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Introduction.

)

Utilization of local rav materials is of importance to

the building industry. Clay is a such raw material which

is found almost anywhere and which is easy tn use, if

necessary with additives. teanwhile, brick preduction per

- capita in the developing countries is about half that

found in industrialized countries. Further the quality

of bricks in the developing countries is often much lower

tihnan the quality of bricks in developed countries,

Use of burnt clay bricks is not only a question of tra-
dition. The burnt clay in itself has got properties of

aesthetical and technical sort which makes it comparative.

Technical properties may be expressed in following values:

Table 1 - Technical j'roperties.

Airpenetration

(dry brick, around 11 cm thickness)

Permeahility
Specific weignl
Dimensioral stability
temperature
moisture (wet to Ary)
Chemical resistance
Fire resistance
Resistance to weathering
(patination)
Heat insulation
Heat capacity
Compressive strengtn

Tensile strength
iodulus of elasticity

0.007=0.03 g/h x m x mm Hg
1200-2000 kg/m3

0.005 mm/m per °C
0¢1-0:2 mm/m
excellent
excellent

excellent

0430-0.50 kcal/h x m x °C
0.23 kecal/kg x °C

200-0(00 kp/'cm2

20=60 kp/bm2
100.000-250,000 kq/cmz




Note 1 Above given figures refer to structural clay pro-

ducts of high qualily.

Mote 2 The figures may be compared with figures concerning
other construction materials., .» such comparision will show
that the structural clay material represents a such com-
bination of excellent properties that the interest in
developing its use is justified. ilse of structural clay

products is not only a yuestion of tradition.

In compared with olher structura] materials it is evident
that these properiies place structural clay as a unigue
material. ilowever, hiiai, labour costs represent a strona
need for rationalizacion and mechanization in the use of
the products. One o1 tie means to achieve this is prefa-

brication,




Prefabrication of wnl]s}

This item has heen treated in different earlier papers;,’
foinste UNTOO THTUR=IGITTONAL SELSTH U O THE HEVELOP AT

OF CLAY BUILDTHG | VVelTAL S THOLSTRIES, “openhaaen, “uqust
1905, Subject lu: tructural Clay tall Panels, and the
~Hth CIR Congress 'in Yersailles, june 197}: in Interna{idnal
survey on Brick Panels (bot!i available in inglish and
French), '

The incention of Lnis paper is (o cvive a short survey of

the actual situalion in brick panel production, and in
lining different ways of manulaciure, and expressing sore
views as to whicn systems miaul be Lne easiest Lo adopt

in developinu counirties. Refore aivina tnis survey a prin-
cipal evaluation sipuld he niven as to the idea of expanding
the brick industry and so the btrick panel industry.

First point of view « wnich i35 previnusly noted - is the
availability of rav vaterials for the hrick industry vhich
weans that therinira-structure will nnt be a biq problem
for 3 brick industry being wel) distrihuted as to chnsump=

Liom in the couniries in queslion,

Another point of view is 1hat investing in the brick ine
dustry does nol mean “ihat ihie hoildine industry in ‘itself
will stay at a-less .echanized level compared wiiih inves'-
meats in other huilding material indusiries, but invite a
proaress in mechanizalion ai any time depending on aconsHMy,
technical level i1 ceneral inside the hrilding indusiry,.

infra-structure eo'.c,




Ae is the case in many developed cruntries the consumne
tion of siructural clay materials will he Bhnth in the
Lraditinnal seciiar and in i€ indusirialized section, and
the ratio heiween Lne w0 seclions will he hased on tae

circumstances mentioned above.

Brick pane) production 1s common in Europe - Lest as well
as East - in america, even in cuba and in Seuthern Africa.
Froduction tecuanique represents - rouguly spoken - all
degrees of machanization, and sn it shoild not pe difficult
Lo choose a syshem wiiich is fi. in any country under cer-

tain given circurnistances.

