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aloy Ta pAPERIsNC: [ U T DATE Low CCST CoNgT C{TOR

JUDLATY

The Sfuztrian buiiliin: murvet ie char.cterizet by many small
contractora acatterel alil over tne country una a4 medium
Buropenan =*andari of wares, wniciu favours conventional

ruil ting methods. Builiiny industrialization in sustria had
beer. put forward by large-panel systems for nousing, rostly
marufactured ag reinforced concrete sundwich panels though
Austria has ricu resources of clay and wood.

Kany enter;rises have improved foreign licences to an extent
that the licencers have charged their own system accordingly.
The econcmic distance of transport differs very much from
large-panel systems (about 50 km on road) to components for
industrial buildinge (about 250 km on rail;.

Rationalization of conventional wall and floor constructions
gives many ideasa for low-ccst construction systems.

In large-panel construction a Viennese =ystem offers a high
standard of automation in production planning, manufacture and
transport of panels, making use of computers for the optimi-
zation of the design of the particular project and for the con-
trolling of the automatic production machines. This system is
now going to be applied in developing countriee.

Low-cost school building systems for countries with hot and dry
climute are designed for mirmum steel expenditure.

Por industrial buildings and halls with large spans a circular
cone-shaped suspension roof structure incorporates a high

degree of variability at a reasonable expense.

*
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AUSTRIAN EXPERIENCE IN UP TC DATE LOW COST CONYTRUCTION

1 General Problems of Building Industrialization in Austria

1.1 Introduction

1t is the author's opinion that low-cost construction
is well based on the three following principles 3
. a well balanced market of supply and demand,
the competition situation,
. an adequate usage of available resources and manpower,
the optimal construction,

. a high standard of mechanization and industrialization,

the economic realization.

On the following pages the author wants to demonstrate
the standard of industrialized building in Austria
putting most emphasis on the problem of low cost con-
struction including some remarks on the choice of the
suitaole material and adding some examples of offers
and realizations of low cost constructions for some

developing countries.

1.2 ZThe Austrian building market

It is one of the characteriatics of the Austrian
building industry that small but potential building

contractors and builders are scattered all over the

country and the average wages are according to the

geographical situation between the standurd of the

southern and western neigbours.

o , '
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sus mdteriul tesie

dere nud more #rologers and wisc archite oy come tc the
corciugion trat conervte an i4 Wa3 ucedl 80 f4r need not
necessarily cive cpteony resglea 1r. prefabrication.

L ight-weizh+ nqy corprsite meterials ased in light-
welpht vrefabricgted baildin systemg, very often meet
the deminis cf un-to=d:te buildin> construction and
efficient counmponent prodjuction. The success of light-
weight stardariized wuildine components on tne Austrian
tuilding market as for instance cellular corcrete cian be
regardei as a first step in this direction.

Accoriing to Austria'y rich resources of wood, timber is
due to its easc treataent recently also ver. often
appiied in industrialized building and gives un economic
raw material particularely for provisory buildings or

buildings with planned short life-tire. Although many of

ther have in fact a long life-time and in the Alpine

region there can be found a plenty of 0ld wooden houses.
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The use of steel a3 a structursl muterinl veers, regariins
the Austrian builAdin- scene, aighly to dependi on tne
surrert macroeconcm.c situation. For this reason and
owing to its relatively high costs, steel structures
mostly are designed for single projects. Nevertheless.
some structural systems, in particular for factory build=-

ings and halls, are being offered on the Austrian buili-

ing market; one of them, a circular suspension roof con-
struction, may , by the way, be regarded as ore of the

most ingenious structures developed so far in Austria.

The new building products bring about new technijues and,
as a further consequenee, cnanges in the views of all

being envolved in building, planning and ccnstruction.

The basic concepts of Austirian prefadb building systems

A considerable part of enterprises started their pro-
duction on the basis of foreign licences which concern
rather problems and means of production than the design
of the building system. 5 of 1o firms which produce large
panels for housing use a valid licence, 2 of them use
more or less an expired licencej only % firms have devel-
loped their own building systen.

In skeleton building systems own developments are predo-
ainsnt. It's worth mentioning that nearly all firms which
started on the basis of forcign licence have developed
their systerm in the course of the time, 80 that in some

cases 1t's impossible to recognize a relationship to the

original.




In 4 numbar of cases the foreign licences have a#ltered

a1 improvedi their system as a result of Austriun ex-
peri-ones and know-how.

"he small percent.;e of original Austrian systen develop-
rent might te explainei by the fact that the industriali-
zation o' the austriian building infustry had to be achieved
within 1 very short pericd . Thus it was not postivle to
instruct all people employed in the buildings process in

tine.

