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I. TYPIFICATION AND MODUIL AR CO-ORDINATION

OF INDUSTRIAI. BUILDINGS,

Ihe correct design of industrial buildings ig demandlng the elaboration of all detalls
in regard of their economy, technology, architecture, etc., and in addition the

consideration of the economical and political aims In connection with the establishment

of the industrial plant in question, together with the examination of the resuits of the
development of the settlement. A decisive factor affecting the pian-fuifilment is given
by the rate of the construction work from which the increase of the productivity of
the building-industry  as well as the decrease of the cost depends. These facts are
compeliling the architects of industrial buildings tv search for all possible ways
during the design process and the construction works as weil. In particular during
the planning of typified buildings these have to be evolved that in respect of the
investment and operation the most economic industrial buildings should be erected
for the national economy. The development of the methods of pianning is characte-
rized by the expansion of typification. In lungary typification started with the
typification of structures. The proper and correct structural typification has to

be preceded by the modular co-ordination, by the establishment of the characteris-

tic measurements of the industrial hails, and by normalization.

Typification and modular co-ordination means not alone the speeding-up of
construction-activity. It possesses an important role in connection with the
regulation of building and in the improvement of its quality. Therefore typification
and modular co-ordination form an important part of the work of the architect

when he is designing large scale buiidings or large building complexes. In typification

ways have been found for the new design methods to unify ideologically and construc-
tionally all buildings, which have to be erected repeatedly in large number in |
identical resp. nearly identical form. These two methods of building activity are ‘
suitable to be used for the development of the industriallzed building methods, as

they are: -

(a) assisting considerably the prefabrication of constructions.
(b) abbreviating the time needed for erection work, because at the moment
the decision is made regarding the erection of the building technical detail-drawings

are already at the disposal of the designer.




(c) eliminating the seasona. character of buiiding, as the constructor in

possession of all the necr wsary drawings is able to have prefabricated ali
structural parts in the most convenient time whether in the prefab-plant or

onsite,

(d) rendering construction-activity more economical, as in the moment
decision is attained as to the site of the buiiding ail required data are at

disposal regarding the public utilities, roads, railways, s.c.

With the further development of the modular co-ordination, of typification
and of normalization the structural elements which can be transported, should
be manufactured in prefabrication-plants, instead onsite. Reirnforced concrete
structural elements should be mostly made in prestressed construction, while

those of the heavy weight type and thus madeon-siteshouid be made

post-stressed. Prefabrication ofstructuralelements made of other materiais -

/steel, aluminium/ is performed aiways in their works.

When developing standard designs start should always be made from the
principle that the single buildings belonging to the same industrial ensemble

should be designed on base of identical technical conditions. This consideration
applies inter alia to the network of the piliars, to the heights of the buildings,

to the selection of the character of the supporting construction,

The unification of planning is evidently a highly important means of
encreasing capacity, and the fundamental problems of typifical planning activity
were already defined by the First International Conference on Standardized Plan-
ning 1957 in Berlin. One of its main subjects was the introduction of the
unified modular measurement of 10 cm though the question of the large modular
series of 60 - 120 - 300 - 600 cm were discussed #s well. The Conference
has accepted further the recommendations in regard of the unified methods of
standardized planning and the unified planning terminology of standardized

planning.

The member-countries of the COMECON have lent particular attention
to the investments of the chemical industry stressing the necessity of the
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maximum standardization of the uildings for the chemical industry. On the
Conference of the Chemical industry heid In 1959 in Halie the basic condltions
of standardization of the buildings of the chemical industry had been

accepted. Similar ayreement were found necessary Ln regard of the general

industrtal hails,

standardization and unification is as a matter of fact useful not only
for similar buildings, but for different types of bulidings as well, in particular
concerning thelr structure. Thus a structural unification is desirable, which
can Ye later used for civilian, industrial and agriculgtural ccnstruction work
as well, No doubt this wouid have very great importance for the total national
economy. With the unified moduiar system and with the building method
employing the iarge building eiements this question could be solved. i'he modu-
lar network of 3 x 6 and 6 x 6 m can be used in communal building too and is

thus suitable for typification in this sphere as well.

The demand for typification Is strong in the countries of the western
hemisphere too. The about 100 experts participating on a dlscussion held in
washington have agreed that by employing the general princlples of modular
measurements better building with decreased costs can be erected. One of the
participants said:-""This is the only method where the architect, the structural
engineer, the constructor and the factory superintendent are thinklng and

speaklng the same language."

Standards are promoting the industrial bullding methods but are influencing
the requirements of the architect too, as while searching for the architectural
form he is bound to the bullding elements manufactured by industrial processes
in very large quantities to satisfy the demands which were increasing rapidly.
In this way the correlation of architecture with large scale industrialization
with all lts inherent possibilities for creative activity was established.

