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Abeno Harukas: Vertical City Toward Natural Symbiosis and

Sustainability
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Tetsuo Harada Kiyoaki Hirakawa

Abstract

Abeno Harukas is a 300 meter tall skyscraper scheduled for completion in Spring 2014; it will be
the tallest building in Japan. Sited in a highly dense urban area, the building form is optimized
considering a variety of factors, including the wind influence on the surrounding area,
connection to existing utilities, vertical circulation, and evacuation planning. Three volumes
with different footprints are shifted and stacked to allow sunlight and ventilation into the office
atrium. Furthermore, these manipulations create continuous steps of “three-dimensional green

Yoshifumi Sakaguchi

Masaomi Yonezu

Tetsuo Harada, Kiyoaki Hirakawa, Yoshifumi
Sakaguchi & Masaomi Yonezu

Takenaka Corporation
4-1-13 Hom-machi Chuo-ku
Osaka City

Japan 541-0053

tel (H.1%): + 81.6.6252 1201

email (. F # 44): harada.tetsuo@takenaka.co.jp;
hirakawa.kiyoaki@takenaka.co.jp; sakaguchi.
yoshifumi@takenaka.co.jp; yonezu.masaomi@
takenaka.co.jp

http://www.takenaka.co.jp/

Tetsuo Harada, Architect, is the senior manager of
the building design department in the Osaka office
of Takenaka Corporation. Harada's projects have been
published in architectural magazines include his Hep
Five, Hilton West, and some cutting edge commercial
buildings. In the buildings that he designed, the
connection of architecture, city, and nature is the
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zones'relating to the adjacent Tennoji Park. For the building occupants, these “green zones”
provide places for interaction with nature and a dynamic urban experience.

Keywords: Environment, Nature, Activity, Void, Mixed-use, Context

WE

Abeno Harukas#Z —E & 300K H BE X A, TR T20U4FEZTTREE, RITER 2R
HNHAREGHER. ZEALTERENTR, BABSHRAERT ENMTEHNE
%, RAFHARBHR AW, SEAALRHENERR, RaR&migik, #i

EMEESR S HERERABMCEEE,

REA N FEERG T ROERMER.

S, EAPABERGIEE EATTH Tennoji A EAARH “ZHFKER” . FTERANEE
#, TEZEXRARET 5 BRI 07 fv o B9 R R

K@ BERFE, BA, FEH, AR, e, ALAFR

Overview

Abeno Harukas, scheduled to be completed
in the Spring of 2014, will be 300 meters tall
and become the tallest building in Japan (see
Figure 1). The site of this building is located at
Abeno in Osaka, in the Keihanshin area, which
stretches from Kyoto to Kobe. The region

is by GDP one of the largest areas in Japan,
second only to Tokyo, and seventh largest in
the world. Abeno is a thriving transportation
node located on the Uemachi plateau and is
considered the birthplace of the history and
culture of Osaka.

Abeno Harukas is planned above the terminal
station Abenobashi, which is operated

by Kintetsu Corporation, a private railway
company with the longest railway network

in Japan. This building will be the tallest
railway terminal building in the world, with 60
stories above the ground and an additional
five underground stories. At approximately
212,000sgm in the total floor area, it is a
supertall vertical city with various functions,
including retail, a museum, offices, a hotel,

an observatory, and parking. The design and
structure maximize the performance of each
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Figure 1. Rendering of ABENO HARUKAS
1. [T EPHARUKAS 78 % I

function. Structural and environmental cores connect the elements to
create a unique vertical organization.

These are the beginning points for improving the functionality of the
station, enhancing the appeal of Abeno as a transportation node, and
contributing to the activation of the region through building a vertical
city. This project aims to offer landmark appeal for Osaka and Japan
and to improve the global visibility of the Abeno district and becoming
a symbol of the region (see Figure 2).

