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A convenient and eZficient Industry i» Develoring Courtries is charace~
terized by: (1) voderatn use of fpret.n “chanp *.p;‘!achirerv and raw Ba=-
terials. (2) Low tota® investmer:® eo"fhed witn pood e’ficiency. (3) Good
products at comnetitive orices. (4) Prodnets fullfilling prinnrr needs of
the countries. (5) Correct halance betwe:n amount of workers ard invest-
ment., (G) Industrial estahlishments zas~ to De used, The Building Indu-
stry and Buildine Materials Tndustries‘qre helieved ic he converient in-
dustries in Develovire Countrizas.

The peneral economic and technrical asvects in ralation to the estadbe
1isiment of efficient Clav Buildire 'aterials Trdnstries in Developing
Countries zre Alacussed. ‘ineh attencion is drawr on the selection of »la-
ce, of mine or of clav deposit for the industry because it is, in nlant
14fe, & One time degcision, which affect very sueh investment and produe~
tion cost. Among the other importan: selections, natural drving combie~
ned with the materials handling svatem are discussed extensively, and a
new combination, which ineludes mechanical setting and drawing of kilns,
is provesed for corsideoration, The possibility of the nse of natural ary-
ing in Develoving Courtries rvepresents a real sconomic advantape, whieh
drestically cuts investsent and prednetion cost.

Tast development of the flpv B-ildirp I'aterials Industrien is believed
to depend om certain kind of a standard brick plant, whic:.. eovld be easy
multiplied to cover the needs of a whole country. An attemot to fix such
a vlant is done ir form of s layout, whieh demonstrates brick viants with
patural dryvine and annusl oroductior cavacities of 6, 12, 1% and 2L wile
lions of normal bricks, Very much attention is riven to the natural éri-
or and to. the materials bhandling system, For the big plant, ar effici-
ency of about 3 saun~hour/ looo bricks is obtained with nn investment of
about U3 § 550,000,00, Production cost in this plant is estimeted to be

Us f 8« lo/ looo hricks.i Thege Tigures are very auch anvrecisble, even

" 4n relation to those of wodern vlants in Develoved Countries.
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Cereral @nrditiors for GUstarlisrrant of Tnduatry ir Develonrine Countries.

The establisrmert of a- iriisz<ir: ++it* guccess ir anv ~rart of the wor'd
Adecgnd on the rirtr egomhinatior A7 4ta trree ~rireinal factors “or all
induatyy:

1) Gapital for investmant and nners'ion.

2) my materiale (foat and abundnnce)

3) Vepmonnel { Splary ard malificationn)

Congernine those three "actors some corsidarstinng ahout the influere
ae 0f tre r aeial envditions in » develonine gomtry shonld he takire hee
fore settliire un an jnduatry,

Canita): "he cavital markat in = develoning comtrv ia ~ormslly verr lie
mited, s tl}is market also obevs the law aktout '"Nemand snd Supply", a
high interest is naved for the envital.

T™he exchange nituation is normally verv sericus nnd tie Government of
a developrinr countrv wmust annly very drantie roatrictiqn: on all kind: of
imvorted nroduets ineluded machinery and raw materials for industry.

The mentioned corditions aigmifvr thet it is very exnensive to ostih-
1ish industry ir a developing countrv, 4¢ we vant it done én the technoe
logical level of a develored country,

plals: From everv noint of national ;ntorolt, the limited ganie

tel should be inveated in industries. which nse locnl raw materfnls, io-
ca; ray materisls for nroduction of huilding materiale =re norwgllé éhoap
and exist in abundarece ir most of the developins co'mntries.
Pergonnel: Induatry use nrofessional as well as skilled and ﬂnskilloé’!
nersonnel. Since the )ebour maricet obevs the law about "Nemand and SUne
nlyY the ratio between the wages of aneh ~ersonnel are: lo: 2: l, Fure
thermore , i we comnavre the snlary of » makilled worker in a developing
country with that one in a develored cocntry; the éatio will be 1:5 to
1: le. N

Becavee Of the little a-opnt of industrv existing 15 develoning oéﬁ#-

tries, Dersonnel have normally little exverience in running industrial
instellations. . ‘
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A8 a result of the relatively low salarv for pPersonnel, the purchasing
vower is low. Anyway, the people of a develoving country hes the same
buying vower as that of a develored ane, if we can offer to them those
same products priced in accordance with their basic salary, This should
be the task of a convenient industry. Furthermore, Industry shall glive
e high profit in relation to investment because of the higher induatrial
risk in developing countries,

If, from the standpoint of a developed country, we look at the condi-
tions for industry in developing countries, we must conclude that machi-
nes should be replaced by men until a stage of industry with low investe
Bent is obtaineds This replacement ia done only because we desire the

Bost efficient industry and the dest bdusiness,

Ihe Importange of Building Industry end Specificetion of Tts Demand on
nu:ugzn‘ Materials Indnntrtgg,

Buildine Industry ir a developinz eountry has two vervy podle aspests:
Tirst, it produces dwellings for veonle mnaking them to get a higher lewel
of welfare and living conditione. Second, it oceupies with s very low
investaent a great amount of skilled and unskilied personnel,

The importance of BSuilding Industry is seen from the fact that abeut
30= S0 per cent of national income is used in Building Yndustry in most
of the developing countries. The high absorbtion of personnel by the
Industyy is seen from the ficure that approximately bo- So ner gent of
the above mentioned amount im paved as direct salary to the versonnel,
She reat is payed for land and building materinls ., If we congider Buile
ding Industpry together with Building Naterials Industries approximately
6o~ 73 per cent of the total amount is payed as salary to versonnel.

