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FOREWORD _ . ‘
- - _ .
? _ . .. , , ? ' e : . A ¢ .
7  The L‘hangus-impurlcd ta carth by h(‘ating it a Kiln have been known from ancient timés. and
burnt brick has lﬁq‘;mlc one ol the majar Construction materiglssin many.parts ot the world.' It .
L may ofleT be the mdst appropriate building magerial where indigenous clay resources enistand £
v -wihere some form ol4uel is available. 1 the Tast [ew years there has been renesved inte rest i the
-~ lisg of brick in some dcvclopmﬂ countres, especiaily in those wlmrc' he use of alternatives wolld
n,qum the expenditurg ol Imu"n exchangy.. . . .
. .;;:_;, . . . - N
_ . As pd]l ol its pmu ame ol rese .Ir'..h |nt(‘a'-|n-.1|u|.|mu~. butlding nml-. rials. the Overseas Division of
Y BRE I!]Ill.il‘t‘ d Fresedreh and Lluulnp[m nt projeck iimed al m:pmvm" brickmaking twechnology in
N . dcvc]opmz. COURLIes. As m carly parl ol this project, BRE sought to review the many dilferent

0 LT teclmlquc s in current ase ad Lo identify xuhlqﬁs for future research.

. . .
-BR!{ uppm:lchctl Mr I PN Parry, o dircctor of thed: (mllim |nl~m| Inlumuii;m Technolosy
['j'u'.'VL.‘It'mecnl Group.and charrman of J M Parry and Associates, Hogarry out “Uus review tnder
pontract, After graduating from the University uf Keeleo Mr Parry warked overseas for séveral
years, having control over rutat<development mulx bt o remote arci of northern Borieo. More

] resently he has.heen umsultdnl 1o e eramics and Building materials industnes. e has

: ' . Cil_l:;{é‘d'}l)lll Il‘-;isil)ilily-:\'ll.ul.ivs ad setup brick and tie making plants in many cnunlﬁ“c.\.'!=;|rl:_'|n;.'

Am highly mechanised femg brick I';l{:‘mrics in Furope to small hand-made boick and tile

.Il Afrivan villages. _ .

As the review appesied 1o be of interest to a wider eroup of readers, it has oow been ﬁ'nducml

in the form of this BRI publication. The information is hased necessarily upon the knowledge.
experience and views ot the author and because of the world-wide nature ol the study under- [
taken, ti has not been possible for BRE % contirm every detal,

The report examines the rangg and economics of various technologics. and explafhs the causes of
common production delects. A comprehensive meview is. made of brickmaking i nearly 40-
different countries, methods in about 1:3rd of hese being deseribed in considerahle detail. The
review closes with reconumendations Cor research 1o improve existing teehiolovies. i hoped
that the publication will prove uselul to rescarch and development workers seekinge (o improve
prmILlL tion methods, and will dkso serve as a-reference for all those who may beanvolved m

o

building and-construction throughout 1he developing-workl, * ’
. iﬁ T '{f_i L . '
e s " .

R (¢ Smith . L /

Overseas Division
Building Research Istablishment
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PART A: INTRODUCTION -~~~ 4 © .
" i, Background and approach S e -

Brickmaking in ene ferm or another lms existed.in o nmjorlty ol couitries and [hcnc are consider-
able similarities in many of the nethods employed. - The main scope of this study ineludes some
‘concentrated desu;"ﬁ|.1ligns___pl‘eﬂproduction methods cmp]oycq in twelve sumple countries from
areas of East. West, North and Southeen Atfrice. Eoast und We'»t Asia, Latin America and the
Canbbean with briefer reterence to particular features in several other countries outside Lhis
graup. Wetailed technical matters such as clay analysis or tepographical luaturus. ol individual
locd¥ions are not’encompassed ||al lhl\ stuily as these are, [m‘JI Lcmra]h relevant to an overall
e review ol this kKind. .