1.5 The production capacity of the Austrian building industry

At an inquiry of the Vienna University of Technology

Building Construction Institute among the enterprises
which produce reinforced cor:rete building components

16 of them stuted that the annual production capacity

was more than 10 mio Austrian shilling. while the capacity
of thosec enterprises producing mainly components for in-
dustrial plants with one exception does not exceed 25 mio
AS , there are several large-panel factories in Austria
of far greater capacity, five of them witn more than

100 mio A3, the average being around 100 mic A3 or 400 to
500 dwelling units per annum, respectively.

As the prefabrication ratio - the percentage of building
works being produced in the factory itself - differs
according to the system and since the varicus secondary
building components - as there are windows, doors, etc. -~
are often maufactured in the same emnterprise, it's 1121~

cult to compare the iigures stated above.
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It has proved useful to indicate the production capacity
in housing construction by dwelling units per arnum ,
although there is a difference in the size of dwelling
units in different parts of Austria (the figure is in-
creasin from east 1o west).

Ths total of about 2 bio. A3 can be diveded into indust-
rial, office and school buildin; ccnustruction (3%4) and
housing (657%). 75 % of the production capacity is situated
in the area around Vienna, 15 % arcund Linz in Jpper
Austria, tre rest of 10 5 bein:: scattered all over Austria.
(see fig. 1).

All avove stated tigures are valid for about 1970,

The economic distance of tranaport of compon:nts in Austria

The fact that the location of factories producing heavy-
part bui1lding systems such as large-panel systems depends
on the regional dewn:ni leads to a concentration of plunts
producing reinforced concrete building components in the
central areas.

Enterprises producing skel ton building components mention
a sensible transport distance of 50 to 200 km (7C km on

an averaze), large-panel manufacturers between *0 anit 60 km
(45 km on an average). (cf. tig. 1).

The small permissible transport distance of large-panel
building components r~sults froe the fact that in housing
there is a much more forced competition with conventional
building methods which are applied all over the country

80 that longer distances are uneconomic.
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ers (7 trar Lpert, 50 e austrian prefanrication (lanta
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ase ter jonger-81 L nee trnsports 1f the bulilding site
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with iriustrial ovulidirer . ‘here 1is no comhined ralleay-
road transpor 4t ali. Tre upper limit tor rillway srans-
pert distance is A oat 200 km.
It couli be founi out tiuat eaperienced and vig companiee
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gtated that the problem of transpert is always regarded in
the general coet accounting contest of the emnterprice and

tnerefore of second.ry relevance.
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Por wall cometru-‘.ums for no.sing there :an be Yount or
the Austrian bPulldline murket many nethods w.thut the use
of large vulid. . ng unita., Three p rt. uiar mtnoas e res
three dAif‘erent out ty,.cq. approaches Lo U - @s nir. o)
the hou=ire procien ari shail pe , tner-for, 1 sribei in

tre following.

. Improvel mu-rry

Por tre conaideracie amou. t of teuwsrnd rur toandy producis
for aiagsie fam. .. houss buill ling ~hi v 3 lone to A& Jirmat
extent ry trne .at er .nnacitant nivsel{ tre following
privicip e. are (tten lmpleuertet

Almogt Tu..y autometloizel manufacturing «f ftwo-hand-. 7
wnpita 1. tne fartoryy 2axe sasemb i1ry of ~al. on site
without needin. rrane- or other neavy Jite inataliat: ne.
Aerated conerete Blc ks whicn are cut froem L.y bLlocks ..
very a"~ursate dimersions ai.ow Lthe lizpersir- #i1l! tne .se
£ common mortsr  Cints and enalle o sticd Thenm LOEClN  ep g
Thue, buiiding u, a welil. can esdl.y be dOne ry Cre Lan

h 1..’1f.

. Nantled cemcrete wall urits

It is regariei »3 one ¢of tre crespest pro-elure 'or
building single nomes us wei. us .o k8 ¢ *ls - 0F re-
stricted volume 10 ret ncliow ipauiation walli uni. =2 =0l

*n f£111 them with conerete *hus dbulldin’ 1 mantied a:nld

Sulated concrete wali.
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ARt r-plat inrete PO -WALL S'Fucturea
Fol wnrde projets ary 1 4pArtmer’ rouses fthe - ating

of ~increte ~ross-wilis, A ial.y ComulRet wilth tunne)-
s1ke Toruwcr« for rioor-sl4t CORCretirg seems Lo re ‘he
most efficiert rnouse L. liny [preceiure at present 1m
Austria, thcu® 41 high stantard of formw rk tec.nology 1s

e-szse.t il 1Or ('8 Bredsturougmt..

