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Abstract

The purpose of this thesis was to study
an integrated building system for a
multi-purpose building in an urban
commercial center. The building system
was conceived as a total system of
environmental control, structure and

building service cores.

The integrated building system consists
of a four-way structural system sup-
ported on four columns 54 feet on

centers.

The precast concrete truss unit is
6 feet by 6 feet planning module. The
total structural floor depth is 4 feet
and it allows ample space for all

environmental control systems.

The primary vertical mechanical system
is incorporated with columns. Various
core elements and core arrangements
are depending on the functions and

occupancies.
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Introduction In the advanced technology of the
twentieth century, mechanical and
structural engineering have proceeded
swiftly in the technological areas. The
architects of the new generation should
re-evaluate the present building condi-
tions and develop a totally new approach
toward an "Integrated Building System."
Architect Koyonori Kikutake, a member of
the Metabolist Group, describes a build-
ing as being composed of two basic ele-
ments: first, there is the structural
elements system which determines the
space itself; and secondly, the service
slements system, which corresponds to
living patterns, and is also subject to

temporal changes in function.

The purpose of hhis thesis is to inte-
grate these two basic elements by means
of developing a type of integrated build-
ing system mtilizing standardization to
provide flexibility of function. For a
multi-function building the author turns
his attention to space grid structures

for longer span.

Design Criteria The architect has the role of coordinating
. the design of various elements into a
workable whole. A design solution may
be described in terms of twelve basic
elements, as follows: human needs, and

activities, space, surfaces, vehicles,
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goods, structure, mechanical systems,
electrical systems, gas, lighting,
acoustics and plumbing. This thesis
emphasizes the structural elements and
building service elements, such as
mechanical, electrical, lighting,
acoustics and plumbing as the major

design criteria.

It was necessary to develop a structural
floor system which would make it pos-
sible to create floor openings of vary-
ing sizes to integrate the service sys-
tem elements within the floor depth.

The structure bay width should be ran-
ging at less than 50 feet between column
supports. Non-load bearing partitions
should be installed on a planning module
basis, allowing a variety of spaces in
the structural bay. Cantilevers up to
1/3 of the space should be permissible
in any direction.

The structural system material would be
the reinforced concrete resulting in a
completely fire-proof structure.

Core design and vertical circulation
requirements would be designed according
to the National Building Code. Building
service elements systems may sometimes

be incorporated in columns.



Design Proposal
The Structural
Elements System

The proposed structural system consists
of module precast space units linked to-
gether by post stressing higher strength
steel cables and supported by precast
columns. It is desirable to use factory
precast techniques which achieve a better
dimensional control quality as well as

reduced labor costs.

The components of the floor system con-
sist of two elements, i.e. the space
grid structural unit and the precast
floor cover between four units. The
structural unit module grid is 6'-0"
square in plan and 3'-9%" depth allowing
2%" concrete floor topping to achieve a
total depth 4'-0" for structural require-
ments. The unit itself weighs approxi=
mately one ton, and the weight (lbs/ft2)
of the building is approximately 110.

The configuration of the proposed struc-
tural units could transmit forces in
more than two directions from a given
point. Therefore, it is a fourway
structural system. In practice the
height of a double layer grid, the dis-
tance between the top and the bottom

. L _ L.
layers is h = 50 %5 of the span L.

The structural units are cast in two
wedghts by means of varying the size
of the opening. The major opening of

the unit is to provide for air duct
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Construction
Sequence

and the minor opening is for electrical
installments and plumbing. A basic
building unit consists of a structural
bay from which cantilevers go in two
directions. The possibility of varying
the cantilever dimensions from O to 12
feet car achieve a fundamental flexibility

in planning.

The structural planning network consists
of three different spaces: the space
for primary use is defined by a struc-
tural bay; the other two are the spaces
between four structural bays or two
structural bays. The latter two spaces
are created by cantilever projection.

It is structurally the most logical
place for the service core to be located.
This socalled "internal plug-in service"

makes the planning network more flexible.

The sequence of construction of a typi-
cal floor system of units would be as

follows:

Placement of structural units, one in
the direction and grouting of joints
between units.

Post-stressing bottom only pressure
grouting.

Placement of precast column.

Erection of scaffolding at both ends.
Placement of a row of post-stressed

units and grouting of joint between
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units.

6. Post-stressing bottom and top when re-
quired and then pressure grouting.

7. Placement of precast floor system.

8. Placement of reinforced steel at the
top of the system where required.

9. Pouring of floor slab topping.

10. Repeat step 1.

Service Eleménts Mechanical System:
System

The mechanical system distributes it-
self integrally within the structural
system. The calculation for the whole
system is based upon the figures of the
calculation for one quarter of a build-
ing unit. The primary air proposed for
this type of building system is a single-
duct high velocity system. Ceiling fan
coil units are the secondary axillary
cooling or heating system. It performs
an ample air conditioning, corresponding
to various loading conditions. Vertical
supply air is incorporated within the
columns and is to be used for five floors
maximum. The mechanical equipment room
should be located at a position which
would be to the benefit of five floors
up and down in both directions. Ceiling
plenum serves as return air secondary
ducts, which reduce cost and simplify

its distribution.

Mechanical system data:
High velocity supply air: 4,000-4,500 FPM
per sqg.ft.
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Low velocity return air: 800 FPM and 85%
of supply air.
Low velocity supply air: 800-1,000 FPM

at thie: secondary branches duct.

Lighting:

Module lighting panel 5'x:5' is installed
at the base of a structural unit. Air
diffusion light unit with four-foot
fluorescent fixture is designed to handle
400-5,000 CFM. The module panel slopes
up toward the center of the light fix-
ture service as an indirect reflector

to illuminate the space below. The
integrated air distribution system with
lighting could save 15% heat operation

cost in the winter.

