CONSTRUCTION OF SYSTEMATIZED BUILDING STRUCTURE

Dr. Mamoru Iwatal, Mitsuhiko Yazakil,
Hiroki Kawail, and Prof. Dr. Akira Wada3

1 Nippon Steel Corporation, 6-3, Otemachi 2-chome, Chiyoda-ku, Tokyo
2 Nikken Sekkei Ltd, 4-27, Koraku l-chome, Bunkyo-ku, Tokyo
3 Tokyo Institute of Technology, Nagatsuta, Midori-ku, Yokohama

SUMMARY

The Systematized Building Structure (SBS) is a system for supplying general-
purpose structures for medium- and high-rise buildings. Systems approach is
made to the SBS, taking into consideration every technological possibility and
consistency at each level of material, components, members, building elements
and structural organization. The SBS at the present stage looks like a tradi-
tional Japanese timber structure. This SBS is a prefabricated structural system
consisting of column and beam, and uses fitted joints instead of conventional
bolting or welding connection.

1. PREFACE

Industrially advanced countries, having telecommunications technology through
the use of electronics, satellites, fiber optics and other high technologies,
are rapidly transforming into advanced information societies. This has helped
accelerate the shift toward tertiary industries and concentration of population
in wurban areas, resulting in the growth of buildings and urban facilities in
both magnitude and height. Further, modern urban buildings, which emerged about
one hundred years ago, are on the verge of obsolescence. Yet, even at this
stage, the construction industry is still unable to shake free from the re-
straints of conventionalism, and lags far behind other industrial sectors in
productivity. With no or very little improvement foreseeable in the construc-
tion labor situation, it is getting harder and harder for the construction
industry to recruit people.

In this situation, research and development primarily aimed at the improvement
of productivity in construction has finally been initiated in the past several
years? Specifically, R&D is addressing the introduction of new constructional
materials, new manufacturing and fabricating systems, Construction automation,
and AI in design and management. Building construction as an integrated system
aided by these technologies will be a breakthrough in the present impasse of the
construction industry, through the introduction of industrial efficiency.
Furthermore, providing building elements with variability and interchangeability
will promote the recycling of constructional materials and eventually lead to
the conservation of energy and resources.

The Systematized Building Structure (SBS) discussed in this paper is a system
for supplying general-purpose structures for medium- and high-rise buildings.

system as a whole as well as by interfacing with architectural attachment. The
SBS's performance is also prescribed by integrated computer control exercised
over the design, manufacture, execution and maintenance or the so-called CIM
(computer integrated manufacturing), which integrates CAD, CAM, CAC (computer
aided construction), and CAP (computer aided planning).

In concrete terms, the SBS's performance requirements are conceived to be as
follows:

(1) To conserve energy and resources, structural components of the SBS must
have long durability.

(2) The whole architectural space system containing the SBS must be a system
with such flexibility vis-a-vis changes in space characteristics as to
match changes in functions and uses.

(3) In order to clearly define the structural performance of the SBS, the

strength, jointing performance and deformation capacity of individual

structural components of the SBS must each be clearly defined and pre-
scribed for high structural integrity.

To assure the long-time use of the SBS in terms of structural members,

components must be standardized and possess interchangeability with respect

to performance.

(5) In consideration of the construction phase of the SBS, the SBS must be
amenable to automation at the site.

(4

4. BASIC CONCEPTS OF THE SBS

With respect of jointing and modules, consistency of the SBS with the
architectural space system as a whole is established. In other words:

(1) The SBS is made to be suppliable separately from the architectural
attachment of a lower hierarchical level by setting rules for mutual
compliance by both the architectural space system as a whole and the
architectural attachment.

(2) The SBS consists of four building elements: namely, floor, wall, column and
beam.

(3) The SBS's four building elements each consist of members and components.

(4) Members have configurations suited for automatic assembling at the site,
with corresponding jointing methods.
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Thus far, systematized building construction has been developed and utilized for
housing, factory and office-building construction purposes in many fields and in
many different ways. Yet, given these premises, we still propose to further
address the task of developing the SBS now, for the following reasons:

(1) The need for improvement of the construction labor situation.

(2) Emergence of technology seeds in peripheral high technologies to facilitate
and promote industrialized building construction.

(3) The imminent need for conservation of constructional materials and energy.

(4) Social need for modernization of the construction industry and a new setup
for building manufacture and construction.

(5) The need for a system for integrating the design, manufacture, construction
and maintenance of buildings, based on computerization and communications.

2. CONDITIONS FOR ORGANIZING THE SBS

As a condition for organizing the SBS, the environment for construction of a
building needs to be viewed as a certain hierarchy. In a sense, this
hierarchization 1is characteristic of building construction itself. Also, in
order to permit the scientific growth and development of building construction,
which 1is an extremely complex, total system containing both metaphysical and
physical problems, hierarchization is indispensable. To promote the rational
progress in sophistication and self-organization in building construction,
hierarchization is a very effective approach.

For the SBS we have in mind, the following hierarchy is envisaged (Fig. 1).
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(4) Infrastructure.
Facilities which restrain an architectural space system and support
economic and social activities outside the building: roads, water—
purification, sewerage and energy-supply systems, and telecommunications
systems.

In this hierarchy having (4) to (1) levels in the order of predominance, upper-
level systems restrict lower-level systems according to prescribed rules. of
the architectural space system, the SBS represents the structure.

3. PERFORMANCE REQUIREMENTS OF THE SBS

The required performance of the SBS is prescribed by infrastructure, which 1is
the upper system, and by the SBS's consistency with the architectural space

5. AN EXAMPLE OF THE SBS

The SBS at the present stage looks like a traditional Japanese timber structure.
This SBS is a prefabricated structural system consisting of column and beam, and
uses fitted joints instead of conventional bolting or welding connection.

A column-to-beam joint of the SBS is shown in Fig. 3. This is a rigid joint.
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(1) A column member is made by factory-welding a grooved ring, called the
column end, to each end of a circular pipe.

(2) A beam member is made by factory-welding a quartered cylindrical segment
tapered top and bottom, called the beam end, to each end of a rectangular
pipe.

(3) At the site, the beam ends are inserted into the groove of the column end.
The pressing down of the column end of the subsequent storey column fixes
the beam ends.

(4) In the directions where there are no beam members, quartered cylindrical
segments tapered top and bottom, called the curved plate, are inserted.

(5) In order to secure structural integrity of the joint, the column ends are
further tightened using hydraulic jacks.

These ingenious devices are designed to
transfer axial forces, bending moment and
shearing force at the column-to-beam
joints. Column ends, beam ends and curved
plates are forged and machined for greater
dimensional accuracy.

The SBS has been applied to the actual
construction of a building having three
storeys and one basement, with a span of
7.8m and a ridge span of 18m (3.6m x 5m
span), as shown in Fig. 4.
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