidence shows that
measurement of dynamic properties is really important to predict the real response of

buildings.
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