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INTRODUCTIC

The noed of developing countrica fer daveloping the
industrial construction scctor and obtainins technical assistance

to achiave this oljoctivy in the fastost and wort affoctive way
is a well known fact.

Though therc is a big varicty in the conditions of various
developing countries in different parte of tho world, certain

common factors appcar in alaost all casos:

- Thore is usually 2 lack of skilled lavour at all lovels.
~ & shortage of forcign currency hampors imports,
Tue to laclh of heavy industry, no or not sufficiont
stoel or stecl products are produccd locally.
- In many cascs tinber for shutt ring has also to be imported.
- The need of rapid industrialization calls tor ar incroased

speed in tho construction of industrisl projecta,

Many of there factors were charectur <tic for Hlungary in the
past three decades also, and ti..refors it might ke halpfui to sce
what could »o usod from the iiungarian .xperience in this fiold.
COMDITIONS LTWDING T MUMFAJiI ATIui .0 NIINFLRCT o UCRETE
FOMPUNTNTS.

1. Following World "ar 11 a apcedad ap ivdustrializatior hag
baon started in ungary. “eing primarily an agricaltural country
with insufficiont hoawvy industry, there was 1ittlg syparience in
the oractinn of industris] plants: forcos to planning and building
were faw. We did not bave cnough teai: matarial= of industrial
investments, chiefly roll.d ste:) and wood for the ~huttering of
monolithic reinforced ~oncrate ~onstructicns, We had to omit the

intormediary stages f industrial develonmunt | an obaurved oleewhere

and the domands of a grcwing industry had to he mot by immcdiate acrtion,
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24 In these circumstances, the attention of Hungarian
architects and engineers had been directed - parhaps f.r the
first time in the history of architecture - towards precast r.c,
Btructures. “e develoned in the course of the last 25 years the
structural types of industrial buildings of prefabricated

r, ¢c. Thaese results are largely quoted by technical papers and

are internationally well kunoym,

T STATUS o LMUITLALIZATL”

1. Hungary nossesgsed Leavy industry before the war, but

the shortage of coal and ore deposits hindered itg development,

2. The difficulties of the building industry are determined

by the deficience of the heavy industry, namely in two respects,
Firstly, there ig not enough disponible rolled steel. The limited
stock of rolled steel and of sheet metal are needed in octher fields,
Puilding has to reckon with rolled bars of reduced Juality, an
inavoidaile fin.l product of tie steel industry, I'eanwhile,

should cement production stay below a guitable level, there is
snough raw material to raise {“e output. These facts pinpoint r,c,

as the principal material o industrial architecture.

3 Nue to the initial lack of the heavy industry, scores of
industrial inildings are needed for 11, for power production and

for plaats of besic materie! rrouuction, with shops equibped with
g'ntries of consideralle Anans, ete., tharefore the tasks are

diverse, and complicated, here are no rieans to learn by stages, how to
build: siimle oba arpear intertwined with complex onee, The situation
is aggravated, a~ the exigencics of the sp2edily developing
induetrislization re differentiated, even within local aspects.,

To reach 1 hlanced cceoupation of 411 lnhabjtants, from territorial
point of view and also a wel! ~ropurtiocned progress, induetrial
centralization has tc te coraidered, though slightly in the beginning.




4. The insufficiency of timber for the building industry is

world wide and increasing. Tho international market price of lumber
is in constant rige. The deficienoy compels the methodicallv
Planning architect to forego to trmditional means of erocting-
industrial buildings of monolithi- structure. Today, oven in
countries richest in wood turn - iater, bLut just like the others

to the prefabrication of r.c. structures. Tinland and Sweden - whickh
are richest in timber production - use pracast building methods

on & large soalo. The U.S.S.R. increascd its production of

industrially precust r.c. elements in a period of 8ix years twentyfcld,

5. Considering the building industry of developing countrics,
an important tactor has to be faced, i.e, they are in most cases
unprepared to meet the speedily increasing domands: they lack
skilled forces for the erection of industrial construction, there

is a general lack of exporiencc,

6. Prefabrication of r. c. cloments 18 carried out on special
rlants, or, as we will detail, on the building site. The mcre
developed stage of prefabrication bel ongs undoubtedly to the
specialized plant, able to handle high qualities of concrote and
steel, utilizing their ultimato strength. We have to consijder
uimultanuously, that coumtries in the course of industrial devel opment
are in genoral - duc to their rolative lag - deficient in funds.

