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INTRODUCTION
‘ i
' : y ’ 3 .o ,
« - - Industrihlization‘or housing construction offers
the best solution»to the ever growing problem of housing

§§ortages throughout the world. Induatrialization,/by

. definition, is the 'process of verting to the use of

* building system for large-scale manufacturing off-aite.
System building inclu%es both industrialization of hard-
ware and a systew approach to all aspects of the cons-

truction/development process, r .

lhe objeotivesof”1ndustr1alized:housing afe:t f/
- to protide'the-quality'andxquéntity of hoﬁolng oeeded'
by_é”;:pidlx expanding population‘dhd*tpose badly

‘.
7 X

-

“housed " today. o 4
.= to provide the Ilexibility in the dwelling unit to’
meet the constant&anhanging need and desires of the

consumer. \ « ) ’ o :

‘u-eto réﬁhce the‘impact of the BeasBonality of construction :

hY

_industry. ‘ . s PR

(-

. to lower the cost through high volume production.

" .7+ Oné can purchase a mini calcnlator Ior under S?ﬁi:.

- or an automobile for under 33000 A prototype aLtomobile,
however, would probably~cost up to- 3300 000. Today'neari;
al;four buildings, are constructed on an almost prototypi-

kY

T

v

Y

basis and this accbunta not only ror ‘the high cost of -

building bt also for the lack of innovation in th%h

\J
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.- o8 concept that was supposedrto increase the rate of housing e

PHROUGH program. ‘. s - ‘ .

Seven high density inaustrialized housing systems were

Belected only. These systems are: o )

r

construction industry. . o A

The. Department of Houaing‘and Urban Developneﬁtiin S

‘

the United States “initiated dperation BREAKTHROUGH 1n2ﬁ;y

1969, One of its,principle objective was the stimulation -

U,

of the development of innovative industrialized housing,

{ e
production and thus help to meet the nation's housizg needs. °
In early 1970, out of 601 Housing System proposale, HUD

éelected.zg winners. Descon/Concordia System was the only-

foreign (Canadian) proposer)to‘win in the Operation BREAK- ©

14
,“;‘ ) _

Analysis and evaLuation of all these 22 industria~
lized housing systems are beyond the scope of this paper. °

*

¢

{= Building System Internationhlf
" 2- Camci System '

q

3- Componoform System '

4~ Descon/Conoordia Systeg (now Descon S&stem Ltd.)

5- FCE-Dillon System o
6~ Rouse-Wates Spstemlx ' L ' L
T1- Shelley Systen ‘

Componoform System could not participate in the Operation
BREAK THROUGH program because of fear of patent infringe-

ment by. the U.S. government. » ' "
: l,:l '9

Bach system was analysed individually ‘and then /’b

“

-

. » '
'
. . .
frﬁfg
. '
N ~ ‘ v 1




' evaluated yﬁh the aid of Evaluation Matrices technique,
,These industrialized housing systems aJ:e evaluated 'with
respect to their -capabilities, to\ satisfy. technological
and economic perforhance ‘c‘fiteg’i}.&The assignment of merit
vaiues (ratinga) 'and criteria \weight for "each criterion

was accomplished with the help of architects and engineers

who were i‘amiliar with ‘the systems. : ' Y
- N _ .
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~ | _
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. facing relentless pressure to do quething about improving
' housing.conditions and services, rticularlngfx low-income

profiising means of solving this problem. If mass production

.mobil;\\xou do not have to provide the highways -in‘housing_ . |

1.1 Need For Housing

i d
N
.
t
»~

]

ro
A b o e o b + LT TSNS i -

CHAPTER I o : I
t : A . '
. . INDUSTRIALIZATION OF HOUSING INDUSTRY
° ce, I o v
& N

Nearly every contemporary ggciety in the world is

’ ) ' N
groups. Since the beginniné of the Wentury, many have re- he

garded ihdustrialization of housing industry as the most

technique apptied’ g0 successfully to automobiles indﬁstry~ : o
could be applied to housing‘industry, then our problems ‘

could be ‘solved. People failed to realize that wifh auto- ‘ h

you have to provide the total package -land acquisition .

3 |
« \

thrgpgh to property manageme t.

’i‘his chapter explains the need for housing, history

nd devel pment advantages, disadvantages, and economy of
%‘\ \

inhustrialized housing. SR u}
' S ‘

f 2 o

\
The‘@roﬁé@m of providing suitable housing in the

world, eSpetially those of third world nations is one of
¢ritical urgency. The magnitude "of the problem of housing
in theeworlé could be realized by comparing the world

q

population growth and the number of homeless or inadequaté--

" 1y housed people.’
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The United Nations has made the projection of the

world population for year 2000 a low of 5.7, a meduim of
6.5 and a high of 7.5 billion. It ie nost importént to note
where in thqﬁworld the largest portion of thie 1ncreese\
will occur. . e ~ .l : ‘
Aeeording'to‘the studies done by the United Nations
?he pofﬁlation of ﬁndeveloped ﬁations will mofe than double
during tﬂe next three decades while the de?eloped natione_
u\will'have a total .increase in population # approxioately

o

fifty percent. Figure 1 1llustrates the. world populatipn,

increase and the 1ncrease of developed natione compared to’

¢
" that of third world nations.

The world's need for shelﬁer is ‘at present in the
order of 200 million units, but this number will be increa—
sing at a mugh'faster rate than the population growth,
because of several factors including ﬁhe lag between suppiﬁ“’ -
and demand, wars and natural disasters and in particusfn,

P ’

”the 1nad/ouacy of local government and developers to sug-

tain a sufficiently 1arge market to encoufhge industrial—

o \

1
ized productlon of housing. It has been predicted that by

':tﬁe end ofﬂthis century the need for shelter will reach
: \

one billlon units.

If we'mpltiply these numbers by the average number

of occﬁpaﬂt% per unit - the conservative number of 3 ~we , -

find that neariy half the world populdtion will be without
o ' A oL
‘shelter at the end of this century, a great populatjon of

— . . [

o
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which is in the developing world Figure 2&3 preaent the
magnitude of this situftion in a graphical form.

£
LN )

. . Ly

1.2 History and - Development Y

s

The concept of housing prefabrication, particularly"

in. the developed nations, are not new. As early as 1624,

the English“made use of prefabricated panelized houses of '
wood for the New World, Around 1638, Swedish Immigrant to »
North America brought the idea of constructing simple one

room dwelling units out of precut logs. Early in this

;century, Sears Roebuck abld 110 000 mail-order houses,

“

basgsed on precut standardized components, which pioneered

2]

many of the aseembly line production techniques in use

today. . B : ' C .

In 1908, Thomas Edison proposed to pour an entire
- N . B 4 _ * N . [
two or three story house of concrete, -but this was found
impractical and the idea was abandoned.

’.,,ux

In 1910 Walter Gropius, founder of the Bauhaus,

‘pro osed the "inﬂustrialization of housing," recommending

"y petitiveproduction of individual parts....made by

AN

achine to the same standard dimensian and with provision

for interchangeability of- parts" - -
~
Around 1930, with the establishment of Federal

o

* The home manufacturers assocxatipn, " A Fact Book on

Home. Manufacturing ", Washington, D.C.




- Housing Association. (F.H.A.) in the United States, the need
for mass volume housing production became evident because.
,-of buyers ability to buy homes on terms they. could afford.

Consequently, the need for prefabrication became imminent

~

in order to reduce the construction cost. . o \\.“

- . " Albert, Bemis and Associates of Boston,‘Massachu- \

14

setis, arried out an extensive research in this sub ject

and wrote ,the propdgalentitled "Rational.nesién"' Benmis
- suggest a typical ‘module as the' basis for design and’

develops a method for. establishing standard assembly de-

tails and a simplified drafting technique in hich all

<

diménsions are referred to a modular gri <.
. . ‘I"m\
}n 1936, his successors continued his

\ Modular Service Association to-cont e(Tesearch in the
« - ~/' " N
"\ field of modplar standards. as a result of this effort,
- n Standgrds'issociation initiated a project for

\Ghe c 'dination of dimensions of building materials and

: /"
, dquipme ts. This was a definite benchmark in the evol@tion
) .;;\\ » towﬁtd pr fabricatioh e

hS

"However,. indugtrialized housing systems did not

Y

« acchnt for any significant propotion of residential cons-
tru ion until- the post,World War II period. Then condi-

) tions\ Europe literally demandeg hundreds of  thousands

of ne units in the war destroyed-cities on an emergency -
basia. us thé&stage was set for the only large scéile \‘
implementption of indugtrialized housing in the worldato ¢

A . M “ v




£2

_ date;

.

‘In Europe, since about 1955,«due to a ;ery high ¢

percentage of government:aubsidy for housing and provision

of aggregatgd‘g;;fets, the growth of prefabrication has

been particularly rapid. AB a éiiglt of this; hundreds of
h

o
industrialized housing system ve been developed;

Now. in the United States and Canada, due to -the {*\s

tremendous promotional impact of Operation BREAKTHROUGH
program in 1969, and European experience, hundreds of
‘ industrialized housing systems have been developed, (but
'no significant impact has been made on the traditional
process for high denaityfresidential conatruction).

' o . an . 4_% ' ‘1‘“ . ‘k'
1.3 Advantages of Industrialization T

Many advantages of industrialization have resulted

in the mass production of building components by transfer--

‘ring operations from the building site to the factory. The

. majar principle advantages are:

1. Speed of nstruction, Cone%ruction time can be

&

reduced bﬁ as much as 25 to 50 percent. Sequen-

A2

tial building materiakadelivery to the site

™

FWL/. " gpeed’ up construction. -
2. Cost Control. Costs can be reduced by as mich

as 10 to 30 percent in the long run because of

i

savings in time and building materiale, and

skilled labor. As a result of repetitive pro-

g b e ARSI P €




-

- 11 -

cessing, construction cost can be reduced subs¥

* tantially, and the initial heavy investment in
plant and equipment is’gradually amdrtiged( .

' 3, Production Improvement. Repetitive reprodué%ien

of a design permits greater design input and °
thus énsures a better product. Vqume‘pufchasing

. permits utilization of, better product for the

same price. . : oo -

\ a . . N
4, Prediction of Cost. Cost predigtability dis po-">-"

5,

6.

. '(‘7’

8.

\

ssible to a greater degree of accuracy. |

.

Quality Control. Higher tolerfinces, more impfgved~l

manufaéturing progesses, less méintenance and
material waste and greater consistancy of finish
resultror industrialized process in the planu.

-

Production Control Production could be con~ ).

r:[;rolled in the plant that would result in mini-

mizing inventories in the factory or on the site,

Climate Control. Fabrication can*be ggnerally ‘
rndependent of climatic' constraintsﬁin the plant,
(9) rga_ization and Supervision. is more efficient,

More extensivk use of unskilled labor ii\vessible

in the f%btpry because of improved-supervision -

>

and quality control inheﬁgnt in ‘the process.
Productivity is high and the risk of accident is

less. o

)

". 9, Inventory Control, The tighjefaii%éhtory controlqi"

-t , - . -
¢ .
-~ N \
N »
. IS - - N
3
.

-

- .\ e e
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possible in a factory Betting, eliminate the high

" rates of theft*ﬁnd vandalism on the site.(

: Advance Purchasing. A major’ portion oi‘ project

k]

-. can be epre~pyrchased thus providing fixed ‘commit~ o

ments for all but site erection costs and other
a ' » * N : “ ’ l

non-;sjrstems items.
Man ent Less strain is applied to an a{lready

over taxe corp of Middle Management.

1}

Inflation/ Control. Provides one m/a;jor constraint

. R
theﬁordinate inflation spiral of the cons-

¢

_'truc:tion industry, i €4y reduced site labor =us \

inordinate construction worker demands.

Technology Innovation. Provides a method forf

. systematic integrah‘wx of innovative teéhnology

into construction.

| 14. Mechanization of Construction Process. Provides
an opportunity for the in,‘tegra.tion of Industry

* into the Construction Process.

1.4 Disadvantages of Industnialization
., The disadvanﬁges of indub\trialization genﬁlly

A

are limited to: L
— labor acceptance ) .
—need for an aggregated manket ’ - .
¢ I.ndustrialization r’/equires mpromised market aggregation 1n

R a*order tp be. austai;ned ove) a long enough period of time to - .
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D omortize the large initial capit investmenﬁ:ﬁéfore profit

can be reached and economical ho sing'can,be\produoed.

°

b

1.5 Economic Considerations

i

The major factors determining building costs are as

followa. P ~ -

Construction Cost. Construction costs are the most

likely to cha ge as a result of industrialization. The two

primary components of construction costs are labor and
material, . e ] .

Induétrialization most dramatically affecfs labor
‘input due ﬁo.automation&énd meohaﬁization that would result
in oost reduction but in most cases neggtive attributes . ~‘
appear becauso of labog disputes énd union policieo.

' The proponeots of industrialized housing systems
promise major savings in matorials :costs and saving as well
as in labor costa. In the best ofcircumstanges that promise .
may be fulfilled through discounts on volume purchases, and

often through vertical control of suypply conduits which
eliminate middle-man profits and the need to carry huge

A}
L

inventories.

