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2.1 Japanese Innovation in Adaptable Homes
The continuous research and development by private enterprises
and government

Around the year 2000, the average lifespan of housing in Japan when demolished
was only about 30 years, compared for instance to 77 years in the UK.! Even today
the projected lifespan of newly built detached wooden houses in Japan is a mere 50
years, according to studies by Professor Yukio Komatsu, of Tokyo’s Waseda
University.2 There are various reasons for this. Fires following the Great Kanto
Earthquake that struck the Tokyo area in 1923 caused a huge loss of building
stock, so only a small amount of original homes remain in the Tokyo metropolitan
area. There was a deficit of four million dwellings in Japan after the destruction
caused during the Second World War. In response, much public housing was built
after 1951 when the publicly-operated housing system was established, but of
such low quality that it needed to be rebuilt once Japan began to enjoy rapid
economic growth. This growth from the 1950s onwards enabled the Japanese

population to start to enjoy larger homes with increasingly modern facilities.

1970 1975 1980 1985 1920 1995 2000 2005 2010 2015 2020

Figure 1 timeline of changes

Kazunobu Minami, Research and development in Japanese housing, February 2015
Efforts to develop adaptable and long-life housing in Japan began with KEP (Kodan
Experimental housing Project) in the 1970s, which was followed by various
initiatives culminating in the Act for Promotion of Long-Life Quality Housing in

20009.
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By 1968, the total number of dwellings in Japan began to exceed the number of
households, changing national objectives from achieving construction volumes to
improving build quality and also meeting increasingly diverse residential needs.
Many dwellings, for instance, did not satisfy the demands of changing family
structures and lifestyles. The poor quality of their interior finishes and equipment
was compounded by poor maintenance. To overcome these challenges, the
Japanese Government, universities and industrial corporations have collaborated
at various times in advancing housing standards, particularly the longevity and
adaptability of the building stock. A variety of tools have been used to achieve this,
including legislation and economic inducements, as well as research and design

innovations.

From 1973, the Ministry of Construction and the Japan Housing Corporation (now
known as the Urban Renaissance Agency) initiated the research and development
of the Kodan Experimental housing Project (KEP), which developed moveable
partitioning and storage systems to allow residents to alter their living
environments themselves. The author and students at the Shibaura Institute of
Technology recently examined one of the KEP housing units built in 1982 in Tama
New Town, west of Tokyo, to find out whether these moveable systems had
provided adequate adaptability over the three decades since their construction. It
was found that indeed they had allowed significant adjustments to cater for
changes of family size and lifestyle. As children grew, and as they left home, many
families used the KEP system to adjust the room arrangements to fit their changing

lifestyles.
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Observed Flat Layout Transformations Using K=P Infill
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Figure 2 KEP renovation in time

Kazunobu Minami, Observed types of Kodan Experimental housing Project (KEP)
infill transformation, Shibaura Institute of Technology, February 2015

Observed transformations of the interiors of the KEP Estate Tsurumaki 3rd
housing in Tama New Town, west of Tokyo, since 1982 when the housing was built

by Japan Housing Corporation.

The Century Housing System (CHS) was another project focused on improving
lifespan and adaptability. The Ministry of Construction started research for it in
1980, and it was implemented from 1988. It consisted of a system guidebook
which set out guidelines as basic standards for CHS certification.?  The
guidelines featured a number of requirements, including decoupling durable base
buildings from shorter-life replaceable interior finishes and equipment (fit-out).
Thus interior walls of dwellings were to be easily renewed, replaced or moved
without impacting other parts. Service lifetimes were set for each component: from
3-6 years for consumables, to 6-12 for items such as bathtubs, 12-25 for kitchens

and washstands, 25-50 for interior walls, ceilings and floors, and 50-100 for

33



structural frames. The mutual interfaces between components were studied and
details provided to ensure that longer-lasting components were not damaged
when shorter-life elements were moved or replaced. The CHS system also set out
designs that facilitated post-completion inspections and maintenance, and it
provided residents with drawings and information to allow them to understand

the capabilities of their CHS housing.

NEXT21 was an experimental multi-family housing project that took some of these
ideas even further. Developed by the Osaka Gas Company, it demonstrated new
concepts of multi-family housing incorporating sustainable design and advanced
technologies that were anticipated at that time. Built in 1993 in an eastern suburb
of Osaka, the structure consists of one basement floor, and six floors above ground
separately articulated as frame, infill and cladding. The design concept anticipated
21st-century and highly individualised lifestyles in a high-density energy-
conscious building. A single architect designed the shell, and another 13 architects
designed the 18 apartments. The structural system gives great flexibility to adapt
to different living arrangements, even to change from residential to commercial
uses. The building is assembled from a series of independent components such as
the mechanical and electrical equipment to allow for easy replacement. The only
fixed part of the building is the in-situ concrete structural frame. This is metal clad
to protect it from wind, rain and other corrosive elements and to give the building

a lifespan of more than 100 years.

34



Figure 3 NEXT21
Osaka Gas NEXT21 Project Committee, NEXT21, Osaka, Japan, 1993

Commissioned by the Osaka Gas Company, the structure, infill and cladding were
designed and built independently, with one architect responsible for the shell and
13 others each designing one or more of the apartments. The building is intended

to change organically over centuries.

Tax Incentives to Promote Longevity

Present-day Japan faces similar problems to other highly developed societies in
that many people feel that consumer society has not delivered according to their
expectations, and environmental problems are not easily settled. Most acutely for
Japan, its rapidly falling birth rate and ageing society are exponentially increasing
the welfare burden. As there simply will not be a workforce available to rebuild at
current rates, the challenge is to transform a society which builds poorly and
demolishes quickly into a ‘stockholding’ society which builds well and takes

scrupulous care of its assets to preserve them for the long term.

Because the average lifespan of newly built homes in Japan has been so much

shorter than those of Europe and the United States, a new law - the Act for
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Promotion of Long-Life Quality Housing - was implemented in June 2009. The
concept underlying the new legislation, which advocates longer lifespans for both
new and existing housing, was initially promoted by former Prime Minister Yasuo
Fukuda in 2007, and the Japanese Government started pilot projects in 2009 by
subsidising private-sector research and development. The key concept and the
technical requirements of this law are essentially based on the experiences of the

Century Housing System.

