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Tokyo Metropolitan University 21st Century COE Program

“Development of Technologies for Activation
and Renewal of Building Stocks in Megalopolis”
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Preface

The 21st Century COE Program of the Tokyo Metropolitan
University “Development of Technologies for Activation and
Renewal of Building Stocks” was approved by the Ministry of
Education, Culture, Sports, Science and Technology in 2003,
and continues to work for five years through the school year
2007.

At the application, we initially planned this program for the
Department of Architecture and Building Engineering of the
Graduate School of Engineering at Tokyo Metropolitan
University. Since it was the time when a plan for
reorganizing departments was under way in preparation for
integration of four metropolitan universities, we tried to
develop a program the whole department could work on
together and one that would be suited for a university
operated by Tokyo Metropolitan Government. It was very
fortunate that we could take advantage of our achievements in
utilization of metropolitan building stock, and that we could
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set one of the increasingly important themes in the field of
architecture and building engineering. Since the department
shows a strong unity, we believe that the program we have
developed based on a research method called Project
Implementation Cooperative Research, which allows for
collaboration in multiple fields, fits for architecture and
building engineering as an interdisciplinary study.

After the Program launched, all the members cooperate more
organically in conducting research and education than we
initially expected, and the results are surely accumulating.
We will continue to develop our activities in a positive
manner and deliver the achievements to the world, as well as
returning them to society to help resolve the problems facing
metropolitan areas.

We really appreciate assistance from various fields in helping
conduct our activities, and we look forward to your continued
support.
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Research and education base under the program

The Program aims to establish a base for developing
activation and renewal methods to utilize and enhance the
functionality of building stock, and for fostering human
resources engaged in the field.

In Tokyo, as well as in other metropolitan cities in the world,
building stock was accumulated during the second half of the
20th century with changing rapidly their quality over time
(Fig.1, 2). And certainly, the quality of the stock and the
actual situation of demand from their users still continue to
change, while the stock and the users are not easily
transferable and replaceable.

These problems which metropolitan building stock must face
is ones that cannot be resolved by the clear but simplistic
standardized solutions - commonly seen in conventional
architecture and building engineering — which apply to
individual elements of buildings. Rather, they require
individualized solutions that can address diversity of
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individual building stock, and yet, the solutions need to be
universal rather than specific.

These are challenges that cannot be dealt with by the
conventional system of architecture and building engineering
in which the subfields are specialized and independent.
That's why we base on the Project Implementation
Cooperative Research method beyond the bounds of such
subfields. This method aims that researchers and students in
each subfield organically cooperate to focus on research works
while designing actual buildings and developing systems for
specific goals (Fig.3) . We are committed to synthesize the
results to establish a new framework for architecture and
building engineering for the 21st century.

Fig.1 Apartment housing built during the late 20th century
Fig.2 Urban landscape of the metropolitan city of Tokyo
Fig.3 Framework for Project Implementation Cooperative Research
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Organization and members

The researchers engaged in the Program - primarily the
research promoters —include all the faculty members from the
Department of Architecture and Building Engineering and
some from the Department of Urban Science, both of the
Graduate School of Urban Environmental Sciences. In
addition, students including research assistants, young
research fellows and external collaborating researchers also
participate in the Program (Fig.4).

Researches

We conduct projects A to E in the table below, based on the
Project Implementation Cooperative Research method, in
order to create individualized and yet universal solutions for
new architecture and building engineering for the 21st
century (Fig.5).

In addition, based on the results of these projects, we try to
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Proposal of comprehensive improvement models to create
new values in public apartment complexes built during
Japan's high-growth era
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Proposal of improvement models of non-residential inner-
city facilities that include conversion into apartment
housing or welfare housing, etc.
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Proposal of model plans for readjustment of public facilities
networks in residential areas formed during the high-
growth era
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Development of methods for conversion of existing stock to
environment-friendly facilities, and their application to
model projects
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Model projects for phased improvement of environment-
friendly housing in high-density wooden housing areas
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Creation of framework for urban architecture time-space
diversity harmonization engineering

establish unique methods for stock utilization. In fact, by
extracting engineering methodologies — which lead to
individualized and universal solutions - for adjusting and
harmonizing diversity in time and space of metropolitan
building stock, we try to develop and establish an academic
field that might be called “urban architecture time-space
diversity harmonization engineering” in the project F (Fig.5).

Human resources development

We are committed to foster world-class professional engineers
and researchers with comprehensive and practical skills who
can address new architecture and building engineering for the
21st century.

