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HUNGARIAN EXPERIENCE ON LOW COST (MASS)
HOUSING ASSEMBLY OPERATIONS AND EXAMINATION
ON THE SITE FOR PREFABRICATED HOUSES

INTRODUCTION

1, It is not accidental that the terms "low=cost" and "niass™ were put beside
each other in the title, The price situation is a determinant not accurate enouvgh,
That which is inexpensive for developed countries, is expensive for the develop-
ing ones, Because of its economic parameters, it does not suit the given socio=
cconomic circumstances, Consequently. low=cost housing means that the solution
selected is the most favourable, the most economical, thus inexpensive from the

point of vies of

(a) material,
(b) manpower,
(c) capital

utilization for the country concerned.

2, If this optimum solution, or solutions have been found, then mass construce
tion has a basis, The satisfaction of the housing requirements of the masses
can be solved only in this way, It may occur that less expensive solutions could
be also found, however, it is not possible to meet the mass demand by them
because e,g. there is not enough manpower, Therefore, if a country is forced
to select a more expensive solution because she is able to meet the social de=-
mands only in this way, then one can speak only of relatively low~cost housing,

For this reason, it must be suggested, to adopt the term "mass housing”, and




thoen it will be known that this means that, every «ountry witl produce that

~tructure, from that material, with that rechnology which micets the socio=ecos
vomic demands and facilicies 1A maximum extent, conscquer iy which can be
produced on the largest coale, wnich i the most tavourable, realtively the
“ess oxpensive™, The resilensial typology of Zambia is uscd for th. vorifi=
cation of this theorem (Vable D, Ir car be gtablisned trom thiks, thiat the pro=
portion ot {owe=gost housing i~ >4, thus it is oo the Tirgest scale, 1t is alse
proced by the illustration, that 1o low=cost dw Bl tvpes of th oo toped
countries are mediun=cost dwellings o the developing countr -, Jad oare not
pmduccd on the largoest seale, ftor such thoughrs, how srrange the inade=

quate term ow=cost” uscd Tor o long time appears, (»

3. This reasonimg appearing academic was caeary, why 1 thungary it owas
not the cost of the solutions, that was oo cisive, bt orne facilities
of satisfving the demand of the migsses bt Jorteat time possible, of course,

with the most optimal muaterial, manpewer and capital insestment,

4. The mthods applied botong "o certain known categories of the industrializat=
ion of building, according to the combination and proportion of the three above

socio=cconomic parameters (material, manpower, capital), The structural systems
and material=intensive, labour=intensive, capital-intensive technologles, respectiv-

ely, have developad in connection with this,

5, In the follows chapter it is analysed:
(a) the principles of the development of building structural systems for mass

housing
(b) the points of view of the selection of building methods and technologies

(c) the creating the conditions of mass housing in Hungary

(d) the technical and economic analysis of mass housing methods

(e) conclusions as lessons for the developing countries,
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[. FRINCWI ES OF THE DEVELOPMENT O BUTLDING sSTRUCTURAL

SYSTIEMS FOR AASS HOUSING

6. During the hustory of its building activity, mankind his uscd pricarity the
local building nateniais available in s covironment, Uechmcal qualities o
the gives bnntding matenal determined the structural systom an addition con=
struction method, its matcrial= and labour=intensive technology (MSM svstem),
[oday, the former, natural tochnical sense, oxperience and protessional know=
ledge, strive oven more with a conscinus, complex design work, lead to the
perfoct technical solution, to asscrt the uiity of material, srructure and reche
nologry, The cffective range of applicable matcrial ha< become wrder: in th
course of development of society, on a certain level of scientific, technical-

and economic progress, nowadays it becomes possible, by rhe inrerrational

division of labor, to use rot only local materials for building, but aiso products

most suitable for the given building demands technically and ceonomically ace
cording to the degree of development, as wrell as a capttal=intensive icchnology,
That is the main rcason that in the devetoped industrial countries of the 20th
century no national, or regional architectural «tyle could develop which would
be characteristic for the given geographic location tor it style=prints, accord=
ing to the particular material=, and in conneetion with it, according to the
structural= and technological «ystem as it was natural at the time of the histo=
rical styles, The applicat:on ot concre , steel and other up=to=datc materials
creates an, internationai, naterialecentered style = o1 cosmoapolitan archi=
tecturc = after the historical styles of nation ., countrics and weographical
units, respectively, It brings in its tr. 1 the s Soctural systemn, as oan exact
technical solution and to a certain ext:nt as a tecimoiogy, which i already the

function of the given place, the technical development level, farther the labour

or capital intensive consequence of the rational economic circumstances.




ceraral o svstoo tecon utora systom o with, to the load=hearing

tructure assnened supplomeniary daruetures, G the level of dindustriahized
Suiloee, unity ts coenrcd by e esnad coordination g by the gointing sy srem,
Phe onaetencs of Ly sortes 0 gustitied by theso twa poles g The building method i
b~ Tl ctiods, tae tectt b oy 1he assob e operations of the yiven tructural

et Aecordig to e pphicanon, materily Taborr and copital contenr ot the
theorerical tochnofogy, saverab sestem can be distipniished within the micthed,

whivh completo v detcrnne, whe o the ohgeer nclongs tochmically and techno-

Tovicathy,

<o Mass housing, ospecially T =cost piass housing as a demand for larvge sceries,

b deo conditioned upo these principlos, striving ot cours to usce local materials

in as great catent s possible, According ta the !

aracter of the load=bearing
structure, the building v stom aceomn sodating +o the Tacal materials represents !
lincar, or point=tike  Toad transtor,  The physical=mechanical properties of the

matertals of wall structures detcvmane the lincar or point=like vertical struce

tures, aind the matcrat- apphed as Sorizontal load=hearing, covering structures
determne the distance between the vertical load=bearing structures, the span,

The repetitton of the ~ertical and horvizontal load=bearing structures constitute

the load=bearing part of the huilding svstem,  Such solutions of the load-hear-

ing structural systen determine the materials and solutions applied for the space-
=crclosing structures and sclect according to the technical and econonneal parame-

ters of the load=bearing structure,

9, The application of matcrials and structurat systems most favourable techni-

cally ant rconomically, determines certain operaticns, mcans that is the tech=-

nology of realization, consequently the building method as a complex structural-
~technologycal category, The building method, as an agglomeration of activities
brioging about the object necessary for the users, should also nieet a require-
ment system which can be concentrated in two poles, These requirement poles

arc of technological and technico=economical character,
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L. 1The variability of the building method can be derived from the variability

M the structural system, By means of the dimensional order applied, the com-
poncats ol the building system posess i ability of variability which should he
made possible by the mades and equipment of the production of the elements,
I hus, the building method should follow the dimensional order of the building
System as an ability of structural variability, and it should follow the varying
optimal production method cxpressing the development level of the industry, as
4 ability of technological and cconortic variabiltity, Thereby, on a low level of
development, building systems bascd on mass produetion by traditional building
methods, parallel with cconomic development will be possible to replace, by
more industrialized building methods, In countries possessing a manpower sur=
plus, the aim of industralization is an ributable either to time=saving, or ma=
terial=saving purposcs, or rather, industrialization is justiti ple only if these

atms arc satisfied,

11, It follows already from the foregoing, that mass=produced low=¢st, whether
it is based on total, or partial financing by the state, or on the pro & re=
sources of the population, may take place only by the application ol a .are=
rial=saving building system and an economical building method, The utilization
of local materials with materlal production located in a decentralized manner,
is necessary in order to save transportation costs and because of unsati- rtory
quality and quantity of transportation routes, respectively, It is expedict  to
select such building methods which can ve performed under the direction of few
skilled workers, by unqualified manpower coming from agriculture, [n conse=
quence of its ability of variability, the economical building method e¢an be applied
in the utilization of the local materials (> be found in the different regions as

well,

12, When formulating the building system, it is necessary to coordinatc the

structural system and the constructing method to an ever increasing cxtent, ac-

cording to the degree of industrialization of assembly operations, In the casc of




oo rradiitronal building svstems, the tasks can be pertormed »ah vors improves

Aty on=sitc solutions, ndeas, of coursc, 1 such €ases 1the xpe eees ot
woll=tvaiecd experts are desivable, By rhie industriatized moenhias, e specilied
tecteotopyy the serices of oporations fived i rime aid space ¢m b pettorined

e doss traned, senme=shiatted tabour torce as o well,

i, A detiaite structural systenc voalizable trom erven materials can he created
cith o ifterent time, Tabour and cost inpnts as g tupsction of the glven building
Cnirtness and equipmert o Phe proportion of productive forces, necessary tor

tho reabization o the difterent stroctural systems varies: the proportion of man-

peoveor and mcans o production, the developments level of the means ol produc - i
vion is various, Vhe dittevent bnitding processes (tracitional, rationalized, in= 3
dustriatlizad) can be applicd according to this i countries being on different 2
tevels of ceonomic developmenr, ;

s
P, Different degrees of industrialization are known according to the develop= E
ment of the national cconomy,  Fhe most ancient housing activity, after the !
occupation of spaces v nature,  was creating artificial spaces, The local ma- ‘

|

!