Developers or individuals can apply for tax reductions and receive subsidies by
designing and building in line with the technical guidelines of the new law. When
an individual has purchased or constructed and occupied housing recognised to
comply with the requirements of the law, he or she receives larger income tax
reduction than ordinary housing for up to 10 years. The fixed asset tax, which is
the tax on property ownership, is reduced by half for two years longer than in the

case of ordinary housing.

By the end of December 2016 a total of nearly 716,000 Long-Life Quality Housing
dwellings had been approved. The vast majority were detached houses, with only
18,500 apartments qualifying.# It appears apartment developers find the Long-Life
Quality Housing label adds to their costs with little benefit to their marketing. On
the other hand, house builders have successfully used the accreditation to help
push their sales. One reason for the poor uptake in apartment buildings is that the
technical guidelines require common pipework to be capable of maintenance from
the common parts, and this has the effect of reducing the freedom of designing the
layout of the unit. Hence this requirement may need to be revised in the future, to

increase applications in apartment buildings.

There are nine chapters in the technical guidelines of the Act, plus an appendix,
and these follow similar principles to the CHS, showing the importance of
continuity of thinking in Japan. Once again the durability of longer-lasting elements

is emphasised, as are appropriate structural design and earthquake resistance.
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Simple renewal techniques are advocated for elements of construction with short
life expectancy, and there are strategies for maintaining common pipework and
access to risers without entering private areas. The Act also stipulates minimum
space and volumetric standards to facilitate layout changes to adapt to differing
lifestyles. For instance, sufficient floor-to-soffit height (2650 mm or greater) must
be provided to permit alteration of mechanical, electrical and plumbing services.
The Act follows through with provisions for long-term maintenance, including
detailed requirements for periodic attention to structural elements, protection

against infiltration by rainwater, water supplies and drainage.

An example of pipe space

Do not bury a piping

coupler in concrete slab. T Fire preventive block
The Grating is sufficient 7 lotted not by the floor
for the floor finishing . =~ ./ but by the wall.
\ Don't place the beams which

Fire-protecting door N - cause an offset of the pipes in

\\‘ (W N the pipe space.
Pipe Shaft which | h The opening in flgor slab is not
catichos In necessary to be airtight.

‘\\
renewal measure — Division wall
rate 3 J
[Opening necessary for the

The managemer?t At least one féce of PS maintenance]
agreement requires the have an opening and the door/opening for inspection
resident to admit the enough space in front
administrator/engineer to of the opening for the  [Opening necessary for the renewal]
enter the unit for maintenance and the door/opening for the renewed
maintenance and repair. renewal of pipes inside. Without demolishing the building

structure.

Figure 4 pipe shaft example

Requirements for vertical risers in a private apartment, Japan’s Ministry of Land,
Infrastructure, Transport and Tourism, March 29th, 2012

Vertical grey water and black water pipes need to be easily accessible to allow

replacement every couple of decades.
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Figure 5 ease of pipe shaft maintenance

Maintenance of common risers, Japan’s Ministry of Land, Infrastructure, Transport
and Tourism, March 29th, 2012
Vertical services within each apartment are required to be placed so as to be

accessible from outside the unit or have easy access from within.

Technical innovations promoting adaptability

A number of recent technical innovations show the potential for even greater

flexibility in both new and existing housing stock.

Three companies - Nomura Real Estate, the Haseko Corporation and Bridgestone -
have developed a zero-slope drainage system to permit flexible positioning of
apartment kitchens. In tandem, the Architectural Institute of Japan has established
technical guidelines which support the wide application of this system.> The
three companies are extending their research and development of zero-slope
drainage to permit even bathrooms and laundry machines to be relatively freely

placed, whether in new or existing homes.
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Figure 6 and 7 Traditional vs zero slope siphonic system Drainage
System

Nomura Real Estate / Haseko Corporation / Bridgestone, Zero-slope siphonic
drainage system versus traditional drainage system, May 22nd, 2015 (redrawn by
Alex Lifschutz)

In the zero-slope siphonic drainage system, soil pipes run horizontally, allowing a
much greater range of locations for bathrooms and kitchens. Traditional soil pipes
are larger in diameter and require falls, taking more sub-floor space and restricting

locations of kitchens and bathrooms to being close to vertical pipe shafts.
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Figure 8 Traditional vs zero slope siphonic system Drainage System
plan

Siphonic drainage stacks placed in accessible risers near corridors and common
parts provide great freedom in locating kitchens and bathrooms within
apartments, in contrast to traditional drainage which allows little flexibility and is

relatively inaccessible.

Mitsui Real Estate has begun to sell apartments in which division walls can be
installed and moved by residents in the same manner as furniture. Although
bathrooms are fixed, the remaining space is free for the residents to plan. Even
kitchens can be relocated to any of seven optional positions. An extraction system
draws away air that smells of cooking and returns cleaned air back to the

apartments.
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Figure 9 Mitsui Adaptable Housing, Interior

Mitsui Fudosan Residential Company, Mitsui adaptable housing, Akabane-nishi
Kita-ku Tokyo, April 2016

The moveable kitchen system placed in the centre of the apartment. The cooker
hood on the counter draws away cooking smells and circulates the cleaned air back

into the room.

Figure 10 Mitsui Adaptable Housing, Kitchen System to Move
The wheels under the kitchen units allow them to be relocated in several

alternative places in the room.

The Urban Renaissance Agency (UR) owns more than 700,000 dwellings in Japan,
many in need of refurbishment. It is deploying an infill refurbishment test project
called Rakuinkyo in existing apartments to adapt them to the needs of elderly
residents, making them suitable for home-based care.® Inrecent years, UR has

collaborated with IKEA to refurbish some of its stock. The objective is to provide
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new residents (with low construction skills) with the simple tools to allow them to

self-improve their own dwellings.

Figure 11

Urban Renaissance Agency, Refurbishment of existing apartment using
IKEA components, Saiwai-chou Tachikawa Tokyo, February 2016

The Urban Renaissance Agency, formerly the Japan Housing Corporation,
renovates interiors of its old housing using IKEA furniture and building
components, reducing the renovation costs and aiming also at attracting younger

generations of dwellers.