Without any doubt, Building Industry togetber with Building Materiala
Industrges should be on the top on overy dovolopnni’: Plan for Develeping
Countries. Because of the magnitude of thoge industries, great economie
reault ocould be obtained by efficient planning and administration.

Anyway, there have been many attemps to do planning and adaministratiea

A nf Building Industry, many of them got poor result, because it was net
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clearly recopnized that Auilding Industry is an aszsembliag industry depen-

ding loo ver gont on its local semi products, the s0 called building ma~

teriala.

It shonld be emphasized that standardiization, planning and adsinistra=-
tion of Building Industry rave no meaning 1if not extended also to the
Building Vaterials Industries. The kev to a fast snd sound development
of Buildfng Industry is a simultareous fast davelopment of the Buyilding
‘aterials Industries,

The request of Building Industry on the Building Faterials Industries
conaists in ssking for low prices of vroductyg,rread variety of thcl.,!ist
delivery and a good quality. The price of the products is the most im=
portant demand and only in a few cases tre other onea would be decisive
on the choise of a building material,

Therefore, a new indugtry on the field of building materials shonld
only be eatablished if ite products ias competitive at least to existing

building materials industries witrin the ssme market,

Economic amd Teohnigal Qopsidergtions shout Egtablishsent of Clay Buile

ding Katerisle Indugtries.

The outatanding adventars of a clav Luildine materiale industry is its
capacity of producing a great smount of different building materials.

With exemption of the foundations, the doora and the windows nractically
all other necessary building elements for house construgtion could be pwe-
Queed at only ome rood industrial establishment. No other building ma~
terials industry have thia vartigular feature.

The radio of action of a building materials industry depends on o=
duet prices and on the weigth/volume ratio, hecause :;’:ranlpartaticn cost
will be a considerable per cent ;f produst nrice. Clay building materi-
ale , as perforated products, could be delivered with a lower weigth/ vee
lume fatio than other normal bﬁildinr materiale.

In a developing country there exist various deve'oping sones. The ca=

pital and its surrounding areas represent the most developed sone. Here

iltat. at least some kind of competion between different building mate~




b,

rials industries and the market is *o some extend covered. If we want
to settls a clay burilding materials industrv in this gone 1t must be a
specialized efficient one producing onlv few different products for the
sake of comnetition. It should he noted that in this case we cannot exe
Ploit the narticulsr feature of many di{ferent products, Plant sige
should be 12- 24 millions cf normal bricke and its vrodustion programme
bazed on standard building elements,

Tre other bigx towns of loo= 500,000 habitants represent, within the
countrﬁ. medium developed »ones which on acgount of bad infrastrueture
oouid be imolated areas. In sugh areas there couid be a complete lack
¢f some building materiale because thre market is to small to justify gette
lement of various factcries, Here a clay building materials factory
could be a good solution if for example 1/3 of itas capacity is used to
produce many different products and 2/2 of ite cavacity for the great
bulk of standard elements. The industrial risk of suech a factory is
small because the vroduction programme alwavs could he changed to the
Frofitable products, which also means the really needed products.  Plasmt
sise could be equal to 12- 18 millions of normal bricks, but with a vari=
ed production nprogramme.

Towns of 50~ 100,000 nnbitants represent very isol-ted areas where
two stock houses normally would be the most soTnisticated construction,
RHere the Clay Rnilding Naterials Indusatrv would Le the nost convenient
solution for suvply of building materials, if not the only, Plant sise
could be equal to 5« 12 millions of normal hricka.

In areas with less habitasts handemade bricks and roof-tilies would
perhavas he the only source of building materials. Fecause orttho very
primitive stare of industry very little could be done to help this kind
ef industry. Technical asasistance should be limited to standard plans
for kiln and natural drier.

It should be noted , that the nronosed sism of hrick nlant are all of

approximately same order. A weason for this is that equivment for brick
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rlants is nroduced in suek o size. Beasruse of t“e high trananortation
608t 07 huildine materials it is better to have tre buildive materials
industries snreal arowmd the nrineinal market servine at the game time
nOMe secondarv markets, which hv mame remson ghanld he axelisive for one
lv one »lant,

Thia dietribution 04 Lndustry Jowars the 4~dustria) risk for each plant
and it rives a better ceografical coverine of the area in anestion.
Therefore, 17 the rarket nermita mettlament nf more than one brieok plant
the othey opo,ﬁhould be gettled around tre priroipal market and 4n OpPDPO=
eite neoprafical »omitions to each other a~d to the existing building mee
teriala induatries. Tdevonible clay dancsit eould chanme tris eongent,
but it ghonld nnt be coneidered before it ie inveaticaten,

A disnivantaee of » Clay Building 'aterimls rduatry 4a that it nses
fuel as raw material hemides t'e loonl raw materiale. If we are dealinr
vith a developin~ eountrv whie® does not have fuel s matupal source, it
nat be impodted affectinr ther the exchanre halanee. tiywar, if we oome
p;ro the Clay Pulladine Materiala Tndustery with the ecomve: i'ive *uildihq
rnaterials induatriss, v'ieh use cement, aralk and rivsaum as “inder hesides
local raw materials, 4t will Ve glear tha’ L-ere is re nsrinecival differen=
oe batween all those industries, since t'e vrodnotion of cement, chalk
and gipsum aleo imvolve a durrine nrocess.

