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Earthquake Preparedness at Harumi Triton Square
- Creating a Community Resistant to Earthquake Damage When the Great Hanshin-Awaji Earthquake occurred (January 17, 1995), the urban development of
Harumi Triton Square was under the basic design stage. We learned a lesson from this devastating
earthquake and wanted to make the most of what we learned in the design of our town. So we adopted a
highly stable and strong earthquake resistant design that includes an integrated underground structure
covering all three high-rise buildings and putting the basement structure directly on the firm load-bearing
ground and a damage level control design that mitigates the damage to the major structural elements, i.e.
columns and beams, and quickly and accurately monitors the building damage level upon occurrence of a
major earthquake for early recovery.
The basis of the block layout is clear and simple, which is clear zoning, clear building design, and clear
office planning. This is also a design strategy with business continuity planning (BCP) taken into account.
As the integrated manager of the block, we continue to maintain deep ties with the people of the block and
local stakeholders around the block and reinforce the power of the block and community so as to make
the town more resistant to earthquake and other disasters.
Takashi Yamazaki
Representative Director, President and CEO
Integrated Manager of the Harumi Island Triton Square
Harumi Corporation

Triton Avenue
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Building Foundation It’s All in the Groundwork.
Like Mori Motonari’s famous historical anecdote “Three
Arrows,” linking the ground parts of three high-rise buildings
with a massive, stable foundation set the center of gravity of
the buildings to a lower position and provided excellent
structural balance and stability to the entire block.

Continuous underground
wall with enhanced
earthquake and pressure
resistance

The high-rise buildings are firmly
supported by the underground
structure that provides structural
integrity to the buildings.
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3-meter thick concrete slab
and water tanks that firmly
support the buildings

Since the firm supporting ground lies at a depth of
about 30 m from ground level at the Triton Square
site, the former method was adopted, which is the
safer choice. As an interesting side effect, a large
heat storage tank was introduced, which further
enhances energy saving.The Harumi area was born
as reclaimed land with the final landfilling completed
in 1931. Generally speaking, when a high-rise
building is constructed, the spread foundation is built
on the firm ground on which the building stands, or
piles are driven into the ground to support the
building.
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Kazusa
Group (sand
layer)
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Group (sand
layer)

Shiodome

Marunouchi

Tokyo gravel
layer

Harumi

Tokyo gravel layer: A relatively
stable stratum formed 1 million to
10,000 years ago

Firm ground

Kazusa Group: Solid stratum formed 2
million to 1 million years ago

Standard geology at each area

The Buildings are
Supported by Solid Ground.
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Considering Harumi’s vicinity to the sea, it may be a commonly
thought that the ground under Harumi is soft. On the contrary, Harumi
Triton Square is supported by the Kazusa Group, a solid stratum
located at a depth of about 30 m with sufficient load-bearing capacity.
This ground condition is almost equal to that of other areas at the
Metropolitan center, such as Marunouchi or Shiodome.

The First Super High-rise
Building to Introduce
the Damage Level Control
Design
Using the lesson learned from the Great Hanshin
Awaji-Earthquake, Harumi Triton Square was the first
super high-rise in Japan to use energy-absorbing
members to protect the major structural members in
the event of a major earthquake.
Since first adopted by Harumi Triton Square, the
same concept has been applied to super high-rises
that were constructed after Triton Square. Harumi
Triton Square is a trailblazer in this respect.

Energy-absorbing
members
Layout of energy-absorbing members

Steel frame
diagram
Energy-absorbing members
Energy-absorbing members are braces composed of soft steels wrapped in mortar
which are then covered by steel pipes. Since these members are small enough to fit
in an elevator, they can easily be sent to the place where damaged members are
located for quick replacement in the event of a major earthquake. Quickly replacing
major structural members can help us restore the building only after a short shutdown
period.
Displacement of the energy-absorbing members can be monitored at any time to
allow quick identification of damage.

Plain monitoring mechanism

Maximum displacement
memory sensor
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Part of the raised floor panels can be detached to check for
anomalies in the displacement.

Quick and Efficient Remediation
of Damage
Conventional Flexible Earthquake-resistant Structure
A conventional flexible earthquake-resistant structure is designed to allow some
major structural members (columns and beams) to be damaged by a major
earthquake for the purpose of seismic energy absorption to prevent the entire
building from being destroyed, thereby protecting the people in the building.
But because of its mechanism, time and efficiency of building restoration is expected
to be a major post-earthquake problem.
Major structural
members

Some major
structural members
remain broken.

Damage to major
structural members

During normal times

At great earthquake

The major structural members stand
upright while supporting the load of
the building.

After earthquake

When a major earthquake occurs,
some major structural members are
designed to break due to the seismic
energy they absorb so as to prevent
the collapse of the entire building and
protect the people in the building.

The building remains deformed after
the earthquake, and the asset value
and safety of the building
deteriorates.

