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Among the various industrialized building systems using

precast concrete forlhousing, paﬁel systems aré the most suc-

cessful. ' ‘ 4

-

To study this Eype of building system, this thesis first
reviews the generdl p{inciples of precast conérete construc-
tign and how concrete components can be applied to housing.
The major emphasis of this review is on the structural use
of précast concrete gomponents and the methods of joining them.

The development of the various panel systems illustrates

how they were improved throuch experience gained in European

A

countries, ) '

The case studies examine several widely used systems and |

indicate how general and structural principles are actually

g
applied. They also help us to conclude that cross-wall and

two-way span systems are the most suitable for housidg applica-

'tion. . } :
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\ Résumé . , '

o . v, Parmi les divers syst@mes de construction industrialises
o - - ' .
\ ’ utilisant le béton pré&fabriques pour lthabkitation, les systémes

>

\ de panneaux ont eu le plus de succgs.

| N ;

3 Vo ‘ Afin d'8tudier cette méthode de construction cette thase
P e :

§ .

g \‘ examine d'abord les principes gé&néraux de la construction en’

1 ! b&ton préfabriques et l'usage d'éléments de b&ton dans la con-

]

struction d'habitations.

; Cette revue met l'accent sur l'emploi en construction
X . .

'

Gt
- .

d'éléments de béton précontraint et des méthodes employées 3
i X .
) (;, leur assemblage,

L*&volutijon des divets systé@mes de panneaux illustre leur

Ao

développement en fonction de 1l'expfrience acquise en pays

o)

k europfens.

/ Mous examinons ici plusieurs syst2mes largement employés

:
4
v
2
g et nous indiquons les principes généraux et les principes de

construction gqui v sont mis en oeuvre. |

Ces &tudes Bous am@nent 3 la conclusion que le syst&me 3

v

g ' murs lat8raux portants et celui ‘emplovant des dalles 3 deux
..
@
¥

sens sont les mieux adabtés 3 la construction d'habitations.

¢
’
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PREFACE ' o

This thesis is a study of numerous efforts which have

been made to employ brecast concrete panels in industrialized

building systems for .housing.

t ¢

In response to the growing attenﬁion of architects to
| . 7" R
the changes in modern architectural practice brought about

hy {ndustrialization and technological innovation, this study
seeks to develop the author's ability to analyze existing pre-
cast concrete panel séstems before selecting one for the design
of a building, and also to use the knowledge in managing the
building process.

The knowledgé and experience gainedviggthe development

2
of precast concrete panel systems to its present state will
serve as a useful tool in continuing efforts to achieve far-
ther success in the wider use of building systems in providing

mass housing. ,
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I. INTRODUCTION .
] $
i4 o ‘ * 1
LY
. 1. DBACKGROUND -
- g ——
.t Since World War II, due to the population %xplosion and
/ \ , ‘\\‘ ) . . . i ) [ 1 4
thgiconcentration of urban development, the demand for housing Tﬁ
,“\ . ) - N ’ -
as been increasing tremendously. Simultaneously, the improve-
ment ofxﬁechnology,uéuch as the invention of light-weight

buil ing“%@terials, the innovations in hoisting machinery,
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development under the ‘governmen
J X
P many Furopean countries

for housing were constructed \} i Here

shortage problems, N A
. In the'United States, the Department of Housing and Urban

Development (HUD) announced in 1969, a\program called “Oﬁeration

B e e R T e NP e b X S g
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Breakthrough“ which encouraged the employment of industrialized

gethods for housing construction to so ve the hou51nq problem,

»

\
“ﬁfter a worldwlde response to a call or submissions, 22 ‘con=
\“‘ : -

tracﬁ?*Were awarded to gsystems produc rs. 8 of the 22 chosen

»;, .tr
.

N
) systems*ut}llzed precast congcrete comstructlon, of which 5 we%e

/‘1')

Panel Systeﬁiy» : o - | '_
-4")"‘4r71 . - » } . v, L.
> w};h the i@ea of encouraglng the development of a group :
ez

of building syétems‘glmilar to those successful in Europe, tﬁe ‘
Congress of' the United States added Sectlgp‘s—loe to the Housxng
Law of 1968, With the requir®ments of concrete panel systemsf

in mind, the law authorized a program whlch could gharante/'an

-

-~

market of 1000 units a year for five years, for each of the five
panel systems. The idea'is clean, & guaranteed ﬁarket will

' [
stimulate investment fh factories, Factorles, once bullt, cah

compete on the basis of lower price.1 ’ >

:

In Canada, there were srgnlflcant contflbutlons to the

new approach towards housing. ‘The Habitatl

implemented the idea’ of csing the box as a/
a housxng unit. In connection wdth the OpﬂratioanreaktHrough
program of HUD, the submission made by th?/Canadlan flrm
Descon/Concordia Systems Ltd. was the onL# non-U.S. proposal
accepted. Canadian situations parallel tAose in the U.S.

Studies in- this field are being conducted in varicus 1nstituti?ns

such as the Central yortgage and Housing Corporation, The Natianal

Research Council, and theQﬁepartment of/industry, etc.,

/

i‘ ~ »
JAN

.
{ i '
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2. ' PRECAST CONCRETE IN INDUSTRIALIZED BUILDING SYSTEMS
/ ) ‘ I /,1
/ Precast concrete has many advantages when compared to
' \

(' other modern materials such as wodd, steel, or p}astics. The

iow cost and ready availability of concrete make it a very popu-
lar building material. Its plastic character is most suitable
‘ ’ for mass production. Other chaéacteristics“sgch as high struc-
tural strength, hiagh fire:resistance and durability are very
importaﬁt for high-rise multi-unit dwellings.

The constituent materials of concrete are cement, fine

and coarse aqggregates, and water. The aggregates, either sand ]

or gravel or other lightweight materials are chéap and easily

e i obtainable. Cement is the most expensive raw material of con-

", T s s gy s

(: crete. Its constituent parts of calcium and silicates are/pads

from limestone, kaolin, or calcium chloride which-are also

" R Y ks L

inexpensive and readily availahle materials. In some countries,

ra o T e oy -

vhere the natural reserves of timber, iron ore and metallurgical

. . . R ‘ . \
coal are poor, it is inexpensive to manufacture cement. This

4 oL " is also the reason why concrete became so popular after the war
in Europe and Russia when the supplies of natural resources,

i _ such as wood and steel had been decreased. This artificial \

; /s material has become the most important building material of®
. MF < ‘

¥ (P - < *

f post-war Europe. .

The primary goal of the industrialization of building con-

struction is to manufacture components on an industrfg}ized basis.

*

C /
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" fire safety regulations.

Concrete, as a plastic material, can be poured into moulds in

the factory. It becomes a strong and rigid material of .almost

.

any practical size and configuration for almost any building

0f the modern construction materials, only plastic ,
{

however, the use of plastic in in-

component.
possesses this character;
dustrialized buili}ng%is still under investigation since its

longterm stability and fire resisting properties have not been
’ ts . !
verified. : ‘ g

.
- o

From the viewpoint of safety, fire resistance becomes an

[+

{

{

increasingly important factor. Concrete is a very good fire-

A

proofing material because of- its nature. The use of concrete
v s

of

for the structural frame can give good fire-proofing, thus

-

simulEaneously solve fire safety and structural prpblems. For
these reasons, in high-rise housing in areas of high population

density, concreté“systems have proven to be very adaptable to

- Precast concrete, however presents several disadvantages.
Among these, weight and the need for heavy handling equipment

are the most serious; yet, many methods of solving these problems

have been explored.
{ No matter how eleqaq?"and light precas£ concr%té,;s compared

to cast-in-place concrege, its weight is the most serious problem,
S

in industrialized construction. .Thé bulky and dense mass of

this material creates problems of transportation and hoisting.

g

Il - T
In mul;}—story construction, the heavy dead-load increases the

,
P M
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cost of the structural system, particularly the foundation.

for approximétely one half :;/akggﬁfury efforts have been made

to reduce the weight of conérete by introducing light weight
{ o

S

aggregates, self-stressing cements, large voids in the concrete

—~

L I
ignd prestressing techniques. ; ;

The permeability of concrete due to its porous character
may adversely affect its durability, especially since the entry
of moistupé and ai?,nesuits in the corrosion of steel reinforce-
ment. ﬁ;% porous character of concrete also makes it a poor

A

insulator, requiring additional insulatiﬁq material. The insu-
lating quality of concrete has bé;h greatly improved, however,
with thé use of light-weight concrete. Various types of light-
weight concrete have been applied without additional insulation
in industrialized housing, Sht the subsequently lowered strength
is a disadvantage. - '

Low resistance to the frost and thawing cycle creates another
problem. Efflorescence presents problemg for the expésed concrete
surface which may detract from the appearance of the building.
These negative proﬁerties of concreteﬁﬁay £e greatly minimized
in factory-made precast concrete sénce the manufécturiné process
can be controlled under precgse facéory*conditions, e.d, thezuse
of precise molds, dry mixes, mechanical compaction, steam curing
methods, etc. X

One of the advantages of cast-in-place concrete construction-

structural continuity is, however, lost .in precast concrete, 1In
. 3
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concrete high-rise industrialized housing, continuity is necessary

for safety. This creates a joining préblem which is usually cost-

¢ ly and labour intensive. Recently, the wide use of post-tension-
ing to achieve rigid éonnectidns for precast components has been
an important innovation in solving this problem. ’A more detailed
discussion of this subject is presented in section 3 of Chapter II.
The color and texture of raw concreté are generally consid-

.,

ered rather plain and‘cruge. ﬁsually attention must be paid to

T o s B

the choice of molding material, the application of 5urface~pro~

= sy

tection materials, and the use of mechanical means to create sur-

face texture. This however requires extra work and expanse.
In general, as the weight of concrete is reduced, its use
i

in systems building for housing can be exﬁected to increase.

ST N
r\

@

-
<

1. Bender, Richard - A Crack In The Rear-View Mirror, 1973
p. 110, ‘ ‘ -

»
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ITI. GENERAL PRINCIPLES OF PRECAST CONCRETE CONSTRUCTION IN

SYSTEMS BUILDING FOR HOUSING,

When precast concrete is used in systems building for
housing; it is usually in high-rise developments. This means
new concepts in housing desigﬁ, componehts and structural lay-
out, Precast concrete components canqbe cast either in the
factory or on the building site, depending on the size of com-
ponents required. ‘

To achieve high indust;ial}zation, the systems approach is
used. Through this approach, the most efficient organization of
the entire building process should result, The kef factors which
produce succes;ful precas£ concr;te housing are: 1. standardiza-
tion of component tvpe and structural system; 2., modular co-
ordination; 3, perforqénce control; 4. cohsideration of‘desigﬁ
and manufacturing tolerances; 5, size and shape of components.

The selection of a structural system §s a very important
factér in determining the success of precast concrete housing.
This selection is a function of several factors, such as housing .
lay-out, type of housing, manufacturing equipment, safety con-
siderations, erection procedures, and joining methods. Usually,
three different types of‘precast concrete structurql systemg are
applied, as will be discussed at the end of this chapter.

The general érinciple of the use of precést concrete in

different types of housing is shown in Figure 2.1,

PR RSO PY i aidn] i & A
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prefabrication

din the factory

4
small series large series
structural ’
clogsed component components open component
&
reinforced prestressed
concrete concrete
Rt
<A
4 [ 2
structural ®
systems
L d
framed system box system panel system
!
i
Q housing
. types
: L
lov-rise medium- high-rise
rise )
L £
single 'double valk up
unit unit multi unit apartment
©FIG. 2.1

CLASSTFICATION OF PRECAST CONCRETE CONSTRUCTION

IN DIFFERENT TYPES OF HOUSING
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CLASSIFICATION OF PRECAST CONCRETE CONSTRUCTION

!
Two types of construction methods can be .distinguished

relative to the location of the precasting work: factory pro-

duced and on-site produced.- The former is appropriate for mass

production of large -series of standardized housing components.