Form

Abeno is a crossroads of seven railway routes around which a
commercial district has developed with adjacent parks and a
residential quarter. An important design factor was maintaining a
relationship with the existing context.

Cascaded Section

Sited in a highly dense urban area, the building form is optimized
considering a variety of factors, including the wind influence on the
surrounding area, connection to existing utilities, vertical circulation,
and evacuation planning. Three volumes with different floor areas are
shifted and stacked to allow for intake of sunlight and wind to the
center atria voids; these create three-dimensional green gardens like a
cascade from the roof to the ground plane (see Figure 3).

The environmental influences played a key role in determining the
volumes. Green gardens positioned on the rooftop setbacks create a
vertical urban landscape relating to the adjacent Tennoji park. For the
building’s occupants, the green gardens provide places for contact
with nature as well as encourage more dynamic and abundant urban
activities. They also offer a “sense of the place”that is necessary for
mental health of people inside in the large building.

Expression of Activities

The envelope of this building consists of the curtain wall units, each
unit is the size of two Tatami mats. Symbolically, one unit provides
space for two people. The building occupants operate blinds and
lights depending on type of activities and the time of day. Activities

Figure 2. Aerial photography of the site in February 2012
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Figure 3. Layout of voids for natural ventilation
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Figure 4. West view at dusk (“Akari”is light through a facade, gives sense of living.)
E4. FEWE( “Akari” BFEIIFRFR, B AUFER)

transmit to the city through the transparent curtain wall, and various
expressions appear as time passes (see Figure 4).

Another significant design priority is the expression of activities of the
occupants connecting the large scale building to the urban context.
Furthermore, rooftop gardens that are visible through the glass facade
bring comfortable scenery to the city (see Figure 5).

Form of Micro-Topography

Since the 16th century, the city of Osaka developed based on an
east-west street grid, starting from Osaka Castle toward Osaka BayThe
Abeno area has a conjunctional street that expands from the Osaka
Castle toward Abeno. The grid is deflected from the north by 10
degrees referencing the Uemachi grid, and is influenced by the ridge
line in Uemachi plateau (seeFigure 6). The angles of the street corners
formed by the intersection of the two grids provide a delicate richness
to the street views.

Significant features of the site

Earthquakes and typhoon

While there are many taller buildings all over the world, Japan is an
earthquake and typhoon-ridden country shown in the dark-colored
areas of the Fig 7. In this country, the heaviest lateral forces in the world
are applied to building designs.

At the same time, the seismic and wind resistant design criteria of this
building are set higher than usual high-rise buildings for ultimate
structural safety. For example, elements of this building are not allowed
to be deformed against level of an earthquake that recurs at an
interval of 475years.

Significant points for structural design

Japanese super high-rise building must be designed against very large
earthquakes and wind loads as previously noted , and three significant
points are set for mitigating the effect of both loads.

First, the natural period of this building sets 5 to 6 seconds as a
targeted period. This building’s natural period is about 5.7 seconds,
with very robust frames and a strong center of gravity and rigidity very
close together with a large torsion stiffness in the structure.

Figure 5. Diagram of ABENO HARUKAS
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Figure 6. Micro-topography in Osaka
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Figure 7. World map of natural hazards [Left] The expected peak ground accelera-

tion maximum intensity of earthquake which recurrence interval is 475 years is about
475gal. [Right] Velocity pressure based on basic wind speed, the recurrence interval is
50 years in Japan, is about 700 N/m? which is largest level in the world.
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Second, in an earthquake and typhoon-ridden country, some adequate
dampers are included at appropriate locations against unexpected
external loads to ensure redundancy. Additionally in structural analysis,
we used presumed maximum input earthquake motions and regional
seismic waves which are not categorized by the law.

Third, concerning the hotel function in the high-rise component of
this vertical city, comfortable habitability, in addition to safety and
security, will be provided by reducing acceleration in strong winds with
effective devices.