The mair points of view of the correct typified planning are:-

1./ industrializatlon of building

PR




-5 -

2./ industriai prefabrication

3./ modular co-ordination

4./ acceptance of a modular system

5./ ample selaction of structures and elements

6./ onslte mechanisation of construction work

7./ saving in materials, decrease of costs, faster construction work,
8./ satisfying the requirements of architecture.

For the industriaiization of building the typified structurai elements,
the normalized building sections are indispensable, but these have (o be
previously proved by sclentific methods and on de facto erected experimental
building. To judge the economlc solution of a plan all custs of the investment
of the total butlding should be summed up viz.: the total! amount of the expen-
ditures related to the unit of capacity of the manufacturing plants of different
profiles has to be established, thus only in possessio. of such index-numbers
the possibillty will be given to reach rentabiiity for the typified designs. If
the total amount of expenditures In connection with a certain building is placed
agalnst the unlt of the economlc index-number the most important bases for the
economics of building are correctly established.
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1. UNIFICATION OF INIW'STRIAL BUN.DINGS

A small countrv or a developing country with an industry in its initial stage
generally does not have the possibility to produce large series, and in the inte-

rest of competitiveness her industry has to be flexible and mobile.

btor this reason, it is required that its Industrial building should posaess
great adaptability ‘flexibility . It is a permanent endeavour of industry to improve
its products. It produces new machines, raises new needs, creates new products
of consumpticn. It follows from this that Industriai building should accommodate

itself to the constant change, to technical development.

It is well-known that there is a fundamental contiradiction between the
lifetime of industrial buildings and the obsolescence time of the machines and
production processes located in them. The lifetime of {ndustrial buildings is
approximately 50 years, whereas the modernization of technology varies between
3 and 15 years, but it shows a rapidly decreasing trend in consequence of

technical development.

The new mate -ials introduced in the individual industrial branches result
in significant technological changes even if the production process retains its
traditional character. Such is e.g. among the new methods of metal working,
the chipless technology replacing processing by cutting or the spreading of
synthetic fibres in the textile industry, the sudden advance of new surface
treatment processes or the application of plastics. All these raise new requlre-

ments  concerning the new or already existing buildings.

Several possibilities offer themselves to bridge the contradiction between
technology and the life of buildings:

1. The present machine park is taken into consideration, and the
lightest, simplest possible building is applied, which can be replaced together
with the machines. In this case, the "building' actually becomes a covering,

a wrapping the life of which is the same as that of the machines. An extreme

example of this 18 the so-called machine park installed outdoors, gaining more
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and more ground. Though the protection of machines against the weather /heat and

water/ increases the machine costs, this solution saves the buiiding, entirely or
partially. Nevertheleds the protection of the operating staff must be taken into
consideration in this case too, which sets limits to the outdoor installation of
mmachines. it alsu occurs, however, that the costs of the machine covering are
almost as high as the building costs /e.g. semi-outdoor power piant/. Outdoor

machine installation has gained ground primarily in the chemical industry.

2. The disassembiy of the wrapping or even the building and its repeated
application are aisv conceivable, though this will prohably become general in,
a wider field onily with the popularization of plastic structures, Such (s e.g.
the Buckminster-Fuller system, which consists of polyester derivative space-
delimiting structures stretched on built-up metal structures, or the inflatable
balloon space-delimitations for the purpose of storage, where the rigidity of the

tent is ens'ired by the small overpressure of the internal space.

After all, the building covering of wrapping character is economical only
under the following conditions:

(a) Identical obsolescence time of the covering and the technology,

(b) assembled building method, repeated applicab.iity;

(c) the reduction of the order of magnitude of the weight of the covering
compared to that of the current structures;

(d) the perfect following of the technology.

It appears fron: these conditions that the building method will be applicable
only in certain partial fields for the foreseeable time.

3. The other solution is the so-—called flexible, multi-purpose industrial
building. What does the idea of the flexible plant mean? The bullding, indepen -
dently of its momentary function, should be designed in a manner to be
suitable for several types of the production processes. By the selection of the
structures, by the farsighted design of the sanltary engineering services it is
possible to ensure the convertibility of the plant without a considerable reconst-
ruction of the building.




The multi-purpose plant, contrary to the construction of wrapping char.cter

is conatructed not for a short time, with the application of materials and struc-

tures hnown today it can be easily coaverted,

Which are the criteria of the mulii purpose industrial bullding”

I'he spans should be gelected optimally, as large as possible within the

limits of the possibuities offered by the structure.

From the point of view of material consumption and huilding cost, the
appl:cation of larger <spans, up to 30 m - at least when related to the entire

investment - is reiatively not significant.

The larger column grid  the desire of the technologist is the plant without
colurnns  tacilitates not only the freer development and possible rearrangement
of the technology, bhut it means direct area and volume savings as well. In moat
cases this is not appreclated, even though the columns protruding into the zone
of communication and material handling require 5-10 4 extra area. The cost of

the larger span may be directly repaid already in the construction costs.

e built-in production surface should pe coatiguous, it should serve
exclusively the direct production purposes of the plant, Accessory service

facilities hindering rearrangement /e.g. transformer/ should not be interlocated.

lixtension and deveiopment should be ensured maximally in both directions
if possible. Extension should be taken into consideration not only In the layout-
plans, but in the solutions of the building structures too /it is wrong e.g. to

dimension the front columns for the loads of a half bay/.