Interim Financing. Industrialization Q_ building
N
will reduce the time of constructions’ and simultaneously

- "reduce the cost of interim® finanoing.‘

o :
< Nevertheless, shortened construction time is not

1

.
an advantages without risk; and in the case:of labor and .
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. < \ .
material savings, the risk is greater outside‘the

industrially developed countries. The risk factor i crease

. because induatrialization fosters a muc? more critical o ‘ f
1nterdépendance among the specialized elements of produc- - T

tion — management labor and machine . Management must

o
v

- ce assure that the pace of any subtask is predictable and is
‘ o : balanced with the pace of companion tasks, or bbttlenecks

1 occur . Labor bottlenecké can arise from illness,

injuyy, absenteeism, or sikikes. And finally equipment

e Building Systems. The type of building system° ]
pia§g‘a'strategic,role'in'determin$Q§ costs in man& differ=- ‘ -

ent ways. In "Closed Systems" a single, exclusiv"e design - :

Va meihqd promotes unified management contrel over costs, bﬁt

15 ”Opeh S&stems“ due to interchangeability of componénts ~
and greater architectural fle;ibility, they tend to involve
some saerifice in unified management comtrol. -
The number of models, the size and type of building.i
and design principles are a relevant costs variables in
. ‘ industrialized building systems. ' ' A
Technology. The more advanced the applied techno-

< logy,‘the lower are the unit costs if promised merket

aggregation exists."The-development of computer centrols' ~
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/} : have far-reaching cost implioations for industrialized

building. As a result the economies achieved are substantial. s ’

¢ \Y

" factor in mass production, and hence reduction of cost per

unit. Without ﬁggregated market industrialization is

megningless. ) e

Organization and Management. One requirement fbr

e

HarEet. Promised market aggregation is a crucial i
|

<

~hchieving a low cost product ‘with a highly industrialized o
technology is unity of organizational control over all the'

relevant processes. Furthermordk experience suggests

"strongly that good organization and skilled manage ent are

key factors in the success of industrialized builgi g. 2 L

S P ' In other words, the success of industzialized syste 8 are - ..
l £y

| dbpendant more on organization and skilled management than » 12

o ‘ on~¢he method of prefabrication. - - E »
‘ <X

' Working Conditions. By transferring operations,

» -+ from the~buildingasite to the factory ’ organized working

conditions have become awmajor factor in promoting higher
productivity. Furthermore, the industrialization of

building has made possiblp, the protection against the,

vagaries¢“1 weather by rapid erection of the building

components on~-gjte, - ) T

Al

e Profit and Overhead.bThe)orerhead is reduced'in. o {
- accordance with increasing volumes sold, ultimately *
- o accounting 'for increased overall profits, '

. It should be noticed that becauge of a high risk " .
_j |

¥ . "
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generally involved in industrializatidn, it is likely that ] g

the producer will attempt to raise proflt levei\(per unit)

if low outputs or sales are expected. Pherefore, the extra
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CHAPTER II

CLASSIFICATION OF/BUILDING SYSTEMS -

A building system is the application of. modern )
management techniques to coordinate design, manufacturin%,
site operations, and overall financial and managerial
administration into a disciplined method of building in~

order to'meet'specific needs. These systems are subdivided

into twn main categories, 1. e., Closed Syst@% and Open

i

2.1 Closed System

System. '

-/ o , ?
| St

-
In this system the majority ofhpomponents are sized

L3

and detailed for use with each other, usually by one

manufacturer,.and are assembled with strict uniﬁnmity .
approach for a particular gB}lding system. The.compone tsof,
one,sistem are'unique.toﬁthat Bystem and not used with any
other system, Moreover, each system has its own method of

301ning components. The type of this system is limited to

i R .\’/ . [
Box Systems. o - L S '

o~

2.1.1 Box Systems. These monolithic units are factory

produced and preassembled boxes with a high degree of
finish and a minimum amount of required site erection time,

primarily for site utility‘connection.?Boxes are.designed

to permit stacking, the loads teing carried by the eide
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+open to each other laterally or vertically to provide Co \!

2.2 56§en System ' . . t ' ‘ {

‘requires dimensional coordination in the strictest sense '
.and a degree of*liaison between different manufacturers in

., establishing tolerances, fittings, and joining‘requirements.

‘ (Panels) and Structural Systems (Fraﬁes). ‘ ..

;- 18 - l .- ‘ .

‘\ ‘ . —
. .

‘wall or eoluﬂns\alo g the periphery;*AdJoining boxes can be

variety floor plan?/and to eliminate the ‘tunnel effect. ‘
Some systems propose boxes that are‘stacking in a checker-‘
board rattern. An example of this system is Shelley System.% ) 2
Figures 4 & 5, ° - '

In thismsystem the varYety of different sub-systems

’J

are used together in varying‘combinations, thus providing ‘5

flexibility and- greater design opportunity. This system \

~

There are so many varieties of open systems that

may de Bubdevided into two . categorieay/i €4 Total Systems

., '
A

2.2.1 Total Systems (lanels), Total systems are usually &

large slabs #nd panels.-They‘are brefabricated in a factory - )

and assembled at the site. In some cases, > the components of

one manufadtyrer are inc orated.- in the subsystem of.en N

another nanufacturern if the two ell ents are compatible

snd dimensionally integrative./@ﬁis“system usuhlly incqr-
porate the mechnical, plumbing and electrical subsystems

in the casting process thereby eliminating a’considerable

PR -

\ " -
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amount 'of field work. They also incorperate extericr

o : ¢ ) . .«
finishes phile interiors require only paint €o aghieve 4
finished quality.\due to the Bmoovh surface of the steel

formed concrete. An example of this system is Descon/Con-

cordia System,j;ﬁyre 6.

£ 24242 Structural Systems (Frames) Structural systems

. generally constitute the frame parts of the building, such

as beams and columna, prefabricated off-site and assembled

on-site. Into this frames are fltted infill units, Buch as

d

walls, partitions, floors, ceilings, and roofs, also o

ueually prefabricated off-site an&. *site to«the

structural members. In these types oi systems mechanical

ahd Tinishes being done coﬂventiOnally in the field. Aniyg

A

example of this system is’Componoform System, Figure 7. -
. . N . v ; a ‘ - . Pl
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4- Closed System; Box .
o Module. (Ref.”33)

e

. . N ., . . N N » 4

»
n

e

Fig. 5- Closed System; Box-Module.

‘(Ref., 34) ‘

T DD, ARt 4

SRTRPIR v P

Pig. 7- Open System; Wlumns
and beganms. (Ref. 25

> . @
f .

.- - Fig. 6= Open System;  Panéls. -
T (Ref.). 33)'
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/T 7 - .,  CHAPTER III o

TINDUSTRIALIZED HOUSING SYSTEMS:STUDIED

y . w L

'm.j C

A\

Thmllbwing seven high denaity industrialized

N

housing BsyBtenms are selectedafor analysia and evaluation

Purposes. . : . e N o /
_J1- Building System Ifternational ) /
., 2= Canci System ’ )
’ 5= Componoform Sys.f:em ’ )
4- Dsscon/Con'qordia System v '\ I
s FCE-Dillon System - o i

6< Rouse-Wates System
7= Shelley System
An atiempt is made in this chapter to describe and

compare «altl the gbove, menti,onfad asystems.
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3.9.1 Building System International ' .
[} N v .

1. General. This systen is capable of “providing all

o s o :
3.1 Description of The Industrialiszed Housing Systems ,

)

. , types.of housing units_ fro sipgle-ramily detached to deck '

.. "3 house designs(and high rige buildings. In the oﬁﬁer words,

o it oifers comp}eté desi%ﬁ fiexibilify without restraint as
tofsige of unit, founde&ion condiﬂ&ons, climatiq conditions,
variaﬁion“in profilg,/ﬁxterior and interior finishes. ‘

Concrete is‘g‘principle material usage’othhis
sygtem; Precasf paﬁeis and,slabs are produced at the cent- .
A fal plant, trucked to” the site and assembled. The only
“on-site work that is contemplated, other than foundation
preparation, is the possible casting of‘Lhe floor slabs if
local conditions make }his economical. This matbrialycan
be either an exterlor of an inﬁerior.ffniéh. Tt is highly
. resistant tb*weatﬁer, fire and mechanical abrasion. Its ‘
CT density‘préviq§s good sound resistance.gnd thermal qapaqity?
. Figurea .8 & 9 show differnt profilesof BSI éyptem.
Thé pane%ﬁ beaideé all needed service aséemhlies;
incorporate window and door frames and other required |
openings. Inside faces of any balcorm$ dividers, public

‘stairwalls, and both exterior &and interior panels are

‘ Iinished'émoofhlyﬂ S A

.t S ' ‘ ' r

- © 2, Structure. The basic structural system is a
series of load bearing exterior and $hterior ‘cohcrete &

- . v
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L e

' integral structure. = ; ' | A T
8 ft to 30 ft. Most floor gslabs

.insure that progressive collapseis ‘prevented if critical
- /‘. . _ )

"ielements of the-primary structurals support should fail., o ‘

-80 critical members were designed to reeist 720 psf without

floor heightpand normally of room léngth. The thickness of

. 4
requiements. Interior panels are produced in vertical’

- 23 -,

N .
- ) - ‘ K o . £
.
.

B of
panels which supported roof and floor slabs to create ant~

&

Panela were 8 Tt high aji‘ranged:in‘length from ' .
wére 12t by 30 ft.
Gene;ally, the alternate path approach is used to

In a few situations, alternate load paths are not available '

] ; n

PRASIUNP I

s

failure. Figure 10.

C | | ,I
2.1 Interior Panels. These panels are floor-to- :

the panel varies according to the structural and acoustical - .

: , S : ’ ]
7 , , .
casting machines and, and yrth the aid of vibration.‘a

smooth finished surface is obtained.

et
i

2.2 Exterior Panels. These panels are magde of

four layers: , . ' : -

1. Exterior.Veneer. Its main function is esthe-

- .tics. The material can be exposed aggregated,,

brick, tﬁle, spéclal formed concrete or many

. . ™ ‘ L. '
~ other varied finishes, : . 4

. 2. Exterior‘layer of Concrete. Its function is

to anchor the exterior veneer,«toiresist
water penetration and freezing, to protect ’ ////

the insulation and form a mass. for thermal . .
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accumulation which serves to'o

‘tions of temperature .

’ . . ’
o ARSI TSI & v s o
LN ' -
-
. N
3
-
°

rene. its

o ’ L : 3. Insulation. It is usually polys

T

. N / function is to increase the th al resistance

!

-
B

of 'I_;pe'panel and prevent,co ensation.. The

N thichness of insulation is dle‘pend upon the
: ' o i . 4 L
Y, t . required thermal resistance. s : {

. .
P g e, £

4, Ihnterior Layer. This is the structrual layer

A and includes the reinforcing-steel. - i

PR o 2.3 Joints. The wall pa.nele are erected with a 1/2

e}

1nch horiz;g;:tal and vertical spacmg between each panel to
i.‘ , - ’ allow for movement and provide erection toftrance., - : “
! . : _ Vertieal wall panel joints are made by -placing a
" steel connecting bar within the steel Loops which project
] ‘ from the panel edges and then filhng the Joint vith grout,
, Figure 1M1¢ . NN S -
Horizontal wall to floor panel joints are made by
tieing together steel loops protruding from the panels with

continuous longitudinal stéel bar, Prior to grouting the °

. .
. .
St e v 3 g R o A M S om et
., .

Joint, ‘the wall above is leveled with a leveling bolt cast

‘.

o into the lower wall. ‘Figure 12, . . . -

In addltion to the requlred roof drain system, this

ottt o

: system 1ncorpora1:es "mini -—drains" with a view of carrying

rain water driven into the joint. Figure 13,

3. Mechanical System. Is designed with regard to

- >

thermal features. of structure.

o N
L4 - ’ ,
.. . .
O * - ) .
o ) * -~ 3 .
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=~ 3.1 HVAC. Becaus(e' of the high interia of the.con- Y

' crete panels any sudden temperature changes are prevented

therefore, several method of heating and cooling are prac-—
L 24

tical and &y be installed depending on the availabllty
of various energy sources. These include radieé:mt heatipg,

bas or ellectric furnaces in combination with an air condi-

)

s
tioning coil and remote condenser,' or a combination of

radiant heating system with a package ccwling unit. - S

\
. 3.2 Plgmblng Plun}b.mg aervices are grouped in spe-

cial technical blocks or panels, which are then stocked one:

ab'm{e the other as the building rises to form cﬁplete

mecha,qical service core.. . (-

.