-

P The approach uau.l 10 Ilclp identify prioritics Jor rescearch and- development has heen first to
: assess working methods and conditions, (0ols and uqmpmcnl ‘-Ldlt ol aperation and wnrlxp'iaue
, layoutsin brick p@nt\ﬁiﬁl/wlwly of countrics with comments on pro‘dm.rlwty, consumption
of fuel and ofher resourees related to outpul, and the limitations to quality of product derived
fromy choice of technology’ To relate dhese descriptions (o research and dcvclopmi&'ﬁl needs, d
summary section has been prepared deseribing circumgtanees in the different qountrics in order
" to identify technical inadeguacies which occur vver a signilicant part of the ficld and which hold
out promise Qf being improved by appropriate research and development effort.

Experience - - o ' o o
The main source of information incarporated in this study is from previous survey and practigal
~ fieldwork undertaken by the author, often in the course of LOT‘I‘)[IULIIIIL'OI’ improvige brick
a _ pmdlu,norr Facilitics in the developing world. Most of the technical considerations surrounding
_lradltmnlll brickmaking industfies have been found to have direct relevance and similarity to
circumstances in heavily capfuil-intensive brickmaking in Lurope and the Unitcg States.”and
" experience has been drawn Trom both sectors in judging requirements for research and develop-
© ment. : :

4
- ~

Although primarily a deskwork exercise repracessing iflustrative and lactuul information already”
b to hand. all of the views uxhrcwcd in'the cofimentary. and the recommendations Tor future work +
are glialified by direct and recent practical L\pcmnu. in most ol the counirics described in the
survey. While the study concentrates on thé indigenous brickmaking technologics cmplnycd 3]
developing countries. relerence where appropriate is made to the occasionalhighly mulnmqed
factory_which has been instafled in these countries. The source of information about these plants

inclyding how they operate is d“dll‘l m.unly nlurwcd from dll‘t.‘t.t -.xpuucnu. and From published
informagion.
2

Acknowledgeggents _ .
The descriptions of brickmuking processes and some of the problems associated with them are
“mainly drawn rom work in the field and acknowled lgements are due therelore to the local

i .. rounterpart organisations with whom the author colluborated and to the overseas aid and dcv:.lop-

ment bedies and private compaiics thrmlvh whose auspiees it was possible to visit lhc Viar oL
_countries:

. '\ UK Ministry of Overseas Development
Royal Netherlands Goveinment, Overscas Aid Ministry.
Economic Commission lor Africa, Addis Ababa, Ethiopia
United Nations Environment Programme, Nairobi. Kenya
The Commonwealth Sccretarial, London
] United States Ageney for International Development
Government of Pakistan. Ministry of Economic Alfairs
Government of Tanzania, Small Industries Develapment Organisation
Busotho Enterprises Development Corporation. Lcsotlm
Building und Roud Research Institute. Ghana
Christian Aid/Sudan Council of Churches
Regional Devetepment Corporation, Southern Sudan
OxI}er Committee for Famine Relief : a
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Mlmstrv of Finance and Imdustrigl Developmun The Gambn -

Ministry of Finance. Botswana e . @
Messrs Phillips Petroleum Inc " .- " . s :
P-E Consulting Group Ltd, UK 8 =,. . . ’
Berenschot Moret Bosboom Nethcrlands . S

& EPER. Burundi .. -

Desarroloe’Juvenil- ( om umt;mo ]londum .
The 1lluxt.mt|0n of bm kimaking in € hing on page 66 was:
tdkcn from an Arts Council exhibition 01;.]’0le|11 P.nnug"s

from Shenw Provinee, ¢ hn'm : ‘.

