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Estimation of the Velocity of S Wave on the Surface Ground with Linear
Regression Models Using Dummy Variables and Their Comparison by AIC
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Abstract

The velocity of S wave is one of main indices characterizing the response of the
surface ground at the time of earthquake. In this report, estimation of the velocity of
S wave from other related indices in described.

As predictor variables, soil texture, depth and N-value are considered. These
variables are selected appropreately in order to make linear regression models. In
these models, there are two quantification indices, depth and N-value, and one
qualification index, soil texture. When taking qualification variables into the model,
it is desirable to use dummy variables. Fitting data to some models, and they are
compared by AIC (Akaike Information Criterion).

Transformation of predictor variables and a response variable is possible when
using a linear regression model. We have to consider the transformation of a response
variable when using AIC.

As a result, the combination of depth and N-value as predictor variables has a
good fit for the data. The models including soil texture are less fit than the others and
t-tests also indicate that soil texture should not be included in the model.
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Scatter plots of soil texture, N-value, S wave velocity for depth
at each point.
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Fig.1 Scatter plots of soil texture, N-value, S wave velocity for depth

at each point (continued).
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Fig. 1 Scatter plots of soil texture, N-value, S wave velocitv for depth
at each point (continued).
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Tablel Comparison of each model.

No. Model P R? AIC
1| Y=5/+hXite 2 | 46.97 5284.8
2| Y=F+Xe+e 2 | 72.22 49998
3| Y=8+20sp:X:te 5 | 22.44 5458.5
4| Y=Fc+BiXi+ B Xete 3 | 74.45 4964 .9
5| Y=Ft+MaXi+ZisBXite 6 | 61.87 5147.4
6| Y=F+HXe+ZTis8:X+e 6 | 73.18 4992.2
T Y=F+AXi+5X+28X +e 7 | 74.64 4969.5
$|InY=8+mAaX+e 2 | 55.73 5014.3
9| In Y=58+mpX+e 2 | 73.97 4780.1
10 | In Y=»8+28:Xi+¢€ 5 | 21.81 5271.2
11| In Y=F+ X+ BXete 3 | 78.94 4688.5
12 | In V=4t AXi+ 28X+ e 6 | 68.29 4875.2
13 [ In Y=F40+ 85X+ 208X+ e 6 | 76.16 4749.3
U|ln Y=R+AX i+ 50X+ 208X te 7 | 79.24 4680.3
15| In ¥=8F+AInX++e 2 | 44.90 5110.8
16 | In Y=F40+ Bln{l+ X,)+€ 2 | 67.53 4877.5
17 | In ¥Y'=5+ AilnX,+ GIn(1+ X2) + € 3 | 78.98 4687.9
18 | In Y=4+AInX, + 248X +¢ 6 | 66.80 4895.4
19 | In Y= 35+ Beln(1+ Xo) + 28eaBiXi+ € 6 | 69.74 4854.5
20 | In ¥=8+AInX:+ &In(1 + Xz) + 2%-a:X: + € 7 | 79.33 4688 .4

F2 model 200 t-#iE.
Table 2  {-test for model 20.

MEEE SElEE fE *Pr(>|t])
Bo 3.8428 0.0566  67.8367 0.0000
B 0.2458 0.0173  14.1932 0.0000
Jop) 0.2385 0.0147 16.2233 0.0000
A 0.2174 0.1492 1.4571 0.1458
B4 0.0833 0.0410 2.0336 0.0426
Bs 0.0509 0.0335 1.5196 0.1293
Bs 0.2535 0.1357 1.8686 0.0624
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Fig.2 Normal probability plots of residuals for the fit of each model by
Q-Q plot.
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Table3  ¢-test for model 17.

HeEiE e ffE *Pr(> )
Bo 3.9290  0.0452 86.9840  0.0000
o 0.2252  0.0146 15.4397  0.0000
82 (0.2556  0.0096 26.6449  0.0000
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Fig.3 Scatter plots of (a) observed values and (b) absolute values of
residuals versus predicted values for the data with model 17.
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