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SIMULATION OF STRONG MOTION AT KASHIWAZAKI DURING
THE 2007 NIIGATAKEN CHUETSU-OKI, JAPAN, EARTHQUAKE
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1
Kuriyama
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ABSTRACT :

In this study, we evaluated the strong motion on engineering bedrock at a K-NET station NIG018, based on the
Empirical Green’s function method. For verifying the results, we calculated the response wave on surface using a
dynamic effective stress method, and compared the synthetic seismic waves with the observed ones. The results show
that the synthetic waves matches the observed ones well in response spectra, implicating that the amplitude of the
synthetic wave on the engineering bedrock are adequate, with a PGA of about 823 cny/s® and a PGV of 103 cnvs.

KEYWORDS: The Niigata-ken Chuetsu-oki earthquake, Empirical Green’s function method, Engineering bedrock

1. INTRODUCTION

A destructive earthquake, the 2007 Niigataken Chuetsu-oki, Japan, Earthquake occurred off Middle-Niigata-ken on
16, July, 2007. During the earthquake, a severe damage occurred, with fourteen people killed, 2,354 injured and
6,494 houses collapsed or seriously damaged. Especially, a large scale nuclear power plant located near the source
area was slightly damaged. For understanding the reason of the occurrence of the disaster, it is important to
evaluate the strong motion in the damaged area, especially on the engineering bedrock. ~Among the records derived
in this earthquake, the records at NIG018, a K-NET station is right in the area, but the records show the cyclic
mobility phenomena obviously (as shown in figure 1), implicating that the liquefaction phenomena occurred in the
area. This means that the seismic waves on the engineering bedrock cannot be estimated using the traditional
methods such as SHAKE. In this study, we use the empirical Green’s function method to simulate the strong
motions at NIGO18 on the engineering bedrock, and then calculate the surface wave for checking the results by
comparing the synthetic waves with the observed ones.

2. METHODOLOGY

In this study, we use the empirical Green’s function method to simulate the strong motions at NIGO18 on the
engineering bedrock, and then use the dynamic effective stress method to simulate the response wave on surface for
checking the results by comparing the synthetic waves with the observed ones. The scheme of the empirical
Green’s function method adopted here is that proposed by Irikura (1986) and Irikura et al.(1997), and the dynamic
effective stress analysis was performed by a computer code NANSSI/1D [Kanatani et al., 1994]. The steps of the
analysis in the study are as follows: (1) construct a source model of the earthquake; (2) simulate the strong motion on
the engineering bedrock based on the empirical Green’s function method; (3) evaluate the seismic response on
surface based on the dynamic effective stress method, including the effects of liquefaction; (4) compare the results at
step 3 with the observed ones.

3. SIMULATION OF THE INCIDENT WAVE ON THE ENGINEERING BEDROCK

3.1.Source model of the earthquake

Irikura et al. (2007) has proposed a characterized source model for simulate the strong motion recorded during
the 2007 Niigata Chuetsu-oki earthquake. Here, we adopt their source model in our study but with a minor
modification, that is, changing the dip angle of the asperity 1 and 2 from 30 degree to 40 degree, according to
the distribution of the aftershocks. Figure 2 shows the location of the source model, and Table 1 shows the main
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parameters of the source model. For our target is to simulate the strong motion, only the asperities, refer to as ASP1
to ASP3 hereafter, are considered. The asperities are divided into element faults based on the scaling law, as shown
in Figure 2. The initial point for each asperity is shown as a star in Figure 2, and the initial time for each asperity is
adjusted by comparing the onset time of the observed and simulated pulses.

3.2. The Records used for Green’s function

The records used as empirical Green’s functions are from two aftershocks, refer to as AFT1 and AFT2 hereafter, in
the source area, the same as used by Irikura et al. (2007). The parameters of the aftershocks are shown in Table 2,
and the stress drop is estimated by the corner frequency as done by Irikura et al. (2007). Here, we made some
modification for all the empirical Green’s functions used. Firstly we filtered the records to cut off the
low-frequency component longer than 2 sec to avoid the possible noise because the magnitude of the aftershocks is
relatively small. Secondly we modified the records to correct the difference of the F,,,x between the aftershocks (Fs)
and the target main shock (Fm), by multiplying the records by a factor defined in Equation (3.1) proposed by Kamae
et al. (1990). The F,,, of the aftershocks, estimated by the equation (3.2) proposed by Faccioli (1986), is 13.7Hz for
AFT1 and 20.9 for AFT2. The F,,, of the main shock is set to 6 Hz. The waveform and the Fourier spectra of the
modified waves at NIG018 on engineering bedrock are shown in figure 3.

