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The te:hnical-reientitia revoalution characteriatical of
our time demands a lar#e volume of constmction: among which

industrial houses have 4 conprderanle inportance.

Till recently industrial houres were dimencioned for a
determined technwlogical equence of operations or for a de-
temined functional echeme thich were not essentiallv modified
during the period at the term of which the respective building
became unserviceable due to its nomal wear. The netivity
developed in such a building was consequently in good agreement
with it constructive characterinting.

Todav, houwever, vhen the rhythm of the technical development
has become so0 vertiginous nnd vhen the moral wear imposes
frequent and fast changes of prof'ile and of technologies, the
constructive solutions for industrial houses must not only
constitute no hindrance for thelr ecventuxl modernization but
mant even facilitate it to =ome extent, by the choesen overall
dimensions and by the opportunities to sustain different networky,
ventilation and lighting fittings or even some technological
transport plants and equipment, euch as convevors, 1ib ams :
of derrickn etc,

All ihese requirement= have led to the abandonment of
the traditional construstion methods and to the recourse to
industrinlized solutions, among which the prefatrication ie
the principal one.

The precast concrete elements are now largely utilised
due to some important advantages, and eapeaiallv to th: shortening
of the execution time and to their greater economic efficiency.

To be as competitive am possible anc to be preferrud to
other constructive nolutione, the precast concrete elements must be uni-
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form qualitatively and with regard to productivity at least

as well as the metal constructions.

The necemaity of typifving the constiructions and their
elements must be uaderstoed in the light of the above mentioned
coneiderations; this activity, on vhich the industrialization
hangs and which aime principally to a higher efficiency by the
manufacturing of large series alters some of the habitual
principles of the construction deai&n, bringing it nearer to
the conception prevailing in the machine building industry.

In the specinl field of the industrial houses the typified
solutions respond to many requiremenis connected with the
technioal possibilities of fabrication, with transportation
and mounting. |

A first category of such solutions are those utilising
the frageentation of the structures in a small nusber of pre-
fabricated clements of maximum % tons weight each.-

The structure systom consists of truss girders and precast
panels, assembled at the building yard by preetressing, with
spans between 12 and 24 m and bays of 3 m; the roof can conmist
of reinforced concrete caissone, ob cell conorete plates with
6 m span, of reinforced conorete templetc with 6 m span and
reinforced concrete plates, or of autoclaved cell concrete with

) » span.

Where 12 m bays are needed trimmer trusses conwisting of
panels assemdled through prastressing are utilised.

With such structures industrial houses with various bays
and spans can be realized, which permit also the suspending in
the height of the roof of conduits and other technologiocal
outfite, of varioun types of strands or of ruspended conveying
means, such as . ib ams of 3-5 ¢ lifting capacities, monoraile,
conveyors etc.

The advantages of these ntru:turen result from the relative
lightness of their precast cemponents, with all the ensuing
repercussione on the traneport and handling; the funotional ohar
acteri.tica of this tvpe of ctructure cover large and vartous
fielde of application.




One of their digsadvanti~grn 15 bteevsr She acgembling operation
which muat te carried out by praviresising the frueses, and for which
upecial tved man-power ac well an cutfole Lo preotrean the cnhiee ard

to tnect the yostection mortarer are re~ded.

The mamufacturing of the t piecxl prelabirintod viements of thaeo
atricturee (trure e'ements, tempiete, satrsong) ic earried out by
means of eomplex forving equipmenta eof ithe chell type, without mobiin

encasing eiemenin.

In view of thio, the precart elenents hove been ndapted €5 the
requirements of the ne 'eschanlogy hy provading ~inimal eleope at
the vertical planes in the casting pouition and by replacing the
intersections of the ancascd planes under boundary angularities
with interrectiona bounded with the aid of =mall rores, depending
on the thickpess of the metal shects used Lo plate the mouvlds,

Nith an tneignificant ‘upplemencary sxpenditure of metal 1t wan
pomsible to obtain douhle wall rhells thiough vhich a thamwmal agent
(stomm or Rot water) nan nirculate, o that oy anplving this themal
treatment the ha~dening of the concrete cng be aacamrat.é..

For the eompaciion of the oconcrete the foming equipments are

provided with elnotic cupport:: the viuration iv carried out by connrete

form vibratorr placcd at determined pointr resulting from calculations
nnd verified by tenting.

After the concrete has hardeoned the precart elemeats are
striked hy expulasion with the aid’of pushers nlaced at adequately
chosen poinin and actumted by mech nical or hydraulic power engimes.