Loose-Fit and a Declining Workforce

The concept of long life and loose fit, which preserves building fabric by
encouraging it to adapt to change, is at the heart of housing solutions for Japan’s
future. Promoting longevity is one way to reduce the future burden on a declining
workforce. But, aligned with this, Japan also needs to compensate for its coming
labour shortage by developing techniques so that fewer construction skills are
required for those new buildings that do need to be constructed. The coming era
necessitates simple structures with furniture-based fit-out systems that can easily

be installed and replaced, whether by residents, users or robots.
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Notes

1. According to Japan’s Ministry of Land, Infrastructure, Transport and Tourism:

Juutaku Takuti Bunkakai dai 14kai sannkou siryou 4, page 2 (in Japanese) , January
30th 2008.
http://www.mlit.go.jp/jutakukentiku/house/singi/syakaishihon/bunkakai/14bunkak
ai/14bunka_sankouO04.pdf. The lifespan of demolished housing in Japan was calculated
based on the Housing and Land Survey of the Ministry of Internal Affairs and
Communications’ Statistics Bureau in 1998 and 2003:
http://www.stat.go.jp/english/data/index.htm. That in the UK was calculated based on
the Housing and Construction Statistics of 1996 and 2001 (English Housing Survey,
https://www.gov.uk/government/collections/english-housing-survey)

2. Yukio Komatsu, ‘Juutaku Jyumyou ni tusite’, [yuutaku Mondai Kenkyu, vol 16, no 2, June
2000 (in Japanese): http://www.f.waseda.jp/ykom/jkf2000.pdf; Yukio Komatsu,
‘Kentiku Jyumou no Syutei, Journal of Architecture and Building Science , vol 117, no
1494, October 2002 (in Japanese): http://www.f.waseda.jp/ykom/aijjnl200210.pdf.

3. Century Housing System Guidebook, Century Housing System Promotion Council, Tokyo,
March 1997.

4. Press Release by the Ministry of Land, Infrastructure, Transportation and Travel on
January 31st, 2017

http://www.mlit.go.jp/common/001170472.pdf
http://www.mlit.go.jp/common/001170475.pdf

5. For the technical guidelines for zero-slope drainage, see:

http://www.aij.or.jp/jpn/books/pdf/3626.pdf

6. See the Urban Renaissance Agency website, http://www.ur-net.go.jp/rd/.

This article is the author’s manuscript for” Japanese Innovation in Adaptable
Homes The continuous research and development by private enterprises and
government” submitted for the AD Loose-Fit Architecture: Designing Buildings for
Change (Sept/Oct 2017).
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2.2 Long-Term Occupancy Records and Infill Renovation of
Housing Designed Based on the Century Housing System

ABSTRACT

This paper reports on changes in lifestyles and infill renovation of a multi-family
housing complex built based on the idea of the Century Housing System (CHS) in
1987. The purpose of this research is to acquire knowledge of the adaptability and
changeability of the infill system to extend the life of such housing. The author
found that the building components which were designed to be used and replaced
every 12 to 25 years were actually replaced in many units as planned. Many of the
residents have lived in this housing complex for the entire 27 years of its existence.
Therefore, it is possible to observe how building elements which were designed to
be used from 12 to 25 years have been actually used and replaced. This is its first
time that the CHS housing has been investigated since it was first occupied.
Because more than 27 years have passed since the housing complex was built, a
decreasing number of households properly understand the advantages of the CHS,
which makes it easy to repair and renovate the infill of the units. The CHS
partitioning wall system, which can be installed, replaced and removed without
demolishing the ceiling and floor, reduces the construction time and cost, and also
the waste of building materials. It will be important to introduce the benefits of
CHS to the residents of the housing complex so they will be able to renovate their

units according to their future needs.

KEYWORDS:

Housing, Long Life, Adaptability, Infill Improvements, Long-term Occupancy

1 Purpose of the Study

In the 1970s, the total number of dwelling units in Japan began to exceed the
number of households, changing the aim of research and development from

supplying a large number of homes to improving their quality and meeting diverse
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residential needs. At the time, many dwellings did not fully satisfy residential and
daily life needs due to the change of the family structure and lifestyles. The
durability of interior finishing and equipment (fit-outs) were shorter than the
durability of the base buildings, and the failure to perform appropriate
maintenance became social problems. To overcome these challenges, the Ministry
of Construction started the Century Housing System (below, "CHS") as a
certification system in 1986.

The Century Housing System Guidebook1) stipulated the following guidelines as

basic standards for CHS certification.

[1] Base buildings have long-term durability.

[2] To maintain them after construction, inspections are easy to carry out.

[3] The floor plan, interior finishing and equipment (fit-outs) are replaceable.
[4] The interior finishing and walls of the dwelling can be repaired, renewed,
replaced, or moved easily without impacting other parts Note 1).

[5] Building drawings are provided to appropriately inform residents of the
characteristics of CHS housing.

[6] The above can be done for a long period of time.

This research is aimed to obtain knowledge that will contribute to prolonging the
lifetime of multi-family dwelling units by surveying changes in lifestyles in multi-
family dwelling units constructed based on the concept of CHS and the state of
infill renovations and by analysing the changeability and renewability etc. of

interior finishing and equipment intended to be achieved by CHS.

2 Research methods and objects of the investigation

2.1 Investigation method

Few ongoing investigations of long-term occupation have been done 2)-6),Note 2),
because while their importance has been pointed out, it is difficult to continuously

investigate the object of the investigation for several decades. This research
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attempts to investigate and analyse change of lifestyle of each household that is an
object of the investigation from the start of occupation until the present time using
questionnaires or by conducting interviews. Because these methods do not permit
investigation of households that have moved out and rely upon the memories of
respondents, it is necessary to take great care to ensure the accuracy of the
investigation results, but this approach was adopted assuming it is one realistic
investigation method for clarifying long-term occupation.

During this investigation, the questionnaire survey was done by distributing
multiple dwelling unit floor plan diagrams to occupants, and asking them to enter
the present lifestyle and past ways they occupied the interior of their dwelling unit.
The dwelling unit floor plans were used to investigate the changing history of
occupation accompanying change of the composition of the family, their
evaluations of their living environment, history of infill renovations, plans for
future renovations, and their awareness of CHS. Also, based on responses to the
questionnaires interview survey was conducted of households which agreed to be
interviewed.

The questionnaire survey was conducted from September 21, 2013 until October
5,2013. The questionnaires were placed in the residents' mailboxes. They were
distributed to 228 of 234 homes, and responses were received from 58 homes.
This is a response rate of 25.4%. Six homes did not receive questionnaires because
of the long-term absence of the household head. The interviews were conducted
from September 28, 2013 until November 16, 2013 in 14 homes.