Roof structure should be suitable to carry lighter transporters which cannot

be installed on the floor, conduits, intermedlate floor and false ceilings.

Sanitary engineering service should make possiblealterations suiting the
new requirements both In the conduits and In the apparati. The subsequent
Introduction of the entire services, e.g. the low-current networks necessary for
automation, or the clad bus-bar power transmission system i(nstead of the obsclete
cable ducts should be also taken into consideration.
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The life of the building, with regu'ar maintenxce, should be long.

Of course, the sstisfaction of the requirements :~ncerning the multi-purpnse
tuilding increases to & certain extent, the investment costs of the plant. However,
certain overdimensioning of the load -beuring strucires and the design of the
sanitsry engineering conduits taking into account alterations and extensions, will

be returned several times in time and msterial.

[I/1. Single-storey and muiti-storey buildings

A question of prime importance In the designing of the industrial building

f course, in the heavy industry, in industries operating witn large material
quantities snd considerable weights the decision is evident, but it is all the more
questionable in the light \ndustry and In the industries serving for mass production

/instrument industry, plastic production, textile industry, etc./

/1.1 Advantages of single-storey buildings

Arguments in favour of the singie-atorey plant:

1. The fundamentai requirement o: the up-to-date industrial building:
flexibility, the pos3ibiiity of rearrangement are satisfled better by the single-
storey hall with ita unlimited dimensions /width-length/ than by the multistorey
building.

2. From th- point of view materlal handling, the single-storey solution is

generally more favourable /with the exception of possible gravity operations/,
becsuse material handling can be effe ted on a larger fNloor area, simultaneously
with several transportation facilities. In the case of a multistorey arrangement,

the traffic of the storey is also ooncentrsted on a smaller floor srea. In a
multistorey case, the vertical handiinr of the material is always necessary, too.
The operating and wage costs of loading tato and unloading from the elevator and of
manlpulation are always higher than the ocosts of horizontal transportation. The
difference, of course, is a function of the quuntity of the material handled. In

the oase of lifts, or elevators, the possibility of a breskdown, thus poesible
stoppages of the material handling should be also taken into account.
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4. The standardization of the singie-storev plant can be solved more aimply

both fur the entive ares and for parts of buildings and structural components than
that of 2 multi-storey plant. T'he halls can be constructed in a given case with

identical components prefabricated in plants.

t. The less restricted ground plan anc larger grid of columns of the
single-storey arrangement makes the development of the technological process eaaler,
and it results in the free arrangement of the machines, the larger span results
the saving of area. lhe utilization of the area improves hecause there i8 no need

for stairs and elevators.

5. The useful load is practicaliy uniimited because the load is carried by
the natural soil. The greater internal height does not mean considerable extra cost,
and since the dimensioning of the lower floor need not be cared for, storage height

can be increased.

6. The foundation of the building is simpier :nd cheaper because the
foundations have to lw dimensioned only for the dead weight of the structure and

for the snow lovadq.

7. The single-storey building can be constructed more rapidly, Though the

speeding-up of .. . © - . reinforced concrete construction is also possible
(self-supporting frame with rigid reinforcement, .. cc.erui:i.n t coment e i,
etc.) the construction of the single-storey hall can be started simultaneonaly

on a larger surface and {t can be organized better.

8. The construction of development of the plant Iln stages can be solved
more simply and more economically. It is well-known that the vertical extension
of industrial huiidings (s disadvantageous not onlv from the point of view of the
constructlon costs - a superfluously overdimensioned supporting frame and
foundatlon must be establlshed already in advance -, but the roof structure must
be also democlished, destroyed or lifted; and a perhaps even greater disadvantage
is the production loss due to the disturbance of the plant in operation in the

course of cons:ruction.

[I/1.2 Advantags of multi-storey buildings.

As recognized in the foregoing, in most cases the single-storey and multistorey
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plants cannot be compare:l on the ba 19 of exact «conomic indices, but only on the
hasis of the judgement of engineers, and it is important to listen to the arguments
In favour of the multistorey solution as weil. When does the muitistorey arrange-

3

ment corae I(nto prominence’

1. A decisive argument in favour of the multistorey building may be the

restricted construction_area. ihe plot has a signficant use value primarily from

the point of view of public utility supply, but from the point of .1ew of housing,
communal and manpower suppiy a8 welii. FKspecially in the case of plant develop-

ment by reconstructlon, vertical extension is frequently unavoidable,

2. In those industrial branches where the weight and material quantity to
be hamdled is not significant, e.g. pharmaceutical industry. finc mechanics,
telecommunication engineering, etc., vertical material handling may be faster,less
expensive, occupying less space ‘taking even relnading into consideration/ than
the horizontal one. On the other hand, there may be bulky materials in the case

of which the technology involving gravity material handling requires a multistorey

arrange ment /atone -breakers, lime burners, ore drefsing mills, some technolo-
Zles of the chemical industry, etc./.
3. It s conceivable that plants not requiring a great deal of material handling,

but equipped tn a high degree In the fleld of sanitary and technoiogical engineering

/e.g laborstories/ can be operated more economically vertically than horizontally.