The latter is appropriately used as the auriliary method to
Y /

produce smaller series of large-size components which are incon~-

venient to produce in the factory due to transportation limita-

tions. Some systems adopt on-site precasting for individual

projects primarily because of economies in transportation costs -

and the variety of component -desiqns.

Factory produced

1. Advantages: (compared to on-site precasting)
a) Independent of weather conditions since the work is
nerformed within permanent factories;

b) PReduction of labor cost due to the well-oroanized work

. force; ,
c) High mechanization ana automation under good and con- .
tinuous factory-control; ) B
- d) Precision products becausé of’easy compacting of dry
mix -and hetter controlling af the.curing process.n
2. ‘nisadvantnqes: (compared to on-site precasting) ;' be

-

a) Precast products must he transported to the erection

¥ -

/ a
site, sometimes over great distances thereby raising costs;
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b) The numher of joints in the”structure is increased bhe-

cause.smaller sized members are nroduced for the sake

a
L

nf transportability;
c) High bhreakage rate during transportation and erection.

w .

B. On-site Precasting
. <

1. AMdvantages: (compared to the factory-produced method)

a) T™he ~liminatinn-ef the nced -For transporting precast
nroducts over great distances.

h) Taragn-size comnnnents precast on the site require onlv
' B »
vertical hoist equipment; .
®

c) Reduction in the number’of hoists and joints since th?}

=

numher of precasting comnrnents is reduced;

'd) The breakage rate of the products is decreased.

2. Disadvantages: (compared to factory-produced method)

a) Dependency on weather conditiens;

h) A low deqree of mechanizatinn hecause of the temporary/

nature of site work; v

bl

¢} A lower quality of precast products, resulting from less

precise mixture and curing centrol,

¢

r

2. COMPNONTFNT HOUSTING

A, Components of a Housing System >

The comporients of a housing %ystem are composed of the

following parts:

. bty e
A Meaiicn ‘.

PY TN UL Vs
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X , - 10 - '
k 1
(: L. strucgural member 9. ’pathroom
2./Voutside wall 10. foundation h .
3. window .11. ceiling ’
4. outside door \ iz. roof )
5. interior wall - 13. 1lift shaft
6. interior door 14. stairway ,
' 7. framing 1 15. otherﬁ
8. kitchen 4
1,2 i

B. Closed and Open Systems ™’

1. Closed system: Components aré assembled in such a way

that only housing parts from one system or one producer can be

employed. Such housing systems, with a closed set of components

( :

are Wates in England, Larsson & Nielsen in Denmark, and Camus

i ) « :
\

in Prance.
2, Open system: Components can be interchanged within

groups of different systems. Instead of the original singie p

producer, different manufacturers can incorporate their products
in one and the same system. This trend towards an expansion of

system may lead an open market where no longer a real system

exists. The components in such a system are not confined to be

used in housing construption only. They can be adopted by

builders of different types of building construction. The same
wall panel component for exgmples can be gmﬁloyed for dwelling
or for office building. The final stage is so called compre-
(; hens;ve component buildings.
To achieve thié stage, the following steés must be taken o . >

-

into account: e b

.
S AR ot b R ——" A Y r . N v e weemets e s e b g .
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vy

s s LSl s e tibelans Sk bshie aa &



s

4
1

'—‘

Pt
]

AECT S ST

a

k] 3
‘
( !

\ . »
a) Setting of norms (or normalization) and standardization

for the components;

b) Modular coordination of the components;

c) Type standardization; and

d) + Standardization of joints.

-

C. Normalization and Standardization of Components3

t

| '"’, Many industrialized countries have a central bureau or
institute to regulate the standafdizad norms for Ehe building
components. The .setting of standardized norms. prescribes the
properties and the qualiéy required of building éomponents.

The clqsed systems need. not be standardized for mass pro-

Ay

(:* - duction. Only a requirement for a_ sufficient number of identi-’

cal units is needed so -that an economidally‘satisfactory produc-
- tion can be established. This is why some of the closed housing

systems adopted on-site precas}iﬁg technique with a lower degree

of mechanization compared to that applied in a permaneﬂt factory.

N . 3

However, standardization may contribute to the success of

DA W ACBE T MG T TWI  BERAE co  § STNL T el i S L, R R TR M 0 S 1

$

K}

closed systems in several ways:

d 1. Less costly when components of closed systems are made . |

] - .
£ in part from standard units; !

"2. Freedom of choice of finished material obtained from 7

other sources and offered in standard sizes: and

3. The use of selected components of closed.systems in -

7

other applications if they are standardized, thus reducing the

cost through increased production.

’
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The qradual evolution of components of closed systems has

[ been considered as-a natural and logical approach to the develop~-

o

% ment of open sysLems. In fully developed open systems,” all the
Y J components for housing are available from «various sources and
P r - ’ e .

§ ' they are standardized to fit perfectly together.

i v

N

D. Modular"Coordinationq'5

.
s -

% ‘ "Modular coordination”. is the name that has béen almost

universally adopted for an internationally agreed system of uni- /1

form dimensioning in the building process.

The’module is a unit of measurement., All:those dimensions

.

of the various components, which are important for their coordina-

R TR, TS o

(: tion with other components are whole multiples of this basic

Ea

module. Thus, modular coordination would serve a dimensional

5%

guide both to the manufacturers, offering them a li%ited set of

coordinated product sizes, and to designers, offering them an

adequate choice of bhuilding sizes and planning grid.. Normaliza-

tion and standardizatjon only give general measures |[for compo-

AT SR

nents, while the modules are exact sizes which both prescribe
the dimensions of components, and indicate their position in

the system.”

1. Multimodules and submodules: The size of the basic

module, M, is‘internatioﬁally established as 10 centimeters for
o N |

L] ) . ) ‘ - . (] !
metric countries and 4 inches for foot-inch countries. For some
. - 3
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; . ' product, a selection of preferred modular sizes must be made,
., such whole multiples of 3 M and 6 M which serve as multi-

modules ®r a whole fraction of the basic 'module such as M/4

PR

-

(2.5 centimeters respectively 1l inch) which serves as a sub-

~

magdule (or an infra-module).

§ \\\ The common\multimodules used in the C.M.E.A. (Council for
% . Mutual Economic Assistance) countries are 3M-6M-12M-15M-30M-60M.,
H For the submodule, the United Kingdom modular coordination

-
A

| % standards recommend for such sizés up to 30 centimeters, the

% - use of 5 centimeters (MX2) and‘2.5 centimeters (in de§cendgpg

§ order of pfeferenée). In\the C.M,E.A. countries, the use of

i 1/2M?§/§M-l/lOM—l/an-l/SOM 1/100M is common,

i (:‘ e oo ‘

b 2. Single and additive cymponents:

% ¢ a) -Single components:: Com nents, -having at least one

g . dimension equal togtﬁe funcfional eleﬁent which it is

% - intended to create\br be a bart of,ih?y be called

% single components, e.§v\ he length of the floor com-

: ponents., ) b

% b) Additive compbnepts: Components, which on\the puilding |
‘z site are-added t; other comp néQfs of the same kind so E

i |

‘as to form in combinatioh a fu ctipnal element, may be

e gt

called additive cdmponents, e.qg. tgb width of the floor

components.,
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combination, all modular dimensions.
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3. Planning grid of housing: Certain?dihensions such as
thickness, resulting from considerations of an economigﬁnature
may possibly not be modular. The thickness of floor may influence
the room height.’ It i's usually not possible to have both'story
heights and rooﬁ heights modular at the same time. Thus it is’
internationaliy agreed that the vertical coordinating dimension .
is tﬁe étory height, For housing constructioﬂ it is to be éhosen
from amongst the following dimensions: 26M-27M-28M=-30M. The
modular room height is chosen from amongst the following dimén-
sions: 23M-24M-25M~26M-27M-28M, |

For the plans of housing, the horizontal dimensions most
commonly used are 3M and 6M.
| The thickness of the wall like that of the f;sor slab may
not be given modular dimensions Qith good econoﬁy. In order

to keep the planning grid in modular coqrdinatién, the center-

lines of walls or one-side surface lines of walls are put on

grid lines, regardless of the wall\ thicknesses. When the center-

N
! N
lines of walls coincide with grid lines, the room dimensions

will be non-modular (Fig. 2.2a); and when the surface lines of
walls coinéide with grié lines, one side of the wall is main-
taining a fully modular situation, on the other side a non-modular
one %Fig. 2.2b) . Sometimes ;egardless of gridolines and to keep
every room in a modular situation, a "neutral zone" is arranged

o

to-take up the difference between actual wall thickness and the

corresponding modular thickness (Fig. 2.2c). - i
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. Type Standardization !

L]

.

-E.

Type standardization of material, component, and structure
in housing construction gives the possihility of obtaining tme
greatest degree of repetition of all operations and products

in design and production.

« -

of types to a small number of types is the first and the most -

“important step eowards'industriaiizetion. The diffjculiy—cf/”

type'standardization.is that it sets up a completely new pattern
M L)

. of satiefying demand, and’ affgets the cl%ent as ‘well aé.the' :

comp6hent manufacturer and designer. Therefére, stangardization

~dis rather a psychologlcal attitude before it becOmes a technlcal

v

‘measure.

-
(3

‘and ‘sizes of Qomponent, the cheaper the cost,

Speaklng of econom& and eff1c1ency, the less the types

Meanwhile, type

standardmzatlon permlts a specification of assembly groups acting

on the 51te, simpllfles and decreases the varlety of the erectlng
equipment, which results in considerable economy in the houSLng

-

The' reduction of the infinite variety '

cost.

5

)
AN g = o e o =
2 adeiae re e
" ’ ¥
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is limited by technical progress.

~

Cycle of Type Standardiéation:

Type standarddization
o \

New requirementg of designer

as wéll'as new methods of production and new material make it

imposglble to maintain the s:?bmlity of -prguction quality over

.a long. periodof time.

