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Abstract. A large number of ground motions were obtained during recent great earthquakes
such as the 2008 Wenchuan earthquake and 2011 Tohoku earthquake and some of them present
double-plateau features, this paper focuses on the identification and spatial distribution of
double-plateau ground motions. First, the energy-time distribution of ground motions are
described by a piece-wised envelope function with double plateau, which is proposed in
previous study. Then, the envelope parameters of 10 ground motions with double plateau and
10 ground motions with single plateau are used as training sample, those ground motions are
classified into two groups by support vector machine, i.e., single- and double-plateau. Finally,
the spatial distribution of double-plateau ground motions along the direction of ruptures are
analyzed and lay the foundation for further study.
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1 Introduction

The 2008 Wenchuan earthquake and the 2011 Tohoku earthquake caused serious casualties, property
loss and damage to the environment. The 2008 Wenchuan earthquake left more than 87,000 dead and
missing, and around 82,000 people were died and injured during the 2011 Tohoku earthquake.
Because of the high density distribution of high precision digital accelerographs, a large number of
acceleration records in high quality were obtained, analyses conducted on those records and showed
that there were a considerable number of ground motions with an obvious double-plateau feature in
time history curves during those two great earthquakes. This phenomenon is due to large zone, long
duration of rupture process, multiple rupture, huge energy release and Doppler effect[1-3], and has
never been so clearly revealed in records from previous earthquakes. Peng[4] found that the spatial
distribution of this kind of ground motions is directional and is consistent with the distribution of
region with serious damage after he analyzed the data of the Tohoku earthquake. While it needs to be
further investigated that whether this laws is universal for different earthquakes or not. Furthermore, it
has been concerned that there are differences between conventional ground motions with single
plateau and ground motions with double plateau in the engineering characteristics and the effects on
structure.
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2 The envelope function model of double-plateau ground motions

In previous studies, an envelope function model with double plateau was proposed [3](as shown in Fig.
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Egs. (1)-(3) and Fig. 1 show that the envelop function E(t) consists of two conventional single-
plateau envelop functions, E;(t) and E,(t). This envelop function can describe the energy-time
distribution feature of ground motions with single or double plateau and consists of 10 parameters, 6
time parameters ty;, ti1, G, Loy, tia, to. 2 intensity parameters ly; and Iy, for the plateau section; 2
attenuation indexes C; and C, for the downward section. Furthermore, these time parameters satisfy the
following inequality

According to the above function model, it is easy to get the normalized accumulated energy
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h(t)=C-h (t)+(1-C)-h, ()

(5)
0 t<t,
1
g(t_tm)s/(tn _tm)4
h(; t, <t<t,
ho=1, 4, 1. @)
_ 5 S5 t. <t<t
=1y
h(l) 11
26, (t-ty))
[ t>t,
ho

© 2016. The authors — Published by Atlantis Press 478



International Conference on Innovative Material Science and Technology (IMST 2016)

4 1 1
hé =, _gtu _gtm +2—Cl ®)
0 t<t,
1
g(t _toz )5 /(tlz _toz )4
hoz t, <t<t,
h2 (t) = t_ﬂtlz _1t02 (9)
5 5
—_— t, <t<t,
ho
e*ZCz(lftzz)
I—T t>t,
4 1 1
ho2 =t, _§t12 _gtoz +Z (10)

Eq. (5)-(10) shows that the total normalized accumulated energy of the model is the superposition
of the energies of the two single-plateau envelop functions, and the respective proportions of
accumulated energy of those two envelop functions is C and (1-C).

According to the normalized accumulated energy model as Eq. (5) shows, the actual normalized
accumulated energy function can be taken as the objective function to determine model parameters
above, by using optimization method. Intensity parameters lo; and g, can be obtained according to the
total energy of the earthquake ground motions and Eq. (6).
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Figure 1. Envelope model with double plateau.

Fig.2 shows the intensity envelope curves and fitted curves of Husid by analyzing the east-west
direction component of strong motions records, which obtained at the IWT008 station during the
Tohoku earthquake. The values of 9 envelope parameters to, t;1, t1, Ci, C, to, ti2, thy and ¢, were got
as 22.13s, 30.78s, 32.84s, 0.064, 0.492, 54.43s, 71.60s, 79.50s and 0.032, it is obvious that those
ground motions have double plateau.
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3 The identification of double-plateau ground motions

Support vector machine (SVM), proposed by Vapnik et al in 1992, is an efficient data classification
method which has been well developed in recent years[5]. Because of its unique theoretical
background and classification method, this method can solve many problems that can’t be solved by
other classification algorithms. Support vector machine is built on Structural Risk Minimum principle
and VC (Vapnik-Chervonenkis) dimension theory of statistic learning theory and its essence is a
convex quadratic programming problem in mathematical programming. For convex quadratic
programming problem in mathematical programming, the local optimal solution is the global optimal
solution, which provides support vector machine with a strong generalization ability.
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Figure 2. Envelope and Husid curve of strong ground motion recorded at station IWT008 ( EW component).