Their status becomes somewhat strained in thisstage of progress, being
compolled by the establishment of - balanced and sufficient hasgjc
industry to erect in the same poriod many industrial plants of most
varied kinds. Those circumstances ®llicit heavily 2l) re¢sources, Thus,
relatively limited resources are left to develop the Lbuilding industry,
which is a means and not the goal of industrialization. Therefore the
strictest economy has to be Raintaincd in this branch: .nere are no
means for large investments, as for fully equipped prefabrication plants
wvith specially designod machinery, mul} amortization of investmeonts for

building industry plants are among the longest, as it 1= widely known, But
the prefabrication on the site - contrary to industrialized prefabrication
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serving the entire building industry - requires only

inconsiderablc investrments. Their initial exigencies are
primarily 1ifting dovices of relatively simall cost, largely
differing from thao rrodusing and conveying machinery of industrialized

plants.

BASIC CONDITICUS AR AND REALTIZATIOH CF R, €, PREFABRICATION

1. To begin with, t.iditional methods of projecting industrial
architecture have to be revised. A6 the planning of the technological
procedure the exigroncies of building construction have to be taken more
in consideration Prefahrication; even on the site, assumes and expects
a certain amount of serial production. 'te nossibility of creating
identical clcments has ¢ be ensured by grouriag (iilding and by housing
different technolougies in tho same group, as woll by prevailing
principles ~f mass -slaping, concerning the whole rlant, Uniting
structures, possitiy into a single tlock is - as we lave experienced
technologically just : g advantageous, because internal delivery’
baconces shortest and facilitates 'ater regroupments and new technologies.,
Increased «tandardization of structural dimensiung isg necessary for the
repeated use of building elemeity. Ve hive to regulate the dimensions
of spans, wiltas, na heirtts of all main structaral narys of the building,
in accordan e with nrevivusly esiablished princiniaa In liungary we
achieved by thin ¢ vthod of tendardization of portals, regularized spans
of &, ) and wetres, and this i plied the thorough standardization
of roofing strictures, i,e. of v.eir dimensions. Typification of
elementy, as o oregult of standardized dimensioning is the major
requirement or srefarrization, which banromes o high grade and economical

method by the ainesle reang of serial production.

AR Judpad from vie pornt of viow of progrossive industrializ&tion,
prefabrication of r. ., clererts on the site i3 -~

i

intsrmediary stage
betwaon B 1ol thic fonutrustion and industrialized prefabrication. But

prefabrication of +1 . i, tvre ig centrary to the industrialized -

very floxibic witu oo, o 4, the weight-limit of the units: all main
parta of loid oaringe ctr, 4 pag san be casgt on the site, as they need

ne transportatin, [y gt c1ae8 tholr weight is under 1C metric tons.




Smaller elements, of 1- metric tons can be produced in the

proximity of the sitc, by a tomporari.y crected plant, equipped
for sorial production and preferably roofed, protected from

adverse weather.

3. The mechan.zxticn of th: construction hae to be twofold. Concrete
rixers, woodworking and welding machines, sianler kinds of gantries are
necessary for the aforesaid production on the site. This small mechan: gl
equipment is of low cosct and of short amortization. Cranvs for building
purposes arc of established types. In the first place wo neced "universal"
cranes - not bound tc tracks - on whoels or of the caterpillar type,

of 5-10 m.%t. capacity. In spccial cases - for larse lifting capacity,
for instancc at vower plants, so-called lifting iowers or rigs convey

up to 50 metric tons. “hen necessary, pull sy cauipped primitive wooden
constructions suffice. 7By this method were erccied the prefabricated r.c.

structures of thce Machirc Tocl Factory in ¥orea,

4. For connecting the elemcrts liftod irto place fully developed
methods have been astablished. Charactoristic ire the so-called
"dry-connections", i.c. *housa with immedinte load bearing capacity,
whereby lifting and placing call for little time, and by rational
assembly the demend for lifting leviccs remain.: sm:ll. For instance
ten year ago, thc rclatively highly develepad ‘uilding industry of
llungary produced satisfactorily wit! 4u crterpillar-craner, though

8. ;. of our industrial buildings were crected by orefabrication.

