MISAWA HOMES INSTITUTE OF
RESEARCH & DEVELOPMENT

TECHNICAL REPORT

SIBERMBAIR &
3B R—L /Ny X 55

DEVELOPMENT OF
PANELS AND THE
HOUSE 55 PROJECT

H-hiToEE

2N 255, ( TN RS
AEHETCHI > 27 AR Y 22 M)
DL & 7 - 1 2 HETiE M D %D Vé
DI T R — ARSI C AL &
DIIAF46ED 2 L T,

ZHERERM L 0o AL, B L O
MOMEEH S L TH L IH 7 h—
LDEHETT, 24 h, ﬂi%&ﬁlifﬁi’-‘_ﬁﬂ
b BhARMAL Kb, JETFRE, Wk
LETHERINTY & '4‘71" L R i
DMETE e 2 wh v d 2k pijg
DIFEMER Y 2 2h 6 I DMEHE N0
%L 7o

ZHEBER MO MFET, WWHISIED 6
MG s nte oD A555FIC . TR
it L IR OB £ v S Bl 7 —=
PHGHLIEZ Ed G, FFED WA 2

(lpE -

It was in 1971 when research and develop-
ment of a multi-functional material which
formed the core technology of the HOUSE 55
Project (the new housing supply system under
the guidance of the Ministries of the Inter-
national Trade and Industry, and Construc-
tion) was inaugurated by the Misawa Home's
Institute of Research and Development.

The special terminology, ‘‘Multi-functional
Material,”” was coined by Misawa Homes Com-
pany Ltd. The original idea for this terminolo-
gy referred to a single material with various
functions such as structural, insulating, water-
proofing, and finishing.

In the process of developing this multi-func-
tional material, Misawa Homes found a
common objective in the development of
panel materials for industrialized housing
within the HOUSE 55 Project started in 1976.
Consequently, Misawa Homes entered the
House 55 competition. The core of the design
project consisted of research results obtained
through joint efforts by Showa Denko K.K.,
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Nisshin Steel, Ltd., and Hitachi Ltd., and as a
result, Misawa Homes became the only pre-
fabricated housing manufacturer entrusted
with the development of the HOUSE 55
Project. Thus, the development of multi-
functional materials and the Project have
progressed hand in hand.

1971 Research on basic materials is initiated
for the purpose of developing ideal
construction panels.

1972 A porous inorganic material, consisting
of lime and silicic acid substances
which are abundant in Japan, is selec
ted for making the multi-functional
material.

1973 Joint research on the material is initi-
ated jointly with Showa Denko K.K.

1974 A new industrialized housing system
using the folding construction method,
which has been developed along with
the research on materials, is granted a
governmental subsidy for significant
technological development.
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1975 A U-shaped unit construction which
supports the Misawa Homes Type U is
successfully developed. Three-storied
houses using this method are con-
structed with successful results.

1976 After numerous studies and experi-
ments, basic functions of the new
panels to be developed, such as
strength, insulation, non-flammability,
heat-resistance, and finishing perform-
ance, are decided. Development of
House 55 is entrusted.

1977—1979 Trial construction is carried out
for testing the housing component
materials, construction method, com-
fort, durability, and others.

1979 A pilot plant for manufacturing new
construction panels is completed joint-
ly with the government.

1980 Marketing of the products is executed
after studies and improvement through
trial construction.
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"High quality and low cost’” is an eternal
burden of contradiction imposed on indus-
trialized housing. In order to achieve this goal,
Misawa Homes has, since its establishment,
pursued technological innovation aiming at
breaking away from traditional construction
methods which uses countless construction
materials of different features and sizes.
The development program for the multi-
functional material has been carried out as
part of such innovation. Improved quality is
one of the essential requirements for housing
of the future. In this regard, one of our major
tasks will be related to limited resources.