“’cycle was trdved.

o

designs, a new plannlng ahd volume scheme was designed on the

R

S Ao

°

3

T R %‘i"»i ’3‘93 ¥

In Eﬁropean countrles, a typlflcatlcn

In the grocess of prepaﬁftlon of. typlfled
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. basis of currently pioduged—components, structures, and techno-

logies in order to satiéfy new performance requirements and new
! 4

requirements imposed on the standard of building. Then in accor-

. 8 ‘ . .
dance with the possibilities of the technical development of

construction or #he successful results of research and develop-

ment, a typifie&ldesign using new products, structures, or a

- ‘

» new: technology should be taken into consideration. It enables

L 4

1

the preparaéion of high séandard typified design. However, it
is ,necessary to shorten the typified cycle and thus speed up

the preparation of the new typified design.
“ As precast concrete is used as- a typified material, the
[273 !

development'ofitypé standardizaéion must be adjusted in accor-

o

danée with the new research and development, for instance; the
—_ . ~
various lightweight concrete, prestressing techniques, etc.
Y : ’

F. - Standardization of, Joints .
\ .
N : . : .
The development of modular coordination and of industri-

[

alization can°oq}y progress when the joining problems can be
=5

adequateiy solved. Joints usually serve two, purposes, they ,
3

nat only join precast components together but also can be

) ~ )
adjusted to take up the dimensional deviation. Versatile typPs

¢

of joints will be required to fit for various coniponent combinaj

tions, However ‘to simplify the assembly procedure; the prin-

2

cipies of tyne standardization should also be applied for the,

il

joint design. : . N

v
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For ﬁ&pe standardization of joints, the tolerancés for
hoth production and assembly must be worked out in advance
during the deéign sfaqe“ As soon as the systems are opened
and hoﬁsinq is planned\with therchanéeable componeﬁts, the
tolerance congepés represent éhe decisive‘precqndition for

easy exchanging of components,

' x: 8, . .
G. Toleranc¢es -

-

T

°  One major requirement for pre;ast units in industrialized
housing is dimensional accuracy. It is necessary for compo-
nents to he interchanqegble;)io fit tbgether.éasiIQ, and to
ensure tﬁat joints of satisfacﬁory-appearance'can be applied

between them. Factors affecting dimensional accuracy are

»

usually due to:

* i

1. Inaccuracy in mold dimension at the time of casting;
' e ! . .
2. Inaccuracy due to the placihg and compaction; espe-
| .
cially the tolerance in thickness when casting horizontally;
- I

3, Warp in the panel due to unbymmetrical curing and

uneven stacking;. and

{
|
i

4, Volume changes due to shri&kage and temperature.

:
a
¢

The following tablg gives a general concept that in a
highly mechanized factory, the tolerances ?{ components can
be reduced a great amount in comparison yith those prodhce&

by on-site precasting or low mechanized,.factory. -
{
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TABLE 2.1 -~ SUGGESTED TOLERANCES

~

e
. TYPE OF COMPONENT
- ' In Righly
On=-site Mechanized
. Precasting In Factory- Factory
Mold to}erance - .3z° mm - 1.5 mm ‘ 0.5 mm .
Pro?uction télerance 78.0 mm 5.0 mm 2. 0mm =
‘Eréctionxtolerancé’ 6.0 mm 5.0 mm 4.0 mm
Total tolerance 16.0 m | 7.0 mm "4.5 mm -

o

H. The Size, Shape, and Weight of the Individual Component

L

"

The heavy weight of precast concrete causes greater problems
%n transportation, handling,.and lifting of the individual com-

ponents as well as increasing the/éipenses for the transportation

¢
-

and erection equipment. In-addition, the dead weight of the
structural system is also ;ncreased ahd thus creates additional
expgnse for the.foﬁndations.. Therefore it is important tg
investigate the appropriate size and shape of the precast com-
ponents. These components should be selected on the basis Of,

hagi

the considerations such as: . B

- G
Py

1. Limitation of means of transportation;

»

2, Lifting capacity of the crane since econme can he
achieved as the weight of component is designed as closer as

the lifting '‘capacity of the crane;

N [
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3. Tolerance requirements necessary for Lodular coor-

dination; and

4.. Easy operation of joining with other components.

Orie important advantage of the machine-prodﬁced components

is the repetitive production. That is, components of compli-

cated shape are possible without the difficulties of many expén—

, sive molds. However, the shape of the product should be designed

to ease the handlina work for the hoisting equipment,

The choice of the s{ze and shape of the component depends
on a compromise between the conflicting objectives: 1. To
create the largest possible element in.order to have the fewest
numberxof joints, 2. To create the smallest or lightest péssible
elemén£ to achieve flexibility and ease in transporting, handling,
and iiftinq into position. ‘

There are many methods to lower the weight of large-size
component:

1. Incréasinq the strength of concrete by using hiéh-
strength cement, mechanical compaction, high-pressure and high

\ '
temperature steam curing, etc.;

2. Decreasing the dimension of the cross-section by using
the high-strength materials for prestressing or by using the
wire-mesh for reinforcement;

3. Decreasing the density of concrete by’ using lightweight a

aggregates or introducing air or gas bubbles into the concrete;

e et e e Y e
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4., Using the most efficient éhape analysed from the
precise structural design; and
5. Providinq complete continuity by post-tensioning or v

other jointing methods.

3. STRUCTURAL SYSTEMS AND JOINING OF COMPONENTS

Precast concrete structures are of many types, primarily
because almost all concrete structures, whether plain,rein-
férced, or prestressed, can be prefabricated.

] Basicallv, the use of precast concreté for the structural
frame of a housing project can he divided into three systems:
‘1. framed (Fig. 2.3); 2. panel (Fig. 2.4) and 3. box (Fig. 2.5).

In precast concrete construction, due to the need to re-

duce members into component sizes suitable for manufacturing

in the factofy, and easy to transport and erect, one of the

most important features of concrete construction - continuity -
is forfeited. In comparison, cast-in-place concrete construc-
tion is completed in one single(operation and reinforcing steel
is not terminated at the ends of a member but is carried over
at the joints into adjacent members, the continuity is main-
tained and the joints are rigid enough to transfer moments from
one member to another (Figs. 2.6a & b). However, the indivi-.‘
duhlly manufactured precast components are usually 5oined ;

7

together by bolts, welds, or dowels,
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Unléﬁs the joints are especially designed for rigidity, similar
to those of cast-in-place or post-tensioned joints, they are

too fleﬁgble to transfer moments of significant maagnitude from

b

— E

one member to another,
With rigid joints, the distortion caused by a load on one

single memher is seen to spread to all other members of the
B I

structural frame, aléhough the magnitude of deformation decreases
with increasing distance from the loaded member. If a member
fcarries transverse load, such as elemen£ 3-4, the end rbtation'
"r® caused by the lcad must be superimposed on those due- to rota-
tion 4 ca;sed by the continuity at the joints (Fig. 2-6¢). The
final end slones are seen to be the sums of 0 and r. The deflec-

(; ted shape of the member is considerably smaller than that of a
simple span.

Iq multi—storey structures, the‘structural stability against -
horizontal loads requires sufficient rigidity of joints. Fig. 2-5d
shows that in addition to the rotation dz and 34 , one end is
displaced horizontally with respeét to the other by the amount 4,
resulting in an additional rotation d/1. The final end slope 64

should be the sums of individual contributions o , 4/1 and r..

Because the joining of components is a weak spot in the

overall structural system, the response of a structure to moving

or pulsating loads or to suddenly applied loads such as may result

from earthauake, wind, or explosion must be investigated,
There are basically two ways to make a building safély with-

stand earthquake loadings, First, a bracing system with enough

‘, - - - e ete i b K - 4 PN P
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FIG. 2.3

FRAME SYSTEM
PANEL SYSTEM
BOX SYSTEM

FIG. 2'4
FIG, 2.5
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strength to respond within the elastic range is used to with-
stand seismic or base shear. Secondly, it is necessary to de-
sign into the sgtructural frame properties that are moment resis-
ting in the elastic range and which offer ductility and energy .
abso;ption beyond the yield level into the plastic range during

a major earthquake. ' This second method is cheaper qince we draw
on Fhe reserve strength in the plastic ranae. Gene}ally, a rigid
moment~resisting frame systqm can take considerabdy more earth-
quake load than a more rigidtpanel system with shear wall. For
example, the horizontal force factor 'K' is 1,33 with the shear
wall type of panel system (Fig. 2-7) whereas forlthe moment-
resisting three-dimensional frame "K" is 0.67, only half as

much. This means that due to its built-in ductility, the momént-
fesistinq three~-dimensinnal frame can be designed for half as
much lateral load as the shéar-wall type of panel system.l?

Quantitatively, the lateral force applied to the building

varies not only proportionately with the seismic intensity in

«

any given area, but also must be adjusted for the "period" of

the building. The "period™ is the time it takes the structure

to sway back and forth during the earthquake v;brétion. It is
dependent upon the structural height and plan dimension. 1In
practice, the lateral force used in design is further modified
to reflect the type of bracing system. Experience has shawn

that -the panel system has relatively intermediate periods.and’

should design with an increased force. However the moment-

trps e - -
% "
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'equivalént static forces.

7

resisting three-dimensional frame can be designed based on a
lower force than for common types of framing.
Wind loads are also important in the desiqgn of most struc=~ '

tures, but accurate predictions of the wind loads to which a

- £

‘structure may be subjected cannot be made in the same manner

I

as those of seismic intensity. Especially for gall buildings,
the velocity gradient oé the wind is unknown. Usﬁally ipstrd—
ments are installed on tall buildings to measure the wind pres—'
sure which actually oceurs and provides information. as recommen-
dation for design of tall building. For low-rise buildings,
however, there have been few field measﬁremeﬁts of wind loading
and recommendations for design have relied almost entirely upon
the results of model studies, The confrolled wind flow from a
wind tunnel simulates thg natﬁral wind on the model being teséed.
In structural design applications, the usual practicé is to

§
convert the -dynamic pressure arising from wind action to the

12 In multi-storey housing, the exter-

nal anq internal wind forces on puilding must be taken in design
application. For building with wall openings, the internal pres-
sure\br_50ction acting on the walls and roof are especially im-
portant. Tﬁe joints pustnprovide sgfficient strength to hold
structural compoﬁents together,

Explosion is another type of impact loading altﬂouqh it is

not a usual case. The collapse of a 24-storey wing of a high-.

rise app;rtment in_ London, England, in May, 1968, due to a gas

a

11

-1
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explosion, is making éxperts take a.long, hard retrospective
look at the disaster in an inquiry that could have implications

13,14 Since an ex-

for prefabrication in high-rise structures.
plosion is a potential hazard, eveﬁ though remote, an éffective
- type of joint continuity should have been, provided. While 'wind
and other normal loads were provided fof, evidently the possi-
¢ oar " bility of an internal explosion was simply never considered.
The choice of structural system to satigfy the local codes
: and regulations is a considerable factor in systems building.
The joints, therefore hecome important and their- design will
req#&re much expert skill and greater assembly care. There are
basicallQéfour ways tq connect the precast components:-
( 1. Bolted joints;
2. Welded reinforcement and concrete protection;d
.- 3. The combinationiof precasﬁ concrete with cast-in-place

. 1
concrete (composite joints); .

4, Post-tensioning.

A. Framed ‘iﬁ tems o ‘ ‘ .

' ) The basic elements of framed systems are beams, columns,

- i

and floor slabs. Beams and columns can be cast either as scparate

S e s ommgs
: e

linear components or combined rigid frame companents, depending

1

on the size of the structure and the convenience of transporting

and handling.

»

The cross-section. of beams and columns can be generally e

? b

(; . distinquished as’ rectangular, I-, T-, Double T-shaped and hollow i
sections. N -
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B. Panel. System

These types of systems ideall? comply with the character

of reinforced concrete where the structures bear the load in

.
]

their own plane. Structural components belonging to this group
" \

. are load-bearing walls, two-way load-bearing plates apd slabs,
’ - » '
fqlded plates, and shells, .In housing construction, only load-

Jbearing walls and slabs are greatly used.

h ) v ! .
. The joining problem is difficult since there-is a long

joining line where the twoﬁsurfaées meet. The joint can be

R

désigneé for:‘onlv one deqgree’ of freedom. Usually the floor

’

panels are supported along their edges by a sufficieﬁt number

of load-bearing 'wall panels, arranged to unité the floor panels
(- .wiﬁhin-thé buildiné. ‘Joinés hbetween the vertical and horizontal
plangsgagé oﬂly adeguate for resisting horizoﬁtdl and vertical
foréesz but they are not momgnt-resisging. ‘Specfal‘precautions
must be taken for this kind of joiniég method:
- \ ‘ " 1, Carefully designed jointsbof adequate strerigth; .
; ’ 2.