terials, as a function of the geographical conditions, cesulted in the creation of
heavy, or lightweight structures, Although it is not the purpese of low=cost hous-
1y to apply the most ancient niethods, their modernized versions can be utilized
excellently, whether monolithic wall structures made in shuttering, or nasonry
wall structure, or pile dwellings are taken into consideration, Geographical
conditions [requently enforee the mixed application of these as well (for example,
in India threatencd by floods stabilized  dirte walls are made between pro=
fabricated reinforced concerete framwork, as very economical structures, The flood

damages only the filling wall, the load=hearing structure of the building does not

suffer damage),

15, The application of such rationalized means and methods by the on-site con=

struction of traditional structural systems, make the sequence of operations, ma-




i terral pooduction,  material handling, installation, transportation more rapid,
hetter organized and, not in rhe Ta place, easier, Human labour is neconting
more expensive even in those countries which still posscss large surpluses at
nresent, Theretore the rationalization of on=site Tabour, though with a low ca=
pital=intensity yoer, 1S already a question which can no longer suffo delay . By
these equipment, the quality of the huilding, as a social demand, can be
achicved better, and building time can be reduced, These means include  the
different dini isionally coordinated shurterings aplis v several rimes, without
cxpertiness, pancel formwork systems, aids facilitating and acceierating walling,
concrere mixers, minor transporters and lifting devices, as well as the small

machines of finishing works,

16, It is cxpedient to solve the rationalization of one=sitc werks by increasing
the dimensions of certain structural clements, by the application of hand by

blocks, two=handed blocks, (by possible on=site production and in minor, de-
centralized building clement factorics, respectively), or by floor beams, floor
clements, floor blocks, filling clements manufactured at on=site prefapbricating

plants, By this partial prefabrication, thce market can e supplied with variable

components, The concentrated productior, of structures eliminates the qualitative
defects occurring in the casc of unit production, and assembly = by training =

can be also performed with less qualified labor,

17, The mass housing of the developed industrial countries, the so=called
social=welfare housing, applies the prefabrication of large elements, the large

pancl systems, on a large scale tor the relatively low=cost housing there, This

degree of industrialization requires building element production more or less

concentrated, good road system for transportation, a park of vehicles of trans=-
port, as well as a series of liftiny machines, thus a rather high degree of ge=
neral industrial development, Almost the same level of industrialization can be
achieved by the panel=forworks and tunnel shutterings system usable several

times as well, For these methods, the link of the structural system involves




the application of aom=local matcrials too, the application of concrete and stecel,

aesembled, interlocked structures, The development of these struetural system
i~ conditroced upon g property trained ream of technicians and cirineers, whose

scnooling tor the developing countrics is also a task to be solved, (2)

I, POINTS Ot VIEW O T St CTION OF BUILDING METHODS

AND TECHNOLGLES

i, The choice and or the decision  of appropriate technology can be hased
cither on cconomic considerations or on social examinations, Generally, in
crder that the choice has sound cconomic basis, ec momic considerations are
given considerable weighe, There is need to identify the various combinations

of tabour, mat rials as well as cquipment requirements as alternatives for
undertaking specific construction operations and to reduce it to the same eco=
nomic base for purposes of comparison, The usc of shadow prices, and thus

the national cconomic costs ir costing public works constiuction or materials
costs can have two important conseguences in the choice of appropriate teche-
nology, First, a mecthod of accomplishing a specific construction operation which
might be considered uneconomical in terms of financial costs alone may be found
to be desirable or cconomical in terms of national economic costs, and secondly
if various construction methods vary in the degree of labor or capital inteusities
are considered for a given project, the least national-economic=cost method is

likely to be more labour intensive than the least financial cost method,

19, In considering the economic considerations for economic aspects of the
chouicce ot appropriate technology for construction therefore, these various con=-
cepts of cost must be taken into account in the collection of data, Therefore
the various cost data using all these consepts of cost must be adopted for all

the costs components,
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20, Cost of mat rials 1 torme of both finane 1l and cconomic costs, With

regards o the cost of machines, account should be rake of operating Costs

as well as the availabilhity of power or the corroct el for its operation, ['he
probable fife and amortization costs as well as costs of matitenanc: aind repairs=,
Ihere are other to~tors which arce of rremenaous importance in the choic ol
machines in developing countries and these relate to the availability of mechanics
to operate such machines and to make the necessary repairs as well as the
availability of sparc parts, these, however, have dircer ctfects on the operat-
ing costs, on ihe probable life as well as cost of maintenace and repairs which

can be assessod,

21, Regarding labour costs such additional costs mav have to be taken into
account and added to the actual wages, These include <ocial benetits, special
transport and in many civil engincering construction spuocial acconadation when
the construction site is tar from the workers’ residence, Where productivity is
very low as a “esult of more skilled amongst workers and where improved of =
ficiency and productivity can be achieved through training, this ' ald be taken
into account, Techniques such as on site pre=tabrication using non=wiec hanised
methods for the production of some components and cavctful planning and ¢ontrod

of actual operations may reduce labour costs further, (3

22. Besides the socic=ceonomic puints of view of location, taking the appropriate
shapping of the cnvironment into conside ration, the building system and methord

of low=cost housing should coutorm to the local material sources in a maximal

degree,

23, In addition to the local material sites, tne derall solutions of the system

building are determined by the geographical endowments and orther environmental

effects, Tre economic development, the rate of employment are essential cri-

teria of the consideration of the building method, (2)




24, Ihe proavi-ion of daclle o can e rearded s soraice b st ratamounnt

oy Duae tieltsy - the kb vy yoweromment, Thrsow Jecin ot
Wnica o d vith it rent degrec of cquipmient, b didtes e paale s iterent
wcherie o eer e tothe v e e conditions s e g tald o ation by

the <tate, with o Tong=terer arotit tor people with Tos and medien vre e

(St and Servaes Mo mes S8 Progrananes), H

25, Toc dbjective shoult contain the buildome programie of comnar Al puildings:

airider artons, schoolsy hoalth contres, Tibraries and occriatly = wcordng

too the o premeit s Gl the soCiety = even churches,

HI, CREATING THE CONDITIONS oF NASS  ooSEae o I HusG Ry

26, Ducmg the chboration o incusralized buildin, roertbads, this an the case

ol thaas housine s w1 the solution of the folbwing tasks Is necossary:
L 3 s

«“

far 1 ateriel roscarch, the oaploration of raw material sources,

0 Jotermination o0 ihe teetmical characteristics of materials,

() exploitation on an industrial scale, allocation of the fields of material utiliza=
tion, solntion and organization of material production,

(h assurance ol the produetion of matcrial of permanent quality,

(¢) rescarch on structures and building method, technology,

(O laborarory testiag of prototvpe structures,

() construction of s model part of a building,

(h) eonstruction of prototype buildings and their technical-economic evaluation,

(i) making the plans of type buildings, or type structures which can be built

on a larec scale by the tndustrialized building method, on the basis of the

cvaluation,
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C The procuss bt pehystriahization of the bartding pdust Y ois omach stower

G thoa ot wlar iy Srpal branches, bPhere ar financtal and conceptual ressons

tor this oo, 0 rogqeent iy e compelbing offect of cncimstances also does

A pmecrt pscitan rhe Sanne way oason other indust 1at hranches, i echnical
des s Fopnent under the uniform state=direction and the nationalization of 1ne

