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"Full-sca~e indus trial methods must be app~ied 

by, introducing standardization .of individual 

componénts". 

1 

Le Co~busier; 1920. 

, 

.... ~r~JI.-I< .~, \'li';"'1'1 

i 

~.:i 

l 
, 
i .,,\ 
; ~ 
1 ~ 1. 

~ J 

, '1 

1 
1-



l, 

, 
\. 

( 

\ ' 

,1. 

1 

/ 

PRECAST CONCRETE PANEL SYSTEMS FOR HOUSING 
~ ( 1 

By: 
Alex H ~ "'Chu, ,B. Eng. B. Arch. 

l '<> 

• 

~ thesis s~bmitt~d ta the Faculty of 
Gradyate 5tudies and Research in partial 
fulfilmènt of the requirements for the 

o degree of Master of Architecture 

School of Architecture 
McGill University~ 
Montreal, <Canada 

November 1977 

) 

ClA1ex H. Chu 1978 , 



, ( 
, 

;1 
j 

;

e.\, 
\1 

c 

" 

~ TABLE OF 

i. 

iL 

·iii. 

iVe 

I. 

II. 

III. 

, ) 

1 1. Ra 

',2. Pr cast Concrete in Indùstrialized Building Systems 
J 

• If 

PRINCIPLES OF PRECAST CONCRETE CONSTRUCTION IN 

SVR~EM BUILDING FOR HOUSING 

1. 

2. 

3. 

4. 

Cl ssification of Precast éoncrete Construction 

Co panent Ilousing (f 
A. \ Contponent of a HPusi?g System 

B. Closed and Open Sys~em 

C. Normalization and Standardiz"ation of Components 

D. 'Modular Coordination 

E. Type standardiza1~on 
F. Standardization of Joints 

tG. Tolerances 

5n. The Size, Shape, and Weight of the Individual 

Componen ts 1 
1/ 

Structural Systems and Joininq of Cornponents , 
The application:of Structurql Systems 

r 
STRUCTURAL BEHAVIOURS AND JOINTS OF PANEL SYSTEMS 

( 

IV. CASE STUDIES 

1. Tracoba System 

2. Wates System 

3. Balency System 

4. Tecl,lrete System .t' 

/ 

V. CONCr.USIOti 
'1 

1. Surnrnary 

2. Fut;ure Outlook 

BIBLIOGRAPHY 



( 

, ' 

,r' 

,~ 

j{ 
. ;:" 
,> 

\ ! 

.~ C' ~ 

1\ , 
t, 

1 \, 

" 1 , , r " f 1 • 1 . . , " ".' \.0 li ' '.' 
,!L.:._ .... \~r ..... 11'_--"1"1:-' ...,--__ ~,> 

\ 
\ - t - 1 

. ' 

'1 

, 

\ ABSTRACT 
\ , 

Arnong the various industrialized buildinq systems using , 

precastoconcrete for housing, panel systems are the most suc-
1 . 

cessful. 1ft 

systen, this thesis first TO, studv this t;Ype of building 

reviews the qenerâl princip les of precast concrete cons truc-. 
c' 

tion and how concrete components can be applied to housi~g. 

The m~jàr emphasis of this review i9 on the ~tructural use 

of precâst concr~te components ann the m~thods of joining them • 
, 1 , 

The dev~lopment of ~he various panel systems ,illustrates 

how they ,"are improvpd through experience qained in European 

cquntries. 

The case studies examine several widely used systems and 

indicate how gen~ral'and structural principles are actually 

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

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

tion. 
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Parmi les d~vers sy~t~mes de construction industria1ise's 

utilisant le béton "pr~fabriques pour 1 'habitation, les syst~rries 

de pa~neaux ont eu le plus de suc~s. 

Afin d'étudier cette méthode de construction cette th~se 

examine d'abord les principes généraux de la construction en' 

b~ton préfabriques et l'usage d'él~ments de béton dans la con-

struction d'habitat~ons. 

Cette revue met l'accent sur l'emploi en construction 
\ 

d'éléments de béton 'Drécontraint et des méthodes employées ~ 

leur é,\ssemblage. 
o 

L' I!volution des divets syst~mes de panneaux illustre leur 

d€!veloppement en fqn.ction de l'expérience acq,uisp. en pays 

européens. 

tlous examinons ici plusieurs syst~mes l~rgement èmp10yés 

et nous ii'loiquons les pr.incipes qén~raux, et les princ~pes de 

construction Qui V sont mis en oeuvre. 

Ces ~tûdes nous am~oent â la conclusion que le syst~me â 

rnùrs latéraux portants et celui 'employant des dalles â deux 
~ 

sens sont les mieux adaptés à la construction d'habitations. 
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This thesis lS a study of numerous efforts which have 

been made to employ precast concrete panels in industrialized 

building syst~ms far.housing. 

In response to the growing atte~~ion of architects to 
1 f' 

the changes in modern arc'hi tectural "~ractice brought about 

by lndustrializatièn and technologieal innovation, this study 

seeks, to develop the author' s ability to analyze existing pre

cast concrete panel systems before ~eleeting one for the design 

of a building, and also ta use tnè knowledge in· managing the 

?uilding process. 

The knowledge and experience gained .i~~thê development, 
~-,/ . 

of p~~cast concrete panel systems to its-, present state ~,ll ' 
/ ' 

serve as a useful tool in continuing efto:r.tf; to achieve >f-pr

ther success in the wider use of building sYs'~ems in providing 

mass houstng. 

,... 
\ 

" 

~\ 

" 



t.. - ..... , "'-__ . .-.:....._....a-, __________ -"'--'-_,_~. 1 i v 

~ 
h' 

r· 
lr 
l' 

,,1 
... ( . 

4 

1 
Cl 

~ 

~ 
fi t, 
t' T 

~ 

~ ". 

J 
& 

, , 

, , 

ACKNOWLEDGENF.N'r 

\ 

, l am indebted to Professor Radoslav iuk for his persls-

tent,guidance and sugqestions, especially his understandinq 
l, 1 • 

durihq difficultlp~riods. 

~ also wish to thank Mr. Donald Dixon, Arch~tect, fOr 

his' sU'gr'leS~ions and __ ("ri ticism ~nd o~f~ring~S tea~hinq exp~r

ience on this sub;ect: Mr. Michael Esar, ~rchitect, for help

inq me in p.diting and proofreading; Miss Maureen Anderson for 

her assistance during the process of ,"lriting~this thesis. 

This thesis could not have been ,completed wit~out the 

constant suppor't and éncouragement of my dear wife, \.ilY, to 

whom, l rledicate this thesis. \ 

.. 

n • 



1 
i 

I
~· 

, ,. 

" ~ 

l" <> 

~I 

,(i, 

\ 

f' . / 
~ 

,/ - l -' 

I. INTRODUCTI0N 

1. BACK(mOUND' , 

\ Sinee World War- .Ir, due to the population ~xplosion and 
\ . ,[ 

. th~: eoneentrati~n of urhan developmént, th~ demand for ~ousing 
,\ ' . \ 

as ~een inereasinq tremendously. Slmultaneously, the improve-
\ . . 

me t af.\teehnolQ9Y ," ~ueh as the invention of light-weiqht 
\ 

~\ 

buil ing m~terials, the innovations in hoisting maehinery, 

and thè, deve opment of nêW joining rnethods has enc'ouraged 1 the 
'\ T \ . l' 

developme~t of stems butlding. Systems building gained .. \ ' 

ini/ial,im~~tus in Europe durinq the 50s and 60s as countries 

e!:luilt, Cle~d slum • and developed new towhS. Volume was 

th priority. Systems b ilding o~fered speed while manufae-, , 

ture s eould produ~e'units 'n high enouqh v~lurnè. ' The aehieve

ment 0 "housin,q eons~ruetion f postwar Europe was a long 4 range 
\ 

d~velopme't\t under t~e\~~vernmen 1 ~ Roliey. The Governments of 

manv European countries'~ tablish d building codes ta support 
, . 

systems building for housin. Many 
\ 

xa~ples of systems buildi~g 

for hous}nq were eonstrueted \ 'n Easter Europe and Russia. Here 
\ 

government housing polieies em~~QYing a ompletely systemized 

1 f' ,,\ \ f h i h ·i method 0 houslng construdtlon ha~~Olved rnany 0 ter ous ng 

s_hortage problems. \\ '", 

, In the 'United States, the Depnrt.rnent of H using and Urban 
, 

Development (HUD) announeed in 1969, a \program e lIed "Operation 

, 

, 
'\ \ 
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C:I' 
, Breakthrough" which 'encouraged the e'!'ployJi\ent of industrialized 

......... · ....... s.1.. t' .., 

,,~m;;thods for' housing co~st;uction to Stve the housing prob1em. 

~~:;;~if' ~6rlp~ide '~e~ponse ~o a cal! Pt: submissi9~s', 22 '~on" 
\ ~-----.. .(> ~ 

tract6fwere awarded to systems produc ra. B of the 22 chosen 
~'~~>'";~:. l' . 
) 5yste~~~~j..lized precast conprete c~l1:".,;str.uè::tiO?' of; which 5 wer,,~ 

;'~j1 li 
Panel Sys temS'J?> ' -.fl 1 

• - <; .... ::. .... ...-)"'lt71 .ryl>J- .-' .. 1 . ~ 

WJt~ the ~~~~~; enco~rag~n~ ihb developmeht ~f ~ group 

of bui1aing system~~ami1ar to those successful ln Europe, t~e . 
l' • 

Congress of'the Unitè~ states add~d Secti~'S-I08 ~9 the H?using 

La,,, of 1968. l~ith the requitèments of concrete panel..' syste~5-'/~' 
,,~~~ ,..,/ ~ 

in mind, the law ~uthorized a progrà.m whicho cou1d gbarant~ a , 
, , /' 

market of 1000 unj,ts a yea-r for five years:,: for each' of the five 

panel 'systems. The idea'is c1ea~ A guaranteed market will 
'"'-'.. . -. , . . 

stimulate investmen~ tn factories. f " '1 .Factor1es, once buI. t, car. 

compete on the basis of'1owér'price. 1 , , '/ 

In Canada, there were significant contJibutions ~ the 

nèw appro ~ch toward. hous,ing. 'The H~b i t"a t 'l'ro tee t a t Éxpo '; 6:) • , 

implemente~ the idea' of using the box as al; asi'c' module to fOrIn 
( 

a housing unit. In connection with,t-he op/ration \Bréakthrough 

pro9fam of HUn, the submission ma~e q~' .)thtl Canadian 'f,irm 

Descon/Concordia Systems Ltd. was the on1~ non-U.S. proposal 

accepted. cana~!an situations para11el ~fose in the U.S. 
Studies in'this field are being conducted in varidus institutifns 

such as the Cent~a1 Mortg~ge and Housing Corporation, The NatiQna1 
~ ~ , 

Research Council, and th~partment of 'Industry, etc. 
1 ! 
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2. PRECAST CONCRETE IN INOUSTRIALIZED BUILDING SYSTE!1S 
) ,1 

, ,. 
Précast concrete has many ~dvantages when compared to 

\ i 

other modern material~ ~uch as wood, stéel, or p~astics~ The 

lm ... cost and ready availability of concrete Plake it a véry popu-

lar building l"laterial. plastic character 
= .1 

Its is most su,~table 

for mass production. Other characteristics sucil as bigh struc-

tural strenqth, high fire-resistance and durability are very 

important for high-rise multi-unit d~ellings. 

The constituent m~terials of concrete are cement, fine 

~nd coarse aqgregates, and water. The aggrc9fttes, either sand 
( , 

0l:" gravel or other lightweight materials are cheap and easily 

obtainnble. Cement'is the m~~t expensive raw material of con-
,'-

crete. Its constituent p~rts of calciu~ and silicates are~ 

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

inexpensive tlnd read1ly .:lvailahle materials. In sorne countries, 

where the natur~l reserves of timber, iron ore ana rnetallurgical 

coal are poor, it is inexpefisive ta manufacture cement. This . 
is also the reason why concrete became 90 popular after the war 

,in Europe and Russia when the supplies of natural resources, 

such as wood and steel had been decreased. This artificial 

material has ~ecome the most important building material of. 
,f:; 
''if ~ 

post-war Europe. , \ 

The primary goal of the industrialization o,f building con

struction i5 to rnanufac~uré compon~nts on an industr~ized basis. 

/ 

.] 
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Concrete, as a plastic ~aterial, can be'poured into moulds in 

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

any practical size and configuration for almost any building 

component. of the modern construction matrrials/ only plastic 

possesses this characteri ,howevér, the use of C plastic in in-

dus~rialized builcljng ',is still under investigation since its 

longterm stability and,fire resisting properties have not been 
. l, ,! 

verified. 
,f 

, J 

From the viewpoint of safety, fire resistance becomes an 
li 

increasingly important factor. Concrete i5 a v~ty good fire-\ 

proofing material because of- its nature. The use of concrete 
~ 

,1 

for the stl'uctural frame can 9ive go'od fire-'proofing, thus 

simultaneously solve fire safety and structural problems. For 
., . 

these reasons, in high-rise housing in areas of high population 

density, concret~~systems have proven to be very adaptable to 

fire safety regulations. 