Hesian of brick panelss

The design of brick wanels Aepends on clinmatical conditions,
manufacturing process ciosen and kind ancd sizes of the Ltra-
ditional brick- ox "inck nroduciion, and 1ast but not least
local bhuildine traditlion qgenerally spoken. In table 2 you
will find a svwrvey ol wne dif ferent principal deslans, and
fiqures 1 - " show the nos. iynical desians. It is worth-
while notinn tha. tue iradition in many countries for non-
rendered brickwor! nas influenced the panels produced in
said couniries, so “hai also tie panels nave qot non-rendered
brick surface. It .eans Lo soue extend A complication in

the manufacturingy, bul it shall lLe underlined thai the wis.
to use the non-rendered brick wall is also due to the ex<
cellent propotties of tae hricks in relation te local cli-
mate, f.inst. main.enance €OSLS way he considerable with

other materials, or - if nob ~aintained - the aesthelic

result will not ne seeisfactorys




TABLE 2 - Principal tesians,

Type syster: Country Il1lustrated
Hollow clay blocks Yontaqebau (:ermany
Preton switzerland
Lawmeltenl Mienmark i, 1
Buloarian Rulgaria
C SR Czecio-
slovakia
Finnish Finland
Piorio i‘rance
Costanaqna “rance
Sandwich:
Prick-mineral wool-hricl: Prefanova lenmark Flae 2
Ze iillelsen Denmark
Brick:=urethane
foam=brick/black Prefate:] enmark rime 3
elle il Vigl/e
Prick vencer - min.wonl]l - Skarategel veden
brick ( Tecab)
- min."00l- M3lardalens sweden
ligntweiont Teqgelirub
concete
= lightwei~nat Tealrent Fienmark Cla, 4
concrete Sliv=Teql enmark sane
- min, vool- inntaqge- Denmark TS LTS
concrete Teq)
Brick or brick veneer-in-
sulation-gypsum plasier
board Lele Shaw Canada
Brick-cavity~liqgiiiweini i
concrete pHp Mether]ands

Brick or brick veneer il
reinforced concreie nr
reinforced concrete

sedicine lat
Diaasond 1] ay
vurvz=tery

>anada
‘anada
ile 1e\e

morlar Fanelcrafi e3¢0
Kefta .:as0nry i'e".o
Helle S0 ’
i‘iacenca Tialy
I rickor suth
nfrica
i strenats aburer, Yeael
(Jarabond) mortar sonLace meden
storey-heial planks Zetie 1Yanks ek

Mote: This List way no: ‘e complete.
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Figure 1 - LAMELTEGL

Development of this panel was started in 1963 using a
hollow clay block af size L x H x W = 29 x 9 x 23 cm.

This panel is reinforced both horizontal and vertical.

A later development consists of panels having bricks of
the size L x H x ¥/ + 28,5 x 8.5 x 9.5 cm both in the
facing part and the interior part of the wall with mineral
wool in between and a total thickness of 30 cm. The ma-
nufacture is done by non-skilled, but specially trained
workers using corner posts and marked line. k-value for
the original panel is 0.65. Biggest size of panel 20 m®.
Most used type of panel is L x H x W= 3.0 x 2.8 x 0.23 m.
It is easy to understand that this type of panel - like
the PRETON-system - is a good first step into industria-
lization. The iritial costs to start a plant are low, and

a plant is very flexible as to sizes of panels being pro-
duced.
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Figure 2 - PREFANOVA

The illustration shows 3 panels of the PREFANOVA-type.
The system was developed in 1963. Panels are manufactured
traditionally by use of bricklayers, but on a 1ift which
is lowered into the basement thus making it possible for
the bricklayer to work under the most comfortable con-
ditions possible. The job is done on a prefabricated bgam
of concrete or brick., The panels are usually without re-
inforcement. Biggest size of panel is L x Hx W =

3.6 x 3.6 x 0.49 m, Heat insulation is normally mineral
wool Installation and components like windows etc, are
placed according to the architects drawings. Due to the

use of the lift this system demands a higher investment
than the LAMELTEGL-system does.
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PREFATEOL

Figure 3 - PREFATEGL

Development started in 1966 and shortly after a plant was
erected and production started. In principle a a normal size
brick is used, but it has got 3 vertical holes through which
the reinforcement can pass. A panel consists of an 11 cm
thick exterior wall of bricks and a 9 cm interior wall of
structural clay blocks. The interior wall is reinforced in
the same way as the interior wall. Between the two walls is
an insulation made either of polyurethane foam or of mineral
wool. The figure shows the insudation with polyurethane
foam. The plant makes not only this type of sandwich walls,
but also partition walls and curtain walls based on the

same principle. Biggest size of panels is L x Hx W=

180 x 280 x 33 cm. Maximum weight of panel is 2% 0 kg. Heat
transmission with 28 mm polyurethane foam k =abt. 0.4 and
with 50 mm mineral wool k =abt. 0.3.
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Figure 4 - SHT TEGLELEMENT and TEGLMENT

The design of these two panels is the same, They are
described in common., The panels are based on bricks in
half width, which is L x H Xx Wea 23 x 5.5 x 5.5 cm.