Damage Level Control Structure
The damage level control structure absorbs seismic energy by allowing energyabsorbing members to be damaged, protecting major structural members.
The energy-absorbing members also serve as dampers to mitigate seismic force
acting on people as well as facilities, furnishings and furniture.
Energy-absorbing
materials

Major structural
members are intact.

Major structural
members

Energy-absorbing
members suffer
damage.

Replacement of
broken members

During normal times

At great earthquake

After earthquake

The major structural members stand
upright supporting the weight of the
building. Energy-absorbing members
are not directly related to the function
of the structural members.

Energy-absorbing members are
broken by absorbing seismic energy
to keep the major structural members
intact, prevent the collapse of the
building and protect the people in the
building.

Replacing broken energy-absorbing
members with new ones returns the
building to its original condition by
nullifying deformation of the building,
maintaining its asset value and safety.
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Electricity-oriented Energy
Structure Enhances Reliability

Bldg. A
TEPCO
substation

Bldg. B
Bldg. C

Schematic illustration of
loop power reception

60,000 V loop power reception
60,000 V loop power reception is known to be highly reliable.
Gas turbine type power generators are used. They require air
cooling, but no water cooling.
Gas turbine power generators

The Recovery Time of the Lifeline
is the Major Issue.
Use of a power system centering on
electric power with a DHC source, will
lead to quick recovery from earthquake
damage.
According to the review of the Tokyo Metropolitan
Disaster Prevention Council, it is demonstrated that
among major energy sources, the recovery of electric
power is relatively quicker than gas. When past major
earthquakes occurred such as the Miyagiken-oki
Earthquake or Great Hanshin Awaji-Earthquake,
lifelines including power, gas and water supplies were
damaged. Of these utilities, electricity was restored
more quickly than other utilities in past cases.
At Harumi Triton Square, the heat for heating and other
utilities is created by electricity. Therefore, the risk of a
long functional shutdown is expected to be small.

Electric high-efficiency turbo freezer
Electricity-powered district heating
source that is energy-saving and
stable even in the event of
disasters

Damage estimate in Chuo-ku in the event of a major
earthquake
1. Maximum water level by tsunami - A.P. + 3.0 m
2. Road bridge damage ratio (ratio of road bridges rendered useless) - 2.3%
3. Lifeline damage
Water and sewage system malfunction
ratio ............................................. 3.8%

Approximate recovery time (days)
.................................................... 17 days

City gas ...................................... 100%

Approximate recovery time (days)
.................................................... 26 days

Electricity ................................... 17.6%

Approximate recovery time (days)
......................................................6 days

Telephone .................................... 5.6%

Approximate recovery time (days)
.................................................... 17 days

Water and sewage system ........... 7.4%

Approximate recovery time (days)
.................................................... 60 days

Electric heat recovering turbo freezer

Source: Study on Earthquake Damage Estimates in Tokyo Metropolitan Area,
Tokyo Metropolitan Disaster Prevention Council (September, 1991)
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Community Tank Stores Important Water
The Multiple Functions of Harumi DHC’s Heat Storage Tank
(about 20,000 m3 in volume)
Harumi Triton Square has a large heat storage tank that
stores cold water even during short-time power outages.
In the event of a major disaster, it serves as a large fire water
tank or provides miscellaneous service water (such as for
temporary toilets) for emergency situations. For fire water, the
tank can provide 30 fire engines with water enough for over
10 hours of firefighting.
For water used in daily life, it provides water to about 20,000
people for one month.

Large water heat
source tank

Capacity:

Fire

Emergency situation

The tank provides fire water
for local firefighting.

Heating

The tank provides water for
daily life in the event of a
disaster situation.

Fire engine
Temporary toilet
Heat
source
unit
Large water heat
storage tank

Outlet for miscellaneous
service water and
use as fire water

Schematic illustration of the community tank

Harumi Fully Resistant to High Water
(Designated as a Wide-area Evacuation Site in Case of Disaster)
The Harumi area is protected
by earthquake-resistant
embankments to make it
resistant to high water by
tsunami or typhoons (AP + 6.5
to 6.3 m).
Based on the lesson learned
from the Great Hanshin AwajiEarthquake, marine transport is
proven to be effective when
traffic on roads or public
transport is blocked.
Harumi Triton Square faces the
Asashio Canal flanked by
embankments and water gates
and it can use the water route
for transportation in case of an
emergency situation.

Tsukuda Watergate

Harumi Triton Square
Asashio Watergate during an opening/
closing drill
Shore protection
facility

Asashio Watergate
Tide embankment
and shore
protection facility
Movable tide embankment
Embankment layout in the Harumi area
Source: Internal data of the Bureau of Port and
Harbor, Tokyo Metropolis (from the Tokyo Port
Disaster Prevention Plan Diagram)
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Shore protection facility (Seacoast Act):
Facility designed and constructed to
protect the seashore from damage by
tsunami or high water

Trinity of “Hardware,” “Software,” and
“Heartware” Ensures Safe Town.
Clear Facility Zoning (Hardware)
Office Tower X
Office Tower W

Office

Office

Office

Office Tower Y
Office

Office Tower Z

Residential zone
Office
Tower

Artificial
ground

Composite zone
Open space

Office

Deck

Office

Two- and three-dimensional zoning of
the business, commercial and
residential zones restricts the area
accessible to the unspecified majority to
commercial facilities to ensure both
security and safe evacuation.
The 54 m x 54 m rectangular floor
planning of the office floors creates
flexibility for ease of restoration in the
event of a disaster.

