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ABSTRACT: A soil site always has a spatial variation of a shear wave velocity which could
cause an uncertainty of a result of a seismic site amplification analysis. This kind of a uncer-
tainty can be managed by a Monte-Carlo (MC) simulation using the random shear wave vel-
ocity profiles which can exist in the target site. In this paper, the method based on Harmonic
wavelet transform (HWT) is proposed to generate the random shear wave velocity profiles for
a given site from a limited number of the field Vs profiles. The proposed method is applied to
a field in Korea to show a feasibility.

1 INTRODUCTION

Surficial ground motions caused by earthquake are profoundly influenced by a shear wave
velocity (Vs) profile of a site. Generally, the elastic wave site characterization methods such as
SASW, HWAW, MASW, Down-hole, Cross-hole methods etc. are used to determine a repre-
sentative shear wave velocity profile for a soil site. A soil site always has a spatial variation (or
lateral variation of profile) of material properties and it is difficult to determine the single rep-
resentative shear wave velocity profile, which reasonably considers uncertainties caused by a
lateral variation of a soil material profile, from limited number of field tests (Rathj e et al.
2010) . The uncertainties in the shear wave velocity profile representing a given site could
cause a risk of error in a seismic site response analysis. This kind of problem in a seismic site
response analysis caused by an uncertainty in the representative shear wave velocity profile
could be overcome by a stochastic analysis (Rota et al. 2011). To do a stochastic seismic site
response analysis, it is needed to generate the random shear wave velocity profiles which can
exist in a given site (Toro 1995).
In this paper, the method based on Harmonic wavelet transform (Newland 1999) is devel-

oped to generate the random shear wave velocity profiles for a given site from a limited
number of measured Vs profiles.

2 GENERATION OF RANDOM VS PROFILES USING HARMONIC WAVELET
TRANSFORM

A soil property distribution, such as a shear wave velocity profile evaluated by a field tests,
can be interpreted as a summation of various wave number components. Each wave number
component can be represented by an amplitude-modulated (AM) form in the space domain. A
general form of an AM signal is as follows;

Sk xð Þ ¼ Mk xð Þsin½2πkxþ θ kð Þ� ð1Þ

Here, Sk(x) represents the wave number component of the soil property distribution in the
space domain and the wave number of Sk(x) is k. Mk(x) is an envelope function of Sk(x) and
θ(k) is a phase function of Sk(x). The high wave number components represent a local trend of
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a material property distribution with a space (or depth) and the low wave number components
represent a global trend of a material property distribution with a space (or depth). An enve-
lope function represents the magnitude (or energy) distribution of a wave number component
in a space (or depth) domain and this magnitude distribution is associated with the Vs magni-
tude at a given location (or depth). The phase function determines a form of carrier and this
function is associated with a location of a specific Vs magnitude. The uncertainty of a Vs pro-
file caused by a spatial variation of Vs consist of the uncertainties of the Vs magnitude at a
certain depth and of the location (or depth) of certain Vs magnitude. So, the uncertainties of a
Vs profile could be expressed by those of the magnitude and phase of wave number compo-
nents consisting of Vs profile, and these uncertainties of the magnitude and phase of the wave
number components can be evaluated by the form of standard deviation (STD) of magnitude
and phase with wave number. These STD with wave number represent all uncertainties of a
site caused by a spatial (or lateral) variation of Vs. The wave number components consisting
of Vs profile are obtained by Harmonic wavelet transform (HWT).

2.1 Harmonic wavelet transform

Harmonic wavelet transform is a kind of a fundamental correlation method. The harmonic
wavelet coefficient, a(t), provides information concerning the structure of a signal and the
relationship between the signal and the shape of the analyzing harmonic wavelet. According
to Park & Kim (2001), the harmonic wavelet coefficients corresponding to wave number k can
be represented as follows

ak xð Þ ¼ sk xð Þ þ
j

π

Z t

�t

sk t0ð Þ

t� t0
dt0 ¼ sk xð Þ þ jH sk xð Þ½ � ¼ Mk xð Þe�iθk xð Þ ð2Þ

Comparing Eqs (1) and (2), the magnitude of ak(x) represents the envelope (or magnitude)
of sk(x), and the phase of ak(x) represents that of sk(x). These magnitude and phase of wave
number components consisting of a Vs profile are easily determined from those of the har-
monic wavelet coefficients which are shown in space-wave number-magnitude and phase
maps.