The bricks are laid down in a special form,and mortar and
a thin layer of concrete is poured out. After this a layer
of lightweight concrete is poured out in the thickness
wanted according to the necessary strength and insulation.
The layer of lightweight concrete may be reinforced and
installations may be laid in the concrete. Production of
TEGLMENT started in 1960, and of SHT TEGLELEMENT in 1964.
The biggest market for both panels is for single family
houses. Sizes are L x H x W = 240 x 260 x 30 cm for SHT
TEGLELEMENT and L x H x W = 120 x 260 x 24 c¢m for TEGLMENT,
but TEGLMENT is also manufactured in bigger panels to
avoid too many Joints, and reduce number of operations,
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MONTAGETEGL

Figure 5 - MONTAGETECL

The development was initiated 1960 by five manufacturers.
The size of bricks used is L x H x W= 23 x 5.5 x 11 and
23 x 5.5 x 5.5 cm, Production was started in 1964, and
development has been in progress since, so that the plant
has been able to solve a lot of production problems, due
to architects special wishes as to their panels. At first
bricks are put down with their facing side down and then

a cement mortar is poured out. Then a sort of ladder re-
inforcement is installed, mineral wool insulation laid
down and a thin layer of concrete is poured out to form the
interior side of the panel. Such panels are used for load
bearing as well as non load bearing constructions. Biggest
size is L x Hx W= 9.3 x 1.8 x 0.3 m and biggest weight
is 4500 kg. Heat insulation corresponds to k = 0.4, The

process is rather mechanized and demands rather big in-
vestments.




I'rnduction meltaods,

As mentioned hefore hrick panel nroduction spans from the
most simple sort of wmanval lavina of bricks or hlncks in

a form and manual sprayina of mortar and layiaa of rein-
forcement to nioi:ly mechanized, sopnisticated metiiods viith
setting machine elc. 7t is evident tnat tne simple produc-
tion metiods do no' cost very'much in initial costs and

is rather flexible as to size of panels and size of struce
tural clay materfal beinn used, wiereas aenerally spoken
the hignly mecnanized system represents hian initial cnsts,
unfortunately, ofien a rather siiff system, which means
that changes in size of panels, patterns of hrickwork etc,
are very cpstly. The ides wilii the following remarks is )
to aive same ageneral information atout the different pro-
duction methods and tiwus te facilitate o chioice between the

systeimns,
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As shown in table 3 there are 3 different ways of manuface
turing panels, namely either horizontal or vertica) or ine
clined (slightly inclined from the vertica) pesition). The
two first mentioned are represented by several plants, but
the third is only represented hy one system,

Inside the two first vays there are hiahly wechanized as
well as rather priritive production methods. Meanwhile, the
inclined production system revresented by the PRETON-gyste:,
hul used in geveral other countries is a system based mainly
on handworke. (Laying by hand of bricks or blocks in mortar.)
It is essential to underline that rationalized handwork

may be very difficult to compete with for the more mechantzed
systems. lechanization in itself is not a must, » purpose

in ttself. idore important is optimal total ecnnomy and even
in the most industrialized countries you will find some
between the vertical systems wi.ich have ant a manufactural
process best covered by th» words “rationalized brickwerk®.

It should be understood that these systems campete rather
well with more meci.anized metiiods and so must be recoonized
as competitor on tie free market in develaped countries with
high labour costs., This shall indicate that they must he

of hasic interest in developinr countries. The same is the
case wien you consiler horizontal panels. .iome production
®methods are complicated Lacause the design of the panel s
cotplicated, which is specially ie case vith the sandwich-~
system of panels. ..ome are ratler simple both in desion and
in production and tiis is specially the case with tiiose
with some sort of rendered surface and consisting of hollew
clay blocks.