Our aim is, through collaboration of researchers and students
in multiple fields working on research activities based on the
Project Implementation Cooperative Research, to develop
human resources with “T-shaped” capabilities, in which deep
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expertise forms the upright, and broad perspectives combined commitment to the “Metropolitan City of Tokyo”.

with comprehensive practical skills form the cross-bar (Fig.6). The 4-Met Center provides a working space for research
We also offer support to graduate students by providing travel fellows and research assistants. In addition to the projects'
expenses for presentation at international conferences, workshops and meetings, it holds seminars, lectures and other
incentive payments for students' research proposals, and the events inviting experts and lecturers from home and abroad.
research assistant program. In addition, the research fellow The secretariat for the Program is also located in the center.
program provide support for the activities of young architects,

engineers and researchers who have completed a doctoral

course or similar.

The 4-Met Center
The 4-Met Center has been established to provide a space for
research activities based on the Project Implementation

M . <« »
Cooperatlve Research (Fig.7). The “4-Met Center” stands for Fig.4 Organization and members of the research and education base
“Meta-technology Center for Metropolitan Metamorphosis Fig.5 Projects description
Methods” . di 1 h . £ “f Fig.6 Architectural design created by a collaboration of researchers and students
ethods™ (Fig.8), and 1t also l‘epresents the meaning o or Fig.7 The 4-Met Center access map

Metropolitan”, which expresses the research staffs' Fig.8 The 4-Met Center's logo
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Project A:

Proposal of comprehensive improvement models
to create new values in public apartment
complexes built during Japan's high-growth era

This project aims to work with management entities
of apartment complexes to propose comprehensive
improvement models that flexibly accommodate new
residential styles for both aged people and younger
generations. Depending on forms, functions, degree
of deterioration and other characteristics of existing
apartment housing, we discuss improvement methods
to create new values in order to convert them to more
appealing complexes that allow for autonomous
maintenance.

Study on sustainable housing for aged people
for renovation of apartment complexes

To explore new residential styles, we focus on Tama New
Town where typical apartment complexes built during
Japan's high-growth period are concentrated, and conduct
questionnaires and door-to-door surveys in Tama City to
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investigate the inner and outer residential environments
(Fig.A-1). These surveys offer valuable insights for ideal
environments where aged people can continuously live self-
reliant lives and for better ways of social support to ensure a
full life. The results will be applied to studies on
improvement methods for apartment complexes at various
scales. As for the indoor environment of apartments, we
work to figure out residents' needs for renovation as well as
to identify its technical problems through construction
surveys. Based on the findings, we propose, as
implementation projects, improvement models on a per
apartment basis (Fig.A-2).

Proposal of comprehensive improvement models
for apartment complexes

By taking into account possible residential formats in the
future, we study to propose different kinds of comprehensive
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improvement models on a per building basis (Fig.A-3). In
particular, we propose new models for installation of elevator
system to staircase-type apartment complexes, which is a key
issue for barrier-free apartment access, and actually build
them to examine the effects (Fig.A-4). In addition, from the
aesthetic point of view of landscapes and appearance of
buildings, we conduct field surveys of exterior materials as
well as researches on aesthetic evaluation. These studies
reveal the differences of the results of image evaluation
depending on different materials and/or building formats
(Fig.A-5).

Overseas improvement projects for apartment
complexes

Apartment complexes in Japan share similar problems with
those in other countries in the world. For example,
apartment complexes in Hanoi, Vietnam, built in the 1970s,
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are now experiencing various social changes. We jointly

work there with local universities to conduct field surveys to
investigate the housing situation and land use for the
purpose of their improvement planning (Fig.A-6). In Europe
and other countries, we also conduct case study researches on
renovation of apartment complexes to collect various data
and deliver the findings to the world by sharing them at
international workshops or preparing case study reports.

Fig.A-1
Fig.A-2 Proposal of improvement models on a per apartment basis
Fig.A-3

Door-to-door survey: a bathroom renovated for aged people

Extension system using an arch beam to add one-side corridors to staircase-

type apartment complexes

Fig.A-4 Development of elevator system for full barrier-free, staircase-type apartment
complexes: Structural model

Fig.A-5 Development of elevator system for full barrier-free, staircase-type apartment
complexes: Proposed solution

Fig.A-6 Exterior aesthetic simulation for an existing apartment complex

Fig.A-7 Field survey on Vietnamese apartment housing
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Project B:
Proposal of improvement
models of non-residential
inner-city facilities that
include conversion into
apartment housing or
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This project aims to convert building stock in single-
function, non-residential, inner-city areas to residential
or other uses. We work on developing techniques to
help local residents and land owners take the initiative
through all the processes to know more about their
local area and buildings, to envision the future, and to
examine how to utilize building stock (Fig.B-1).