Picor slab units used ir conventicnal nousing comstr.,
For tne realizati m o tne fleer comstru~tion im cem-
verticnal vul.11nZ9 at low cest, vesiies the general.y
used gr-~4st -oncrete joist cemstruction or reinforeed
concrete 3labs, precast cencrete composite slads are mow
often being Built in, using ¢ em thich slad snits whieh
are to de completsd nn site by eoneretoing the apper layemn
(ef. fig. V)

A further new reinferced sencreote floeor eyoten ie shewn
in fig. 3 (middle). Thie prestrecsed hellew fleer uait is
Bade of conerete BN 600, is typified according te medular
cooriinatien and has 2 smecth ready-for-paint surface.

Its load-dearing capecity allows o 108-8-span in the reef.
The meet recent develspment in thio field i o selfonp~

perting (up t@ 7 5 spen) floer uait shich onadlee ia o~

dination vith an inserted weoed slat o Yory cconsnie flone
consiruction with a plain wnderside. (ef. fig Y betten)
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Production methods upp.iel 1n large-pane. sytems in Aus?ria
Moet of Austrian iwe.lirngs, nowever, are bul.t by large-
pane. aystems.

Por the protucticr f Large-;arnel wall and rloor units
varicus te:hniq.ies are 4pplied in Austria +«' _resent.

Most of the enter rises use fixed tig-over table-m uliis
which allow an uncomplicatet profucti n thouwr re,uiring

A relatively lurge :rea. deslies thut there are also
severil plants e uipped witn mouvarle Moui::. Battery
forms for the production of simple wall and flo r panels
are dsed at an increasing rete beciuse they allow a rise
in capacity at an unchanged rroduction sreu, whic: often
becomes limited at an expanding enterprise. Resiies that.
dattery formes nelyp to cut down traunsport reinforcement and
to produce compoments with a emcoth eurface at botn sides
of the pamel. A floor panel f.i. c#n be produced =c amoth,
that without furtner treatment a textii floor cevering may
be applied,

Anong the prefabrication plants which produce with novable
table-moulids that of a company in the merth of VYienna 1is
partisularely worth sentioning deesuse there aretc de
found a numder of new and eor ginal developments.

In order ts emadle the unrectricteod design of suiliings in
large-panel construction, computer ,regrasmec were deve-
lopod %o plan preduction o8 well as the preduct within an
intogreteod data flew, eovering the entire cemnstructienm

preeess, ond Mumericelly econtreiled maehines were con-

streetiod What alleow swtemnticel reductiocn.
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lysis =s wel. art prints out sheets which contain every
irformation necessary for the production of wall and floor
uanita. (ct. f1-. o)

The formirgz machine removes the produced units from the
&culd ard tne new mould is assembled. The filling machine
automaticaily pours strips of concrete wnile Bouving alomg
the form, leauving openings for 40ors and windowe. Numerieal
control of the machines is provided by a computer prograa
in the form of punched curds.

In order td minimise crane handling at the plaat and at the
building site and to rationalise tranepert, a special trame-
porter had been comstructed to Pick up the unit cemtainers

whic' can be operated by one men and does it 1n 10 Binutes.
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The principle of an assembly line can as well be applicadle
to & relatively small enterpriee as it is shown by a fira
in the south of Vienna. Here the manufacturing is not done
on mouvable moulds but with form sheets which are together
with the panel drawn off the mould immediately after the
casting and put into a heating chamder for hardening. As
there are no doore and windows incorporated in the 1,00 to
1,30 » small componente, the components are rather eimilar
and are produced in 6 parallel lines.

A predominant item in the development of a large-panel
systen is often the demand for an economic use of the
moulds. That means for the planning stage that the numder
of panel ‘families' - the panels which demand different
Boulds - should bde kept down to a small amount. On the
other side the moulds should de constructed in such a way
that they cen bde adjuetsd to various dimensions. Pinally,
a Bould can only bs economic 1if it is used in as short as
possidle intervals, i.e. the time Vdetween casting and re-
BOuUving sheuld de as short as poeeidle.

Ia eddition to various sandwich comstructions as they are
used fer large-peanel systems (cof. fig. 4), largs-panel
systens based om hellow-brick blocks should be memtioned.
The drick-panels ere produced partly om the artificial-
stene fleere of the plante, partly on movadle moulds.