At present, SVM has been successfully applied in the field of data classification, and has achieved
good results. Researchers proposed many different classification methods of SVM for different
research fields and purposes. In this paper, data training method was used and this method has its
specific process, including[5-6] training samples determination, feature extraction generation, SVM
training, data classification(regression analysis). The principle of SVM is that samples to be classified
are mapped into high dimensional feature space by nonlinear mapping (eigenvectors), and the optimal
classification hyper plane is created in this space.

Considering the advantages of SVM in data classification, this paper used 9 intensity envelope
parameters to construct training samples, then the SVM after training was used to divide ground
motions into two types, those with single plateau features and double plateau features. Considering the
record lengths from different stations are different, 6 time parameters were normalized when
constructing samples, which means the ratios of those 6 time parameters to record durations were used
to construct training samples.

In this paper, 10 single-plateau records and 10 double-plateau records were chosen randomly. Two
horizontal acceleration components and a vertical acceleration component from those records were
used to synthesize a vector, after that the module of the vector was used to calculate the normalized
accumulated energy h(t), which was used to identify those envelope parameters, then those parameters
were used to construct training data. After the training of SVM, all the records can be classified on the
basis of envelope parameters.
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4 The distribution of double-plateau ground motions

According to the classification results, statistical analyses were conducted on the fault distance, peak
acceleration, spatial distribution characteristics for those two types of records.

Fig. 3 shows the statistical distribution of fault distances in the two earthquakes. It can be seen that
in the Whenchuan earthquake, the double-plateau ground motions are mainly distributed near the fault
zone while the single-plateau ground motions are distributed relatively far away from the fault zone.
However, in the Tohoku earthquake, the two types of ground motions show same distribution pattern
with respect to fault distances. This is mainly because that the Wenchuan earthquake occurred in
inland and strong earthquake records were obtained on both sides of faults, while the Tohoku
earthquake struck off Japan's eastern coast and strong earthquake records were only obtained from the
inland side (hanging wall side).

Fig. 4 and Fig. 5 show the distribution of the peak ground acceleration (PGA) for the ground
motions with single or double plateau from the two great earthquakes, which is similar to the
distribution of the fault distances. For the Whenchuan earthquake, the PGA for double-plateau ground
motions are mainly distributed within the range of 60-120gal, and the PGA for single-plateau are
mainly distributed below 60 gal, while above the range of 120gal, the distribution ratio of the ground
motions with double plateau is obviously larger than that with double plateau. In the records of the
Tohoku earthquake, however, the distributions of PGA with single or double plateau are basically
similar and most data are below 180 gal.

Fig. 6 shows the spatial distributions of strong motions records with single or double plateau from
the two great earthquakes. For the Whenchuan earthquake, the double-plateau records are mainly
distributed faults and are mainly correspond to the epicentral area, while single-plateau records are
mainly distributed far away from faults and out of the epicentral area. Also, there are laws for the
distribution of the double-plateau records along the direction of ruptures, that is, along the positive
direction of main ruptures, the number of double-plateau records is obviously lower than that along
the opposite direction. For the Tohoku earthquake, the spatial distribution laws of the double-plateau
records are more obvious, and the recording stations are mainly distributed in an area which is in the
opposite direction to the main ruptures.
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Figure 3. Rupture distances of strong motion records.
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Figure 4. Peak ground acceleration of strong motion records from Wenchuan earthquake.
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Figure 5. Peak ground acceleration of strong motion records from Tohoku earthquake.

To better illustrate the relationship between the rupture process of the faults and the distribution
areas of double-plateau records, Fig. 7 shows the acceleration time history curves obtained from
stations parallel to faults(west east component). It can be seen that the distribution laws of the double-
plateau records from the two great earthquakes are similar to Fig. 6. The spatial propagation laws of
seismic waves generated by multiple (more than two) fault ruptures can be clearly distinguished by
analyzing the chronological order of plateau peaks. The time intervals for main ruptures of the
Wenchuan earthquake are relatively short, while in the Tohoku earthquake, the intervals for main
ruptures are rather long and the duration of ruptures are also longer.
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Figure 6. Spatial distribution of strong motions with single or double plateau from Wenchuan and Tohoku
earthquakes.

5 Conclusions

In this paper, an envelope function with double plateau was used to describe the energy-time
distribution of ground motions firstly. Then, support vector machine was used to classify and extract
ground motions with double plateau. Finally, the spatial distribution of double-plateau ground motions
along the direction of ruptures was explored. It is found that double-plateau ground motions are the
consequences resulting from multiple rupture processes. Double-plateau ground motions are generally
distributed along the opposite direction of the main ruptures. The time intervals of plateau peaks are
closely related to the time intervals of fault ruptures, and the quantitative relationship between those
two kinds of intervals will be one of the contents of the follow-up study.
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Figure 7. Acceleration time history of strong motions recorded at stations parallel to faults for Wenchuan and
Tohoku earthquakes.
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