For e rsiven area we have to tra-mport fuel to the site of ttre Clay
Ruildirg Materials fnetorrs Tor the other huilding materials induatyries
first we have to transnort fuel to the factory of cement, chalk or gl peun,
Then we muat transport the hurned nrodngt to the local building materials
induetries. Calenlating the resl differsnce 4s out of the limit of
this paprer, but it is immortant to have the srgument clear if diseuesion
arises agairet the Clay Ruildirr Yaterials Tndustries, *

In the rlanning stage of a Clar Building MYaterials Industrv we make a
series of deoisions, which affeet the ecoronmie reavlt of our factory for

the reat of ita existence. It ovr task is to estadlish e chaar &f!&ei-

ont industry then we must number the immortant decisions. The sutserie
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bar will oronose the foilowine nrder:
1) Selection of place , of wine or of clay deposit.
2) Jetermination nf produvation nrogramme.
3) Selection of tra materials handling avatem,
L) sSelection of kilns snd burning avstenm,
5) Determinatior of drving vrocess and syatemn,

f) Selection of machinerv for monlding.

Economig and Teshnical Aspects in Selection of Place, Mine or Clav Deyo-

sit for Clar Ruilding 'aterials T-Austries.

The only real reason for setilement of a clay building materials indu-
stry in a certain area is a lack of building materials. Thornféro, sone
kind of a market study should alwaya be the first etep. T™is narkﬁt stue
dy should be at least anvroximately a ruide to select plant sise. Then
it should rermit determination of a pronosal to production vrogramme,
Finally, the merket studv should fix centers of primary and secondary
marketa within the area in question, If the market mtudy is favorsble
for settlement of e brigk vliant, then we have to look forv the raw materie
als,

Here, it should Ye emphasized, that we are 0t only seekine a ugpefull
elay in sufficient amount, but more important we are seeking the comdie
nation between a usefull elay and local ennditions near a mine, whieh
will give the best ecoromio result to drigk plant the rest of ita existen~
¢ee Lot me give an exampel:

Weo_wgnt: A brick plant with natura) drying, annual produetion about 12
milliona of normal bdricks, plant life estimated to be 25 years.
We_seek:

1) A clay vit or mine with a useful clay and of a capacity of about

1,2 millions ton of clay. Cheap draining of nit is desirable.

2) A flat or alwest vlane area of about 20- 30,000 M2 near to clay mie

ne destined for building of brick planrt. In case of nocoltiry levelling

work a cost eatimation ghould he added to the study,
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3) The moet outstanding combination hHetumen 1) and 2) whichk oacurs,
when the clay mine is a s0ft t11ll 41 a f1lat landseape. In this case,
investment and nrodvetion comt will be at minimum. Cheap dralning of
flat area 1s desirable.

4) Public roads ir the reishourtood of the brick vlant, Therefore,
seeking of a olay mine should always he concentrated in narrow contry
belts on both sides of nuhlic roads, whieh eonnect vrimary and seaondary
markets,

5) Supply of eleatricit” of about {00 Fwh/h topether with telepheme
oonnection to primary and secondarv markets, If suehr facilities exist
in the area they proverly would he found near vublic roads,

6) Suvply of wnrkers for the factorv., Thia is normally no preulems
for factories near pudblic roads.

?7) The final selection of clay mine and nlasce for Tactory, whieh clees
arly also devendm on clay quality and price of land, Here, the vrice of
land in different cases should be related to the transvortation cest of

finighed products tn the markets,

As & rule it ias very lmportant to have a look at all possibilities on
rosds from primary to secondarvy markets, meking sure thut tre final selee=
tion represents tl.e best rituation in the srea in guestion. Therefere.
sanpling of clay should at firat time he primitive ard the clay sheuld
by small tests be clasified in two erouns, promising and vnpromising,

She capaeity of clay mine migth “e clasified »7 t.e seme terms in rele=
tion to the desired cepacity. Recause of the marv determinirg facters
only few places will stand am promising after the firat reund.

Then the secnond round is started with s roch drilling net on the weet
pronloing place in relation to local conditions., The elay samples are
expobed to precise laborsiory teets. If the cavacity, uniformity and
quality lioadily seens good, a close network of drilling holes is appli-
ed on a sufficient big area and all the clay samdles are investigated

] . ;
carefully in a good ceramic laboratory., If third round makes the cape=
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city and the cvalitv sure, the last test should he a rractical one done
or tre clay at »n existin-~ factery, e result of this decisive Pro=
duction test will he a very mreat "elr ir melection the heamt vroduction
line for the new factory,

This imnortant vreliminary studv should be rresented v a team of an
economigt, a geologint nni technicie: s i- ecranics, The team shall
vhere it will he nossible work in close collabopation with loeal autho-

rities and irstitutiorns,

@eneral Congicerations sbout Decisions related to Frodugtion Process,

Determination o nroduction rrograrme is conaidared as t e second dee

cision o* i{mvortance tecause uvron t-is choime deperd the sale, the invest=~
men# and the vroduction cost as wellss it Fas influence on the following

- decisions. At & rmle it will be wime to dAetermine a broad prodnetion
Programme in areas where the market is insure, It should ¢ emvhasiszed.
that,wvhen the fectory is estanlished it gould later be very Aifficult teo
change ita production programme to a more broad one.

