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DYNAMIC RESPONSE ANALYSIS OF THE PILE SUPPORTED MIDDLE-RISE GOVERNMNET OFFICE
BUILDING UNDER NANKAI TROUGH EARTHQUAKE AND ITS APPLICATIONS FOR DISASTER

MITIGATION ACTIVITIES

B T EE R - A T I S
Masafumi MORI, Jun TOBITA and Nobuo FUKUWA

In this study, a non-linear time-history seismic response analysis of the city hall, which is the pile supported middle-rise RC building,
under the Nankai Trough Earthquake was done by using a three-dimensional frame model considering a ground-pile-building
interaction system. At first, to verify the validity of the analysis model, natural periods and vibration modes of the model were
compared with results of multipoint microtremor measurement for the building, and simulation analyses using seismic observation
records were carried out.  Next, we performed seismic response analyses using the Nankai Trough earthquake estimated at this
site, and the degree of damage to the building was estimated.  As a result, it was shown that there is a possibility that the 1st floor
response is a seismic intensity of about 5 or higher and the 7th floor is a seismic intensity of about 7. As for the maximum response
interlayer deformation angle, the value exceeded 1/200 on the 3rd to 5th floors, but since it did not reach 1/100, which is the criterion
of Level 2, it was estimated that the possibility of collapse was low. In addition, we have developed an indoor environment
visualization tool using a VR environment for the purpose of utilizing the earthquake response waveform of each floor obtained by

analysis for disaster prevention activities.
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Photo 1 The government building to be studied

Table 1 Overview of the building to be measured

R AEELH R 4.524.29 nf, JEJRIARE  18.008.59 ni
[ E=as il By (F5 )R 8~10 BY) . Hi | 1 %
e e S 59.9m, S E 32.9m
LA U nE, SRR X (JERERD GL-10.9m
FEER 1.5 (BELE 2.0)
MR RER - 55 2 RE AR
b/ 2000 41 A
o L 108
______ | % | 9B * E 9B
f eRE| gy N ' o
Rik TH ik TR
6% 6p
1 5k
am aps
3% 30
Wik 28 R 28
| gsemst 1% men * RE 188
’lﬁg REH W1

(a) P AL i

(b) P 47 i [
Fig.1 Section of the building and position of seismometers

Table 2 Parameters of earthquakes used for verification
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Fig.2 Epicenters and seismic intensity distribution maps of earthquakes observed in this building ¥
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Fig.3 Schematic of 3D frame model considering the soil-structure
interaction
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Fig.4 Bird's-eye view of 3D frame analysis model of the building
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Fig.5 Examples of skeleton curve of subsurface soil
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Fig.6 Parameters of the surface layers of the site
(The basement and pile are shown in gray.)
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Fig.7 Input seismic motions at the engineering bed rock assuming
the Nankai Trough earthquake in this study (Acceleration waveform,
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Fig.8 Natural vibration modes obtained from the analysis model
(1st to 3rd order)
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Table 3 Comparison of natural periods between the analysis model
and seismic observation or microtremor measurement results
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Fig.9 Shear force and inter-story drift angle relationship of the analysis
model based on the static incremental analysis and horizontal
strength at an inter-story drift angle of 1/200 in design (A).
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Fig.10 Comparison of the initial shear modulus distribution between
the analysis model and the results based on the microtremor
measurement
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Fig.11 Estimated input seismic motions at the engineering bed rock,
GL-46m (acceleration waveforms and pseudo-velocity response
spectra (h = 5%), (a) Earthquake in northern Osaka)
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Fig.12 Estimated input seismic motions at the engineering bed rock,
GL-46m (acceleration waveforms and pseudo-velocity response
spectra (& = 5%), (b) Earthquake in western Shizuoka)
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Fig.13 Estimated input seismic motions at the engineering bed rock,
GL-46m (acceleration waveforms and pseudo-velocity response
spectra (h = 5%), (¢) Earthquake in eastern Aichi)
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Fig.16 Seismic response analysis results of surface ground in each
observed earthquake (Maximum shear strain)
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Fig.17 Comparison of seismic response analysis results of the
building with observation records at 1st and 9th floors (Acceleration
waveform and pseudo-velocity response spectrum (4 = 5%),

(a) Earthquake in northern Osaka)
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Fig.18 Comparison of seismic response analysis results of the
building with observation records at 1st and 9th floors (Acceleration
waveform and pseudo-velocity response spectrum (4 = 5%),
(b) Earthquake in western Shizuoka)
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Fig.19 Comparison of seismic response analysis results of the
building with observation records at 1st and 9th floors (Acceleration
waveform and pseudo-velocity response spectrum (4 = 5%),

(c) Earthquake in eastern Aichi)
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Fig.20 Seismic response results of the surface ground under the
assumed Nankai Trough earthquake
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Fig.21 Seismic response results of the building under the assumed
Nankai Trough earthquake (at east side)
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Fig.22 Seismic response analysis results both of Ground surface
and the building at 1st, 4th, and 9th floors (Acceleration waveform
and pseudo-velocity response spectrum (% = 5%),

Nankai Trough Earthquake)
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Fig.23 Seismic response analysis results of the building under the
assumed Nankai Trough earthquake (3D display)
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Photo 2 Popular type vibration experience environment system

Fig.24 Point Cloud 3D Scan of an office room
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Photo 3 Verification experiment of the proposed tool
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