, . ' oo - I ~
4, Electrical System. Electrical conduit is cast

Into the pre-~fabricated concrete pane‘lé.. Flexible raceway
connectors,af;e placed at the panel joints pri‘or to glrouting

to join the conduit continuously.y’l‘hé- fiexible connectors
: -

°' match the panel setting tolerance; Figures 14 & 15.
. 5o T

. %, Kitfchen and Bathroon. These subéyétemé are made

in the factory and shipped to the site for Lerect‘ion.v

6. Stairways and Closets. These subsystems are made

in the factory and 'shipped to the site for «erection, - P

t

7. Pransportation and Erection. In the factory,

/
concrete panels was transferred from the final assembly

Jire, to the packaging area by using a 20 ton capacity bridge
!

o At w2 AT
"
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crane. Three wheeled{gpllles(equlpped thh spec1al saddle

A o brackets fo accommodate ‘the 8 ft. by 8 ft. panels) were :
used to transfer the panels to the soonage aréea. The largei' )
i.-«,ﬁ ' \, 8 ft. by 30 ft. panels were moved by truck tractor, while
i é ) ‘the 12 ft.-by 30 ft. concrete slabs were moved by bridge-
? crane; ) . "

}figh\;ay tranep&tation of these panels was accomp-
lished with outfitted-wheel trailers with finger frimes

wh&ch held tie panels up rlght o top of the traller bed.

ROty

o o Transportatlon l,imltatlon is 100 mlles under normal

”

r g . \ conditions: Lowe the 11mitatlon is one of .eéonomics and

[

N logestics and lo}ger dlstancﬁwe possible. S 7

it R

v,

‘ ‘ v ’ On the site, these concrete panels and slabs were

raised into their final posigion in the hi-rise structure

4

' by crane with lifting- capacities of up.ta 125 tons. *

. -

. =
ay !
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Fig. 9~ Ceiling/Floor slabs bein pléced
- - on wall panels. (Ref. 33? :

Interior Load
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3.1.,2 Camci System

1. General. This system has been adapted from French
Tracoba No. 1 prefabrication method that has been proved in
Burope. The system provideswide’ architectural variety

and is suitaﬁle for multi-family, meduim-rise and high-rise.
* - -

‘The number of bedroom ranges are fromzero, in efficiency to

s8ix bedrooms.

N The system is’ completely adaptable to all codes,
climatic, topographic, seismic and soil conditions. Density
range is limited cnly by local zoning codes. Figure 16,

_shows a profile of Camci System., -

';concrete panel system is the quickiy attached, precast
-'concretg balcony, Rigure 17. The shape of the. balcony
"module can be varied giving the architect the opportunlty

to‘design a rangé of economical and pleasant building

s

Main elements are load-bearing cross walls, floc%
panels, Toof pancls, elevator shafts, facade walls, gable
valls, and stair -ways. Window, doors, piping, electrlcal
conduits and other features can be incorporated in the - S
panels at the plant. . o R o

r

One of the time-saving,novel component of‘this‘

R T

»

e shilor A5 VAT A Y Ty 4% rm

‘ . o @
facades.. . o ‘

2. Structure. The structure of this system consists -

of precast relnforced concrete wall. and floor panels.;

_ "Wall panels ranged in‘ length from 22 ft 11-1/4 inches -~ .
» ~ . * '&“. ‘
| =

.
L.f,_?ﬂf‘émx:'m:f ST SRRt
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-~ o 2.2 Exterior Panels. The main facgde walls are not

o
- 31 -
! 25 £t 6 inches,and in width from 8 ft 7/8 inch t09 ft 2-1/4
1nches.’1‘ypical floor slabs were 25 ft 1 inch by 12 ft 4 inch.
Pgnels and“floor slabs were app?oximately 6 inches thick.
"The alternate path ﬁethpd is used to show cogpli-
ance with the~prog£eésive collap&acrft;rionl Vertical
join%é between wall panels and horizontal joints between
wall and floor panels tied by reinforcement and
grout to provide structural contlnulty. The structure is
desigﬁed to bridge. openings cagsgﬂ by failure of a corner
end wall panel as illustrated iﬁ'Figure 18, any other wall
Panel or othér eleménts'of the,ppimary strucfural subport
©  system. ) v

2.1 Interior Panelé. most of the interior wall

ﬁanels are load-bearing, but there is complete flexibility .

as to materialﬂandxconfig@;atioq for non~structrual par%i— o

'§ibns, closets, bedrooms,kitchen and service quarters. , . A

*

a.
7,

i
't
i
i
1

léaddbéaring and can be designed to gny‘ponfigurati?n\from
small window openings to curtain walls. End walls or ggblé /
walls éie load‘ﬁearing and are, tﬁergfore,;limited in the
size and number of obénings. |
. The balcony module is bolted and grouted to the
exterior concrete walls of the buildlng through ﬁgggided
insert cast into the side walls, Figure 19. o _
" 2,3 Joints. Cast-in-place ;]ointing , is one“of the

outstanding safety feature of this system., After the )
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. .necessity of .obtaining a special permit for movemen e
Erection was: done by cranes with 1ifting capacity .
J - . . 7-\‘ 7 >
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horizontal and vertical elements are positioned and checked

A -

for plumdb and level, COncretejispoured‘ipto channels: bet-"

ween the components. This creates a continuous, integral

LY

sfructﬁre, without welding.

\

\A\A1 3. Mechanical System. Mechanlcal sub-systems such

as HVAC and plumbing are completed in the ggnventional

<

manner, hoWever, required conduits are incorporated in the

panelsat the plant.

4. Electrical Sxetem; Electricel conduits can be

incorporated in the panels at the plant, but is completed

conventionally on-site. ) - o

-

5. Kitchen and Bathroom, These"sub-systems,are also
L= - :
done conventionally on-site. - '

6. Transportation and'Erection. The highway trans-
L R 2

portatioi was accomplished by using fifth-wheel semi-—trailer

fiﬁjed with d padded steel A-frame which could accommodete

\

ltwo panels (one on each side). This frame”exténded'below

the chasxs to within- 12 inchee\of the ground in”order to

-lower the’ overall'height of the loadqﬂkpanelp and avoid’ the

fof up to 125 tons.
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Fig, 17- Cameci Balcony ,
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(Ref. 34) .




-

-
.

PR R

oo
5 ’
K
.F .
“ n -/1
P .
g‘. 4 ) Roof hml"v p ) ~
. i b : 1 . .
\§\ A » Floor Panel~ T ‘ .
) : - - ) - L .- - \ , ~
: o ) - Assumed Locstion
' — | ¥#  of Explosion
. : . )
. ¢ ///’\\‘ R " __—End Wal )
I, ' . : ' -—t g
| T = IR e S )
. . , N . . \ L"— K
Y 4 L/_M 7 : _/\‘ ’ , -
ww.u ) 1 LL/’\JJ\’/ N R . .

: - . . . b ‘ -
Fl s . . ' .

4 . A -
" Fig. 18- Gamci System; Corner Panel

Removed by Abnordal: -
Loadipg (Ref., 32)

‘ =
r

o b SRS AREEFAMCR Tt K ASINT LS o e e
K
»

-
[y ¥ p—— ' 0 -
( ¢ e - - ! . .
¢ . Connection st Side-Bsicony Walls - Q :
. A iy .
N — i i ;
. . N . s Threaded Insert . ‘
.~ - ¥ A .
. . . ( - 2 C H
e < L] - P e 0 R ' 3
- . . 3
v »
, . ; | 4 %
A PR ) ’ !
e I \ Prug-on BaicoriBinit R s !
- n. Wsll Panel . . . .

“1 . 3 ) ‘-““ i . N '
\ o : Fig. 19- Section of Plug-On Balcony Unit ' RS
A AY (RBf. 32) R . R ' R

3

o - -
RN T A b e i Y e 1 B e bl A e SN AT



.

e e N Sy e it 4t s ot e rmme o 1 . N -

- 35+ _— | : v
A\, . - oo . ,
“ - . N e . . ’ ' . v.." . N ‘_3
3.1.3 Componoform System o o L. S ’

[

’, -

"7 UL YT vty g o
*_

7

1. General, Componoform Syste?Lpithdrew from the

Operefzon BREAKTHROUGH programhprior'to‘submiseion\of a. .

o~

) . final proposal.(Due %o concern over loss of petent'gights to U.S., -

o o o .Gov')f"This system was founded in 1965 to develop and S
‘ implement building systems that offer both the methedology

and the physical components for the plannngz design, and t.

- erection of a large variety of buildings, such as low-cost
- . v v h

. .t ¢ * .
» houging to luxury hotels, low-rise apartmentsto high-rise

} . .
. d;/apg;égen%s, offlce building, shopping centers, schools, | . -
s ® .- . d y 4 , B a - ¢ e f .

and even complete modular clties.

T A Vo2 gl YT T e BIAIBGUTR A

i ' . “\ | 'The system consgists’ essentially of three- subsystema. ; y
\ ;// ~ 1. PTecasv conexete/etructural framing elemenua, | , |
A : oo guch as beams and columps. \
2. Prefabricated\modpler_n n~load bearing exterior
& o ~wall ‘and pertitioo confponente.
| . 3,\' Integrated modular utilities ,end mechanical % ‘ o
: ‘ ) ; ( -

services.

!
!
£ 4
- | . . These subsystems can be used peperately or in
_combination. ~ Y o !

Mobile\plaﬁ%.can‘be temporarily installed on ‘the, .
'buildipg site and plant-fabrication doneoop location if- = -
conditiOns permit. ' o - o '
- By casting the componenta in a variety of Bizes, . ;
COmponoform can put up almost any Bize building. Bays ‘can ’

vary between 10 £t and 3§ ft, square or rectangular, floor ,

H .
- e

N
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3\*\§\and circulation elements are normally not required for
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to.floor can be up to 15 ft; 20 storiesare the standard
1limit but the company lists Tinlimited as speéial. Figures

- 21 to 23 show different profilesof this system; ! -

~

2. Stnumural The precast strﬁctural system is"

composed of column, beam,floor slab stair, elevator shaft,

~and truss memberf, Figure 20. Floor glabs, enclosure panels

T

R . —

étrcturaL frame“stability and may be used at the designer's~

or architect's discretion. Diffenent size of structural -

y

elements can be achieved withouﬁ;zltering the basic engi-{
‘neering damental to Buit indiwidual building require-
ments.’F/;?example, a column may be cast to form one, two,
three or four armgd column components. Description of®

structural componenta are given in the following table.

S
L)

. 2.1 Joints. During erection the ceross-beam’' columns
are‘first fastend in.place, then tie beams of fériable

lengths are”lowered into position between the arms of the

columns and joined to the crops-beém arms., Connections ”’fi

petwéen'these members are either bolted~pr ﬁelded, then -

’
N

grouted, Figure, 24, Various other precast elements such as

stairs, elevator cores, exterior window walls, etc.'are

then attached to the frame structure. Floor slabs qu also

. grouted at the chamfered long edges. . 1

; x. ' ' Co %‘
3, Mechanical System. All mechanical elekents such
, - : S

‘as HVAC, plumbing and elevator are integrated in the system.

i3

* .
S i s At <0 =
.

24
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Description of Componoform Structural Components
a’ . ! ) /
Dimensions ~ Weight Material Notes 2{\—
Maximum Minimum 2% Optimum Per optimum :
(spprox.) piece (approx.) ?
Column " ’ 3 -
H 16.1—0“ - o 9'_b" ' Anvafm maybe
W 32" x 32" 12" x 12 12 x 12 . *  blocked off in casting
sS4 -8" 12" 9 -0 .
. Column Arm 6000 1bs concrete
L6-0" -~ 4-0" ~
w 32" 12" 12 ,
D 24" - 12 22"
"L 24" -0" - 12" - 0" 16001bs ~ concrete s
i w 32'0 12" - ‘2.' 3 #
D 24" 12" 22" .
, e
L. 30" -0" - 200 -0 ) 12,0001lbs ° sconcrete %With hollow cores
wa-bs - .8 =0" to reduce weight
T 12 8" v 10" R )
L 32 -0 =~ ’ ©20 0" 6000 ibs " concrete R .
w8 -0 - 3 -0 - ,
T 2. .8 © e .
>
o » N
> .
L - — Y 7-0" 9600 ibs' concrete
we -0 - 6 —0" -
H g -0 - g -0 ‘ ; L
T 12 6" 6"
fur ‘ * ©
‘ >,
L32-0"“ 12-0" 26 - 0" 7000 168 concrete £
w 32" 12 12" . (¢
H g' - 0" - 8' - oc'n .
D 24~ 12 27
° 1 A
o } a a -
p B ) -~
L] » '

yaaele
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1 . The mechanical pervices are located either abgve or below

Y

the plane of the horizontal structure, 8o they can cross - : - 1.
.- 14 :
bt from one bay to another. Figure 25. .

- - g

Plumbing chases run vertically through openinge"

provided in the structural slabs. . ‘ o : .