In the camse of parts of mmall overali aires, the expulsion
of the pref bricated elemrnts can be carried out also by meann of
a ntriking platform which actuates animulianeocusly all the expulsion
pushers of the mould,

- Ry the utilization of thins type of mouldr remarkable results
have been achicved, espacially in the mamufacturing of truss elements,
which ie very diffioult dus partiy to the lirge overal! size of those
parte (9 1 1 m) hut mainiy due to the iirge number of rode and of

their conrectione included in such eiementp,

The templetc oan te manufctured in shell moulds of the
batiepr: tipe, wiers several parts are gisultaneounly eiicased.




T wuld 1 e e Ao aniity and on the ineig-

nificant *~lry e 0 0 4t @ taanng b itilising the shell
moulde o= ¢ - . st dumonta,
The Lrcrsiove Lo L gt - sonainting of precast

trussca e Yol ol Lyt in our country betwees 1962 and
1963, fn tha tin. .t acaine  siding and the consumer goods
induatry.

At a corarrioney of *o e elepaont of the material bane feor
the production of wrcia.  vien . to Wl ¢f the amelioration of t%he
prentresai: 7 technolo ~e., 2 rrmenwiontly with the detter
endowment of the production unitc with high cagacity, tranepert
1 mounting eqiipmenty, the concepticn reierring t. the ztrwctures
for industrinl honcws ben ¢ reapendingly enanged.

The atlenl.on wou “acased on eliminating the prestressing
ogeration on the cui’ding site, whial ear ALFFicult and meeded &
darge amount of monuel lohour wd at the sats time to limitate a&e
much 1% penainle the op rolion  executad thers only to sswting
operaiione,

Btructuies " r industri ot Lo e consirting of prestressed
eoncretle plnin mirdern witn - v s ~n? with roofs consisting of
eadegons i reiniicenT eorciot s pladen o of suteclaved cell
cuperete plate: were dncimmed A typifaed, Functionally these
giractures reconded to man Loob stezical requirements se that they
bave utilired in al-ori <41 " -

The Component~ or theuc mirueiures aret

= transversal bewl of 1, 4% and 1V m o raon, for 36w baye

- Loagitudiral beoma of © aqg 12 1 rpan.

= 10of cafracnn ~f 1, L 1 6,00 m and 3,00 x 6,00 m.

= roof plater frui wukoulwed call concrete of 3.00 ud
.07 » eprn,

The T-teco are » . ufsetired iii ‘he ald of forming equipnent
of the shel! tvge, provid i itk Lexting, with owm vidbreting owtfite
and with Rrdicultc rroul ins Covicea. Their discnsions are so
chosen ae to take-nn i) precirersing fo~re of the reinforcement.

The I-hewe ar- o mafagty =i Lith the atd of fom‘a‘ oquipment
with tPanslatory poving tateral widas, Thay can be utilized either




on sta.d lires provided /1th atuimentes to taFe-up the prestiresaing

force ¢f the reinforcement (in shich cise the equipment 1m so designed
a~ to obtain the fomm of lhe pincesed slement, to perform the nompaction
of the cuncrete by vibhration 'l to accelerate ils hardening by a
themal treat~cnt), or or s*ana iines without abutments (in which

care the furm:ng equipment serfoerme a suctaining function, being
adequate to tale~up also the prestressing force).

The adoption ol these new stirurtures led to a considerable
incrense of the labour productivity 13 well in the prefabrication
works as on the building aites, A noticeable qualitative amelioration
and better indices for the consumpiior. of materials were aleo
regiotered.

However, thie type of structures neced special handling and
traneport equipments. For the transport of the bvwms railway vaggons
or trailers equipped with metal rackw, are necessary in order to
ensure the integrity of the transparted eclements and the security during
the transport. Lifting met:l devices and equipsent with a oapasity
of 12«15 ¢t are aleo neecded.

Althougk marking an important stage in the te3 hnique of in-
dustrial duildings, this phase couldn®t satiofy the aceda of an
extonsive progr:m of economic development; thiw explains wiy new
prvoccupationrs directed tovards a further wme!joration of the technieal-
economical indign, towards a 1 iining of the labour productivity, ee
wall as fabrication as as At mounting, and toards a bdetterment of
the functional charac.eriutic of the industrial bduildings have
appeared.