Understanding of local areas and buildings /
Envisionment of the future

We focus on the Kanda district, Tokyo, where building
stock that has various ages and structures stand side by side,
and work on developing techniques to help local residents
through all the processes to know more about their local area
and buildings as well as to envision the future.

To know the historical background of how the area and
buildings have been formed, we conduct interviews with the

B-1

JMA Seismic
Intensity 5.4

local land owners to clarify the mechanism of formation of the
building stock especially built in the high-growth period and
after. We also carry out case study researches on landscape
formation of the area and put the findings together to make
scenarios, which are proposed to the local residents.
Furthermore, for sharing disaster information, we work to
prepare information contents, using GIS technology,
regarding earthquake risks of the building stock; to develop
workshop methods for the community to share earthquake
risk information; and to create a community-centered
management system of earthquake risk information (Fig.B-2).

Finally, we propose to revitalize urban streets and alleys, by
rediscovering activities in the back streets which are the
residents' public space in daily use as well as a symbol in the
Kanda district. To achieve this, the researchers and students
together with the residents implement proposed methods to
trim, frame and silhouette their daily scenes from the
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architectural point of view (Fig.B-3, 4).

Case studies on conversion / Development of
retrofit techniques

To support land owners to utilize building stock, we develop
their conversion techniques based on the facilities’
planning, equipment, materials and construction. At the
same time, we explore methodologies to convert them to
long-life, urban-area building stock by applying seismic
evaluation and seismic refurbishment methods.

This effort includes collection and analysis of converted
buildings in Japan and other countries in the world;
preparation of concrete projects especially to convert office
buildings to residential uses; and research and development
of methods to activate and renew common space of office
buildings. Through these processes, we examine case studies
in terms of their planning, structures, equipment and
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operation, and combine the findings into those highly
sophisticated in design in order to create models that present
new possibilities for architectural conversion (Fig.B-5).

For renewal of building stock, seismic retrofit is another
highly significant theme. As one of its effective methods,
we focus on response control structures, especially coupled
vibration control structures that are very effective in the
inner-city areas where “pencil” buildings stand densely side
by side, and conduct studies on their fundamental aspects
(Fig.B-6).

Fig.B-1 Residents-centered activation and renewal processes of building stock in urban
areas

Fig.B-2 Example of JMA Seismic Intensity by a forecasted Great Earthquake

Fig.B-3 Educational workshop with local residents on architecture and community
renovation (Dip and Paint)

Fig.B-4 Educational workshop with local residents on architecture and community
renovation (Duckboards)

Fig.B-5 Study model of conversion

Fig.B-6 Image of coupled vibration control structures
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fOF readj UStment Of applicability to functions
public facilities networks
in residential areas

formed during the high-
growth era

During the high-growth period in Japan, vast
residential areas were formed on the outskirts of
metropolitan areas, where public facilities including
welfare and educational buildings were intensively
built. In recent years, however, the actual situation of
demand toward these public facilities has been
dramatically changed due to low birthrate, aging
population, and change in lifestyle. Meanwhile, it has
become more difficult than in the past to rebuild them
so often in response to changes of demand. For this,
relocation of functions by utilizing existing stock is
demanded. In this project, we therefore cooperate
with local governments to conduct proposal-oriented
researches to present model plans to make more
efficiently use of public facilities networks by
utilizing existing building stock. Examples of our
studies are as follows.

ERTFRERRAERL IC & S DR\ MEEED BIR
Rearrangement of functions free from existing
facilities types

Traditional frame of facility management
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Study on readjustment of the public facilities
network in Tama City

This effort focuses on Tama City which has both planned
and spontaneous urban areas, and aims to propose
methodologies to utilize existing public facilities by
incorporating architectural planning, city planning and
facility management through a study on the regional
assembly facilities whose functions are changing due to
aging population and/or development of civil activities
(Fig.Cc-1). We have already been working on a study on
rearrangement planning of regional assembly facilities
utilizing existing building stock as well as development of a
comprehensive conversion support system (Fig.C-2). We also
apply the findings associated with assembly facilities to
other various types of public facilities to propose
rearrangement methods for public facilities from a more
comprehensive point of view.
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Study on development of conversion and
refurbishment design models for public school
facilities

