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ABSTRACT

In this thesis, a physical based stochastic earthquake ground motion model for engineering
purpose is developed. Based on the cluster analysis of earthquake ground motion records, the present
model takes the influence of magnitude, propagation distance and site class into consideration.

Two kinds of cluster methods are introduced. One is based on the energy distribution of
earthquake ground motion. The other is based on the magnitude and propagation distance. In the
energy distribution based method, a frequency band of energy concentration is defined as the basic
clustered parameters. Ground motion records (7778 records) are collected and divided into 4 groups
according to their site class. Then ground motion records belonging to the same site class are
clustered into 3 groups based on the two cluster methods individually. The spectral characteristics
of 12 groups of records derived by either cluster methods are analyzed and compared. It shows that
the results of the two cluster methods are similar. The magnitude-distance based cluster method is
proposed in this thesis. Thus, 12 groups of ground motion records belonging to different site types,
with different magnitudes and propagation distances are derived.

The sample values of basic stochastic variables in physical based stochastic earthquake ground
motion model for engineering purpose are identified using the ground motion records. Then the
probability distribution parameters of the basic stochastic variables for each group are obtained
through statistical analysis of identified sample values based on the above clustered ground motion
records. Source and propagation parameters are analyzed based on magnitude-distance clustered
groups. Site parameters are analyzed based on site classes. Thus, the quantitative probability
distributions of basic stochastic parameters for different groups of earthquake ground motions are
derived. The modeling of the basic stochastic parameters of the stochastic physical model of
earthquake ground motions is established. Finally, a stochastic quantitative model of earthquake
ground motions which takes into account of the influence of site type and magnitude, propagation
distance is derived.

The phase properties of earthquake ground motions are studied. The theoretical relationship
between duration and phase spectrum is derived. It shows that the duration of synthetic ground
motion could be directly determined by the model phase spectrum. In this way, the superposition
method of narrow band wave groups is improved and applied to simulate ground motions. Ground
motion records of different site classes are re-generated using the improved method. Furthermore,
the amplitude spectrum, phase difference distribution and time history of simulated ground motions
are compared with those of records to validate the improved method and physical model.

Based on the quantitative modelling of stochastic model of earthquake ground motions for
engineering purpose, the probability density evolution method (PDEM) is used to calculate the
probability distribution and numeric attributes of the stochastic earthquake ground motions. The
results of PDEM are compared with the statistical results of ground motion records to validate the
guantitative model of stochastic earthquake ground motions. The detailed results of simulated
ground motions of site I, group 2 are presented as an example in the thesis.

Four groups of ground motions which belong to different site types and different cluster groups
are used for random seismic analysis of a five-story frame structure. The probability density of
responses are investigated by virtue of PDEM. The failure probabilities of the structure subjected to
different groups of ground motions are calculated by adopting the extreme value distribution based
reliability estimation method. Comparative studies between the results of random seismic analysis
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and those of the response spectral method are carried out. It indicates that the structure is probably
not safe in earthquakes even though it meets the requirements of the code, which further shows the
significance and necessity of the present study.

This study provides a basis for qualitative evaluation of the reliability of structures subjected
to ground motions with different site classes, magnitudes, and propagation distances.

Key Words: cluster analysis of earthquake ground motions; physical model; stochastic simulation
of earthquake ground motion; probability density evolution method; reliability of
engineering structures.
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