Structure system

Superstructure

Structural planning is shown in Fig 8. For the purpose of supporting
heavy weight, this building uses concrete-filled steel tubes (CFT) with
high strength steel (tensile strength: 590N/mm?) and high-strength
concrete (cylinder compressive strength: 150N/mm?) is used for the
columns. This building has three significant truss braces between the
low-rise and medium-rise structures and medium-rise and high-rise
structures and immediately above the high-rise component of the
building. For the purpose of additional deformation reduction, other
effective large outrigger braces are added in the middle of office floors
and core braces throughout the office cores.

Most of the superstructure is moment resistant steel frames, with the
addition of some adequate dampers.

In the low-rise department store floor, there are some viscous dampers
and rotational friction dampers around the core. Viscous dampers

are highly velocity-dependent and friction dampers are highly
deformation-dependent. A rotational friction damper generates a
given frictional force via the friction pads sandwiched between steel
pads. On the medium level floors, corrugated steel plate walls are
installed in the office elevator lobbies. A corrugated steel plate wall is
an earthquake-resisting member consisting of a steel plate corrugated
in the direction of the height and surrounding flanged steel plates that
are integrated with the frame.

On the upper floors, core truss dampers are installed in the hotel
atrium. The truss frame is hanging from the hat truss and some viscous

Figure 8. Structural system (“Tentoki” gives asymmetrical dynamic impression)

E8. MR R ( “Tentoki” % AL EMHEFHASEH %)

SEMRITER
Fwtk, BAEGEAAR TR ARBENE AWHE 5 AT

o BT =B RORBE X AR RE .

H—, REFEERAHLEHREYEFEAS., ERFEER
REER, FRELENTRANAENESLREBENNEELE
KEERLT, EERAHAS TH.

EZ, ARSI AER, FEEAENMNERE —LE Y
oY FEL JE. 25 S FK 40 BB Z A1 B S0 SN TR RAE 2 M B — R U
RE. A, EEMHGTF, RIOFAHBERARAR MK
BUR W AT HA L KN,

H=, BB RMT FEE W R, FESTER,
BT Ze s, BB AA e R E R 89 ok 23
.

SRR

HWEH

EMARN D rETESY, BT XHERNEN, WERXAT
ERE CRAEE: 590N/mm?) BY4NE BEE - (CFT), AKX A
TEREEREL (AEERTERE: 150N/m?) . X EELERE
SR REMZE, PESEREEMZPUREESR S LA RET
EABEENHE. HTRAFIHIHENEN, EhNEFERm
THEMA R ARRBENE, EANBORRNET EOX#E,
REH EHEMRRERESRE, mEka—LEHHELEE.

WEEBRMKET, ERCHME, AL RS EE
s, hmHessEsRETREN, MERKELREZETY
AH o e R BRI A R I R AR AR AR 2 18] B R A PR A e R
B, FEEEE, EANEHITTRET BSREE. BN
R o1 & 7 1] LR R A ARAR A R B AR 2R AR B A Y
ZARRA B, RAOUREMMG.

EREWHE, BOMRBARBSLEATETE. IREREE
AEBAFAMT AR, — St L8 25 U 2 3 AE i A AT 28 A0 3B 5 46 48 2 1)
CLES) .

HERS

AR A A RAA R A A, W AR T AREAMN R
7, AMHTEERNERUNRRT BE%. £RREZRZH,
EEEMERE6E. HIL, HEAKT HALHI0RER T, K

741



dampers are installed in between the hanging trusses and the hotel
structure (Figure 8).

Foundation system

A piled raft foundation consisting of piles and bottom plate--both

of which bear the building load--are used for the building, with an
inverted placing method applied, using basement columns. The
superstructure was constructed up to about 56th floor level prior to
the bottom plate installation. Accordingly, the piles bear as much as
about 90% of the column axial forces, and the bottom plate bears the
remaining forces (only about 10%). One pile is located per column as
shown by the pile plan, but the existing building frame is buried in the
circumference, which makes it difficult to drive piles. Consequently,
the SMW (soil mixing wall) construction method is used. The column
axial forces are transferred to the core steel of the soil cement retaining
walls through the headed studs from the exterior wall of the basement
and finally transferred to the ground due to the friction between the
soil cement walls and ground. Furthermore, a loading test will be
performed during construction to check the bearing capacity. The
SMW method is environmentally friendly because about 40% of the
soil can be reused.