Hrateiul th.mks are alsa due to |nd|v1du.1|s who wntnbuted wntten o1, IIIustraIwe material or
persorial Lv.,i\pel']ﬂ]‘lt.(. and views wluhh helped in the preparation of this study. to menjbers of
ITDG s BfuldmL and Building Materials Panel: Nicholus Greenacre, Liverpool School of
Tropkal hr:.dl-.mx. Dipl Ing Jules Janssen. University of Eindhoven: Dr Robin Spence. University
of Cambritlge; and to ol}ler dswocmte%.md correspondents of the Panel I1'[LJU(|II]“"M(.SSI‘§ Caspar
de Groo: Peter Bekker, Ken St 1em|lt “Desmond Trigg and M D Simpsaon.
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. PART B. ECONOMIES OF CHOICE OF TECHNOLOGY - .

Range of brickmaking\ technologies available - - _

A very wide choice of technology is avaitable 1o anyone conlteil115[ati|1g brick manufacture

although the higher the capital intensity, the more restrictive the brocess is togthe type of

clays which can be handled. High technology brickmaking is also restrictive in the form the

energy required can be used. The very high mechanised and dutomyted plants rely on ‘
clectric power ind. the higher grades of Tossit fuels sucli as natugal gas and propane while

cfaditional plants may s serub wood or even ciied: dunu as their only source of provess

energy {other tlmn mm.m muscle-powery.
* L --—1‘".

' -~
- .—.’ L. - +

. O_per:llingacosts L . .. . ] .
' AL the highestUlevel of echanisation and automatien which hag been attained i the clay
brick-indusiry the input of Tubour is less than one.man hcun per thousamd bricks, araund’
one twentieth of a minute’s work per brick proaduced. Al th hyghe st level of lebour |ntens1ty
i unmechanised brick plants, the labour.content may be as hjgh as 10 minutes wopk per
brigk: 167 manhours per thousand bricks. However. the relative cost of labour also varics
over almost as great a range with some brickworks’ labour in the United States earning as
much as £5 an hour while in parts of” Africa the hourly wage may be as low as 3 pence. o
N - *
[ we Felate the highest labour rates to the most autemated fuctory we arrive at a labour cost
o £5.00 a thousand bricks (1 manhont x €53, On (he other hand the most labouf-intensive
brick plants with e Towest unit tabour rates resali it a labour cost of 167 manhours %,
3 penee o thousand bricks: €835 conly shghty higher than the iabour casts 6I‘thc mosk
autemated plant and 1his £8.35 is their only significant cost and includes the work oI
Ldtll-. ring loel, Il is theretore possible Tor grossly laboitr-intertsive brick factories | in dchIop
. T ng countries t o put bricks on (he market at between €10 and £25 a thousand., By vontrast
“the autonuted Factory has o whole range of ofher costs Lo centend wigh nuludm:_ Tuel,
power. spare parts, process alditives and supplementary materials as well as e cost of pro-
vidhimg the capital and depreciating the equipment. As a resull by 978, brick prices in the
developed world were mostly in excess of £50 a thousand., more than double the price of
the developing countrivs” Bricks  hat is those mdde in the very labour-intensive production
units, ' )

However, in ~.pm ol the fact thal the relative cosis of labour and u.apll.il mitigate against
heavy mechamsation. a considerable number of capital-intensive autemated brick plants
have been established in developing countrics, With the exception ¢f the unskilled and semi-
skilled lubour, most of these plants ercounter running and financing costs which are every
- bitas high as those in America or Lurope and so would also realistically need to price their
products al doyble the prices of the traditional unmechanised: industries. This is bardly
practicable Tor usages where traditional or mechanically-produced bricks arc’interchangeable,
50 the former always win on price. The higher price ol mechanically made bricks is only
Justifiable where these bricks can fullil special applications Which cannal be served by
traditionally-mude bricks: loadbearing brickwark. in high-rise buildings amd acid resistant
wire, Tor example. Unlortunately this type of application is fur less frequent than the need
for brick lor ordinary housing, schools and industrial construction and so many of the
mechanised Factories which have been constructed have had to strugele Lo lind markets and
R ' frequently run at only a fraction of designed capacity and usually at a toss,