P

-~

4. Electrical System. Electrical conduits run

7 b RWMTINTPRA £ § o
v i
- *
. . . -
I

- horizontally in the grooves between structural floor slab
- qf in underfloor raceways set into the finished floor“‘w )
E _ | Figure 26. o . . |

| TR B S ‘ o ' !

| o 5. Kitchen and Bathroom. Kitchen is premanufactured v

and theﬂ’inserted into liviqg unit bay. Figure 27. o .." Ny

1V s . - Bathroom ie also preméhufactured and then attached
b . S e
: to mechanical servrce core. figure 28. <

’

. . o h :
% . 6. Transportation and Erection. All structural .. *
- - . selements such-as columns, beams, floor slabs,~stairs,

14

© elevator shafts, fascia panélg‘and exterior walls are"

transported to the site from the plant én flat-bed trailer. l:‘¢d~
' All the elements are raigsed into their final
~——’

popitions\by cranes. A oo . S ‘ ;
D ‘ ,
[ m“ \ o N 'y ; J‘ - ‘
- ? . . .
- L) ﬂfw\j)‘:’“ L
. — . LR
. " _
~
_ .
4 [
-
\ e <
'{
2 %
. - : . .
" . . Q ' -

g o e v o e e ——
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STAR —.—
LTIE BEAM 4 -

sLAR——
COLUMN

v’

4
BALCONY - - - — AL PANEL

COMPOSITE STRUCTURE — ! SPANDREL. '

ISOMETRIC’

Figures 21, 22, and 23-
X . .
‘ .Different Profiles

of Componoform am'st's_ drawing shows cutawey of
. vilding- section. The primary struc-
Sy ?‘temr (Ref. 25) < tiral members of the .Componoform
' Systern are: (1) column, (2) tie beatn,
and (3] Hoor slab. Also shown are: (4)
_ tlevator shaft, (5) premanufactured
bathroom unit, (6) extevior wall
" panels, (7} window panels, (8) facia
p‘ieces, and (9] precast stair.

¢
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"Fig. 25- Main-Truck Mecha- Pig. 26- Long-Span Bridge
N nical ‘Services, . Component Carry
(Ref. 25) - . ‘ - Electrical = = .
“ . Services

(Ref. 2~5_)"/{(\
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Pre- manufactured Kitchen Unit

27~
(Ref. 25)

Fig.

a

(

<

08- Pre-manufactured Bathroom Unit

(Ref. 25)

© Pig.
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3.1.4 Descoh/ConcordiaLSystem

T
'

3 1. General.'Descen/Cdncordia System was founded in
1969, by a Canadian Jjoint venture of Descon Management
Corporatioﬁ“Ltd. and Concordia Estates Holidays Ltd.' <<

Descon/éoncordia System was the only foréién wiunef in, the
Operatie BREAKTHROUGH program of the U.S. Department of B
\Housing and(ﬁrban Development j , -
_ Descpn/Concordia-Systen. combines a management system
and a flexibile building\system which calls for a rationa-

‘,or componentsfabricated through existing @rocesses, ‘and

existing building and manufacturing processes tqzéioduce'
S bousing ranging from'2-story town houses to 2£Lstory high
iise structures. It isa system which is not limited to one
“n 'source<of supply and does not require ex@ensive_cepital .
Jinvestment for plant. o X -

The main objective of Descon/Concordia in the

Lﬁanagement and building field is to enable éoustruetien
‘industry to meet the challenge of rebuilding the environ-
‘ment in a manner that responds to human needs. '

The Descon Management System has been develeped to '
plan, control, and monitor all phases from feasibilitg?
studies, design, production of sub-system, through building
erection,‘tovoccupancy. Figure 29, shows the basic manage-

ment flow. . :

The Descon Manageﬁent Process has been developed

1

lized assembly of readily available off—the—shelf comporents,

’
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was developed by ‘Descon Management System Bpec1fica11y for

system building. Its features are: .”
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EVALLATION LOMAITTLES
P Y " ' * Grd

Design Frosa o LunBtructy —

Cunts ol Contret waie ol N
Tash/Heveoanel rev act Taon/Verennne]
Mairices S Lriteria Cwtwarks -

o ~

P uvcTIONS |

Desiga Adr.ansetrst] F.onsiruction

L

AS
T ) ?
* *trede OI* “Actiefry®
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Sheers ¢

(Ref‘o 38)
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e

N

: by following the Descon Numbering Sys

MCNITOR!NG

L. Hroject Cuntent '
I, PrewciTime

3. Project Cont

¥

MONIT ORIYA 5
V. Tasx Cuntewt .

. Taak Time '

<), Taau Cem " -

Fig. 29-.D/C basic management flow

'The Documéntatiqn‘System”ia a fini nique system which

Yoo

\

[

a) All design information can be readily\z

tém which

proceeds through _each aub-aesembly down to the
T
ehop dfﬁwing level of detail.

btained

o

.

begins at- the General;Descrlption drawings and;=

project costruction and ensuring conBistent quality control. .

and -proved as an optimum means of planning and controliingyx\h\'

pm— -

Adben

AR s s

PR b it -
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b) Generic building system details cdn be adapted to

specific project requirements with little or no

. @rafting costs, ﬂ( changing dimension schedules
.and specification: _

e) A1 drawing are printed in legal sige book-form

which permits easy referance to design .details,

, both during the design stage and during constiruc-

tion on the site.'

L 4

'd) Drawings can be transmitted over a telecopier.

o«

Maaor components of the Descon/Concordia System

include: strcture, plumbing, HYAC,,weather-screen, kitchen,

_ bathroom, storage units, floor and wall panels, partitions,

- and door sub-assemblies. Figure 30.

- Elevator cores, stairways, éno refuse'chutes, are

sssembled on—site from. preoast'concrete elements,/éomplete

n

the component mix required in a typical building. Balconies

‘ and sun decks may +be employed to add architectural interest

to the building and to accomodate occupants' tastes and

&’E N .
needs. Figure 31, shows: different profilesof Descon/Concor—

dia System. . h\,h . S ’ \\<
Y ' ‘ '.ﬂ \‘\ B
\ 2, Structure. The primary structural Cmnponents of

D/C system werle preqpst concrete floors, walls and beans,
These panels may be prerstressedvor postfteﬁsioned in

existing precasting plant fscilities, or may be cest,on

“site. Supplenenting these panels were non-load bearing

" exterior composite panels, complete with interior finish,
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o

window and doors to reduce on-site labor requiréments.

A typical wall panels sipe being 27 ft 4 1nches (up to

_ 40 ft) length, 8°ft width and Binchesthickness; and floor-
ceiiing panels 21 £t length, 10 ft width and 5 to 6-1/2. inches -

%ﬁicknesa.
. \ N
Figure 32 illustrates response tb abnormal load. In

case of progressive collapse, bearing walls AB and DC will

remain in place when subject to 720 psf. This is accomplish-

ed by the aqg}tion of steel reinforcement to the wall paneis
and positive mechanical conneetions'ﬁetween bearing valls

and adjacent 'floor slabs. Floor slabs AD and BC contain )

'strong “zones which are additionally reinforced to remain‘in

place at 720 psf 16ading and provide lateral supporpifor

-

the ejaring walls. ’ ' .

2o Jblnts.%One of the innovative feature of D/C X
system is dry. mechan1cal joints. Mechanical connections
between elements are by a patggted field frictlon bolting '
technique. The advantages are almost in the €rection cycle.g‘

oltinésgoes not require skilled labor,

b} It is not time qonsuming) ‘ . : .a‘“

¥~is a dry process and relatiﬁely*keatper'

W

d) It is eagily produced and tested.

: . <z
\fte disadvantages, however, are -almost all in

4

manufacturing cycle:

" a) Mechanical 301nts as a whole require cloaer '

¢

T M T A,
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‘ K -\ . - N - - . . . . ' ;;
. tolerarces, or at least uniform tolerances for . ‘

.elements to fit together.. ® - r

. ‘ : ' . - i

b) Insertstend to becowe complicated specialties,

and once adopted, the possibility of trading

. . 4
‘kts ~ them off or change them becomes difficult. (} \
\\\\\t; c)lA high degree of‘prepargtioq and‘prefiniphing io'

requiredin the plant in_ordor.to1optimisénerection

work., - )

v

@) Modular coordination is fbsolutéiy essent1a1 for

-

sequence of erection, operation, scheduling, and:

. v

-
.
C T e st o A oot R

mass production requirements. .

Througﬁ'p/c~man;ggmént dodls and teohnique all‘the\\w;“gk-'Ji
above dlfficulties would be aleviated if not entirely eli-\\
minated, by v1rtue of the fact that they occure in the '
manufacturing process where quality control under plant f -
conditions is not only possible, but:eaéily achievable underh
present ‘industrial conditions,' .

Steel insertsare embedded in the concretg panel and
held in place by stud-welded anchor bolts. During erection
when two such elements are placed adjacent to each other, a
steel make-ﬁp piéce is friction bolted to take up méﬁdfac-
'tu;ing and erection tolorancesl Figures 33 and 34.

¥

F] ' “ M 3

B MechanicaIQand Electrical Systems. The D/C system '

use a light weight, pr%fﬁbricated, piuﬁbihg, ventilation and-

electrical servié% chase plécdd floor-to-floor adjacent to-

the bathroom and kitchen modules. Figure 35.
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In order to provide the equivalent of a 1 hour fire * -
endufanqé for the chase,a sprinkler head is added to a cold
water line below the floor slad plug which_is built into
the service chase. The units-are linked very

ziﬁg speed connectors. Figure 36{’\

Heéiing and coéliné may be through use of conven-
tional units installed in a closet architecturally‘combined

gazth the balcény on an exterior wall, and distributed from

“there by forced air. In some cases, electric base-board

" B
heat%ng may be satisfactory. R

- 4. Kitchen Module. D/C kitchen modules contain all

—

.;‘gpplianﬁes, counter tops, cabinets, lighting and plumbing
whigﬁ are associated with any conventionally built kitchen.
i . ?
Modules can be combined to provide a variety of kitchen

arrangements from galleys to "Lf shaped dining-kitchen-

>

types. Figure 37. . . /
L ' Ve -

The structural system of the module is non-load

' bearing in service and is desigqed-to resist only“forces
encountgred during transportation. Back aﬁd éide walls are
constructed of wood or metaf‘studs which have an inéerior

finish and exterior fihigh\dependent on,finish requirement

~
v

in the apartment. ‘ -

-

5. Bathroom Module. D/C bathroom module -are pre-

Jmanufactured modular components of three basic units, 1i.e.,

bath/shower, sink/water closet, and filler units. -
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A

A1l are designed for speedy field éonnectié% to the mech-
anicaly/plumbing module. Standard parts can ﬁe assembled "to

* form simple powder\ropms or large multinge bathroom,
. 8torage and other accesories are availahﬁé for all bathroom

‘~aggemblies, Many safety features have been incorporated.-

Figure 38.

1

6. Transportation and Erection. The hiéhway trans-

portation was accomplished by using fifth-wheel semi ‘trailer

fitted with a padded steel A-frame which could accomodate

o

“two panels (one on each side). Thisframe extended the

chassis to within 12 inghasofthe ground, in order -to lower

the overall height of the loaded panels and avoid the

necessity of ubtalning a special permit for movement,

~

Erection was done by crane with 1lifting capaciﬁy up

to 125'ton§.

~
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. Fig. 31- Decson's R

— .8
dentia1~A3artment Buildin%

\ . ‘T5% Compléted (Ref; 33

A

s

L i
Fié.}31WpWall-Bracing Used
9During Assembly of .}
‘hDescon's units
3E“(Refo 33) . ‘ -

:

@\

1
1

Fig. 31~ Completed Descon High-Rise

-
‘
FERIR"

(Ref. 34)
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' ' ‘ Fioor 10 Floor o
N - ; ‘Service Chase . ¢
' \vc«‘avu!’loovsub Plug .
|___——"] tBottom of Esch Chase Section
| ) / N ' '
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3.1.5. FCE=Dillon Sysfem

o . -

H : - 1. Generad, FCE-Dillon System uses a combination of”
E “pre-cast components and pour-in-placgreo:wcret& to form a

| monolithic structure. The system is flexible through various
- _ configurations oé the: basic components, bullding of various
shape and sizes. The same basic system ‘can be used for high
t R “‘I:iae s‘tructuros, mul ti-family low-rise apartments, single( -

-

family attéch'ed dwellings, hotels, dormitories, hospita,ls,

[

-

and certain non-shelter‘st:;uc%res. Figures 39 and 40 show
‘different profiles of this system.—
> . '+ This system is applicable to urban, suburban and

. urban renewal projecte. Also it 18 adaptable to all nation--
at | al climates,’ and to all normal soils with slopes upto 12
{ Lo L 'degfeéa. \ I\

A}

g " fhe esjecial feature of FCE/Dillon System is its

. : e . .

"} three major patented subsytems; the Heart Module, ‘the
Elevator Modulé, and the Mechanical Penthouse, Each of |

them will be explained later on.

R h i 2. Structure, The precast concrete component is
i the basic étruétural 'm.lcleus of the ay‘atem. This consista
of principally of walls and floors which are partially pre-l
‘ . caueyt under controlled factory conditidns.
w‘ . | 'l‘he/precast concrete bearing walls areWel ré-

inforced and,cast to a normal thickness of 8 inche aﬂ'd a -

maximum length of 30 ft, They have hollow core "'openings

]

i/~,
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that run vertically the entire height of the wall and accom-

1
by
k
‘ ' ( inches thick and 6 ft or,8 ft wide and are available in

o p\ : - plished‘two objectives: .

