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ABSTRACT

A HOUSING SYSTEM: A STUDY OF AN INDUSTRIALIZED
HOUSING SYSTEM IN METAL

By BRUCE M. HAXTON

Submitted to the Department of Architecture on May 11,
1973 in partial fulfillment of the requirements for the
degree of Master of Architecture, Advanced Studies.

The aim of this thesis is to study an industrialized
housing system based on metal framed houéing modules.
These housing modules would be produced using assembly

line techniques and delivered to the site for erection.

The thegis contains three primary elehents: 1) The user
requirement study, 2) The market study, and 3) The
desigﬁ study. The user requirement and market studies
were used to establish parameters for the design study.
The dgsign study demonstrates how basic living elements
can be used to generate building modules that are de-

livered. to the site to form dwelling units.

ThesisvSupervisor: Waclaw P. Zalewski

Title: Professor of Structures



INTRODUCT I ON

1.1 The Pro m
A multitude of building systems are being marketed
today to meet the numerous housing demands of the
nation; Examples satisfy variations in family
size and income level as well as providing a range
of housing types. Mobile homes, for example, largely
focus on rural, low-cost, single family housing. Con-
versely,:modular housing is oriented toward larger
extended families at a higher income level. Other
systems have been developed for the urban apartment
dweller using steel and concrete technology. Upon
investigating a selected sample, the author has
discovered inadeqacies in the design of these
systehs. It has been observed that many of these
systéms are based on preconceived or poorly ahalyz-
ed'design parameters. Program inconsistencies ex-
ist which reflect a lack of a systematic investiga-
tion of three essential aspects; 1) Projected needs
of the user; 2) An accurate assesment of market
conditions; and 3) The effective and efflcient ap-
plication of utilizing existing factory production

and distribution technology.



1.2 Objective of the Study
This thesis is intended to provide the designers
and prodhcers of industrialized housing systems
with a methodology and design example for inte-
grating assembly-line production techniques, ef-

fective marketing, and user requirements.

1.3 Methodology

Three primary elements form the thesis: 1) A user
requirement study, 2) A market study, and 3) An
i11ustrative design example. The user require-
ment study and market study were used to establish
design categories which are used as parameters for

the design study.

1.4 Scope
The design proposal is based on factory produced
metéj framed housing modules. These housing modules
would be transported to the building site to form
dwelling units of the following types: 1) Single
family detached, 2) Single-family attached, and
3) Multi-family low-rise up to three stories in

height.



DESIGN ANALYSIS

Unit Constraint
One to four bedroom éqnfigurations
Units limited to one floor only
Unlts must accommodate variations in floor
area and utilities
Housing types will encompass single-family
detached, single family attached, and

multi-family low-rise up to three stories in

in height

'Si Plannin o s4r S
Units must form cluster arrangements
The system must be suitable for single site

application as well as multiple unit sites

Manufacturing Constraints

The system must be adaptable to assembly line

production techniques

The system should use existing manufacturing

.- technology and products
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The
The
The
The

maximum
max i mum
maximum

max imum

shipping width
shipping length
shipping height

shipping weight

14'-0"
70'-0"
13'-6"

30 tons



2.2

Methodology

The procedure was to establish the ranges of

various housing elements such as, living/dining

‘square-footage, that could then be broken down

into categories and used as design parameters.
Minimum user requirements and housing eXamples

were used to establish these ranges.

U Regu 4 ud

The User Requirement Study is divided into the
followlng categories: 1) Living room requirements,
2) Dining room requirements, 3) Bedroom require—
ments, 4) Kitchen requirements, and 5) Bathroom
requirements.

The primary source used for the study was the
Guide Criteria for the Design and Evaluation of
Operation Breakthrough: Volumelll, Multi-family
Low-rise, performed by the Building Research

Division Team in 1970 and adobted by the U.S.
Department of Housing and Urban Development as

the criteria for Operation Breakthrough.

The study was used to generate and check room

slzes and shapes.



Ma u

The market study was accompllshed by taking a
selected sample; Dwelling unlit groups of similar
bedroom counts formedAsubdivisions in the fol-
lowing categories: 1) Dwelling unit size, 2) Liv-
ing and dining areas,‘3) Kitchen counter length,

and 4) Utillties.

Dggign Study

The user requirement and market studies were

used to form the range of various housing elements
to be used in the design study. The user require-
ments formed minimums while the market study
idenifled the the upper limits for each housing
element. The ranges for each housing element

were then broken down into into categories within
each bedroom count. Each category could be used
as a set of design parameters for a particular

unit design.