1+(f/F,)"
«f) 1+(f/F,))" G-
Frax  =7.31x10° X M2 (3.2)

In the simulation, we adopt AFT1 as an empirical Green’s function for ASP1 and ASP2, and adopt AFT2 for ASP3.
3.3. Simulation of the incident wave at NIG018 in Kashiwasaki City

3.3.1 Verification of the source model

For checking the source model, we calculated the strong motion on surface at NIG005, and NIGO018, the K-NET
stations, NIGHO1 and NIGH11, the KiK-net stations. The location of the sites is shown in Figure 2. The stations
except NIGO18 are selected for that they are near the source area but are enough distant to avoid obvious nonlinear
effects. The synthetic seismic waves of EW component for the stations except NIG018 are shown in Figure 4.
The results show that, the synthetic waves matched the observed one well, both in waveforms and in 5% damped
velocity response spectra. These implicated that the source model and the aftershocks used for the empirical
Green’s functions is almost adequate.

Figure 5 shows the synthetic seismic waves and its velocity response on surface at NIG018. The results show that,
the waveforms of acceleration for two horizontal components are overestimated in short periods, while the
waveforms of vertical component and the velocity waveforms are well matched, since the vertical component and the
longer component of horizontal motions are not easy to be affected by the nonlinear phenomena, including
liquefaction. The above implicated that the difference between the observed and calculated waves at short periods
may be caused by liquefaction phenomena, and it is difficult to evaluate the seismic wave on the engineering bedrock
from the records on surface.

3.3.2 The synthetic waves on engineering bedrock at NIG018
In this section, we evaluate the seismic waves on engineering bedrock based on the empirical Green’s function
method. To do this, firstly the seismic waves of the aftershocks on engineering bedrock are estimated based on the

Haskell’s Matrix method. Here, we define the engineering bedrock as the layer with Vs of about 400 m/s. The
substructure used here is assumed by Yoshida et al. (2007). The results are shown in Figure 3.
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Using the seismic wave on engineering bedrock derived above, we simulated the seismic waves on engineering
bedrock for the main shock based on the empirical Green’s function method. Figure 6 shows the synthetic waves
and showing a Peak ground acceleration and velocity are about 823 cm/s> and 103 cm/s.  The velocity response of
the results shows that at the short periods less then 0.5s synthetic waves are greater than the observed one.

3.3.3 Response analysis of the surface geology at NIG0O18

For checking the results derived in 3.3.2, we use the synthetic seismic wave on engineering bedrock as an incident
wave to simulate the response wave on the surface based on the dynamic effective stress analysis. The calculation
was performed by computer code called NANSSI/1D [Kanatani et al., 1994].

In the analysis, the substructure at the site is modeled by an elastoplastic FEM model employing a 2D plane strain
element, and the bottom boundary condition is set to be a viscosity dash pot for representing the continuity to the
deeper understructure. The incident waves are filtered to cutoff the components longer than 2s.  The parameter of
substructure used in the analysis is shown in Table 3, while Vs is calculated according to N-value, and the level of
underground water is assumed by Yoshida et al. (2007). The dynamic characteristics of the layers besides the
assumed liquefaction layer is based on R-O model fitting Kowada-Miyamoto model, and the evaluation of the
Build-up of Excess Pore Water Pressure based on the model called Nishi-model. The internal friction angle is
calculated by the empirical equation proposed by Hatanaka et al.(1996) The time step in the analysis is 0.001s, and
the integration method is Newmark [ ( =0.25). In the analysis, we adjust the liquefaction strength of the sand
layer under the underground water to reproduce the cyclic mobility phenomena, and finally the value is set to 0.18.
Figure 7 shows the results in waveform and response spectra for the main motion up to 12's. The results indicated
that, for completely reproduce the time history recorded at NIGO018, further more analysis should be performed, but
even though there are differences between the synthetic seismic waves and the observed ones, the nonlinear effects,
including the cyclic mobility phenomena are successfully reproduced, and the response velocity is well matched.
These show that the amplitude of the synthetic waves on the engineering bedrock at NIG018 may be adequate.