Acoustics:

The module light panel is covered by
synthetic fiber material which is
designed to have either sound absorbent
or sound reflective treatments, depen-
ding upon the acoustics where required
at a particular space. Sound barriers
should be installed between the struc-

tural units of adjacent spaces.

Electrical Systems:

Electric cables and telephone service
conduits are contained at the bottom
of the floor susface. Snall diameter
knockout holes are located in the floor

cover slab for service access.
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Plumbing:
Hot and cold water supply, waste and

ventilation are located in core shaft

to serve toilets and janitor closets.
Secondary pipe service, sach as chilled-
water supply and return and drainpipe,
is contained in the columns. These
pipes follow the same basic horizontal
distribution pattern as the air system.
All of the pipes are accessible and may

be easily serviced and replaced.

Service Cores In large scale buildings with uninter-
rupted sguare footage demands, the
service core installed in the spaces
where the "internal are plug-in service"

network is already provided.

The area of influence of the service
core is determined by code requirements
from public buildings. The gross area
served by a typical core is set at six
bays equally 33,000 square feet. The
service core contains two elements, i.e.
toilet facilities and vertical circula-
tion such as fire staircases and eleva-
tors. The other service element also
included in the service core are transfor-
mer room telephone equipment room, main-
tenance room and switch gear room. The
service core area can be varied, depen-

ding upon the service load.

The requirements for various service

- 12 -



elements are given below. They are
approximate and will vary with occu-

pancies.

Passenger elevators, one 5'x 7'-6"
elevator per 50,000 sg.ft. net floor area

Toilet fixtures (women), 1 W.C./45; 1
Lav/75

Toilet fixtures (men), 1 W.C./75:
1 Lav/75/ 1 urinal /30

Firestairs, occupancy, 1 person 100ft.,
unit exit width, 36" - 48",

no. of exits/floor - 2,

occupancy/unit exit - 150/floor,

travel distance - 150 ft.

Electric closet — 36 ft.2/30,000 ft.

Janitor closet - 36 ft.2

- 13 -
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Summary The following are the important advan-
tages of the building system described
in this report as compared with other
building systems designed in the past

with similar programs.

1. Assembly is accomplished with minimum
use of scaffolding, |

2. The floor structure is minimized to one
basic unit,

3. The space truss unit, because of its
- geometric form (semi-cuboctahedron) is
shaped in such a way that every square
is surrounded by triangles only, as a
result of whitch members are mainly under
the action of axial forces which, owing
to the elimination of bending moments,
produces even stress distribution over
the cross-sectional area of any member,

4. Space truss units can be stacked on
one another to minimize shipping space,

5. Maximum efficiency of structural system
is accomplished by means of four-way
space frame system,

6. With one basic structural bay and its
cantilever, three structural planning
spaces are created, where the "internal
"plug-in service" can be easily incorporated,

7. A flexible mechanical distribution load
is accomplished by means of two alter-
native supply systems,

8. The mechanical distribution and acoustics
are totally integrated with an air diffu-

sion light unit,
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10.

11.

12.

The return air system may be either in

a column or in a core,

To achieve simplicity and economy closed
plenum space is used for return air,

The system may grow from five stories

to twenty stories high,

Easy access to install and repair mechan-

ical system is provided.

There are two areas of future improve-
ment of the building system described

in this report.

First, the fire resistance technology
and materials should be improved, in
order to minimize material use and to
permit a full utilization of strength
leading to a high efficiency in the use
of material. The space truss unit now
weighs approximately one ton. A lower
weight could obviously be an improvement,

and this could be achieved if better ways

are available.

Second, the present post-stressing con-

struction methods such as pressure grout-
ing and threading cables through units
are limited to the maximum 180 feet. 1in
planning large scale buildings with

large uninterrupted floor square footage

there could arise difficulty in construction.



Conclusion The program is strictly an academic
study only. This architectural study
is primarily concentrated around the
technological aspect of buildings. It
does not include the economics, and
the social aspects of urban core patterns

and systems.

The restult of the design proposal in
this study enables us to understand
the potential of a methodological orga-
nization of building systems and

constructions.

Recent developments in a number of
departments at M.I.T. have demonstrated
the usefulness in design of interactive
man-machine systems which time-shared
computers, remote consoles, and
graphical input-output capabilities.
The building desigﬁer should use the
computer as a design tool to guide his
research and to supplément his ability

to design.



Appendix
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DESIGN CRITERIA

Lighting 70 F.C. 3 watts/sq. ft.
100 F.cC. 4.5 watts/sq. ft.
150 F.C. 6.5 watts/sq. ft.
200 F.C. 8.6 watts/gq. ft.

Misc. Power
Office .5 watts/sq. ft.
Lab 1 watt/sq. ft.

People
Office or Lab, 1 person/100 sq.ft.
Assembly, 1 person/30 sq.ft.

Fume Hoods
Face Opening 4'x 2'-6" = 10 sq.ft.
10 sq.ft. x 80' face velocity = 800 CFM

Example
Lighting
| 4.5 watts/sq.ft. x 3.415 BTU/watt = 15.4
Misc. Power '
1 watt/sw.ft. x 3.415 BTU/watt = 3.4
People o

300 BTU sensible heat = 100 sq.ft./person 3.0
21.8

21.8 BTU/hr/sq.ft. _

1.08 x 20°A T 1 CFM/sq. ft.
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STRUCTURAL CALCULATIONS :(For TYPICAL BAY)
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