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4. SPECTRAL RATIO ANALYSIS

To understand the soil amplification effects in the frequency domain, the spectral ratios of
the soft soil stations were calculated with respect to the TAP016 site, which is near the edge of
the basin. Most earthquakes recorded are 50 km away from Taipei basin to the east and south-
east. The variation of azimuth and incident angle is not so large. Therefore, selection of TAP016
as the reference site will not affect the pattern of average spectral ratio very much. Another
reason for selecting this station was that it was among the first installed in the TSMIP network,
so it has more records that can be used. The spectral ratios are calculated as follows (Beresnev
and Wen, 1996a): (1) a window containing the shear wave is identified; (2) the window is
tapered at both ends (at 5% of the length) using a cosine function; (3) the Fourier amplitude
spectrum is calculated; (4) the spectrum is smoothed 1 times using a 3-point running Hanning
average; (5) two smoothed spectra are divided; (6) the root-mean-square (RMS) spectral ratio
is then calculated from the two horizontal ratios of EW and NS components. Figure 3 shows
an example of the spectral ratio of the TAP001 and TAP016 station pair. The shaded bands
represent ±1 standard deviation areas.

For the purpose of the earthquake resistant design, earthquake engineers must consider
the site response at a specific period. For example, the structure period of a ten-flour building

Fig. 2.  Accelerograms of the September 28, 1992 earthquake recorded at station
TAP001.
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is at about 1 second. If the input ground motion is dominate at 1 Hz, then the building will has
a resonant effect, which means an earthquake may easily cause big damage to this building.
Therefore, in this study, we select 7 periods (4, 3, 2, 1.5, 1, 0.5, and 0.3 sec) to plot out the
contour map for understanding the frequency responses in the Taipei basin. Figures 4a to 4g
represent the mean spectral ratio contours for these periods, respectively. From these figures,
it is obvious that the waves at different frequencies have different amplification patterns in the
Taipei basin. Figures 4a – 4d represent the low frequency responses (period from 4 to 1.5
seconds) in the Taipei basin. The contours show that main amplification effects occurred in
the western part of the Taipei basin and the Sungshan area. Nevertheless, the response at the
higher frequency band of larger than 1 Hz (Figures 4e - 4g) shows different amplification
effects. The high contour areas occur near the basin edges at the north, east, and south basin
boundaries. The responses in the western part of the Taipei basin and the Sungshan area do not
show strong amplification effects anymore. The basement structure (The dotted contours in

Fig. 3.  Spectral ratio between TAP001
and TAP016 station pair. Fig-
ures include the results of two
horizontal components and their
RMS value. The shaded bands
represent  ±1 standard deviation
areas.
