3

transﬂgix—tion and handling.
‘They play an important part in the structural

integrity of the sy%tem;‘

, "Pigure 41, The floors or deck élabs~are'precast, prestressed
- 3

vconcreté member. These slabs.are cast either 4 inches or 6

length of. upto 32 ft.

kS _The balcony is precast prestressed concrete slébs

with sleeves cast into them to accept a railing.

Ty ~' In response to an abnormal load in case of progre-.

. o sgive collapse, as shown in Figure 42, partition EF will

[N

fail laterally;}Wall DK will remain in place since it is.

* ;/k designed to resist 720 psf by the addition of steel rein- /;)

forcement Floor slab GH will also remain intact because_

of additional reinforcement and vertical support provided

o by partition 1J. Sim%larly, floor slab CD remain after 73 ’

application of upward 720 pbt foire because of resistanceA
"of partition AB. : ~N
LR, -
K ‘j ' L P 2. 1 Joints. The typical interior bearing wall
joint is made with a combination of caat-in—place concrete

floor slabs are placed on the lower hollow core wall. \

the steel reinforcement is placgd and concrete ia,poured

1) They reduce the weight of the walls, facilitating *

(’.

N and steel reinforcement. Figuro~43. The 4 inches thick - ’
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- into ‘the wall cores and ont% the slab to provid::;>%6talw
floor thickness of§8.1nches. ‘

¥ The typical exterior wall joint,}s made with a comb-
v o3 V \1nqtion of cestfin-place.coneréte,_stee} reinforcement, A.

~ . threaded rod is screwedwintolan insert cast into~the lower
P . ~ wall and then bolted. to .an angle embedded in the upper walll

T ) ' with stud welded anchor bolts. .The floor sladb is placed

— ) -;:' . "8tee1-bars are looped around the rod, the concrete topping’
: § - "is poured; and the access pocket ie“drybacked witn,conc;ete_'
- % ' - to complete-fhe joint. Figure 44. o - . o

3

,f B . 3, The Heart Module System. It consists of kitchen

and bathroom, completely eonstructed in the facgzry on 8

; inches thlck pre—stressed concrete slab, and this module is
erected as part ‘'of the structure. The Heart Module incor-
porates plumbing, electrical ventilating;'heating, and air
-conditioning equipment, plus kitchen cabinets and appllances.
Floors walls and ceillngs are completely finished and ready .

foE&occupancy. Figure’ 45.

e . < -

. 4. The Elevator Module System. It congists of three

A}

major elements.

! 1) The Elevator Module, is a one-story precast A

structure’ completely equipped before installation

'rwith rails, doors, and hardware, ready to receive

o

the- elevator car . ' < }

'2) The Elevator Car, is pre-agsembled either in the

o
QI)
-
s




s t * - T —58— . ) , pﬁ

; . . manufacturer 8 facility or on the job site before {
. { ,
Y ’ installing in the . elexator module. //'

' -

3) ‘The Elevator Penthouse, is a light steel structure
equipped perior to erectiou.with all the elevaﬁor[“i_
electrical motors, wiring, and mechanical parts.

- - Thefglevator is completely operational a Tfew days

after the structural’phase of the building is completed.
Both a’'single or doublashaft system can be used. Figure 46,

shows a typacal precast double elevator sectlon.

5. The Mechanical Penthouse System. It is a light

v afructure“couyainiﬁg the heating boilefe. domestic hot water ' o
heaters, make-up air units and central air-condltioning
o equipmeptjfor the building. Tpese units are installed in the
| ‘penthouse and connected, piped and compietely'wired f;iorﬁto‘
' its erection. This unit also contains all of the controls

» for @@E electrical and mechanical systems.
, &, . . .
AY \\ , i
6. Heating, Ventilating and Air-Conditioning. There

are two types of HVAC methods in the FCE-Dillon System, o
The first type is a two-pipe, control hot. and colo

water system. The subsystem con81fts of fan coil units

which are: instélled in the ceiling of each mechanical pent- Lo

house module in the factory. The fan coil unit discharge

 high velocity air through #lot g;fTuser 'eglsters in the _ 1

- module which are flush with the ceiling, The high velocity .

.'conditioned air is carried to the odtside wall throngh a : o S
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. occupied space. Figuré 41.

' "Piggyback",

. Highway trasportation was use
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process called the "Coanda Effect".

The rapid movement of
W ¥ .

air from the outside créétes a negative“predsure by entrap- .

ping the a1r in the space between the air atream and the
ceillng. The resulting pressure differential causgs the
stream to follow the ceiling until velocity slows near the
oﬁpositewall. Gradually,~induc?d room air-mixes with the
Et?éam, {emperiﬁg the air supply before it reaches the

¢

The second type HV¥AC is an electric incremental

‘unit installed in the exterior wall or each living unit.

Individual apartment controls are provided which allow the

choice of heating or cooling at any time during the year.:

"v"

7. Transportation and Erection., This system used

a special purpose 15-tons capacity fork-1ift truck to

handle the factory-completed mechanical core units, called

ly to a flat-bed trailer for movement to fhe‘job site.

. Within the.factory itsélf; a 25-tons conventional bridge

qréhe was used to remove the mechanical core units. The

mechaﬁical core units have transported by‘raill}oad.over

2 200 miles during the Operation BREAKTHROUGH program.

3

only to move the modules to

and from the rail head for plggyback railwshipmentfjrlbbr

;siabﬁ were transported on the flat bedded-trailer and were

supported byAhooden blocking, ° : - o

X

from the production line to storagé, or direct=-
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. Erection was done by crane with lifting capacity of
upto 125 tons. o o ‘
ﬁ- 1Y
f)
o/
‘&,

' . ‘ Fig. 40- Construction Comggnenfs and Schematic ‘of Erection
S " . Procedure (Ref.32) ‘
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Fig. 41~ Reinforcing Stee) and Precast Concrete’
(Ref. 31) ;
} . A Y
- N £
£ B8 S J"““A-mﬁndt.wﬂonol!um' \
T o Dy} . .
R ==~ Concrete Watt Panei
F ] K '
'G‘ ‘ Steel Frame Partition
. v 7 ‘ __'"/Coaunlﬂootm ‘
. 7 .
H .
42- FCE-Dillon; Response to Abnormal Load - e
;. (Ref. 32)- - - C;gQ
. \ _ _ “

ciea

AT g S H S e SRS
-




e s s e S e e A
, N
‘
- ¢
- - e v

i e

: (Ref. 32)

<

L]

'

¢

.. e

Pl L .. ‘- 62 -
: ' . MURSS]
% Castin-Place Concrets - :. . _—
‘ B 1. v Steol Dowels )
: 5'4 | g—Hollow Corae Interior Watl .
gt ,
{; X y Steel Bars
z ...................................
_ B /
S ' : |
;
-4 .
Procast Prestressed 4™ ' | . .
N Concrete Floor Slab " eeee—" Hollow Core Interior Wit
. * 4
v . ‘. }.‘.1. - ‘ o
¢
s .
- : ‘e . ‘
Fig. 43- {CE—Dillgn; Detail of Interior Bearing Wall Joint
R . Refu 32 ' ' / e ‘
]
1 C T N Stud Wakded Anchor Bolts
; ! Solid Exterior W-ll\_ﬂi ) Stesl Angle
" . N .
- . . . ' Nut Field instalied
) Rigid INMUBLION "] <
o n '-:, Rod Thraeded Both Epde
‘ v Actass Pocket Pecked
N frovemed with Concrate
r . *
bang J
T v KRR
- . N h ;'. -
- ) ‘ s. . ,
f . ) . . 4
. 4 .
s N \ , ' . -;. _ \ \::}_ ¢
Lo . s mm:»-;'d“m
. - msmw.w\- g: Floor Slsb
< © * ‘ . \ N )
° \ &= .. \ . "" ’ A v
. ey - % ‘ .
,«‘ p v — l * o . ‘ V;
(£ . . T ) .
B : . l.. e L. : . ! ’ oY " . \ . .
Pig, 44- PCE-Dillon; Detdil of Exterior Bearing Wall Joint

-

Araber o -

et Bre

-




e

=

.

.

g

v

LA A I ey s s ot o

' - 63 - s : |
) ‘ ! r ’ § 1
\ !
v . ' -
' o 5 |
=—rey ‘ L
N SR o ~, '
Kiﬂﬁ\ﬂl Bm
= ey _
S — - ' f ) 4
L3 .
;_‘;t’f *}_". 5.'. ',.l\‘ Yo oe ™ Tt LRI T
- \ , ) , N B t
Y« ELEVATION o
~‘n ) ’n‘ (
) . . ;
\ -~
‘. OO_W ! Dl /Moun ) J
’ : “'V A N .‘ w D[D’} [::‘ l' | R D - o |
- - 5 1 ! ; ¢
Entry Kitchen Bath — .
R ? ) - ‘". \ /jl a?.' 2 /
N : \/ :
- . : - ' ’ a
i ) ¢
. PLAN >
Fig. 45- FCE-Dillon; The Heart Module -
‘ " (Ref, 32) : " 3
v




L UV
[

PRIE & L L

Fig. 46- FCE4ﬁillon}-The Elevator-Modulgmypical'Precést

Double Elevator Section
(Ref. 32 N !

)
r
PR

Y
Heating System
p) in Core Unit

Haeturn
Air ' ':

'Pig. 47~ Air Movement Due To "COANDA EPFECT"
(Ref, 32) \ o




aee g A T e

o I

-

* 3.4,.6. Rouse-Wates System

1. Generai.\i;e Rouse-Wates System is modified from

4

o,

the parent system developed in England. This’ systemis intended .

: primary for multi- family high, meduim, and low rise struc— ®
turesj It could be adapted to commercial and institutional
projects. The R-w gystem is opplicable to a variety of ‘ | A ;
urban, suburban or ukban renewal projects and is adaptable / ~
to all normal topography, soil -and ct@ﬁatic conditiona.

\The Rouse-Wates System of fers design flexibility.

Dimen81onally, the precast elements are based upon a one ‘
foot grid for building up. to 26 stories. ) _, |
"gé ) Acoustical privacy is assured due to sound trans-

mission‘loss of the heavy’ concrete floors and structured
.-walls, rated at 51 decibels. Other dividing partitions if
not concrete, usually gypsum board, are rated to 47 decibels
which is superior to sound transmission 1osses -normally
- found in apariments, Figure 48, shows different profiles of

) D‘this system,

)
2. Structure. The Rouse-Wates System is based ‘upon

the gravity structure principle and utilized story-high
precast concrete walls alcng yith floor and roof panels.
Floor slabs are of 501id normal density, reinforced

oo e

’ concrete are designedas simple supﬁerted single span

| h . members. Normally, slabs are 6-1/2 1nches thick for spans
upto 16 ft, 8 inches thick for spans 17 to 20 ft, and 9

1
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‘inches thick for spans 21 to 22 ft. “
Well panels are 7' inches thick, solid, normal den-
eity concrete, Load-bearing walls are reinforced to resist
 forges due to leteral and eccentric loadé. o ‘
| In"response to an abnormal load in ca;e of progre-
gsive collapse.as shown in Figure\‘9, wall FH is designed
%5 remain in place by ‘the use of special panel and joint
reiﬁ?orcement. Interiorgyall EG will fail. Elements_above
will not fail since wall AC is designeo to cantilever from
the corridor, Some of the floor panels GH are designed as
Istrong panels to resist 720 pst and remain in place to
.provide lateral support ¢o walls FH, IK and IJ
Although thia system is designed to prevent prog@e—
ssive collapse, thc height of buildxng e 1imited by code to
" 160 ft. in seismic zones 2 and 3.

2.1 Joints. Joint design achieve‘coﬁplete continui-
ty‘between panels tb allow the structure to act as a series
of monoiithiC'story height rigid tables bedded one upon the
‘other. Internal crosswall-to-floor joints features steel
loops andxinterlocklng crogsbars. Joints are filled with .
cost-in-place concrete to provide complete rigidity.
F}gureiso. . ' ;

The joining betweéen pre-cast concrete ciadding

panels are based on the "open drain' pfinciple. The verti-

‘cal Joint uses a loose neoprene baffle, the horizontal a

1

shiplap .principle. Figure 51.

e

/,/’

- %

.
B ke MO AN B S5
-

pres——




DL WOk XW0 sy =

YR e e o

W e, e R

-

i

.
- —————————

-

¢
\ N <
\ -~
. R .

v T G e e v gy —

[ | -61 - ;
'3.'Mechaﬁical System. Mechanical system such as

HVAC and elevator are. conventional however, a packaged .

HVAC unit was developed with Westinghouse Corporation which

affords individual tenant control. The unit consists.of a

prewireds and - prepiped oondenser/eqaborator/furnace'that is»

located inside the.apartmeht; A through-the-wall grill is

integrated with the exterior concregs\claddlng. Electric or

gas (with power vented flue) may be uéed The complete

package is lifted into plece‘during erection. . \

For ﬁlupbing, P.V.C. plastic soilwater and rainwater
pipe and ‘C.P.V.C. plastic hot and cold water'supply are —
used in this system. Advantages 1nclude lessv expen81ve
materlal lighter material and simplified 301ning techniques.

