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FEABRFEOREBRELER & BRI & ORI
RELATIONSHIP BETWEEN DEFORMATIONS OF THE SEISMIC-ISOLATION LAYER OF
HOUSES AND GROUND VIBRATION PROPERTIES IN MIYAGI PREFECTURE
DURING THE 2011 OFF THE PACIFIC COAST OF TOHOKU EARTHQUAKE

S A RIS
Takehiro TAKAHASHI and Nobuo FUKUWA

To enhance the safety of seismic-isolated houses, the authors have investigated the cause of large deformations of the
seismic-isolation layer of houses during the 2011 Tohoku earthquake. Our findings show that unlike resonant responses in the Ashigara
valley, pulse responses were seen in many seismic-isolated houses in Miyagi prefecture. The authors have verified that the maximum
deformations of the seismic-isolation layer have a very high co-relational relationship with the peak ground velocity of pulse ground
motion and amplification characteristics of the surface ground rather than the deep layers of the ground.

Keywords : Seismic-isolated house, Deformation of the seismic-isolation layer; Pulse ground motion, Miyagi prefecture
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Fig.1 Seismic isolation devices
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Table2 Site location and max. deformation of the seismic-isolation layer
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¥ The alphabet shows the type of the seismic-isolation systems of houses
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Fig.2 Marking lines from the seismic-isolation layer of houses and distribution maps of the maximum deformation of the seismic-isolation layer

Above: Sendai city, Shiogama city, Matsushima city, Kurokawa district and Natori city area
Below: Oosaki city area and lwanuma city area
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Fig.14 Relationship between maximum deformations

and ground motion intensity
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Fig.15 Response analysis result of CCHG (No, 18)
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Fig.16 Response analysis result of THU25 (No, 24)
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Fig.23 Rigid-Plastic response spectrum by sine wave (ref.)
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Fig.29 Rigid-Plastic response spectrum of CCHG wave
(Left: Natural rubber bearing, Right : High-damping rubber bearing)
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Fig.30 Rigid-Prastic response spectrum of CCHG wave
(Left: Natural rubber bearing, Right : High-damping rubber bearing)
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RELATIONSHIP BETWEEN DEFORMATIONS OF THE SEISMIC-ISOLATION LAYER OF
HOUSES AND GROUND VIBRATION PROPERTIES IN MIYAGI PREFECTURE
DURING THE 2011 OFF THE PACIFIC COAST OF TOHOKU EARTHQUAKE

Takehiro TAKAHASHT* and Nobuo FUKUWA™*

* Researcher, Disaster Mitigation Research Center, Nagoya Univ., M. Eng.
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The authors have ‘investigated the relationship between deformations of the seismic-isolation layer of houses and
ground vibration properties in Miyagi prefecture during the 2011 off the pacific coast of Tohoku earthquake.

From our investigations, we present the following conclusions.

1) Unlike the Ashigara valley, where resonant responses were seen, in Miyagi prefecture pulse responses were seen in
many seismic-isolated houses. The maximum deformations among the houses were also largely different.

2)  The approach level of peak period of H/V spectrum based on microtremor measurement and equivalent period of
seismic-isolated houses and the maximum deformations are not well correlated.

3)  Pulse waves in periods of one to two seconds were seen in the strong motion records at many adjacent observation
points. The maximum deformations of the seismic-isolation layer have a very high co-relational relationship with the
peak ground velocity (PGV) of pulse ground motion. When PGV exceeds approximately 90 kine the maximum
deformation reaches the maximum limit. In most observation points, maximum deformations could be estimated
roughly by J.M.A. seismic intensity.

4)  Site amplification characteristics of the surface ground, like A¥S30 and AFrgy, had excellent correspondence to
maximum deformations. But on the softer ground whose 4¥S30 is below around 250m/s, deformations were largely
different. In the saturated sandy soil ground, the maximum deformation of the seismic-isolation layer tends to be
significantly high and it is hard to estimate, thus requiring care in building.

5)  Through Rigid-Plastic response analysis result using simulation waves such as Ricker wavelet, the maximum
deformation is greatly influenced by pulse period, pattern and friction coefficient. By contrast, using a real pulse wave,
there are situations where they have little influence on the maximum deformation.

6) In one example, oil dampers which are proportional to velocity effectively function to restrain deformation of the

seismic-isolation layer against large scale pulse ground motion.

The relationship between nonlinear characteristics of the surface ground and deformation of the seismic-isolation
layer need to be investigated further.
We conclude that seismometers need to be installed quickly at the site where nonlinear characteristics of the surface

ground are predicted and that accumulating observation data is the top-priority.

(201446 5 A 9 HEF452 3, 201448 7 A 17HRAHE)
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