4. In some cases, the minimum cooling-down and warming-up surfac 's of

air-conditioned plants are smaller in a high-rise building than in a single-storey

building.

5. If the vertical arrangement comes into prominence, then the expedient
height and oumber of floors are determined by the capacity of the vertical
material handling equipment. It is necessary to strive for maximum utilization,
in other words, if it has been necessary to decide in favour of vertical arran-
gement, one should not be afraid of increusing the number of stories reasonably,

even up to 10-16 storeys.

In this case, superposition is determined by tae roonomical design of the
load-bearing structure and the {rame of the bulldag in addition to the capecity

of the transporters.




I'he (mportance of the arguments in favour of the single-storev and multi-

slorey arrangement, respectively, varies in every case. [t {8 doubtiess, however,

that the nalization ot the area is one of the most decisive points of view.

Ihere are ciases when the single -storey and multistorey buildings can be
LKE:MM})_II}D{Q&L’ i accordance with the technological process. the first
phases of working cutting, machining, ptckling, cte. that is, the work phase
operating with heavier pieces is located :n the single storey building, - and

assembly tn the multistorey building.

l ot us examine a few fundamental points of view of the design of the

single-gtorey plant space - supplementing flexibility:

1. Ime internal height of the halls increases in spite of the fact that bridge-
cranes are superseded more and more, ‘there are severat reasons for this:
(ai the tigher .nternal space can be utilized hetter and more economically,
the suspeasion tracks cau be rearricl more casily. the so-called
“palette” gystem is gainiag more and more ground. In the space of
the manufacturing works, intermediate work floors suspended on floor
clements, or supported by the floor structure on columns, so-called
"palettes” are constructed. ‘these intermediate floors can be easily
disassembled and rarranged. The area below the "palettes' is used as
a production area and as a plant store. The lower surface of the
“palette’” floors can be used for sanitary engineering conduits. With its
extraordinary flexibility, this system ensures the possibility of the
modification of the current technology, but it can be applied, of course,

only in halls with 6 m or larger Internal nelght.

The "palette’” character appears In another form in those halls of the
chemical industry with larger internal height and a single space, where
steel-structuied operating and servicing platforms belong to the installa-
tions at the necessary places.

(b) Air pollution, as well as the heat generated in the hall dissipate in a
larger space, thus they are specifically reduced.

(¢) In summer, the heat radiation of the ceiling ls less disturbing. On the

other hand, heating costs increase insignificanuy because the cooling
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surface of the higher side walls is insignificant compsared to the flat
roof,
/Hating-up however demands considerable extra caiory/.

(d) Storage is more economical in a high hall.

(e) The extra cost of the high hall does not increase in proportion with
the volume. /Nowadays specific cost of the hall is always projected
to m2/.

2./ It Is expedlent to accommodate the condults of sanitary engineering services

in the plsue of the floor structure. Thus, the uppermost space fleld serves for
sanitary engineering purposes /heating, possibly air-conditioning, ventilation,
power transmission, compressed air, lighting, etc./. As few conduits should

be placed below the floor as possible - just because of the possible rearrangement.

3./ Practically natural lighting of large single-storey halls can be solved only
through the roof surface, though ofter sanitary engineering fittings are restricting
the application of fanglights to a great extent. In the last decade, in the majority
of plants of the developed industrial countries people have been working under
completely closed horizontal roofs without fanglights, under artificial lignting.

Contrary opinions are also voiced against the total artificial illumination

from a psychological point of view it {s not right to keep people permanently In

a uniform closed environment. Every living being needs the effect of the outside
world. The workers observe the morning, noon and evening light, and their
behaviour and performance change accordingly. The task of medical research in the
field of work-psychology is to determine how the work performed permanently

in artificial light affects the human organlsm and performance.

Today, a generally accepted compromlse solution is the supplementation of
artifical illumination with window bands located on the iide walls, the role of
which is not the improvement of the iliumination, but a peychological one: they
reduce the sensatlon of being in a closed space.

It should be cstablished, however, without unde restimating the importance
of the psychological factors, that in our up-to-date plants operating in two,
frequently in turee shifts, artificial illumination is limited 8 priori only to one
shift, let alone the finer work processes requiring greater illumination intensity
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©5°0-1000 lux/ - instrument industry, teiecommunication engineering, pharmaceutical
works, etc. - where artifictal light is indispensabie even with the most up-to-date
external lighting.