Pire requirements are met by careful detailing of penetra-

" tipn of the building system. A

t

"4, Electrical System. Power, T.V. and telephone are

distributed to apartment load centers in chases or false

_oeilings. Within dwelling these Bervices run with a P.V.C.

baseboard raceyay. The raceway whjich 18 shipped in precut.

lengths for eagh dwelling, consists of backplate d,p

finished snap-on.cover. Figure 52. s

5. Kitchen and Bathroom. The kitchen‘oonsists of

. . \
completely furnished interiors whichare manufactured by

Uestinghouee Corporation. The module contains the electri-

cal distribution center which is prewired for site connec-

. hd ) 5,
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. . e
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r

_tion. The unit with the appliance walls are pushed together

to form a protected box for transportation and erection.

Figure 53. S | «

Bathroom consists of a completely finished box
vhich is manufactured by'American Standard. The tub, fipor
and surroundi;g walls to wainscot height are of molde
fiberglass with a "gel coat" finish Ceiling is of pre-

finishes aluminum-faced plywood The limited area of fi%er—

- glass, w%s~to overcome fire requirements.

6. Transportation and Erection. The highway trans=- °

portation of this system elements were accomplished on flat-

»

1

" On the eite, these concrete panels and slabs were

raised into their final position by crane with 1ifting

capacities of up to 125 tons. | -

<]
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3.1.7 Shelley System . ‘ . &;,

“ 4 4

1, General. The 'principle innovativg feature of

Shelley System is the use of precast-three-dimensional box-

module made of concrete. These boxes are stacked in a verti-

, ,
NS b g I ey s
.
.
. o .
I3

cal checkerboard nattern. The open space created become
usable living areas. The created space are‘completed.by
precast roef ¢losure panels, Pignro 54.

' The flexibility of Shelley System is limited. It is
applicable t% all multi-iamily apartmont, hotels, motels,
hoépitals nursing homes and dormitories. It can ﬁary from ‘

AN 2 to\ss storiee in height It is adaptable to all localities,

‘ - cllmatic and topographical conditions. It is especiglly

.suitable for use in areas suqceptible to hurricane, ‘'winds

' and earthquakes, including seismic zone 3.

"The ‘Shelley System'ﬁts'the highest degree of in-
A

3

“ ’ duétrialization. Items that are totally installed within

~

P the‘precast box module at the factory include: exterior

walls, Bpandrels and windows, interior walls and doors, - d
. .zf . .

Y - partitions, kitchéns, bathrooms,/balconiea with railings,

¢ painting, flooring, vertical piping and ductwork and

b lu} closets and storage walls. Items that are installed wi%hin

‘the created area include:_exterior'wall panels, 8 pandrel

and window panels, interior wall panels and closet and % - '\J/\i
"storage componEnts. E . S o 4

I8 sy

Foundations,’elevator installations, landscaping,~

. 3 - ‘
" f L grading,‘roof&AF, flashing and‘water roofing is ‘all N ;K

- Ta . B i |
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«are stacked one upon another in a checkerboard pathern.

_dons. The neoprene bearing pad provides the additional

-Shelley System prov1des\gyrect line heating and cooling

~conventionally at the site, if hecessary.

.- 14 -

\ - 3

~

completed conventionally at the site. figures 55 and Sé

T o 2t a1 € e

illuetrgtes different profiles.of Shelley Sysjem.

2. Structure. Factory-produced concrete box modulee
v -

Boxes overlap provide complete vertica1~matching for the

columns which carry all gravity loads to the foundation.

—
PPN .

_Walls are designed to be non-load bearing. In case of pro-
gressive collapse,an abndrmal loading within a module could

cause failure of walls, floor and ceiling enclosing ther .

e e i T

gpace but the columns and beams would remain in place. ‘
s : o

Pigure 57. ' ( . -

3

2.1 Joints. The columns contain vertical .ducts in
, . . e ' ' °
which steel dowels are grouted to provide struciural con-
tinuity connect the boxes vertically from roof to footing.

Bearing Pad can be either neopiene, steel plate with érout ( %

or a neoprene-steel aandwicnf depending on design condit-

1
benefit of sound attenuation between modulga. F%gure 58. ~> ?
J 1

=

3, Mechanical System. Theﬁmechanical utility shafts

are ran Kgrtidally 1nside the concrete box module. The - ~~. . i

T without the . neeﬁ of costly duct branch line. It is adapt- R
. able to all. standard HVAC systems. Plumbing may be installéd

.
‘s X - N\

13
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4. ElectricaliSystem. All conduits and outlets for

power, telephone, television and intercom are integrated

o

within the pre-manufactured concrete:box-module.

5..Kitchen and Bathroom. Kitchen and bathroom are

"completely installed within the precast concrete box-module.

Occasionally, for total flexibility, components of kitchens

"aqd bathrooms are brought,to the site oet‘of,the precast’
box-module. - . \/

z e

6. Transportation and Erection. A large crane was

utilized by Shelley System; within ége olant; for transler
of the completed concrete modules from the assembly line to
the euripg/storage yard, Figure 59. It was alaohused for
" loading the module ontoxihe/ﬁighway.traheporter.

The highway transporter utilized was a special
‘purpose 60-tons capacity drop-ged‘trailer which measured
36 inches high, 10 £t wide and 53 £t long. This. dual ax}e,
1éftire (1000 x 15-14 ply) ﬁeavyrduty transporter requiréd»
&uepecial.double—transmission tractor to haul the modules,
%he largest of which weighed 53 tons. Police escort were ,
also required to block traffic at lntersections and to
permit continuous movement without interruption. The o
precast concrete end panels were’ transported on,flae ~bed
trailer with special "A" frames. '

Because the system was entirely of concrete, no

special protective packaging was provided during yard
, o ‘ .

Ta e sk b e B T
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storage or the highway transportation.
| ’ Economical. transportation raLn;Awas up to a distance
of 200 miles.’ -

On site erection was accomplisﬁh”edv”by cranes with
. ) % T [ )

#

lifting cépacity of upto 120 tbh&. . ;f o RN
afy A N . * : - @'

L3 'Q Al * 0

L

»

Flaor Closuce Panel.
-

‘Fig. 54= Checkerboard  arrangement of »modulep{anﬁ ‘éémpletion

of structural assembly (Ref. 32) - .

i N -
- . 7
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" Pig. 55- Two Shelley High-Rises
N N 5 (Réf. 34)d A}
t ‘ '
X ‘ , o - Pg. 56~ Shelley A Topping Out
. " o (Ref. 34)
i ? ,’
.{ ‘ ‘ L
! Load Supporting Column
f
-Losd Supporting Column ’
/ ’ T
, ¥
. _’_‘\ oo ‘
Lo . A <

Fig. 57- Shelley; Vertical Al:ggnrgient ‘of Module Cblumns
e ﬂRef. 32)L ' o :

o
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 Fig., 58- Shelley;. Typical Column to Column Joint
(Ref. 32)

Fié. 59- Bridde-Crane used to carry Box-Module
) ('Ref-‘ ’, 3) . ) ) ?}
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3.2 Comparative Summaﬁy Analysis of Industrialized ‘ .

_ Housing Systems

[

"y The following matrices are the éodparativé éumﬁary o
analysis of the. seven proposed high‘depsity industrialized

" housing sjstems with respect to the'specified'criteria,

] - U 5 . i
i.e., system design and applicability, building systems,
building subs&stems,,production, eco?dﬁﬂnsbf sjstem, and‘

managepent and organization. >
Due to the s;aée limitation th;\;gl owing glossary -
of terms are to be used: ‘\X\‘ v‘,/j.' T v;
\ S : 2
' Coriven : Conventional
‘_ Eff “: Effeciency : “j. S
‘LB~ : Load ‘Bearing - =
MFLR - : Multi-Family Tow Rise ;o
MFMR  : Multi-Family Meduim Rise
MPHR . : Multi-Pamily High Rise N

NLB : Non-Load Bearing

z PCcC :'Pneﬁcést &oncfete . )
R : Rural . - ) . i
RH . _: Radiant Heabing
g ¢ : Suburban Q

" SFD : Single Fap}ly'Detached‘
SFA

Single Family Attached

s

Urban

Urbaanenewgl . "

‘.El.
o
o

.t wv—:—.'m‘- A sl s o 2 =

L
¢ v [N . -
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1.3, 8 System adaptability to new tedhnology as they
‘ develop. ’

T

1 3 9 Ease in implementing new technologies. .
] -

1. 4, SERVICEABILITY

1

odel Contributes to basic needs for shelter, safety, V
and security.

1.4.2 Meets éﬁl>regulatory health, safety, and sanitary

v requirements. fﬁ
.1.4.3 Interior finishes durabilhty under service .
C conditions. ’ ) ' .

~A.4.4 Exterior finishes durability under service
. conditions and climatic extremes,’

1.4.5 Minimum bnilding.damage induced by material
- volume changes and,distortion.‘ﬁ . -

1.4;6 Minimum materiél deterioration due to condensation,

1.4.7 ILimitation of. interior and exterior material
combustibility.

m!.

1.4.8 Durability of structure, materials; ¢and connections
under repeated and cyclical service loads.

1.4.9 Annual maintenance coet reduction resulting in

~ long-term cost saving. . y \§%‘§

!

. RN T . i
1.5 suB-ssmEMSTC e o VA

Pannd
-
4

1.5.{A Subsyétems applicability.. ) L ~,
1.5.2 Integration‘of environmental contrel, subsytems.,

1.5.3 Integration of solid and ‘fluid waste disposal
- _ subsystems. ‘ . A

w

-

' P
1.5.4 Integration of utility.service subsystens.
1. N .. 2 N

i 1.5.5e\Decentralization of mechanical and electrical

/
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subsystems,
1.5.6 Inherent‘-sound attenuation,characteristiés.

f.5.7"Inherent fire separation characteristics.

1.5.8 .Unimpairment of structural integrity from

subsystem 1nstallation.

( ST

1.5.9 Prefabrication_of subsytems' by another manufaéturerﬁ'

2. PRODUCTION
2 1 FACILITIES

2.3.1_ Off-site prefabrjcation and assemblx.

2.1.2 On<site prefabrﬁcation and assembly. o
2,1.3 Off-site prefabrication and on-site assembly. C A

“2.1.4‘ Central plant capable of serving wide geographical
N . . :

nfarket area. : . :

)}

2,1,5 Capability of having temporary plants on-zite,
2.1.6 Efficient plant layout. - C

22 1.7 Capability 'of mass production. ] D ¢

2.1.8 Plant location ease design restriction. imposed
by transportation. regulations. oo

2.1,9 Independent of construction: Sseason weather cycIes.

, 2.2 ASSEMBLY

2.2.1 -Capability bf transferring traditionairways of
constuction from, the- field‘into factory. -

2.2,2 Employment of flow-line techniques. R *

=

2..53 Standardization Wltg&Et seriously 11miting

¢ deSign freedom,.: - ( , _ s

"2.2.4 Opportunities for systematic integration- of

. innovative technology into construction,

T Ak b e e bk o bt e
[
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2.3 LABOR ™

. * repetitive tasks, -+ .

24 PROCESS
2.4.1..

2.402
2.4.3

'204.4
2.4.5
2.4.6

.93 - :
s L, A

Maximum factory'fﬁnishing."mr '\. ; .

r Assembly tolerances accuracy. minimizes subsequent
construction problems. - . ' A

*

Advantageous utilization .of materials not feasible

in conventional constructlon. v

Assurance of quality control through inspectlon
procedures.

?

L4

2.%.1 Compatable to existing industry and construcﬁion
- labor-force. S - ‘

2,3.2 Central cont;oi and -coordination of various

‘ . construction crafts.

~é.3.3 FactonJyork cycles meet bn-site conétructioh

~ requiremenis. ) .

2.3.4 Enabl‘e to employ unskilled labor in. plant. .
2.3.5 Provision for union labor collective bargalning.
2.3.6 Local employment and training opportunities.
2.3.7 . Potential fox ocdcupant ‘'sweat equity .

2,3.8" Productiviiy of workers through peqﬁcrmance'of

v

-, Yo
Level production scheduling.

Production capacity meets }Jocal market demands.

Production coordination with on- site preﬁ&ratiohli
Eifective material procuremeﬁt. -

Congistant supply sugport.

ﬁhffiéieht raw maferial inventory. <
e L o

. e : A

’
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2,4.7 Minimization of lead ‘time for delivery. T
: 2.4.8_'Increasing productivity during operational
- learning phase. N -
.254.9 Stable productivity during rou in—acquring phase.
: é.4.fp Change of models require mlnimmm‘start-up time
+  and retooling‘time. '
2.4.11 Change of production line requir S minimum
N additional costs.a :
3, TRANSPORTATION AND ERECTION ‘ . ; s \

3 1 MOBILI TY

A -

P
3e1.1- -Capability of housing system movement by highway,

3 102

3,143

«

TS

+
3.2 TRANSPORT ECONOMICS

3. 1 4
3.1.5
3.1.6
3.1, T-

3 1.8
3.1, 9

3.1%10

3.2.1

rail, water) and air.:

L)

Tranqport accessibility unrestricted by locality
of plants and building sites.