-

factory and precise erection tolerances on the site;

Precise manufacturing tolerances for components in the

S

3. Strict and careful supervisioh)of erection on the 'site;

-~

4. A.éecnndary moment-resisting 'system in the structure

«forf@}nd and lateral forces must be provided.

i

3

. C. - Box Systems
I
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. In high labor cost countries, there is a tendency to u
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s larqe el ments, desplte thelr heavy weight, for 1ndustr1allzed,
hou91ng systém;. espec1aLly n the United States and Canada.
The entire house is prefabricated in the factory, then trans-'
ported to the erectlhg site/ The original form of this klnd
of prefabrication is the pobile home. The reason for this-is
hrimarily econdbmy, as the. on-site labor cost is almost entirely

- élimihated. ﬁ%cently,“the b?x of a complete dwelling unit was

used as a basic module and cémbined with-othe; boxes to form
‘ a hou31ng ¢omplex.- This ide% ;as first implemented in the

, Habitat. progect of Expo '67 1h Montreal. Later, the Puerto

. . , Y
Rico Habltat, and the Uniment and Shelley systems adopted a
\ .

|

o ~

¢ -

(: , From the structural viewﬁoint, the whole box is prefabri-

12 1]
similar concept.

cated inythe factory by using kither the beam and column or

Ta

rigid frames with infilling panels or the wall p%nels,rigidly

connected with flgor or ceiling slabs. %his way, the joints :

¢

for one complete box unit are all joined together or cast mono-
lithically. in’'the fgctory,'therefore only the joints.between
' boxes are needed and much of the on-site efgption cost is eli-

minated. However, the use of heavy machinery such as gantry
by -

~

T e ‘cranes is necessary. on the site to lift dp the box. The most-

sgr}ods pfoblem in using‘this system is optimﬁm hox dimensions
‘and weight with raespect to the transphrtation methods. |

~In general, the framed bcx is lighter than the monollthlc
box as the 1nf1111ng panels can be made of 119ht—wexght mateérial,

(i” & while the manufacturing process- of monollthlc~boxgs is simpler.

?
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N 4, THE APPLICATION OF STRUCTURAL SYSTEMS - . ~,

P

" The structure which can be satisfactorily produced by an

.industrialized building system for housing must be suitable
for both mass productinn'énd simplified erection procedures. -

«~Eastern Furope has employed large panel systems which are

*

mainly based on the two-way span systeh ﬂhgreyintgnior load~

bearing concrete walls and concrete prestressed floor panels ~

-~ - -~

are uséd. ,The self-supporting‘non—structural wallslbrovide

only thermal insulation. . -

Y
L

P ; P » - s . >
) Russia has achieved much success in using large panel sys=-
- « -

tems in the past decade. Initi}*ly this type of system encoun-

'tered a number of problems, particularly with joints of compo-~

nents. Tﬁus the trendx}n Russia today leads to the box’&esign

s+ 4 by assembly of panels into box shapeS’iﬁ the factory. Since -

g’the box is very heavy, sometimes weighing up to 13 tons, heavy

9

gantry cranes are required for on-site handling. Another typel
of Russian bbox system ts'baggd on the framed box system. A
reinforced concrete basg sliab, precast prestressed colufins and

H ’ /

a horizontal precast concrete bracing rib is used as thé struc-.

-

tural, frame of the box. The use of light-weight boarding mater- :

. ial of asSesto cement for the enclosure walls and ceilings ‘

dlleviate the weight problems, . ‘

r

. . Most of the wéstern European countries have adopted the

L . . -
i panel system. They include: . > Ak
~ ¥ p‘
N + . ) d L
l. Longitudinal wall systems; 4
. ' o > ‘ ) Eu
2. Cross-wall systems; .o %
. ‘ ,
3. Two-way span systems. : ' : " §
« 4 . 13
1 s
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In recent years, the impetus of the héusing demand makes
us look'back toward the experience and the achievement'gained

. by the European SYsteﬁs.. Many lafge panel systems have been
adopted bx}grcéitects and prefabrication'firms. The Techcrete

. - System, forcekample,‘is a panel structdral system developed

- 3 by Carl Koch and Fngineer Sepp Firnkas, which had its first
application in 1963 wnen 200 four-storey units were built in o -
’ ~ . +

Roxbury, Massachusetts. , !

"Operation Bréakthrohgh' as descripe? in the previous chap-

{

E ter, resulted in the selection of twenty systems, of which eight {"

’ f ‘

E were precast concrete systems. Among'th? eight, five were Panel /]
sysn:ems':“-18 o : - .

1. Henry C. Beck Company proposed a system based on the

g ya

French Balency precast concrete system. : iR

- P

2 ' 2. Fescon/Cohcordia proposed to use prestreséed post-ten-
- M }

sioned'goncrete or simple reinforced concrete cross-wall system.
: : ‘ 3. -Modular.CommuAities Incorporated has acquired the
American rights to' the Prench developed Tracoba I cross-wall
svstem, and proposed this. ° -
. 4, Rouse-Wates proposed a system based on the English on-
site and factory produced precast concrete bearin§ wall system.
5. Forest City Ente;prises, Incorporated proposed a pre-
- . cast concrete system using both floor ang wall panels’which it

; had developed. ‘ ] ;-
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I{$. STRUCTURAL BFHAVIOURS AND JOINTS OF'PANEL SYSTEMS

Tﬁere are many ways in which the com;onents of panel sys-
tems can bg classified: 1. From the viewpoint of design, th%
components can be distinguished according to their function in
the building. Therefore, walls may be external or internal,
structura; or non-structural, while slabs may be floors, stais;
or roofs; 2. They may be classified according to their séruc-
ture, fabrication, or material qualities. Thﬁs deﬁ%nding on
the:materials used in their production, they may be homogeneous
(F‘g. 3.1) or composite (Rig. 3.2,3.3); 3. According to their
croés sections, they may be solid, hollow or-cored, tray or
pan, folded plate, or ribbed with infilling (Fig. 3.4); 4. The
components can be further differentiated by their methodwof
suﬁpprt and reinforckment, for instance, slabs can be one-way
or two-way.1

Interior structural walls are generally built of homogeneous

“ panels of ordinary concrete. Partition walls usually use other

materials lighter than ordinary concrete. Exterior walls are
built of homoqeneous_panels, composite panels, or less often,
skeletal panels. However, for thermal insulation there is
little difference between load~bearing walls or non-load bearing
walls.

Generally speaking, a panel system consi§t§ of two major
components, walls and slabs. Walls carry loads in their own

plane, axially loaded-in cdmpressioﬁ. They can be divided
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6. Cored
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c. Ribbed
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" c. Ribbed

e FIG. }'2 - >
COMPOSITE COMPONENTS

3. filler

1. precast concrete layer 2, inouliting layer

a. Skeletal

b. Compound , f

FIG.3.3

COMPOSITE COMPONENTS
1. precast concrete frame
2, filler

3. ribbed concrete
4. insulating layer .
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a. Solid T

2767/87,87
“\
; b. Hollow . /
‘ »
-
‘ . _
¢. Tray Panel . -
A .
b . \ . '
’ d. Folded Plate N
' (s "'ﬁ..J

C . e. Ribbed With Infilling

F!G. 3.“ .
TYPICAL CROSS SECTION OF ‘
SURFACE FORMING COMPONENTS
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Into three categories:

1. Load bearing wall panel: It bhears-the load in its
own plane.

2. Non-load bhearing wall panel: It carries its own weight
and does not support the floor lpads.

3. Shear wall: It provides three dimenqiﬁnal stiffness
to the total structural assembly since the wall itself is placed
perpendicular/to hoth the slabs and the load bearing walls and
thus the complete assemblage can résist horizontal as well as
vertical loads. Slabs ar? loaded pérpendicular to planes and
carry forces @n bending and shear. Two-way élabs are usually
supported along at least three edges while one-way slab are
usually supported along two edges.

For sinqie level housing construction, the floor or roof
slabs are usually sufficiently strona to provide the required"
lateral stiffness. For multi-storey housing, the shear wails
are employed to provide rigidity in both longitudinal and trans-
verse directions. The main task of load bearing walls, which
are considered to be effectively supported laterally along their
horizontal edges by floor slabs, is to carry vertical loéding
from slabs and upper storey walls. The vertical forces acting
on the floors are transmitted to the load-bearing walls as uﬁi-
forﬁly distributed line forces. YThe horizontal forces, mainly
the wind loads and seismic loads are also transmitted to the
loqd-beggiﬁg walls as transversé shear forces which act on the
joining strip between the floor and wall and‘they are usuwally

only considered in high-rise building.construction,
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In low-risethousing, the floor slabs can resist horizontal
loading by bending in their own planes in the same manner as a
girder wall and thus effectively transfer the horizontal loads

to -the load-bearing walls. The slabs can be assumed to be an

Jinfinitely rig%d plate.

In multi-storey housing, the load bearing walls are usually

supported by the intersecting structural or shear walls, If

right angles are maintained, it becomes impossible for the edges

of load bearing walls to deflect a substantial amognt horizon-
tally. Even though the shear wall is not used for vertical load
transfer, the lateral bracing potential of this rigid vertical
plane is uéilized in stabilizing multi-storey building against
the forces of wind or seismic shock.

Joints in the panel system are very important. The con-
structional réquirement governing the jgining of components
depends on the participation of the wall and slab in the func-
tions of the building as a whole. The joints must be ab}e to
withstand the same forces as would exist in thg corresponding
sections of a monélithic structure. The joints strips between
wall and ;lab are mainly acted upon by normal vertiéal férces,
and the joint strips betwéen load-bearing wéll and load=bearing
or shear wall by tangential forces, —l

Joints in the exterior wall must be weatherproof and ther-
mal barriers must be formed to prevent heat losses. Joints in

interior walls.should form effective acoustical barriers.
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 properties are placed longitudinally, e.q., parallel to the

as hoth structural members and also barriers for wvisual, ther-

A, Longitudinal Wall System

-

The longitudinal-wall.system applied to housing has much
in common with traditional bhlock and brickwork techniques. The

main load-bearing precast concrefe walls with proper thermal .

main axis of the bﬁilding. External walls in this system serve
mal and acoustic purﬁﬁses. However the load-carrying chargcter
limits the window opening. This system is seldom employed in
detached housing desiqgn since the reqﬁired large glazed areas ,
of the exterior panels dictate the use of precast framed sys-
tems. Longitudinal wall systems are more appropfiate in the
building of schools, hospitals or affices where smaller window
openings are sufficient for the space requirement.

Iongitudinal wall systems have been used extensively in
Frénce for the quick and economical construction of the apart-
ment ‘hlocks. The hasic French traditional construction is
typified by rous of houses with middle longitudinal bearing
walls, and one-way floor slabs supported between these'middle'
walls, and the front.and back walls incorporating the "French
balconies" (Fiq. 3.5). Fiqgure 3,6 is an example of a housing
construction'emphoying the typical longitudinal wall system
which is best known as "Coignet system". This system, designed

§
by Edmond Coignet, was the first prefabricated system used in

-

France. He used a longitudinal wall system for the first time

1
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| 1. Load-beuring Windov Wall ‘ o ; . ‘
2. Load-hearing Wall With Door Opening : _ L
| 3. Load-bearing Wall . A - 4 L [
4. Partitjon -

s, Qpetéﬁy Roof Slab B )

4 N L
\ 6. One-way Floor Slab i

FIG. 3.5
TYPICAL LONGITUDINAL WALL SYSTEM : -
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(. . lintel are changed from the transverse direction into ghe longi-

. ;
.
ot 3
N
v \ t '
. $ .

