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Study on soil properties of ground surface layers and characteristics of incident
SH waves into sublayer

M.Ichikawa, T. Nishide & S.Sakai

Technical Research Institute of Hazama Corporation, Tsukuba, Japan

ABSTRACT: Soil properties of ground surface layers and characteristics of incident SH waves penetrating
into the sublayer are presented. This 1is based on earthquake ground motion records and the Inverse
analysis method is used for the estimation of optimum soll parameters. In addition, the multiple
regression technique is used for spectral characteristics of incident SH waves estimated from both the
soil parameters and observed motions. The results show that estimated damping factors of soil deposits
are dependent on frequency and the spectral characteristics of estimated Incident SH waves are clearly

different from the observed motions. In particular,

predominant perfiod of the ground surface layers.

1 INTRODUCTION

Amplification characteristics of earthquake motlons
in ground surface layers are one of the most
important factors in the evaluation of earthquake
motions at the ground surface. It appears that
earthquake ground motions of short period are
greatly Influenced by subsurface structures. To
discuss the amplification characteristics, the soll
properties are very significant. Indications are
that (modal) damping factors of soll deposits
decrease In higher frequencies (modes), based on
observed earthquake records (Yokota, 1977;
Kawamura,1977) and shaking table tests (Kitazawa et
al.,1988).

The grasp of characteristics of incident waves
penetrating into the sublayer is basically very
important as well, because the amplification
characteristics are different at each site while the
characteristics of Incident waves are generally
discussed for a wider area. Incident waves, however,
cannot be obtalned directly from underground
observation of earthquake motions because
earthquake records contain the Influence of the
ground surface layers.

In this paper, soll properties of ground surface
layers as well as spectral characteristics of
Incldent SH waves penetrating Into the sublayer are
separated and discussed, based on earthquake
records observed simultaneously at both surface
and underground. The Incident SH waves are also
compared with observed underground motions.

2 OUTLINE OF OBSERVATIONS AND EARTHQUAKES

2,1 Observatlon sites

For the purpose of thils study, earthquake ground
motion records at two sites in Japan were analyzed.
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the difference 1s greater in the vicinity of the

One is from the Technical Research Institute of
Hazama Corporation (HAZM) in the Kwanto area for
studying the degree of variation due to
earthquakes. The soil proflle is shown in Fig.l. The
locations of selsmometers for this study were 1.5 m

deep (No.4, 'surface') and 46.8 m deep (No.l,
'underground').
The other consists of seven observatories

utilizing the Dense Strong Motlon Earthquake
Seismometer Array In the Sendal area (MIYA, NAKA,
TAMA, TSUT, OKIN, TRMA, SHIR; Kltagawa et al.,1988)
used to study the degree of varlable results among
the observatorles. The location of each
observatory 1s shown In Fig.2, and the soll proflles
are shown In Fig.3 (the rest can be seen in the
paper by Kitagawa et al.,1988). The locations of
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Table 2 List of earthquakes in Sendal
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¢) Yalues at the Surface of NAKA observatory (Ace : corrected TX Component)

accelerograms (l.e., base-line correction before
F.F.T. band-pass filtering ; 0.1 ~ 10.0 Hz), and then
calculated transverse (TR) components from two
horizontal components of corrected accelerograms.

Finally we picked up only the main parts (about
ten seconds) of the TR components, which can be
regarded as observed SH waves, referring to the

accelerograms themselves, the results of
non-stationary spectrum analysis and particle
motion orbits, shown In Fig.4 (a) ~ (c),

respectively. We used the observed SH waves for
sequent analysls.

4 PROCEDURE OF ANALYSIS AND RESULTS

The schematic dlagram of the analytical model is
shown In Fig.5. We first estimated optimum soil
properties (Vs,h) of the ground surface layers from
the observed SH waves, and then we calculated
Incident SH waves penetrating into the sublayer on
a theoretical basls. The procedure of analysis and
results are as follows.

4.1 Optimization technique

We regarded the Fourler spectrum ratio
(surface/underground) of the observed SH waves as
the transfer function Iin the case of selsmic SH
waves propagated obliquely through horizontally
layered subsoil, and estimated the structure of the
ground surface layers using the Simplex method, a
kind of Inverse analyses (Sakal et al.,1989). The
Fourier spectrum ratios, which were target spectra
for the optimization, were calculated after
smoothing the Fourier spectra of the SH waves
observed at the surface and underground by the
Parzen window with a width of 0.2 Hz.

For optimization, the soll damping model of each
layer was assumed to be dependent on frequency and
may be written as

hs=hauax (/1% )

f » Is the predominant
h 1 and

where { Is frequency and
frequency of the ground surface layers.

h 1+ are soll damping factors at 1 layer
corresponding to f and f i, respectively. a 1 is
a parameter standing for dependence of soil
damping factors on frequency.

The flow of optimization is shown in Fig.6. We
actually repeated the optimization twice to be
precise. We started the optimization with the shear
wave velocity obtained from the results of the
in-situ velocity measurement and uniform damping
factor of 5 % at the predominant frequency for each
layer. We judged the convergence of spectral
matching in the optimization from the coefficient of
variation at each trial.
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4.2 Optimum soll properties

The spectral matching was good for almost all the
earthquakes at both sites. The results of the
spectral matching and the optimum soll properties
of each layer at the NAKA observatory in the Sendal
area are shown In Fig.7 and Flg.8, respectively, as
an example. It Is found that the optimum shear wave
velocity corresponds well with the Initial value in
almost all layers, while the optimum damping factor
of each layer at the predominant frequency lIs
different from the uniform Initlal value and also
reveals a large varlation (about 5~ 15 % average at
each site) due to soll types and earthquakes.