Future societies will require houses which

meet the requirement of good social proper- -

ty, matching the beautiful streets under city
planning while at the same time demonstrat-
ing high durability. Also, the new housing
system should require less energy in process-
ing, transportation, and construction opera-
tions, and utilize raw materials which are
produced abundantly within the country. The
study on new panels is aimed at satisfying all
of these essential conditions.
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= PALC

PALC, named after Precastable Autoclaved
Lightweight Concrete, was developed as a
new kind of lightweight concrete construction
panelling, made from a fluid mixture of
cement and silica sand, mixed with air bub-
bles in proportion to specific gravity. After
primary hardening and molding, the material
is heated in the autoclave at a temperature of
180°C, and steam-cured.

As it has been proved in the history of con-
struction technology, wooden materials have
a number of favorable functions which people
have been making much of.

The development proiect, holding the features
of wood in .high esteem, aimed at the realiza-
tion of a new material which possesses the
similar feeling and texture of wood, while, at
the same time, surpassing wood by being
resistant to flame, corrosion, and distortion.
Thus, the resultant PALC can be said to be an
“inorganic wood," having both the advantages
of wooden construction panels, and inorganic
materials such as concrete.
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= Differences between PALC and Other
Panels Made of Inorganic Materials

When comparing PALC material with other
lightweight concrete, the most remarkable dif-
ference is seen in regard to the time during
the process of production when the utmost
strength is obtained.

Compared with PALC panels which show the
strength during the autoclaving process in the
saturated steam curing under high tempera-
ture (180°C) and high pressure (10kg/cm?2),
lightweight concrete material requires eight to
twelve hours to harden, and furthermore, a
number of years are required for necessary
stabilization after construction of the building
structure is completed. This duration of sta-
bilization may, of course, invite factors which
deteriorate the concrete material causing
shrinkage and clacks, at the same time.

PALC, which acquires its utmost quality
during the manufacturing process, contributes
greatly to stability from a long-term point of
view, which is essential for construction
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panels.

In addition, when compared with general
ALC which is made through the autoclave
process similar to that used for PALC material,
PALC panels show their unique functions and
usage, in spite of the similarity of major
elements.

While ALCis used only as construction panels,
PALC panels are the essential construction
components constituting the elements of the
buildings.

PALC makes it possible to offer free and
diversified panel designs which could not be
realized with ALC, being able to be molded
freely from simple surface to cubic designs
such as arches. This was made possible
through the newly developed technique of
casting.

This feature adds new values to houses, such
as thick walls as seen in traditional store-
houses and stone houses in housing complexes
of European countries.
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s Production Technique of PALC Panels

One of the major achievements developed
through the panel producing techniques
concerns continuous slurry (fluid mixture)
production. This contributed to the mainte-
nance of high precision in specific gravity of
the PALC material on which the performance
of the construction panels is dependent to a
large degree. Also, the hardening time of the
slurry can be controlled by this technique.

Thus, various designs at low costs were made
possible, as described before. In addition, the
possibility of designing both sides of the
panel was realized thanks to this technique.

Another achievement was the demolding and
conveying technique which contributed to
increased productivity. This newly developed
method enabled demolding of large-sized
panels at a relatively soft stage and sending
them to the next process of production. By
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this, the molding cycle became 15 to 20 times
faster than production of conventional con-
crete panels.

A pilot plant was completed in June 1979,
combining these major production techniques,
to establish a mass-production line of PALC
panels.

Among the three groups entrusted with the
development of HOUSE 55, only Misawa
Homes Group, (Misawa Homes Company
Ltd., Nisshin Steel, K.K., and Hitachi Ltd.)
succeeded to realize the new panel produc-
tion technique at the stage of pilot plant
operations.

The first mass-production facilities to be
operated by a newly established subsidiary of
Misawa Homes (in Nagoya City), equipped
with improved devices after vigorous studies,
are now under construction targeting Octo-
ber, with the aim of marketing started from
this autumn.
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s Characteristics of PALC Panels

PALC panels, thanks to its physical properties
and the production process involved, satisfy a
number of functions required for a construc-
tion panel as described below.

<Large-sized uniform molding>

PALC enables production of large-sized panels
which promote rationalization and industriali-
zation of housing construction. Due to the
decreased number of connecting parts, features
against heat, sound, and water, as well as con-
struction efficiency and durability, have been
greatly improved.