The study focuses on public school facilities which make up
a larger portion of public building stock, and aims to make
multilateral analyses-from various perspectives such as
architectural planning, structures and production-of
remodeling to school buildings with modern functionality,
conversion into community facilities, and partial conversion
utilizing surplus class rooms in order to develop planning
models for conversion and refurbishment. We have already
been working on a project for full conversion of abolished
school buildings in two cities into community centers, as
well as making a proposal to convert elementary and junior
high schools-whose students have decreased due to low
birthrate-into unified schools that provide total education
from elementary through junior high school levels based on

RyoS>>»
Dog Run

s . [ Sportive
[ EEFBY—> P
Lifelong Learning Zone = 2BER
BHEES—
Elderly Support Zone
#EY—
Shared Zone
TRy -
Interaction Zone

RS

U1 Extensions

s

.
s |
;lI,

ZR—YR

Educational

BRI A EE>3.6%
Computed interstory
drift>3.6%

EMER AR EE=1.72%
Computed interstory
drift=1.72%

B A EE=0.67%
Computed interstory
drift=0.67%

BEZERA=3.6%DEH
Photo at interstory
drift=3.6%

1s=0.35

BEZERA=2.0%05H
Photo at interstory
drift=2.0%

1s=0.45

BEZERA=0.67%D5H
Photo at interstory
drift=0.67%

Is=0.50

In parallel with

a new educational system (Fig.C-3, 4, 5).
these projects, we also conduct field surveys on conversion
for the purpose of clarifying concrete design methods to
prepare useful information materials for planning and
designing, as well as researches on seismic retrofit planning
at refurbishment (Fig.C-6).

Fig.C-1
Fig.C-2

Basic concept of the project

Facilities distribution by community space type in each community zone in
Tama City

Fig.C-3 KIR Project: Conversion plan proposal of abolished school facilities into a
community center

Converting a large schoolyard into a multipurpose grass ground for local
residents, with a parking lot on the northern side of the premise

Fig.C-4
Fig.C-5 Erasing image of the “school buildings” by covering walls with planting
panels and by building a three-story glass atrium

Fig.C-6 Difference of damages to columuns according to Is value
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Project D:
Development of methods for conversion of

existing stock to environment-friendly facilities,

and their application to model projects

The Kyoto Protocol adopted at the Third Conference
of the Parties to the United Nations Framework
Convention on Climate Change (UNFCC COP3) held
in December, 1997 finally took effect in February,
2005. As it requires Japan to reduce greenhouse gas
emissions by 6 percent, commitments to global
warming issues are getting more and more important.
In addition, there are also social needs to ensure that
living environments are healthy and comfortable as
well as to give more consideration to urban and global
environments. This project therefore aims to combine
elemental technologies with comprehensive
environmental assessment methods, and effectively
apply them to improving existing building stock, so
that stock can be converted to ones that are easier to
maintain and manage. Examples of our studies are as
follows.
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Development of natural energy utilization
systems and energy-saving systems

To deal with urban areas where it's difficult to use natural
energy resources, we develop systems that allow easy
installation even in existing buildings. In terms of natural
energy utilization systems using rooftops, we currently focus on
a solar heating system with water floor (Fig.D-1) and a radiant
cooling system with water floor on roof (Fig.D-2), and conduct
actual measurements and simulations to clarify effects and
problems of these systems. In addition, to provide comfortable
air-conditioning that is suitable for high temperature and high
humidity, we also develop a ceiling cooling system that consists
of cold-water pipes placed on ceilings to allow proactive
dehumidification (Fig.D-3). Our aim is to design and develop
systems with high quality in design with commercialization in
mind, and to ensure comfort and energy efficiency through
performance testing in existing buildings.
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Greening efforts to improve architectural and
urban environments

More buildings are now utilizing transpiration and
insulation effects of rooftop greening to improve indoor
environments and to prevent greenhouse effects in urban
areas (Fig.D-4) We conduct detailed measurements and
evaluations of rooftop greening's thermal effects, especially
heat flux impacts on urban areas and characteristics of heat
gain and heat loss of buildings. We also develop planting
panels (Fig.D-5) for external walls of buildings by adding
greening capabilities on surfaces of prestressed concrete
composite floor panels (spancrete processing articles) that
have structural strength. We work to apply them to actual
buildings as a new external wall material which adds values
such as improved thermal performance of buildings and/or
enhanced appearance of facades.