Pondding 1ednatry made then offect felt in Hongary, too,

do, Atter vorkd W I, rhe indust rialization of building had neithes material,

n ~tructural, nor pooduction, nov escareh basis in Hungary, In the course o

Lecon<oruction, promarily the possibilitics ot the industrialization ot the traditional

building methods = as the towest Jdegree of the industrialization ol building = had

W ereated,  Ihe aviaidable towe=capacity handly  hlocks manutacturing devices

Ty

(Ru\;lklll‘l(‘“.l, Cie, 0 ansd floor bedmn nmsufacturing moulds tormed that prtxlucrifm

which wias Jdostincd 1o lay the foundations of the industrialization of the

hasis

Doatitional buitding rocthed,

209, The industriatization o building manifested itself in the application of new

nmaterial, lightweight concrete val jetios differing trone he 11 aditional materials,

using larger structural elements, but still with ma<onry character . Fhe first

step was taken o the 19507 s with the material technology rescarceh cctivitics

(cinders, fly=ash, tuft varictios, bl furnace foam slag), with the application

of up=to=date block mannbict ding cquipment (ea2e Waimer) and with the elaborat=

ion of a block form  sati=lying the up=t =cate requirements of masonry tectmology
aod thermal tnsulation, On the basis Cxperiences gained with experimental
buildings constructed with diff rent up=ro= ate handty plocks, it became possible
to spread the  handly block building method = baoing left the oxperimoeutal stage <
generally, primarily for builders of Tamily louses, In the Second tive=Year Plan,

this need had to be satisfied by a production capacity corresponding to 75 mil-

lion brick units, (4)




a

b the conatruction of the T mitHon dwellings and communal buildings

boelonpng ta then o envicaged between 1961=1975, the industriatization better

approactmg micthods also bl to be adpoted,

Pl Phose mcrrods representing o hivher level of industrialization = such as
the black, Livoe=pancl, cast in=situ, ote, building technologies = will be dis-
Cus~cet 1wttt turther oy tollowinge with artention the development of the in=

Justriabizatior o burhding, too

IV, TP CHINTIO YD AND T CONONMIC ANALYSIS O1F MASS HOUSING  METHODS

v, Blhor barkdime ethod

$20 Dol o, e o hiousing ostates of tovne o in the rramework of state
Vel o= e astructed with e ditional building nethods (miainly with
J=3 ooy ot el Touses having brck wall structures) until 1900, The 15-year
Pong=t 0 Pyt 0L sertment programme adopted in 1960 provided also for
The oy rtificatior ol the rochnical methods of mass housing, In accordance
wath thy o cor e oend) first stage of housing with prefabricated struct-
ure, the o-e ed tlock technology (building elements of medium anl story

tcight, o ,) was introduced on a national scale, by means of which approxi=
mately 120 thoasand dwellings were constructed in nearly 100 settlements of

the courtev in 13 vears, Fifteen outdoor plants "polygons™ {manufacturing the

wall clements ot 400-1200 dwellings annually cach were established, whicli ma-
nufacturce »lements with max, 800 kp ("medium block™) and 1600 kp ("large
block™) acight Hmit by a uniform ("typified") production process, worked out ex-
perimentally in advance, At that time (between 1960-62) the task of type designing
was the development of the ground-plan and structural systems of block=type
residential buildings, - the harrionization of of the requirements of dwelling
function, urhan design, production technology and economic efficiency, = the draw-

Ing=up of series of uniform type designs valid all over the countrv, The series

P T el _.-I
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consisted of 27 alternatives of 5 basic designs, (The alternatives contained
soluticns with different number of storevs and heating systems), A uniform
structural catalogue belonged te the series of designs, containing the designs
of floor, stair, lintels, cte, reinforeed concrete clements, joinery and lock-

<mith  products ctc, produced in large scries,

33, The growth of the volume of state housing necessitated the rapid develop-
ment of building tectmology, the significant reduction of building time, on-site
labour -intensity and building costs, In view of the fact that approximately

10 ¥ of the total volume of housing envisaged all over the country consisted
of three and four-storey buildings, in the framework of state housing, pre=
{abrication had to be developed to the grearest extent in this category., We had
to spread the medium and large block building method using lightweight con-
crete as basic material, Where the application of lightweight  concrete was
not economical because of the yreat transportation distances, the building
method using prewalled brick blocks had to be introduced, Practically, the
floor structure of these buildings may be of floor panel type prefabricated in
plants, Of coursc, the new building methods required appropriate mechanization
hoth in the field of transportation, ioading, lifting, as well as finishing and

sanitary engineering works,

34. The introduction of the block building method, already at the time of
starting the programme, Wwas the first :tage of the industrialization of state

mass housing,

35, The correctness of the programme \nnounced in connection with the block
building method is proved well by the figures concerning the dwellings con-
structed with this method (Table 2.)




Yoo Nl appears trom this borel review toog the bailding dopaamment has

realizad e ostiomc by welt=considered, purposctul concept ot Lhgeh ot can he
b quenthy cstablished thar it has been successtul, by the introduciion of the
Block s hdowe method,

T, b othe proeparation of this o programme = which can be traced buack in

any cases to the vears 1a=50 = as owell as inats implementation,  building
rescareh has plaved an mportant pare, It can be established that, in close co=
Speration with o the desicig and building organizations interested in the pro=

Jranmie, it Signiticacthy contribuated:

() o the exploration and ovaluation of forcign exemples which could be taken

into consideration i the determination of the way of Thungarian development,

() to the aaaptanion ad furrher development of well=proved forcign solutions,

(c) 1o working our oxperimentally the orlginal solution suited for the 1lungarlan

conditions and to their iudustrial introduction,

I, Attention turned towards lightweight aggregate coneretes already at the he=
pinving, ot which the most precious ones, namely, oxpanded clay gravel and fly
ash gravel coneretes could not be raken into constderation because of their high
production costs, Of the tuff and slag concretes which could he seill taken into
account, fimally foamed blast furnace slag concrete was introduced pencerally

as a solution approaching the technical=economic optimum best, Poowalled and
vibrated brick blocks were made in those regions where this was justified by
the transportation problems of toamed blast furnace slag, while cinder blocks
were made where this was made possible by the reliable quality of the available
local basic material, The production of the latter remained insignificant come

parcd to the total volume of block production,

39, Our research organization, accommodating to the territorial distribution

of houslng, has made the technological design: of an aggregate=type medium block




produerg plant with 20 m?/shift capacity and of a stand=type one with 45 m3/shift
capacity, as well as of stand-type large plock producing plants, together with the
Lecessary sanitary cengineoring and auxiliary cquipment (two=cantilever portal
crane, moulds, star-type metering devices, hlock=clamping SCissors, containers
lor concrete transportation, ctc.). By the adaptation of the type technologies

of the plants with 20 and 43 111:;/slxift capacity and their generalizable execution
plany, respeciively, seven medium block producing plants werc constructed in

the vears L960=61, at the following places in ehronological order: in Dw aujvaros,

Kazincharcika, Miskolc, Gyér, Tatabanya, Budapest, and Debrecen,

40, The next stage of development was meant by changin over to the production

of large blocks, As a result of the realization of the comprehensive concept de-
termined at the beginning of the development of the building method and of the
successful solutlon of the iarge block formwork presenting the main problem, it

was possible to carry out the chamge=over with the replacement of the formworks and
certain manufacturing tools, but without the interruption of continuous production,
and with retaining the original machinery, Such changc=ivers took place in Tataba-
nya, Miskolc, and Debrecen, while in 1964, the Kecskemét plant transferred from
Dunaujvaros becausc of the starting of the mass production of foamed blast furnace

slag panels, started originally with the production of large blocks,

4i, It was in the framework of this development work that the new=type, rein=
forced, two=vibrator formwork was introduced as against the six=vibrator solut-
jon used until then, The medium block producing plants still operating also changed
over to this type of formwork, and in consequence of this, it was possible to
prove the qualitative improvement of the products and the increas of the service~

«life of the formworks in all plants.