2.3

Design Considerations

Building Form

The cluster arrangement was used because it promct-
social interaction and was conducive to providing

a hierarchy of spaces in planning arrangements.

The social basis for thié type of housing is cover-

ed in Architectural Environment and Our Mental
Health, by Clifford B. Moller.

Manufacturing Considerations

The use of existing materiais would reduce the
"tooling up" aspect of production which could
otherwise be an inhibiting factor.

Box construction permits the highest degree of
industrialization possible and labor costs are
minimized. |

The ample supply of metal insures that material
costs will hot seriously escalaté in the future.

Metal construction allows close tolerance levels

and rapid assembly.

Transportation Considerations

The use of the floor members as the chassis ele-
ment for transportation allows a cost reduction.

The wheel and hitch assembly are returned to the



factory thus saving the cost of these items

over existing mobile home practices.

Marketing Considerations

Thé!market nefwork that has been establiished
by the mobile home industry cOu]d be used to
market this system. |

Since the'system encompasses both single fami-

ly and multi-family structures a greater ag-

gregation of the market is achieved.

Const e C id t

The rigid frame structure promotes structural
continuity during the erection process.

_fhe connections between units establishes a
structural continuity thus establishes
resistance to horizontal forces.

" The use of steel promotes tolerance control.

The use of the metal frahe allows easy erection

1ifting with the metal column connections.



AREAS FOR FUTHER STUDY

Futher study is needed in the following areas:

Building Forms

Double loaded corridor configdratiohs and two
story units should be investigated.

Criteria and options should be established for
intergrating more non-system elements into

the unit designs.

ru ral C Requir

Additional structural calculations and testing
should be made.

Fire testingland building code acceptance should

. be accomplished.

~

Market Studies

A more comprehensive market study should be made
‘taking a wider sampling.

A market anaylsis should be made of the specific

market area,



USER REQUIREMENT STUDY



COUCH
3'-0" X 6'-10"

TWO EASY CHAIRS
2'-6" X 3'-0" each

DESK
1"‘8“ X 3"6"

CHAIR
ll__6ll X 1!_6"

30"

Fm—————

TABLE
1"6" X 2!_6"

’ ‘ \
TELEVISION
1""4" X 2""8"

-

5'-0" to view

~

AN" between facing seating

24" circulation between furniture
36" main circulation

10' diameter of conversation area

LIVING ROOM REQUIREMENTS
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11'-g"

12'-8"
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LIVING ROOM ARRANGEMENT



TABLE FOR FOUR
3!_2" X 2!_6"

uzl! gl_ull

TABLE FOR SIX
3'_1‘" X u!__oll

10 '-2"
42"

TABLE FOR EIGHT
3!_'4" X 6!_0"

b2 12'-2"

32" access .for seating
42" for serving

48" from table to base
cablinets

e e e e o e e et~ e e e e o e

DINING ROOM REQUIREMENTS



TWO TWIN BEDS

3'-3" X 6'-10"

CRIB
2"6" X ul,s"

DRESSER
1!_6" x u!__ull

TABLE
21_6n X 1!__8"

CHAIR
1!'_6|l X 1""6”

DRESSING AREA
3"6" X 3!_6”

PRIMARY BEDROOM

[

gl-g
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ul_u"

[mm————
N
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‘._._.._
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BEDROOM REQUIREMENTS



-10"

12!

11'-4"

14'-10"

b
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11!

—d

PRIMARY BEDROOM

BEDROOM ARRANGEMENT



TWO TWIN BEDS

3'-3" X 6'-10" each

OME DOUBLE BED
(ALTERNATE)
L'-6" X 6'-10"

TWO DRESSERS

1'-6" X 4'-4" each

36" to use
Second dresser is

desirable but not
required.

DESK AND CHAIR
1"8" X 3"6"

30" to use

DRESSING AREA
3!_6" X 3!_6n

SECONDARY DOUBLE
OCCUPANCY BEDROOM

4

8|_8H

e ——— e - -y
[
N

22" 8"8”

- ————
e ————

BEDROOM REQUIREMENTS



10'-0"

11'-4"
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-
|
|

|
!
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10"'4"

11'-4"

SECONDARY DOUBLE
OCCUPANCY BEDROOM

BEDROOM ARRANGEMENT
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|

ONE TWIN BED
3] _3" X 6""1‘0"

=
N

22") g'-g"

DRESSER
1'_6" x 3"6”

DESK
1"‘8" X 3!__6"

CHAIR
1I_GI| X 1'_6”

The desk and chair b J
are desirable but
not required.