Direct transportation in‘a sinéle mode‘from thg
plant to the building site.

Transportation feaSibility to scattered sites.

Minimum transportation damage potential, p

¥ ' °

Minimum vandalism potential

Minimum dimenSion constraints imposed by transport'

o

mode.

Minimum requiremgnt for packaging.

*

Minimum weight constraints imposed by transport
mode.

Limitation of transportation staginéiarea at plant
and at site.

Minimum transportation cost per Bquare foot of.

. ) - . ¢
K oo ¥

L

L%

B

R R . g T
.- -

’
o R

. ) .
, o i
) . : P s ST Pt KT




L
5e2.2

3,2.3

3.2, 4
'3 2. 5
3.2.6

"3.2.7‘

3.2.8

3.2.9

Y

.30301
3.3.2

L 4

.3x?.3

3.3.4°
~_. =
3365
3.3.6
3:.3.7

P

3.3.8

3.3.9

Ad .. -~ t

) ,
Maxlmum building floor area tranaportable with
one carrier. "y Lo e

4

Optimun transpoftation range. ) . ) x)

building floor area..

. A= ' '
Additional variable transportation costs. -

*Minimum required Yranspprtatlon-scheduling.-\
Y - ¢ .

Expedient transportation time ,
L8 A . . & .
Transportation does not require excessive

structural rigidity and iﬂ{;:iity. . Iy \\\

Availability of sufficient rriers maintain
a constant transportation flow. . -

e

Trénsportation equipments require low capitak

investment. < : ' .
A ’ ) . &4 \

3.3 ERECTION .PROCEDURE

[

Applicable on scattered sites. ‘ . 7

Limited consideration required for utility”
service lines arnd polesé '

Building system is adaptable to variety of
erection procedure. -

Minimum requlrements.for site preparation., *

b 0
Minimum topographical constrainté.
" a
Maximuh dally emplacement rate. f

~"Erectic:nenqu:meent reguired minimuq'capital
investment. . - v, : A?(/’ °

Maintenance cost of equipment’aqtiveuees is
minimum, ) )
O /

Maneuverability of erection equipment.

"3.3;10~Close-tolerance conn ections minlmizeqtdifficulties.




iApplicable for urban and urban-fringq,housing

market. ¢ t

Applicable for dormitory, motel hotel nursing
home, gEriatric, military and similar housing

RS

.sub—markets. ' - \
S
Applicable for educaplonal, c mmerc1a1, "and

vindustriél building typenmarkets. w

'

Applicable to both private and public sectors
“of housing market.

4.1.5 Appllcable1in urban, renewal proj cts with
, + minimum 4 slocatlon time and dis urbance to

A

4 1.6, Applicable to repair of 1nd1vidual dwelling
and to r}habilrwatlon. N

~ a2 DISTRIB?&%ON - ~ o

4.2.1 Organized plan to/gssure a stable demand and.
L !
steady consumption of production. CT

neighbourhood. \ .

S
S 4e2.2 Market absorption rate is sufficient to justify.

capltal investment™n plant and equipment,

Agsume public housipg demand is suffigient to permit
production of a minimum of .250 units per year, per region
for a period of 5 years. : ’

v

4p2.3 System capable oTrbenng\produced under 1icense
~ in other market areas. :

%\4.2.4[:?istributable to any_qualified builder-déveloper. el

[ 3

-\,

4.2.5 Distributable to franchise dealer-erechﬁrs. s

4 26" Potential for volume sale§4 .
4 2. 7NIpt1mum market radius from the plant;




4.3 ACCEPTABILITY 1

t

4.3.1 Acceptability of design with respect to consumer
preference. -

Acceptability of architectural appearance with
expectationsof conguming public. . .o

.?sychological,comfort through use of building
‘materials. .7

_Greatee acceptable image in mind of ccnsuming
public ’

Acceptance by design'profeésions.

-¢13.6 Acceptance by-traditional skilled.costruction' '

trade unions.
»

4.3.7 Acceptance by lending institutions, public -
regulatory agencies, and insurance companies.

4,%.8 Acceptance by national model building codes.

4,3.9" Acceptance by stateeregulated industrial‘ t
o building codes. .

. 4.%.10 Competitive with conventibnal cénstruction
" systems in" market area, : .
4.4 FLEXIBILITY h
4.4.1 Rapid response towards highér densities housing.

44.2 Models flexibilities satisfy spectrum of local
market, in particular, capacity for .low-rise

housidﬁi (

fModels variations, not under four stories high,
with competitive dwelling unit.costs.

s B i et S o

Model changes reguire'minimum overhead cosfe.

sttem capable of more than one cohcurrent
constructionﬁproiect at different locations.
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5. FINANCING
5.1 INVESTMENT ' Yoo

Sele1 -Requirement of capital investment’for design
" and .development of system.

5 é +2 Requirement of capital investment for.the plant.,

% 5 1.3 Availability .ang reliabillty sources of” required
cap1tal investment

o ]

5 1 4 Minimum commitment o?\productlon facility te
long-term amorﬁizationfof highqgest equipment.

5 1.5 Expected return of capital through rapid sales.

5.1.6 Market able to bear the capital recovery changes
necessary for the required rate of return on
investment, assuming public,hou91ng demand of
250 units per year. SR 'y '

-\
5 1.1 Depending on public housing demgnd of 250.un1ts/

year, the low overall cost 6f construction
correlates w1th a reasonable profit return.
. e X u-m'
. 5.2 OPERATION : ‘ g S
™\
"5 fot °Suff1oient working capital te operate plant.
5.2.2 Introduction and appllcation of the system

requires minlmumexpenditures. N
\ sty '
5.2.3 System administration is allied with well
B _fimanced cooperative organizations. -
5.2.4 Operation of system is an -extension of. parent'
corporatioh. ' '

Y os5.2.5 Operation of system is diversified- activity
- -‘/_ of parent corporation.‘ , ‘ c
5,3
50501“

COSTS “ ,' _ .

Reduction of direct_costs of materials through’

v ®,
N -

4

o

/




:

-

.5.3.2
15.3.3

‘5.3.4

5.3.5

5.3.6

5.3.7

i

6. ORGANIZATION

- 99 - o

savings in\volume purchasing, reduced waste,

Reduction'of direct labor costs through indust- ’

rial labor wage differential. .

Reduction of unitllabor costs. through increasing
productivity. .-

Economies of industrlalized assembly process
offset the add-on—costs of transportatlon and
erectlon.

@

-Real estate tax reduction due to shortened total

developmentgtime. .
Saving in shortterm financing costs due to
shortened total development time.

Possibility of’ cost reduction without parallel
reductlon of quality gtandards.

6.1 SERVICES =~ - o - L

6;1.1

6.1.2

f o N “
Organization has design and technological

<
o

‘ reduced theft and vandalism and refined deggign. - e

~

experties, v : -

Organization has

6.1;3 Organization
capability.

6.1.4 Organigzation
-capablllty.

6 i;i/ Organlzation

sales force,
6.1.6 ' Organization
6.1.7 Organization

land aéquisition(i2§
‘development capability. /

‘has

has

has

has

has

produpti&h capability,

transpoftation and erection
on-site construction

real estate and marketing -

L)
g

financial and legal experties.5

.

Cen ey

&

~
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6.2.4 Organization functions as holding cempany with
4 . capability oi‘mnderlng serv1ces bb‘ subsidary

‘chiterion in’ the following matrices. , IR

o of Canada, Ottawa, Septem e 1976. S A \{

6.2 SCOPE . L ‘ L ,3‘

6.2.1 "The entire constnxxion-development S .
dom¢nated by unity of, OTganlzational control, e .

l' -~ h [}
6.2.2 Capabllity of organization +to generate its own
markete

Kl

6 2. 3 Capability of organf%ﬁ%ron to perform market N
analyses and feasibility studies. ‘

]

. . 4 L
-

N

. units. '

<

6 2 5 Provision for feedback of information within

({ organization rega®ding experience in design, .
.\, production, trindportation, erection, and - !

\ distribution. - . @ ‘ ¢
6.2 6\}prganization conducts post-construction o C
. evaluation of product and- market. - = !

i v’
i .

The key word is taken from each of the above .

-

3

: i R .
4,3 Evaluation Matrices SR . ‘ <

” g 3
(3 "/:-\ > A . . »
y . ’ L] . . 6
I . ) K3

;The evaluation.matrix serves as a valuable

tool for Both.subjective and objective eialuatibn of ‘ oy 4
various alternative problem solutions. These alterpétiveg

solutions are evaluated with respect to their.capabili-

N

+

* "Project Breif System, User anual®, Pqﬁlic WOrks T .

4 Lo ' ' , - - v
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;ities tg satisfy certain pnedetermined discrete epitggia.

Judgments are expressed by numerical rating$ '
, whach are processed through successive levels ofrcriteria B
into a 81ngle value for each sold@ion. This wvalue is a * i o
non-dimen31onal numbexr haying no other 31gn1ficance than 1
its relat1vxty to . .the values of. other solutions.’ Theeflnal .,
decision as to the selectlon of.tne "best" solution may '
for politlcal or other reasons, 1gnore the process.
However, seleetibg7any solution but the mathematlcally

. )
"best one", requires justification and a recognition of

potential-cdﬂsiquences., .. ' ‘ ’

Evaluation Organization. The most critical aspect

of the evaluation process fs the 1nit1a1 weightlng of the

sever criteria ca, egories. Sen81ti\§ty analyses of final

i

results can often indicate major changes with only minor
&hangé\ito re%dfive weIghtings. Because of bhe 1mportance

of this weighting process, it 1s essential that nly

§

competent professionals representing the total spectru
.0f necessary d18ciplinary inputs, be employed in the
- N - . . . "

'nrdcess. his évagﬁation team should have the autnority
ES ¢ 4

~and knowl dge to establlsh these first weightings and |
then make. final evaluatlons in the llght of sensitivity

i

analyses after ratlngs by others are completed in each

criteria category. o | .

The pracess of weigh%ing is generally:carried

out in an open forum with the evaluation team,. T




==

AL ey
he's

'and special consultamnt pre-sent the moderator or chairman W

relative weighting. - : - '/l C

- 1limited, and therefore, the final results should be treated

‘oqt for th.e_,iuge 0f" Evaluation Matrices. ‘ . ' ¢ ct

lSTEP 1. ghe first entries areJaudgments of the relative : i
K ‘ uimportance of criteria within mutually-xl‘ﬂelated . %
N ’ . groups at the respective. 1evels, called criteria ’ ;

will seek consensus in. each item rather than averaging \; |

, b |

opinions; thus avo:Lding ‘a "numbers game". It is important ‘Z ]

that the team is convinced by the specialists of each

Following the weighting process, separate team of

experts in each Sp?’:lflc criteria category are formed to
LN

rate and sometimes even weight lower levels of criteria. -

The rating of the lowest level of criteria triggers the

‘ ,
.t e Lo ®
.

results.of each subsequent higher level automatically. N
o : y

In the case of this report, expert inputs were

as a guideline only in the selection of“lexi‘sting industria-

lized building systems. - - L RN

Procedures. The follow1ng steps arg to be‘c@.rried

0{ - o

e
G M

-

weight ‘constants €Cp), and entered at all three !
\le\_rels and are maintained\throughout the entire: ‘ ‘ ) .
evaluation of ‘alternative systems. However, it is * |
eitp:ected zna't the criterid’weight constants will §
be modified with passage of fime and change of ‘ g
' “'location. The criteria weight constants are an
indication of the relative importance of the criteria *
“and are not to be 1nfluenced by or altered for specific |

systems.-T,he weighting assignment of the constanta are




. « : . R
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P
@

i - . .made by allocation, with the sum totallin
‘g ol 100 in each of the mutually related group

STEP 2. CThe second ifipht data, to be entered At Level 3

-

S S oL only (the la#t l¢vel), are the quantidative i
I assignﬂents/of values within the mutually %elated

‘./;: \\\iizups of cri ria to indicate how effectively
specific housing system can potentially satisfy

-those criteria. These merit values or ratings '
4

%‘ : ;;2 NG o .'(Rn) are assigned By thé decision-maﬁgi for .
.\ L
each criterion on a scile im which‘ Q' s . °

* Tt

° ’0004Rn41(/90 . (‘\

-Unlike the criteria weight asslngmen s (Cp),

-
g
.

which are constants for all systems,| the rating
i : values (Rp) are&ariébleand will differ in.the
il ‘ ’ (, ‘ evaluating ofhalternative syst%?s. .
b N ) .\ . ) ° ' ' t\ - . T - i ¢
STEP. 3. Now in processing/the data entered in the .‘\}

1

matrices, we have o-calculate the value (V) for

St I T 1
-
<

each Level 3° criterion, that is the prxguct of

~

S i
- - v
o
.
Rl
-

criteria weight constant for a given criteria \
and thq‘correspon&ing variable rating value ’ﬁ
" expressed aé\follows:- R
L B . Va=CyRy

vl [y

.- * STEP 4. Add all the values (V) for each of mutually

A e s

» " " related groups of criterion in Level 3 to . o

3
R b oy vkl S o G AP B R
>
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Lo~ g 2. "\
.
| :

} . . L 4103 ) - ‘\ - < 1

1 _ ) ]
> . . . ‘ . . ‘ ‘ \ - _ \y\/;

provide a total value GTn) expressed as follows: kf}

N ot ‘,

v
~
.