5. Recause of serial nroduction, mechanization, loss skilled
workers and specded outnut. ths =othod dencrihed ahove requires

more carnfully scheduled organization. (onstruction and design

have to be strictly coordinntod, (ne has *o reckon with initial
difficultiecs, but as is proven by 'ungarian expurionce, the ncw

method was adapted within one cr two ycars nnd becamo an indispensable

factor of the building indurtry.
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FAVGURABLT RPSULTS CF R, C. PREFAZRICATILH

1. As stated abcve, prefabrication on the site started as a
reasonablc stop-gac.  Circumstances motivating prefahrication loseen
sooner or later, according to th progress of thc given countries, but
exporience nroves that this method remtinag in widesproad use.
Prefabrication kas mnny advantages compared to mounolithic and
shuttered construction. The comparisons result in the following

conclusions,

2. Yith prefairication, scaffulding bocames superfluous,
particularly at levels above 5 meteor, for the placing of reinforcement
and of concrete, Scaffolding requires consideradle mterial, careful
executicn, skiiled lnbtour: it is costly, as a mcthod. As it is well
known, the quality of monolithic r. c. censtructions depends mainly

of & correct scafteclding, which has %o be kept during 4U 70 [ of the
entire constructionnl period. ILiportant scaffoldings require especially

skilled workers,

3, With wrefabrication, the construction of the moulds is also
dwantageous, the nverige shuttering ~mn be utilized =t best 3 to 5 times.
Though muulds f r prefabrieati n .o somewhat costlier than average

wooden shuttorin-s veing sheet-iron olad wocden structures or made of
concrete  and are built atronger but by nroviously designed construction
and by more carcful maintenance thoey lost much longer and can be

utilized at least % -5 timca, ¢ they are placed at Qofl lovel,

they arc e~sy to roach, and further, their construction and dismounting
does not cansc lisscs. v prafabrication the n.ooads for scaffolding

and shuttering mrtorial dcere ao by )0 1 comprred to monolithic and

shuttered mcthods,

4. As ti.: placing of reinforcement and of concrete takes
place at scii level, the vnarativns ~nd contrul ar. easy. The product

is cf gronter precision, consoq ently the needed tolerances are less.




Se Due to the former reasons we are in a position to utilize

materials of higher quality. The quality of concrete depends

mainly on the agragatc, the cement and the water coafficient but the
circumstonces of placing and of vibrating, i.e. the accessibility of

the formwork is by no means indifferent, or socondary. With prefabrication,
work and control becamcs easy. 7To indicate the resulting economy, we
mention as an exaiple, that the duad load of a miin roof truss of 12 m

gpan decronses by 5C ;| when made of a concrete of 420 kg/cm? cube strength,
ingtead of a concrotc of 14C kg/cm? cube strength, This nlso becomes

a fundamental consequenco regarding Lifting devices and the dimensiuns

of a1l load bearing structures.

6. With monolithic structurcs, because of difficult ciroumstances

of erection, we have to ndher to cross-scctions of  tmoust simplicity,
while in the course of prefabrication we are enabled to adopt elaboratc
crogs-sections, in the most advontageous and systematic form, as derived
from statical computations. Thus, by the building technique we obiain
the practical I and T sections, as well as moulded and latticed

girders trusses. A4t the traditional mronolithic¢ nethod the fully guadrangular
section is solely employed, in our demonstrating figures the more subtle
and 1ntticed forms prevail conly. hese slendsr and light structures “rc alsou
beccming factors of spatinl composition, they can compete in many cases

with the aspcct of steel structures.

1. Tre organization of the prcfabricating plant is on easy task
and we reach without difficulties an ordered working aite ~nd planned

output.

a. By prefabrication, tie total number cf workors decreases.
compared to the trnditisnal muthods: this helde good eapecially to
skilled workers, We can dispensc largely of earpesters and scaff.lders.
These, perhaps the most skilled and must valuab)e men uf the building

industry should be employed ae foremen of prefabricating unite.

9. The constructiocnal time-schedule can be considerably
shortened because of = bettar organization, simultanecus jub-distribution
and mechanisation.
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Also, the prefabrication diminishes to a certnin oxtent
the soasonal character of the building industry, results in a more
even cnplymnent of workers and acts indirectly by a further cut on

time-schedul as.

VI. FACTURY .RAS'ID PR7RMIRICATICN,

In Hungary, the development reached a further important
phase in 1966 1367, when ths large-scale pruduction of typified
structurcs startcd, In order to reach this, the structural variants
had to be unified nnd their number reduced. In the proparatory phase
of typificrtion, we analysed:

- the demrid ¢n 3ingle- floor and multy-storeg

industrial buildings,
- dimengionsl peraneters
- performnnce roquirements

- transport reguircments etc,

We foun? that the slightly differing requirements can be
co-ordinated, the numbor of variants reduced, thus the conditions

for factory produced building technologios saitisfied.