All thess desiderata wre mest by the folloving measurest

« the manulzcturiag of precast parts of largs dimensions

- the manufacturing also of the secondary roof clomects from

prestressed concrete

« the reduotion of the mumber of parts and joiniags and the

1s98ening of the amount of concrete cast on the duilding

site for the construction of strustures for industrial

houses .

This sol' tion is compatible with more varsions of strvuctures
for induxtriil houses, for which following clementn can be usedt




- lonpitndinal heams with 12m cron

= roof elemernis of a larpe aren of {he ™e and Tetype, with
plare @ rurvnd back, of 12, 15 1R and 71m ~pan o of
1. o» m wilth,

- nuairnons with anrved tars, of 17, 16 and 1m "nd of 1.%m

with,
Pr meonn of the above dngeribed oratem vnpioun typas of
industriol hong: e with 17 x 12, 17 » 18, 12 x 19, 17 » 24 1§ g i*
and 18 ¥ 19 pocingn cen Yo ronetrusted,

Pror th~ Mimctienn) peint of vio the 1arme ~ren w0of. rlonante
for the indptrinl hovren nre mch more "1evihle with perapd to0 the
funnt jonnl recuiremnris branysey

= the sven diatribution o a matural Yipht iy svntom on the
rocfs i monnidlng

= hollow spasr~n Per lnving of fanc or of flves to avatuate
rann ov omoke can be deajrand:

= trelnolopricul hollow srnnern sre pon~ible peentinelly in
marr aenensne aprition:

= the poanihiliey in ptvem of cuanendin~ {nnor ‘pemepost,

= menng on every layeout amsordinsly to the teahmnla~ien}
warreivenentn, | ;

T™e naw t7oag of 1arre dimen~inpn precant alomentn sanufretuved
From prestreancd eonepete lad to a fupthey neel ioration of the
formin~ equipments, which rre now somnler plarta of a hish tcohninnd
depree,

Wew handling devisen for the handline and the twaneport by
vnilway or b rordl, adnpted t0 the inneeaned dimenngont and weirhts
of the now prorant elementa havs nlne henn dowinad, {n the eonditione
af thr ~ortn entting,
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Thee erenniced hronaport of wootf alemente ot 14 n’ oren or of
beamt with 18 or 24 m snaan, cdirhines hetwenn 15 and 20 4 hap

beeane now o cuppent vetivity,

Tt i vewaovwep anderagtood that the hildine sriten mant alen
be endouat with hish ~ffioienay c~anipment to narry ount the handlin:
and movwLing cporationn of nueh larmm eleomenmts,

he ontataadinge rosuldn obtained with rafovenee to the
connumption indicen, the durntion of evocution, the tonhnolorieel
flexibility and the annt nrien have led t9 2 lecre srale utiligation
of thune rirmetursn, cven in such fieldn where 4411 ranently petal
romatmetions wove nynlnpively vwoad, nomely §n tﬁg anptruntine of
induptrinl hounes for motnllurcieal op enpine nildine works,

In 1972 more than 1.5 million m” induntria) hounen have been
manufretnred and ponnted by utilizins thin tone of Mrusturen,

The flexible character of the imner spree of thome induntrial
housen, marked ospeaially by the nupple roof clementn 1c an wipeot
thet cannot be imnred, '

Jt munt aloo be retained that, at equal free overall nisen,
tha atratures eaployving curvad rool elemontn rive thn pounibility,
of orenmtinye induntrinl houses with lower neiphtn 1hean other
typen of structures, what constituiues an imporiant advantage of
wuch housen during the workin;: time, capeoially if they are ventis=
lnted.

It »ao inevitable that while the desigming conception of |
precast elements wan evolvivyw, the necassity to widen the .
utilisstion opportunitien of the buildinm in the Cramo of the
t.ohnoloysical unit they house did wot appear.

Connequently the buvildings acquired alpo somn tenhnolopioal
functionn as the vehioculation and the distridution of the
eonditjioned air, the miformiration of the immor artificiel lirhiing
eto,




Tn ordop 40 MITES1] theer innkr (aguatrind hovses with boy-
section mipdeps te suntain the roc! and Lo traontport and distribute
the conditioned air were denimed and erented for neveral spinnine

and wenvins mille,

The hoxencction rivder in spatial element of 1 o apan for
17 m bryn, the hollow section of which 1 o dimen~ioned an to
make ponrible the tranaport of the air nunntity nceded for 4he
reaveactive building; the dintribution of the air in the inner of
the buildine~ is made hy providins nlopen on the vertical facen of
the beams,