It is not a decisive point of view, but it is worth mentioning that according

to a complex economic analysis /construction and operating costs together/, the

hall without : . ..~ is approx. 3-5 per cent less expensive.
If, however, one still decides in fa.>ur of ... .~':, two circumstances
should be taken into consideration, Firstly, 1....,h'. are permeating a larger

heat quantity into the hall in the summer period, which must be removed /ventila-
tion/. Secondly, it has heen unequivocally established by our design practice that
the application of glass surfaces of tniirn's for ventilation - even if it appears
to be obvious at the first moment - is structurally complicated, unsatisfactory

and expensive. It is expedient to satisfy the lighting and ventilating functions by

separate devices.

Nowadays, the piastic /polyester/ refractive skylight domes are wide--spread
already.

Ventilation is done by means of deflectors, which can be supplemented with
fans according to requirements, and in this way a changing perflation corresponding

to the season of the year can be ensured.

III. Stages of development of the use of prefabricated elements for industrial
buildings.

The foilowing brief review discusses the solutions of supporting structures
and hail coverings used in our industrial architecture in a stricter sense,
according to two fundamental building types of industrial architecture: the single-
storey hall and the multistorey industrial building.

In order to facilitate the judgement and understanding of the degree of the
Hungarian building industry’s development achieved so far, a brief reference is

made to the main development stages of the period after the Second World War.
This we consider particularily useful, since the position of the Hungarian

building industry after the destructions of the Second World War was in many respects
simiiar to the actual position of the building industry of many deveioping countries.
As a consequence, several of the experiences we guthered during the past three

decades could facilitate the development of those countries.
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After the first three-year pian devoted to the reconstruction of war-time
damages, the intensive development of the heavy industry was one of the tasks: an

increased investing-building activity started in the field of industrial architecture.

III/1. Main supporting structures

This period is characterized by the fact that almost exclusively reinforced
concrete was reliably available as building material. Since it would have been
simply impossible to realize the needed bullding volume by the monolithic concrete
building technology - used almost exclusively before the war -, the large-element
version of on-eite prefabrication, considered to be a great technical advance at

that time, developed and galned ground.

The building solutions and supporting structures of thie period, as technical
and engineering achievements, rightly aroused the interest of foreign countries,
too. With knowledge of subsequent development, it can be stated in retrospection
that the supporting structures built at that time were characterized by variety,
the supporting structure components, primarily the joint connections of frames
built together from them, were characterized by a certain kind of cumbersomeness
and complicacy - because of the effort to achieve corner stiffness and continuity,

re 3pectively.

In the meantime, among others the realization of the endeavours of dimen-
sional coordinatlon and standardization created the conditions of the change-over
to industrial prefabrication which can be considered to be the next step of
development.

Expedient prefabrication, transportability, rapid assembly, the string-type
prestresing technology and the better concreie quallty necessary made possible
the application of lighter components of llnear character both for the single-
storey hall and for the mulistorey building.

Following this, besldes the almost excluslve reinforced concrete material,
by the Improving steel situation, and due to the advantages of rapld transportation
and assembly, as well as the proper appreciation of the time factor, moreover
the deteriorating manpower situation, the interchangeable steel-structured equlva-

lents of the relnforoed concrete main girders were developed.
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As a conclusion of this development trend, si.el structures were introduced

in our industrial architecture as a parailel structural solution.

With gaining ground of the more advanced lightweight structures with the
apprarance of the corrugated sheet components , - the former contradictia that
the steel-structured main girders of the halls were loaded by h-avy prefabricated

components also ceased to exist.

Finally, primarily in cases of multistorey buildings .- the modernized

monolithic concrete building technology aiso developed.

Besides the traditional structures, a branch of the development affected
the construction of shell structures. In the case of the traditional monolithic
technology, the scaffolding, shuttering and concreting of the shell structure
involved difficulties. (n the other hand, the modernized construction method
results in a competitive solution for the purpose of individual requirements. The
flange girders of sheil components are assembied from bridge cranes moving
on crane tracks mounted on prefabricated columns - as from a rolling scaffold.
The panel shuttering of the shells is suspended on the constructed flange
girders. In this way, craned halis covered with hyperboiic parabolold and elliptic
paraboloid sheils were constructed. By the way, onsite prefabrication with iarge-
sized components, - in its final development stage ,- aiso reached the construc-
tion of short barrel shells, and even that of framespace dellmiting structures

of shell character, having a unified function.

Coming to the more detailed analysis and presentation of the traditional
structural soiutions of single-storey halis, it is essential from the point of view
of the judgement of the present situation that the structure of our industry has
shifted to a certain extent from the heavy industry towards the light industry,
moreover that it is our intention to resolve the contradiction of the different
obsolescence-times of the technological equipment and the buiiding primarily by
flexible buildings. On the basis of the analytic elaboration of the requirements of
investors it appeared that the overwhelming majority of the technological requi-
rements can be satisfied in a hall with a column-gird of 12 x 18 m,

Taking also into consideration, - the technical development that has taken

place in the meantlme halls of this size can be erected economically with
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supporting structures of the traditional type as well.

m/2 Covering structures

The more essential stages of development of the main supporting frames were
already mentioned. In the following the stages of development of hall coverings with

traditional structures will be reviewed.