Selection of the materispls handling syatem is corsidered as thé third
decision of importance because .t has tie rreatest influence on the proe
duoction cost. This is easily seen from tre fact that inside a well plaa~
ned brick factory with natural drier and of an annual vrodugction of 12
millions of normal bricks the daily weigth movement is approximately 8o0-
looo ton done in various Pandling overations and cwver diffor;nt distances.
In a bad nlanned factory :he daily weigth movement gould eamilv reach 1500
ton , which also is moved over longer distances. .A good materials hande
ling svstem ic ctaracterised by simplicity, vriformity, flexibilitv and
chearness in investment ard in: maintonange. The desision about the mate=
rials handlirp svatem has influence on tie followiner decisiors,

The fourth deeision of importance is selection nf kilns and burning
gystem since from it the quality of nrodust devends in reavect to resis~

tanes and appearence. Investment andprodustion eost alse depend very

uueh on this selestion.
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As a rule, 1f a very droad ornduction rroTramme ic wanted a battery

of intermittent kilns should be at least rart of the kiln equipment , but
here it must be remembered that a veriodic kiln use 50- loo per q’nt more
fuel than a continuous kiln, It will net mear that it is a bad business
to use a periodiec kiln to the special vroducts, on the contrary, it ocould
be a very good ore because of the high vprices vaved for sueh vwroducts.

Therefore, the selection should he in secordanae to local eonditions.
If the market permits a combinatior hetweer the two types of kiln this
would pronerly ~ive t™e bes: economic resvlt in isolated aress, Sueh
@ kiln combination also gives the vlant a hirh grade of flexibility on
the production rate, which eanily gonuld be changed in accordance with the
demand from the Building Industry. Therefore, this combinatien aleo lo- -
wors the industrial risk in comparison to a plant with only a continuous
kila,

If the plant is projected to nae a mechani: al setting system it will
be wise to build the periodic kiln with the same square dimensions g9 the
oontinuous kilm, because tien a higher grede of flexi®ility is obtained.

In the subseriberd ovinion, the only feasible gontinuous kilns for .a
developing country jipe the nig-mae kiln and some types of the "offmann
kilns beoamse those kilns could bs huilt for about 1/2 to 1/i of the cost
of the tunn§1 kiln, TFurthermore, those kilna have avproximately the same
fuel economy as a tunnel kila with onlv aligth more manvower spend on the
total oreration of the kiln, The pronosed tvnee of kilns have as addi-
tional advantage that they could be built of national nemi- refractery
briocks.

The selectior of the burning svatem depends very much on looal aad
national sources of fuel, but when we are disgcussing production of elay
building materials throushout a country, normslly onlv wood, carbos and
heavy fuel 04l wruld be in mind, Here again, only for small igolated
fastories, the wood will be a resl solution hecause of tle amount used

end the well known d1ffioulties with its use in ceramic kilms.
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The final decision hetween asrhor and fnel odl, ns fuel ro Ligceer
factories devends o~ s0 mnnv factors that only some Leadlines sliculd
he mentioied. I€ vie compare »r o0fl-fired continuous kiln to a carbon-
fired one, we will ohserve that the oil- fired kiln produce tricks of a
better and more uniform qualitv with less amount of snoiled oricks.
the workineg conditions inaide =4 outside the kilan are more clean and
nlessant in the oil-fired one. Firthermore, in the oil=fired kiln we
ocould use a mechanical setting snd drawvin~ gvstem, which normally is not
rossidble to use 1 t'e carhone fired ore, Tf e donparo {n1el escnomy
on a calorifiec bage, the oilefired kiln wenuld rormally use lo= 20 per
cent lesn fnel tecause ¢f thye hatter ~o-ditiong for comhiration of fuel
and comdustion air, In addition we normally must mill the carbon before

it can be used in s continuona kilm. This roint has influence on the

produetion cost,

0f the mehtioned reasona it should be clear that the seleotion betwen
earbon snd heavy fuel oil is not omnly a question about the price in rela-
tion to the calorific value of the two fuels. ¥or the caleculation it
is important to remember t'ist the transvortation eoast for the fuel oil
is about the half of tiat of eardon, hecause the calopific value c? fnel
oi) 1s anproximately twice as that of the oarbon.

Anyway, whatever we choss of these two fuela, semi-automptic arnd auto~
satic stoking and firing systems are diamonible on the equipment market,
but the final selectinon tetween different Surning svetems is out of the
limit of this naper.

The determination of dryingr proeess and the systes are oconsidered as
the fifth decinion of imbo.otance and it hias great influence on the invest=
ment and the production cost.

Most of the developing countries lay in sub-tropic and troﬁio areas,

therefore, orly in high altitudes the nigth temperature will be belew

o%. This climate condition 1s a gif: to the develoning countries and

gives thes a great advantage in relation to most of the developed countries
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when we are discﬁaaiﬂg drying of teav: clav vroduets because a naturanl
drior could he used all tre vear around wit*nut frost aneoilage o0f vro-
duet, .