42, In achieving the results which can be already proved by factual data today
a decisive role was played by the fact that the building department was able to

ensure the close and lasting cooperation of reseerch, designing and building or=




canizations, the rapid and efficient assertion of Interactions, in the framework

of a detimte development coneept, Ultimately, it was possible to achieve cvery=
thing which ha been realized in this field as a vesult of 1he joint work of all

the cooperatng and divecting organs, (3)

1i. The characternstic dara of hlock tvpe designs are as follows:

o 40 and d=span scctians,  d=span box housces,
(oL, 11 /2=room bacholors’ apartments, 1, @ t/2, 2, 2 1/2, 3, 3 1/2-vroom

dwchimes with tull houwschold, with 28-75 m?2 footing area,

prefabricated wall blocks of mezzanine and storey height, with blast furnace

Shag, crnder and brick basic material, with 29 ¢m wall-thickness, with 60,

90, 120 cm block width,

(b prestresso! reintorced conerete floor boards, Tor 2,40 m and 3,60 m cross

wall span, with 0,60 moand 1,20 m width;

prefabricated reinforced concrete flight of stairs, landings, crown formwork

\
-

clemoents, loggia-floor slabs,

{11 standardized series of wooden door and window structures,

steel stair and balcony rails, stalrcase windows,

—_~
e

traditiona] finishing works,;
(M traditional sanitary cngineering structures and prefabricated banks of pipes,

respectively, or prefabricated mechanical erection boxes;

alternatives of type designs of central radiator heating, gas convector and

(i

individuai (stove) heating;

()) cnergy-carriers for cooking and hot-water production: gas and solid fuel,
resp.,

(k

S

built-in kitchen furnishings and storage cupboards;




14, The main technical and economic efficiency resuits of block=tvpe housing

Larricd out on the basis of the type designs werce as foilows:

(a) compared to the traditional building with brick structurc, the on-site
labour requircment was reduced by 400 man-hours (20 7)) per dwelling,
and the on-site building time of S-storey dwelling houscs decreased from

12 months to 9 months;

(1) the savings in costs achieved by mcans of the first 50,000 biock=type
dwellings was nearly 2 thousand miilion forints between 1961-70,
45, The adaptation of the biock type designs to the site was directed by the
building department by relatively rigid regulations, Essentially, the designs
hid to be applicd without modifications, and this fact - in conscquence of
farge-volume building on a national scaie - led to a mounotony in urban de-
sign, though at the same tume it undoubtedly ensured the uniform, rapid
development of interior decoration on the onc hand and of building technique

on the other,

46. The example outlined is a characteristic case primarily of strictly cen-
tralized typifying, determining the entire building process. It was necessary
{0 evaluate the entire building method and the individual questions of detail

in every stage of the introduction of research for the programme, The
cvaluation included the experimental buildings (for example: Hamzsabég Poad,
experimental buildings in Dunaujvdaros), type designs, the location of pre-
fabricating plants, their design, equipment, the individual structural clements,
the blast furnace slag basic material, the devices of block production, etc.
The Ministry of Building and Urban Development cstablished the prefabricating
pases on the basis of our evaluations, and the large-scale change-over from
medium-block construction to large-block construction also took piace on the
hasis of this, It was the continuous analysis of block-type building which
contributed to the fact that the building method requiring a considerable state

subsidy at the beginning has become more and more efficient.
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the partial time calenttions of the plans of lifting=in, of the assembly schedule,
the assembly and trassportation plan, the summary table of time, the assembly
schedule, the schodule of truck consignments, the layowt plan, as well as the

specification of th, 1echnology of the assembly of elements,

31, Assembly may be started after the acquisition of the necessary machines
and working tools, after the preparation of assembly and the organization of

the coniinucus line of transporters,

52. Prior to starting asscmbly, the surface of location should be prepared,

the block walls “hould be aligned by means of a land chain, Assembly should
be started by the location of the master elements, The stay frames may be re-
moved and the assembly of the floor pancls may be started aftes the solidifi-

cation of the morter binding the wall blocks,
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J3. Fhe number of the proup of persons performing the assemblv s 124
\1oThe depot 1 person <clects the clemoents. and fits the clamping device on
Chemy, -4 persons receive, locate the clements, and spread the bodding morter,
oo persons fill the arooves and 1he goints, Inthe locarton of the floor pancls,

| porvson sclects the elements at the depot, 2 persons, Standing on the scaffold-
poag spread the bedding mortar, 2 persons receive the clements on the floor
tovel, Whon the floor sceetion hos boeen completed, 1operson fills rhe joints,

I'he foremar doces the alignmicats,  directs location, eontrols transportation and

s sembly, 2 scaftolders assemble the cantitever protective net,

5, targe panel buikding method

¢ T ois our intention to give some information about the met! i of rescarch
too by reviewrig the rescarch activities, The carly period of panel=type build-
jng in Hungary falls between the years 1932 and 1935, Laboratory experiments
were pertormed primarily in respect of applicable buitding marerials, The
housing vstates of Csepel and Tat consisting of so-called medium=panct, single-
storey fly-ash conerete houses, morcover the two storey dwelling houses in
Budaors Road with the same structure were built as a result of these espes

riments,

35, Parallel with the construction of tae experimental buildings, the designing

of the structures of large-pancl Dbuilding and the testing of their heat power
engineecing properties were in progress at the Institute of Building Science. As
a result of the rescarch, design documentations of framed and frameless multi-
-storey buildings were completed, The Jernatives of the design solution with
“cellular-variation,” with optimal clement family, were aimed al the realization
of differentiated dwellings, buildings with different number of floors and panel-
type town districts which can be forme from these. The primary objective 31
laboratory research activities was to determine the hecat power engincering and

permiability properties of the joints of externel, facade clements, respectively




Chcomethoa ot improving the solutions, amongg others, on models of L1 scale placed

i el clnmbers, as well as by means of thermaltechnical  mcasurements car-
Ficd out o the abready completed experimental buildings i Usepel, in the wintewr {
A T o, Ehese activioi = Laid the foundation ot Hungarian pancel rescarch, and
POy Wt o ~deniticant and v aatersationally too,

oL tine, oscarcr inchuded the studving o e pancl systoms, and |
COPTOPosa WaS g e Ee Das s ol TOTCIRIT CNPUTTeIces for the antraduction of |

L]l st stera e on bonnearian raes matesals s Inaddition ranthe faver desipne

ot the oo bde st = e stonedd e ipe ternial rechmicat pon v s =0t
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IR FE T BRTR U PE TV Do the oot of view ot aeonstics and vhermal msulation,
eChiv o .t ot rerest ob o less restrueted ground plan, the unidirectional

Load-hearne Tioor w i inchuded 1nothe pronosal, Another proposal was made Tor
reducing the quactity of pactition-walls and for the designing of a bathroom box unit

cnsuring a combined sanitary engineering shaft,

3n, The panel builiigs in Pées and Dunaujvdros, constructed in 1939-61, may
he regarded as the prototypes of mass housing based on local material as
Hungarian systems, Here, because of the problems in connection with the pro-
duction process and the immaturity of the assembly technology, the "traditional"
structural methods of the block building method were applied (joints filled with

morter, butt-jointing, ctc,),

59, The experiences gained with the experimental buildings were already in the
posscssion of rescarch, the results of research became known in the Industry

too, thus their effect manifested itself in the field of mass housing as well,




N Sl o the vourse of further development, the ecarlier results of the rescarch
L4, wuch as the system of dowelled floor beams, were introduc ¢ with the

‘ fyne of panct houses of medium height,

C1. the filmlike scaling method proved to be suitable in the repair of the proto-
fvpe building in Pecs was applicd on the other defeetive puildings too, For new
buldings, the fareign Scecomastic HP putty was uscd as a sealing mastic for

l]ﬂlll\h’,

62, In the carly 60’ s, the foundations of mass panel construction were laid by

J the location of imported Soviet housing factorics. The thermal insulation and
Lcoustic investigations performed in connection with the technical-physical
cvatuation of the cxpcrimcntal building constricted from the clements produced

by Budapest Housing Factory No, 1, as well as the compression wots of the slag

wool insulation layer called attention, among others, to the deficiencies of the

Lheat -insulated facade pancls - which can be climinated during manufacture - as
well, The targe-pancl puildings of the new housing estates were constructed by
making usce of the results of the investigations.