Precast concrete, however presents severai disadvantages. 

Among these, ... reight and the need for heavy handling equipment . 
/ 

are the mo~t seriousi yet, many methods of solving these problems 

have been explored. 

f No matter how elega.n,~ "and l;'ght precast concr1te .}s compared 

to cast-in-place conè~e~, its weight fs the most serious problem, 
• fi ", 

in industrialized construction. ,The bulky and den"se mass of 

this material areates problems of transportation and hoisting. 

In ~ulti-story construction, the hèa';'y detrrd-load increases the 
r • 

• - ~l ' 

o 
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cost of the struc~ural system, particularly the foundation. 
. ~ 

For a~proximately one half o~tury efforts 

to reduce the weight of con6rete by introducing 

have been made 

light weight 
1 

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

tlnd presfressing techniques. 

The permeability of concrete due to its porous charactér 

mey adversely affect its durability, especially since the entry 
1 

of moistuFé and air ,.esults in trye corrosion of steel reinforce-

ment. ~~ porous character of conarete aiso makes it a poor 

insulator, requiring additional insulatipq material. The insu-
~, 

Iating quality of concrete has been greatIy improved, howev~r, 

with the use of light-weiqht concrete. Various types of light-- , 

weight concrete have been applied without additional insulation 
. 

in industr~alized housing, but the subsequently lowered strength 

" is a disadvanta~e. 

Low resistance t6 the frost and thawing cy~le crea tes another 

problem. Efflorescence presents problems for the exposed concreté 

surface which may detract from the appearance of the building. 

These negativc properties of concrete may be greatly mini~ized 

in factory-made precast concrete s/nce the manufàcturing process 

can be controlled under prec~se factory conditions, e.g. the use 
1 

of precise'molds, dry mixes, mechanical cqmpaction, steam curing 

methods, etc. 

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

structural continuity is, however, lost ,in pr~cast concrete. In 
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concrete high-rise industrialized housinq, continuity is necessary 
t 

for safety. This creates a joininq problem which i5 usually cost-

1y and labour intensive. Recently, the wide use of post-tension-

ing to achieve rigid connections for precast components has been 

an important innovation in solving this problem. A more detailed 

d~scussion of this subject 15 presented iri section 3 of Chapter II. 
1 .. The color and texture of raw concrete are generally cons id-

.... 
ered ra~her plain and crude. rlsually attention must be paid to 

o , 
the choice of molding material, the application of surface-pro-

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

face texture. ~his however requires extra work and expanse. 

In general, as the weight of concrete is reduced, its use 
• 

in systems building for housing can be expected to increase. 

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

p. 110. 
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II. GENERAL PRINCIPLES OF PRECAST CONCRETE CONSTRUCTION IN 

SYSTEMS BUILDING FOR HOUSING, 

When precast concrete is used in systems building for 

housing, it i9 usually in high-rise developments. This means 
, , 

new concepts in housing design, components and' structural lay-

out. Precast concrete components cé\~i~e cast either in the 

factory or on the building site, depending on the size of com-

ponents required. 

, To achieve high industrialization, the systems approach is 

used. Through this approach, the most ~fficient organization of 

the entire building process should result. The key factors which 

produce successful precast con crete housing are: 1. standardiza~ 

tion of component type and structural system: 2. modular co-
, ' 

ordination: 3. perfor~ance control; 4. consideration of ,design 

and ma~ufacturing tolerances: 5. size and shape of components. 

The selection of a structural system is a very important 

factor in determining the' success of precast concnite 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 structural systems are . 
applied, as will be discussed at the end of this chapter. 

The general principle of the use of precast concrete in 

different types of housing is shm17n in Figure 2.1. 

~ _ ............. ----, . 
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, ,1 
series large 
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structural 1 

closed component cémpone:nts open component 
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re.inf orced prestressed 
concrete concrete 
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framed system box system panel system 
-
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ü housing 
• types 

t L 

lO\ll-rÎse medium- high-rise rise 

! 
1 1 

IÎ;!: 

single -double , \falk up apartment unit unit multi unit 

fiG. 2.1 

ClASS~FICATION OF PRECASI CONCRETE CONSTRUCTION 

IN DIFrERENT TYPES pr HOUS'ING 
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1. CLASSIFICATI0N OF PRECl\ST CONCRE'J'E CONS'l'RUCTION , 

Two types of construction methods can be ~istinquished 

relative to the location of the precasting work: factcry pro

duced ~nd on-site produced.' The former is appropria te for rnass' 
, 

production of large -series of standardized housing components. 

The latter is appropriate'ly used as t\lie au~iliary rnethod to 
"" / 

produce smaller series of large-size components which are in con-
- ' ({1 

venient to producc in the fàctory due ta transportation limita-

tions. Sorne systems adopt on-site precastinq for individual 

pro;ects primarily becanse of economies in trnnsportatio~ costs 

and the yaricty of cornpnnent ·de~iqns. 

A. Factory prnducpd 

1. ~dvantoges: (compared to on-sit~ precastibg) 

a) Indcpen~ent of wenther conditions since the work i5 

pf!rformed \1ithin permanent factor~es; 

b) pcdtktion of labor cost due to t~e well-organized work 

force; 

- c) Hiqh m~chanization and autnm~tinn under qood and con-

tinuous factory-control; 
<" . . cl) Precision rrocluot~ hecaush of ensy cOMp~cting ~f dry 

mi~ ~nd hotter controlling nf thc,curinq proccss. 

'2. nisanvnntMfcs: (Co~pnred to on-site prncaqting) 

a) Precast products must he transported té the erection 

1 • site, sometimes over great distances therebv raising costs: 

;' 

__ ~" ... ~ _T"'_~~"""" ~_ 

.. - . 
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Th~ numh,er of ;oints in thcl"Structure i5 incrcélsed ne-

cause ,'smaller sized members are produced for the sake .. 
n~ transrortability~ 

, , 

c) Hir;h ~:t;"eay.aqe rate durinq transnortation and erection. 

~. 

B. On-site Pr~castjnq 
) -

1. ]\n.vantRQes: (co.!!'oared tn th~ factory-produced Method) 

a) rt"hC' ~li'Tlinati"'n--ef the nccd --For transporting precast 

~ro~ucts over great distances. 

h) TJi'1rq~-si7e cormnne'nts precélst on t'1e sïte require onlv -- , 
verticnl l-}oiFlt ~quipTTlent; 

c) ~eduction in the numher'of hoists and joi~ts since th~: 

num~er of rr~c~stinq comnnnents is reduced; 

• 'dl ~he brcakaqe rat0. of the products i5 decreased. 

2. nisndvnntacrcs: ,1 
(compared to factory-produced method) 

a) nepE'n~encv on w~ather conditions: 

h) A low dcqrep. of mechani7.ati~~ hécause of the temporary 

nélture of ~ite wQrk~ 

c) r.. ImV'er quality of precast products, resulting from less 

pr~cise mixture and curing cnntrol. 

A. Cornponents of a'Hdbsing System 
, 1 

The components of a housing system are composed of the . 
following parts: 

, ' 

, l, 
.1i,f'11 

l,' 
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1. structural member 9. bathroom 
/ 

,. 
2. outside wall 10. foundation 

, 
3. windoTtT ,Il. ceiling 

4. outside door 12. roof 

5. interior wall 13. lift shaft 

6. intcrior door 14. stain'lay 

7. framinq 15. others , 
8. kitehen ,; 

B. Slosed and cEen Svstems l ,2 •• 

1. C10sed system: Components are assembled in sueh 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 

in France. 

2. Open system: Comporients can be interchanged within 

groups of different systems.. Ins'tead of the original single 

producer, different manufacturers can incorporate their products 

in one an? 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 ~ot confined ta be 

" used in housing construction anly. They can be adopted by 

builders of'different types of building ~onstruction. The same 

wall panel component for ex~mples can be ~mployed for dwe,lling, 

or for office building. The final stage is sa called compre-

hensive component buildings. 

To achieve this stag'e, the following steps must be taken .. 
inta account: 

-,,_ ....... ,-~_ ..... -~ ~~----.... ~ .... " .. 
.. ~~~ ---"', .. 4 '" 

", 



~ 
} 

l', 

i 
t 
f 
~ , 

~ 
f 
i 
r 

? 
J- C! i • ~ 

~ 

t 
;. 

t 
" 
; 
~ 
< 
f, 

i 
t 

~ 
/"'/-

: {j~' 

i it,~ .... 
~' , 

1 
f 
î 
f 
~, 

'. 
A' 

'" ' .. 
1 

(, 

- 11 -

\ 
, a) Setting of norms (or normalization) and 

• 
for the components; 

b) 1>1odular coordination of the camponentsi 

c) Type standardization; and 

d) Standardiz~tion of joints. 

C. Narmalizatïon and Stannardization of components 3 

Many indu5trialized countrie~ have a central bureau or 

institute ta regulate the standardized no~ms for the building 
, v.. \. 

components. The ,setting of standardized norms-prescribes the 

propcrties and the quality rcquired of building components. 

The closed systems nee~ not be standardized for mass pro-, 

duction. Only a requirement for a_suffi~~ent number of identi-' 

cal units i5 needed so ,that an econornically'satisfactory produc-

tion can be es'tablishe,d. ,This 15 why sorne of the closed housing 

systems adopted on-site precasting technique with a l~wer de9ree 
, u 

of mechanization compared te that applied in a permanent factory. 

However, standardization rnay contribute to the success of 

closed systems in sev~ral ~ays: 
.. 

1. Less cO,stly when components of closed systems are made 
" . 

in part from standard units; 

'2. Freedom of choice of finished material obtained from 

other sources and offered in standard sizesi and 

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

other applications' if they are standardized, thus reducing the 

cost throuqh inc~e~sed producti~n. 

,"" 
• 1 

l , 

" 

. '. 
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The qradual evolution of compone~ts of closcd systems has 

been\ considered as' a naturai and logi'"cai approach to the develop

ment of open syshems. In fully developed open systems,~ all the 
~ 

components ,for housing are available f,"L'ti)'!' "various sources and 
~ 

.t 
they are standardized to fit perfectly to~ether. 

D. Modular'coordination 4,5 

. 
"Modular coordination", is the name that has been almost 

universally adopted for an internationally agreed system of uni

form dimensioning in the building process • .. 
The module is a unit of measurement. Allrthos~ dimensions 

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

tion wfth other component!;! are whole multiples of this ba!iic 
~ 

module. Thus, modular coordination wouid serve a dimensional 

guide both to the manufacturers, offering them a 1i~ited set of 

coordinated product sizes, and to designers, offeri 9 them an 

adeq~ate choice of building sizes and planning grid. Normaliza

tion and standardization only give general rneasures for compo

nents, while the module"s are exact siz,es which both prescribe 

the dimensions of components, and indicate their po ition in 

the system.-

1. Mu1timodules à~d submodules: The sioze of basic 
\ 

\ 

module, ~f, is 'internatio~-ally estab1ished as 10 centiimeters for 
~ \ 

metric countries and 4 inc~es 'for 
\ 

\ 
\ 

1 

foot-'inch countries. For sorne 

! 

' .. 

\ 
\ 
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pro uct,' a selection of preferred modular sizcs must be made, 

such 
.' whole multiples of 3 M and ·6 M which serve as, mul ti-

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

(2.5 centi eters respectively 1 inch) which serves as a sub-

rnddule (or a infra-module). 

The common multimodules used in the C.M.E.A. (Council for 

Mutual Economie A sistance) eountries are 3M-6M-l2M-15M-30M-60M. 

For the subrnodule, he U,nited Kinqdom modular coordination 

standards recommend f r such sizes up to 30 centimeters, the 

use of. 5 centimeters CM 2) and 2.5 centimeters (in de~cen~ng 

order of preference). In the C.M.E.A. countries, the use of 

1/2M~i/5M-l/l()M-l/2()M-l/5()M l/lOOM is common. 
,'f " 

?~~ 
2~ ~ingle and additive c mponents: 

~ a) . Single components:' Gom nents,/having at least one 

dimension equal to the functional element which it is 

intended to create or be a 'part of, 'm,ay be called 
\ ,~ 

sin,gle components, e.9<. \ he length of the floor com-

\' ponents. 

b) AQÇlitive comp6nents: ,,,,hich o~the building 

\~~ite are added t~ other ~omp n~~ts of the s~e kind sa 

\ as to form in cornbination a fu ct\onal element,' ,May be 

called additive components, e.g. t~ width'of the floor 

components. 

The purpose of single component iB for s zc standardization 

while the additive component~ permit thcm to fo m, in various 

cornbinatiqn, aIl modular dimensions. 

'" ' 

, : , 
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3. ?lanninq grid of housing: Certain~dimensions such as 

thickness, resulting from considerations of an economi9 nature 

may possibly not he modular. The thickness of floor may influence 

the room height. It ~s usually not possible to have bot~ story 

heights and roorn heights modular at the sarne tirne. Thus it ia' 

internationally agreed that the vertical coordinating dimension 

is the story height. For housing construction it is to be chosen 

frorn arnongst the following dimensions: 26~1-27~1-2BM-30M. The 

modular room height is chosen from amongst the following dimen-

sions: 2 3M-24~1-25~-26M-27M-28M. 