Improving comfort

The inclusion of a hotel in the high-rise component of this building
requires special consideration for the comfort of the guests. The impact
of a large earthquake will be reduced by a core truss damper as noted
before and active-tuned mass damper on the hat truss floor.

Core truss dampers are installed in the hotel atrium. A viscous damper
mounted between the truss and hotel frame reduces the story drift

of the high-rise component by up to 10% through the mechanism.
(Figure 9).

To increase the comfort of hotel guests, active tuned mass dampers
(ATMD) for the narrow side (north-south) of the building are installed
on the hat truss floor to reduce the response accelerations at the Class
H-30 level (about 30% of the habitants present perceive the tremor)

in case of strong winds with the recurrence interval of one year. We
adopted an inverted-pendulum system because the building period
is very long. Although the length of the pendulum is not so long, the
period of this damper is as long as that of the building.

Figure 10. Void for a office in harmony with nature
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Figure 9. Active tuned mass damper for improving dwelling ability in strong wind
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Figure 11. Facade system
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Void

The asymmetric mega truss optimized to the program of the building
forms void spaces that are available for the inner traffic trunk line, such
as stairways and elevators, and also become the routes of natural light
and the natural ventilation.

Appropriate placement of environmental voids is achieved by utilizing
the height of the super-high-rise building (Figure10). For the building’s
peripheral area, an internal air-flow window system is adopted, taking
into consideration the stringent wind pressure (993kg/cm?) constraints
and safety for the surrounding area (Figure 11).

Furthermore, voids inside the building are used to actively ventilate
and exchange heat. The department store’s voids channel waste heat
inside ceilings and send the cooled exhaust air to the upper floor’s
cooling tower via a buoyancy ventilation system, in order to exchange
heat. Voids in the office area admit natural light and wind to the
central core section, which would otherwise be dark, and convert
common hallways into sunny portico-like active spaces. During the
night, cool outside air is taken in for cool storage and night purging is
also performed. In the hotel, voids carry out buoyancy ventilation and
admit sunlight from the top section.

Various environmental voids help to materialize an environment
that is compatible with nature by adopting passive environmental
technologies in appropriate areas of the super-high-rise complex,
which is subject to stringent wind pressure constraints.

Energy management for complex usage

In this project, CO2 emissions are reduced by various means. Due to
the complex usage pattern of the building, energy management is
implemented specifically by utilizing the time difference in energy
load for each element. For example, energy for the hotel is mainly used
during nighttime, while the offices and department store consume
power during daylight hours. Similarly, whereas the offices are closed
on weekends, the department store is busy at that time. In addition,
heat is recovered throughout the elements. For example, waste heat
from the department store, where air conditioners are used year-
round, is utilized in the hotel and offices where hot water needs to
be supplied constantly. Thus, even from the perspective of energy
conservation, environmental loads are reduced overall by maximizing
the complex’s characteristics of multiplicity (Figure 12).

Conclusion

Even under the severe condition of super-high-rise buildings in Japan,
the project unites not only design and engineering, but also the
wisdom found in a traditional urban dwelling in Japan. A connection
to nature helps support the realization of the vertical city, which looks
toward natural symbiosis and sustainability.

Ancient wisdom coexists and lives on in the modern design, such

as the "asymmetric outrigger” system and “core truss dampers”that
work on the same principle of the five-Storied pagoda, providing the
engineers with inspiration for the ultimate structural design.
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Figure 12. Energy management for reduction of CO2 emission
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