11

n3. Rescarch had to answet further questions < depending on the structurcs,
Liaterials and technology selected = in the period of the designing of high-ca-
pacity housing factories. For instance, in connection with the Gy6r -Miskolc Housing
I actorics, it was necessary to prove and to evaluate the novel fixing method of
wall panels on the basis of experiemtns: experiments concerning facade finishes
which could be fitted into the production process planned were also needed in ad-

dition to the strength, heat power engineering and wind driven rain tests. (6)

64. In respect of brick panels, the technological designing of the polygon in Bé-

késcsaba, for which the structure of the panel, as well as the joiut golutions had

to be elaborated, also took place in this period.,




ra. bhe ostablishment of Hungarian housing factorics requir: @ Tescar heoactivities

fanvine the foundation ot the future replacement and renewal f rhe anafacturing

phints = on bohalf of the production process research teem,

ne, In 1962, in the oo ( the investigation of the designing and production

process problems of panct anufacturing plants, parallel with the problems of

buibding techaology, rescarch was aircady concerned with assembly operation aad
with the development of side of assembly existing in the industry, respectively

aith the development ot new aids of asscmbly,

67, The characteristic data of housing factorics and pancl plants operatin at
present and being in the process of preparation, respectively, are given in
Table 3. As cvidenced by the table, Hungary will possess a pancl production
capacity of approximately 35,000 dwellings/vear by 1973, (7

AN

. In the beginning, the type designing programme in connection with pancl-type
buitding consisted ol housing blocks of medium height, containing six 3-span
sections, with 150 dwellings, In general, the technological system of the housing

factory and the strucrurat solutions of the type design were determined by the

original Sovicet type (echnology, Later, the modification of the 3=span type sectiors
and the introduction of the type design of the b-span, >-section buildings of medium
height also took place. In the course of reconstruction, the horizont 1l 3, 6, & and
10-scetion blocks of medium height in housing estates werc buiit with a crosswall
span increased 1o 3,60 metre. By the type design developed Tor Housing Factory

No. 2, housing cstates consisting of 4 and 6-span building blocks of medium

height, with central corridor, joined by a separate staircase towcer, were estab-

lished, in which two-room dwellings with Internal kitchen and 2,35-room dwellings

with cxternal kitchen were constructed, Here, the cross=span was 4,20 m and

2,70 m, respectively,
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su, b the coarse of development and in order to mect social demands onoa
L ticr devel, the principles of typifying were determined i the following, ro-
Sving the ool variation system ot rypifying sugycsted sircady during the late

W07 s (see 3, according to the tollowing principics.

‘4 it should be nade possible that, by tho optimal i lization of The production

procesn, a comprehensive s ries of variations couid be envisaged in the

turctional solution of dwellings and in the architectural dosign ol the build-

ings, already at the time of the determination of the programinit of typifying.

(A relatively small pumber of alternatives of prvmhricatud cvements, the
csrablishment of a uniform series of moulds, the productivity and economic
officiency of manufactuic should be ensurcd Dy the specification of ground plan

and structurai type clements (' functional cells™).

((yv The possiblity of the various application ot typu=cells should be ensurcd by

the preliminary claboration of dwelling, gection and building alternatives.

(1) Type-cells should be determined in such a mannacr that they should be in
conformity with the optimal footing arca data envisaged in the guiding principles
of dwelling design on the one hand and that they should sccommadate to the

structural dimensional order following from the production process on the other,

(¢) The module dimensions of the cell scries of the ground plan determining
the dwellings are as follows: 5,40 m X 3,60 m, 5,40 m X 2,70 m, 5,40 m Xx
x 2,40 n, 5,40 m x 2,10 m,

(fy To these, as an auxiliary internal dwelling field, 3,60 x 3,60 m, as a corridor
field, 1,80 x 3,60 as a staircase field, 5,40 x 4,20, and 5,40 x 7,20 m were€
added,

70. With the panel-type building method too, especially in the early period, local,

natural and arrificial (industrial wastes) materials were used: blast furnace foam




shage. eramzit”, ote, These matcrials were applied for the construction of
five-storey buildings, as homogenous structures, In general, the structure of
puildings of medium height is the reinforced concrete structure applicd all over
the world, and the external wall pancls consist of three layers, with mineral
wool, or polystyrene foam thermal insulation, Formierly, the external horizontal
and vertical joints were made with elastoplastic sealing mastics, but around

1970-71, the open joint solution was gencrally nationalwide introduced.

71. In order to spread the pancl=type building method all over the country,

the team of skilled workers and cngineers acquired the necessary knowledge of
the production process and the assembly technology on a study tour in the Sovict
Union lasting for scveral months. As a result of this action, respectively by
imparting the knowledge of the experts trained there in courses organized in
Hungary, today sieh a designing and executive team is already available, whosc

activity can be insctructive in many cases even for the master,

29. The Technical Srecification puhlished already in 1967 also greatly facilitated
the realization of the building method, This regulatory publication contained the
designing specifications, the knowledge concerning the designing of the structural
systein, the dimensioning for strength, laving great stress on the specifications
of the content of building technological designs which are indispensable with this
building method and which should be made especially in great detail, The Tech-
nical Specification contained detailed principles of product testing, qualification
and acceptance as well, It discussed with high priority the safety specifications,
reviewing in detail the operations of building technology, the necessary devices

and machines, Last year, the Specification, discussed in the foregoing, was re-

vised on the basis of practical experineces of more than S years, and a regulatory

publication consisting of 3 main parts will be available to the experts of designing

and constructing organs concerned with the panel-type puilding method, This re-
vised Specification summarizes the questions of designing and dimensioning, to=

lerance values, and qualitative requirements on the basis of Hungarian and foreign
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Lperiences, taking the new dimensioning standards into conderation, The part
Comeerniimg testing and gualification providoes for ensuring proper quality serving
The nterests of the swiety by specifying the entire system of quality control,

O om the testing of the hasic materiaks and semi=finished products of factorics,
rprough the qualification of finished pancls, 10 the acceptance of pancel puildings at
e building sites. The part Concerning technology, specifies in detail the knowledge
1 collation, drawing-up and contents of the designs of the production process and
Lnilding technology, it discusses the basic prineiples of assembly, the surveyiing
operations preparing the eonstruction of panel buildings o be performed continuously
during assembly, all the operations of the production process, the method of the
production ot products of trades and sanitary enginecring product = produced in
plants, If also regulates the technology of transporration, the technology of building
1ssembly, together with the machines and aids, as well as their dimensioning speci -
fications, thir us<, qafety technique, specifying in detail every phase of the assembly
ol panel buildings, touching upon assembly in winter, then the regulation of the

rechnology 15 closed by specifying the technology of on-site finishing works.

73, In order to gpread the panel building method in a wider field, it can he applied
in the ficld of private housing as well, The designs of apartment houses and family
houses have been completed, and some of the housing factories have constructed the
first prototype single-storey fanuly houses, In our view, the method can be also
used for the construction of communal buildings, namely, communal butldings of

dwelling character, aotels, hostels wirh panel structurcs. By these solutions, this

high-level solution of the industrializatio of ruilding can be extended to these edifice

types on the one hand and the capacities of panel factories can be atilized more uni=

formly by the extension of the rangc of products on the other,

74, To increase the productivity of the panel building method, especially the con-

struction of bathzoom and Kkitchen units will be introduced, and bathroom units will
be applied at every Housing Factory and Panel Factory by 1975. By this solution,

the building of the pathroom is reduced to about one-fift* at the building site.
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Chanization, with g Jower kiled worker requirecment, with a shorter building time,
with cortimuous orgamzation, thus, all these considered, with a reduction of costs,
In this casc, industrialization is not the on-site assemhly of clements but the
possibility that the load-bearing structures can be made in a formwork system

usable several times, with mechanization on the site,

77. The degree of preparcdness of the cast "in-situ™ structures can be increased

by development, and it may approach the high degree of preparedness of elements
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produced in series. However, the investment cost of the cast "in-situ” building
methods is considerably lower, the applicability of formwork units produced in
¥ .orics is more differentiated. The distance of transportation required by the lass
concentrated building sites situated far from each other is also a slighter load-

ing factor both technically and economically,

7n. The rubble and industrial waste materials available in large quantities after
the First, but especially after the Second World War justified and promoted the
construction of no-fines, lightweight concrete buildings cast between formworks
in scveral European countries (Poland, GFR, Austria, Rumania, Croat, Britain,

ctc.).