For the plans of nousing, the horizontal dimensions Most 

commonly used are 3M and 6M. 

The thickness of the" wall lik~ that of the floor slab May 
; 

not be given modular dimensions with good economy. In order 
< 

to keep'the planning grid in modular co~rdination, the center-

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

grid Hnes, regardless of the wall\ thicknesses. When the cênter-
, , \ 

" lines of walls coincide with grid lines, the room dimensions 

will he non-modular (Fig. 2.2a), and when th~ surface lines of 

walls c01ncide w~th grid l1nes, one side of the wall is rnain

taining a fully modular situation; on ,the other side a non-modul\ar 
1 ~ 

one (Fig. ~;2b). Sornetirnes regardless of grid lines and to keep 

every room in a modular situation, a "neutral zone" is arranged 

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

corresponding modular thickness (Fig. 2. 2c). ' 
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. E. d d ' . 6 , Type Stan ar ~zat~on ," 

Type standardization of material, component, and structure 
• 

in hou,l';ing construction Mivcs the p~sSihioli ty oJ obtaining th)e 

greatest degree of repetition of aIl operRt~ons and products , . 

r' 
" 

in design and production. ~he'reduction of the infinite, variety 

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

'importa~t steb ~owarrls,industrialization. T~e djff~cu~ty-of-

type standatdization. is ,that it sets up a completely new pattern' , 
of satisfying demand, and" afficts the client as 'well as the' . 

• ~ 1 • • ... ; .... :: 

compo?ent manufacture;. and designer. Therefcre, stan~ardization 
, • 0 ,~ 

, . . ,,' " ..... 
",i6 r(lther. a psychological attitude before' i t becOmes a tecbnical . ' , 

\ '" ' , . 
measure. Speaking of ~cono~y and efficiency, the less the ty~es 

... 
< 

'and 'sizes of çomponent., the cheaper the cost. Meanwhile, type 

standardization permits a specification of assembly groups acting . . ~ 

on the site, ~implifies\and decreases the variety of the erecting 
, ' 
~ 

equipment, whicn results in ponsiderable e?onomy in the housing 

cost. 

, g 

,~ 1. Cycle of Tvpe ~tandardization: Type standard~zation --- ~ . 
is limited by t~chnical progres'i3. New requ'irement~ of designer 

as wÉ:ül 'as naw methods 'of production and new material make it 

~mpossihle te malntain the ~:;b~litY of'pr~uction quality over 

. a Ipnq. }ler iod:'~.Qf time. In E~ropean countr ies, 'a typif icati9n . 
~" 

\ ~ 

, "cycle was tr·,i'ed. In the·· • .process Qf preparation of 0 typified. 
_ • 1 ~ "." t w

• r .. ~, 

desi~ns, a ,new planning ahd volume scheme was designed on the . ; 

'. \ ' 

~ 

\ 
" 

~ . \1;\ ' 
o , 

, 

" 

, 
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basis pf currently 'produs-e'd- component:s, struct~res, and techno

logies in order to satisfy new performance requirernents and new 
1. 

requirements impôsed on ~he s,tandard of building. Then in "accor-
~ , , 

dance with the P?ssibi1ities of the,technical development of 
, 
\ . 

construction or ~he successfu1 tesults of research and deve16p-

ment, a typifie~ design usinq" ne~ products, structures, or a 

~ new'technology should be taken into consideration. It enables 

.t 

~ ~ 

the preparation of high standard typified design. However, it 

is,necessary to shorten the typified cycle and thus speed up 

the preparation of the new typified design. 

- AR Precast concrete i5 used a~' a typified materia1, the 

aeve1op~ent-oi' t~pe standa~dizaJi~~must be adjusted in acco~-
\ / ~ 

dahé~ ~it!t 'the new research and deve1op~ent', for instance;--ele-
, ./ 

variauR 1ightweight concrete, prestressing techniques, etc. 
o. 

F •. Standatdization of,Joints , 
The d.eyelopment of modu1ar ~oordination and of industri~ 

alization can 'o~y progress when the joinin~ prbblems can be 
, , 

. adequately solvad. joints u~ually serve two,purposrs, they, 

nat on1y join precast components together but also can be 
J 

a?justed to take up,the dimcnsion~l deviation. Versatile types 

of joints will be 'required to fit for various componept combina

tions. However "to simp1ify the asscmbly procedure!' the' prin

ctpies 9f type standardization should aiso he applied for the 

joint design. , 

! ' 
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For type standardization of joints, the tolerancès for 

both production and assembly must he worked out in advance ~ 

durinq the desi.~n stage.. As soon as the systems are opened 

and ho~sinq i5 planned w±th ~terchanJeable compone~ts, the . , . 
tolerance concepts represent the decisive precçndition for , 

easy exchanginq of cornponents • 

G • " a, 9 'J'oleranées 

One major requirement for precast units in indùstrialïzed 

housing is dirnensional,accuracy. ft 15 necessa~y for cornpo

~ents to be interchanqeable~o fit t~gether ~asily, and to 

ensure that joints of satisfactory appearance can be applied 

between thern. Factors àffecting dimensional accuracy are 
" usually due to: 

1. Inaccuracy i~ mold. dimensiop at the time of casting: 
( . 

2. Inaccuraèy due' to the placirtg and compaction;' espe-
1 

1 • 

cially th~ tolerance in thickness when casting horizontally: 
1 

3, 1'1arp in -the panel due to un~yrnrnetrical curing and 

uleve'n staçkinq;\ and : 

4. Volume 'chanqes due to shri~kage and temperatu~e. 
1 

l ' .' , -) 
The fOllowinq table gives a ge~eral concept that in a 

, / 

l , .1. 
highly rnechanized factory, the tolenanceS of components can 

be~ reduced a qreat a,rnount in comparison with' those produceCt 
J ' 

·by .on-site precastinq or 10w mechanred,.fact.o~; ( 

1 

• 
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TABLE 2.1 - SUGGESTED TOLERANCES 

TYPE OF COMPONENT 

In Righly 
On-site Mechanized 
Precasting In Factor~·. Factor~ 

l-1old tolerance 3.0 mm 1.5 mm 0.5 mm 

pro?uct~on tolerance 8.0 mm 5.0 mm 2.0mm 

, Erèction ,tolerance 6.0 mm 5.0 mm 4.0, inm 

Total talerance 10.0 mm 7.0 mm . 4.5 mm 

'H. . The Size, Shape, and \\'eight of the Individual Component 
.. 

The he~vy weight of precas~ concrete causes g~eater problems 
1 • 

tn transportation, handling,.and lifting of the individual corn
'.// 

., . ~ 

panents as weIl a~ lncreasJ.~g the/expe.n~es for the transportation " 

and erection equiprnent. I~'addition, the dead weight of the . -
structural system is aiso increased and thus creates addit10nal 

ex~nse for the foundations •. Therefore it is important t~ 

investigate the appropriate size and shapè of the precast com-

ponenj:s. .-.... These components should be selected on the basis o~, 
-, 

the considerations sU,ch as: ... 

1. 
- ~~ 

Limitatio.n of means of transportation; . 

Lifting capacity of the crane sinc~ econJ~y can he 2. 

'achieved as the weight ôf component is designed as closer as 
." 

the lifting 'capacity of the crane: . , 

1" 

• 
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3. Tolerance requirements necesspry ~O~ ~Odular COO~-
dination: and 

4., Ea~y operation of joining with other components. 

One tmport~nt advantage of the machine-produced components 
<, 

is the repetitive production. That is, components of compli

'cated shape are possible without the difficulties of many exp~n-

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

to ease the handling work for the hoistinq equipment. 

The choice <of the size and shape of the cornponent depends 

on a cèmpromise between the conflicting objectives: 1. To 

create the largest possible element in.order to have the fewest 
1 

number. of ioints, 2. Ta create the smallest or lightest possible 

element t9 achieve flexibility and ease in transportinq, handling, 

and liftinq into position. 

"'here are many methods to lower the ",~iqht of large-size 

componF.!nt: 
< 

1. Increasinq the strp.ngth of cQncrete by using high-

strength cement, m~chanical compaction, high-pressure and high 
\ 

tempera~ure steam curing, etc.: 

2. necreasing the dimension of the cross-section by using 

the high-strength materials for prestressinq or by using the 

wire-mcsh for reinforcement; 

3. Oecreasinq the ~ensity of concrete b~ using 1ightweight 

aggregates or introducing air or gas bubbles into thé concrete; 

~. 
f- - ---f"' ", . ,. 

.o't.t... ___ tt_, M~_"".' 
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4. Usinq the most efficient shape analysed from the 
1 

precis~ structural design1 and 

5. Providinq complete continuity by p0st~tensioning or 

other jointing methods. 

3. STRUCTURAL SYSTEHS Atm JOINING OF COMPONENTS 

Precast concrete structure,s are of many ~ypes, primarily 

because almost aIl concrete structures, whether plain,rein-
, 

forced, or prestr~ssed, can be prefabrlcated. 

Basically, the use of precast concrete for the structural 

frame of a housing project can be divided into three systems~ 

" . . , . 

( 
'1.' framed (Fig. 2.3) 1 2. panel (Fig. 2.4) and 3. box (Fig. 2.5). 

( 

In precast concr~te const~uction, due to the need to re-

duce members into component sizes suitable for manufacturing 

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

most Important features of concrete construction - continuity -

is forfeited. In comparison, cast-in~place concrefe cons truc-

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- ' 

du'ally manufactured precast components are usually joined 

together by bolts, welds, or dowels. 

. -
(;) 

'-'-,'~'--'_._--

\ 
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unl~9s the ioints are especially designed for rigidity, similar 

to those of cast-in-place or post-tensioned joints, they are . 
tao fl6ible ta transfer moments of' significant maqnitude "from 

one member ta another. 

with rigid joints, the distortion caused by a load on one 

single mem~er i5 seen to spread to aIl other mernbers of the 
1 

structural frame, although the magnitude of deformation decreases 
.Il 

with increasing distance from the loaded member. If a member 

carries transverse load, ~uch as element 3-4, the end rotation 

"r" caused hy the load must be superimposed on tnose due- to rota-
'\ 

tion 0 c~used by the continuity at the joints (Fig. 2-6c). The 

final end slones are seen ta be the sums of Q and r. The deflec-

ted shape of the membpr is considerably smaller than that of a 

simple span. 

In mul ti-s tore y structures, the structural s tahili ty aqainst ' 

horizontal loads requires sufficient rigidity of joints. Fig. 2-5d 

shows that in addition to the rotation à2 and 64 , one end is 

displaced horizontallv with respect ,to the other by the amount d, 

resultinq in an additional rotation d/l. Th~ final end slope e~ 

should be the sums of individual contributions ~ , dll and r., 

Recause the ;oining of components i~ a weak spot in the 

overall strllctural system, the response of a structure ta movil)g 

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

from ea'rthauake, wind, or explosion must be investigated. 

There are çasically two ways to make a building safely with-

stand earthquake load~ngs~ First, a bracinq system with enough 

1 - , ------"-"-
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FIG. 2.'3 
FRAME SYSTEM 

rIG.2.4 
PANEL SYSTEM 

FIG.2.5 
BOX SYSTEM 
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strength ~o respond within the elastic range is used ta with

stand seismi-c or base shear. Secondly, it i5 necessary to de-

sign into the structural frame properties that are moment resis-

ting in the elastic range and which offer ductility,and energy 

absorption beyond the yield level into the plastic range during 
\ 

a major earthquake. ' This se~ond method i5 cheaper ~ince we draw , 

on the reserve strength in the plastic ranqe. GenekallY, a rigid 

rnoment-resisting frame syst~m can take considerab~ more earth-

quake load than a more rigid panel 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 for the rnoment-

resisting three-dimensional frame "K" 15 0.67, only half as 

rnuch. This means that due to its built-in ductility, the rnornent-

resisting three-dimensi0nal frame ~an be designed for half as 

10 much lateral load as the shear-wall typé of panel system. , 

Quantitatively, the lateral force applied to the building 

varies not 9n1y proportionately with the seismic intensit~ in 

,any giv~n area, bu~ also must ~e adiusted for the "period" of 

the building. The "pert~d'" is the time it takes the stru<?ture 
o 

to sway back and forth during the earthquake vibration. It is 

dependent upon the structural height and plan di~ension. In 

practice, the lateral force used in design is further modified 

to reflect the type of bracing system. Experience nas shown 

that'the panel system has relatively interrnedi~te periods-and' 

should des.i,gn wi th an increased force. Ho\\'ever the moment- • 
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resisting three-dimensional frame can be d~signed based on a 
.1 

lower force than for common types of framing. 