4. CONCLUSION

In this study, we evaluated the strong motion on engineering bedrock at a K-NET station NIG018, based on the
empirical Green’s function method. For verifying the results, we calculated the response wave on surface using a
dynamic effective stress method, and compared the synthetic seismic waves with the observed ones. The results show
that the synthetic wave matches the observed one well in response spectra, implicating that the amplitude of the
synthetic wave on the engineering bedrock are adequate, with a PGA of about 823 cny/s® and a PGV of 103 cnv/s.

But for completely reproduce the time history recorded at NIGO18, further more analysis should be performed.
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Figure 1 The waveforms and Fourier spectra of the records at NIGO18

Table 1 Source parameters used in the analysis

Parameter Asperity 1 Asperity 2 Asperity 3
Strike 37.0° 37.0° 37.0°
Dip 40.0° 40.0° 30.0°
Length km 5.5 5.5 5.04
Width km 5.5 5.5 5.04
My, Nm 1.76E+19 2.22E+19 2.22E+19
S, km® 30.25 30.25 25.4016
D, cm 623.1 221.2 221.2
Ao, MPa 23.7 23.7 19.8
Rise time s 0.5 0.5 0.5
No. of subfaults 5x5 5x5 9x9
Time delay s 0.0 5x5 9x9
\'A km/s 3.4

V., km/s 2.7

n Nim? 3.30E+10
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Figure 2 Location of Source model, site, and main shock and aftershocks

Table 2 Parameter of the main shock and aftershocks

Main shck AFTI AFT2
Initial time 2007/7/16 2007/7/16 2007/8/4
10:13 21:08 0:16
Epicenter 138.609, 138.630, 138.537,
37.557 37.509 37.420
Focus depth | 10 km 13.6 km 11.1 km
Moment 8.37E+18Nm 5.21+15Nm 1.56E+14Nm
Corner Freq. - 1.5Hz 4.0 Hz
Stress drop - 3.9 MPa 2.2 MPa
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Figure 3 the Green’s functions on engineer bedrock (left: AFT1; right: AFT2)

FEMTHESE Vol. 21 2008/12 (k) REX&EHEBISL T



th
The 14 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

— Synthetic =~ —— Observed
7.0 20 T T 1 I 1
as | 10 |- ;
00| 0 I lr
-35 -0 b E
70 L _20 1 I ! L I
' 10 20 30 40 50 60
t(s) t(s) t(s)
— Synthetic —— Observed
1000 — 1000
P
100 “?& 100 ¥ 4t
§ & Fl & Fl
= log = |n-§_-: = lu-§.-
3 3 ol g !
K] 20 2 ! ;§ i
& &1 ST
e e L
= = 1
& & &
01 £ . T o (R | H e (R | H e
0.01 ['3] 1 10 0.01 0.1 1 10 0.01 0.1 1 10
Period [5] Periad [£] Periad [£]
NIG005 EW NIGHO1 EW NIGH11 EW

Figure 4 The synthetic waves and response spectra at NIG005, NIGHO1 and NIGH11
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Figure 6 Synthetic waves on engineering bedrock at NIG018
Table 3 soil profile assumed at NIG018 for the dynamic effective analysis
Thickness P Vs 1)
. - t
No Layer (m) (N’ | (mis) N-value (Degree) Coments
1 | 110 18 {4 4
2 Surface/Alluvium sand 1.10 18 105 4
3 1.10 18 116 20
4 Alluvium sand 0.77 19 162 20
5 (above underground water) 0.77 19 168 20
6 Alluvium sand 1.09 20 174 20 43.1 li Bstiom o
7 (bebeath underground water) 1.09 20 181 20 0.1 quetaction laye
8 1.14 17 274 40
9 1.14 17 281 40
10 diluvium sand 1.14 17 288 40
11 1.14 17 295 40
12 1.14 17 301 40
13 0.86 17 222 10
14 0.86 17 225 10
15 Diluvium clay 0.86 17 227 10
16 0.86 17 230 10
17 0.86 17 232 10
18 1.17 17 199 15
19 Alluvium sandy clay 1.17 17 202 15
20 1.17 17 204 15
21 Engineering bedrock 21 400
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Figure 7 Comparison of the synthetic and observed in waveform and pSV
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Summary