Investigations of the Management Association Board of Directors, residents'
association, and the management association members were accompanied by
interviews with the management company. Other interviews were conducted at
the companies that designed and constructed the multi-family dwelling units, and
their related companies which are in charge of renovation work of the said
dwelling units. The companies that designed and constructed the housing provided
design drawings and documents etc. concerning CHS. The results of the survey

were reported to the technologists who had initially been in charge of designing
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the building and equipment, and views concerning the evaluation of CHS were

exchanged with these technologists.

2.2 Objects of the Investigation

The objects of the investigation are Complex E, Building A in a private
condominium complex in Chiba Prefecture. Complex E consists of seven residential
buildings, but CHS was adopted only in Building A. Complex E is close to a JR
(Japan Railways) station, educational and medical facilities, and public facilities,

and access to the center of Tokyo by train is convenient, making it an extremely

convenient location.

Table 1. Overview of the housing surveyed

Complex E, Building A, (private condominium in Chiba
Prefecture)
Year completed March 1987

Object building

o Steel framed-RC concrete, 14 stories above ground, Skip
Building structure

floor type

Number of dwelling
_ 234
units

2.3 Characteristics of CHS in Building A of Complex E

The following are characteristics of CHS in Building A of Complex E that was
investigated (partially corrected based on the CHS planning document 7)-8)
prepared by the designer).

* The base building protection to deal with the deterioration and its thermal
insulation are improved to ensure its physical durability.

* Columns and beams protrude outside (out-frame).

* The interior dimension of the building frame uses 300mm single grid modules.

+ It adopted a highly changeable interior finishing wood-working system.
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* Interior partition, ceiling, and floor fittings are ceiling- and floor-propense.
Mounting walls are all double walls.

* Ceilings are all double ceilings. In principle all are ceiling-propense.

* Pipe shafts are installed facing to common corridors. These are repaired and
renewed from outside.

* Pipes (drainage pipes, cold water pipes, hot water pipes, and gas pipes) are
installed in the light courts. (They are not installed in some dwelling units.)

* Wet areas are placed on the common corridor sides of dwelling units.

* Cold and hot water supply, gas, and drainage pipes are installed in the double
floors of the corridors, washstand rooms, and toilets.

* Ducts, heating use hot water pipes, and electric cables are installed between the
double ceilings.

* In principle, switches and electric power plugs are not installed in movable
partitions.

* Inspection ports are installed according to purpose in concealed parts of
exclusive use areas.

* Basic repair plans are enacted for each component of the private use area
according to their service lifetimes. (30 year cycles)

* Annual repair plans are enacted for common use areas.

The multi-family housing that is the object of the investigation was built by
applying the CHS concept to an SRC structure condominium apartment building
with which the company that designed and constructed it had previous experience.
Not all features that were the goals of CHS at that time were realized. The company
in charge of its design and execution had, until then, not installed equipment pipes
in the building frame, and had installed equipment inspection ports based on floor
planning that concentrated wet parts, and used conventional general purpose
methods of equipment work which it had used in the past.

According to design documents for Building A of Complex E, the floor height and
ceiling height etc. were as follows. The floors of the corridors, toilets, and

washstand rooms are double floors to accommodate under-floor pipes. The floors
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of the corridors are 70mm and the floors of toilets and washstand rooms are
170mm higher than in other habitable rooms. In multi-family dwellings designed
in recent years, generally the frame slabs of wet areas are lowered to form double
floors where the under-floor pipes are installed to meet the barrier-free
requirements, but when the multi-family building that was investigated was
designed, concern for barrier free was not widespread, so only the wet areas and
corridors where pipes are installed have double floors, forming floor level
differences at the boundaries between the wet areas and corridors, and other

habitable rooms.

* Floor height of standard floors: 2,850mm Floor slab thickness of ordinary
parts: 200mm
* LDK, western rooms, and Japanese rooms ceiling height: 2,550mm
Depth of ceiling of the above habitable rooms: 100mm
(Including finishing thickness, and substrate thickness)
* Ceiling height of corridors: 2,330mm Double floor height of corridors: 70mm
* Ceiling height of toilets and washstand rooms: 2,230mm

Double-floor height of toilets and washstand rooms: 170mm

3 Attributes of residents

As the attributes of the 58 households that answered the questionnaire, most
household heads were in their 60s at 27.6% (16 out of 58). Households led by
household heads 60 years of age or older accounted for 60.3% of all households
(35/58 households). The average age of household heads is 62.8 years. The
youngest household head was 32 and the oldest was 92.

Males led 54 of the total of 58 households. White color workers and other working
people were heads of 31 of the 58 households.

Percentages of all residents in age cohorts were 17.1% in their sixties (28/164),
followed by 15.9% in their fifties (26/164) (Table 2). The most common number

of household members was two, accounting for about 40%.
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Half of the questionnaire respondents were 29 households who had occupied their
unit for 20 or more years. Most households had occupied their units for 25 years or
more, at 37.9% (23/58). The average number of years of occupancy of households

surveyed was 17.5 years.

Table 2. Composition of residents’ ages

Number |Percentage
Under
10 11 6.7%
Teens 20 12.2%
20s 11 6.7%
30s 15 9.1%
40s 22 13.4%
50s 26 15.9%
60s 28 17.1%
70s 18 11.0%
80s 12 7.3%
90s 1 0.6%
Totals 164 100.0%

Table 3. Types of infill repairs and renovations
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Contents of renovation Cases | Percent
(%)
Toilet 13 10.2
Washstand room 6 4.7
Bath room 22 17.2
Kitchen 11 8.6
Piping 2.3
Removing 5.5
Installing partition 1.6
Removing Japanese room 0.8
Complete renovation 13 10.2
Hot water heater 2 1.6
Interior | Reflooring 18 14.1
finishing | Replacing tatami 1 0.8
Replacing sliding door 1 0.8
Replacing wall paper 3 2.3
Windows 7 5.5
Ceiling 1 0.8
Interior finish 5 3.9
Removing level difference 3 2.3
Storage | Expanding storage 8 6.3
Reducing storage 1 0.8
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4 Changing lifestyle

"Changing lifestyle" refers to change of the lifestyle of the residents themselves and
actions they take to satisfy new residential demands in response to changes of the
family's life stages or the family's circumstances. For example, changing a room
formerly used as children's bedroom into a storeroom after the children become
independent.