<Heat insulation>

Having the heat transfer coefficient of 0.1
kcal/m2 h°C, PALC exhibits an excellent
heat insulation performance 10 times greater
than that of concrete. Together with the air-
tightness obtained by the large-sized panel
production process, and resistance to shrink-
age and transformation, this excellent feature
makes PALC panels realize energy-saving
houses without the need for separate insula-
tion materials.
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<Fireproofness>

Consisting of inorganic materials, PALC panels
fight against fire. Since PALC panels work as
both structuring and finishing materials, they
comprehensively satisfy the requirements for
fireproof houses.

<Sound insulation>

PALC panels, as a large mass substance, can
interrupt the sounds from TV's, or noises
from other people’s conversations, which
are transferred by air. Furthermore, the
inspection of the exterior wall proved a value
of 36db (thickness: 10 cm), to show the first-
grade sound insulation performance of PALC
material.

<Sound absorption>

Countless tiny bubbles within the PALC ma-
terial absorb sounds.

Thus, PALC panels are completely new con-
struction panels which enjoy two contradicto-
ry features; sound interruption and sound
absorption.

<Moisture control>

Shosoin, the treasure house from ancient
Japan, uses a lot of wooden materials to
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always keep the interior at a relative humidity
of approximately 65%. PALC panels show a
similar humidity-controlling feature.

While normal humidity in the air is abosorbed
by the surface of large PALC panels, excess
moisture is caught by the subtle capillarity
vessels inside the material.

<Stable in size>

The inorganic features of the material together
with the autoclave curing process contribute
to the panels’ resistance to fire, corrosion, and
distortion. Thus, PALC is expected to be a
long-lasting material which realizes houses
with ample space enough for three genera-
tions living together (CENTURY).
<Anti-condensation>

In spite of its air tightness, dew condensation
seldom occurs, attributable to the porous
structure of the material and the high heat
insulation.

Realization of these many functions by a
single material led the research and develop-
ment of the multi-functional material to great
progress.
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The supply of new products far exceeding the
conventional quality level is made possible by
PALC panels, which exhibit completely new
values that conventional building panels could
not show, and by the capsule unit construc-
tion method using the new panels to increase
the degree of industrialization, and the hous-
ing facilities matching the living space and
lifecycle of the building structure.

The houses for which the PALC panels are
expected to be utilized for the coming age
may be as follows:

mHouses for Securing Health and
Property

People will be involved more in values of
health and safety in the coming century, and
houses will be required to fullfil those needs.
PALC panels, a development based on the ap-
preciation for the features of wood materials,
are comfortable for people to feel, while
being completely free from toxic elements.
They even generate no smoke when exposed
to fire. The porous feature of the material
contributes to all-time maintenance of
interior humidity, preventing, at the same
time, dew condensation on the walls. The
panel material maintains warmth, while also
helping to keep the interior condition com-
fortable due to its ability to be resistant to
exterior temperature changes. These features
are distinctive from concrete material which
is also a non-flammable and heat-resistant
material.

Being inorganic, PALC panels are free from
corrosion, and damage from termites and
mold.
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Thus, it can be expected that the houses made
of PALC panels will show greater reliability
and higher values as property, compared with
the conventional type wooden houses. These
houses also contribute to energy conservation
and reduction of maintenance and repair costs.

mHouses for Creating A New
Environment

Local communities will be urbanized in the
next century, intensifying the nationwide
requirements for city-oriented housing con-
struction. Thus, more and more concerns
related to noises, disasters, and other dangers
should be involved in housing construction in
all areas.

PALC panels, accompanied with its excellent
sound insulation, fire-resistance, and newly
developed earthquake proof construction, are
thus ideal for housing construction in the
next century. In addition to these physical
features, PALC panels have large design
flexibility and a comfortable texture, which
contribute to the creation and maintenance of
beautiful residential sites.

Future communities under decentralized
administrative systems will cultivate the
consciousness of ties between community
members, and the housing environment will
become regarded as common property of the
group, rather than a personal belonging.

In this sense, PALC panels will provide a
significant alternative for town houses and
three- to five-storied housing complexes in
urban housing districts, providing a new and
attractive housing system different from
conventional concrete structures,
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DEVELOPMENT OF THE CONSTRUCTION METHOD
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The ultimate goal in the development of new
building panels lies in the innovation of the
housing system which drives the industrializa-
tion of housing.

