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ABSTRACT 

Site response spectra are important in seismic design. The scope of this study is to develop probabilistic response 

spectra in Kinmen. A nonlinear time history analysis is performed to achieve the site amplification factors. Input 

seismic waves at bedrocks propagate through various soil layers to reach ground surface with amplifying in 

amplitudes. The soil profiles adopted in this study are based on the boreholes at various locations along the 

Kinmen low-rised cable-stayed bridge. The uncertainties of wave shear velocities are in terms of different soil 

formulation in Taiwan. The simulated response spectra are compared with those in seismic design codes to verify 

its local site effects. 

Keywords: Site response spectra; site amplification factors; nonlinear time history analysis. 

 

1. Introduction 

Kinmen is a subduction zone as shown in Figure 1. Kinmen struck at least three destructive earthquakes 

with magnitude greater than seven since 1600 [1]. The Binhai fault of NE South China Sea runs a length of 

roughly 500 km through Taiwan Strait in the south of Kinmen. This fault has a shortest distance of 25 km to 

Kinmen and its depth of focus is ranging from 50 km to 60 km [2]. However, the last destructive earthquake 

dates back to the pre-instrumental era and hence there is an absence of recorded strong ground motions from 

earthquakes on the faults located nearest to Kinmen. Therefore, this research will conduct a nonlinear simulation 

of seismic ground excitations. 
The simulation of earthquakes requires a simultaneous consideration of effects of region-specific 

earthquake source, propagation path, and local site effects. Several studies in the literature have dealt with the 

spatial variability of soil properties [3-10]. However, due to the current shortages of an acceptable level of 

scientific information related to this area, this research will focus on the probabilistic design response spectra 

with uncertainty of empirical shear velocities with local site effects. The scope of this study is to develop 

probabilistic response spectra in Kinmen and to compare with design spectra in the current seismic design code. 
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2. Generation of Synthetic Accelerograms 

One-dimensional (1D) site response analysis methods are widely used to quantify the effect of soil deposits 

on propagated ground motion. This study uses DEEPSOIL to generate the synthetic ground excitations [11]. The 

soil deposit can be assumed to be consisted by the plane parallel layers with the information of borehole logs of 

geotechnical and geophysical investigation from the site of the Kinment low-rised cable-stayed bridge [12]. The 

site is not inclined to topographic amplification effects. The shear velocities of stratigraphic layers for the 

evaluation of site response are based on empirical S-wave velocity equations of seven regions in Taiwan, which 

includes 1645, 1728 samples, for sand and clay sites, respectively [13]. In this pilot study, the borehole DB27 is 

selected as an illustrated example. The uncertainties in various site conditions are incorporated to evaluate shear 

wave velocities in the borehole DB27, as shown in Figure 2. The shear velocity at outcrop is served as input 

ground excitation at the bedrock. The cracked and weathered effects of rock at outcrop are neglected in this 

research. The accelerograms of simulated earthquakes with various empirical equations are presented in Figures 

3-4 for medium and hard sites, respectively. The frequency contents of accelerations are in terms of Fourier 

amplitudes on medium and hard sites as depicted in Figure 5. The accelerations in the frequency domain reveal 

that the medium site predominated frequency is below 3 Hz, whereas those on the hard site are more pronounced 

in 1.5 Hz and 5 Hz. 

 

3. Site Amplification Factors 

Generated strong ground motion contains the inherent properties of randomness in the generation 

procedures. The variations of shear wave velocities are accounted to generate acceleration response spectrum as 

shown in Figure 6. The acceleration response spectrum shows an increase in amplification on hard site. The 

amplifications of responses start at periods as low as 0.2 s and extend to 0.8 s with an average value of 2, from 

the spectrum of the bedrock to the mean response spectrum of the ground surface. However, no amplification in 

simulated spectrum appears when the period greater than 0.8 s.  It is worth noting that the generating spectrum 

has a higher amplification up to 50% than those specified in the current seismic design code.  

 

4. Concluding Remarks 

This research investigated the empirical relationship between site response nonlinearity, soil properties, and 

ground motion characteristics as a pilot study to enable efficient integration of nonlinear analyses in broadband 

ground motion simulations. A quantitative measure of how strong nonlinear effects are anticipated at a site 

during a seismic event. The shear velocities of stratigraphic layers for the evaluation of site response are based 

on empirical S-wave velocity equations of seven regions in Taiwan for sand and clay sites. In this pilot study, the 

uncertainties in various site conditions are incorporated to evaluate shear wave velocities in the borehole. A suite 

of synthetic ground accelerations is achieved with nonlinear soil properties. The corresponding acceleration 

spectra are also developed.    

The importance of the uncertainty on the empirical S-wave velocity equations can be incorporated in the 

ground excitation simulation. The simulated ground excitations can be implemented to perform a nonlinear time 

history analysis of Kinmen low-rised cable-stayed bridges. The current seismic design response spectra are 

underestimated site amplification with a period less than 0.8 s.  
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Figure 1 Binhai Fault Belt of South China Sea (after Zhao, 2003). 
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Figure 2 Various empirical shear wave velocity profiles. 
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Figure 3 Simulated ground excitations with various shear velocities on medium sites  
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Figure 4 Simulated ground excitations with various shear velocities on hard sites 

Frequency(Hz)

0 2 4 6 8 10

Fo
ur

ie
r A

m
pl

itu
de

(g
-s

ec
)

0.0

0.1

0.2

0.3

0.4

0.5
boredhole-DB27

medium CHY(200 m/s)

hard TCU(488 m/s)

 

Figure 5 Fourier amplitudes on medium and hard sites 
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Figure 6 Response Spectra on hard sites 
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