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Impact of sedimentary structure of the ground motion
amplification characteristics

Takashi Nagao
Xiao Ma

Abstract

The amplification characteristics of seismic motion are determined by the ground structure. The actual ground
structure is not in a state of horizontal stratification but forms irregular sedimentary structures; therefore, changes in
the propagation direction of seismic motion in the soil are complex. Thus, the actual amplification factor of seismic
motion is dramatically different from the theoretical value calculated by assuming horizontal stratification. This
phenomenon is called the multidimensional effect. The present study targeted at a seismic observation point in
Tottori Prefecture, Japan, calculated its site amplification characteristics by using seismic observation records, and
estimated the irregular ground structures based on the microtremor observation results. With this ground structure
model, we conducted a finite element analysis (FEA) and discussed the impact of the multidimensional effect on
the amplification factor of seismic motion. The site amplification characteristics assessed from the seismic records
had a larger peak magnification than when horizontal stratification was assumed. In the FEA that took the irregular
ground structures into account, the peak magnification was reproduced. When there is no ground nonlinearity, the
multidimensional effect of the ground was more notable in points with thick sedimentary strata, where peak
amplification factor according to the FEA was 1.9 to 3.6 times larger than when horizontal stratification was
assumed. Primary peak frequency was different between cases with irregular ground structures and with horizontal
stratification. Furthermore, when the nonlinearity of the ground was evident, the multidimensional effect on the
peak magnification of amplification characteristics was not as noticeable as when the ground behaved linearly. The
peak magnification due to the multidimensional effect was found to be 2.3.
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