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Development of Seismic Engineering in
Japan

In 1924, one year after the Great Kanto
Earthquake that devastated Tokyo, Professor
Toshikata Sano (1880-1956) added to the
Urban Building Law a new requirement: the
static horizontal seismic factor should be set
as 0.1 or more. Ten years later, Professor
Ryo Tanabashi (1907-1974) published an
article in July 1934 stating that the seismic
resistance of a structure cannot be
adequately assessed simply by providing
ample strength against a static horizontal
force; he contended that the seismic impact
should be expressed using the energy
squared by the maximum ground velocity
and that the resisting capacity of a structure
should be assessed using the strain energy
absorbed by the structure itself. In March of
the same year, he suggested that research
should be started on the construction, even
in earthquake-prone Japan, of super high-rise
buildings like those seen in New York.

In the postwar period, Professor
Tanabashi insisted through his article
published in April 1963 that high-rise
building should be possible in Japan in light
of the following examples: given that
seismic motion works on small and large
structures with identical amplitudes, a flower
vase might fall over in an earthquake, but a
large high-rise building would not, even if
both objects were proportionally identical. In
other words, contrary to small boats, large
ships are resistant to capsizing in rough seas.

Around the same time, Professor Kiyoshi
Muto (1903-1989) promoted research on a
high-rise building for the Tokyo Station.
While his effort in this case was not
rewarded, the Hotel New Otani was
completed in Tokyo in 1964 with a building
height surpassing 45 meters. In 1968, the
Mitsui-Kasumigaseki Building designed by
Prof. Muto, was completed as Japan’s first
high-rise building to surpass 100 meters in
height. On every story of the building frame,
precast concrete walls with many vertical
slits were incorporated to maintain their
initial structural stiffness while absorbing
energy during a strong earthquake.
Accordingly, it can be said that the concept
of passive-controlled structures was already
being applied at the initial stage of high-rise
building in Japan.
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Introduction of Advanced Seismic Design
Entering the 1970s, most high-rise buildings
were constructed using a seismic design
method that relied on the plastic rotation
capacity of steel-frame beam ends to provide
energy absorption. However, several structural
designers believed such designs would leave
these buildings with residual deformation in
frames subjected to large plastic deformation,
thereby making restoration difficult. In
response to this, the concept of
damage-controlled design began to grow (refer
to the figure below). The Northridge
Earthquake of January 1994 and the Great
Hanshin Earthquake of January 1995 caused
fracture phenomena in many steel-structure
beam-ends, resulting in considerable concern
about the feasibility of restoring damaged
buildings.

In Japan, following implementation of the
New Seismic Design Codes in June 1981,
extensive research has been conducted on
seismic-isolation structures. In 1995 a
seismic-isolation structure was put into
practical use that adopted energy-absorption
members such as steel and lead dampers along
with employing laminated rubber bearings as
elastic supporting members. Since then,
another concept has been increasingly applied
whereby the beam-column frames of high-rise
buildings bear vertical loads in a manner
similar to the laminated rubber bearings in
seismic-isolation structures. This design
produces mainly elastic behavior during an
earthquake so that the seismic energy is
absorbed by the energy absorbing members
incorporated in the framing of each floor.

Enhanced Seismic Resistance

In addition to the seismic designs
mentioned above, the seismic safety of
high-rise steel structures is steadily being
enhanced due to following factors:
higher strength and sufficient
ductility of steel materials, the
provision of upper and lower
limits for yield stresses, progress
in welding technology and the
adoption of haunches to prevent
the plasticization of beam-end
welds. Another contributing factor
is the utilization of column
members with stiffness and
strength that are made possible by
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the use of concrete-filled tubular columns
manufactured by filling square or circular steel
tubes with concrete.

In addition, remarkable progress in
computer-aided structural analysis technology
makes it possible to use dynamic response
analysis that can accurately treat the dynamic
behavior of columns, beams, shear walls and
various dampers. This, in turn, has resulted in
the construction of high-rise buildings with
complex framing and super high-rise buildings
with heights reaching 300 meters.

The Great East Japan Earthquake that
occurred on March 31, 2011, produced large
amplitudes and long-duration vibrations in
high-rise buildings not only in Sendai near the
epicenter but also in Tokyo, Osaka and
Nagoya. Earthquake ground motion is
recorded by means of acceleration, and
response analysis for seismic design is
conducted by inputting the recorded ground
motion. However, because the acceleration of
the long-period component included in ground
motion is much lower than that of the
short-period component, certain problems have
emerged vis-a-vis the occurrence of
unexpected large vibrations in buildings
located far from an epicenter. These large
vibrations are due to the following two
reasons: 1) the earthquake ground motion is
not accurately included in the acceleration
records applied in conventional design; and 2)
Earthquake ground motion is commonly
applied for 30 seconds duration in the response
calculation. However, tall structures with
limited damping capacity that are subjected to
long-term ground motion with a period of 4
seconds or more exhibit synchronized large
vibrations after this 30 seconds until 600
seconds. To cope with this problem, existing
high-rise buildings have been retrofitted with
seismic energy absorption members. |
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