Tn‘ZV“ZCan‘

’

- STEP 5.. Move to the next higher level (Level 2) of T SN ‘

criteria, enter the total value (Th) from Level 3

as the "Rating" for the related corresponding

criterion. - ' . Poe

N2

AT SR P Sy o
.
-

Note: The total value for each of mutually

. I L pg‘related groups of criterion is divided
% ( ° by 100 (total criteria weight constant) ° ]
[%\" i B . in order to find the "Ratiﬁé" for the ' S, ’? o
1 . . p e next higher nelated corresponding \’ ia"
L (:::7//' . eriterion. ) o I ‘ . . g
' - STEP é{ Repeat stép 3, 4, and 5. This is fepeated'at\ .

each level until the final totals are calculated

at the highest 1evel (Level 1 ) matrix to

provide a“humerical comparison for evaluation

P

. of each alternative housing systems. - N

' B N \ . - iﬂ' . © ?\

4.4. Application

!
. * ’
. . S .
0

The evaluation of the seven proposed high density o Lo

industrialized hou51ng systems w1th respeot tO'the .pre-

establis ed technological and economical performance

oriteria are carried out in. the following matrices.

~
‘e

The assignmestiof the criteria weightings and

ithe ratings have been based on the.availability of.
o . . . N ) )

1
¥
1
! .
§
é a
£ '
' .
d . -~ '
b
-
.
‘
, , o 1
L4 . ' ' \
. . 4
.
. 4
- ] .
P o '
L= -
. 1
*
. .
- ‘ \ ' o
N . - * N ~
. . .
. . " E . N
, ' .
4 T o - . r
. W v (s
. e 3 SR
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documented input from publications of competing industria-

lized housing systems (1- 27, 31- 417 However, the process

‘w

St KT R o
. .

of weighting has\been carried out in an open forum with

-

the participation of several architects, engineers, and

<

» . . . .
professionals. However, only one has been'inwolfed duringﬁ

y
all the phases of the Operation BREAKTHROUGH program.
The judgment for the assignment of the criteria

weight’ constants have been cqrried out at all three levels

by graduate students. However, it is acknowledged that

the criteria weight constanh;may be mod fied with more

o

competent evaluation team partic1pants, change of location

\ ' “ . ' .
(i.e., developing countries versus North America), .and
- v -« »
& ; ‘ ' ®

LY

passage of- time. .
- . For example, for the level 1 criteria, we ‘have

-arrived at the following criteria weight constants:

1

1. Désign 18
2. Production§

3. Transportation
and Erection 12

4. Marketing 15
5. Financing - 22
6. Organization - 15

Total * 100

It should be noted that vested 1ntere§ks of the

evaluators will change these'veightlngs -_— if for ‘instance,

only an architect, or a producer, or an owner alone wants

s
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to.weight these criteria, it is quite obvious that each
-will give differing emphasis to the weightings. As for

- _“an architect, design would" have the highest weight; for

TN,

EIEYThY
E

a produefr; production and marketing would have the

vt

4
highest weighti\and for an owner, flnancing m1§ﬁt be the

-highest preference. Therefore, the ve\idity and importance

of this evaluation procedure depends on the Iormation

of the evaluation team 80 as to consiet of only pro-

fessionals représenting.the total spectrum of necessary

7disciplinary inputs. ' N »

\ T o .\’

In all cases, a sensitivity analyéis should be

' carried out to determine if minor changes in bias of the

evaluators might qhange measurably the final results.

el

An example of this might be a consensus agree-
ment to re run the evaluatlon analysis, changing ¢he
weightrng for Transportation and’ Erection from 12 to 14,

and Financing from 22 to 20. The results might cause a

‘nmajor shift from a system with low ratings in &ranspor-

}

" tation and Erection and high ratings in Financing to a

N

system'with the reverse ratings. This.analysis should
always "be done as. the effect of weighting is usually
dofiinant over indiv1dua1 ratings. ’

; The judgment of ratings which are to be entered

“at level 3 only, are the quantitative assignments of .

‘values within the mutually related groups of c;iteria 2

fo_indicate how effectively a specific housing system

\




are assigned on a scale of 0. 00 = Rn 4 1.00 .

‘question. Because these yalues are ratings and nat
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can potentially xetisfj these eriteria, These fatingp

4

. }cri'aerion assn.gned a ratlng value of R=1.00 is .
u

,\dged to have a very high probability of being _
effectively satisfied.by the housinglsystgm under
evaluatﬁon, whereas, the requirements of a critepia
with'a rating value of*R = 0,50 or lessqaré ;;t (i
likel& to be.effeptivély‘meﬁ by the sYstemfin'

ranklngs, several crlteria may be aSSLgned patlng
valu¥=of R = 1. 00 within a mutually related group

of criteria for a particularly applicable system.

~

* M i . '3 )
.Conversely, a poor .or inappropriate system may .

o .y

not fully satisfy any criteria within a mutually

‘related group, so that very low rating values"

will Be ass}gned, These ratings,’unlike the criteria
Qeight assignments which are constant for all«’
systems, are variable and will differ in the

evaluation of alternative systems.

It should be noted that the evaluation
N (
process permlts sub;ectlve and obJectlve application of

V4

both weighting and rating.

Because of the inexperience of the

-8tudent evaluation team and each of accessable

!
' : . N

'S

A v g

S h g
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objeotive data, many ratings became subjective
when objective ratings were potentlally possible.

This of course has reduced the valldity of the

" conclisions.

b

The followings are three example, selectﬁd*l

randomly from the matrlces, to explain how the

xL
ratings were a931gned; ‘ ! .

LN,

E#l ample 1, On page 121,, for the crlterion
3,2 Transpoftat;on Economlcs criterla 3.2.4,
3.2.5,‘and 3.,2.6 are rated subjectively only becausefﬂ
Lo objeotivs data were oot availablé while critefia:,
3.2.1, 3.2.2, 3ﬂ2.3.¢§.2{7,,3.%,8;/and 3.2.9 are rated
objectively-because of availability of the req&ired

dath (25-27, 31-41).

‘ﬁxample 2. On page 124, for the criterion
0 4,2 Distributionj criteria 4.5??} 4,2.2, and 4,.,2.6 are

N , N .
~ \ - . Wl

rated subjectively (i.e., an-assessment of statistics
and éroqectionsj wﬁile criteria 4.2.3, 4.2.4, 4.2.5 and
'ﬁé2'7 are rated objectively because of availability of
th? requirso data (25-27, 31;41)- g o,

© M X . o i

Example 3. On pag57429, for the criterion

5.3 Costs; all the criteria, 5.3.1 through 5.3.7 are
rated obaectlvely because of avallability of the

required -data (25 -27, 31 41)

\

t




. Ly Based on oﬁr.analysis and ewaluation,® the
relative overall performanbe effectivehesa‘ihdexes for
: ’ the seven proposed high density industrlallzed hou31ng

ayatems suggest the following order of selection~

& - a AY < \ Al
-5 . ~
, . ‘ . Industrlalized . ‘Overall Performance
. C Rank * Housing o Effectiveness .
‘ ' Systems - 7. Index : ' %‘
v ~1 Descon/Concordia System 84.00  _ g’
[> 2. Componoform System ‘ 80.80 ‘ g
_ P FCE-Dillon System _ 80.00 \
4 ' +Building System International 79.40 fa .
-l“ R . ’)n - . . 0 ‘ R
‘ 5  Rouse-Wates Syistem * L 78.20. A g
"6  Camci System - “ o T T7.30. §
e TR g ‘ &
7 Shelley System . ~T71.20

. A . ) M i
3 Lo . . i
’ Figure 60, is‘the comparative graphical illus-

‘ tration of Level 1 berformance criteria‘versus thei:;//;//////////fa ‘
: relative performance effectlveness indexes (total-v /4;5» :

' calculated at Level 2 for the seven proposed high density

industrialized housing systems. I{ shows thelhierarchy

of the systems'at Level 1 performance criteria, i.e.,

. design, prqductdon; transportation and erection,

=¥

marketing, financing, and organization. _'; -
- ( v '

¢
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* R : . ® * ' - ' M \ - ’
N
Legend ‘ ) ‘
I I ) ' ‘;' Pird
Ve . - [ M
4. x Building System International
- N . N
Ao . &= —gi—te—e.— Camci System
~ i - 4 3, . . -
0. . Componoform System
—— » T ,
; : ‘ A - - - Descon/concordia System
e - . # e e i e FCE-Dillon System @ ( ‘
| . ':"_.'“—"——.—._—\ Rouse-Wates System ‘
L ) . . S
§ y oo ¢ - -~-—— Shelley System
{~ v A ’ < I ';,. P ! e
[ o, _Figgbre 60." Comparative Profiles of I’erformanc’e Effective-
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Descon/Concordia System (now Descon System Ltd. )

has the highest performance effectlveness Crdex relative

to the other systems. However, for the organization. .
criteria, its;mrformance effectiveness index (total
value at Level 2) is ranked fourth relative. to the other
systems. This was @ue to the U.S. government decision

to qnilaterall& te:minate their qo#tract for. "defanlt"
“during the Operation BREAKTHROUGH program’in 1973.

Thi% dec1s1on was reversed in 1977, and the contract
termlnated for "convenience", but only after 1nvolving
Descon Management staff for 5 years in 1egal battle
before'tpe United States Housing and Urban Develppméht
Beerd of Contract Appeals. They would have otherwise

" had_a chance to expand their'orgahization and could have
—‘been rated even higher., It is understood that with the
recovery of all their costs from the Operation BREAK-
THROUGH program, the'compani'will reorgahize for mass-
productlon in North Amerlca and overseas.

Shelley System has the 1owest overall performance

’,effectiveness index relative to the other systems. For

its transportatlon and erection crlteria, it has the
iowest performance effectiveness index, becauée of its
design constraints and limitations ;hich has also‘,
‘resulte&“in the lowest performance effectiveness index

for its marketing criteria relative'to the other systems.

o
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- ) Greater industr1alzation of the construction v
‘indnstry, espec1a11y that of housing, offers ,the best
eb;utipn to the ever growlng probleq,of the. housing

icrisis thronghont the'yorld; The cunventional‘housing

o

- . o ~ i B
construction can not meet the required need for shelters

for the grbwing population of the world. Housing in the
develéﬁedxcountry has sky-rocketted in cest especially

due to higher rate of labor and low product1v1ty.

By industrialization of housing constructlon - An ED ""

and mass productlons, the constructlon period can be -1 B
Bhortened, the cost can' be lowered, the quallty can'be
improved thus enabllng respon51ble hou51ng authorlties )
to _overcome: the problems of the hou31ng shortage. 1h'~ \\',

*‘ There are basically two types of industrlallzed .

SRR

building systems. One iS*“Closed Systemgé, such as
box-modules which are highly rndustrlali ed and: the

Y. AP TR Sy

other is "Open Systems" which are archlteCQurally more
\ - .

ey

flex1b1e. «

-

Seven hlgh density 1ndustr1alized housiAg

systems have been studled and evaluated based .an their

relative performance effectiveness w1th respect to

. .
Y P

. their capabllltles.to satisfy a series of. techhologfcal

y

and economlcal performance criteria, ’ . .

4

The evaxuation,was qarried out. through evaluatiqn

o«
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In making the.required inifial,jgdgment, if a system is
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matrices, It is very important to recbgnize_ that the con-

clusions reached have potential limitations due to lack of "

present activity of most of the systems in North America

‘at this time. Many, due to lack of agéregated markets are

not viéble afid able to. compete with traditional\housinéf‘*-
construction. For instance, a housing system codld achieve
a very high overall effectiveness index yet have many un- N

favourable characteristics -which in the computation cquld.

- ~

outweighted by its positive féatures;‘If these characteris-
tics related, for exampié, to a need for a high guaranteed
annual production and thé housing system was selected and

) .

constructed on the basis of high overall performance effec-

tiveness index, a catastrophic economica} failure might
¢ ¥

" result. Thereforc, an,imggrtant agsumption and pre~-requisite = *

of the procedure proposed is that only industrialized ’

housing -systems able to.satisfy all existing standards of
acceﬁtability, whether they be regwlatofy; economic, ,or .

consumer related, should be considered for evaluations

deemed unable to satisfy known standards, it should be
rejected from further considératioﬁ.\No systém, regardless

of innovativé design, efficient production, or inéenious
‘ 4

management tecﬁniques, is of any practical value unless

- '

it can fully compété in the &arket/place‘in every respect

"with accepted conventional methods of éonstructioy;
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