For this purpose, the pursuit of a new con-
struction method was carried out along with
the development of the multi-functional
material, placing emphasis on simplification
of each of the production, distribution, and
construction processes, by intensifying into a
single material the various functions which
have been combined at the construction sites
conventionally. As a result, the capsule unit,
the “Misawa Homes Type U,”” a completed
unit housing with a higher degree of indus-
trialization, was established as a result of
improvement of the unit construction method
which had been employed previously. Misawa
Homes is confident that the development of
the new technologies for both panels and con-
struction method opened up a new path in
the pursuit of houses as industrialized prod-
ucts to metch the future society.
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= Characteristics of the Unit Construc-

tion Method

The unit construction method aims at the
promotion of industrialized housing through:
1) facilitating industrialization; 2) increasing
value added in terms of technology; 3) re-
ducing kinds and number of works; and 4)
rationalizing works by mechanization.

Most of the major housing companies failed
in marketing of the unit construction of the
conventional type houses, because: 1) The
total supply system could not be established
to realize commercialization; 2) There was an
imbalance between the facility investment
and the market capacity and; 3) There was a
lack of strategies in regard to limitation to
the design flexibility because of standardi-
zation on one hand, and users’ diversified
needs, on the other. In order to operate the
unit construction successfully, full knowledge
of its nature is vital; defects of unit houses
should be offset by other advantages as
industrialized products, and reduced costs
through rationalization.
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= The Misawa Homes Type U

Unit housing construction may tend to put
more weight on on-the-spot installation of
exterior and interior fittings to meet the di-
versified needs of the customers. This is con-
tradictory to the basic idea of unit housing.

In order to solve this problem, it is necessary
to intensify the degree of originality in each
unit by making wide varieties of components,
while facilitating pre-fabrication of the units.
The Misawa Homes Type U satisfies these
requirements simultaneously.

The basic structure of the Misawa Homes
Type U is in the shape of a table placed
upside-down, not a box. This shape contri-
butes to avoiding the double layering of the
floor, since the floor of the second level be-
comes the ceiling of the first level. Also, the
height of the first floor is sufficiently secured
(up to about 2.6 m), while there are other
advantages such as increased fireproofness of
the ceiling, increased operation efficiency
both in the factory and on the construction
site, reduced costs, and design flexibility.
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s The Unit Construction Method and

Transportation Efficiency

The unit construction method is restricted by
transportation. For example, the height,
width, and length of the unit are limited
considering the type of vehicle on which the
unit is loaded, as stipulated by the Road Traf-
fic Act. Furthermore, the bumps the vehicle
experiences on rough roads will affect the
quality of the unit during transportation.

In general, transportation efficiency is deter-
mined by a balance between the weight and
volume as against the transporting vehicle.
The Misawa Homes Type U, unlike con-
ventional type units, maintains a good balance
figure. Also, components which have been
installed at the construction sites convention-
ally due to the transportation rules can be
mounted on the Nisawa Homes Type U to
further improve the transportation efficiency.
Because of the new earthquake-resistant
design, the Misawa Homes Type U is hardly
influenced by road conditions during trans-
portation.
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= Misawa Homes Type U Structure

The Misawa Homes Type U created a complex
structure consisting of a rigid steel frame
affixed to the PALC bearing wall by means of
brac)kets (rigid steel frame + PALC bearing
wall).

While the vertical load is carried by the rigid
frame, the horizontal load is shared by
both the rigid frame and the PALC wall
according to the conditions.

The brackets control and absorb a certain
volume of the horizontal load between the
rigid frame and the PALC wall. Through the
mechanism, more horizontal load will be
imposed on the PALC wall in case of small or
medium-scale earthquakes, while the exterior
force transferred to the PALC wall is con-
trolled under large earthquakes.

Thus, the transformation of the building is
minimized, demonstrating the utmost ad-
vantage of the complex structure consisting
of a combination of the rigid steel frame and
the PALC bearing wall.

s FF DEVELOPMENT
OF HOUSING FACILITIES
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Along with innovation of construction panels
and construction methods, housing facilities
are also subject to technological improve-
ment.