79. The so-called plan "C" of 1957 of Hungarian housing assigned an important
role to the on-site industrialized monolithic building method, the cast " in-situ"
building method as well among the technical development objectives concerning
the Second Five-Year Plan besides the industrialized, prefabricated building
methods, Though at that time its significance was nat quartifiable, its technical
application for single-storey and multi-storey buildings was considered to be
adequate in a wide field of the industrialization of building,

80, The cast "in-situ” buildings of medium height of housing estates produced
advantages in town planning, too. In addition to this, this building method was
in conformity with the current concept of economizing with steel, for it made
possible the construction of 10-storey buildings without a reinforced framework

structure, but with lightweight concrete load-bearing walls without reinforcment,

81. The cast "in-situ” buildings handed over during the Second Five-Year Plan
and structurally completed made up 3 % of the volume of state housing. The
Third Five-Year Plan already envisaged state housing with a rising tendency,

8-17 % of it annually (13 % on the average) with the cast "in-situ" building method:
in areas outside the boundaries of panel-type building districts with ETI-N build-
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Suct g cabbog naoth xd had 1o be claborared ysten could be spread all
wer thcountry, s an objoctive, the formwork svetem usahle several times,
e o oembde o atior and the conerete techrology Fad 10 he ¢laborated in a
comphey e . Phe Dasis for o starting, the lixed point of resecarch was to pro-
duee 4 bomogecons wall suitable from a structural point of view (load-capacity
rnd Brgbding ptay cae-c, e oaaalvsis of international practice showed that the load~
—hearing, heat=tn-utting cast "inesitu” walls can be made expediently from
concrete mads with liphtweight aggregate, After the starting of the production

of blast furnace  foamed slag in Dunaujvaros, primarily this aggregate seemed

to be most suitable tor the realization of the objective: for the production of

no=fines concrete, (%)

§4, Following the claboration of the formwork usable several times, ensuring

the up-to-dateness of the building process, taking the properties of the no-

fincs concrete, the requirement of the manual movement of the formwork into
consideration, the result of the research was a dimensionally coordinated, small-
-panel formwork system of storey height, with metal frame claded with ex-

panet, which - together with the starting basis of the concrete technology -

means the ETT-N building system,
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ypo design MOT 1,1 167/61, then the designs of the type technology of the

-1 1-N building technology werv also made the basis of cxperiences gained in

‘he course of construction, The cast "in-situ” houscs of medium height, con-
~tructed with the ETI-N building technology hecame general all over the country.
The formwork sets usable several times have been used by the building enter-
prises in the Five-Ycar=Plan=-period according to a schedule prepared in advanee,
cven until now, handing them over to cach other, in accordance with Technical
Specification, with rencwals of the expamet, depending on the maintenance during

usce,

x6. The up-to-datencss of the cast "in-situ” bullding method depends on the
degree of mechanization of on-site operations as well, The expericnces gained
with the production of concrete in the case of experimental buildings war ex-
1ended, among others, to the mechanization of the transportation of concrete too,
in addition to the stirage of classificd agprogate, the transportation of aggregatc
with power shovel, and the production of lightweight concrete with forced mixing
machinc. Concrete was transported by conveyor for singlc-and two=storey build-
ings, by freight elevator for three-storcy buildings constructed with small-pancl
formwork, by crane for the experimental building constructed with horizontal
panels not movable manually, by pneumatic cquipment for the prototype detached
multi-storey buildings at Arpéd Bridge, and by tower crane for the detached multi-
storey buildings in Ligymanyos, In the case of the ETI-N building technology ge-

nerally used all over the country, concrete is transported by a tower cranc. (8)

87. In 1962, after the construction of the load~bearing, monolithic wall and floor
structures of the first multi-storey buildings, it became necessary to eliminate
plastering increasing on-site labour requirement, The solution lies in thc modi-
fication of the composition of lightweight concrete and in the alteration of the
formwork clading, It was necessary to elaborate the the composition of the con-
crete providing a homogenous load-bearing and heat-insulating wall structure, as
well as a plasterless surface (ﬁ'I'I-NEVA) and to find that shape-retentive form-
work clading material usable several times, respectively outer clading, as a buried
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formwork, which makes the interior wall and floor plastering, respectively the
rendering work dispensable, Fssentially, the objective was a Chamge —over to the
panct tormwork because e this case the irrcgularitics due to the differences of

table joints can be also reduced to minimum,

o~ The result of the vescarch activities performed in the interest of formworks
suitable for the development of surfaces usable several times and not requiring
plastering is the ETI-DOTTROD type building system family, Experimental build-
ings were constructed to realize the previous research results, In 1964-66, the
prototype of the microhotel of the hotel programme of Lake Balaton built scattered
in the area, the workers’ hostel in Veszprém were constructed by the ETI-
PDOTTROD 1, building system elaborated in 1963, which proved that it is possible
to build an acrated lightweight concrete wall and reinforced conerete floor with
plasterless surface by careful work and with the improvement of the formwork

clading too,

89, Since the strength of monolithic lightweight concrete walls providing a
plasterless surface does not make possible the construction of high-rise build-
ings, research had to he extended to stratified reinforced concrete monolithic
structures provided with a separate heat-indulating and surface-protecting layer,
This startified monolithic wall structure alrcady required minimum concrete tech-
nology research, but all the more careful structural, formwork and assembly
operation research, The ETI-DOTTROD II. building system essentially elaborated

already in 1962, with en interior plasterless surface and with a finished facade

surface, was applied for the first time on the high-rise hotel building of Post
Office No. 100 in K&bdnya, in 1966-68., During the experiment, both the in-
ternal and external wall structures were made with a plasterless surface. On
the basis of these experiments, several significant buildings are being constructed
in the country as different alternatives of the system. With the spreading of panel
formwork building methods, the Hungarian building industry also possesses an
industrialized building system - approaching the international standard -, and

the results of research are being realized in practice with an ever increasing

tendency,
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9, The finish of concrete plasterless surfaces is determined by the formwork

system, Conveniently, the plasterless surface 1s perfectly secured by self -rigid,

panct formworks, The aim of the rescarch was the elaboration of such stucturcs
ind the formwerk shell necessary for these. The supporting structures of the
formwork system have to be designed with knowledge of the formwork shell, The
modernization of concreting (morc rapid casting, vibrator pouring, ctc.) and the
higher requirements concerning concrete have led to the differentiation of the

construction of the formwork, (8)

91, The formwork of the monolithic floor is also made with the samc formwork
clading, also with pancl form solution, in the case of open facades, rolling on
overhead rails, or on framelike supporting structures as a formwork bridge, or
tormwork table, morcover as a runnel shuttering built together with rhe wall
tormwork. In the ease of closed facades, only a small-pancl solution can be

applicd because of the restricted movement during dismantling.

92, In this case, the formwork shells should be dimensioned for shape retentivity,

for an even, bubble-frec surtace. "Dimcusioning” for uniform colour necessary in

the casc of decorative concrete, which is not a requirement at present, necd not

be taken into consideration in the investigations, There is o amiform  specificat-

| ion, regulation for the testing and qualification of the form ok clading,  The
first complex investigations in Hungary were made and the methods used for other
purposecs were adapted partly on the basis of the data of literature in order to
make a comparison betwecn the traditional formwork and thc formworks investigated.
It was cstablished on the basis of the cvaluation of the experiments and on the basis
of practical applications that the special formwork plywood with melamine resin
adhesive and phenoplast surface treatment (BUFA II1,), moreover the formwork
clading with melamine resin adhesive and with mounting film surface trcatmemt

containing phenoplast (BUFA V,) were most suitable to achive the objective.