It has often been ditcussed between brick panel manufacturess,
architects and others that the use of traditional bricks
and blocks in such panels is not adequate; thus it shell be
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possible to design a new type of block, being specially

fit for the panel production., However, on the free market
it has been an advantage for the brick industry that tra-
ditional bricks or blocksyalso may be used in the panels,
but this point of view is specially corfect, when it is in
those cases where brick and panel are used non-renderéd,

as it gives the architect and the consumer the biggest
cholce as to colour and surface of the brick in the panels.

It may not be right to point out a certain panel or system

to be specially worth-while considering; anyhow if one

should be chosen representing a certain firsfvstage in
industrialization, it should be one of the block systems
manufactured horizontal. A such panel may by unskilled

labour be manufactured direct on the building site and
erected in its form by a tilting process thus giving a
vertical panel with smooth and plane surfaces, see figure 14.

To illustrate production technique a few glimpses from
different types of plants shall be given (fig. 6 - 11).

Figure 6 - PREFANOVA

At the PREFANOVA plant rationalized brickwork is used. The
pahel in construction is lowerea into the basement, which
means that the bricklayer is always able to work under op-
timal conditions.
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Figure 7

This figure shows a layout of the MONTAGETEGL plant where the
circle is the following: the cars running on railes, go

from the bottom left to the bottom right at the picture
where the panel is erected from a car. At the next place

the car is cleaned, then bricks are laid down, later mortar
is poured and insulation placed, and then the cars go to

the steam chamber and run through these. The total circle

is 4 hours.




Fiqure & - The EMii-system,

Erom the HiFE = plant the

picture abhove shows laying of bricks

in the form and the picture to the right shows the circle

at the plant wi'ii ihe cars designed as forms for the panels.




Figure 9 - PRETON-system,

From the PRETON plant a glimpse given of how the brickwork
is organized with inclined forms and movable scaffoldings.

Site plant. In this special case the total construction is
movable, so that construction of panels takes place as close
to the final position of the plant as possible. High flexi-

bility and easy installation on the site is an advantage

of the PRETOi-system. Further - illustrated below a through

section of the block being used, the normal reinforcement
installed in the panel and an example of electric instal-

lations in a panel.

Normal reinforcement

Through section of block

Electric installations

AAAAA




Figure lo = COSTAMGNA

VWhere both gypsom and clay are available, panels after the
COSTAMAGNA partition wall system might be of interest.

They consist of nollow clay blocks cast together with re-
inforced gypsom., The reinforcement most often used is

glass wool. Due to the very fast setting of the gypsom
mortar the total cycle in the process is only lo minutes
which means a high production compared with number and size

of forms.
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Figure 11 - Brick panels made of hollow clay blocks.

The development of such types of panels is done specially

by the French firms GOSTAMAGNA and FIORIO, but this type

of panel is also seen in Eastern Europe. They might be
called semi lightweight panels, and it must be emphasized
that the light weight is a considerable advantage when
handling, transporting and erecting the panels. The pro-
duction is rather simple as there are no wishes to shov. the
bricks or blocks in the facing side. A thin layer of gypsom
mortar or cementlime mortar is poured into the form. There-
after the blocks are placed into the mortar and reinforce-
ment laid down. Then cement mortar is poured into the joints
and on top of the blocks, and an even surface is obtained.
The gypsom siue is used as the interior side, and the facing
side may be painted or treated with some sort of coulered
mortar. The production is characterized of low investments
and easy adoption of any size of panels desired by the
market.




Transport and use of panels.

..0ost often special ve.icles are wsed for nanel transport
whicn means empiy recurn drive and considerable invest-
ments. It might b2 thouaht that a panel plant would no*

be competi:ive excent in a rather close area to the plant.
weanwhile, there are .any examples of transport of panels
for more than Zon t.. It shall also be no*ed that there

are no principal diilerences in iue use of trick panels
compared with conc-eie panels, 'zceptions are the followino:

1. brick panels are normally liniter than concrete panels
(which means resuced Lransportalion and erection costs),
2. brick panels are dimeniLionally sia™le,
fienerally spoken dimen-
sional ciannes due to moistuse and Lemperature are
rather small in brick panels, waich eans that joinis
between pinels may he desined less complicated and so

less expensive,

Information anou:. trarspoctaiian and erectinn of hrick panels
is estimated Lo he nanccessary, accordin. fLo aheve niven
remarks. A to desimn of houses with hriet ranels L1 sihall
alsn he staied tini there is nn nrincinal difference hetveen
desinnina with concrete panels and wiia hrick panels. 1f
compared to fraditional brickwork, care of course shall be
taken to secure nccessiry stability of construction.