Internal streets and
parking lots

Integrated two-dimensional
geometry

Three-dimensional road-sidewalk separation

Integrated Management System by the Integrated Disaster Prevention Center
(Software)
Each building has its own sub disaster
prevention center and those sub
centers are managed by the Integrated
Disaster Prevention Center.
The buildings are organically
coordinated by optimized operation of
individual management and central
management.

Quick Prediction and
Diagnosis of Building
Damage by Earthquake
 The system was established based
on the advice of a general consulting
firm that specializes in all kinds of
damage risks from earthquake and
other disasters.

Meteorological
Agency’s earthquake
disaster information

Mutual cooperation
and assistance
Office Tower X and
Hall Subcommittee

Common Area
Subcommittee

Office Tower Y
Subcommittee

VERN System

Emergency
Measures
Headquarters

Low-rise Building
Subcommittee

Office Tower Z
Subcommittee
Office Tower W
Subcommittee

Emergency response and VERN System

 Each building mutually uses and
deploys personnel so that an
emergency situation can be
responded to by the entire block.
 Monitor cameras installed on the
rooftops check the damage in the
surrounding area.
VERN System

 The VERN System, which allows
real-time acquisition of
Meteorological Agency information, is
introduced for information sharing
and disaster prediction.

VERN System:
In the event of an earthquake, the system predicts
seismic intensity and damage by mutually checking
earthquake data from within the block and earthquake
data from others, including the Meteorological Agency,
and transmits the earthquake and evacuation
information to each tenant based on the resulting
prediction.

VERN: Virtural Emergency Response Network

Integrated Disaster Prevention Center
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Extended Joint Fire Prevention Management Council

General Disaster Prevention Drill

Harumi Infiorata (Cherry Tree Promenade)

Disaster Prevention Exhibition

Coordination of the Entire Block and
Promotion of Education Activities
(“Heartware”)
In order to maintain a safe and secure town, it is important for all
the people connected to the town to share a sense of oneness
and togetherness and a high awareness of disaster prevention.
As the integrated manager of the block, we annually hold the
Disaster Prevention Exhibition on National Disaster Prevention
Day and the Extended Joint Fire Prevention Management
Council and the General Disaster Prevention Drill in autumn for
all relevant people (mainly office workers and employees) in
order to deepen further ties of trust among people of the block
and local stakeholders. No matter how excellent the disaster
prevention equipment or how well the disaster prevention system
has been organized, they alone do not make up sufficient risk
management. Actual danger can only be eliminated by a group,
all of whose members share a strong disaster preparedness
mindset.
We continue to actively provide knowledge on disaster
prevention in order to enhance people’s disaster preparedness
mindset.

Sumiyoshi Taisha Shrine Festival (Cherry Tree Promenade)

Access to Harumi Triton Square
Harumi
Bridge

Harumi Avenue

To Toyosu
Entrance to
the parking

Yurakucho
Line

Triton Bridge

Publisher: Harumi Corporation (integrated manager
of Harumi Triton Square)
3rd floor, Office Tower Z, Harumi 1-8-12, Chuo-ku,
Tokyo 104-6203
Tel: 03-3531-8651 FAX: 03-3531-8652
Website: http://www.harumi-triton.jp

Reimei
Bridge

A2 b and a Exit
Tsukishima
Station

Metropolitan subway Oedo Line

Kiyosumi Avenue

Kachidoki
Station

 4 min. walk from A2a or b Exit of Kachidoki Station, Metropolitan subway Oedo Line
 9 min. walk from Exit No. 10, Tsukishima Station, Metropolitan subway Oedo Line or
Tokyo Metro Yurakucho Line
 Harumi Triton Square Mae bus stop, Metropolitan Bus [TO 03] or [TO 05] taken at
Sukiyabashi Mae (in front of Yurakucho Mullion) [only major bus stop names are shown]

Production cooperator: Nikken Sekkei Research Institute
Production: Ito Toshihiko Engineers’ Office
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Harumi Island Triton Square is a redevelopment project that was
the first in the Harumi Island to aim at creating a “corridor of water,
greenery and wind” that connects the sea and the Metropolitan
center.
Only 3 km away from Tokyo Station, Triton Square enjoys marine
access, which provides a highly excellent location in the event of a
major earthquake and other disasters.

Tokyo International Airport
(Haneda)

Tokyo waterfront subcenter area

Harumi Triton Square
Toyosu area
Shiodome area

Harumi Avenue

Ginza area

Nihonbashi
area
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Tokyo Station