93. One of the solutions is the formation of the classical decorative concrete by

leaving the dismantled concrete surfaces intact, Laboratory tests started in 1963




32 -

sy vctting acquainted with the mechanism of carbonization cifloreeence and with
the possiility of reducing it, with he role ot supplementary materials, with
the cotour uniformity and porosity ot the conerete surface, as well as the
determingiion of the conditions ot the production of "decorative concrete”, The
pdustrial oxperiment took plice tollowing this in 1967, at the high=rise building
of the housing estate in Kacsoh=Pongracz Road, The layer arrangement of the
wall structure following from the technology, the internal heat-inswlation, i

disputable from the point of view of the wall construction,

a4, The perfect solution of the wall construction is the multi=laver monolithic

wull structure, the mantel concrete structurce, During the designing of the multi-
Laver wall structure, it was necessary to investigate the coaction of the layers:

the adhesion of the heate=insulating sheath to the monolithic concrete core, mores
over the solidifving offect of the heat-insulating (c.g. acrocrete) sheath, that is,

to what extent it influences the strength of the monolithic load-bcaring concrete
core, It was proved by the investigations that the adhesive coaction of the only
heat-insulating sheath without crust was suitable without separate bonding, on

the other hand, it was necessary to provide for the bonding of the stratified

sheath clements provided with crust separately, The research was extended to the
thermal insulations analysis of the multi-layer monolithic wall structurc alternatives
as well, The thin (2<3 mm) coat-like surface treatment of sheaths consisting of
small clements without crust can be performed by a spraying equipment on the site,
Sheath clements consisting of small elements, with a heat ~insulating layer, pro-
vided with a hard crust, can bhe prefabricated, with washed, burnt, ctc, surfaces
(c. . ETI-UVA on the hotel building of Post Office No, 100 in K&banya), The
heat-insulating layer may be polyurethanc foam with monolithic foaming too (e.g.
EPT-pURID I-11.). The prototype was manufactured, The vertical vapour ducts
covered with wire netting serves for vapour ditfusion, The wirework strips placed
during foaming prevent the filling of the vapour duct with concrete during the con-

cretaing of the monolithic wall, The sheath element considered to be a formwork

tool in the course of building becomes a structural part of the building in this way.




.+ The dimensions of the clements of the sheath material determine the structure
+ the external rarified formwork, as well as the entire assembly technology. In
i case of a sheath consisting of small clements, the function of the external
caritied formwork is to support safcly the the sheath layer placed beside it by
+alling. Besides the requirement of shapce-retention resisting the effect of con-
_rete pressurc, no other special requirements should be made concerning  the
quality of the material and structure of it as a sccondary formwork not being
hrectly in contact with concrete. During the subsequent surface treatment of the
Jheath consisting of small clements, the traces of distance pieces serving for
-hape -retention can be also made to disappear. In the case of sheaths with finished
.urface, consisting of prefabricated large elements, it is expedient to make self-
-rigid formworks, Thereby, it is possible to simplify the structural solution of
he distance piece led through the joints of the sheath element. In this casc, the
‘ross-section of the external rarified formwork, though regarding its surface it

1~ less than the rarified formwork of the sheath wall consisting of small clements,
can be dimensioned for load-bearing because it supports the buried formwork con-
-isting of large clements along a line. In most cases, this support along a line

lorms a two-directional system, which can be used as a scaffolding too {e.g. the

£TI-DOTTROD 1I, scaffolding). Depending on the material of the sheath element,

it can participate ip taking concretc pressure as well,

96. These special alternatives of the industrialized building methods, the cast
processes, the formwork equipment, and the mechanized machine units of build-
ing operations should be also developed continuously. In accordance with the needs
of the society, if it is economically realistic, the equipment and machines should
be withdrawn from production already before their physical wear and tear, when
moral amortization takes place, and they sl.ould be replaced by more advanced
new equipment required by technical development, coverable by less total social
work, approaching the {nternational standard better.

97. As a development of the productivity of up-to-date monolithic building
systems, Hungary also started to apply the tunnel formwork building system in




the late toe0’ <. The rolatively capital=intensive CQUIPNICHTS NECUeRSAry for the
advanee 1 oon=site technology weve imported, the OUTINORD, BATIMETAL, STHEM

Freneh  svstems are heing applicd,

an, PFor the intvoduction O the <y stems, iF was necessarsy to carry out concrete
technology and building tectnolopy rescarch, as well as avestigations conCerning
the adaptation of the cquipmentsin thingary, From rhe point of view ot concrete
technology, the rescarch ancludes the possible application of cements with high
initial strength as hardening accelerators it the interest o the optimal utilization
of the formwork, Buildiy rechnology vescarceh determined the introduction of the
tunnel formwork as a toolb mto the production process and 1he parameters of other

machines needed for the production process, respectively,

99, Various tyvpes of 1 sidential buildings thao made with tuanei fornwork
have been constructed with spanncd and coential corridor sohion, or with the com-

nination of these.

100, The tunnel tormwork CQUIPTIICRt POSSESSeS enough variability to form functions,
which can be characterized hy st ructural systems of crosswall character, with dif-

ferent spans. Otfice buildings and buildings of hotel character have been also con-

structed by this method,

101. For the construction of the monolithic ground floor of panel buildings, some
enterprises apply a spectal version of the tunnel shuttering, on the basis of Hun-
garian designs, By means of this, 1t has been possible to develop a building method
with approximaote productivity lor the construction of the groundfloor of the highly

productive panel-type building nicthod, too,

102. For this high degree of industrialization of the load~bearing structure,
appropriate finishing structures, partitiouing structures should be applied in order

to be able to maintaiu productivity on a proper level in the field of finishing works

R —




1< wetl, Therefore, hollow gypsum pearlite partition boards, or other light
weight partition wall structures arce used for the partition - walls. For the external
walls, lightweight wall elements or wall pancls made by housing lactories are

applied.

(03 In order to increase the productivity of sanitary cnginecring works, the
application of module units is expedient with this building method too, however,
hecause of the peculiarities of the assembly operation, it is necessary to in a
iroduce and to spread the application of lightweight bath cells. Various prototypes

have been developed for this in Hungary.

104. The industrialization of the thermal insulation and surface protection of end
walls is a problem to be solved. Different solutions with the application of pre
fabricated covering elements, OT the application of of the DRYVIT tvpe on-site

heat -insulating and surface -protecting layers, or d ventilated design have becn
suggested, but the end face design already mentioned in the foregoing in the mantel
system the most productive both from the point of view of assembly operation and

{rom a structural point of view.

105. The professional staff already possessed the practice for spreading the
building method all over the country on the basis of the monalithic-cast "in-situ"”

building method applied for 15 years.

106. The productivity of the building method approached the productivity of panel -
-type building because the social work necessary for the construction of a dwelling

with the tunnel formwork system is approximately 1200 -1300 hours.

107. The publication of the pertinent Technical Specification was very helpful in
achieving the results. This publication contains the designing specification, the
dimensioning of load-bearing structures, the qualitative and dimensioning re-

quirements, the contents of the working plan documentation, the guiding principles




ol site work organization, surveving work, formwork erection and dismantling,

concrete technology, as well as the knowledge concerning qualifying tests.

{os. Cranes with different twad moment should be applied for the different form -
work svstems. The crane paramcters, of course, depend on the width and height

of the building.

jou. In the case of BATIMETAL formworks, up to 6 sotreys and 20 m building
depth, a 60 m - 90 tm tower crane with 30 m hanling radius, and ovcr 6 storeys,
to 25 m building depth, a 70- 100 tm tower cranc With 25 m handling radius can

be applied. The crane should be of the overhead travelling type, with 40 - 60 m/mi-
wute hook lifting speed, depending on the height of the building. its load-capacity

should be 2 and 3 tons, respectively, at extremc hook position.

{10. In the casc of the OUTINORD formwork, though the weight of thc formwork
is half of the former onc, the application of a smaller crane is not possible be-
causce it would greatly reduce the output of concreting, and the utilization of the

formwork would be less by 25 v

111. The KC-type Hungarian container family, developed for this purpose, is

suitable for concreting.

112.The application of a conrete pump in the tunnel formwork building method,
since concreting is done only in one third of the cycle time and thus the utilization
of the concrete pump s very low, would be uneconomical. A concrete pump
mounted on a vehicle could be ‘economlcal when several building sites are con-

tinuously supplied.

1i3. The most suitable solution of the curing of concrete is hot-air curing,

with hot-air blowing into the tunnels. For the production of hot air, the applicat-
jon of oil, or gas fired hot-air blower is expedient. It is necessary to ensure that
in the case of an average air temperature below + 10 CO, the body temperature

of the concrete should vary between 35-40 Co for 10 hours.

)




114. The tunnel formwork building method, as an on-site technology, contains
the followlng working processes: formwork, assembly of the reinforcement,
placement of electric lines and boxes, cases, fixing elements, etc., concreting,

dismantling, cleaning of the formwork.