The earllest period was characterized by the purlin system. Prefabricated
purlins were laid on the maln girders perpendicular to the main axis of the hall
with 3 m axial distance, then small roof elements of various design were placed
on these in rows., Thus the roof structure was built together from three different
kinds of components. The size, weight, number of the individual components -
main girder, purlin, small roof element - were very different. This made the
gelection and utilization of the hoisting machine type also difficult; the number of
the joint connections of assebly was large; the three-stage construction, especi-

ally the placement of the small components was time and labour Intensive, less

productive.

The development of on-slte prefabricatlon, the improvement of material

qualities, the development of holsting machines made possible the partial Integ-

ration of the fragmented structural system. By the gradual development of the
so—called large-span roof element - up to 12 m main girder axial distance -,
it became possible to solve the bridging of space with two supporting elements,
with main girders perpendicular to the hall axis and with the roof elements

placed on them in rows.

This space-covering system remained at the time of the change-over to
industrial production too, and the large-span roof elements were used even in
the case of steel-structured main girders as well. By the proper designing of
the connection, the composite action of the upper flange of the steel-structured
main girder and the jolning roof elements could be also solved.




IV, MAIN TRENDS IN USING PREFABRICATED ELEMENTS FOR INDUSTRIAL

BULL DINGS

I'he industriallv manufactured, multi-purpose reinforced concrete hall structure
with 9x9 column grid was still of purlin character. The one with 12xi% m column
grid was already made with large-span roof clements, and it had a version with

steel main girder, too.

The su-called short main girder svstem which ¢an be regarded as a further
step forward meant a change of qualltative character in many respects compared
with the previous. Because of its wide application and its further spreading to be

expected in the future, it is worth investigating it more thoroughly.

IV /1 Short main girder system

It was justified to place the monolithic or 1 . pretabricated main girder
frames perpendicularly to the axis of the nall; ine beam particlpated in taking
the horizontal loads too. It was to be seen in the foregoing that the justiflable
strive fo, sinmipler supporting clements and joint connectlons brought into pro-
minence the main versions «f fixed columns and free beams, respectively two-
hinged columns and beams. tlere the horizontal loads cause a moment only on
the columns, the beam only transmits and distributes the load. If composite
action is ensured, the roof panel system as a plate rigid in Its plane is also
suitable for this, mainly in the case of halls without crane, making up a great
part of the requirements. Thus, the main girder having a lattlce construction
often required by the span, became superfluous, although of considerable height

was placed perpendicularly to the axis of the hall.

The manufacture of .he earlier lurge-span roof element, - either on insitu
concrete core, or in industrial steel template ,- was not slmple on account of the
coffered design. Roof elements with considerably larger span can be manufacturecd

by omltting the cros; ribbing, by using a slmnler cross-section and by prestressing.

e

The greater lenyth /span/ makes it posslble to place the main girder
carrying the total load of the floor rection in the direction of the axial Jdistence of
the smaller column and o place the roof elements otherwise carrying a smaller

load in rows perpendicilar to the axis of the hall, with an arrangement turned
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90" relative to the former systems. /ligure 1./,

iv/2. Reduction of structural height

In cousequence of the cross-girder character, of smaller loads and limited
deflections of the roof elements due to stressing, their structural neight is small
~ compared to the main girder height of the previous arrangement. In the new
arrangement, the useful /'ml/ internal height of the hall is determined by the
' lower edge of the roof element. The stressed main girder with a smaller span
may be also a beam with smaller height and generally with a solid web. The
 welghts to be hoisted become equalized. Though the free height of the opening
/m3,/ will be less between the adjacent halls, in the case of halls with controlled
nave this generally does not disturb the technology. In the case of halls with
cranes, the free height of the opening /m2/ between the naves is limited anyway

by the crane girder running significantly lower /Figure 2./.

Thus, in the short main girder system, - mainly ‘n the case of lower halls
without crane - the ratio of the useful volume has significantly improved. Though it
is doubtless that the Increase of the helght of the hall does not increase the invest-
ment costs in direct proportion, the reduction of the volume has an economically

favourable effect - in respect of the limiting walls, heating, ventilation allke.

Moreover, an advantage which can be evaluated only qualltatively, but which
is not to be underestimated is the clean, clearly arranged, grandiose inte rnal
appearance of the halls constructed in this way, more favourable aesthetically, too.

The prototype of the short main girder system used in Hungary and outlined
above was applied for the first time at the Hédmezdvésdrhely Hardware Factory.
On the basis of the favourable experiences, the Ministry of Building and Urbar

Development ordered its standardization.