Wind loads are also important in the design of most struc- , 

tures, but accurate predictions of the wind 10ads to -which a 
/ , 

structure may be supjected cannot be made in the same manner 

a~ those of seismic intensity. Especially for tall buildings, 

the velocity gr.adient of the wind is unknown. Usually instru-

ments are installeo on tal1 buildings to measure the wind pres-

sure which actual1y occurs and provides informatio~as recommen-

dation for design of .tall bui lding. For low-rise buildings, 

however, there have been few field measurernents of wind loading 

aqd recommendations for desiqn have relied almost entirely upon 

the resu1ts of model studies. The controlled wind flow from a 

wind tunnel simulates the natural wind on the model being tes~ed.ll 
In structural design applications, the usual practice is to 

convert the ·dynamic pressure arising from wind action to the 

, . 1- . f 12 equ1va ent stat1c orces. In multi-storey housing, the exter-

nal and internaI wind forces on building must be taken in design 

application •. For building with wall openings, the interpal pres-
" 

sure or suctlo~ acting on the walls and roof are especially im-
1 

portant. ~he iDints ~ust provide sufficient stren9th to hold 

structural comJ!'oficnts together. 

F.xplosion ia another type of impact loading althouqh it 19 

not a usual cas~. The collapse of a 24-storey wing of a hiqh~, 

rise appartment in .. London, England, in May, 196.8, due te;) a ga8, 
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explo~ion, i5 making experts take aolong, hard retrospective 

look at the disaster in an inquiry that could have impl,ications 

f f b ' t' 'h' h ' , 13,14 or pre a rlca lon ln 19 -rlse structures. Since an ex-

plosion is a potential hazard, even though remote, an effective 

type of joint continuity should have been, provided. While'wi~d 

and other normal loads were providcd for, evidently the possi-

bility of an internaI explosion was simply never considered. 
v 

The choice of structural system to satisfy the local codes 

and regulations is a -considerable faétor in systems building. 

The joints,' therefore become important-and theiro design will 

require rnuch expert skill and greater assernbly care. There are 

basically~four ways ta connect the precast components:--

1. Bolted jàints; 

2. Welded reinforcement and concrete protection; 

3. The combination of precast concrete with cast-in-place 
1 

1 

concrete (composite joints); 

4. Post-tensioning. 

A. Framed ~ tems 

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

and floor slabs. Heams and co"lumns can be cast ei thcr as separate 

linear components or combined rigid framp compQnents, depending 

on the size of the structure and the convenience of transporting 

and handling. 

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

" 

distinguished ~s' recta~gular, !-, T-, Double T-shaped and hollow 

sections. 

l' 

, ,-
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B. Panet·Systems 
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'1-' • 1 

These types of systems ideally comply with the character 

of reinforced concrete where the struct~res'bear the load in 

their own planè. Structural components belonging to this group 
t> 

are load-bearing walls, two-way load-bearing plates a~d slahs, 
• ..,. 1 II' ' 

fqlded plates, and shells. ·In housinq construction, only load-

,hearing walls and slabs are greatly used. 
"If 

. Th~ joinin~ prohlem is difficult since there-is a long 

)oining line \ol,here the two, surfaOes meet. The joint can b~ 

d'esignecÎ for 'ohJ,v one degree' of freedom. UsuaJ.ly the floor 

panels are s~pported a10ng their edges by a sufficient number 
. 

of ~oad-bearing \wall panels, arranged to unitê the floor panels 
\ 

.within-the building. Joints het~een the,vertical and horizontal 

l 

plan~sfa~e only adequate for resistin9 horizontàl and vertical 

forces~ b~~. they are not mo~~nt-resi~t,ing. Special ,precautions 

must he taken for this kind of joinin,g m~thod: 

1. Carefully designed joints of adequate strengthi 

2. Preçise manufacturing tolerances for èomponents in t~e 

factory and precise erection tolerances on the site; 

3. S~rict and careful supervisioniof erection on the 'site: . 
4.' A. sp.condary moment-resistinq 'system in the structure 

h, 
~ 

for~~nc'l (Incl lëltcral for cos must be provided. 

C. . 
1 
:"j 

') 

Box Systems 

',) l' 

In h~gh labor co~t ,countries, there is a tendency to use 

-~---

-----

, 
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weight, for industrialized, 

housing sys ~m;, especial)y n the United" States and Canad~. 

t 
1 0 

The entire house, ~s prefabri ated in the factory, then trans-' 

ported to the erecting si tel The original form of this kind 

of pr'efabrication is the !!labile home. The reason for this' is 

primarily econ~rny, as the"on~site labor cost is almost entirely 
r 

èliminated. Recently, the box of a complete dwelling unit was 
1 • _ 

used as a basic module and cdmbined with other boxes to form 
\ , . ' 

a housing éomplex." This idea\o was f irst implemented in the 
1 0 \ 

Habitat,project of EXP9 '67 i~ Montreal. Later, the Puerto 

Rico H~bitat, and the Uniment \, and Shelley systems a.dopted a 
, , 

similar concept. 
'----

" From/ the structural Vie\~~oint, the who~e box is prefabri-

cated in, the factQry by using ~ither the beam and column or 

rigid frames with infilling panels or the wall panels rigid1y . , ' . 
, . 

conn~cted wi th fl,5:>or or cei,ling slaps. Thj.s way, the joints 
" 

for one complete box unit are aIl joined together or cast ~ono-
• ' 1 

1 . • 

lithically, in,"the f~ctory, "therefore only the joints.between 

boxes are ne~ded ,and much of the on-site e~ection cost is eli-

minated. Mowever, the uS,e of heavy machinery such as gantry 

. cranes is necessary,~ on the site to lift up the box. The most· 
e 

1 0 

serious problem ~n uSing'this system i5 optimum box dimensions 

'and weight with respect to the tran~portation methods. 
o 

c 

In general, the framed box is liqhter than th~ monolithic 

box as ,the infilling panels can be made of light-weight material, 
. " 

while the manUfacturing process·of monolithic'boxes is simpler. 

"', 

( . 

• <, 

, , 
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4. THE APPLICATION OF STRUCTURl\L SYSTI..:MS 
J 

The structure which can be s,a,tis~actorily produced by an 

"industrialized buildinq system for housing must be suitable 
. 

for both mas~ productinn 'and simplified erec~ion procedures. 

,,;Easte'rn Europe has employed large panel systems which are 
l , . , , 

mainly bascd on tl)e t;.wo-way span system Ifh~re inter.ior load-.. 
bearing concrete walls and 'concnete p~estrcssed fl?or panels -

. 
are used. ,The self-supporting non-structural walls', provide 

only. thermal insulation. .. 
, 

Russia has achieved 'Înuch suécess in u~ing large 'panel sys-
• 

tem~ in the past decade. Initi~lY this type of system encoun

tered a number of problems, partic~larly with joints of compo-

nents. Thus the trend\in Rus~~a today leads to the box design 
'. ' 

by assembly of panels into box shape~ in the factor1. Since c 

" . } 
~. 

~. .. .. , 

(1 

.J ' 

. , 

the box is very heavv; s~metimes welghing up to 13 tons, heavy \ 

gantry cranes are required for on-site handling. Another type 

of Russian bOx system tS'ba\ed on the framed box system. A 
-

reinforced concrete bas~ slâb, precast prestressed columns and 

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 asbesto cement for the e~closure walls' and "ceilings 

alleviate the weight problems. 
, ~ 

Most of the Western European countries have adopted" the 

panel~system. "They include:, 

1. Longitudinal wall systemsJ 

2. Cross-wall "systems: 

3. Two-way span systems. 

" 

.. 

;. 
, 
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In recent years, the impetus of the housing deman~ makes 

us look back toward the experience and the achievement gained 

by the European Systems. Many large panel systems have been 
.1 

adopted by ar-chitects and prefabrication firms. The Techcrete 
/ ' 

, , 

System, forcexample,'iR a panel st~uctural system developed 
.. 

by Carl Koch and F.ngineer Sepp Firnkas, ~~ich had its first 

application in 1963 w~en 200 ~our-storey units were built in 
~ 1 

Roxbury, Massachusetts. 
• • 1 

"Operation Br~akthrou9hW as descri9~f in the previous chap-

ter, resulted in the selection of twenty systems, of which eight 

were precast concrete systems. 
. 15-18 systems: 

Among'the eight, five were Panel 
1 

1. Henry C. Beek Company prop,osed a system based on the 

French Balency ,preca~t concrete system. 
, 

2~ fescon/conco~aia prop~sed ~o URe prestressed post,tén-

sioned ~oncrete or simple reinforced concrete cross-wall system. 

3. 'Modular. Commun! ties 'Incorporated has acqu.ired the 

American ~ights to' the French developed Tracoba 1 cross-~all 

system, and proposed this. 

4. Rouse-Wates proposed a system based on the English on-
- , 
site and factory produced precast concrete bearinq wall'system. 

5. ~orest City Enterprises, Incorporatedrproposed a pre.. 
cast concrete system using both floor and wall panels which it 

had developed. j 1 

• 

" , 

" 

-1 
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STRUCTURAL BF.HAVIOURS AND JOINTS OF'PANEL SYSTEMS 

There are man y ways in which the components of panel sys-

tems can be classified: 1. From the viewpoint of design, the . ~ 

components can ~e distin~uis~ed according to their function in 

the building. Therefore, walls may be external'or iriternal, 

struc~ura~ or non-structural, while slabs may be floors, stairs 

or roofs; 2. They may be classified according to their struc-
; 

ture, fabrication, or material qualities. Thus depending on 

t~e materials used in their production, the y may, be homogeneous 

(F~. 3.l) or composite (~ig. 3.2,3.3); 3. According t9 their 
1 
\ 

cross sections, they m~y 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 method of 

suPP?rt and rein forcement, for instance, slabs can be one-way 

or two-way.l 

Interior structural walls are generally built of homogeneous 

panels of ordinary concrete. Partition walls usually use other 

materials liqhter 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-bearinq walls or nory-load bearing 

walls. 

Generally speaking, a panel system consist~ of two major 

components, walls and slabs. Walls carry loads in their own 

plane, axiallY loaded-in c~mpressioA. They can he divided 

... 

\ 
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b. Cored 

a. Sk.l.tel 

c. Ribbed 
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HOHOGENÉOUS COHPONENTS 

\ b. Compound ", 

a. Solid 

rIG.!.! 

COMPOSITE COMPONENTS 

1. precaet concrete frame 
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b. Cored J. ribbed-concrete 

la. ineulating leyer . 

c. Ribbed 
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~nto three cateqories: 

1. Load bearinq wall panel: It bear~the load in its 

own plane. 

2. Non-load bearinqv wall panel: ,.It carries its own weight 

and does not support the f100r lpads. 
# 

3. Shear wall: It provides three dimen,ional stiffness 

to the total structural assembly since the wall itself is placed 
" 

perpendicular to both the slabs and the load bearing walls and 
1 

thus the complete assemblage can réS,~st horizontal as well as 
, 

vertical loads. ~labs are loaded perpendicular to planes and 

carry forces in bending and shear. TwO-\ofay slabs are usually 

supporte'd along at least three edges 'while one-way slab are 

usually supported along two edges. 

For sinqle level housing construction, the floor or roof 

slabs are usually sufficiently stronq to provide the required 

lateral stiffness. For multi-storey housing, the shear walls 

are employed to provide riqidity in both longitudinal and trans-

verse directions. The main task of load bcarinq walls, which 

are considered to be effectively supported laterally along their 

horizontal edges by f190r slabs, is to carry vertical lo~ding 

from slabs and upper storey walls. The vertical forces acting 

on the floors are transmitted to the load-gearing walls as uni

formly distributed line forces~ ~The horizontal forces,'mainly 

the wind loads and seismic 10ads are also transmitted to the 

loa,d-be~ing walls as transversé shehr forces which act on the 

joining strip between the floor and wall and they are usuelly 

only considered in high-rise building,construction. 

- l~ --., () .... , " 
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In low-rise~housinq, the floor slabs can resist horizontal 

loading by bendipg in their own planes in the sarne manner as a 

girder wall and ~hus effectively transfer the horizontal Ioads 

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

,infi*itely rigtd plate~ 

In rnulti-storey housing, the Ioad bearing waiis are usually 

supported by the ~ntersecting structural or shear walls. If 

rlght anqles are maintained, it becornes imp~ssill~ for the edges 

of load bearing walls to deflect a substantial arnount horizon-

tally. Even thouqh the shear wall is not used for vertical load 

transfer, the lateral bracing potential of this riqid vertical 

plane i5 utilized in stabilizinq multi-storey building against 

the forces of wind or seismic shock. 

Joints in the panel system are ver~im ortant. The con

structional requirernent qoverning the j ning of components 

depends on the pa~ticipation of the wal and slab in the func

tians of the building as a whole. The joints must be able to 

withstand the sarne forces as would exist in the corresponding 
\ 

sections of a monolithic structure. The joints $trips between 

wa~l and slab are rnainly acted upon by normal vertical forces, 

and the joint strips between load-bearinq wall and load-bearinq 

or shear wall by tangential forces. 