2.2 Generation of random Vs profiles using harmonic wavelet transform

The random Vs profiles of a given site are generated as follows:

1) Do the field tests at the different locations in a given site. Through tests, the Vs profiles are
obtained

2) Determine the magnitude and phase space (or depth)-wave number maps through the har-
monic wavelet transform of the field Vs profiles

3) Determine the STD of magnitude and phase with wave number using the magnitude and
phase space-wave number maps determined in the STEP 2.

4) Determine the reference Vs profile. The reference profile can be an average of the Vs profiles
of a site or the specific Vs profile determined at a target location.

5) Generate random uncertainties of the magnitude, εM(k), and phase, εθ(k), using the STD
of the magnitude and phase with wave number, and add uncertainties to the magnitude
and phase space-wave number maps of the reference Vs profile as follows;

arandom;k xð Þ ¼ Mk xð Þ þ εM kð Þ½ �e�i θk xð Þþεθ kð Þ½ � ð3Þ

6) Determine the random Vs profiles through the inverse harmonic wavelet transform of the
magnitude and phase space-wave number map determined in step 5.
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3 FIELD APPLICATION

To show the feasibility of the proposed method, the proposed method was applied to the site
A in Korea. The size of the test site is approximately 300m×60m and this site consists of sev-
eral sand and clay layers. The thicknesses of sand and clay layers vary with space. In this site,
HWAW (Harmonic Wavelet Analysis of Waves) method were performed at 33 different loca-
tions covering the site. Figure 1 shows the shear wave velocity profiles evaluated in this site.
These figures show the variation of the shear wave velocity profile with location in this site. If
the representative shear wave velocity profile, such as a simple average of all Vs profiles, is
used for a site amplification analysis, then the analysis result may be different from the true
motion of a site. To manage this kind of uncertainty in a analysis result, the MC simulation
could be used with the random Vs profiles which can exist in the site as mentioned earlier.

In this field application, the 300 random Vs profiles are generated based on the limited
number of the field Vs profiles in Figure 1. Figure 2 is the magnitude and phase space-wave
number maps of one Vs profile in Figure 1. Figure 3 shows the standard deviation of the mag-
nitude and phase with wave number which are evaluated from the magnitude and phase
space-wave number maps and these figures represent the uncertainties of the site. Figure 4 is
300 random Vs profiles generated by the proposed method. These random Vs profiles can be
used for the stochastic site amplification analysis using the MC simulation. Figure 5 shows the
cumulative probability distribution curve of the peak ground acceleration determined by the
MC using SHAKE91 and the Vs profiles shown in Figure 4. For this analysis, Hachinoe earth-
quake record is used.

Figure 1. Shear wave velocity profiles of site A.

Figure 2. Magnitude and phase space-wave number maps of one of Vs profiles of site A.
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4 CONCLUSION

In this paper, the method based on the Harmonic wavelet transform is proposed to generate
the random shear wave velocity profiles to be used to consider the uncertainty caused by a
spatial variation of a shear wave velocity in a seismic site amplification analysis. The proposed
method evaluates the uncertainties of material properties existing in the site through determin-
ing of the standard deviations of the magnitude and phase with wave number. Through the

Figure 3. Standard deviation of magnitude and phase versus wave number.

Figure 4. Random shear wave velocity profiles generated by the proposed method in site A.

Figure 5. Cumulative probability distribution function of peak ground acceleration calculated through

a seismic response analysis on the random Vs profiles of site A.
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field application, it is shown that the proposed method effectively generates the random shear
wave velocity profiles from a limited number of the field shear wave velocity profiles and these
random shear wave velocities is used to determine the cumulative probability distribution of
the peak ground acceleration by the MC simulation.
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