DRESSING AREA
3"‘6" X 3"‘6"

SECONDARY SINGLE
OCCUPANCY BEDROOM

BEDROOM REQUIREMENTS



8|_9I|

g'-5"

10'__,+ll

11!_'4"

SECONDARY SINGLE
OCCUPANCY BEDROOM

BEDROOM ARRANGEMENT



SINK

18" 20”

Counter and base
c§glnets at each 2N 24"
side

18" 20"
RANGE

21" 2ul|
Counter and base
cabinet at one side

18" 20”

REFRIGERATOR -

Counter at latch
side

36'!

15"

MIXING AREA

Base and wall cabinet 30"

36"

ONE BEDROOM /TWO BEDROOM

KITCHEN REQUIREMENTS



SINK
24" 3"
Counter and base
cabinets at each
side yA%
36"
21"
30"
RANGE
Counter and base 30" 30"
cabinet at one side
24" 3"
REFRIGERATOR
Counter at latch 30" 36"
side ’
15"
15"
MIXING AREA
36" NyAL

Base and wall
cablnet

THREE BEDROOM/ FOUR BEDROOM

KITCHEN REQUIREMENTS



BATH TUB
2'-10" X 5'-0"

28" for drying

WATER CLOSET
2'-5" deep

21" to use

LAVATORY
2!_0!! X 3'_0"

21" to use

WASHER
2!_2" X 2'_7"

36" to use

DRYER
2!_2” X 2!_7!!

36" to use

WASHER/DRYER
2'_2!! X 2'_7"

36" to use

BATHROOM REQUIREMENTS



MARKET STUDY
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DESIGN STUDY



1 BEDROOM 2 BEDROOM | 3 BEDROOM { 4 BEDROOM
LEVEL 1 688 770 1000 1200
LEVEL 2 752 971 1253 1450
LEVEL 3 81§ Nn72 1506 1700
LEVEL 4 880 1375 1760 1950
LIVING UNIT
SQUARE FOOTAGE

1 BEDROOM 2 BEDROOM | 3 BEDROOM | 4 BEDROOM
LEVEL 1 235 235 280 337
LEVEL 2 272 286 324 374
LEVEL 3 310 337 368 4n
LEVEL 4 350 390 412 450

LIVING / DINING

SQUARE FOOTAGE

DESIGN CATEGORIES




1 BEDROOM | 2 BEDROOM | 3 BEDROOM | 4 BEDROOM
LEVEL 1 6' 8' g' o'
LEVEL 2 8' 9' 10' n'
LEVEL 3 10' " 12' 13'
LEVEL 4 n' 12' 14 15'

KITCHEN COUNTER

1 BEDROOM | 2 BEDROOM | 3 BEDROOM | 4 BEDROOM
REGULAR REGULAR REGULAR gEGULAR

LEVEL 1 BATHROOM | BATHROOM | BATHROOM “‘,”I\\TSH:&OM
WASHER WASHER WASHER DRYER
REGULAR REGULAR REGULAR 11/2

LEVEL 2 BATHROOM | BATHROOM 3&2’:2%"” EIAATSH:SROM
WASHER WASHER DRYER DRYER
REGULAR ggggkggM é A/Tz;{ FoOM 2 BATHROOMS
BAT

LEVEL 3 HROOM |\ ASHER WASHER WASHER
WASHER DRYER DRYER DRYER
ﬁ?géégm gﬁ?ﬁkggm 2 BATHROOMS ggT/ﬁRooms

LEVEL 4 | WASHER WASHER WASHER WASHER
DRYER DRYER DRYER DRYER

UTILITIES

DESIGN CATEGORIES
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GRID LINES 13-4 0.C.

CHASE AREA

3”x10”LC

OPEN WEB FLOOR JOIST 20”0.C.

FLOOR FRAMING PLAN



GRID LINES 13'-4” 0.C.

CHASE AREA

3"x10”C

4”C CEILING JOIST 16” O.C.

CEILING FRAMING PLAN



STEEL TUBE
2 1/2”x3” COLUMN

COLUMN BASE PLATE

END COLUMN

STEEL TUBE o)
2 1/2°x5” COLUMN

3"x10” C - - -

INTERIOR COLUMN

METAL SHIM AND
CONNECTOR PLATE

GRID LINES 13-4"0.C.

TWO DELIVERY COMPONENT
CONNECTION

COLUMN DETAILS



3"x10”C

THREE DELIVERY COMPONENT
CONNECTION

METAL SHIM AND
CONNECTOR PLATE

COLUMN BASE PLATE

THREE DELIVERY COMPONENT
CONNECTION

CORNER BRACKET

END COLUMN

THREE DELIVERY COMPONENT
CONNECTION

COLUMN DETAILS



CORNER BRACKET RIVET
CONNECTED TO 3"x10”C

TWO DELIVERY COMPONENT
CONNECTION

POSITION FOR BOLTING

GRID LINES 13-4"0.C.