A rough calevlation rhow that for the drving of bricke we
nnood approximately tha same amourt of veat as to burn them, Therefore,
with the vde of a nat:ral drier we could sut down verv much thre produge
tion cost and »t the same time we save a )ot nf fuel,

Furthermsore, the investment >1n a cood natnrel drier is only 1/2 = )/k
of that of an artifinial .driar. whieh also is more comnilicated in opera-
tion. Because the natural drier normally could de dbuilt of local mate~
rials it does not ask for devices to the same extent as the artificial
drier,

The natural drier reduces the induétrial risk of a brieck nlant becau~
se¢ the natursl drier contains 3= 4 weeks normal produstion and thonfori'
it also work as a atock of semi-products to the kilng in case qf heavy
machine repairs on the produgetion line., Thim point has great importan-
6e in 1solated places where machine renairs are slowly,

Anyway, natural drging has not been investigated verv much in relatien
to tropic conditions.: ‘Therefore,l shall mentione some experiences aseu~
sulated on this field, .

Natural drying of bricks depend mainly on temperature, relative husie
dity and anpunt of air moved to contact the ﬁ:rieke- -~ On a selected pla=
6¢ we can only change the amourt of air . Therefore, if fast drying is
wanted ,the drier must Le a very ventilatnd one, it will mean with an o-
pen structure s0 the air easily oan come in and out. ‘The roof of the
drier should de the Shed-roof type, which is the most ventilated one,
the roof should be painted with a dark colour, which better abaord %he
sun heat making then the roof a heater, which accelerates the drying o«
peration.

_1If we look at the drying of a pile of bricks in e natural drier, W

wvill gee that the upper part dries out first. The exvlanation is that
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the aiy in con:act witr bricks ives an awert of heat and receive ProO=-
portiorally an amount of vanor until it ig conunletaly saturated. DBecane
8% of that new condit ion, the ai» ig cocler than tre s'rrounding air and
it #4-"s dowr on the lower nart of the orick nile, which therfore always
is in oontact with the mos* ;umiaq riv,

If the flocy of tre drjep ig clay soil, 5 very bad condition fop nae-
tupal drving exists oecaune tien tre floor works am »n water aceumulatop,

In the night where the relotive humiditw 3s high the clay 8011, beoaue
88 of ite Lygroscocine "roverties nisorb water from the saturated eir in
contact with ¢:e floor, In the day wit™ lower relative Fomidity in the
air, the clar soil Tives water vavor tt.s maintaining »umid eool air ir
contast with tne floor znd tle lower tnrt of the briek nile, Therefore,
if fast and some kird of uniform drrire is wanted in a natveal drier, the

briek pile must be 11fted out of contact with the floor and the most hue

mid air, Furtrermore, the “vgroacopie rroperties of a clay fleor must
be killed, This result is achieved by ‘reatnmeat of thre floor with ag-
phalt o031,

"he drving camelty of Lpicke of a2 riven natupal drier depends very
much the water content of the bricks delivared to the natural dpier,
The economic imnortarce of the vater gontent nf bricks ia seer from the
tact that ir » brick vlant of an arrual nroduatiern of 12 nillione of nope
mal brieks every nar cent of water correanords tn anproximatelr 1,5 ton
of water per day. A low water contert of bricks is nhtained by two
different ..gva, ¥isat ,by verforation nf the bricks. The hollew structu~
re itoelf acoelerates very much the drvin; process. Tor modul bricks
and . blogcks with: a miri{mum tickress of 9 lo ¢n, verforation is a mugt.
Second, by lower water contert in the elay mix, whigh with the extrusion
Process is odtained by use of @ high vressure (3o kg_/cna) in the mouthe
Plece ocombined with a heat treatment of the clay mix in the extrusien

machine so the bricks leave the mounthpiece with o temnerature of about

e o°, With those combined efiects we obtain bricks with o tiator eon-
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tent of ahout 12- 12 nep cent, wrick ie abrut ®a 1o ner cert less water
compared to normal extrusion. ‘

Because of the low water content ver+ 1little shrinkages of the bricks
occur and therefore tre risk of dr7ing cracks is low even in a very ven-
tilaic . natural drier, This effect is amplified because of the briek
temperature of 5o C°, which makes t e inicial drying fast ard uniform,

It should be noted, that only the iricial drying represzents a danger of
drying oracks. “hen the shrinkages stop the drying rate should be as
fast as poesibdle. .

Because of the hygroscopio pronerties of clay natural dr¥ing stop with
8 water sontent of bricks of sbout 3= 5 per oent. This water content
nugt be removed 1in the kilng by uge of surplus heat from the eo0ling,
brieks. Therefore, when a natural drier is uged, the kilng sust be oon=
strueted to make vossibdle this drying oneretion,

The green gtiff produgtion of brigks with low water content dives a~
nother advantage which makes natural drying economiec feasidle. The bricks
00uld be atacked directly in a pile up to a heigth of 1,5 m withent dama-
80 and sticking together, therefore s hish drying capacity of bricks ia
obtained on a given floor area of the natural drier, This important fea-
ture signifier a low congume of stabling neteriala, whigh always has been
a probdlem in relation to ratural drving, |

I? v now make a summary of the conditions of natural drying i» rela=
tion to the materials bandline avatem, it will be seen that by means of
Palleta and forkelift-trucks we could make siery simple and flexible hand~
ling system, whieh gives the necessary stabling materials for the ch
Prosess. Since we must lift the briek vile out of eontaet with the hu~
=14 air sear to the floer, the Pallets should have legs of a heigth of ae
bout 4 em, whieh secure a good air circulation underneat the brick pile.