The coefficlents a i1 for all the earthquakes
(except No.9 earthquake) at the HAZM site are shown
in Fig.9, and also the results of the coefficients
a 1 at each observatory are summarized In Table 3.
It Is found that damping characteristics of the
ground surface layers reveal dependence on
frequency and are «close to the Maxwell
visco-elastic model on the whole, as studied
previously (Kinoshita,1983).

4.3 Calculation of inclident SH waves

Secondly, we calculated incident SH waves (2Es ; in
this study, multiplied by 2) underground without
the influence of the subsurface structures from
both the obtained optimum soil parameters and the
observed SH waves, based on the Thomson-Haskell
method.

We also examined the difference of the incident SH
waves obtained from the observed SH waves at the
surface (2Es) or underground (Es+Fs). The results
show that the maximum acceleration of the incident
SH waves obtalned from the observed SH waves at
the surface was generally larger than underground.
We thought that the incident SH waves obtained
from the observed SH waves at the surface
contalned directly shorter period components of
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the observed SH waves themselves due to the local
Influence of layers very close to the ground
surface. So we adopted the Incident SH waves
obtalned from the observed SH waves underground,
{.e., at the same depth.
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Table 3 Summary of coefficlent a i at each site

Sendai
Site WD e T wa | tawa | tsur [ x| e | saE | et

Earthq. 2 12 n L) N 4 ] L]

Number

Layer 18 0 10 3 1 1 1 6

Mean T 1.16 0.50 | 0.59 - 108 (Lll’ L1s (0."’ Q.94

St.dev. o 0.28 0.10 0.13 - 0.25 - 0.4 -

#Yalues {n the parenthesis are because of partially [nsufficient spectral satching.




4.4 Response spectra

Fig.10 shows the comparison of velocity response
spectra with a damping of 5 % between the observed
SH waves and the Incident SH wave for No.10
earthquake at the HAZM site as an example. The
velocity response spectra of the incident SH waves
are generally greater than those of the observed
SH waves underground on the side of short period,
and the difference is remarkable in the vicinity of
the predominant period of the ground surface
layers (0.71 second at the HAZM site).

Ratios of velocity response spectra between the
observed SH waves at the surface and the incldent
SH waves, which may be real transfer function
standing for amplification characteristics in the
ground surface layers, are shown in Fig.ll (a) and
(b) for the HAZM site and the Sendal area,
respectively. The results reveal that the variation
of the amplification ratio due to earthquakes at
the HAZM site Is not very large. It is also found
that the amplification ratlo In the Sendal area Is
not as large in stiff subsurface structures (see the
TAMA and MIYA observatorles) but It becomes
generally larger and has a peak for a longer perlod
according to the softness of the subsurface
structures.

Ratios of velocity response spectra between the
incident SH waves and the observed SH waves
underground, which may be convenlent spectra
transferring from observed SH waves to incident SH
waves, are shown In Flg.12 for the HAZM site. It is
found that the ratio has a peak obviously in the
vicinity of the predominant period of the ground
surface layers.

4.5 Multiple regression analysis of spectra

Multiple regression analysis was conducted for the
velocity response spectra of both estimated
incident SH waves and observed SH waves separately
at each site. Multiple regression formulas used
here are of two types; ordinary analysis for the
HAZM site and analysis with dummy varlables
(Kamiyama et al.,1990) for the Sendal site, as
follows:

1log1o(S V(T))=a (T): M+ b (T) - logioX + ¢ (T) (2)

log1o(S vi(T))=a (T)- M+ b (T)  logiroX 1+ ¢ n(T)
N-

+ 2 2 3(T) Sy (3)
Jmd

where Sv(T) is the velocity response spectrum with
5 % damping for the HAZM site and Sv(T) i{s the same
for | observatory In the Sendal area. T is perlod, M
Is magnltude of earthquake, X and Xi Is hypocentral
distance [km), and N Is the total number of
observatories (N=7 in this study). a(T),b(T),c(T) and
ci(T) are partial regresslon coefficlents (c«(T) is
constant term for | observatory in the Sendal area;
en(T) for 1=N), 4 s(T) is the correctlon coefflcient
at the j-th observatory for the N-th, and Si Is a
dummy variable (Sis = 1 for 1 = j, Sas = 0 for | # J).
¢(T) stands for the average coefficlent of site ef-
fects In the Sendal area. B

The regression coefficlents of a(T),b(T),c(T),c(T)
and ci(T) are shown In Fig.13 (a) ~ (d). The results
reveal that the difference of a(T) and b(T) between
the Incident SH waves and the observed SH waves
can hardly be seen but c(T) and c(T) are rather
different, reflecting the influence of the
subsurface structures at each site.

The results of regression for (average) velocity
response spectra with a hypocentral distance of 100
Km and magnitudes of 5, 6 and 7 at each site are
shown In Fig.14 (a) and (b). It Is found that the
regressed velocity response spectra of the incident
SH waves are generally greater than the observed
SH waves underground, and the difference Is
remarkable In the vicinity of the predominant
period of the ground surface layers at the HAZM
slte, as mentioned above. For the Sendal area, the
characteristics cannot be clearly recognized
because of the average but the difference is large
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in the range of short period. Finally, the spectra
at both sites are almost the same size on the whole
but the spectral shapes are rather different,
reflecting the regional characteristics.

5 CONCLUSIONS

Soil properties of ground surface layers as well as
spectral characteristics of Incident SH waves
penetrating into the sublayer, based on earthquake
ground motion records observed at two sites In
Japan, have been presented. From the analytical
results, it Is concluded that the damping factors of
soil deposits are dependent on frequency and the
velocity response spectra of the Incident SH waves
are generally greater than the observed SH waves
underground in the range of short period, and the
difference is remarkable in the vicinity of the
predominant period of the ground surface layers.
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