Joints in the exterior wall must be weatherproof and ther-
/ 

rn~l barriers must be forrned to prevent heat lasses. Joints in 

interior walls-should form effective acoustical barriers. 
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A. Longitudinal l'Jall Sy~tem 

The lonqitudinal-wall~sY5tem applied tO,housing has much 

in common with traditi9nal block and brickwork techniques. The 

main 'load-bearing precast conc~ete walls with proper thermal 

properties are placed longitudinally, e.q., parallel to the 

main axis of the building. External walls in this system serve 

as hoth structural memhers and also barriers for vi5ual, ther-

mal and acoustic purpos~s. However the load-carrying character 

limits the window opening. This system i5 seldom employed in 

detached hou~ing desiqn sinee the required large glazed areas 

of the exterior panels dictate the use of precast framed sys

tems. Lonqitudinal wall syste~s are more appropriate in the 

building of schools, hospitals or offices where smaller window 

openings are sufficient for the ~pace requiremcnt. 

Lonqitudinal wall systems have been used extensively in 

France for the ~uick and economical construction of the apart-

ment'hlocks. The hasic French trùditional construction is 

typified by ro'm of houses with middlc longitudinal bearing 

walls, and one-way floor slans supportcd bet~een these middle' 

walls, and the front and back walls incorporating the "French 

balconie5" (Fiq. 3.5). Fiqure 3.6 is an example of a housinq 
1 

con,struction' emp~oying the typical longitudinal wall system 

which is best known as "Coignet system". This system, designed 

by Edmond Coiqnet, was the first prefabricated syste~ used in 

France. He used a longitudinal w~ll system for the first time 
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1. Load-bearing Window Wall 

2. L'oad-bear Ing Wall With Door Opening 

J. Load-bearing Wall 
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.in building the Casino at Biarritz. A typical floor plan of 

a housing project built on thi~ system i5 shawn in,Fig. 3.7. 

The joining'method can be seen in Fig. 3.B. Figure 3.Ba shows 

~ vertical joint while Fig. 3.Sb shows a horizontal one. From 
1 

this joi~ing e,ample an ope~ drain type joint is used as a 

vertical joint for weather protection. T~e design i8 such 

that elements are simply placed in contact with appropriate 

ton gues and grooves ensuring accurate registry. This automati-, 
1 

cally leaves the ~ecessary spaces for grouping. Except for 

the ,steel tiàrs protrudincf from the precast elements, aIl addi tion- >-
, ,,," 

al reinforcement is inse~ted in the field. No special shuttering 

is required on site for grouting concrete. 2 

3 Variation of this system are shawn in Fig. 3.9. The 

Leningrad Sxstem'in Fig. 3.9 uses piers and linteIs,to ~eplace 

the longitudinal walls. The piers between windows carry loads . -, 

from lin tels which bear both the floor load and the load from 
, 

the piers ahove. The horizontal sills are non-load beari~g. 

In sorne designs, the space between the piers is filled by a 

reinforced concrete window. 

Figure 3.9b'is a sketch showing the Moscow system where 

the floor slahs are supported on~the transverse Iiittels which 
" 

in turn sit on the 'longitudin1\l bearing wall. Normally the 

interior partitions co'incide with th~ line. of cross lintels. 

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

lintei a~e changed from the transverse dirèction into ~he long~-

~" 

" , " 

, -
1 
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one and are 
o !, 

considerably .'horte~~~n in the previous 
. ),j ! " t\dinal 

n sterne. 

building 

The use of this system i ~particularly, j~stified in 
1 

with large cross spans '20'-0" long. 

A' further development oj the Moscow system can be seen 

in Fig 1" 3.9c. The middle, row of longitudinal bearing wall 

is changed into transv~rse direc ion to bear the load from: 
, " . 

" " , 

the cross.lintels. This system wide use in Czechoslo-

vakia. Brick, is normwlly used i concrete for the 
. ~ bearl.ng wall. 

" 

These variants of, longitudinal wall systems 

obviously the transformation of framedconst~uction, especially 
:. 

o 

the ,latter blo systems whose arrangemen t of beams and piers 

resemble that of frarned construçtion. 

t Two much more' clear examples of mixe~ framed and ~anel 

structures can b~ seen in Fig. 3.9d and 3.ge. Both arrangements 

ha~e,been used 'in the.R~ssian building industr~. The s~heme in 

Fig. 3.9dnis Simila~ t; Leningrad 'system whêre"a longitud~nal 
~7 

framed cornponent of beams and columns is'employed to~replâc~ 

the middle longitudinal bearfng wall. In three-bay or corridor 
, f 

~ , (, 1 

housing arranqe~9nt, this fram~d compon~nt can be replac~~ by 

two sirnilar ro.ws. The ,xample if Fig. 3. 9,~ i~ a slide vari~~ion 
, . 

pOf the Czechqslavakian syAftem where the transverse framed com

ponent of « double-cross shnped'precast unit'la employed to 

replace the transverse load-bearing piero . 

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

~liminate the limitation pf window opening a~th~ugh large opèn-

• 
~ .... -::::--: - \" ::;-. 
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ings May increase the cross-sections.,of the lintels. However 

the exterior piers still main tain the various functions sûeh 

as load-bearinq, the~mal, visual, and ~co~stic purposes. In 

the 1ast two figures, (FiCJ., 3.9d,e) the ~loyment of the 

framed componènts a110ws a freer ~chite~tura1 design of the 

interior space. 

',.. 
B. C;oss-Wall ~yst~m 

This system is the most common system in prefabricated 

i . { i housing construction (Fig. 3.l~). ~ nce the ma1n load-bear ng 

• walls are placed at.' right angles Jo the' main axis of the build

-ing, the exterior wall can be non-load bearing or eurtain wall. 

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

facade 'wall is ridn-load bearing wall, the appearance may s'till 

be similar to a longitudinal hearing wall system. The distinc-
Q/ 

tion between them is in yre internal structure of the wall 

~--=c:..c::0mponen ts • Their therm~in9~lation property however i9 the 
i / 

9am~. 

~iqure 3.11 shows the floor plan of a,three-bed room apart-
, ( .. 

ment which is a housing project built in Rotterdam, Netherlands 

bYoadoptinq the French coiqnet system. 
1 1 

According to the Dutch 

building reg'ula tinns, the floor ~ust not be supported 'n the 
~ i 

original Coignet systeril external walls. Thus the (Fig. 3.7) , 
"-

of longitudinal walls had to he changed. In this projëct, the, 
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a. L~ning~ad Syat •• 

piera and lint.le in longitudinal direction 

6 

1 

b. Moecow"Syet •• 

longitudinal piera wlth 
ttahaverae lint.la 

l 

c. Czechoalovakian Syate. 

longitudinal exterior piers and ·tranavar.e 
interior wlth,tranever •• lint.l. fIG 3.9 
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DEVELOPMEWT Of PANEL STRUCTURAL SYSTEM 
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cross-walls adjoining the, staircase wall, the ventillation 

blacks, and addi tion'al planes parallel to the facade are used 

to provide the required longitudinal stiffness. 

Usually, satisfactory joints betwe~n the load-bearinq 
• • 

cross-wa!ls "nd .non-load hearinq external wall" o-r the joints 

between non-Ioad hearing walls and floor slabs are not easy 

to attain. The construction of the joints for this Dutch Dura-

Coignet system can be seen in Fiq. 3.12. The principle of 

construction is the same as used in th~t of Coignet system 

(Fig. 3.8). 4 ) ) 
, 

Another French building of the "CaMus" system utilizesrthe 

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 use of l~rge prefabricated panel in 
/ 

France, although fo11owing close mehind are the Barets, Estitot, 

Cauvet, Costama,gnâ, and Salency systems'. The Coignet and Camus 

systems each have a special factory for panel manufacturing

operations. IFiqure 3.14a shows the typica1 plan of this system. 

Facade panels in the Camus system are made by laying a sheet 

of colored tile mounted on brown papor into the bottom of mold. 

~ thin layer of morta~ is spread, followed by a layer of con

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

'polystyrene is next added with a sub~tantial inner leaf of 

reinforced concrete which i9 smoothed sufficlently so that it 
, 

will not req~ire plastering. The units are assembled in a 

- ~ - ~--""'_-' 
..L .b'._._,",~_",.~_ ...•. ,~~., ~ ., 
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rather unique manner. In the joininq of fa cade wells and 

cross-wall (Fig. 3.14b); steel rein forcement l~ops protrude 

at both ext.:~r~, non-load ~earinCJ walls and interior cross wall. 

These are allowed to ov~rlap, and a, stêel rod Is pushed ln be-. 
tween~them, tying the panèls together. Joints are then grouted, 

producing an extreme~y rigid structure. 5,6 

The f'lanish Larsen-Nielsen system produe~s 'sindlar system 
, 7 

as Camus for industrialized housing (Fig. 3.IS).. 
"," 

I~ Normally there ar~ two different ways to treat the joints. 

The facade wal~s cover the outside ~dqes of the structural cross

~~lJnd coveri'ng str,ips are used' for the edges of the floor 
1 

slab. i The e~amples already diseussed are in Fig. 3.8, 3.12, 

3.14. 
. " 

In the second method, the faeade walls are laid 'on 

the floor slabs and flush ~ith the edqes of the crosa walls. 

1n thls erse. the edges of the ,floor slab and crosswalls are 

visible on' the facade. 'Figure 3.16 shows a Polish T-3 type 

system erected at Nowe ~{chy Silesia is an example of this 

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

tural units easily cause excessive heat los ses ~ue to the "COl' 
: " 

joint", thi~ arrangement should be,avoided in the co Id weathex! 
, 

FurtherMore a.speci~l effort should be take~ into accou~t for e 
, .. . 

.' h f~ . hl \ Even ln t e lrst case, sUlta~ ~, ,;'acoustic and vi"sual l reasons. ,. . 
\ , 

thermal insulation should ba applied to the edqes,of the 1 exter-f. 

lior wall-to avoid excessive heat loss. 

The exterior walls of th~ orosswail system are not neces

sarily made of concrete, and freq~ently the external cladding 
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panels are constructed wit~ other mater!als. However th1 use 

of larqe liqhtweiqht concrete panels for exterior walls is 

Most common. 

Examples of the deve,lopment of crosswall systfltm can be 

seen'in Fiqs. 3.17 & 3.18. Figure 3,17 shows 

of. the girder walls which replace the~interior crbss-wa,l 

J\ Russian housing proiect in MoS;,cow has adopted this sye, em. 
, , 

The loading fram upper stories are distributed to 
1 

column 

portions of the girder w~lls. Each floor slab is 

the· beam a t the upper edge of this wa Il and i8 
/III. 

. 
by 

recess. -The girder wall itself is actually a frame inf'lled 

w!th a th!n concrete panp.l. Since the main loads are c 

by the frame~ doors can he open~d~ the·thin pan~l as 

In the case of Fig. 3.18 r the L-shape load-bearinq wall re-

,place the cross';aUs. The main advantage ~. that such fall~ / 

are stable during thè erection process and do not reqUite tem-

porary propping. Polish :~F-62 (Fig. 3.,19) i8 an e,xampre of 

this typ~ of construction. 
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In'/thi~ system, since the load-bearinc:r walls are repiaced 
/ 

in both lonqitudinal and transverse directions, the finished 
4~ 

bUildi,ng a~e. riqiQ in bothj directions (F.iq • 3.20). MaximUQt 

benefit iR d~ived from the Two-way'spanning" it the spans 

are equal. Another merit of this system is the reduced deflec-

tion compared with one-way ~ystem. 

The two-way span systeM i9 seldom used in housing cons truc-

tion. The main reasons can be as follows: 

1. The.load-carrving character of the faca~e way.f're

stricts freedom in the, design of the larqe glazed are~for the 

window openings as in th~ case of ~he lonqItudinal wall. system. 

2. The structural wall pan~ls should usually' coincide 

with the room-d~vidinq wall from the view point of economy. ,,- . 

If the interior space arrangement can form square-shaped rooms, .. 
the two-way slabs are the most economieal solution, effecting 

l' 

substantial saving in steel reinforcement. However typical 
" 

housinq plan arranqement uRually adoot a double-loaded corridor, 

'and thu9 'the use of this system increases the number of intér-

ior lonqitudinal wall eomponents and restricts the plan layout. 

3. Slabs are usually prefabricated as ~onq staves whieh 

will he mainly reinforeed in the long direction, sinee the 

long staves may be more easilv handled than a~onolithic fIat 
1 

plate. Therefore, the erosswall system i9 more popular than 

two-way système 
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1. load-bearinq .indo. panel 

2. load-~earinq .al1 .ith door ope"ing 

J. load-bearinq .a1) 
4. l.o .... y roof slab'''' 

5. t.o .... ay 'Joor ~l~b 

r • 1 
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( 
In ft typical two-bed room apartment built in East Germany, 

exterior walls are made from reinforced l~ghtweight concrete 
• • 

of 76 lb/cu., ft. density and supplied with windows and window 

sills. The surface is finished with colored cement martar, 

ceramic stucco or other material. The ducts for electric, 

sanitary and heating insulation were cast into the exterior wall. 