. .in Building the Casino at Biarritz. A typical floor plan 6%
a housing project built on'this system is shown in Fig. 3.7,
The joining method can be seen in Fig. 3.8, Figure 3.8a shows
a vertical joint while Fig. 3.8b shows a horizontal one.] From

|

this joiﬁing example an open‘drain type joint is used as a

vertical joint for weather protection. The design is such
that elements are simply placed in contact with appropriate

tongues and grooves ensuring accurate registry. This automati-
! .

cally leaves the -necessary spaces for grouping. Except for

the .steel Bars protruding’ from the precast elements, all addition- =

a

al reinforcement is inserted in the field. MNo special shuttering

*

is required on site for grouting concrete.2

E

3

(f Variation of this system are shown in Fig. 3.9. The

/

Leningrad System’in Fig. 3.9 uses piers and lintels.to }eplace
the longitudinal walls. The piers between windows carry loads
from lintels which bear both the floor load and the load from

\

the pieis above. The horizontal sills are non-load beariné.

In some designs, the space between the biers is filled by a
reinforced concrete window. . | - C
Figure 3.9b is a sketch showing the Moscow sy;tem where
the floor slahs are supported on‘the transverse lintels which
in turn sitton the longitudinAl bearing wall. Normally the

interior partitions coincide with the line of cross lintels.

In this case, the spans for the floor slabs resting on the -

bl
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tpdinal one and are considerably bhorter“fhaﬁ in the previous
Y . N - 3 "
”sgheme. The use of this system is'particularly}justified in

building with large‘c;oss spans over 20'-0" long. o

A further development of the/ Moscow system can be seen
in Figs 3,9c. The middle row of longltudlnal bearing wall

is chanded into transverse direc ion to bear the load from-

o

the cfoss.linteis. This system has found wide use in Czechoélo-

by

vakia. Brick is normally used instead of concrete for the -
beariné wall. These variantécof longitudinal wall eystems a

\\ obvxously the transformation of framed construction, especially

the latter two systems whose arrangement of beams and piers °
resemble that of framed construction. ; *

; Two much mofe;clear exambles of mixed framed and panel
structures can be seen in Fig: 3.9d and 3.9e. Both arrangements
have. been used ‘in the»Russian building 1ndustng The stheme in
Fig. 3.9d.is sim1laL to Lenlngrad 'system whére a longitudinal
framed component of beams and columns is employed to.repldce
the middle 1ongitudi;a1 beatfmg wall. In three-bay or corridor

v Bousing arrangement, thie fiam%d component can be replacqo by
two similar tows. The gxample if Figqg, ;.Qe is a slide varisyion
5» of the Czechoslavakian sy&tem where the trens;erse framed com-\
ponent of a double-cross shaped precast unit 'is emplo&ed to
replace the transverse load-bearing pier.

The use of piers and lintels instead of exterior wall can -

eliminate thenlimitatiop pof window opening although large opén- -~
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ings may increase the cross-sections,of the lintels. However
the exterior piers still maintain the various functions such

; as‘load-bearind, thermal, visual, and acoustic purposes. 1In

the last two figqures, (Fiq. 3.9d4,e) the Epployment of the

o

framed components allows a freer grchiteEtural design of the

g T

interior space.

ERA™

- !

; B, Cross-Wall System

This system is the most common system in prefabricated

} ‘ hoﬁsinq construction (Fig. 3.,19). Since the maid load=-bearing
f walls are placed at- right angles to the main axis of the build-
.ing, the exterior wall can be non-load bearing or curtain wall.

Thus no restriction is placed on the window openings. If the

be similar to a longitudinal hearing wall system. The distinc-
o
tion between them is in EZ; internal structure of the wall

components, Tgeir therm

&

!}ﬁ

i

¥

E

E . facade ‘wall is ﬁdn—load bearing wall, the appearance may still

i

1 | . .

E insulation property however is the
v 3

same. - ‘

Figure 3.11'§hows the flgor plan of aithree-b;d room apart-
hent thch is a housing project bgilt in Rotterdam, NethefT;nds
by .adopting the French Coignet system. According to the Dutch 1
building redulations;'the floor must not be supported én the
external walls. ThGL the original Coignet sfsteﬁ'(riga 3.7)

of longitudinal walls had to be changed. In this projéct, the
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a. Leningfad System

piers and lintels in longitudinal direction

b. Moscow System

longitudinal piers with
transverse lintels

c. Czechoslovakian System

longitudinal exterior piers and -transverse
interior with transverse lintels FI1g 3.9

SEE ALSO NEXT PAGE
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d. b;velopment of Leningrad
- ’ System - Mixed

i

longitudinal piers and frames in longitudinal direction

E

e. Development of Hoac;:\> }
System - Mixed
longitudinal piers, and frames in- transverse direction

FIG, 3.9

DEVELOPMENT OF paNEL STRUCTURAL SYSTEM .
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1. non-}oad besring or curtsin window panel

2, load-bearing door panel or rigid frame

3. load.bearing vall

4, one-yay roof slab .
- NN
5. one-yay floor slab . : B

FIG. 3.10

‘<

TYPICAL FROSS _ WALL SYSTEM




s

ST N i 2SS R e,

-

e

sy "

R
-
S
%
-

L.

“y .

balcony

4
"EFEEEEEE§EEE<Z!===
‘ J ,

bed. 1

[
-
<
[
=)

Q

‘v
[ -]
Q
3
hY
1 &

oy N b?'———i' i {.:E==l
. .
{ ‘ /
bathl kitchen || staircase
L J k \
. 4] o !
! o L
:' s 'j 3 e \r- ;
’ 1 toilet ,
N H
{ ?
: -
g > - ‘e L .
".:' " "‘5’ -
'. - : g

- r i
] Tbed2 © [f bed. 3 ] .

balcony } W

FIG.

DUTCH DURA-COIGNET N.V. SYSTEM - TYPICAL PLAN )

3011 ” -

[y




,‘
B I

| PR st

— e w et .- g = e 4 i vy gt i <

- 18 -

cross-walls adjoining the staircase wall, the ventillation
blocks, and additional planes parallel to the facade are used
to provide the required ;ongitudinal stiffness,

Usually, satisfactor{ joints between the load-bearing
cross-walls and,non—lbad bearing extérnél wall-er the joints
between non-load beariﬁg walls and floor slabs are not easy |
to attain. The construction of the joints for this Dutch Dura-
Coignet system can be seen in Fig. 3,12, The principle of
construction is the same as used in that of Coignet system
(Fig. 3.8).%"

Another ﬁrench building of the "Camus" system utilizes;the

- cross—-wall system (Fig, 3.13 & 3.14). The Camus system has

many points of similarity with the Coignet system. Both systems

were the pioneers in the ;se of ldmée prefabricated panel in |
France, although following close behind are the Barets, Estitot,

Cauvet, Costamagna, and BRalency systems. The Coignet and Camus
systems each have a special fac£ory for panél manufacturing’ /

operations. °‘Fiqure 3.l4a shows the typical plan of this system.
Facadg panels in the éamus system are made by laying a sheet

of coloréd tile mounted on brown paper into the bottom of mold.

A thin layer of mortaﬂ,is spread, followed by a laver of con-

crete, a light reinforcement mat, and more concrete. Expaﬁded

‘polystyrene is next added with a substantial inner leaf of

reinforced concrete which is smoothed sufficiently so that it

will not require plasteriﬁg. The units are assembled in a ;
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‘ l ‘: rather unigue manner. In the joining of facade walls and

‘ ) cross-wall (Fig, 3.14b), steel reinforcement loops protrude

; * at both extérié’ non-load bearing walls and interior cross wall.
These are allowéa»to ov»rlap, and a stéel rod is pushed in be-
tween\them, tying the panéls together, Joints are then grouted,

3 . producing an extremely rigid 3tructure.5’6

N The DPanish Larsen-Nielsen system produces similar system

as Camus for industrlalized h0031ng (Fig. 3.15).

THL e

f, . Normally there are two different ways to treat the joints.

The facade wal)Ys cover the outside edges of the structural cross-

. . w§11§and coveiihg strips are used for the edges of thg floor

& slab. , The examples already discussed are in Fig. 3.8, 3.12,

(: ' 3.14. In the second meEhod, the facade walls are laid on
A ;:{ “ the floor slabs and flush with the edqges of the cross walls.
Z' In this %ase_the edges of the floor slab and crosswalls are
\\\ visible on the facade. Figure 3.16 shows a Poliéh T-3 type '
E " system erected at Nowe Tychy Silesia is an example of this

type.8 Since the exposure of the edges of the internal struc-

tural upits easily cause excessive heat losses due to the 'Colf

4

joint", this arrangement should be. avoided in the cold weathexl

7

— G R
.

M [l

;

TR

! AL Furthermore a.special effort should be taken into account for g

':acoustlc and vrsual’reasons. Even in the first case, sultablev

L

thermal insulatlon Qhould be applied to the odqps of the exter-

JL‘

-v"

., it . ijlor wall—to avoid excessive heat loss.

o

‘i Tﬁe exterior walls of the crosswall system are not neces-

sarily made of concrete, and frequently the external cladding

- . - . . . < °
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.place the crosswalls. The main advantage %s that such

ot e i o S e - (IRt

- 40 - ,

panels are con;tructéd with other maéerials. However the,use
of larqge 1i§htweiqht concréte pan?ls for exterior wal}s is
most common, '
Examp;eé of the development of crosswall system can be
seen in Figs. 3,17 & 3,18, Figure 3,17 shows an arrangement-
of the girdér walls which réplace thg“intérior crbss-walls.
A Russian hoﬂ;ing project in Moscow has adopted this sys‘em;
Thehloéding from upper stories are‘distributed to the end column

?

X {
portions of the girder walls. Each floor slah is carrief by

the*beam at the upper edge of this wall and is inserted {in the

- m .
recess. -The girder wall itself is actually a frame infilled

with a thin concrete panel. Since the main loads ;re carried
by the frame, doors can be opened §n the thin panel as required.
In the case éf Fig. 3'18f the L-shape load-beariné walls re-
alls

S .

are stable during the erection process and do not require tem-

Ty

e of

porary propping. Polish WUF-62 (Fig. 3,19) is an examp

L4
this typé of gonstruction.9

T T T
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c. Two-Way Span System
-

%ﬂ/this system, since the load-bearing walls afe repiaced

I
i
i
\

in hoth longitudinal and transverse directiang, the finished
building are riqid in both|directions (Fig. 3.20). Maximun
benefit is dé*ived from the Two-way'spanﬁing,,if the spans

are equal. Another merit of this sygtem is the reduced deflec-
tion compared with one-way system.

The two-way span system is seldom used in housing construc-
tion. The main reasons can be as follows: ’

1. The .load-carrving character of the facade wa(fﬁ}e-
stricts freedom in the'desiqn of éheilarqe glazeﬁ area* for the
window openings as in the case of the longftudinal wallagystem.

2. The structural wall panels should usualiy’coincide
with the room-div}dinq wall from the view point of economy .

If the interior space arrangement can form square-shaped rooms,
the }wo-way slabhs are the most economical solution, effecglng

substantial saving in steel reinforcement. However typical

housing plan arrangement tsually adopt a double-loaded corridor,

- ‘and thus ‘the use of this system increases the number of inter-

ior longitudinal wall components and restficts the plan layout.