This very simple combinstion of g drying and a transportation systew
could be amplied, on an elegant. yay, to include aleo a mechasical setting
and dreving eystem of bricks in the kilas, For this purpose the ferke
1ift-truek 1s oqum with a specisl tzrk-lut-tong. which peraits hand-
lugof a vhole pile of dried and burmed bricks without uug the pallets
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which byphe way are not reeded whan the oricks are dry,

Before such a apstem works, we rnst male some.standardizition of 1k
elements.  The broducts of the brieck rlant muat be standardized on the
building modul of lo onm. The first dimersion of a sLandard prile of
bricks there allows nroduction ofsornducts in atens of lo om up to 4o em
have the dimension of 120 *170 x 120 om,  “henm tie standard pallet shoulad
have the aize 125 x 125 x 40 em. The Tnaide dimenaions of the kilng
should be in accordance wit: the gtanrdard nile or a multiplum of thig
vith certain allowance for the truck overation, Cn the hagking or get~
ting station it would be wise to put un g haigtﬁ suide as known from the
tunnel kiln, The width of the standard pile with allowance is giver by
the standard pallet,

With thig ampll standardisa:ion we obtain, as fingl reault, g gegdi-

nation hetween nat:ral drving and a materiale handling systes where the
' bricks are only touched bdr hand on tha.hacking station, Therefore, a
high grade of procductivity is obtained without loosing the advantage of
natural drying, Furthermore, all feasihle btricks and blogks up to o
on ccuid be produced in accordance yith the atandard modul of 1o om,
This 18 an advantage inrelation toAlogt of the known artifieial driers,
It should be mentioned that modul bricks give » batter atabtilitv te the
briek pile than nnrmal bricks. Therefore, transvortation by seans of
fork-lift-truck is feasible,

The sime of a natural drier should be approximately looce m> for every
million of bricks based on annual nrodustion rate. The amount of stan~-
dard pallets is lbéut 300 for every loco ma floor area of the natural
drier. In theee neasures, allowance is made for truek roads aad venti~
lation Qhannoln within the drier.

The sixth decision of innrortence 1a the selection of the nachine line
for production of green bricks. .

Production of brigks ;tart. with the winning of cley and the following .
tfnnlportction of it to the nlamt, The icchincry used, 1f any,depeuds
o0 imeh on the pit ;r mine and other local conditions that it ig inpeg-
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sible to give advice on this selaction.

The stiff extrusion ia chosen as t'e most universal production pro-
cess for bricks, both in relation to differart tyves of bricks as well
as to verious sroducts. Furthermore, the stiff body is a must for eco-
nomi ~ natural dryving,

The machine line used migth be the folowing: Pox-feeder, Fibbling
Rollg, GCrooved Molls, Smoot clls, Double-shaft Mixer, Differential High=-
speed Rolls, De-airing Extrusion Argrecate with device for heet treataent
of elay mix, Rieid Antomatie Cuttine Table, The machines are arranged
in eonvenient grouns, which are eornected by means of conveyors,

For easy work on the hacking station, a separation belt ghould be cone
nected to the cuttine table, and turnetables for vallets ghould be arrane-
ged along this belt. The turn-tables should be at floor level,

The mentioned machine line is selected as a simple standard solution
because of it deals with a wide varity of clavs. Towever, the more spe~

clal elays migtr require some changes in this machine line.

or uildin terialg Industries in Dev

Count .

The layout is based on the vrevious concepts in relatiom to produe~
tion “rocess, therefore, 1t will 0~ly be discussed to a certain extent,

The layout present a 1° milliena bricka nlant. On the left side of
1ine AB 1s made a prorosal for a f millions bricks Dlant with g bhattery
of seven periodic kilng. Cn the rigth side cf Yine AR 1s made a pro=-
vosal for a 12 milliens bricks Plant with one nontinuous kfln, 1If we
wse 1ine AB as symmetry line for the rigth eide, then we have a pﬁmal
for a 24 milliong dricks Plant with two continuous kilns. Then 1if we
use line CD as symmetry line for drier and kilns of the 6 millions bricks
Mt._n will have a preposal of a 12 sillions bricks plant with 14 pe-
riedie kilns. |

Therefore, this layout shows-she § williens, the 12 millions, the 18
aillions and the 24 milliens bricks vlants with natural drying eswbined




16,

with vas of periodic and continuous kilrs, The melection between all
those nossibilities depends on the merket study and the local conditions
on the place , where the brieck nlant is wanted.

The standard solution of brick nlanta does not include the winning me-
thoA because this is impossible to standardize. for the purpose of ma-
king some estimation of t“e investment and nroduction cost, we have in
mind the combinaticn of a alav hill end a flat country. “herefore, the
exoavating is thourth to be done by means of a bulldozer.