115. Except electric fitting, a complex team can be organized, which performs
the other work types jointly. Thus, the labour input is favourable. By this work
organization, the proportion of semi-skilled work can be Increased to 70 % as

against the 30 9 of skilled work.

116. In the case of work performed continuously, the scheduling of on-site work

should be divided Into stages in such a manner that one formwork set, con-

stituting one cycle, should mean approximately 500-1, 000 m2 formwork surface

area. This scheduling can be solved most favourably in the case of housing
blocks.

117. In the case of buildings of multi-storey or high-rise tower buildings, the
construction of geveral buildings should be started simultaneously, and one build-

ing should mean one cycle.

1i8. The tunnel formwork building method, as a supplementary industrialized

technology, covers about 10-15 per cent of the present housing in Hungary.

119, Owside mass state housing, as a building method operating with tools
applicable in a variable manner, it can be used in Hungary to advantage for
cooperative housing and for the construction of apartment houses meaning about
30 %, where this lower -volume housing production can be satisfied by the con-
struction of dwellings with a higher degree of equipment than that of mass re-

quirements.

120. As the system of the construction of monoctithic high-rise puildings, the
conditions of the application of the sliding shuttering know from engineering




practice and envisaged in the long-range plans also had to be ivestigated by

taking foreign experimentations nto consideration and by evaluatin them, The
rescarch activities of the Institute of Building Scicence (éTl) in the ficld of
assembly operation were especially significant concerning blast furnace foam
shag concrete wall structures constructed with sliding shuttering, As a result of
this, detached mutti-storey buildings with different wall structures, at the Buda-
fok txperimental Housing Estate were constructed between 1964-66, moreover
with stratificd reinforced concrete wall structure, and in 1965 in Miskolc the
[3-storey, in 1966 in Miskole the 21-storey, in 1967 in Budapest-Kelenfold the
I7-storey high-rise buildings, and the walls of the lHotel Budapest were built

with sliding shuttering.

\'. CONCLUSIONS AS LESSONS FOR THE DEVELOPING COUNTRIES

121. 1n the course of the technical development of the building industry, the change
in the structure of materials and structures accompanying the reduction of labour-
-intensive solutions is an essential phenomenon of structural change. The alterat-
ion of any of the factors of the material, structural and technological system

leads to the modification of the entire system. The capital-intensive solutions
applicable in the course of economic development, by making use of machines

and equipments, as a technological modification, as a change of technology, lead
to a change In the composition of materials and structures because of the un-

doubted relationship between the systems,

122. 1n Hungary, this change of structuree can be illustrated in Table 4. (7)

On different degrees of development, traditional handly walling technology, by means
of mechanical equipment, is transformed into walling which can be performed by
auxiliary tools, by machinery, then into the assembly of elements movable by
large lifting machines. In the period investigated, these development stages can

be followed as stages reducing the labour-intensive content of the solutions applied.

The socio-economic demand reducing the labour-intensive content tirst leads to the

SR
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alteratior of the dimensions and compaosition of the walting matcrials, thyt is,
the small sized burnt walling clements are transformed into larger, hollow burnt
clement s, blocks, and later on conerete structures are made from basic materials
which can be cast with loss labour -intensive technologics, by micehanical aids . \s
this degree of development, cement consumption, the requirement of the difterent
aggregates increase. The different properties of 1these materials and their para -
meters not always following the satisfaction of human requirements raise the ne -
cessity of other materials as well, The material structure is extended by different
organic and inorganic heat-insulating matcerials, clading matcrials, otc. in this way.
The extensibility of the capital-intensive solutions hy the possibilities offered by
economic development, by the establishment of bases for the manufacture of
structures, leads to structures integrated with solutions involving a profcssionai
structure originating from the alteration of the building site structure (c.g. panel,

curtain wall), resulting in the alteration of the composition of structures,

i23. Hungarian housing policy, takint into account the structural changes outlined
above, will apply the further extension of panel -type building and, partly as a
supplementary building technology, the runnel formwork cast "in situ”  monolithic

building method during the coming plan-perlads,

124. The panel-type and tunnel formwork building methods, as capital-int nsive
sclutions, are not recommended for the developing countries, partly because they
require equipments which are import -intensive for them, partly because they make
the rate of emplyment unfavourable for the developing countries due to its less

labour -intensive character.

125. It is indisputable, however, that the lower degrees of industrialized building
be taken into account by the developing countries, since the process or urbanizat -

ion mentioned in the introduction is a reality in the developing countries 150, and

if they do not provide for building technologies having a proper, then the yrowth
of shum areas will have the following trend (Table $). (9)
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L Thus. ot the Hhumearian building methods applicd on a largce scale, the

Secatum, o Large block building methad made o local materials can be applied
Cohe dovelopinge countries, as tunction of the lifting machine capacity available.

b the mtroduction of the building method, the exploration of local matcerial
rces, the ceonomical methods of the exploitation of materials, the rechnical
propettios of vailable materials, the structural designs which can be made of
maternals detined by parameters, the designing of dwelling types suiting rhe re-
quirements of the given society <hould be solved by the adaptation  of the forms
1t Local archirecture as a task of design and rescarch organizations, respectively.
M to the continuity of the technology, the operations of production and con-
“ruction can boe vasily mastered, and the trained local population can be emplyed

under the dircection of few leading skilled workers,

127 Morcosor. of the cast "in-situ-monolithic building mcthods, the building

sy stem (E’;ll—\) utilizing local materials, requiring a formwork system moved by
hand and usable several times can be recommended. This on-site technology

can be applicd continuously under the meteorological conditions of the developing
countrics, and 1t requires cven less qualification, for the assembly of the form-
cork systems can be mastered with minimum practice, and the concrete grade
which is to be applicd for the buildings having a small number of storeys permits
a very large tolerance, consequently it is also an activity not having high re-

quirements,

125. According to Hungarian experiences, the characteristics of the economical
efficiency of both recommended building methods are also favourable because in
Hungarian building practice these two building methods have been more advan-

tageous from the point of view of costs too, compared to the traditional building

method, Both of them are less capital-intensive and optimally material- and la-

bour -intensive, accommodating to the present conditions of the developing countries.
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Table 2, Block-type housing (1960-1970)

Years

Number of block -type
dwellings

Block -type housing
In 7 of all
dwellings

In % of
dwellings

5,98
14,23
33,99
47,01
33,65
35, 94
42,20
45,00
43,10
38,30
30,20




Table 3. Panel manufacturing bases in Hungary

Housing factories and pancl plants capacity year of
(dwellings)  starting
year production
Pécs Pane! Plant (Hungarian) 1300 1962
Dunauparos Panel Plant (Hungartan) 1300 1963
Budapest Housing Factory No. I (Soviet) 3400 1965
Budapest Housing Factorv No.2 (Danish) 2700 1967
Gvdr Housing Factory (Soviet) 3800 1968
Miskole Housing Factory (Soviet) 3800 1968
Szolnok Panc! Polvgon (Hungarian) 400 1968
Budapest Housing Factory No.3 (Soviet) 3800 1969
Debrecen Housing Factorv (Soviet) 2700 1970
Szeged Housing Factory (Sovict) 2700 1971
Bokcscsaba Brick Panel Plant (Hungarian) 600 1971
Budapest Housing Factory No.4 (Soviet) 3400 1973
Veszprém Housing Factory (Soviet) 2400 1973
Kaposvar Panel Plant (Hungarian) 600 1975
Szekszard Panel Plant (Hungarian) 600 1975
Kecskemét Housing Factory (Soviet) 2400 1976




Table 4, Change of structure of building technologies

Building technology 1965 1970
Building method with handly building blocks 21,6 % 5,%
Medium- and large block building method 56,2 % 31,8%
Large-panel building method 6,3 % 52, 6%
Cast "in-situ” building method 3,8 % 4,2%
Reinforced concrete frame building method 12,1 § 5,5%




Table 5. Urbanization structure

Population Doubling
(thousand (year)
million )

Population of the world

Population of developing

countries

Urban population of industrial

countries

Urban population of developing

countries 5,0 - 8,0

Slum population of developing
countries 7,0 - 15,0 10 - 5