IV/3. Manufacturing technology

The TT-section components constituting an essential element of the 12x18 m
hall are manufactured on a concrete prestressing bench lined with steel plate, by
string etressing /Figure 3./. The two-support, two-cantilever plate solution sup-
ported by the two ribs makes possible 2,40 m width still favourable from the point
of view of transportation. The short main girder versions are also prefabricated
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and stressed. The component weights are balenced, heing about tv Mp. By
constant development, by widening the product range, the builg’ng enterprise
in charge strives for the developn, nt of complex hall systems Figure 1./,
Multistorey and combined building types can be also consiructed from the pro-

duet range available at present.

Ribbed upright panels are also manufactured for the purpose of exter.al
limiting wellg, thus the basically three different kinds of limiting walls, the
horizontal panel, section-glass glazed and upright panel type solutions provide

a satistactory choice. - Figure 5/.

From the point of vliew of the simplificatlon of the structural system, the
securing ol expansion movements by neoprene underlays was significant. In this
way, the inconvenience of column doubling aside the dilatation joints could he

avoided . Flgure 6/,

The fundamental advantage of the golution is that it represents a purely

reinforced concrete structural system made of uniform material.

To satisfv the less frequently occurring, but still realistic 24 m span
requirement, a T-section roof element otherwise manufactured on the basis of

principles similar to the I'T roof element is also available /Figure 7/.

In the foregoing the short main girder system was derived from the integ-
ration requirement of the traditional, differentiated supporting structure system.
The system can be derived also from the surface structure performing the

space-delimiting and load-bearing function alike, thus having an integrated role.

In case that extensive, bent r.c. shell surfaces are made with monolithic
technology, the difficuities of scaffolding, shuttering and concreting come increa-
singly into prominence. kven if an up-to-date monolithic process is applied -
moving scaffold, sliding formwork, welded steel net, guniting concreting process
- they are suitable rather to satisfy only the individual requirements exceeding the

standard ones.

In the case of standard requirements, with in-situ or industrial prefabricatio
- asserting the structural advantages and possibilities offered only partially and
iimited only to the function of a roof element , - as well as combined with traditi-

onal structure /column, beam/ they can be used to advantage, and ultimately they
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also result in the short main girder system.

[V/4. Varlous cross sections for roof elements

The economic efficiency of the short main girder system is influenced primarily

by the solution of the roof elements. The usual cross-sectional forms are shown

/Figure 8/. In the case of the spans in question - from the point of view of the
supporting structure - most of the ~ross-sections are suitable with the minimum
plate thickness necessary because of the construction technology. In the selection
rather the expediency of manufacture is authoritative. Components consisting of
flat plates are more advantageous than the components having a curvilinear cross-
gection {rom several points of view. According to investigations the trapezoidal
the wave line and the T-section girders are also showing favourable

gree of merit of the individual

cross-section,
grades of efficiency from the point of view of the de
cross-sectional forms - the moment capacity related to the dead weight. The
disadvantage of the somewhat lower degree of merit due to the T-section form may

be compensated by advantages originating from the simplicity of construction and

the freer alignment of the stressing wires.

IV/5. Multistorey buildings.

Concerning the multistorey industrial buildings, it can be established that their
frequency is less than that of single-storey halls. Apart from the arguments mentioned
in the first part of the paper, the desirable flexible design of the multistorey building
{8 also more difficult because the fundamental conditions of this, the large continuous

footing area, the large axial distance of the columns possibly in both directions

ensuring the possibility of extension, are a priori more circumstantial.

In addition to the former disadvantages of tunctional character, the multistorey
buildings are more complex from a structural point of view as well. The precondi-
tion of industrial production, to ensure the large product number and the standardi-
zation of the structures, respectively, are difficult also because the number of
parameters and sccordingly the number of the variation possibilities is high.

Besides the parameters of the span, main structure axial distance and internal

height of the single-storey building, the number of floors and the useful loading of

the intermediate floors are other variables. Since some columns of the multistorey

buildings carry the load of all the floors above them, taking the number of floors



and the useful floor load into consideration in a broad-minded and unified manner

plus the usual overdimensioning, they have significant economic disadvantages too.

All these account for the fact that tn the <ase of multistorey butldings the

range of the well-proved, repeatedly appiled siructural 8,s8tems (8 poorer.

Iurning to the more deta led aralysis, the versions of ‘he in‘ermediate floors
applicable 1n multistorey industrial buildings are greatly reduced ly the span
requirement and by the useful load of the floor, moreover by the fact that an etficten
heat and sound insulation between the floors is generally not a requlrement. Because
of the permanent load-useful load ratio, continuity and, in the case of plates, two-

way load-bearing is desirable.

I'he hottom-ribbed reinforced concrete floor was the classical floor solution
of the older industrial buildings. On account of the relatively freely seiectable
plate thickness, rib spacing distance, the action on the field moment as a T-section

and the continuous arrangement, its structural © o . could also be favourable,

Its economic disadvantage was the significant gross thickness of the floor
structure, which may make up a considerabie percentage of the cubic space in store

with limited storage height, e.g. in platform-type granaries,

It was a technological. func.ional disanvantage that the alr-space formed
between the ribs can be ventilated only with difficulty, moreover the sagging ribs

make natural aeration and natural illumination difficult.