Builiing syotems snd ccmpoments for imduetrial buildiags
The preduet range of industrial duilding componente pro-
dueed ia austria e rather small. Meet of the manufacturers

prefore to preduce special cocmponents for each project.
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That may be due to the fact thatmodular co-ordination is
Juet now being introduced into the Austrian prefabrication

industry and there is only little experience with its

appiication to oper-system building. Pactory buildings are

often pricad in terms of si-meters floor area thus handi-

capping typified hallsy nevertheless, an increasing amocunt

of factory buildings is being bought according to typified
systems from stock.

In consequence tc the above mentioned it will be clear that
the manufacturers are interested to develope and apply
construction systems which combine a great flexildlity to
dimensional variations and ways of use with an economic
production method in small series.

More and more adjustable moulds of steel or plastic mate-

rial are being used, particularly for the production of
roof ard floor panels, instead of wooden ones, which are
fabricated only for a single project. An example of such a
conetruction, combined of standardized as well as of frezly
dimensioned components the so-called HPV-roofs may be (fig.7)
looked at. In a specially formed prestressing mould a uni-
formly sectioned prestresesed hyperbolic roof panel can be
produced at various lengths and gives a wide freedom to

the designer in the choice of span, and by freely dimen-
sionable length of columns and girders, also in the choice
of height and length of a factory building as well as in
the choice of thermal insulation, natural lighting, rain

piping and external appearance. Yarious comdinations of

hall aisles and roof slopes can bde realized as well.(f1g 8)
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The tendency towards a most variable component production
is being followed in the development of various reinforced
or prestressed T- and TT-like concrete panels, while the
production of caesette-shaped pasnels involves some diffi-
culties due to the cross rib. tere the client is bound to
a series of prefabricated dimensions in the length of the
building as well as in the broadth, or he has to accept
uneconomic fitting pieces. (fig. 9 and 10)

The cold winter climate in Austria favours the use of
aerated concrete panels for wall and roof constructions of
industrial buildings, particularely when this material is
used in accordance with 1ts good thermal insulation and
fire resistance properties. That may ve well illustrated
by the fact that also reinforced concrete component manu-
facturers are using those light-weight panels for the

roofing of their skeleton structures.

Talking about building systems for industrial buildings
some steel based systems should be mentioned as well. For
small spans the eteel skeleton structure shown in fig. 11
may be of interest owing to its light-weight elements.

A very ingenioue and - for longer spane - economic system
has been developed in the form of a circular building with
a cone-ehaped suepension roof, providing a large free-span
area with diametere from 32 to 112 n and equipped with a
circular ocrane. (cf. fig.12). Thie steel structure can be

also very effectively bde applied to roof constructions for

swizaning pools, sporte halls , exhibition centers and the
like (see fig. 1% and 14).
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Buiiding systens “r other our;oaes office vuilding.s,
gcrool © . ildings, arricultural viadlldin u)
[r. austria multistorey saeleton culidines arc used to ve

1osemtied from components w.ieh are anutactured only for
dpAarticusar preject and no' 48 purts of o generally
aprlicable system. Most of the producers of components
agree to the various wishes and requirements of clients and
architects. and this may 1lso be the reason why miny manu-
facturers are inclined to . compromise ard produce the
simple parts of the skelcicn (as there sre columns and
beu:s) in cheap ind shortlived moulds, whereus for compo-
nents for floors and external walls adjustable moulds are
used, wnich in consequence are also utilized for the pro-
duction of roof and wall panels of industrial buildings.
Different load-bearing capacities are easily attained by
alteration of reinforcement or increase of thickness of
concrete.

In fig. 15 are shown three examples of application of a
Bystem for school buildin: construction which is a further
development of a Danisnh gystem. School buildings and
kindergartens are erected according to a small-panel
system, whose sandwich-shaped external walls are assembled
on site of precast concrete panels and mineral wool layers.
In fig, 16 can be found a school building system which has
been already very often been applied for the construction
of schools in the municipality of Vienna and whicn is one
of the few closed Systems available in Austria for the

construction of multistorey skeleton structures.




rig. 17 shows another buildins systenr in its applicaticon
for the conustruction of the provigory premises of the
UNIDO-headquarters in Vienra.It may be regarded as a mixed
skeletor. and small-panel building system and has been de-
signed in the oojective marner with the restriction that
it could be dismantled without destruction to be re-erected
on occasion on another buildng site.

Almost no agricultural buildings are being made of prefab
components in sustria. This muy be due to the fact that
there are nearly no demands for new premises in the tra-
ditional agricultural regions and new agricultural invest-

igations in the urban regions tend towards industrialization.