The purvose of the lavout is Lo ohiain maximum vantilation within the
natural drier comhired with the shortes® nazesible transport Aistance with-
in the vlant, Therefore, all vroduation sctivities and heavy trnnlport

are concentrated inte a central cross. The natural drier is by thig

split up in four almost jirdependsnt varts, In one croass-arm the produce
4 tior machine line im arranged in a streigth line so the green bricks are
delivered in the eontir of the rlant. Materials randling is then done

in the following way:

?g The green dricks are set in the standard hrick‘pilo at the hagking sia-
tion. Then, the vallets are moved to tre natural drier by means of a
fork=lift-truck, which move along tho_principal cross-arm, then entering
the  Aturgl drier drier by fixed secondary cross-arms. tthen the plant
is working, freah madh bricks are »lwavs rcplacing Aried ones. Therefo-
f re, the truck returns with a pellet of’driod bricks, which is left in the
| »rinoipal cross-arm near to the kilns, Then tke trueck pick up .ao-péy
pallet and return to the hacking station. Terewith, She truck has ma-
ds a comnlete working cyele. |
The kiln truck is equipped with a special fork=lift-tong, which per-
mits setting and drawing of kilns in units corresponding to briek pile
on pallets. Nh;n the kiln truck‘takb- a brick pile from the pallet,
this is left for the other truck. lLoading of lorries with burned pro=’
ducts is done with the kiln truek, which always should try to load lor-

ries with products direetly from the kiln. With the purpose of making

this operation vossible the ends of three cross-arms are destined to
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lJoadine sones for burred wrednets.

A varticular featura nf thiam lavout i the verv ghori tranavort di-
atance inside nlant ard t'e ver: little i{~terference hetween diffarant
tyves of trarsnort, Tvan in t"a case ~f tha "4 milliong hrieks plant
tranarort dintance i verv ressanmhla nrd Af tiir resson -atural devirpg
is feanidtle at least to t-is “lent sire.

It srould he noted, trhat forkelift=twucks resnire rond roads at the

same level,

The natural drier ia in all narts covered b » shede=rrof construection,
whieh ig assemhled of modnl of 7 x 5,5 m, Py ugine ntandard alements,
the natural drier has heen constructed for abont 'S ’ %,00/ mz. he

free heigth ingide the drier is about 3 n,

“he central cross-stricture, 2% m wide, {8 aovered of a cement~ agbent-
ous roof, whic™ "as baer aconstricted for abant 1S $ 7,00/ ”2. Free

heieth is ahout 5 m,

The standard rallet 127 x 125 a~ with Lo em Yeen 18 eatimated te he
ebout 13 § 6,00/ i,

In summery rood air cireulation in natursl drier ia ~btained by means
of the ovpen ahod-roof-conatrucfion. the central crosa-structure, the se~
condary croas-arms whish by the way serve also as truck riads gn‘ fivnadly

the pallets with hizh legs.

The continuous kiln is constructed as tvo straicth tunrnels avery one
'Co m long. The tunneln are irntercornnected near to the ends, The kiln
is charged and discharged onlv from the ends by means of the forkelift-
trueke Therefore, 25 ver cert of the kiln should always he at disposal
of this overation, The ¥iln im snosed to make a commlete tnrn im be.6
days.

Tor a-12 afllions bricks plant the total cost of sueh a kiln buile of
loeal materials with ventilators and oileburner installation would be US
' fo= 100,000,006, which is oalv-a‘out 2/t of the ceat of a side loaded

sicesac kilr and only 1/° to 1’4 of the cost of a timnel kiln,

7
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Une advantsre of the kilrn in ouestior, in rvelation to the sic-szac
kiln is that only one kiln door 18 nulled down and set up every day.
This ie partlr commensated of little lonzer distance inside the kiln,

Tre intermittert kilna are constructed as short tunnels, which can
be "~aded from tre ends by means ef trucks. The kilng are side~ fi-
red by means of oil-burners and ther are interconnected by ducts or
channels so0 heat from cooling bricks could be used to dry the fresh set
ones. The total cost of a hatterv nf veriodic kilns is estimated to
be %0~ loo ver cent more, in relation to the cnntinuoue kiln with the
same production,

"he queation of one or two prodﬁotion rnachine-lines may he raised in
relation to the 1 millions and t-e 24 nillions bricke vlants. As a.
rule one machine-line ie cheaper and more afficient and it should be
preferred in moat cases. The additional industrial risk with only
" one vnroduction Jine is vary low hecause of the great stock of brigks in

the natural arier.

The efficiency of the vroposed brick vlants is seen from the following

estimation of versonnel }olntod,to nroductions

24 milliors bricka vlart §: 3o- 35 men

18 millione bricks nlant : 26~ 35 men

12 millione bricks plant : 20~ 25 men

6 millione drigks vlant : 1P« 25 men

The efficiency of adout % -an-hour./.looo bricks obtained at the bLig
plant is worthy of comparison to anr modern brick vlants in Develeped
Countries, svecially if the aoaparison'ia done also in relation to in-

vestment.
Because of the oven structure of’ehc natural drier , the whole plant
ie easy suvervigsed from the center, where aleo the great amount of per-

sonnel are working. Control of daily amount of bdricks produced at aay'
Place is easy and fast because of_the standard brick pile unit.
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Investment and Coat Tstimation for "he Tronnsed Rrick Nlants,

"he inventment denends verv mueh on local ennditions, hut for the
hipgh per cent of the wrovrnsed stardard brick vlants, it migtr he bee
tween tre following limits:

ok millions bricks =lant with twn gontinious kilns, one vrodustien

line, production of only few vroductas,
Total investment US S 560 600,000,0n

1.8 millions bricks nlant with one continuous iiln and a battery of

nicn veriodic kilns, one nrodvwotion line and vgriod nroduction pregrae
ne. Total investment US § LSoe £00,000,00

12 millions bricks nlant with one continuous ¥iln pnd one nredustion
line. HNormal produstion nrogramme.