In the period of in-situ prefabrication, the Intermediate floors of the
multistorey buildings were also solved by coffered floor components placed between
the principal beams. Because of concentirated loads the plates of these were consi-
derably thicker, and because of the moving wheel loads generally a load-distributing
in-situ concreted layer ensuring the composite action of the floor componets placed

in rows was also needed.

Where other advantages also contribute to the existing advantages of flat
plate roofs - small floor thickness, proper aeration, proper natural lighting-
such as e.g. the simple fixing of the heat-insulating layers of multistorey cold
storages -, these have gained ground. The prefabricated version of the mushroon

construction is cumbersome, therefore it is generally made with monolithic tech-

nology.
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IV 6. Moderuized monolithic processes

Lhe Litest pertod in tais field 8 characterized by the tooling for the 1 odernized
nonohithie processes, Hy the introduccd UTINOR, SCANFODIM, ete, systems, gene-
raily plate floors flat on the top and on the hottom, without imushroom and with
. eealed mushroom, respectively, are constructed. The appearance of the zinc-
spraved trapezoidal corrugated sheet- because of its reiativeiy dense support
requirement - brings floor solutions with ribs at the bottom into prominence again

tor nultistorey bhuildings.

V7. Principles of subdivision

If the framework is made from assembled compone.ats, primarily the princip-
les of the subdivision and assembly of the structure should be clarified. Several
possibilities offer themselves - because of the the high degree of statical
indeterminacy - for the subdivision of the multistorey, multilegged trame model,

A fundamental requirement is the relatively few number of different components:
the expedient utilization of the hoisting machine justifies similar component weights

if possible.

IV/8. Contradictory requirenienis

The statical requirements and those of building iechnology are contradictory
in many cases. The points of view of structures - taking the loads of the muliti-
atorey hullding into consideration - require assembly from larger, rigld units.
For the places of the joint connections of assembly - in view of their reduced

load-bearing capacity - the places around the zero moment points offer themselves.

Both of the above points of view contradict the requirement of simple manufac-
ture, transportation and assembly, which can be achieved best in the case of linear

components, columns, beams.

For the relatively high buildings with wide t racts hoisting machines with great
hoisting height and great handling radius are necessary. This often restricts the hoisting
weight. The smailer component weight - the fragmentation of the structure - contradicts
not only to the statical requirement, but to the requirement of the productivity
of the building technology as well, similarly to the bullding technologlcal re-
quirement of thc few number of joining places - because of its labour and

time intensity , - however, the meeting of a large number of components In
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one joint connection, - especially in the case of prefabricated reinforced conc-

rete, - should be avoided on account of the difficulty of reliable solutlon,

/9. Compromise soiution

The final solution wili be a compromise between contradictory requirements.
Figure 9 shows the schemes o7 the constructed versions. The column-heam
version and the solution using continuous columns and hinged beam connection

manufactured monolithic are the most frequent ones.

In the case of steel-structured frames, transportation, {ifting-in, temporary
fixing and assembly are alreadv simplified by the smaller component weight and
by the bolted connection having a temporary, or supplementary function as well.
The structural requirement of corner stiffness the steel-structured frames
applied at places with reduced stress, asserting on-site fitting, and the continous
monolithic reinforced concrete two-way slabs supported along the edge of the floor,

and concreted on the formwork suspended on the steel frame are shown in Figurel0,

IV/10. Composite structures

In the case of a steel supporting structure, the application of the composite
supporting structure would be obvious theoretically and justifiable from the point
of view of the supporting structure. The steel -structured frame dimensioned only
for the dead welght of the structure for the weight of the wet concrete and the
assembly load, can be rapidly erected, and besides this, it also ensures dimensional
accuracy in advance. Pouring of concrete can be done in the formwork fixed on the
frame. After setting the frame already works as a composite structure for additi-
onal loads. Concreting solves at the same time the fire proiection of the steel

structure too.

The sprading of the construction of oomposite frames is hindered primarily
by the higher organizational scheduling and time requirement of the two differest
types of work: - steel structure and reinforoed concrete work.
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Figure lII: TT roof element used for the 18 m span halls
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Figure VIII: Versions of roof element cross-sections




e —

Figure IX: Versions of multistorey frameworks built together from prefabricated
concrete components: column-beam: beam connected at zero point of
T column moment: two-legged, two-hinged frame - connected beam:
through columns - connected beam: T columns with hinged joint in
the span centre; through Vierendel columns - string type longitudinal

beam.
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Figure XIII: Prefabricated one-bay hall systems
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Figure XX: Prefabricated arched Figure XXI: Prefabricated
multi-bay halls threehinged arched halls
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