TWO DELIVERY COMPONENT
CONNECTION

CONNECTOR PLATE

N

METAL SHIM AND

COLUMN BASE PLATE

THREE DELIVERY COMPONENT
CONNECTION

COLUMN DETAILS



METAL SHIM AND
CONNECTIOR PLATE

THREE DELIVERY COMPONENT
CONNECTIO

3”’x10” C

COLUMN BASE PLATE

FOUR DELIVERY COMPONENT
CONNECTION

STEEL CORNER BRACE

CANTILEVER CONDITION

- COLUMN DETAILS



CONTINUOUS METAL
FLASHING

BUILT UP ROOF

OPEN WEB ROOF JOIST

3” INSULATION

SECTION AT ROOF
EXTERIOR WALL

PLYWOOD SUBFLOOR

FIRE RETARDANT PLYWOOD

3 C 10 RIVET CONNECTED

OPEN WEB
FLOOR JOIST

COLUMN BASE PLATES
BOLTED TO METAL CONNECTOR

3LC 6 RIVET CONNECTION

SECTION AT CEILING /
FLOOR CONNECTION
EXTERIOR WALL

GYPSUM SCREW
ATTACHED TO METAL STUDS

!Il

INSULATION

WOODROCK SIDING
OVER SHEATHING

3C10

OPEN WEB
FLOOR JOIST

STEEL CONNECTOR
BOLTED TO FOOTING

SECTION AT FLOOR
EXTERIOR WALL

WALL DETAILS
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FLASHING

OPEN WEB
ROOF JOIST
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RESILIENT CHANNELS
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METAL SHIM AND
CONNECTOR PLATE

3 LC6 METAL CHANNEL

4” METAL CEILING JOIST
RIVET ATTACHED TO CHANNEL

SECTION AT CEILING/
FLOOR CONNECTION
INTERIOR WALL

METAL STUDS
ATTACHED TO 3C 10

2 1/2"x 5”
METAL -COLUMN

OPEN WEB FLOOR
JOIST RIVET ATTACHED

3L 10 RIVET
CONNECTED FRAME

3” INSULATION

STEEL CONNECTOR
BOLTED TO FOOTING

SECTION AT FLOOR
INTERIOR WALL -

WALL DETAILS



METAL CONNECTOR BOLTED
TO COLUMN BASE PLATES

BUILT UP_RQOF
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GYPSUM ATTACHED
TO RESILIENT PANELS
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W /
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2 1/2"x5” STEEL TUBE COL. \

1” CONSTRUCTION CLEARANCE
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QPEN WEB
FLOOR JOIST

STEEL_CQNNECTOR
BOLTED TQ FOQTING
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FIRE WALL

WALL DETAILS
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OPEN WEB
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GYPSUM ATTACHED .
TO RESILIENT CHANNELS |
N\
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INTERIOR WALL

- —
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FIRE RETARDANT PLYWOOD y ==

SLIP ON PIN CONNECTION

METAL CONNECTOR BOLTED
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RIVET ATTACHED TO CHANNEL
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FLOOR CONNECTION
INTERIOR WALL /
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GYPSUM_SCREW
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W/ METAL COVER
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LATERAL SUPPLY
AND RETURN

VERTICAL SUPPLY
AND RETURN

WASTE LINE

COLD WATER SUPPLY

HOT WATER SUPPLY

KITCHEN EXHAUST

BATH AND DRYER EXHAUST

UNIT EXHAUST

HEATING DUCT

ELECTRICAL AND COMMUNICATION

00O

WATER ALTERNATE

GAS SUPPLY

FAN COIL SUPPLY

00O

FAN COIL VENTILATION

CHASE DETAILS



AIR DIFFUSER

HEATING DUCT
FLEXIBLE CONNECTOR

PLUMBING BRANCH

HEATING SOURCE ABOVE

MECHANICAL PLAN



ACCESS PANEL

HEATING DUCT
FLEXIBLE CONNECTOR

METAL REINFORCING PLATE

TRANSVERSE SECTION /
HEAT DUCT CONNECTION

OPEN WEB FLOOR JOIST

HEATING DUCT

Ll

LONGITUDINAL SECTION /
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HOT AND COLD WATER SUPPLY
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HEATING DUCT
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MID SPAN

MECHANICAL DETAILS
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