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A study in fiscal year 2019 continued the analytical research adopted by Earth Simulator Proposed Research Project in fiscal year 2010
and 2011 and 2017 and 2018. The same as last year, the impact analysis code of the explicit method was applied to the seismic response
analysis of the building, and the results of the collapsed building in a shaking table test on a full-scale six-story reinforced concrete (RC)
building were taken as an example. Is modeled in detail, and precise and detailed simulation analysis is performed to visualize and confirm
the destruction status of the building. In FY2017, by using ES3, the analysis capability of which was dramatically improved, we analyzed the
conditions under which the input conditions of seismic waves were simplified the previous time under the same conditions as the full-scale

experiment. In FY2018, analysis was performed for 120%, 150%, 175%, and 200% seismic waves as major earthquakes, and analysis for

simplifying prior earthquake wave input. In FY2019, we performed additional analysis with some conditions changed from the analysis so far,

and constructed analysis data of the building to be analyzed next. The analysis generated the result which shows a situation of building

destruction almost similar to that from the experiment. In the future, we would like to continue to analyze the newly conducted experimental

building at the full-scale 3D vibration fracture experimental facility (E-Defense), and accumulate comparative verification of each result to

further enhance it.

Keywords: Seismic response, Shaking table test, RC frame, Earth simulator, FEM simulation

1. Introduction

Since the same building as last year is also analyzed in this year, the
first half of this report will leave almost the same contents as last year
so that the whole can be grasped. This study applies an explicit finite
element impact analysis code LS-DYNAM to seismic response
analysis. Based on the result of a shaking table experiment of the
full-scale six-story RC building performed at an full-scale vibrational
destruction laboratory of three dimensions in Hyogo earthquake
engineering research center (E-defense), the authors aim to model each
wall-frame in detail, to conduct a sophisticated simulation analysis and
to visualize fracture mode of building so that it should be identifiable.
The purpose of this study is to reduce the enormous cost for a full scale
experiment by establishing the simulation analysis system that enables
a numerical experiment which approximates a full scale shaking

experiment and conducts other applied numerical experiments where
important factors of buildings could be controlled.

(For research in fiscal 2010 and 2011 refer to the annual report for that
fiscal year.)

In FY2017, using the ES3, whose analysis capability has been
dramatically improved, the seismic wave input of a full-scale six-story
RC building, which was simplified and analyzed in the previous. The
analysis was performed by sequentially increasing the input to 5, 10, 25,
50, and 100% and finally inputting 60%, and the results obtained were
as follows, which confirmed the collapse status of the building
according to the experiment. In addition, the analysis was performed
with the last 60% input being 100% input, and the analysis was
performed assuming a case where a large earthquake occurred twice in
succession like the Kumamoto earthquake. In FY2018, we input 120%,
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150%, 175%, and 200% seismic waves as major earthquakes and
conducted an analysis to simplify pre-excitation. This year, we
performed additional analysis with some conditions changed from the
analysis so far, and constructed analysis data of the building to be
analyzed next.

It is necessary to continue comparison and verification with the
experimental results in the future.

2. Outline of shaking table test of a full-scale six-story RC building

Since we are analyzing a full-scale 6-story RC building in 2019 as
well, the outline of the experiment is shown below.

The building to be analyzed is a shaking table test of a full-scale
6-story RC building conducted by E-Defense. Data on experiments
and buildings are based on publication [2]. The building is a 6-story, (X
direction) 2 x ('Y direction) 3 span three-dimensional frame, with each
span of 5,000 mm in both the X and Y directions, and a floor height of
2,500 mm on each floor with a total height of 15,000 mm. The test
used seismic waves equivalent to those recorded at the Kobe Ocean
Observatory of the Japan Meteorological Agency during the 1995
Hyogo-ken Nanbu Earthquake, and set the input acceleration
coefficients to 5%, 10%, 25%, 50%, and 100%. Is gradually increased
and input, and finally 60% is input. The vibration directions are two
horizontal directions of X and Y and three vertical directions, and the
original wave is rotated by 45 °, and the N45W direction is input to the
Y direction of the test piece and the N45E direction is input to the X
direction. This ensures that the final destruction occurs in the Y
direction.

3. Summary of the analysis
3.1 Analysis model

Figure 1 shows the analysis building model. In this model, concrete
was represented as solid elements, and reinforcing bars were
represented as beam elements as they were in the actual state; the
concrete and reinforcement elements have common nodes

LS-DYNA keyword deck by LS-PrePost

L

Fig. 1 View of the entire analytical model (Color-coded for input data

layer recognition category)

assuming full adhesion between them. The foundation of the
building was not represented in the model but represented as rigid shell
elements where the bases of the columns were anchored. Input of the
seismic waves was applied at the rigid shell elements in the analysis of
the seismic response. The size of the analysis model was about
1,480,00 elements for concrete, about 570,000 elements for reinforcing
bar, and about 30,000 elements for the rigid shell for total of about
2,080,000 elements, and the total number of nodes was about
1,790,000. The KCC model under the default settings was adopted as a
material model. Each specification of the material used for an analysis
was extracted from the data from experiments.