The firnt realized tvpe of box neetion rirdern, weiphing 6 ¢,
connint.d of 9ix elements ascembled bv prectrenning at the buildine

site, The roof wan initiallv coratru-ted of tranavernal bheamn and
reinforced conereic nplaten lnter it conninted of curved clementn

of prentrenased concrete,

Presantly the exeention of a hny=neetina pirder from two
preriresncd conercte clementr, with atrands, in ir preparation;
the nreatrenasines operntion will be exocuied in the worka and no
imporiant reductionr of the nreded marmal 1ahour will be ohtained,

Another vernion of armoured industrinal bhuilding used in
technologien which renvert aiveconditioning iz the induntrial
building with teechnieal bhridre constructed of rostronced conerete
elomentn in the plant ov ir the nite=porl-on,

The regintance stmieture of 12 v 18 m eoncintn of pronert
poler, narg a I-rirder of 13 n lony om which there are put in
itn npper nide curvod prentressed conarete elements of 17 p
forming the ronf; at the upper sole, the name rlementa are 1ntd

at intervals of "0 am, forminr the rriline,
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In the dislance made in ithot way between the roof and the
ceiling, wnich is enay Lo (ruach) and to circulate in, most of
the equipnents are (esccted)aus tollows;

d) The eir-conditioning chanels ande of heat=insuinting
panels, as for inatonca, the "ALW’AN® by closing of mnZimum
two asides of & rectanpular soction (area) out of which Lhe aiher
two sides are tho atructure eleuwonts (cnissons, girvder).

The distribution of the air .n the hall is mede through
the space betweun two ceiling caiwsons by help of a wembrane
laid on the lower aide of tho girdors and along thea.

6) The rain fire prinkiors inatalatiocas, and so on.

This vorsion, using exclusivuly standardised elwmonts ol
prestressed conerete hos the folloving advantages;

= high produstiivity ligatiug

= high quality of maintainvd by the possibility to paon on
the technical bridge to the lishting equipment;

= inoreased air-conditioning chanel sections, allowing n¢
the elisinating of the intciwmediste distridution chanelo (Lhe nir
can be blown on a distance of 72 w) end he eeoscaieal dunl; ning
of the conditioning plaats.

= in the aoiay hells, the hanging of phonoisolations,
whranever required, on the seme elewonts on whieh the lighting
i, etallations are supporied.

It 1s 0 De wentionsd tae olosticity of the selution fur
funetional parmastres (teaporature, humidity, lignting) fron the
begining as well as during itu exploitation sad & high dosren of
conveniense wich ensuras a Nigh Ladours produclivity.

Tie slusticity also refers to the possibdility trnt this
type of industrial buildiang should be (built all sver thw world,
due to the themaal dbuffer of the tennical bridee which wrkes the
construstion independent of the external clisat conditions.

Thie elasticity nlso refors to the pouaibility ef obinining
unconditioned halls with the seue span, by eliminsting o oeciling
(workshops, etorea, fabrics finiohing departments) dut which ¢nn
be brought in st any tiwe by deviloping, by maintaizniar the
ceiling eleuents.
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Pregently the aanulncturing of type N, precnat concrete
elowents io under preparation; by the ad joining wounting o
such tubes, flu2a and ;ullat. are 2l .arnately obtainad, thm
first for the cireculaticn of the conditionaed air nnd the
letter for the wounting of 1. ;hiing fittingc. This nnlution
ie utilized as wall for ground-lloor as (or sultiple-atopn
industrial houacs.

Concounitently with ground-floor industrial houses whinn
ropresent the preponderont part ol auch buildinge am which nre
econceived for horisontal orjpunised opuration seqencan, mullLipte
stage industrial houces arc aloo conatructiad for eanvn in
whieh the operation sequence i3 predoainantly verticnl.

This way the problem of ihe utilisation of the
dbuilding ground finds also an adoquate eolutions.

Tnis type industrial houses have a comdbined siructuee,
coneisting of monolith pillars and of & precast eeilling.

e T=type ceiling eluments with cuaatent section of
1,90 x 6,00 are manulastured in iwo verasions, nesely From
roinforeed or prestrosucd coacrete. They are suport- i by
precast Lranoveraal beams, oiuior in their heiht @ nhove
them. The wain functioa of tho longitudinal bosms in Lo
rigidize the costruciion uloag ho T-section.

To obtain sn horizontal .usbrano nvove the °l cuiling
elsaonta, an upper layer of einforced concrote io npplied,
whieh is cost aimoulinneously with the monolith eastimg of
the truus jointy.