Total investment Um § 3oo- Lfo,n00,00

6 millions bricks nlant with a betterv of sever neriodie kilns and

one production line. Varied nrodngtion Drorrammne.
Total investresrt S # 200e 700,000 ,00

"he investmant used to any of the mantioned “riak nlarta in less than
half of the =brmal invoﬁtmnt nged Lo semi= mntomstic criek nlants with
artifioial drving at the same nroduection oamaeity,

mhe tota) vrodvetion cost of “rickn prodvced at the rantioned Lrigk
vlants migt! be found ir the range of [= 15 Ta §/ loon bricks.

Tt should be mantioned ton that no hrieks in Neveloved Courtries oould
be produced at: thin low eost. ™is ia due to low invactment, the 19’
of natura) dryine, -md the Yow aalary ~f versonnel.

"he lowest nrodustion cost. eorresnnnds tr the o4 milliona hricks nleat
whieh ins a very effipgient ave, "he relative hirh gont of abant M8 ' 15}
locodbricks is for the £ millions bricks ~lnt, ‘The m-oh. virher vredue~
tion eost is due to the hirh relative investment, the Figh f101 conevem
in periedic kilne, the high relative adninistration csst ard tre many

m-héurc ver thoussnd bricks.. .-
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Statements and "econmendations.

Ruilding Indvatry and Ruildine~ liatertials Tndustries torether must
be considered ar t-e mnst immortant irduairies jr jevelonine Conntries,
since their activitiem re~resent an amount enuivalent to at least %o- Se
ner c- 1t of national irnmoma, "nrther develonmant o tinge industriesr
is from all viawroints nf Treaat i-teres! mcr:se theipr final nroduct,
houges and annrtmenta, is a neimapr necesait: fow the neanrla, ™Mirthere
rove, t-:ome idurt~iem enrlrv o ~papt amnuet AP virkers or 2 verv amsl)
relative investment,

Develovment of “uildin~ Induatry snA nildiae aterials Irdustries
are synchronised %0 a repnt axte-t, “rerefore, 1f vlanrning, adminie
stration end standardization are heliaved tn e necessary for one of
themse !ndustries, it will alao he for the ather ane, Presentation .of
develonment nlanee for anr o’ thome industries to Governments and Tntepe
nationa) Orranizationn ashould ha done 4 close eollsliorgtion vith gach
other, Becanse of tg hieh {moant bv thn rombined action thoge ime.
vortart industries must be on ton o averv dnv¢1~ﬂmont’vlan for Devee
Joninr Countries.

Tre Clav Ruilding “‘aterials T-dnetries mi;th he ar univevms) mslue
tien t, eover the erormecus lne!. ot trildirg meterinls in Develovping
Covntries, but this induster mumt Aamonstrate, that it ig convenient
and elficient, Therefors, establishment of Clav Building Materials
Induatries ahal) he done according to actual conditions in Developing
Countries. For the resso- of a fast develouvment of cl;y Building ta=
terials Industries, it is recommended to standariise briek plants se
they oould be easy multiplied wit» g small industrial risk,

It is recommended, that every Afriean country establish their own
National Committee for Nevelopment of The Clay Building 'aterials Indu-
etries, = The main purvose of tris committee should be coeordinatien of
the efforts of the Clav Bullding .‘itnhlu Indvstries to those of Buile
diag Industry, The Committee ahonld alme vrenare for each Covernment

and for the International Orcanisations a Jiet of pronogals dealing with
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the necessity of their economic and technical s'vwport for a fast deve~ )
lopment of the Clay Building Materials Industries.

The seoretariat of the committee should emplov a working group o'f na~
tional specialists, who ocould sample and prerare all facts about th'c hea~
vy olay industries. The working group should present a detailed study
for an efficient standard brick vlant and it should be ir charge of all
kinds of technical assistance in relation to the settlement of the pro=-
posed standard brick Plant, The first estahlished plant shounld be ue
sod as pilot plant for practical test of the clays to the following plarts ;

“and 4t migth aleo be used as training ovlant for medimm leve). nersonnsl. %
The working group should have at disvosal a £00d librarr and a small ce-
remde laboratory, which in case of standard hrick vlents conld be estade
lighed for about U5 f§ 20+ %0,000,0n,

A African Center for Development of Clay Building lMaterials Industyie

o8 with the vurpose of exchanging of experience could be very veluable, |
vhen the utuui grouva have pot aeme Years nf nrastical exrerience.
ARyway, the establishment of the national group migth be the only reas
Iiott; way to a fast development of the Clay Building Materials Industerie

¢8 in every country beeause of thre marnitude of the related nrodlems and

the ehanging eonditions from countey to ecovmtey,
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