Of the surveyed households, 16/58 (25.9%) changed their lifestyle. The average
number of times these households changed their lifestyle was 1.94 times. The
household that changed most often changed its lifestyle 4 times in 27 years.

Most of the changes of lifestyle were done because of "the children's
independence": 16 out of 31 times (51.6%). Because of "children maturing"” was
the reason in 6 cases, "birth of a child" in 3 cases, “sharing by families" in 2 cases,
and "death in the family" in 1 case. The background to these trends is the fact that
in Complex E, many households moved in after their children were born and

grown up to a certain extent.

5 Analysis of occupancy history and of cases of infill renovation

Figure 1 shows the history of changes of lifestyle and of infill (interior
finishing/equipment) renovations of a household consisting of 5 members who
occupied the dwelling in 1987.

Regarding the household in Figure 1, a 5-member family consisting of a husband
and wife and 3 children moved in in 1987. The northwest room was the parents’
bedroom, the southwest room was the oldest daughter's bedroom, and the
southeast room was a bedroom shared by the second and third daughters. In 1994,
the eldest daughter married and moved out, resulting in a change of the use of the
rooms, as the former private room of the oldest daughter, the southwest room,
became the private room of the second daughter. At the same time, the southeast
room, which had been used by the second and third daughters, became the private

room of the third daughter. In 2003, the second daughter married and moved out,
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and the southwest room became the wife's bedroom. In 2006, the third daughter
married and moved out, so the parents began to live alone.

In 2010, an overall renovation including changing the floor plan was carried out.
The major changes were the removal of partitions to expand the living room, the
change of the location of the kitchen unit and addition of a kitchen counter facing
the dining area, reducing the size of the Japanese room, and installing a closet in
the northwest room. A sliding door was newly installed between the Japanese
room and the southwest room. At the same time as this renovation, as measures to
prevent condensation, the thermal insulation was improved, such as the window
facing the common corridor in the northwest room which was changed to a

double-glazed window.

6 Renovation of the dwelling units

6.1 State of performance of dwelling unit renovation

"Dwelling unit renovation" means doing renovations to deal with the deterioration
of interior finishing or equipment inside a dwelling unit, and to do partial
renovation of space inside a dwelling unit to meet new habitation needs.

Of the 58 households surveyed, 47 households (82.8%) had experienced the
renovations of their dwelling units. The average number of times these households
renovated their dwelling units was 1.75 times. But the renovation of multiple
places at the same time was counted as one renovation.

Wet area renovation was the commonest type of dwelling unit renovation at 55
cases among 128 cases (43.0%), mainly because of deterioration over time (Table
3). Renovation work also included 19 toilet and washstand room renovations, 11
kitchen renovations, and 22 bath room renovations. As dwelling unit renovations
related to changeability of the floor plan, which is a feature of CHS, "floor plan
change" and "complete renovation" were done 23 times, and "increasing or

decreasing storage space” was done 9 times.
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6.2 Using habitable rooms after changing the floor plan during dwelling unit
renovation

Changing the floor plan during dwelling unit renovation is categorized as three
kinds: "removing a partition wall", "adding a new partition wall”, and "moving a
partition wall." (Table 4) Partition walls were removed 10 times, moved 7 times,
but only added 2 times.

The renovation, "removing a partition wall", was done 8 times by removing the
partition wall between habitable rooms and living rooms in order to widen living
rooms. The renovation, "adding a new partition wall", was done 2 times by adding
a partition wall in a relatively wide habitable room inside the dwelling unit in
order to obtain a bedroom. The renovation, "moving a partition wall", was done 5
times, by reducing the size of an infrequently used room in order to expand a
bedroom or private room. In such cases, Japanese rooms were often made smaller,
and used as a western-style room or as a walk-in closet. This was done twice in

each case.
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Fig. 1 The habitation history of a household which moved in in 1987
(90. 09m2)

54



The alphabetic letters entered on the dwelling floor plans shown in figure 1 through
Figure 5 indicate the family members using the rooms as bedrooms or as private
rooms. The upper-case letters indicate the head of the occupying family and the head's
spouse, while the lower-case letters indicate their children. A male is indicated by "M"
or by "m", while a female is indicated by "F" or by "f", and the numbers following the
letters indicate age. (when unknown, by a "-").
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Fig. 2 (Left) History of occupancy of a household that moved in in
1987 (72.93m2)

Fig. 3 (Right) The habitation history of a household which moved in in
1994 (90. 09m2)
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Fig. 5 (Right) The habitation history of a household which moved in in
1987 (90. 09m2)

6.3 History of renovation of dwelling units

Figure 6 shows a history of renovation works in each dwelling unit from 1987 to
2013 entered by year period. Each row shows the dwelling unit renovation history
of one household. The white part shows residency period, and the black part
shows the periods when the surveyed household did not occupy the complex. In
1999 and 2013, large-scale repairs of common areas were carried out, and in 2006,
water supply pipe renewal work was done in common areas. In years indicated by
the symbol "€", renovation work was done, and the letters of the alphabet in the
table indicates the contents of renovation works.

Figure 6 shows that renovation work can be broadly categorized into two trends.
One is renovation works done when a household moved into a used dwelling unit.

As reasons for renovation works, many answered that the reason was
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deterioration over time, or to adapt their dwelling units to match their own taste.
One more is renovation work done in response to deterioration of equipment and
machinery or change of lifestyles by households that have lived in the dwelling unit
for a relatively long period of time, often done in recent 10 years. This renovation
work included renovation of bath rooms, toilets, kitchens, etc. and other wet areas
done mainly because of deterioration over time. Type 15 components (estimated
service lifetimes of 12 to 25 years) in Building A are [1] kitchen cabinets that are
kitchen components, [2] walls and ceilings of bath units (but floors are Type 30
and bath tubs are Type 8), and [3] wash stands, [4] air exhaust ducts, and [5]
heating system terminal equipment and radiators. Figure 6 shows that from the
12th year after occupancy in 1998 to the 25th year after occupancy in 2011, many
renovations of kitchens, bath units, washstand rooms, toilets, and other dwelling

equipment and machinery were carried out.