\

3. Slabs are usually prefabricated as long staves which

will he mainly reinforced in the long directinn, since the

‘long staves may be more easily handled than a monolithic flat

plate. Therefore; the crosswall system is more popular than

two-way system,

L J
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2. load-bearing wall with door opening p
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‘4. tvo-way roof slab*’
S. two-way floor Qlagb
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In a typiigl two-bed room apartﬁent built in East Germany,
exterior walls are made from reinforced iightweight concrete
of 76 1b/cu. ft. density and supplied wiih window; and window
8i111ls. The surface is finished with colored cement mortar,
ceramic stucco or other material. The ducts for electric,

sanifary and heating insulation were cast into the exterior wall.

i_\““f‘\\\i\§716‘in. layer of plaster was prefinished for the interior

] -

surface in the factor;j\\Tﬁé\iﬂterior walls are made from or-
dinary reinforced stone concrete of 137 lb/cu. £t. density, in
thickness ;f either 4 or 6 in. These walls sustain the load
directly from the floor slabs, 5°'~2" "éastellated“ floor slabs
;re also made from reinforced stone concrete(gnd.fit neatly
upon the top of the interior load-bearing wall. The walls are
connected by welding together the exnosed evelets precast at
the edge of the walls. A subsequent concreting of the gaps
provides an extremely rigid frame work, which is able to éitﬁ-
stand:hérizoﬁtal wind forces. The floor slabs are then placed
into ﬁosition. The staircase and.landing were also precast
compopents. KFigure 3.21 shows a typical plan for this system.10
Figure 3.22 is a Polish Ow-=1700 type system. In this sys-

‘

tem, the two-way slabs rest only on three edges of interior ‘

walls while the exterior walls are non-load béaring sill panels.ll
A schematic view of a ring-frame construction (Fig. 3.23)

illustrates the method used to reduce the-unit weight of the

structure. Figure 3.24 is a typical floor plan of a Czechoslg-

[
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vakian BA type bhuilding for such a system which originated in
Moscow by W.W. Michajlov. The interior walls are composite @
walls which are not practical. The new variat on; of the BA
buildings adopted battery-molded, homogeneous Jrecagt concretg‘
panels instegd. o ) .
1. Lewicki, B., Building With Large Prefabricates, (Translated
by Express Translation Service, London), 1966, pp. 1ll-14.
v -2, Diamant, R.M.E., Industrialized Building, 50 International .
methods, 1964.
+3. Lewicki, B., Building With Large Prefabricates, (Translated
by Express Translation Service,_ London), i966, pp. 18-22.
(: 4. Anon., "Prefabrication of Flats", Engineer, London, 1962,
pp. 1003-1006.
5. See 2 . ]
6. Diamant, R.,M.E., "Vive Concrete Panei System”, Building Con-
| struction, July, 1966, pp. 80-81. '
7. Kjeldsen, M,, Simonsen, W.R., Industrialized Building in
Denmark, 1965. ' .
8 & 9. Lewicki, B., Building With Large Prefabricates, (Translated
by Express Translation Service, London), 1966, pp. 30,32,
38-41. g
10. Diamant, R.M.E. "Mass Productinn Flats®, Industrialized
.Building, 1964, pp. 119-122. \ B
~1l. ° Lewicki, B., Buildinqg With Larqge Prefabricates, 196§, p. 35-36.
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_IV. CASF. STUDIES : , ‘, .

s

° . .

A few of the cases chosen.and studied in this chapte?lre-

>

present some typical examples of precast concrete panel housing

, ~

systems. They are used to 1llu§trate the 9enera1 and struc— ‘ i
tural princibles of .precast concrete panels systems which are |
. ‘introduced in the previous chapters. Techcrete is an original J

©
)

American system. Tracoba-Balency and Wates were originally
K N

°

'éeyelopéd in:Europeiand have been popular ever‘sinée.h They :

. W

have obtalned v.S. and Canadian 11censes and are.also the chosen

s

systems in Operatxen Breakthrough.

J.~f The.structural ‘systems of these representatlve examples

L Y S n\

only include cross wall two~way span systems, as these seem

A )

" to’ be the moet“suiteble systems to be applied to sysfe@s bufld: a .

ing for hqusfﬂi& t ;

'
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" BASIC STRUCTURAL SYSTEM¢

T

1.  TrRacoBA sysTemi™4

-
.

DEVELOPING COMPANY: -

[

France: Omnium Technique (OTH)*

; ! t . s
* Britain: Gilbert-Ash Ltd. ’ i

- ¢

United States: Module communities Inc. (MCI)

COUNTRY OF ORIGIN: ' .
France' -

: !
DISTRIBUTION NF SYSTEM: . . e .

’ k3

France, Ttaly, Switzerland, Greece, Svain, .U.K., Algeria,j

4
! and U,S.

SCOPE OF SERVICE jm , ;
Design of units and production method; manufacture

YEAR OF 1ST PRODUCTINN: .

. N
1961 - g
TYPE OF PREFABRICATIOM:
On-site factory produced and on-site casting N

. . ~ . 4
SCOPE OF COMPONENTS: § ' ] .

Ioad-pearing, cross-walls, precist floor élabs, sandwich

4

type non-loadbearing facade ganels, sandwich type loadbearing
gable walls, precast shear walls, shaft walls, precast stairs[

etc., ot <.

Cross-wall systTm ) ' .
JOINING METHOD: T

Slab-wall joints R 4 : N

L s a0 -~—r—»&:’ re w";i.‘?‘; T
<. RIS P

PN

N ’ \,
T i +

‘ o ‘o . ‘ . .
* OTH is a civil engineering firm started in France in 1955.




TYPE OF FOUNDATION: :
All types

_ ROOF CONSTRUCTICM:
1‘»:!;» [

Terrace roofing .
v ) PLANNING GRID: \ , .
N Basic qrid is 1'-0", structural érid is 1'-0", maximunm span
, & -is 18'-0", possible 22'-0" A .
MAXIMUM MODULE SIZE: . -
. Flmor: 8'-6" x 33'-0" .
| Fxterior walls: 8'-6" x 33'~0" -
Interio; walls: B'-6" &,33'-0' ‘
L MAXIMUM BUILDING HEIGHT: " , %
E ( 23 stories, possible 30 ) . RN
EXTERIOR FINISHES OF UNITS: h . S .
‘ ’ Washed-concretg, untr;ated cg;crete,’hosaicss tiles, molded
F shapes, sand-blaéted, bu;hrhﬁmmered or exposed aggregate
INTERTOP FIMISHES OF UNITS:
Paints, paper, fabric or any desired finish ‘u
‘ INTERIOR PARTITI&%B:
Light construttion co&ponents é'-3' high- (plaster ;leme;ts
. or Qdoden clement) !
; " MECHANICAY, INST{\LLATION: ' -
: Inthratién during manufaétu;ing: clgctrical wiring and out-
* . h lets in exterior walls, interior walls and floor slabs;,
| . ~ plumbing qul fggabeqring or non-pearing wall; JIVAC sub-com-
(») , ponents precast in facade Wall ’ o |

L

; TYPE OF "HOUSING:

. Medium-rise and high-rise apartmeﬁt .
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This is a one—contract system. There are no sténdard plans.

o

lﬁhch scheme is considered individually, but archxteck must work
with the company and the structural engineers as a tpam so that
thé basiglrequirements of the system are absorbe&l ;Minimum
number of dwellings for one contract is betiween 3oofand 400 units.

Usually the simple floor and wall units are manuféc#ured in a
0 ,

casting baj gdjécent to the building site while the{more complex

facade or othér special elements such as stairs, sabdwich gable

H

walls are made in a covered temporary site factory which is
~ i

highly mechanized. These factory-produced componeﬁts are usually

1]
larger and more complicated. |

- 1 N
As the other cross-~wall system.introduced in khapter I1I1,
" the non-loadbearing wall of this system can be of (concrete or -
- any other suitable matertal. It is possible for balconies or
loggias or sculptured elevations to be incorporated (F;gil4.1).

However, the use of a precast concrete sandwich panels for the

. facade wall in order to reduce the types of materjial.and increase

the repetitive use of machinéry is usually adopted. In this
Tracoba system, the facade walls are made in séeéial molds which
can be pivoted through 80 degrees in the tempora'y on-site factary.
The wall panels ;re cast horiibntally. The mold is slightly
greased., The window frame and ventilators are placed into the
sﬁuttering. ‘First layer of facing material ﬁhi h may either be
ceramic or mosaic glass tfle, or any other suit ble facing mater-
ial which can be mounted on brown paper with a water-soluble

~

glue, are placed into the molds.

[
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FIG, 4.1 ' .
k J
TRACOBA SYSTEM - FACADE .
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A thin layer of mortaf is laid to joint the facing material,
followed by a‘3" thick layer of reinfofﬁed concrete. A lay;rr
of thermal insulation material such «s 41/2" gas entrained con-
crete or 15;4" thick expanded polystyrene follows, ' Then the
internal reinforced concrete ledf of 2" thick is cast on top
and the units are made monolithic by the cross-connection of the-
reinforcerent neatwork. The ateel loops for handling are cast into
the inner wall leaf and welded to the reinforcement nf the inner
leaf. While the shuttering is fi}led, the internal steam heating
of the mnld has heen put into operation. The mold is covgreé by
a lid and cured. Discharge of the mold takes place hy rotating
the molds through the pivot to an almnst yertica position. An
overhead crane then lifts the comnonents through the precast steel
loop. The coﬁponent is then transported to a storage vard where
it is‘keBE“for some weeks.to allow for final hardening of thei
concrete,

Structural joints of this system are also the typica} joints
of panel systens (Figs. 4.2, 4.3 & 4.4). Non-loadbearing facade
walls are carried on the inside loadhearina cgfsswall wiéh)a
connection by metal plates which protrude from the inner leaf
of the facade wall. 'These plates rest on stecl stirrups set in
the inside wall panels and the two are wélded together and the
joints filled with cast-in-place concrete. The same principle:is
applied on the connections between }oadbcaring sanfwich wall ¢

gable and facade wall (Fig% 4.2) and hetween partition panels

and fadade walls. At coqnecéions of wall and floor, the vertical

‘

t
{
f
!
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section through the window frame can be seen in Fig. 4.4. A

-

sheet of exnanded polystvrene is inserted which agts as thermal

insulation at this point and also as permanent shuttering. Con-

crete is placed into this spad@ and is compacted by poker vibra-
. P

3

tors. Interior connection of wall and floor can be seen in Fig.

‘4,3, The precast fl oK slab are reinforced in transverse direc-

¢

tion and cast with,foursépeci;liy designed lugs at the sides,
The slabs are set down uvpon the cross walls at these four points,
which leave a congsiderable space at the sides which can then be
grouted.

» This svstem allows flexibilitv in design and layout (Figs.
4,6 & 4,1). The larqge wall\panef‘can be mass~produced. American
(MCI) adopted Fhis system aé the basis of their Breakthrough
proposﬁln.‘ The engineering firm incorpprated on-site and near-
site factories producing walls and slabs for use in single family
d:;llinqs or aarden or high-rise apartments. The modified inter-
ior wall 1uhction detail of the Tracoba system can be seen in

¢ ;

Fig. 4.5 for American practice.