~-in. layer of plaster was prefinlshed for the interior 

surface in the fac~or~~rior wall~ are made from or~ 

dinary reintorced s~one concrete of 137 lb/cu. ft. density, in 

thickness of either 4 or 6 in. These walls sus tain the load 

c 

-
directly from the floor slabs. 5'-2- "castellated" floor slabs 

are a1so made from reinforced stone concrete and fit neatly 
1 

upon the top of the interior load-bearing wall. The walls are 

co~nected by welding together the ex~osed eyelets precast at 

the edge of the walls. A subsequent concreting of the gaps 
, 

provides an extremely rigid frame work, which is able to with-

stan4~horizontal wind forces. The 'floor slabs are th en placed 
\ 

into position. The staircase and,landing were a1so precast 

components. Figure 3.21 shows a typical plan for thi,5 system. IO 

Figure 3.22 is a Polish OW-1700 type system. In this sys-

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

walls ~'1hile the exterior walls are non-load bearing si
/
11 panels .11 

A sch~matic view of a ring-frame construction (Fig. 3.2~) 

Jllustrates the rnethod used to reduce the -unit weight of the 

structure. Figure 3.24 i5 a typical floor plan of a Czeohoslo-
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EAST GERHANY fLATS 

Typical flooT plan 
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FIG, 3.22 

POLISH, OW-1700 TYPE S~STEH .. 
Typh:al floor plan 
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1. load':baaring window panel 
2. ring frame 

J. two-w.y roof a1ab 

4: two-w'ay floo,.. slab 

fIG. J.23 

OEVElpPMENT Of PANEL SYSTEM 

Tw~~ay span, ring frame construction 
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CZECHOSLOVAKIA~ BA TYPE SYSTEM 

TïPical floor plan 
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vakian BA type building for such a system which originated in 

Mos.cow hy W.N. Michajlov. The in~erior walls are composite 

wa11s ~lhich are not practicÇll. The n~w variation; of the BA 
1 

buildings adopted battery-mo1ded, ho~ogeneous precast concrete' 

panels instead. 

} -.-

1. 

·2. 

;\ 3. 

4. 

5. 

6. 

7. 
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'. 

Lewicki, B., Buildins W!th Large prefabricates, (Translated 
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See 2 

Diamant, R.l~.E., "Vive Conorete Panel System", Building Con~ 
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~v. 
/ . CASF .. STUnI~S 

Il 

A fe,'l of the cases chosen "and st"udied 'in' this chaptef re-
, . 
~'preseht sorne' typical examples of precast concrete panel housin9 

" 

syst~ms.- ~hey are used ta illustrate the qenèral and struc- . .. . . 
turaI principl,es of .precast cqncrete pane,ls systems which are 

~introduced iri the previous chapt:ers. Techcrete is an orig'inal 
, 

A~eticary_system. T~acoba'Balency and Wates were originally 
._' 0 

'deyelOp~d in.:' Europe ~and hàve bèen popular ever sinde., They 
• < 

, bave obtained' u. S. and Can'ildian licenses and are. also the chosen 
'? ,'~ ~ ( • 1 • 

• # ' 1 

"systems in Operâ,ti(,l)n Breélkthrough.1 

1 • - \ \ 

~ 

': '. <The.:st"T~ctural :~yst~s o~ these represen~ative e~amples 
.. ,~ - ,. ","':' 
on1y include.crdss wall,two-way span systems, ~s these seem . ~ ~ " , . 
ta' be the mo~t.:sui t8eble systems t~ b~ applied to ~yste~s buÎld:' 

ihg for h~US~~ 

o • 

'.-

, J , 

\, 
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TRACOBA SYSTEMl - 4 

- 115 -
/ 

)' 

DEVELOPING CO~PANY: -
France: Omnium Technique (OTH)· 

Britain: Gilbért-Asn Ltd. 

.' 
\ 
d 

United ~tates: Module Communitie~ Inc. (~I) 

COUNq'RY OF ORIGIN: 

Franc~ 

DISTRIBUTION np SYSTEM: 

, . 

""'" 

Franc., ttalv, S~itzerland, Gr~ece, Sp~in, .U.K., Algeri., 

and U.S. 

SCQPE OF SERVIC,f. a.. 
J 

Dp.siqn of uni ë$ and production Vletho'd: manu~acture 
,1 

YEAR OF lST PRODUCTInN: • 

1961 . o 

TYPE OP PREFJ\BRIC1\TION: 

On-site,factory produced ~nd on-site casting 
y 

S.cOPE OF C(,\HPmŒ~T"'S: \ /. . . 
~ 

I~ad-J:Jearing, cross-w,alls, precast floor slabs, sandwich 
• 

1 

j • 

type non-l0.adbearinq fa cade panels, sandwich type .loadbearing 
~ 

gable walls, precast Rhear walls, shaft walls', pr~cast stairs, 

etc. , . . .. 
. BASIC STRUCTURAL SYSTEMt 

. 
, Cros's-\>lall Systrm 

JOINING METHOD: 

S!ab-wall joints .f 

C ' 
*'OTH is a ci~il engineer~ng firm started in France in 1955. 

1 

t 

----t .. -.. ..,..·, '·-~~r_::_~;5~,f" •. ~;:,,:i,.-;Z"Wii;dliùiiJl ·i:s::Jfilll.I_\ftlf!-::··::.i1iMÎ'kiii1t~· ,. , ~-
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TYPE OF F0UN 0.\ TI 0» : J 1 

AlI types 

ROOF CONSTRUCTIOtl: 

Terrace roofing 

PLAtll'lING GRIn: 

Basic ~rid ls l'-O·, structural grid is l' -O·, maximum apan '. 
'is 1f3'-()", possible 22'-!l" 

HAXIMU,.. MODUT.E SIZE: 
, 

p-\"Or: S'-6" x 33· ... 0· 

F.xterior ,.,al1s: 8'-6" x 3J'-0" 
or , 

i Interior walls: 9'-6" x,33'-0· 

MAXIMUM BUILDING HEIGHT: 

23 stories, possible 30 .... 

EXTERIOR F'ltlISHE~ OP UNITS: -, 
" 1 L_ Washed-concretc, untreated concrcte, mosalcs8 tiles, molded 

shapes, sand-bla~ted, bush~h~ercd or exposed a99regate 

INTF.RJOP. FI'NI~HES OF UNI'l'S: 

Pain ta, parer, fAbric or Any desired finish 

,INTERIOR Pl\~'t'ITIO\;: 
• 

tight construttion components 8'-3" high· (plaster elements 

or wôodcn clement) 

MF.CIll\NICl\t, INSTI\r.f,1\TION: 
.\. 

•• 

Intc9r~tion during mnnufnctu!ing: clcctrical wirinq and ,out-

lets in exterior walls, iriterior walls and floor slabsJ. 
, 

plumbing wall fo~ be~rin9 or non-p*'lring wal.1; .llVJ\C sub-com
? 

ponents precast in facade *a11 , 
o 

TYPE OF 'uéms ING: • 
, 

Medium-rise and high-rise apartmerlt 

.. 



( 

~ 

~ 
~ 
t 
'" 

, 
';. , 

1 
;,' 

~ 

~, 
~ 

f 
[ 

" ,-----

- 47 - r-
1 
1 
1 
1 

This ls a one-contract syste~. There are no st~ndàrd plans. -
1 c 

1,~\Ch scheme is considered individually, but architec~ must work 

with the company ànd the structural engineers as a t,eam so that 
/' 1 

the basi<t,requirements of the system are absorbed. IMinimum 
1 

number of dwellings for one contract is between 300;and 400 unita. 
, 

, . 
~sually the simple floor and wal! units are manufactured in a 

casting bay adjàcent to the building site whiltil theimore complex 
/, 

facade or other special elements such ~s stairs~ aahdwich gable 
1 
1 

walls are made in a covered temporary si te factory iwhich i8 
, 

highly mecha~ized. 
1 

These factorY-produced compone~ts are ~sually 
1 

larger and more complicated. i 
• 1 

As the other cross-wall ~stern.introduced in ~hapter III, 

the non-Ioadbearing wall of this system can be of concrete or 

, any other suitable materlal. It is possible for or 

loggias or sculptured elevations to be incorporat d (Fig' 4 1) 

t 
.' 1 • • 

However, the use of a precast concrete sandwich p nels fô~ the 

facadeJwall in'order to reduce the types of mater al.and lncrease 
1 

the repetitive use of machinèry is usually adopt~d. In this 

Tracoba system, the facade walls are made in spe4ial molds which 

cao be pivoted ~rough 80 degrees in the 
1 ., , 

The wall panels are cast horizontally. 

greased. The window frame a~d ventilators are 

shutterinq. First'layer of facing material whi 
~ ceramic or rnosaic glass t~le, or Any other sui 

laI which can be mounted on brown paper 
1 

glue, are placed into the molds • .... 
1 • • 

on-site fact~ry. 

is slightly 

into the 

May either be 

e fieacing mater

ter-soluble 
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A thin layer of morta~ i~ laid to joint the facing material, 

followed hy a 3" t.hick layer of reinforced concrete. ~ layer 

of thermal insulation material such ~~ 41/2" qas entraincd con-

crete or 13/4" thick expanded polystyrene follows •. Then th~ 

internaI reinforced concrete leJf of 2" thick 15 cast on top 
(, 

\ 

and the uni ts ~rl'! T'lé1de monol! tllic b~' thp. croc;s-conncction of the· • 
reinforcc1'I'cnt 1'1~t",ork. The c;tee1 loops for h~ndling are cast into 

the inner wall leaf and welded ta t,e rpinfQrc~rnent of the inner 
-

leaf. Nhilc the c;huttcring i!'l filled, the intçrn!'\l stci'lm heating 
" 

of thC" mold h(l!; hef'm put in to opera tinn. Th~ mol el i5 covered by 

a Url I\no Cl1rp.o. Di~ch"rge t'Jf th#'" mf"'ld tilY.I'!R p1ilce by rotating 

the molds throuqh the oivot to an é11m~st ~erticaf position. An 

overhead crane then li~R the comnonents through the p~ecast steel 

loop. The co~!,onent is thcn transported to a storage yard 'ihere 

it is 'ke~-for sorne wl'!ek~ to allow for final hardening of the 

concrcte. 

~tr\1ctural ioints of thi's system are also thE" typical joints 

of panel systems (Fiqs. 4.~, 4.3 & 4.4). Non-load~Qaring facade 

walls are carried on the in~ide ldadbearin~ crosswall with a 
l4 

• 
co~nection bv metal Rlates which protrude from the inner leaf 

of the facnde w~ll. Thcse plate~ re~t on steel ~tirrups set in 
.. 

the im;idc 'ia11 p;)of>lR and the blo are wcldec1 to']ethcr "ncl th~ 

joints filled with cast-in-place concrcte. The sarne principle"ls 
" . 

applied on the connections bet\·lep.n (.oadbearing sandwich wall 

gab~e and facade wall (Fig~ ~.2) and between partition panels 

and fadade wall~. At connections of wall and floor, the v~rtical 

~- ------
..' .' - ff ~ 

1 "1~"r 

1 
1 

1 
"1 
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.. 
section throuqh the window frame can be senn in Fig. 4.4. A 

shcet of m<panded polystvrcne is i'hserted t'lhich afts as thermal 

insulation at this point and aiso as p'ermancnt shutterinq. Con

cre~e is placéd lnto this spael and is compacted by pOker vibra-
A 

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

. 4.3. 'T'he- r>recast flà~ slab are rei'nforced in transverse direc-
, .' 

tion and cast with,four\specially designen l~gs at the sides. 

The slabs are sot down unon the cross walls nt those four points, . , 

which leave a considerable spnce at the sides which can then be 

.. 

gro.uted. 

• 'l'his svstem allows flexibili tv in design And layout (Figs. 

4.6 & 4.1). The larqe wall,~anel,can be mass-produçcd. American 

(MCI) adopted this system as the basis of their Breakthrough 
• 

# proposaIs. The engineering firm incorBPrated on-site and near-

site factories producinq walls and slabs for use in single family 
~ 

dwellinqs or garden or high-rise aoartments. The modified inter-

ior wall iunction detail of the Tracoba system ean be seen in 

Fig. 4.5 for American practice. 
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fIC. 4.2 

JOINTS or EXTERIOR WAllS AND INTERIOR WAllS 

.. 

J, (roor al.b, 
2, load-blt.ring eros.-•• ,ll.l 
), lug 
4, in-situ e~ncret. 

" 

fIG. 4.3 
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• > 

JOINTS or INTERIOR CROSS-WAllS AND rlOOR SlAD 
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,-2. 
" 

DEVELOPING COMPANY: 
\ 

~ United KinCJdÔllu Watea Ltc!: 

United states: Rouse-Wates Inc. 

Canada: Modular Preeast Structures Lt4. 

COUNTRY OF ORIGIN: 

United Kingdom 

DISTRlaUTION OP SYS~: 

U.K., U.5: , Canada 

SCOPE OP SERVICE: , 
" 

'\, 

/' 

'" Technical to archi teetslengineera/contractors , production 

of components and erection. 