Raticnalization of completion

At present there is no box-unit system application in
Austria, neither as a panrel box unit nor as a skeleton

box unit. Only for secondary cells, as there are sanitary
rooms, elevator shafts and garage boxes, amall box units
are being prefabricated. One enterprise has f.i. developed
an adjustadble mould and makes use of it for the production
of two types of sanitary boxes for housing and hotel buil-
ding. Another manufactusr takes an other way and produces
his sanitary box units by assembling separate panels of
various dimensions thus providing a wide range of units

to architects and clients. (cof. fig. 18 top).

Garage boxes are used to be cast in as speoial mould in

one piece. A special transportation procedure has been
developed by 1ifting the box units hydraulically on a
special vehicle whose rear wheels run in holes of the
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tottom slab of the lifted box unit. Thus no further
hoisting means are neededneither in the factory nor on !
the building site.

Large-panel building construction in Austria has rsached a
standard which could be well described as follows : Due to
the surface quality of the units, according to the production
methods,rendering and plastering becomes unnecessary. The

inner surface is generally being smoothed, painted or
papered, the outer surface gets a dispersion paint.
Windows and door frames are put into the formwork and caet
inj in some casss the windows are fixed after casting but
before delivery to the site.

Por electrical installatione empty pipee are cast into the
wall and floor units. Austfian cliente do not like to live
in rooms with visible conduits and pipes.

Sanitary installationsare layed partly in separate eshafts,
partly in wall-slits. A sanitary wall ie ehown in fig. 18,
bottom. Heating pipes are layed vertically in shafte ae

well, horizontally mostly in ths floor conetruotion.

Ths flooring ie similar to conventional building con-
struction, although in eome new developments a eoft oover-
ing is layed directly on the floor slabde.The completion

of kitchen and eanitary roome ie conventional as well.
Some exoeptions should be mentioned, however. By caeting
ths wall units in battery forms the surface quality can be
improved to a etandard that mekes any filling or snoothing

unneceeeary. Some manufacturers apply the outer painting
already in the factoryand odtain 8004 resulte provided




that the transport is done with.precaution, or that the
units are produced on site. Outer surfaces with ceramic
lining are now more rarely being applisd than in earlier
stages of large-panel bduilding construction, due to the
sinor hygrothermal qualty of euch a wall construotion in
Auetrian clisate.

As there 1s still a low standard of coordination of
dimensions and requirements in Rustria, which mignt be
improved by a eyetem of modular coordination, modular

Jointing and functional specifications, some of the pro-

ducers of prefadbrioated building componente in Austria

still try to concentrate all secondary works in ths own
faotory. An extreme example for this tendency is a
Viennes fira, which does all building trades works him-

self by employing all necessary tradesmen.




_Special Low-Cost Construction Dovoloplentqmg{dgpg“}uatr1&n

Building Industry for Developing Countries

There are only few remarkable Austrian ievelopments for
iow-cost constructicos, whinh have ceer offered o leve-
LOFing countries.

Cne of them is tne large-panel bu.ld.rys system described
cn fig., 4, - and 6, a further devacpmen' cf the gutomatic
rroduzticn aystem with respect to the needs -f users in
"e 3ubtropic climate and the material base 1n the rele-
vunt countr.eg.

A furtner reinforced concrete buildin, system which has
veer offerel for school vuilding in countries witr hot and
dary climate, 1is shown on fig. 19, 20 and 21. This sv:tem
hag oeen designed in large-panel wuall- and U-shaped roof-
corstruction with the additional restriction of minimal
steel-reinforcement consumption.Between the rihs of the
rocf paneis and a false ceiling fixed subsequently, a
temperature rise in the classroom from above is avoided
by means of a strong transverse ventilation. An additional
thermal insulation of the walls may improve the thermal
behaviour according to the local condi:tions. The walls
and the floors are smooth and do not need any plastering.
The concrete surface may stay unprocessed. The false
ceiling may consist of wood-fibre panels, panels of pla-
ater, etc. Water-pipes and electrical installation wires
are fixed on the wall or above the false ceiling, resp.
The design of an appropriate panel production plant is
shown on fig. 22.
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Fig. 8 : Variations of cross-sections of HFV-industrial buildings
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: Sports building with suspension steel roof, vertic

13

Fig.




33

Fig. 14 ; Sports building wi'h suspension steel roof, plan
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Fig. 16 1 School bullding ~emi-skeleton syste
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Fig. 21 : Scheel builiing system for hot climate, section, elev.
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Pig. 22 1 Plan of removable large-panel production plant