Table 4 Replacement of partition walls and changes in lifestyles

Type of | Contents of renovation Change of lifestyle Quant.
renovation
Removing Removing western room | Expanding living room 6
partition wall Expanding Japanese 1
room
Removing Japanese | Expanding living room 1
Removing Japanese and | Expanding living room 1
western room
Removing closet Expanding habitable 1
Adding Dividing western room Obtaining a bedroom 2
partition wall
Moving Narrowing Japanese | Japanese room 2
partition wall | room
Western room 2
Creating walk-in closet 2
Narrowing western room | Expanding Japanese 1

room storage
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Year

No
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Fig. 6 The history of infill repairs and renovations in each dwelling

unit

7 Summing up

The multi-family dwelling units that were the object of this research are at a
location ensuring convenient commuting to the city center, are spacious, and
inhabited by many households with relatively high incomes, so they aggressively
improved their living environment, including the renewal of wet areas. It was
confirmed that the surveyed households include many that widened their

habitable rooms by removing partition walls, but this phenomenon was also
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observed by a survey of CHS dwellings conducted by Takai et al.9). Some
households that carried out comprehensive renovation of exclusive use areas have
pointed out that because the walls are placed on previously constructed floors
(floor-propense), it was easy to disassemble the interior finishing, and the ease of
dismantling partition walls in a CHS system dwelling narrows the range of
dismantling, reduces unexpected auxiliary works, and cuts down on waste
materials, confirming that it has been somewhat effective in shortening work
periods and cutting work costs.

Regarding the adoption of the300mm grid modules for floor planning, companies
that have executed renovation work have stated that arranging substrate studs of
the walls in 300mm units simplifies positioning or fixing renovation members and
helps adjust the positions of the installation of new walls or furniture.

Adopting double ceilings and double floors without embedding pipes and cables
in the building frame ensures space between the frame and the finishing, even on
mounting walls, thereby simplifying the installation of new pipes and cables during
renovation work. Residents and the contractors that execute renovation work have
reported that because pipes and cables are not embedded in the building frame,
almost no drilling work or scraping work of the frame are necessary during
renovation work, reducing noise and vibration heard or felt by adjoining dwelling
units during the work. Installing inspection holes for pipe maintenance and
management in joints etc. not only simplifies the discovery of damaged locations, it
also simplifies renewal work according to companies that execute renovation
work.

In existing housing that has existed for many years, the low floor height and the
double floors used throughout the interior of each dwelling lower the ceiling
height of the habitable rooms, so it is often difficult to deal with this problem. If it
were possible to permit leeway in floor height and build double floors under the
entire exclusive use area in new building constructions, not only would the initial
design be freer, future remodelling work including changing the locations of wet
areas would be simplified, but it is a fact that it is impossible to transfer the

increased cost of ensuring this floor height to the selling price. In the multi-family
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housing surveyed by this study, flexible responses to changes in lifestyles were
performed to a certain degree without changing the locations of wet areas. It is
necessary to conduct further research and more careful studies in order to clarify

what degree of prior investment is appropriate to improve future changeability.

Notes:

Note 1) Service lifetimes were set for each component and the mutual impacts
were studied to set anticipated lifetimes: Type 04: 3 to 6 years, Type 08: 6 to 12
years, Type 15: 12 to 25 years, Type 30: 25 to 50 years, and Type 60: 50 to 100
years.

Note 2) Hatsumi et al. investigated Tama New Town Estate Tsurumaki-3, an estate
where “movable partitions” and “movable storage units” improved flexibility at
the dwelling unit planning stage and permitted later revision of the floor plans,
about 12 or 13 years after it was completed, reporting that it had confirmed that a
high percentage of the floor plans had been changed by occupants?)-3). The author
investigated the state of dwelling units in the same estate more than 20 years
after first occupancy based on the successful results of the research by Hatsumi et
al, and reported that the changeability of floor plans by movable partitions and by
movable storage walls, that was one of the aims of the development of Kodan

Experimental Housing (KEP), was applied as originally planned®.
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2.3 Infill Renovation

Abstract

Apartment houses in Japan now face many serious problems. Japanese society is
aging, resulting in 1 or 2 elderly people now living in houses built for larger
households consisting of 3 or more people. This has distorted the structure of the
population residing in apartments, so they do not function as district communities.
To ensure the future effective utilization of our housing stock, we must tackle one
fundamental challenge, namely developing methods of flexibly upgrading the
existing housing stock to respond to change of the makeup of the population of
regional societies and to changing life styles. Housing production and supply
systems that enable residents to personally plan and decide specifications must be
introduced to establish infill upgrading as an effectively functioning part of the

future housing market.

1. Present state of the apartment house stock

About 40% of Japan’s housing stock is apartments*Note 1, and condominium
apartments, which account for a large share of these, are deteriorating. It is
predicted that the number of old apartments will continue to rise, and if they are
not appropriately maintained, renovated or upgraded, they will be just like
abandoned housing. Condominium apartments where management fees are not
paid and units stand empty have already appeared. Even in condominium
apartments which appear to be in sound condition from the outside, a rising
number of their inhabitants are aged or live alone, gradually destroying human

relationships between their residents.

Many apartment houses were constructed in the high speed economic growth
period. The future of this typical form of Japanese housing is at risk. Society is
aging and 1 or 2 elderly people are living in houses built for households. The
structure of population residing in apartments is distorted so they do not function
as district communities. If the present housing stock continues in this state, in the

future, apartments will inevitably become a so-called genkai-manshon (critical
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mansion: real-estate term for a deteriorated condominium with a high vacancy
rate and non-functioning management association) inhabited by single elderly
people.
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Figure 1 Total Number of Dwellings and Number of Apartments
(Source: Housing and Land Statistical Survey. Excerpted from the materials of
Ministry of Land, Infrastructure, Transport and Tourism: Committee for the
Study.)
Notes:
1. Indicates number of occupied dwellings.
2. Figures in parenthesis show percentage of all housing
3.1In 1973, includes 1 and 2 story houses.
4.In 1968, includes 1 and 2 story houses but not SRC structures.

Japan faces an urgent need to upgrade the infill of this housing stock, which
structurally has adequate durability and seismic resistance, in order to end the
mismatch between dwellers and dwellings and restore sound apartment buildings.
Studies are required to not only decide technically what kinds of upgrading to
execute, but also how to create pleasant regional societies by upgrading housing. In

order to renovate and recycle apartment buildings as sustainable residences
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where the elderly continue to live as young households take up residence, we must

carry out comprehensive studies from both the soft and hard perspectives.