A new standard for dimensional co crdiration has becn worked

out, dealing with all important details.
The main dimensicng of typified industrial halls are:
soab/n’ 12,0 15,0 . 24,0
axims distance /m/ €0 12,0
height /n/ 36 4,2 -4,3 5,4-6,0--7,2
As a noxt step, induastrial production capacity and mechanisation
tas been increased.

(n the graph, the incrense of industrial halls made by factory-
produced r.c. prefabricatud compun:nts is represented.

The full line /a/ shuws the area covered by factory-produced halls
ve the totrl domand in dotted line /b/,
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MCNCLITHIC INMUSTRIAL CUNSTILCTIR

1. From all what has been said previously, it night appear

that we consider prefabrication as tl: only construction technology
to he congsidered and recommended for developing countries. This is
not the case. (ur orperience has shown thei up-to-date monolithic
congtruction technology can bho competitive uven with che most advancod
prefabricated systems - and this would nrobably be valid for the
conditions of devcloping countries as well. As an cxample | wish

to give a bricf doscrintion of an interesting technology which could

be recommended for developing countries.

2. The systcn has been doveloped for one-stercy, large span
industrial Balls, provided with a travelling-crane. The monolithic
elliptical shcll structurc is supported by prefabricat:d columns,
placed at >?,c x 12 ¢ m distances. The thickness of the monolithic
r.c. shell is 7 em. The technolosy is as follous: Tirst the r.c.
columns are ercctcd, tham the Tongitudinal steel cranc-girders.

The mobile formwork of tic 22 m span adgo beamy i1s mounted on tha

crane bridge. In tho next ohase, th steol acafrolding of the shell
and of the 12 m snan adge beams is supported by tuc proeviously completod
?7 m mspan cdge bearms. Thell and short edg: beams ro poured simulta

neously.

The number of the nlastic skyligbts can be chouson according
to lighting requircemcnts. The construction time of the 66x10.3 m shall

roof ie 13 wecks.

3pecific materials consumption:

3 XU concrete: 9y 25 cm/m?
Reinforcement B 6t..4t: 1,3 kg/ms
Tie-bar C 60 1,1 kg/mp
8, Some other aspocias of constructing industrial buildings

in develcping countrias, espccially in the tropics,

To comnly to " dustrializing demands of cconomically

underdevelcped countrics, tropical tiuilding conditiong are to he

determined ind systematizcd. The unusinl pollicitation ie due to the

climate, a8 high air temperature, incroased sunshinz, tropicai




precipitaticns, further draught and abnormal air-humidity: secondary
chuges wight be the damaging effects of vegetatiun and faune., To
reduce harmful consequences, the effact of cach clement has to be

cuneidered,

Cn the basic of annun) procipitition, the tropics mey be
devided intc Yot -dry, hot wet and intermediate regicne, with regard

o buildings ~nd Lo tlheir cquipnent.

I'rctection from increnacd sunshine comply to sume rules,
to give ingtructions, supptried hy cxamples of correct orientation,
the estahlisihing of shielding areas, the selecction of materials, as

well of further imoortant festures of planning.

The buildin- sheuld be oblong, with an east-west main axis,
nossibly multietoried and of o northerr or southern main facade.
Tirect radinticon and glare may be prevented by sulfshielding wnlls:

good sclutions crovide full nrutection from & a.me to 4 pem.

Lt seleciing: matorials, great care has to be given to
availabilily and 1 therm:l charncteristics, to correusion
and to the action - f funemises, inscets and rodents. Heavy
matorints with gcod insuloating propertica suit hot dry climates, while
in hot wet rerione with o mearly constant tomperature light materials

miy be omoloyed,

Vight colered sapfaces are very important to reflect heat
radiation.  Iu bt and wel climte pen surfacen suit well to
conditions, whiice for hot nd dry wenthor insulating wells and

closealtle frontyrec enable to utilize night sir fur svoling purposes,

&4 plants witl scveral buildings wind direction and ventilating

cenditions ohill Lo considered,  The surrcunding should not shield
from wind ~nd reficet the omat sunshine to the buildings. Lawng
and lofty trees wre to be slantad in the sarroundings. It should
be refrained froo adiicont o nerote roade nnd raved ways as they

ruflect considerabic padinti .,