»
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1, non-loadbearing' facade wall
2, sandwich load-bq ing

gable vall -
3, interior load-bearing
cross-vall
4, expanded polystyrene
5, gas concrete
6, in-situ concrete

FIG, 4.2
JOINTE OF EXTERIGR WALLS AND INTERIOR WALLS

1, floor slab
2, load-bkaring cross-wvall
3, lug

4, in-situ concrete

FIG. 4.3

| ¢ s
JOINTS OF !NTERIOR\CROSS-UALLS AND FLOOR SLAB
) » )
/ ) 3
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FIG. 4,4

JOINTS OF EXTERIOR WALLS AND .
FLOOR SLAB - VERTICAL SECTION
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2. WATES systeMo® X
E , : 11 -
P DEVELOPING COMPANY: :
; N4 United Kingdom: Wates Ltd. ‘ )
: ' Unitad stafess Rouse-Wates Inc.
L Canada: Modular Precast Structures Ltd. N @
> COUNTRY OF ORIGIN: S ' ’ y U
] United Kingdom L i 1
" DISTRIBUTION OF SYSTEM: . . .'\ 3 |
U.K., U.S. & Canada ‘
. SCOPE OF SERVICE: - D - . ' ;
; * Technical to architects/engineers/contractors; pfoduction 'f
5 T of coMmu and erection. ' . |
k " YEAR OF 1ST PRODUCTION: ' '
E ) 1962 | l . B )
TYPES 9F PREFABRICATION:
On-site factory and on-site casting
i ' SCOPE OF COMPQNENTS:
. Structural crosswall grid; exterior wa}ls, panels, solid
or with \\;indowsg precast floor slabs; stthched jointé.
BASIC STRUCTURAL. SYSTEM:
, Panel syster;r with either loadbearing crosswall or tw cway N
1 ’ ' gpaxi floor slabs depending on architécts requirements ’ ‘
( : TYP-E OF MODULES: \
Precast cross walls, exterior wall pariels, precast floor slabs,
) non-structural partitions, staircase, balconies, th“e stoz"y-

[ -

! B et i st el ok AT s W Ry B S5 Sl - - _




s

e

N e R LY Y2
o

g

ORI

JTYPES AF FOINDATTON:

o e s aaine D) R it $rn 36 N I Wp—

'
)
b '

heiqht refuse:chutes, certain tvpes of non-loadbearing_ clad-
ding whenever the standard types of loadbearing exterior walls

arv non-applicahle. They include gqlazed joinery units, con-

crete panel, story height window units, profile units, etc.
JOINING MET™ION:
*Stitched” dnints

Ay
N

Y

Conventinnal censtructinn depending on snil composition

RONF CONSTRUCTION: <

Concrete panels,-gravel stuccg, roof

-PLANNING GRID:

|

Basic module is 1'-0", structural grid is 8°'-3", maximum
i

span is 20'~0"

. MAXIMUM MODULYL SIZI:

Floor: 20°' x 29! e
Fxterior walls: 20' x storv heiqght

Interior walls: 20' x storvy height

N

MAX. BUILDINC VIFIGHT:

i { v
25 stories, practical limit .

EXTERIOR  FIMISHES NF UNITS: o - A

Form nattern, ceramics, mosaics exnosed aggregqates, paints,
tile and brick facing, etc,

INTFRIOR FTNISHES OF UNITS: *

- Paint, vaper, laminates, textgred plaster finishes direct to

concrete valls and ceiling

4

INTERIOR PAPTITION:

Concrete panels or light panels
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INTEGPATINN DI'RING MANUFACTUPING: ) )

Lines of electricity, plumbing and heating'ére cas@ in the

J
y

interior walls and floor slabs.

A

TYPES OF HOUSTING:

Low~rise and high-rise apartment

“The "ates svstem which is a tvpical closed housing system

>

is more of a method of production than a set of standard compo-

i

nents. The.nmploémént o} on-site factorv equipped with highly

[

mechanized production line is the main feature of this system.

i

This productinn line is usually 39'~0" wide, covered with mobile

- shelters running on rails tn avoid winter lavoff of workers and

ensure all weather operations. This manufacturing ‘area is con-

trolled and operated by a team of skilled laborers. The use of

it

a corrugated steel mold whi¢ch can ke adjusted by moving its side

‘ o

plates in 12" increments is another feature. Interior crosswall

panels are cast in vertical hatteries. External walls and some

of the flooring units are cast in horizontal molds capable of

being tilted up to nearly a vertical &osition. Steam and electric

curing speéds production and ensures that molds can he emptiéd

and re-used in a 24-hour cycle. The products are comparable in -

&

quality with any produced'in a permanent factory. Since this is
a typical one—tfact closed system, minimum number of dwellings to
maintain its economy is between 2001-300, depending on the degree

x

of repetition. /
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Because of the use of on-site precasting, construction joints
can be keni‘to a minimum° by the production of the largest possible
compoﬁents within the capacity of the hoisting equipment. The
location and layout of the site factory is/made at the pre-contract

4 stage. B&th tower(crane and portal cranes are used. Units are
normally withiﬁ the three or four ﬁ;ns’range but sometimes larger

cranes are used to increase lifting capacity up to six tons.

1
-~

Since tie different projects have their own standard compo-
nents, every attempt %s made at the design stage to reduce the
number of different types employed in the constructiéh. The plan-
ning grid of 12" for the panels is strictly followed in each pro

‘ject, and the thickness of units are kept standard. However, in
k3

(. , the:- project of ckuéter housing at Leyton, England, which is oﬁiy

\ﬂpérﬁséf a housing scheme, sixteen 4-story or 5-story blocks ﬁﬁ%e

l‘f

nearly two-hundred dlfferent tvpps of componedts including sixty

~. types of floor slabs, flftyhkxx types of wall pa;;;;T\and fifteen
types of edge beams. The degree of industrialization is obviously

e

x

low. e

Thls system allows flexlbility in de51qn and plan layout,

>

’ ‘ espec1a11y because of its one~contract character. The free
‘'selection, of the exterior finishes either fgrqthe load-bearing
facade wall or the non-loadbearing cladding panel gives the

x :
greatest possibility of exterior appearance (Fig. 4.8). The -

Y , unique 301nts (Fig. 4.7) are used extensively for every Wates

] project. Wall panels are equlpped with levelling bolts and nuts
K | ‘ |
? A
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" to align and connect vertically, while:reinforcihg bars inserted

Al

. ’ in loops projecting from the slabs give the joint lateral strength.’

The joint then is gfouted.
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3.  BALENCY SysTEM®™

A 1

DEVELOPING COMPANY:
'Origin system:
Italy: Impreéa

Great RBritain:

12

/)

French Entreprises Balency & Schuhl

Generale Costruzioni MBM’§pA

*

Holland & Hannen

Bernard Sunley & Sons Ltd.
and Cubitts Ltd. Q

United States: Balency-MBM-US Corp.

' - 2 ‘
COUNTRY OF ORIGIN: ¢}%

)

Italy, Belgium, France, Ireland, Israel, United Kingdom,

France «

DISTRIBUTION OF SYSTEM:

*

United States ' ‘ .

-

SCOPE OF SERVICE: ’ ) Y .

Spain,

Engineering of structure, layout and design, project manage-

ment and marketing service. Furnish and erect components

.

YLCARS OF 1ST PRODUCTION:

& France: 1948

\

N _Italy:’ 1964 ‘ :

United Kingdom & Ireland:

1964
?

Israel: 1964 o

.

YEARS OF 1ST U.S. PRODUCTION:

1970 ’
TYPES OF PREFABRICATION:

Cast in factory, ‘on-site casting

'
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SCOPE OF COMPONENTS:

Precast wall panels including 1oad—§$aring sandwich facgde
wall§/ crosswalls (party wglis), par;igions, lift shafts,
stairs, core units which include the piping units, the tpiiet
unit, the gombined sanitary dﬁit, the conduit'unit, chimney ~
unit, cast-in-p}ace concrete fioogs or roofs. A .
BASIC STRUCTURAI SYSTEM: 4 l
Two-way span panel system
TYPES OF MODULES:
Panels, Core units, stairs and lift shaft. ;
JOINING METHOD:
Cast~in-place concrete floo£ combined with:the load-bearing
wall
TYPES OF FOUNDATION: 1 ' o
Foundation slab or direct foundations, conventional
ROOF " CONSTRUCTION:
Concrete panels, gravel stucco or accessible promenade roof

-

PLANNING GRID: .

Optional; The use of cast-in-place concrete for floors gives
. , . . : red
flexibility in planning, usually u51ng'12" grid, for exter- -

ior and interior with spans up to 19 ft. The maximum span

1]

can reach 26 ft,

—

MAXIMUM MODULE SIZE: 1 / e

Floor: room-size

-

Exterior walls: 30' by story height

Interior walls: 30' by sto;y‘height “ i

¢




¢

mAxTMUM BUILDING HEIGHT: . ,

30 story, In Italy: 14, In Ireland: 16

s

. EXTERIOR FENISHES OF UNITS: g ' SRR .-
: . e . \ .
Patterns, ceramics, exposed aggregate, smooth or profile

Vi +

MECHANICAL INSTALLATION: ‘

t
"
’

K Intégration du;ing manufacturing: blineé of electricity and
heating in floors, extérior walls and interior walls; chases
for pluhbiné and vedtilation in inggrior.walls

TYPES OF HOUSING: o ' ' -
The s%ructural componeﬁts can be used inilow—rise'medium-
rise, and high-rise housing. .For Operation Breakthrough,
wthe Balency~MBM-U.5. company preposed a cluster dwelling
environﬁent, pomb%ning'five—s%ory éeck houses, two types of

high-rise housing, and garden-type apartments.

, L e

»
\

"

The. Balency system basically is an industrialized system of
precast concrete\gonsisting of the rational manufacture of large
components in a highly mechanized central factory. Like many
other French systems, iﬁ is a closed system where the components
are hot modular. The height and width of the load-bearing panel
components can be varied to guit én?-design. Although this allows
flexibiligy }n desigq and versatile arrangements of plans and.
facghe, the degree of industrialization is lowered. Thefefore'\ '
this system allows a minimum number of housing)units produced

‘annually to compensate for the high initial investment of the

equipment and maintenance. The economics of one particular’ pro-
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Y ject depends largely on the distance between sites and central
!

; factory. According‘to J.P. Grezaud of Balency and Schuhl, the

A\

system applies to the manufacturing of small series, which may

¢ . ge two or three ‘flats pef day, with 500 flats a year as a minimum.

)Oﬁe of the reasons of using thQecast-in-place concrete floor

. is’to eliminate the cost of transbortétiéq ofwtﬁis bulky compo-
hené and the pnssible prdblem‘of traffic limitation from central
factory to sitgs. Another advantage of £hé cast-in-place con-
crete floor is the mbnolithic‘chafacter of the finished structure.
However in the Ame¥ican Balgncy proposal, precast concrete floor
slabs of room size will be used sinceJon-site labor costs are
high and climate conaitions inhibit on-site winter concreting.

' ‘(} In France, Ehé cast-in=-place construction can be used while in the

<

. North-East United States; concrete cannot he cast-in-place during

r

( the winter.

The joining method has to be carefully designed to the load-
/ '

bearing chargcter and the sound and thermal insulation require-
:ﬁént, especially the joints in exterior load-bearing facade wall.
. Figure 4.9 shows that the edgg§ of the exterior wall paﬁels
have twin grooves and are joined there Qsing cast—in—place con-
crete with a mastic sealer. Horizontal jgints are made by sup-
porting the inner leaf of the facade unit'on.a packcdbmortar bed,
and employing cement and sa;d to Lear the floof'panei.

o

¥ . " This system employs rather complicated-functional units which'

‘are manufactured in the factory. For example, -the cored uniﬁs

using in the Italy Balanéy-MpM are made twice as wide (or more)

sas ofdinary internal wall panels. They contain numerous outlets

v
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: for water, ventilation, sewagé‘and other utilities. The compo-
;”ﬂ nents are manufactured in a HoFizontal mold and élso bear hand-

\ ling loops, as do the otﬁer types of‘wéll components. The re-

" <4y« movable covers are cast on these units and permit pipeline joints

~

to be carried out readily. Other types of functional units may(

A

be manufactured according to different design. In the French

- e T
e a FT T S LI LT S P At gl &

Balency system, the piping, toilet, kitchen, conduit, etc. are
"
separately produced into different types of units. These factory-

made units allow fast on-site assembly. However, the erection

et N CRRRE  e y -

must be in accordénce with the drax&ngs prepared by the architect
/ .

for different projects. '

!