3.2 Conditions of seismic response analysis

In FY2017, we obtained the permission to use 200 nodes (800 CPU
parallel) of ES, and analysis was performed by sequentially inputting
the same seismic waves as in the experiment. In FY2018, analysis was
performed for 120%, 150%, 175%, and 200% seismic waves as major
earthquakes, and analysis for simplifying prior seismic wave input.
In FY2019, we conducted an additional analysis with some conditions
changed for the analysis so far.

The analysis status in FY2017 is shown in (1) and (2) below.
(1). Analysis in accordance with the actual experiment (A preliminary
spare excitation, 100% excitation and 60% excitation)
(2). Analysis for the case where the big earthquake happens twice same
as Kumamoto earthquake (A preliminary spare excitation, 100%
excitation and 100% excitation)

In FY2018, the following items (3) to (9) were analyzed in
accordance with (1) and (2) above.

(3). Analysis assuming a large earthquake of 120% (A preliminary
spare excitation, 120% excitation analysis)

(4). Analysis assuming a large earthquake of 150% (A preliminary
spare excitation, 150% excitation analysis)

(5). Analysis assuming a large earthquake of 175% (A preliminary
spare excitation, 175% excitation analysis)

(6). Analysis assuming a large earthquake of 200% (A preliminary
spare excitation, 200% excitation analysis)

(7). Analysis that simplified pre-excitation and replaced it with 100%
excitation once. (Replace the pre-excitation with one 100% excitation,
and analyze the 100% main excitation)

(8). Analysis assuming 85% seismic wave as two consecutive
medium-scale earthquakes. (A preliminary spare excitation, 85%
excitation and 85% excitation analysis)

(9). Analysis that simplifies pre-excitation for two consecutive
medium-scale earthquakes. (Replace pre-excitation with one 100%
excitation, and analyze 85% excitation, 85% excitation)

In FY2019, the following items (10) and (11) were analyzed in
accordance with (2) and (8) and (9) above.

(10). Analysis with the second major earthquake as 120%
(A preliminary spare excitation, 100% excitation and 120% excitation)
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(11). Simplify pre-earthquake and analyze 120% of the second
consecutive large earthquake. (Replace pre-excitation with one 100%
excitation, and analyze 100% excitation, 120% excitation)

4. Results of the seismic response analysis and future policy

In FY2017, the results of (1) that confirmed the collapse status of
buildings, etc., almost in accordance with the experiment were
obtained. In addition, in (2), two consecutive large earthquakes were
analyzed, and it was confirmed that the second time resulted in
considerable damage. In FY2018, the analysis based on the full-scale
experiment of (1) was performed assuming that the main shock was a
larger earthquake. Analysis of (3) 120%, (4) 150%, (5) 175%, (6)
200% seismic wave input confirmed that the building was in a
collapsed state. In addition, (7) Analysis with 100% excitation once to
simplify pre-excitation, (8) Analysis of 85% seismic wave input as two
consecutive medium-scale earthquakes, (9) The pre-vibration was
simplified and two consecutive medium-scale earthquakes were
analyzed. In these analyzes, it was possible to examine the validity of
replacing the pre-vibration with a single vibration. In FY2019, (10)
Analysis of 100% and 120% continuous large earthquakes after
vibration in advance, (11) The pre-earthquake was simplified and
100% and 120% continuous large earthquakes were analyzed. Further
findings were obtained from these analyzes. This year, we report an
overview of these analyzes. Details of the analysis results are under
consideration and will be omitted. The building to be analyzed was
designed based on the old seismic standards and was severely
damaged by the great earthquake. In the future, in order to improve the
analysis accuracy, it is necessary to further analyze the buildings
designed by the current seismic standards that have already been tested
by E-Defense. This year, we constructed analysis data for the
experimental buildings (Figs. 2 and 3) at the E-Defense, which is
scheduled to be analyzed next. Figure 2 is a reduced model, but it is a
building with a 6-story RC shear wall frame. Figure 3 shows a
full-scale, 27.45m high, 10-story RC building. In the future, we will
analyze these buildings, accumulate further analysis data, and repeat
analysis with multifaceted analysis conditions to improve accuracy.

Fig.2 Reduced model, a building with a 6-story RC shear wall frame.

- Earth Simulator Proposed Research Project -

Fig.3 Full-scale, height 27.45m 10-story RC building.

5. Conclusion

This year, we mainly constructed analysis data for buildings to be
analyzed in the future. It will be similar to the report last year. By use of
ES whose analytical capability has been improved, this study showed
the possibility that analysis precision could be further improved. This
study succeeded in modeling a full scale experiment building as it was
in the actual state, performing seismic response analysis with relatively
simple materials property, and identifying aseismic performance and
the fracture mode of specific building. In the future, it will be necessary
to accumulate simulation analysis results for other buildings to be
analyzed, perform comparative verification based on actual
experimental results, and then build a simulation analysis system that
enables numerical experiments. Such system will help evaluate the
earthquake-proof safety under excessive seismic conditions, which
have not expected in the past, and secure the safety of social
infrastructure.
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