If we are to achieve sustainability and effectively use resources, it is impossible to
continue the money-wasting custom of scrap and build of housing in short periods
of time as in the past. The funds which the younger generation can use to finance
housing are now limited. In order to let them obtain truly abundant living
environments at reasonable cost in the centers of cities, we have to effectively use
the existing housing stock. Passing on the existing housing stock to the next

generation in appropriate form is a challenge facing our society.

2. Renovation of existing apartments

In 2012, the Ministry of Land, Infrastructure, Transport and Tourism formed the
Committee for the Study of Renovation of the Existing Apartment Stock in a
Sustainable Society, which has gathered and announced technologies for the
renovation and upgrading of condominium apartments. This committee studied

»n o«

five performance fields: “durability and service life”, “environmental and energy
saving performance”, “seismic safety”, “disaster safety”, and “concern for the
elderly”. The Study Committee also studied deterioration diagnosis, and large-scale
renovation work etc., mainly for common areas of condominium apartments,

including exterior walls, structural parts, and roofs.

In order to renovate apartment houses, in addition to the above, it is necessary to
perform more advanced studies of the upgrading of private areas. Renovations
which condominium owners carry out in their own units often include “replacing
dwelling equipment”, “replacing interior finishing”, and “improving storage space”
in order to satisfy their tastes, deal with deterioration, and prepare for aging
(HOUSING RENOVATION PROMOTING COUNCIL 2010). The author has performed
a fact-finding survey of the history of long-term occupancy of apartment houses
and of infill upgrading in order to study how to upgrade existing apartments in the

future and how to provide a housing stock suitable for the aged society (MINAMI,
K. etal. 2007, MINAM], K. et al. 2010). Housing developments surveyed in the past
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found many homes which a family consisting of a husband and wife or husband
and wife and children occupied immediately after the building was first opened,
but since the children grew up, have been occupied only by the elderly couple, but
in addition to these, families with a variety of structures were also seen. A large
quantity of Japan’s apartment house stock is defined by the nLDK units, and it is
difficult for them to be adapted to present-day diverse families and individuals.
The author observed cases where, regardless of restrictions of management
regulations in UR (Urban Renaissance Agency) rental housing, infill upgrading
was done, so residents could maximize the comfort and convenience of their
apartments. Among housing built both for sale and as rental housing, almost all
homes which have been in use for a long time are occupied by households whose
members want this home to be their final home, and in the future, how to upgrade
homes so that they can be occupied by elderly people using wheelchairs or

requiring at-home nursing care will be a big challenge.

Second large-scale upgrading work has been executed at many condominium
apartment houses between 25 and 30 years after they have been completed. In this
period, comprehensive upgrading work involving not only exterior wall and roof
waterproofing, but exterior furnishings and insulation specifications were carried
out. In response to demanded specifications and required standards which have
improved and changed over decades, upgrading work intended to improve
functions such as finishing entranceway halls or common rooms etc. are executed
as required in each period. Upgrading private areas at the same time as large-scale
upgrading works is economical and rational, because it can be done using scaffolds
and other temporary work. Also during the work period, residents are sometimes
forced to move to temporary dwellings for a specified period because the water
supply is shut off, use of stairs is restricted, and the work is noisy, and they want to
have their private areas upgraded at this time. Comprehensive linked upgrading of
common areas and private areas is an effective way to improve the value of an
apartment house, but it cannot be stated that adequate research and development

has been done concerning simultaneous execution of renovation and upgrading of
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common areas and private areas. Research should be carried on the best way to
link large-scale renovation and upgrading work of common areas and infill
upgrading work inside the dwelling units and specific upgrading methods should

be established.

Examples of projects to renovate existing apartment houses and provide shared
housing and other new forms of housing are the Urban Renaissance Projects of
Urban Renaissance Agency, such as the Tamadaira Estate (Tamadaira no Mori),
RIBIITA, and Hitsuji Real Estate. In the future, even in condominium apartment
houses, it will be increasingly necessary to introduce diverse functions such as
facilities to support child-raising, to support the daily lives of elderly people, and
medical treatment and nursing care facilities, just the way UR has introduced a
variety of housing forms. Empty apartments whose owners have vanished and
cannot be contacted, empty apartments without heirs to occupy them, and so on,
are steadily appearing, and management associations are struggling to deal with
this problem. According to conditions, local governments will probably rent the
empty apartment units to introduce new facilities. If flexible ways of use unlike
past methods of use are not introduced to apartment houses built for sale by the
private sector, it will be difficult for elderly residents to continue occupying them.
We must study new ways of occupying apartment houses in the future aged society

to, as necessary, update the present building construction related laws.

3. Upgrading infill led by residents

Half a century ago, in 1961, N. John Habraken’s work, “Supports, an Alternative to
Mass Housing” was published, advocating the concept of and methods for housing
production led by residents. This concept is best applied to the upgrading of
apartment house infill. Whether in condominium apartment houses or rental
apartment houses and so on, it is their residents who best understand upgrading
needs. Forming housing production and supply systems that enable residents to
personally plan and decide specifications is necessary to establish infill upgrading

in sound form in the market.
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It is estimated there are 5.7 million apartment units in Japan. As years pass,
upgrading their infill has become a large market. It is now possible to develop
systems which enable residents who can use the internet to personally design and
place orders for upgrading. Specific specifications and colors for interior finishing
materials are decided by checking the actual goods, so after completing a basic
study on the internet, residents have to find a place where they can actually see

housing equipment or building materials with their own eyes.

There is a strong need to use wood, which is a natural material, as interior
finishing material, but it is rare for ordinary residents to take part in the process of
selecting wood. In the past, companies distributing and processing wood materials
put priority on large lot transaction between companies (B to B), but as the market
shrinks, in the future, it will be possible to expand the market by digging up
potential demand by establishing direct contact points with customers (B to C)
through the internet. Large makers of housing equipment and building materials
establish exhibition sites to show their own products, but if a facility which
simultaneously displays a wide range of housing components and housing building
materials which are supplied to the market by all companies was established,
residents who are not experts would use them to set their own infill specifications.
[ think that a market for infill upgrading would be nurtured by building a system
which supports residents’ decision making by integrating the internet with

building material exhibition sites.

