Amplitude ratios of three-component ground motions
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ABSTRACT

Because ground motion input uncertainty is the source of the greatest uncertainty
in structural dynamic analysis, selecting appropriate ground motion inputs is a key step
in getting more accurate analysis results. For time history analysis of complex structures,
three-directional ground motion inputs are usually used with the ratios of peak ground
accelerations (PGAs) as constants. It is clear that PGA cannot reflect the time varying
pattern of amplitude (intensity) of a ground motion. Time varying ratio of amplitude is
recommended for selection and synthesis of ground motions. For this purpose, a
piecewise constant function is proposed to describe the time varying ratio of ground
motions. First, ground motions are rotated to their principal axis by polarization analysis.
Then, the function parameters are estimated by curve fitting and attenuation rules of
function parameters are obtained by regression analysis based on a ground motion
database. Finally, the suggested values of parameters of the piecewise constant function
are provided, which can be used to adjust of the shape of envelopes when synthesizing
ground motions.

1. INTRODUCTION

With the development of numerical analysis and the improvement of computer
capabilities, it has become very common to conduct three-dimensional dynamic
response analysis of important or complex structures. For a long time, the research on
ground motion input has been the foundation of the dynamic analysis and seismic design
of engineering structures. Among the four major aspects of structural seismic design
theory, namely, ground motion input, structural modeling, structural dynamic analysis,
and building seismic design principles, ground motion Input plays an important role in
determining the final result of the design. For multi-dimensional ground motions, the
polarization analysis (Jian-Qing 2015) method is a pivotal procession tool. According to
the different polarization vectors of seismic data in propagation, it can be used in phase
identification, wave-field separation and denoising, which is the basis for the subsequent
seismic data processing and interpretation. At present, a lot of research on polarization
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analysis methods has been conducted. This paper mainly uses the data from the pacific
earthquake engineering research center (PEER) database for statistical analysis. First,
ground motions are rotated to their principal axis by polarization analysis. Then, the
function parameters are estimated by curve fitting and attenuation rules of function
parameters are obtained by regression analysis based on a ground motion database.
Finally, the suggested values of parameters of the piecewise constant function are
provided, which can be used to adjust of the shape of envelopes (Ying 2018) when
synthesizing ground motions.

2. STRONG MOTION RECORDS

The detailed information on strong motion records gathered in this paper is primarily
derived from the PEER database. The strong motion records of 5643 stations under
different earthquakes were filtered to guarantee that the research results were more
statistically significant, and the selection principles were as follows:

1) The strong motion records of selected stations all include complete time history
records of seismic components in three directions, with magnitude (M ) greater than
4.0 and PGA greater than 0.2m/s?.

2) The strong motion records of stations with epicentral distance (R) is less than 1km
will not be considered.

The statistical distribution of the M and R of selected strong motion records, as

well as the histogram of the larger horizontal ( PGA ) and vertical peak ground
acceleration (PGA ) of all strong motion records, are shown in Fig. 1. It can be seen that

about 80% of the recorded epicentral distances are less than 100km and the magnitude
is between 4.0 and 7.0. About 15% of the recorded epicentral distances are between
100km and 160km, and the magnitude is between 7.0 and 7.6. Only 5% of the recorded
epicenters the distance is greater than 160km, and the magnitude is greater than 7.6. On
the other hand, the PGA of the horizontal component is mostly distributed below 1.5m/s?,
accounting for about 71%. The PGA of the vertical component is mostly distributed below
0.75 m/s?, accounting for about 77%.
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Fig. 1 Histogram of magnitude and epicentral distance
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Fig. 2 Histogram of PGA

3. THE CORRELATION OF PGAS AND THE ATTENUATION LAW OF THEIR RATIOS

3.1 Correlation between PGAs

East-west (EW), north-south (NS), and vertical (UD) components are used to
categorize strong motion data. In order to investigate whether there is a significant
correlation between the components, it is necessary to perform a correlation analysis on

the three components, as shown in Fig. 3. PGA (larger horizontal component of PGA),
PGA, (smaller horizontal component of PGA) and vertical component peak ground

acceleration (PGA ) correlation scatter plots are shown, and linear correlation and

logarithmic correlation are considered respectively. Table 1 lists the correlation
coefficients between the components. It can be seen that there is an obvious correlation
between the components, and the logarithmic linear correlation degree is slightly higher
than the linear correlation degree. The correlation between the PGA of each component
is all Above 75%, the correlation between the vertical component PGA and the

horizontal component PGA is weaker than the correlation between the two horizontal
components PGA.

Table 1 Correlation coefficients of each component PGA
Par ameter Linear Lo-binear

PGA - PGA 94.63% 96. 08 %
PGA - PGA 77.90% 84.96 %




Fig. 3 Scatter diagram of PGA

3.2 Attenuation law of PGA ratios

Seismic source, propagation medium and path, and local site conditions are all
elements that influence ground motion (Boore 2016). As a result, these components are
incorporated in the standard ground motion attenuation relationship. A matching
influencing factor is used to measure each factor. It has the following general form,

Y=(M)OL,(M,R &R Qe 1)

Here, Y represents the ground motion parameter, the magnitude term mainly
uses the magnitude M | and the distance term is usually represented by the epicentral

distance R. Consider the influence of factors such as site conditions, € represents
random error. Most attenuation relationships are empirical formulas based on regression
analysis of historical data at the moment. Depending on the attenuation formula used,
the results can be somewhat different. The following are the key reasons:

(1) The values of ground motion parameters are different. For example, the values
of the peak value of the horizontal component acceleration are different: take the larger
one, take two peak vectors, and take the two horizontal component processes or the
peak values of the vector processes are reflected in the application.

(2) Differences in site classification, due to the unknown geology and soil conditions
of the site, the same site may sometimes be classified into different site categories.

(3) The analysis method and the regression formula are different, and the
measured data lacks near-field strong motion records of major earthquake levels, which
leads to large differences in the extrapolation results.