Fig.D-1 KBi#KEHIKIER > 255
Fig.D-2 EMGFAKBUSSE ¥ AT &
Fig.D-3 XKJIwm Y AT &

Fig.D-4 )& ikt

Fig.D-5 #&fb/$H v

Fig.D-6 M%7 u—

Zazz o b

Project

SEEENET
Apartment Complex Elements

EFRRERIELE B
e TS Residents Demands

Tro—RE
Questionnaires
-0 ay7
Workshops

BT AT ADFHE
Evaluation of Current System

PRTARE L BRI ORRE
System Planning and Proposal
of Associated Technologies

ET DRV S—
Actual Measurement Simulation 7 K 7 A R - 57l (FPIRER)

Suggestion and Evaluation (Experts)

a7k 2T ADEHE B & BHIRITHE
Renewal Planning and Development of
Renewal Techniques for Water Supply Systems

Renewal planning and development of renewal
techniques based on resident-participation for a
water supply system

As for a water supply system that is essential to maintain
and manage existing stock, we research and evaluate actual
conditions of existing apartment complexes. In fact, we
examine renewal planning and development of renewal
techniques for water supply systems that can best meet
residents' needs, including those associated with changes in
water consumption caused by decreased family members and
those with deteriorated water quality caused by higher
vacancy rates (Fig.D-6).

Fig.D-1 Solar heating system with water floor

Fig.D-2 Radiant cooling system with water floor on roof
Fig.D-3 Ceiling cooling system

Fig.D-4 Rooftop greening

Fig.D-5 Planting panels

Fig.D-6 Research flow
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Project E:
Model projects for phased improvement of

environment-friendly housing in high-density

wooden housing areas

This project aims to develop methods to enhance disaster
prevention ability and living comfortability of high-density
wooden housing areas which are widely seen in metropolitan
areas in Japan. Although the significance of this theme has
long been recognized, and through various efforts, certain
achievements have been reached so far, there are still problems
to be resolved. In this project, we address the challenges by
developing methods to improve individual wooden buildings as
well as by clarifying, from a time and space perspective, how
the methods achieve improvement of urban areas by enhancing
each building's performance. These efforts will provide
valuable insights for yet-unclarified correlation between a
micro improvement of individual buildings and a macro
improvement of urban areas, which are also useful to consensus-
building of residents and decision-making of policies (Fig.E-1).

Specifically, we develop design methods to create spaces that
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provide higher levels of structure performance, thermal
insulation and air tightness as well as excellence in design while
making use of advantages of traditional wooden buildings, and
apply them to existing buildings to evaluate their performance
(Fig.E-2, 3). We also focus on areas like Adachi Ward, Tokyo,
and work to reveal effects that improvement of buildings can
have on communities by using a geographic information
system. In addition, to improve thermal environment in urban
areas, which is inseparably linked with improvement of
comfortability of each building, we assess heat island impacts
caused by outdoor units of air conditioners as well as cooling
effects of planting in order to develop improvement methods
for a whole group of buildings of an area (Fig.E-4).

Fig.E-1 Workshop for consensus-building of residents

Fig.E-2 Structure reinforcement for a transom of an existing wooden building

Fig.E-3 Actual measurement of improved thermal insulation of an existing wooden
building

Fig.E-4 Actual measurement of thermal environment in high-density wooden housing areas
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Project F:
Creation of framework for urban architecture
time-space diversity harmonization engineering
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Urban Architecture Time-Space Diversity Harmonization Engineering
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The current architecture and building engineering is based
on researches in constructing a new building which aim to
optimize certain architectural conditions through an act of
designing to achieve specific goals. However, when you use
a certain building complex over a long period of time, its
initial goals may change over time. For example, if you
convert an office building into an apartment complex,
refurbishment is required as the initial “use” of the building
must change. At refurbishment, since there must arise
various problems which are complexly intertwined with each
other, and there must also be an interaction issue with
neighbor buildings to be considered, specialized experts
alone may not be able to address these problems. That is
why a new architecture and building engineering — which
consists of architectural experts, elemental technologies, and
a framework of their development — is required to address
stock-utilization societies rather than the conventional one

focusing on constructing a new building.

From these standpoints, in this project, we, based on the
achievement of the projects A to E, arrange and rearrange
various elemental technologies on the time and space axes in
order to seek a new framework for activation and renewal of
building stock in urban areas (Fig.F-1). To deepen the
discussions conducted after the Program launched (Fig.F-2),
we have set up a workshop of urban architecture time-space
diversity harmonization engineering, whose members
include researchers of the Program, and external researchers
and experts.

Fig.F-1 Conceptual diagram of urban architecture time-space diversity harmonization
engineering
Fig.F-2 Discussions at 4-Met Center
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