2
Most of the French and Italian Balency systems are applied

Eaaliac-s siiv i

on high-rise housing. 1In the U.S., the Henry C. Beck Company

”

employed this system for its Odération Breakthrough Project. This

system is very suitable for h}gh-density locations in urban cen-

‘t rs, especially the deck house apartment layout where the deck
eas provide.private oéén{space for occupants (Fig. 4.10).

In a récently completed new town project in Thamesmead, England,

# Al

» {

this system was used for.towers, linear blocks, and low-rise
“ , housing (Fig. 4.11). {
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4. TECHCRETE SysTemt 14 ’ o

1

DEVELOPING COMPANY:' ‘ .
‘o / .

Carl; Koch & Association

COUNTRY /OF ORIGIN:
¥ [ L
U‘\\S.A. /

SCOPE OF SERVICE: y .

Architectural planning and design, construction engineering.

Y

Units by selected precaster.

<

. YEAR OF. 18T U.S. PRODUCTION: ,
1967 .

s * TYPES OF PREFABRICATION:

1

Using extruded molds in on-site factory and on-site precast-é

- \
a

- [

M 0

il’lg. ! Yy
SCOPE OF COMPONENTS :

Facade wall and cross-wall precast on-site, precast prestres- .

¢

\éed floor plénks extruded in factory, precast staircase,

precast bathroom and Eitchen units, etc.

BASIC STRUCTURAL SYSTEM:

3

Crosswall panel system with.precast floor panels.

TYPES OF MODULES:

‘Floor, wall panels, stairs, sapitary’units, etc.

o

-JOINING METHOD:

, ' -
Post-tensioned vertically over height of building

TYPES OF FOUNDATION:

(S k4

. Precast concrete panels or convenEional‘construction
. i ! "
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ROOF CONSTRUCTION: - ’ |
. . } b
Concrete panels with gravel $tucco o S
PLANNING GRID: ' - 3 oo
\ .

'Basic module is 1lft,

[}
+

2ft, 3ft, and 4ft.

The structurgl

JNTEGRATION DURING MANUFACTURE'

‘ grid is 321-0" span. ’ ' - o 1 . ; %&
MAX. MODULE SIZE: : B %i
Fﬁ?or: 32'-6" léng by 4'-0" wide and 8™ thick.. - . ;?
Exterior walls: 32'-6" by story heighth(B}-OP) and 8" .thick. "/%%
. Interior walls® 32'—6“'by'é;ofy height (8'-9”) and. 8" thick, é;
MAX. BUILDING HEIGHT: 2
" 30 stories ’ %*
EXTERIOR FINISHES OF bNITS: : ' - a - , %
Convéﬁtional cnﬁsérucéion of conérete panels or alumiﬁum »1
panels as curtain wall, options in applied surfacxngs. . . g
INTERIOR FINISHES OF. UNITS: ; a %
Paint or surfaglng by others. ) : ‘%
INTERIOR PARTITION: . 3
I,

Conveptxonal plaster panels on steel framing

]

Utlllty lines including electrxcxty, p}umblng, and HVAC

may fit into the hollow cores of the floor planks or rlsers

may be stacked vertically in interior walls.

-

TYPES OF HOUSING: ' ) ‘

¥

'Low-rise and medium-rise units, including town houses and

walk-up units, and high-rise urban communities.

L4
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lized housiné.,

especiafly those of East Furopean ¢oun

UﬁTted States.

Tt was an effortmto cho ie concréte for industria-

tempt to

-

[ J

/adopt

Compared to European pr cast concrete systems,

%1es, the degree ef megch-.

.

anization and“-automation has been greatly reduced. This system

‘adopted . a: sxmple panel system, on the gasxs of the Eurqpean

experience.’

-

The use of load-bearlng concrete crOSSWalls gave the

oy

most effective way to use the material to meﬁt hous;ng-require—'

ments.

vide the large spanu

the structural components togetherh

»

Post—tensionxng gives an easy means to Join

:ﬂ-

4

1

[ ¥
Aoa N

Wlth prestr3551ng technolo-

Concrete floor gtaves are preeast  and prestressed to pro~.

*

gies, wide spans at low cost will prOVLée adeauate plannlng flexx

b;lxty to meet all reasonable houslng requirements.
/

manufactured ‘separately at the site or in th

on the size and shape of the components. Th
and erection sequence can be easily rcad £ro

A whole set of related non-strucﬁural ¢

5

/

mponents ,

7
.y

The bulky

factoryfdepending

such as

meehanicat“nnitsuand~san1;g£y unlts has bed‘ _designed and’ pre—

fabricated in the factory, but projects completed to o date have“

-l

conventional partitions and exterior walls constructed oh site.

o«

-

-

structural prlnciple

Fig. 4 12 and .4. 13.
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1, footings
2, bearing walls

3, shear wall

4, landing lintel
5, sub-landing

FIG. 4,12

" TECHCRETE SYSTEM - STRUCTURAL

COMPONENTS AND_ ERECTION
SEQ!}ENCE . . FLoow

2

FIG. 4,13

6, floor slab with lintel
.7, stair
8, floor planks

~

9, bearing walls

10 roof planks

. \

11 roofing,inaulation,and flashing
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series of planning modules was deéigned to achieve this goal,

neglecting the possibility of greatest standardization of com-
ponents. According to Mr. Koch, there was less than one-third

.

of the system which would be standardized and the rest would '
depe;d on discretion of the architect. - ) /
Fig. 4.14 shows the panél structural frame with both faché
ends open.‘ The congphtioﬁal method for the non-loadbearing facade
walls can provide great flexibili;y and determine the appearance
of theC%uilding. If Fig. 4.14, ghe flexible arrangement of the
interior partitions within the croséwalls gives different layouts

~

for different housing types.
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v. CONCLUSION
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Summar
summayy . &

9 g

The industrializéd bhuilding system meané the large scale
use of standardized factory-produced building compongnts. It
also means a mechanized building process, either in the factory,
on-site, or in near-site factories. It is a continuous process, ’

involving planning, programming, deéign coordination, the manu-

facturing of‘building components, and finally the execution of

1

- i

repeiive construction work on-site.

Thg research into and develooment. of precast concrete has
led to a great deal of improvemgnt in the strengfh, surface
finish, joining methods, and lightness of this materigl. Build-
ing code authorities have attempted to establ%sh standards which
will enable designers of industrialized building systems\to

3 \

ensure the safety of their structure.

The design of adequate structural joints or connections

reduces on-site labour and ensures -continuity of structural

components, Cast-in-place concrete joints and post-tensioning

with a la?er of mortar hetween components are the most effective

ways to satisfy structural and weather requirements.

<

Large precast concrete panels for walls and floor slabs
in panel systems are a feature of many of the successful build-
ing systems for housing. Apart from the time saving in assem-

bly, there is also the cost saving achieved by the elimination

»
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‘of interior .finishes and the incorporatianiof services within

the panels. They provide not only load-bhearing capabilities
but also high standards of acoustical privacy, thefmél~insul$tion,
and fire-resistance. The mechanical requirement and utility iines
of a housing system can be prgcast into theseléomponents before
erection, . | l
Large load~bearing panels can be used for single étéfey,
medium~-rise, ‘and hlqh-élse housing, where they are adaptable
for dlfferent c1rcu1a§10n patterns such as stalrwells.access,

corridors, and balconies as ‘well ' as for tower construction.

Sandwich walls which combine the dense load-bearing panels

with édditional insulation such as expanded polystyrene or gas-

entrained concrete can be used for facade walls, gable wak}s,
party walls, and partitions. The floor slabs may be 6ne-way

slgbs supported on either longitudinal wgll§ or cross-walls.
They may also span in two directions. ‘

In comparing®the structural behaviour of the three banel
systems, the cross-wall system is t?? most popular one in use
today because of the flexlblllty it prov1des in the archltectural
treatments of facades and 1n~1nterlor planning, while maintain- :
ing all the édvantages of other two.

The success of preéast~coﬁbrete panel systems described
ahove has led to large~scale programs to Aevelop these systems,
Some of these programs are proceéding rapidly, and there is .

B '
little doubt that precast concrete panel systems will play a

large part in tﬁe production of mass housing in the future.
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To increase the use of precast concrete panel systems, action
N .

° B .

mist be taken: ~ .

’ 1. T? further meet the dual goals of increa#ed production
. . ™ S .
.. e . :

: and reduced cost:; ’ : \ }
N - v

-

2."To increase productivity through more mechanization,

-

and to decrease on-site’ labour;
{

3. To obtain motre standardization, interchan%eability,

v , and quality;

4., To secure more modular co-ordination in the design and

A
manufacturing of comnonents;

5. To shorten the construction period.

Continuous reseqch and develépment in gfepast concrete
construction, therefore, must be undertaken to obtain a high~
strength, low-density material. Imnrovéments in lightweight T
concrete ana’in prestressing techniques are essential.

" The system approach must involve the organization of pro-;i

“—

~gramming, planning,. design, financing, manufacturing, construc-
‘tion, and evaluétiqn of buildings under:a single"or‘highly co-~

ordinated management. That is, it must become an efficient

{

total prdéess. “All too often, discussions Qf "s&s;ems" tend

» \
v,

to focus on the "Kit of parts” or "hardware of building" rather &
than the process of building. Futur efforts musf, therefore,

emphasize the total process, the inteqration of management prin-
ciples with huilding systems. ‘ ’ ) .

-
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In an overview, the future sugcess of systems building lies

-

not only in Sgé technological advancement,- but also. in the im=
provement of the socio-political-econqmic'epﬁironment. in the

. = )
future, central governments must regulate demand, assuring a

"

steady volume and market. The building indgstry must respond

r

-

to social forces, and evolve to fit emerging|social views such
G:E\eﬁvironmental concerns, increasing individualism, privacy,
etc. It is important that the huilding industry recognize both

.

collective and individual needs. As many have advocated, the

establishing of a "Professional Service" to meadiate between
manufacturers and users may aid this'recogpition and provide

3 mean to interpret the users' needs into material and quantita-
I : .

tive demand, . | , \ .}
’ . ’

i t

The full notential of systems building for housing will
become a reality when there is collaborations between designers,
huilders, building system manufacturers,‘owners, isers, and ’ 1 j

governments. On Octdber_zs, 1977, a seminar naned "Overview
< - v ,

T )

of Industrialized building systems, with an emphasis on housing”
was sponsored by the Order of Agchitect of Quebec, thé Canadian
Portland Cement Association, and the University of Mbntreal.
The great epthusiasm for collaboration shown by all participants
in this sem{Bar provides a hopeful note for the future.

In conclusion, the author shares the opinion of Time Magazine,

in its Febrﬁary 19, 1973 issue, that -

{
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- "the housing industry today is in the same state ,

,

as the auto business in the early 1900's . .. .
no Henry Ford of housing has yet appeared to show <

conclusively the benefit of assembly-1line produg~‘

tion at a moderate price"

)
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