Now, the structural health monitoring gives us more useful data by damage investigation. So, we
have to research what is important data for structural health monitoring, and study about using
monitoring data to get a reasonable analysis data. In this paper, the concept of detecting damage
was proposed in long-term service bridges based on the study of applied "Traffic vibration
simulator". That is new dynamic analytical technique applied to ‘“substructure method”. This
method has been used for a dynamic interaction problem with structures and vehicles moving over
them. This simulator results show not only a bridge and vehicle motion but also fatigue weak points
about all over the bridge. The conclusions of this paper give a good reference to detecting a more
detailed damage situation, and life time information by using this simulator result and structural
health monitoring data.

Keywords: Dynamic interaction analysis, Finite element analysis, Substructure method Damage
Detect, Structural health monitoring.

1. A traffic vibration simulator system

Heavy Car

(Sub-structure)

Bridge When a vehicle passes a bridge, a

(Main-structure) vehicle vibrates cased by expansion
Joint and the bump of the road surface.

/ The wvibration is transmitted to the
bridge .These dynamic interaction

1.1  Substructure Algorithm

Bump

Fig.1 substructure model makes the vibration of both vehicle and
a bridge much more. (Fig.1)

Substructure method equation is shown as (1). These equations are composed by only symmetrical
matrix. The calculational time is very short.

(M, M, (i c.,. C,. l(u K. 1w F
7 £ GOl R O V30 ) et GO El D(Main — structure)
M C R,

K
| sym ge | 2 | | sym K
M, M, i) [C, C,l[i,] [K, K,]u 0

7 R R U et g S VA O VL U R G @(Sub — structure)
sym M u sym C_ ||u sym K u R,

gg | ge |

(M

1.2 Fatigue damage point detecting system
The flow chart of fatigue damage points detecting system is shown in Fig.2.

The factors affecting fatigue problems could be as following repeated stresses in structural members
and their joints. There is “Miner rule” between the repeated stress and fatigue strength.

We mixed calculation of "Traffic vibration simulator" by substructure method and rain flow
method.
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“Rainflow Method”

/_L\

v
the equivalent

repetition number of
v
Fig. 2 Fatigue damage point detecting system

Evaluation and detecting 1
fatigue weak element area S

1.3 Simulation Result

In this arch structure example model, by using our simulation and damage index calculation
system for all structural members, comparisons of fatigue damage indexes and detecting fatigue
weak points is shown in Fig.3. The larger scale node means that larger fatigue index elements
concentrated. As application of a traffic vibration simulator, fatigue weak element points can be
detected in all over the bridge. Generally in this arch structure fatigue weak points are always
appeared at joints between structure members each other, as show in Fig.3. This phenomenon is
simulated well by our simulation system. The summary of calculation speed showed in Table 1.

-
coross arch elemet &,/;Q'HT— ﬂlL,

1 1 t : . .
cotum elemen ‘ o Taible.1  Calculation speed

vihecle lane

Machine speck  Value Unit

CPU Clock 1.5 GHz
. Calculation Length 10.0 Sec
Praes ! : main garder elemet ] ]
1;*-_..., Ay & colum element Calculation Pitch 0.04 Sec
near suport elemléft./ Calculation Time 7.0 min

Fig. 3 Fatigue weak areas

2. Conclusions and Considerations

2.1 About vibration simulation system

In this paper, the concept of detecting fatigue damage points was proposed in long-term service
bridges, based on the study of applied "Traffic vibration simulator". The Current phenomenon of
fatigue concentration was simulated well. Fatigue weak points in all over the bridge were detected
by this simulation system. And we succeeded in visualization of fatigue concentrated points by the
traffic vibration. This detecting system can be used to point out effective measuring spots for
structural health monitoring system. By means of “substructure method”, it becomes possible to
solve complex interaction problems on much lower cost computer such as personal computer with
much higher speed. It is also useful for getting life time information and current structural health
monitoring.
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