1llustrations 12 ard 13 give alimpses nf hrick panel erection,
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Figure 12,

An important part of construction with panels is a study
of all details concerning connections between panels and
floor slabs and other parts of the construction, and also
tae connection between panels themselves. As an example
you will see details in scale 1:20 concerning PREFATEGL
panels.

Load bearing facing wall in one-storeyed building.

Vertical through section through top of panel with beam
for roof construction.

Vertical through section in.

foundation without basement.

Non load bearing facing wallsin multi-storeyed houses.

Vertical through section showing connection

between panels and floor slab,
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Vertical throuon section showing basement wall,

floor slah and brick panel.

Load hearinn facina vall in multi-storeyed houses.

‘w1t ic-al througn section showing

rick panels and floor slabse

Yertical section siowing basement wall,

floor slab and brick parel.

\n example of installation of a facing panel of the
CATALAGNA-system manufactured by the German licence
plant (systen DI%). The picture illustrates fairly well
‘hat vse of tnis kind brick panels is similar to that

f concrete panels.
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A low investment nane] system,

As previously stated ~refabricarion mey »e achieved at

many levelis., [\ is 2dvisable to start with a system which
does no* demand iz, initial cos's in the plant and for
transporting and nandlinag the ranels at ihe building site.
Therefore if a svslen siould be nrefered it should be a such

which is adoptanle vithiout muc: investment,

To illus+trate a suci iJdea a Swedish system is shown., The
panels are not bigrer and heavier than any truck can trans-
port them, and ftney are erected by 2 or 3 people using a
special tilting device, which i5 manually operated., It

may be argumenten (Lot compared with the actual state in
the industrialized cruntries this sys*em does not represent
a buildinc teconivue heina specially industrialized., How-
ever, a3 close calculation and comparasion may show that

it -~ even in industrialized countries - is able to com-

pe Le.

|
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Figure 14.

An example of a simple system of brick panels is developed
in Skane, Sweden. The panels are L x H x W=

49 x 240 x 12 c¢cm, and the bricks have got vertical holes

for the reinforcement. Panels are manufactured horizontal
like the PREFATEGL process. ‘dvantages are high flexibility,
easy handling, transportation and erection, so that the
system is adoptable where no heavy equipment exists.
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Floor construction.

Hollow clay blocks are easy to produce and when used in
connection with concrete and reinforcement give a rather
cheap and lignt floor construction which can be made with-
out a normal concrete form. Any degree of prefabrication
may be adopted to this sort of construction:

1. the blocks may be put on a sort of scattered formwork,
then reinforcement laid down and concrete poured out,

2. blocks may be prefabricated with reinforcement and ce-

ment mortar to beams which are laid down without any
sort of form work,

3. prefabricated floor slabs may pe laid down.

It should be stated that the possibility of the choise of
degree of prefabrication is an advantage for the brick plant,
the builder, and the architect in that sence that any of the
procedures described may be chosen according to which one

is most advantageous in th- actual case. Nore sophisticated
uses of the hollow clay blocks are for different sorts of
shell construction. This principle has been specially de-
veloped in Italy. I admit that it has only been possible

to give some few examples of the use of hollow clay blocks
for slabs, floors, and shell constructions., However, I find
it evident that the high flexibility of the design and use
of such blocks make them very adoptable in any developing
country and under any degree of prefabrication wanted.




Fiqure 15,

Production of hnllow clay block beams at the building site.
By means of a thin layer of paper or sand the beams will

not stick toqettier although one is manufactured on top of
another,

Figure 1le.

Laying out of tie leans on Lhe building site may be done
by nand and by means of a special tool,
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Figure 17,

Use of structural clay beams for a roof construction.

Figure 18, Many special typés of blocks for roof construction are
developed., The idea of lightweight and semi prefabrication

is clearly illustrated.




Figure 19, \

- 1
A special use of structural clay block is for shell con- i!
structions. These may be constructed either by hand or in

form of prefabricated elements.
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