Presonily soae other versions for ault-stese indmatrisd
houses arc under Ddreparation aluing at adcquats* solutinng
enlarge the boy - 9 x 6 m - and %0 obtain a wuolly prelnbri-
cated structure.

Anowner Tield iu whien the profabrieation could bring
ebout important technicai-ecocomical advanteges fu the
manufacturing of precast ewleavats for the cloeings ol the

industrial houses. In conncect. un with this problea, tha
narmonization of the architeciural and functional requircmunts
with those dictnted by the 1iniustrialization of the inbriention l
and by tha wount.ing opari:tiond was perwancatly Condiderad; Lbv




aim is to obtain closinga waich be us adequate as poasiblu witi
the preseat utiliszation of aspaces and areas oi tho induntrini
houses and at the swne time to allow for their eventuanl orirumian
and moderaization.

One of the .oat importuat functions the well elewcal: v
called to perfora -uaucly the heat isulating and the avoidin, n/
condensed water - has been adequatuly solved by the utillz Linn
of light materials (polyotyrene, silance ete) and of nutoninvewi
soncrete.

The constructive solutions convisspged are the f{olimin::

« light panela conopisting of "sandwich®=type elaw uln with
asdestos-ceaent ploie plates on thu outer side and with " hunt
insulating layer of polys'yrene;

= panels oonsinting of two layers of heavy eoncsol: on Lhe
outer sides, with a hoat inguloting eore eonsinting or Ji:ht
aaterials or of auitvclaved cell sonarets;

« panels wholly executod frou autsclaved eell cunci:tng

= Tt-goction concrete panels of reinforeed or prostryiv.l
sonerete acunted nuoraally in the vortical peosition.

The choosin;; betwcea the above seationed solulions will
hang on considerations dictated by the heat imsulation ruquire-
sents, by the meisturo coutent, by the funstiomality mmi of
course by the architeotural plastice.

Pinally { would iike to montion that the forwing:
equipsents for the manufacturiag of reiaforecd or provtruimad
ooncrete clements, which are to=day cosplex and autonownm
outfite, offur aluso another iuportant sdvantage, noscly tho
possidility of being utilised as woll in the prefabriuntion
works as directly at tho building site.

If utiliged at tho bullding aite, besides tha umews sy
1ifting, nandling aud transport equipment, connestionn 1t n
power network and at a stoaa or hol water sourge are rlio nuuihnt,

The tranuport and mounting of sush mouldse are now
norsal operations, evan for the saaller duilding eites.



"he neanfacturing of precter cneg comercte A the Y ange

214e can he rreoansed 19 ave A fellowin flternaticen:

= mther on a pertion ¢ ‘he pldins z3ite, whirh »unt be

placed az ronverdi otly as joncible 1m relntien o the Mutldire;

~ Bithar Aipretle on the Buitding erplnrenont | {F She il 4ine

platform offown thic nosnibility,

The advartasr of the firet veesion ie 4o make porgibhle the
memfoaturine 6f the npeei~t (Yements withont interfapprine in
AnT way with the cvemtinng of the undersround operntions or with
other eperntionn pelated to the brildires, T4s dinadyantnre
connints i1 the faet that acme supplementary Jiftine and tranaport
equinnents are needed and that an adeonate aren of land munt be

avatlnble,

The advarmtare: of the nreond vernion comrint in the fant
that the moumting and the exrcution of the preeant . lements ran
he rareied ont  with the same (iftine eruipment, the trumeport of
tha ~lements inatde the nildinge ~ite 4o climinnted and »o
supplementary arecn of land in ne deds It werviiwne hawever that
the buildan- platfome ean he utilized to manuf et ure the nrocact

rlerrnte,

In the 1ant vargion in chooren, the moulds ruat be =0
adapted that thay ecan b teanaferred to the building emnl aeement
in the name rhrthe in which the mountines in cxcerutnd, ge that
this operation he dienatly earricd ot and the trantport nf the

preennt nlementsn he eliminnded,

The mmufanturing of peinfapred and nf prestresacd ronepedo
elements ot the bwildine ~ite, with sudonomane mobile cnuipments
covld be a teamptings rolntion: She only recrired condition tn the
availability of adecuately trnined pepsonnel snd the nernihility

to enrrry out the neeesnary nontrel tonte,

TP thin wemriverents are meet, 1he reonomical reamlia achieved

are ovtatandinge,

A o



4.