YEAR OP IST PRODUCTION: 

1962 .1 

TYPES OF PREFABRICATION: 

On-site factory and on-site casting 

r SCOPE OF COMPQNEN'l'S: 

Str)1ctural crosswall qrïd, exterior walls, panels, solld t 
1 

or with windows, precast floor slaba, stitched joints. 

BASIC STRUCTU~,SYSTEM: 

Panel system-with either loadbearinq crosswall or tw~~ar '~ 

gpa~ floor sl~s depending on architêèts requirements 

TYPE OF MODULtS: 

Preeast oross walls, exterior wall panels, preeast floor slab~, 

non-structural partitions, stairease, balconies~ the story-. 
, -
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hei~ht refu~e'chutes, ce~tain types of ~on-loadbearin~_clad

ding ,·,l-}enever the 5tilnc1ard tvP~s of lOlldhearing exterior walls 

ar~ non-applicahlc. They include qlaz~d ioinery units, con

cret!'! pan~l, story heilJht ,,:indo,·' urii.tq# profile unH5, et~. 

"Stitchrd" inints 

'1'yp~~ f'lF r.(')TI~'nl\'T"T(lll: , , 
\ 

Con"~ntin'n.ll c""structinn (lprendi'lCf on soil comoosition 

nonF' C0N!=iTPtTCTTON: 

Concrcte panE'ls, - grave! stucc~_roof 

.PIJ\NNING GRrO: 

Ba~ic Mo~ule is 1'-0", structural qrid is 8'-3", maximum 

span 1S 2!)'-O" 

~loor: 20' x 21' 

r.xterior \~ôlh; :' ?O· x 

lntcrior "1all~: 20' x 
" 

r11\X. FI UIT.n l 11r. Hfrr,n,!,: 
1 /) 

~5 f)tories, oractical 

EXTERIOR:FI~IS"ES 0F UN!'1'S: 

story 

storv 

limit 

heiqht 

heiqht 

/ < 
/ 

1 

, , 
• 

Form oôtt~rn, cernmic~, mosôics ~xposed a~greqates, palots, 

tUe nnn hrick fncinq, etc, 

IN'l'F'nIO'R F'nTJ~IIp.5 ()F' nNITS: 
, 

- Pôint, oapcr, li"lminates, texturcd plastcr f'inishes direct ta .... .. 
concrct~ valls and ceilinq ., 

INTEP.IOP PAPTI~ION: . '1 
Concret~ pnnels or light panels 
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J.ines of electrici ty, p1u.''!'tbinq and heil ting 'ne cas't in the 
1 

interior "mlls and floor slahs. 

TYPES OF !Jnus Hm: 

Lo,",-riqe ~nd hitt~-rise apartmont 

''J'he Matas c;vsteM \'lhich i~ Cl t"rical closcd housinq system 

is more of a met~od of production th~n il set of standard conpo

nents~ ;~e!PMplo~ent o~ on~site factorv equipped with highly 
, , 

mechanl7.ed production lino is the Mnin feature of this system. 

This productinn line is usuallv 3'1 '-(1" ... ride" covered with ,mobile 

shelter~ runninq on rails tn avoid win ter layoff of workers and 

ensure aIl weather operations. This manu~acturing 'area is con-

troiled and operated by a team of skilled laborers. The use of 
l' 

a corruqated steel nold which can be aùiusted by Moving its, side 

plates in 12" incr~ments is another f~ature. Interior crosswall 

panels are cast in vertical batt~ries. External walls and sorne 

of the floorinq units are cast in horizontal molds capable of 

being tilted up to ncarly a vertical ~0sition. stearn and electric 

curing spebds production and ensures that molds can he emptied 

and re-used in a 24-hour cycle. Thp. products arc comparable in 

quality with any produced'in a permAnent.f~ctory. ~ince this is 

a typical one-tract closed system, miniTTlum n~ber of dwellings to 

rnaintain i ts econQmy ils between 201)-300, depending on thé degree 

of repeti tion • 

, 

l, 
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Because of the use of on-site precasting, construction joints 

.ca~ be r.eot to a ~inimum'-by the production of the la~gest possible 

components within the capacity of the hoisting equipment. The 

location and )ayout of the si~e 'factory is made at the pre-contract 
, 

stage. Both tower crane and portal cranes are used. U~its are 

normally within the three or four tons "range but sometimes large~ 

cranes are used to increase lifting capacity upOto six tons. 
," 

Since tilC different projccts have their own standard compo-

nents, every attempt ~s made at the design stage to reduce the 
... 

number of ~ifferent types em~loyed in the construction. The 

nin9 grid of 12 ~ for the panels is strllictly follO\.,rcd in each pro 

ject, and the thi~kness of units are'kept standard. However, in 

the·project of c~ster housing at Ley ton, Englanq, which is only 
- ' 

, " pa'rt è df a housing scheMe, sixteen 4-story or 5-story blocks ~ 
"ft, 1 

.ri ' 

nearly two'-hundred different types of .compon~rlts including sixt Y 

types of floor slaba, °fi~tY~'SiX t:ypes of wall' Pà~and fifteen 

types of edge beams,' The degree of iridustrialization i5 obviously 

Thi,s, system allows, flexibil~ty in desiqn and plan layout, 

especially because of its one-contract character. The free 

·selecti0I1..0'f the exterior finishes either for thé" load-bearing . " 

facade wall or the non-Ioadbeari~g cladding pancl gives the 
il 

greatest possibi~ity of exterior appearancé (Fig. 4.8). The 

unique joints (Fig. 4.7) are used'extensively for every.wat:s 

project. Nall panels are equipp~d'with ~evellin9 bolts and nuts 

"\ 

. \ 

\ 

, . 
\ 

'\~ ~ooI,.,j t><I ...................... _~ ... ~ - ~ ": ... 



.. ! 

\ 

1 

i • 

. 
1 "", \ 
f 

! 
J 
t 

1 
, t 

J 
t 

t 
.t Cr" 
f 

1 
f 
f 

(1 

.. 

_____________ ~~ ... lMO" '"" ... _~ __ ~ 

---------------------

.. 

ON MODULE. 

IF PO_'&/-e. 

,) 

(, 

IN- 51TU STITCH 

'----- LaVE.\..INC4 <. L.IFT'''''') 
f)O\..T 

Typical Internal Cros8wall To - F'loo~ Joint 

FIG.4.7 

WATES SYSTEM 
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tower blaCK for Greater London (one form of standard to.er) 
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WATES SYSTEM 
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te align and connect ver-tically, w~ile'reinforci~g bars inserted 
. \ 

in loops projecting froIn the slabs give the joint lateral strength.-· 

The joint then i5 greuted. 

, 

(. 
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BALENCY SYSTEM9- 12 
.... s 

DEVELOPING COHPANY: l, 

'Origin sy~tem: French Entrepr~ses Balency & Schuh1 

Italy: Impresa Generale Costruz.ioni lillt1.tpA 

Great Britain: Bernard Sun~ey & Sons Ltd. Ho11and & Hannen 
1 

and Cubitts Ltd. 

Uni ted States: Dalency-MBH-US Carp. 
; 

COU!~TRY OF OFIGIN: A ". 
~ . 

France ~ 

~ ;J 1 DISTRIBUTION OF SYSTEH: 

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

SCOPE OF SERVICE: ~1 ~ Spain, United States 

Engineering of structure, layout and d~sign, project manage-

ment and marketing ser.vice. Furnish and erect components 

YBARS OP lST PRODUCTION: 

Frnnce: 1948 

United Kingdom & Îreland: J964 
; . 

If;rael: 1%4 

YEARS OF IST V.S. PRODUCTION: 
o 

1970 
\ 

TYPES OF PREFABRICATION: 

Cast,in factory, Ion-site casting 
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SCOPE OF COHPONEN'l'S: 

Precast wall panels including load-bea.ring sand\oJÏch facdde 
~ 

walls, crosswalls (party walls}, parti~ions, liIt ~hafts, 

stairs, core ~nits whiçh include the piping units, the tQilet . 
uni t, the combincd sani tary unit, the condui t unit, chimney Il . 
unit, c~5t-in-~ace concrete floo~s or roofs. 

BASIC STP.UCTtlR7\L S1STeEM: 

'J'\ ... o-, ... ay span panel system 

TYPES OF MODULES: 

/ 
Panels, Core units, stairs and ~iftshaft. 

JOINING 11ETHOD: 

Cast-in-place concrete floor combincd with the 'load-bearing 

wall 

TYPES OF FOUNDATION: 

Foundatinn slab or direct foundations, conventional 

ROOF' CONSTRUCTION: 

Concrete, panels, gravei stucco or accessible promenade roof 

PLANNING GRID: 

Optional: The use of cast-in-place concret~ for floors gives 
.tt 

flexibility in planning, usually using 12" grid, for exter- ~ 

ior and interiOl:' "wi th spans up to 19 ft. The maximum ~ span 

can reach 26 ft. 

MAXIMUM MODUIJE SIZE: 

1 
Fioar: roorn-size 

Exterior walls: 30' by story. hE}{ght 

Interior waIIs: 30' by sto:r;y height 

" 
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M1\XI~UM BUILDING HEIGIIT:", 

30 story, In Italy: 14, In Ire1and: 16 

. EXTERIOR FJNISIŒS OF. U~lITS: 
, , 

. . \ 
Patterns, ceramics, exposed aggregate, smoath or profile 
,.. • • n 

MECIlANICl\I~ It18TAI>L1\TION: 
, 

In~egration during manufacturing: ~lines of e1ectricity and 

heating in floors, exterior wal1s and interior walls; chases 
41 

for plu~bing and ve~tilation in interior.walls 

TYPES OF HOUSING: 
. 

The structùral components can be used in, low-rise medium-

rise, and high-rise housing. ,For Operation BreakthrougH, 

the Balency-MBM-U.3. company preposed a cluster dwelling 

environrnent, ~orrtbining' five-s'tory deck houses, two types of 

high-rise housing, and garden-type apartments. 
l , 

The, Balency system basically is an industrialized system of 

precast con crete ~onsisting of the rational manufacture of large 

compone~ts in a ~ighly mechanized central factory. Like many 

h
' . . ~ ., 

ot er French ~'ystems, ~ t loS a closed system where the components 

are not morlular. The height and width of the load-bearing panel 

camponents can be varied ta suit any ·design. l\lthou1h this' allows 

flexibility in design and versatile a·rrangements of plans and 
... 1 

faca'de, the degree of industrialization' is 'lowered. Tnerefore 

this system allows a minimum number of housing units produced 

'annua1ly ta comp~nsate for the high initial investment'of'the 

equipment and maintenance. ~he economics of one particular' pro· 

l' 

" 
., 

• 
,1 

1 , 
'1 

1 

1 
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ject depends Iargely on the distance between sites and central 
1 

faC'tory. According to J.P. Grezaud of salenoy and Schuhl,' the 
"-

system applies to the'manufacturing of small ~erie~, which may 

be blo or three 'flats per day, with Sço flats a year as a mi'rl1mum. 
/ 

One of the reaSOrlR of usinq ~ast-in"7?lnce concrete floor 
, , 

is to eliminate the cost'of transportàti~~ of this bolky compo-
, , 

nent and the p0sRible problem of traffic limitation from central 

factory to sites. Another advantage of thè cast-in-place con-
i 

crete floor is the monolithic character of the finished structure. 

However in the American Balency proposaI, precast cbncrete floor 
/ 

slabs of room size will be used sinee on-site labor costs are 
" . 

high and climate conditions inhibit on-site winter concreting. 

In France, the cast-in-place construction can be used while in the 

North-East United states, concrete cannot ~e cast-in-place during 

the win ter • 

The joining me:thod has to be carefully designcd to the load-
• 1 

bearinq character anù the soûnd ahd thermal insulation require-, 

.muent, espccially the 'joints in ext~rior load-b~arinCJ facade wall. 

Figure 4.9 shows that the edg~s of :thè exterior wall panels 

'have twin grooves and are joined there using cast-in-place con-
, (-. 

crete wi th a mi'lstic sealer. Horizontal joints are made oy sup-

porting thn inner le~f of the facndc unit on il puekeù mortur bcd, 
/, , 

and employing cement and sn~d to beur the floor'pancl. 

This system remploys rather complicated'functional units which' 
,~ " 

'are manufactured in the factory. For example,' ·the ,cQ.X'ed uni ts: 

using in the Italy J3alanèy-M!3M are made t\olice as \-dde (or more) 

~s ordinary internaI wpll panels. They contain nUmerous outlets 
o 
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'1 

'i for water, ventil~tion, sewage and other utilities. The compo-

Î\: nents are manufactured in a Horizontal mold and aiso bear hand-
, ~ 

1ing loops, -as do the other types o·f. wall components. The re-

"1)" movable covers are cast on these uni ts and permit pipeline joints r

to be carried out readi1y; other types of. functional units may 

" 

. 
be manufactured accordin~ to different design. In the French 

J. 