Many companies that design and construct apartment houses have related
companies continue to manage the apartment houses they have constructed. These
companies are, based on the trust of residents established over many years,
counted on to grow as comprehensive daily life service enterprises. Some such
companies have already developed technology to monitor the heartbeat or
respiration of residents. Through links with medical treatment, welfare, and
nursing care experts, homes are now basic centers for the management of the

health of residents, and advancing these to link them to emergency life-saving
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systems will also be provided as services in the near future. For homes occupied by
elderly people and others requiring nursing care, providing daily life support
services in conjunction with infill upgrading will probably become a new business.
For corporations which have had a grasp of the actual state of residents of each
home, the comprehensive daily life service business, which includes crime
prevention or security services adapted to the characteristics of each household,
methods for checking on its members’ safety during a disaster, support for rescue
and restoration, distribution of daily use food products and meals, and so on, is a

growing field for which there is a strong public need.

.

MATRIX TILE SYSTEM installation with 0-slope gray water drains

Figure 2 Infill Development by Stephen Kendall, a Professor at Ball
State University in the U.S.
(Intellectual property is owned by Infill Systems B.V., Delft, NL.)

4. Highly Sustainable Urban Housing
When you visit Grof3siedlung Britz (completed 1925) in Berlin, which was

designed by Bruno Taut, you will find it is still bustling with life and its exterior
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walls are brightly painted. Regardless of problems such as seismic performance, I
feel a great gap between these and buildings which Dojunkai constructed in Japan
at about the same time, but which no longer exist. What are the conditions
necessary for housing to maintain and boost its value for long periods, so people
can continue occupying it with satisfaction? It is necessary to comprehensively
clarify [1] requirements which the initial design must ensure, [2] requirements for
maintenance, and [3] requirement that modifications be approved with the
intervention of residents. It can be observed that buildings and homes around the
world which have survived for a long time have changed in various ways to adapt
to the transformation of social needs and lifestyles over a period of many years. It
can be hypothesized that one of the reasons for the short service lifetimes of

housing in Japan is the lack of acceptance of upgrading.

In Japan, the Act for Promotion of Long-Life Quality Housing was enacted in June
2009, starting off full scale efforts to prolong the service life of housing. This is a
product of the success of KEP (Kodan Experimental Project), CHS (Century
Housing System) and other long-term technology development linking the private
and public sectors. Figure 3 shows environment friendly housing especially for
elderly people which was constructed in Pelgromhof in Holland in 2001. Elderly
prospective residents of this building planned the interior of its apartments. When
the author visited this site, an elderly woman occupying it told me that the best
thing about it was that she, who knows her own needs best of all, planned it. In
Japan, considering maintenance and restoration of pipes, installing common use
vertical pipes facing common areas is recommended, but in the design by Frans
van der Werf, the pipe-shaft for the common use vertical pipes is placed in the
center of an apartment, perhaps to increase the degree of freedom of design of the
rooms supplied with water (Fig. 4). When considering extending service lifetimes,
an essential condition is to change the floor plan when replacing the equipment. I
think that research including overseas efforts should be done to establish a variety

of design methods.
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Figure 3 Environment Friendly Housing Especially for Elderly People in
Holland (From Mr. Frans van der Werf)

Schets ontwerp
Woning numemes 7
Uw naam

‘ 1 Schual 150 Darum csc5-37
| e Plpomiof

it 5g Wnghos Zenaar

Common vertical pipe use PS

Figure 4 Location of the Pipe Shaft inside an Apartment of the Above
Housing (From Mr. Frans van der Werf)

Finding out how to flexibly upgrade the existing housing stock in response to
change of the makeup of the population of regional society and to changing life
styles is the fundamental challenge facing utilization of the housing stock. Solids

are highly durable and sustainable buildings constructed in Amsterdam. Builders
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of Solids can select residents through internet auctions and combine diverse uses
including residential, office, stores, etc. (MINAMI, K. 2011). It plans urban
development while including the perspective of change of the constitution of its
residents. The relaxation of regulations of the City of Amsterdam is the background
to its realization. Both construction of new buildings and upgrading of existing
buildings may require revision of regulations and social systems in order to

simplify adding non-residential uses to apartment houses.

In order for a building to be used continuously for a long period of time, it is
important to accumulate and hand down accurate information concerning the
state of the building when completed and the history of its maintenance and
renovations. It is now possible to use a high performance three-dimensional
scanner at relatively low cost, so in the future, accurately measuring and
diagramming the body dimensions of newly constructed buildings will probably be

of use in planning future upgrading work.

Historical cities around the world have been formed by gathering urban housing.
Apartment houses now constructed in Japan are individually, splendid buildings,
but it is not clear if they are gathered to form beautiful neighbourhoods. An
essential requirement for this to happen is that urban housing buildings that are
highly sustainable in the true meaning of the term link similar buildings to form
attractive urban areas (urban tissue). I wish to establish methods of developing
and maturing cities by promoting the development of urban areas through the

renovation and restoration of individual buildings Note 2.

Notes

(1) According to a document from the MLIT Committee for the Study of Renovation
of the Existing Apartment Stock in a Sustainable Society, based on a statistical
survey of housing and land (2008), of the total of 49.6 million homes in Japan

(2008), about 40% are in apartment houses, most of these are reinforced
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concrete, and reinforced concrete apartment houses of 3 or more stories account
for about 30% of all homes.

(2) This report is based on the Ministry of Education, Culture, Sports, Science and
Technology, Private University Strategic Research Infrastructure Formation
Support Project, “Promotion of Regional Industry by Developing and Establishing
Markets for Housing Use Interior Finishing and Equipment made of Wood” (from
2012) and “Research on Continuous Customization of Adaptable Housing and
the Evaluation of Performance of Upgrading Work Based on Industrialized Infill”,
JSPS (Japan Society for the Promotion of Science), Grants-in-Aid for Scientific

Research (C), 2006 to 2007.
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Bestaande situatie De plint demonteren Het gat voor het elektra aansluitpunt op de

gewenste plaats boren

De kabel doorvoeren en de De kabel aansluiten op de stekkerdoos De plint weer bevestigen;

wandcontactdoos monteren aansluiting gereed
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ZEbL LD (KM3) B 2R L, BEFFEICLDIEEEEOHE L HiEERRLE, £
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X 3 Supports: an Alternative to Mass Housing B ZIkR (3K:E) 1999 &
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