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A study in fiscal year 2017 continued the analytical research adopted by Earth Simulator Proposed Research Project in fiscal year
2010 and 2011. This study conducted a sophisticated simulation analysis and visualized fracture mode of building, based on the
detailed model of the target building, taking the result of a shaking table test of full-scale six-story RC (reinforced concrete) building,
by utilizing an explicit finite element impact analysis code for seismic response analysis, as it was in the last study. Due to the
progressive improvement in analytical capability of ES (Earth Simulator ), this study was able to analyze the situation by the same
condition as the full scale actual experiment, although the input condition of seismic waves had to be simplified in the previous study.
In the experiment of the actual scale six-story RC building, the intensity of the input waves increased in steps (5%, 10%, 25%, 50%)
to 100%. In this research, a simulation analysis was performed under the same condition as the experiment. The analysis generated
the result which shows a situation of building destruction almost similar to that from the experiment. However, the precision of the
analysis should be improved by more simulations under further multiple conditions. This simulation analysis method should be
further sophisticated by the comparative verification based on other results of analyses with the full-scale buildings which were tested

at a full-scale vibrational destruction laboratory of three dimensions (E-defense) in recent years.

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

1. Introduction study in fiscal year 2011 conducted an additional analysis of a
This study applies an explicit finite element impact analysis full-scale six-story RC building and the other analysis of a full-
code LS-DYNA[1] to seismic response analysis. Based on the scale three-story RC school building with seismic strengthening
result of a shaking table experiment of the full-scale six-story and a full-scale five-story RC building with quake-absorbing
RC building performed at an full-scale vibrational destruction structure. (Refer to an annual report regarding the studies in
laboratory of three dimensions in Hyogo earthquake engineering fiscal year 2010, 2011.)
research center (E-defense), the authors aim to model each wall- This study in fiscal year 2017 utilized ES whose analytical
frame in detail, to conduct a sophisticated simulation analysis capability was dramatically improved. In the simulation analysis
and to visualize fracture mode of building so that it should be of a full-scale six-story RC building, the acceleration factor of
identifiable. The purpose of this study is to reduce the enormous the input waves increased in steps (5%, 10%, 25%, 50% and
cost for a full scale experiment by establishing the simulation 100%) and decreased to 60% as the full scale actual experiment,
analysis system that enables a numerical experiment which although these conditions had to be simplified in the previous
approximates a full scale shaking experiment and conducts study. The result shows the situation of the building collapse
other applied numerical experiments where important factors of  that approximates the result of actual experiment. Furthermore,
buildings could be controlled. additional simulation analysis set the last intensity of the input
Utilizing ES, the study in fiscal year 2010 conducted waves to 100% instead of 60% in order to simulate the case
simulation analysis of a scale model of the three-story rigid of the 2016 Kumamoto earthquakes where severe earthquakes

frame and a full-scale six-story RC building. Furthermore, the occurred twice. In future, the precision of the analysis should be
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improved by more simulations with further multiple conditions.

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

This study in fiscal year 2017 mainly focused on the analysis
related to a full-scale six-story RC building by use of ES, which
has dramatically improved its analytical capability. The outline
of the experiment is as follows.

The experiment that was analyzed was a shaking table test
of the full-scale six-story RC building conducted in E-Defense.
The data for the test conditions and the building used for
the analysis were taken from a published report. [2] The
structure of the building used for the analysis was a six-story,
three-dimensional framework consisting of two spans in the
x-direction and three spans in the y-direction, and each span
had a dimension of 5,000 mm, a floor-to-floor height of 2,500
mm, and an overall building height of 15,000 mm. The test was
conducted with seismic waves equivalent to those recorded
at the Kobe Marine Observatory of the Japan Meteorological
Agency during the 1995 Kobe-Awaji earthquake increasing the
input acceleration factor in steps of 5%, 10%, 25%, 50%, and
100%, respectively, and finally at 60%. Shaking was applied in
three directions horizontally, the x- and y-directions and in the
vertical direction, with the original seismic waves rotated 45°,
the N45W direction in the y-direction of the building under test,
and the N45E direction in the x-direction. Based on such an
application, the intention was that the ultimate fracture of the

building would take place in the y-direction.

3. Summary of the analysis
3.1 Analysis model

Figure 1 shows the outline of the model used in the analysis.
In this model, concrete was represented as solid elements,

and reinforcing bars were represented as beam elements as

LS-DYNA keyword deck by LS-PrePost

A

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

layer recognition category)

107

they were in the actual state; the concrete and reinforcement
elements have common nodes 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 this fiscal year, after considering the conditions for the
analysis by ES, which has greatly enhanced its analytical
capability, the authors applied for use by 200node (800CPU).
After being approved, the simulation analysis was conducted,
inputting waves in steps at the same conditions as an actual
experiments. In an analysis calculation was implemented twice
in the restricted access. (See below)
(1). Analysis in accordance with the actual experiment (A

preliminary spare excitation, 100% excitation and 60%

excitation)
°0 ~0.6s Prudent calculation by the gravity.
* 0.6 ~4.6s 4 second seismic motion W Seismic waves
5%

*4.6 ~9.6s 5 second free seismic motion.

+9.6 ~13.6s 4 second seismic motion YSeismic waves
10%

*13.6 ~ 18.6s 5 second free seismic motion.

+18.6 ~22.6s 4 second seismic motion Y Seismic waves
25%

©22.6 ~27.6s 5 second free seismic motion.

+27.6~31.6s 4 second seismic motion Y Seismic waves
50%

*31.6 ~37.6s 6 second free seismic motion.

Y¢ Additional calculation (An analysis time limit: 40 seconds)
*37.6 ~41.6s % Seismic wave

100%

4 second seismic motion

* 41.6 ~ 49.6s
* 49.6 ~ 53.6s

8 second free seismic motion.

% Seismic waves
60%

(2). Analysis for the case where the big earthquake happens

4 second seismic motion

twice as Kumamoto earthquake (A preliminary spare
excitation, 100% excitation and 100% excitation)
Y% Additional calculation {Conditions before the restart are the
same as the above (1)}
+37.6~41.6s 4 second seismic motion Y Seismic wave

100%
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*41.6 ~49.6s 8 second free seismic motion.

+49.6 ~53.6s 4 second seismic motion Y Seismic wave
100%

(3). The other analyses such as comparative analysis with the

previous analysis by KCC model.

4. Results of the seismic response analysis

First, Fig. 2 and 3 shows the damage situation of the building
by an analysis of the above (1). The authors considered that the
result approximated the collapse situations of the building from
the actual experiment. Second, figure 4 and 5 shows the result
of the analysis with the last 100% excitation instead of 60%,
simulating the case where the big earthquake happens twice as
Kumamoto earthquake. As expected, the calculated damages of
the 1st and 2nd floor were greater than those in (1). The authors
will report the outline of these analysis results and intend to

continuously address more detailed research in future.

5. Conclusion
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
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Fig. 2 Analysis in accordance with the actual experiment (A preliminary
spare excitation, 100% excitation, 60% excitation).

Fig.3 Expansion indication of Fig. 2.

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 future, a simulation analysis system that enables a
numerical experiment should be established, after accumulating
results of simulation analysis and proceeding comparative
verification based on the results of actual 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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Fig. 4 Analysis for the case where the big earthquake happens twice (A
preliminary spare excitation, 100% excitation, 100% excitation).

The damage over 60%

Fig.5 Expansion indication of Fig. 4.
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