Balency system, the piping, toi1et~ kitchen, conduit, etd. are 
li 

separately produced into different types of units. These factory-
, 

made units allow fast on-site assemb·fY. Howcver, 'the erection . 
must be in accordance with the drawlngs prepared by the architect 

for difFerent projects. 
, 

, 
1 

Most of the French and Italian Balency systems are applied 

on high-rise housing. In the V.S., the Henry C. B~ck Company , . , 
r . , 

~mployed this system for its O~eration Breakthrough ProJect. This 
> ! . 

system i5 very 5uitable for hJgh-density loc~tions in urban cen-

. frs" especially the de~k hou~e apartment layout where the deck 

eas provide.private opén~pace for occupants (Fig. 4.10). 
ri 

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

this system was used fo, towers, linear blocks, and 1ow-ri~e 

housing (Fig. 4.11). ~' 
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SALENCY SYSTEM ~ 
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4. TECHCRETE SYSTEM13 ,14 ... , 

DEVELOP:ING COMPANY:' 
'/, ,1 
C~rli Koch St Assocïatiçm 

• l, J 

" r 

COUN'f~.y,l OF qRIGIN: 

O~,S.A. ) 

SCOPE OF SERVICE: 

Archi~ectural planning and d~&ign, construction engineering_ 

Units by selected precaster. 
• 1 

YEAR OF, lST D.S. PRODUCTION: 

1967 

o " TYPES OF PREFABRICl\TIOtl: 

Using extJ;'udod molds in on-sit,e facto't'y and on..,site precast-

ing. 
" 

SCOPE OF CO~œONENTS: 

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

"sed floor pla'nks extruded in factory, precnst staircase, 

precast bat~room and kitchen units, etc • • 
BASIC STRUCTURAL SYSTEr1: 

Crosswal1 panel system with .precast. floor panels., 

TYPES OF HODULESz 
" 

'Floor, wall panels" stairs, sal!itary units, etc. 

'JOINIUG HETHOD: 

Post-tensioned vertically over height of building 

TYPES OF FOUNDATION: 

L, 
Precast concrete panels o,r convention'al construction 

l , 
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. 
ROOF CONSTRUCTIO*; 

Concrete ~nels with 

PLANNING GRID: 
\ , 
Basic module is 1ft', 

MAX. MODULE SIZE: 

""" 
gra~el lItucco 

2ft, 3ft, an .. d 

• ~ 

4ft. 

" 

The structural 
D 

, , 

Floor: 32'-;6" long by 4'-0" wide and 8'" thick., 
~ 

, . ,) 

Exterior·walls: 32'-6" by story height (8'-O~) and an .thick • • 
Interior walls': 32'-6"'by's~ory height (8'-0Ir) and·8" thick. 

l~X. BUILDING HEICH!: 

, 30 stories 

EXTERIO~ FINISHES OF UUI'l$: 
" . 

Convéntional constru,ction of concre,te panels or alurninum 

panels as curtai~ wall, options'in ~pplied surfàcings. 
'. 

INTERIOR FINISHES OF, 'UNITS: 

Paint or surfaïing by others. 

INTERlE)R' P1\RTITION: . , ----
Conv~ntional plaster panel~ on stee+ framing 

.INTEGRl\TION DURING MANUFACTURE: 

utility line~ incl~ding eiectrièity, plumb~ng, and HVAC 

may}' fi t into _ t~~,_ho_~low cores of the floor plank& or rj.sers 

may be stncked vcrtically in interior walls,. 

TYPES OF lIOUS ING: 

'Low-rise and mediurn-~ise units, including town houses and 

walk-up units, and high-ri~e urban cornmunities. 

" 

l, 
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cari Roch' s' Tecllcrete Syàt$m :was ,an ,ear~y" temp~ _ to !adopt ' . .. , ... 

a- systems approach for plann~~,g. and desi:n _ of hdusi~g 'i, il the' ". 
~.'. • 0 ' - . \ 

Unl.ted states-. It wa1!:i an effor~,.,to ~ho ",r; cp":crète 'for inc.iustri'a-
. 

l:izcd housing.:· Compared to ~u~opean pr c~-r;t:'lConcrete systems., t,. 

F.~pean èqun' /1:ie5 ',: the"' degree G~ me:"h~~' .'() ~r··· . 
h~s b~en 9reaf,ly r~~uced. 'This system 

" . 
especiaYly thos$ of East 

a~ization, and"automation 

'adopted, a' sim'Ple partel system, on the basis. of, the l:;ur~ean'" . 
j" 1r.' ... 4. 

p. '(',.. + 

.. 
4".,. ~ ~ ___ .; \ ~ 

exper~ence. T?e use of load-bearing concre~e cros~wal~s gava the ~ 
AL \ 

) most effective way to use the ",at;erïal 'to /me~j~, h6usi~9 .require':,'· 

ments. Concrete floor staVeS é!re preGast:' and pre~t,resseq ~o pro- , 
.... . 

vite the Jlarge span-o post-tensioning. 9:ves an easy mea,ns to j9in ... 

the;ïs tructux:al comp~n:n.ts t~gethe~ '" ''li th pres ~ressîng tecq.no~~- , " 

gies, wide spans at low co st will pr~vi~e adequate pla~nin9 ~lexi 
., ' 

'II \ 

bcs .designed and pre-meahanical-' nn-i-tS-.a.nd.....s.~ uni ts has . ~ - ----.--..." ~ 

" 

-.' 

," 

fabricated in the' factory, but projects 
, " 

- ~ " _~t A_~ --~" . ..,-.. _~.... . Olt Op> 

comp.1eted to date' h~Ve-" --------- --. 
conventional 'partitions and exterior walls 'constructed oh site • 

. Th1~ allows :leX1biHty, of deàiq~ and _~lant: in~ ~~t.li in use and 

appearance. . ,- l ',' II;" , 

~ Sinc~ this ~ystelr\ emphas;ze~ the c~nk~Pt> 'of flexibility, a 

" ( ) ! , 
,\, -, .. 

. , 

$ 

" , , 
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'l, footings 
2,'bearing walla 
3, shear wall 

6 
LI ; 

.' 

r.t11 : .. , 
~'~ 

~ .. 
.... 

6, floor slab with 
,7, atalr 
8, floar planka 
9, bearing wa11s 
HJ 

;' 

lintei .-

• , 
\ 4; landing lintel 

5, sub-landing 
Il 

roof planks 
roofing,insulation,and r1ashing 
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TECHCRETE SYSTEM ~TRrrCTURAl 
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. 
seriep of planning modules was designed to achieve this goal, 

neg1ecting the possibility of greatest standardization of com

ponents. According to Mr. Koch, there was less thall one-third 

of the system which would be standardized and the rest wou1d 
/ 

depend on discretion of the architecte ", 

Fig. ~ .14 shows the panel structural frame wi th bo'th facade 

ends opan. The con~ntion'a1 method for the non-10adbearing facade 
, 

wal1s can provide greùt flexibility and determine the appearance 

of theC6uilding. If Fig. 4.14, the flexible arrangement of the 
'" 

~nterior partitions within the crosswalls gives different layouts 

for different housing types. 

, 
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v. CONCLUSION 

summary 

The industrialized building system means the large scale 

use of standardized f~ctory-produced buildin~ components. It 

also mean~ a"mechanized bui~ding process, either in thefactory, 
, . \ 

on-site, or in near-site factories. It is a continuous process, , 

involving ?lanning, progrômming, design coordination, the manu-

facturing of building components, .and finally the execution of 

repetive construction work on-site. 

The research in'to and development. of precast concrete has 

led to a great deal of i~provement in the strength, surface 

finish, joining methods, and lightness of this material. Build-

ing code authorities have attempted to estab~sh standards which 

will enable designers of industrialized building systems to 

ensure the safety of their structure. 

The design of adequate structural j~ints or connections 

reduces on-site labour and ensures -continuity of structural 

cornponents. Cast-in-place concrete joints and post-tensioning 

with a laVer of mortar hetween components are the most effective 

ways to satisfy structural and weather requirements. 

Large precast concrete panels for walls and floor 51abs 

in panel syste~s are a 'feature of many of the 5uccessful build-

ing systems for housinq. Apart from the time saving in assem

bly, there 15 also the cost savin~ achieved by the elimination 

, ,1 

l' 
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'of interior.finishes and the incorporati~n\of services within 

the panels. ~hey provlde not only load-bearing càpabili~ies 
, -

but alRo hiqh standards OI acoustical privacy, thermal insulation, 
l ' 

and fire-resistance. The mechanioal requirement and utility 11nes 

of a housinq system can be pr~cast into these components before 

erection. 

Larqe load-bearinq panels can be used for single ~torey, 

medium-rise, ~nd hiqh-rise housing, where they are ~aaptable 
, . 

for different circulëtfion patterns suèh as stairwells.access, 

corridors, a~d balcon~~p as ~elilas for'tower~constru:tion. 
Sandwich walls whic,h combine the dense load-be~ring panels 

o \' ,~i th addi tional insula tion such as expanded polystyrene or gas-
cr" 

entrained concrete can be used for facade \olalls, gabl~ wa3Js, 
1 • 

party walls, and partitions. The floor slans may be one-way 

slabs supported on either lonqitud±nal wa1ls or cross-walls. 

They may also span in two directions. 

In comparingQthe struc~ural behaviour of the three ~ane1 

systems, the cross-wall system ia the most popular one in use 
L, ;._ 

today because of the flexibility it provides in the architectural 

treatrnents of facades and in,inte'rior planning, while maintain-

lng aIl the advantages of other two. 

The success of precast 'concrete panel systems described 

ahove has led te larqe-scale programs to develop these systems. 

Sorne of thes~ programs are proceeding rapidly, and-there i5 r 

_./,"" 
little doubt that precast concrete panel systems will play a , , 

\ 

large part in the production of mass housing in the future. 

." "' 
j 
,,,"~ .. _--------------
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Future Outlook 

, ' , 
To increase the usa of precast con crete panel system~, action 

\ 

rn~'s t be taken: 

1. Tq furtbar méet the dual goals of ~ncreased production 
1 .'" Ct' 

{ . 

and reduced costr 
/ 

2. To increase produ~tivity through more mechanization, 

ano to decrease on-site"labour; 

3. 

1 

To ohtain mo~e standarqization, interchangeability, 

and quali ty; 

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

manufacturing of cornporentsi 

5. To shorten the construction periode 

Continuous reseé!rc~ ,and development in p,ret:=ast concret'e 

construction, therefore, must be undertaken to obta,in a high-

strengt~, low-densicy material. Improvements in lightweight 

concrete and in prestressing techniques are ess~ntial. 

, ~he system approach must involve the organization of pro·: 
/ 

,~ramrninq, planning,.oesign, financing, rnanufacturing, constr~c-

tion, and evalua'tio,n of building's under' a single 'or highly co-
'. _\ " 

or'dinated management: Tpat ï~, it must become an efficient 

tatal process. 'AlI too often, disc~ssion~ of "s~s~ems" tend 
c , , . 

te focus on the ,"Rit of parts" or "hardware o~ building" rather ~ 

than the process of buildfng. 
, . 

Futur efforts must, ther.efore,' 

érnphasize the tdtal process,"the ration or ,management prin-

ciples w~th buildiryq systems. 

'. 

.. 

If> 
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In an overview, the futuresuçcess of systems building lies 

_~ot onl; in the technoloqical advancement,- but also. in the im

provement of the socio-political-econqmic' e,nvironment. ln the 
,11\ _ 

future, central' governments must regulate demand, assuring a 

steady vOlume and market. The huilding industry must respond 

to social forces,' and evo~ve to fit emerginqlsocial views such 

~vironmental concerns, increasing individualism, privacy, 
• 

etç. It i5 iMPortant that the huilding industry recognize both 

collective and individual needs. As many have advocated, the 

establishing of a "Professional Service" to m~diate bebleen 

rnanujacturers and users may ,aid this' recognition and provide 
1 

~ moan to interpret the users' needs into material and quantita-
1 

tive demand. 
~ 

'T'he full potential of systems building for housing will 

become a reality when there 15 collaborations be'twe~n designers'~ 

builders, building system manufacturers,owners, users, and 

governments. On October.25, 1977, a seminar named "OVerview 
~ 0/ ). 

.. 

of Industrialized building. systems, with an emphasis on housing" ~ 

" was sponsored by the order of Architect of Ouebec, the Canadian 

Portland Cement Associat~on,' and the University of Montrea.l. 

The great en~husiasm for collabor,ation shown by aIl participants 
",) , 

in this se~rar provides a hopeful note for the future. 

In conclusion" the author shares the opinion of 'J'ime Magazine, 

in its February 19,,1913 issue, that 

.. 

--_ ........... _, .... -.-w~ .. ~M'W~~t..!\.~~~~-:_.;_:.~; t"Ît.t'-t-i;=::-;~"''''''''''' --... ----,..-. ~ _ ... ~-
-M ttb 1t.f~!Z* 'it' ........ '. 
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"the housing industry today .ls in the same, state 
, 

as the auto business in the ear1y 1900 1 S • ~. 

no Henr~ Ford of housing has yet- appeared to show ~ 

eonelusively the benefit of assembly-1ine produç-

tion at a moâerate priee" 
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