The changes in industrialized houses in re-
lation to facilities and equipment in the past
can be summed up as follows:

1960's — The difference from conventional
housing construction was clarified, placing
emphasis on higher performance of heat-
insulation, air tightness, and structural rigidi-
ty. 1970's — Original components to be of-
fered as standard products are developed.
1980°'s — Well-balanced combinations of
building and inner facilities are studied for a
further developed stage in industrialized hous-
ing.

Misawa Homes, separately from the projects
for development of panels and construction
method, carried out a development program
for housing facilities. At the present stage, the
major objective is development of facility
system designed integratedly with the basic
structure of the building.
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= Houses with Built-in Facilities

Conventional types of housing facilities have
been separately developed and marketed,
lacking consideration on consistency of inner
facilities and equipment with outer building
structures in terms of performance, functions,
and design.

It is essential for future housing to intensify
the degree of functional efficiency and con-
sistency between the facilities and housing
structure in the course of ever diversifying
needs for unique houses matching individual
tastes. In this sense, comprehensive ideas for
houses and the facilities to be installed within
the houses will be significant in the future.
Facility systems will be designed and built in
the housing structure from an early stage of
construction. This can be realized only
through standardized housing design for mass-
sales. Misawa Homes’ houses made of PALC
panels will be the ideal model for realizing
this.
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= Heart Core

Comprehensive and intensified facilities de-
signed integrated with the housing structure
contribute to shortened plumbing circuits,
reduction in the installing operation, energy
conservation, increased value added, and
other rationalizations.

In order to take the utmost advantage of such
an intensified facility system, plumbing and
electric wiring related to the whole housing
structure should be economized, to avoid
complicated works and ill-balanced function-
al consistency.

In this sense, the ““Heart Core’’ can be fully
utilized through complete pre-fabrication of
the unit housing structure.

Already developed are Heart Core | for large-
sized panel houses and Heart Core |l for unit
houses.

= Heating Unit
A heating unit has been developed for instal-

lation in the Heart Core of unit houses with
the aim of the utmost balance between facili-
ties and the lifecycle of the building structure.
This unit consists of a compact combination
of the equipment required for the heating
source of the hot water supply and room
heating. Being able to adapt to changes in
energy sources and maintenance operations,
the unit is replaceable to match the lifecycle
of the structure.

= Built-in Floor Heating

Floor heating is one of the most desirable
heating methods, used since long ago in Korea
and other countries.

The built-in  floor heating system of the
Misawa Homes Type U is installed in the
early stage of floor-panel production process
in the factory. This system enables the in-
dustrialization of floor heating by use of the
floor element with low cost and ideal heating
performance.




EXEDTME

MARKETING

BALBHFE L 2o 2555 HI0 $ 1hio) A K
L THESLS U PALCERK. A7t
= MEEFRD L5 BERBM. 2 L
TIVUh—2 0 MACHEPT T T X
1o i Pk 35 2 IEAISSERK & b ¥ T 2
TETT,

AR L & L7chs, BEC PALCESM O
THOEZPEMBETFTT IO TH b, JL
CAFR A B e BE T R BLET 5
&5, MEADWRIETF ¥ A v, HEOM 11k

Beginning this autumn, Misawa Homes plans
to initiate a full marketing of the techniques
related to the PALC panels, the capsule unit
construction method, and others, which have
been developed integrating the studies for our
original product line and for the HOUSE 55
Project.

As stated before, the construction of a mass
production plant of the PALC panels is now
under way in the Nagoya District aiming at
the full marketing. Furthermore, production
plants are planned to be allocated to other
districts in the near future.
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Establishment of the supply system is being
sought through streamlining of our inde-
pendent sales channels, exclusive construction
system, and organized processes of produc-
tion, transportation, and assembly.

Besides the standard type two-storied resi-
dential houses, our products utilizing the
PALC panels will also appear as three-storied
houses, two-storied houses with basements,
and town houses. Furthermore, studies will be
made on new house products for designated
fire zones, which Misawa Homes has not
offered in the past.
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