Implications of alternative technologies
5 Capital intensive highly avtomated brickmaking has largely settbed down into a Tamiliar
series of processes so that anyone well acquainied with the industry is likely to immediately
recognise e same type of equipment instalied in mechanised faclories operating in, say,
Australia, Germany or Algeria. Theee is an interesting correlation betwgen the level of
mechanisation and autemation and the scarcity rather than the costol Tabour. Onee a
. capital-intensive Tactory has been decided upan it is a continual ihreal Iq the prmpcrltv
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of thL owncers that the plant may 110[ ]J['OdLlL(:‘ to its design ¢ dpdt.lt\ The areatest »mLIc
difference -hetwaser the operation of capital ||1lu1~.m ad LthlIl imtensive plant M financial
terms is that in the former. most of the costs are fixed and art incurred whether or not any
. bricks "dre'prc}duc-,cl whereas in the hatter nearly all the costs are variable and onve bricks
stop being made the costs stop being incurred also Munagenignts will increase the level of
mechamsatlon ir thw |L'df production holdups due to labour short.vm
The consum];mon of clpergy m.Jy not nL~Lusa;|lv be 10we| for Sslabour- intensive plant than
it is for a capital-intensive one . marticularly in the area of kiln 1 iring. as the nrullmt
.+ economy el scale in l)m.I\nml\m[_ is the poml at which u)nlmunlh liring can be ag Nieved.
‘Tlm polnt 15 somewhere |n'1hv. region ol 3 million brcks per \*mn produced rem i single
JSltc Asa resull, ex xamples 0 brick ndusiry consumpbion of progcess lu-.!-‘h(w. SODIE exlrenie
dll|L[‘LI‘ILL‘:

L -, L E : . F
'i - - T Ct TWeight 0 et Capital
. ' c ' . . Af)}'lljo.-"\' .ol flel . TIL.:L‘dL‘L] oot ol .
- ~calorilice -equivilent  ochurn - firing B
Nature value, Cotdhbuen - 1000 “instatlation
) of per tonne | 000 bricks  bricks Cat 1978
. I ’ : ’ fuel = (Megajoules) tronnesy {,"\lJ) costs angd prices
Modem oil-lired : o ' o
tunnel kiln factory il 44000 - 0.0 C 4 son L2 000 000 )
1
=~ Traditional wood ) : _ :
fred clamp Ficewogl 16 000 1.00 - 16080 £300
brickworks . _
(kast Adrica) - ' : ' -

Achieving the higher degree of Fuel ulTiuicmg\- requires an expenditure of almost Two m?fl-i()h_
. pounds on the kiln and its building and services while virtually no capital investment is re-

quired for-the clamp. T the possibility emerges of obtaining conlinuous firing with & much

lower capital investment and with a more p'la.‘nulul Fossit fuel ™ coal, then the eneroy case

for intensive mechanisation is eroded. As will be seen in the subsequent review of developing *
world brick industrics. continuous liring is beingachieved. sometimes in what are olherwlse
rather pnmltlve condilions. Typlul 'LILI efficiencivs LthlL‘\"L‘Ll are as lollows: ‘ :
. 1
Traditional coul : " .
fired Bull's Trench < Wy .
continuous Kiln Coul 27 000 0.20 . .. 5400 £20 000 T 1
. (India/Pakistans '
-
Reasenable fuel cconomy is even achicved in many coal Gred ol s provided thy are built
large enough and proper msulation measures adhered 1o
Coal lired clump ] .
{Indiy. Turkey, Coul 27000 .32 8600 - £1 G0 .
iJK, ete) : ) ) _ . { -
. The quantity of energy vonswmed makes the Bull’s Treach continuous kitn. (described in a -

subsequcnd section from poge 39 onwards). a very attructive proposition. The snag with this
liring system as devised at present is the necessity to run the kiln with a Tirly large volume
. of throughput which may suit markel demands in the high population densities of the
"~ Indian subcontinent but may be toa large for many. other developing world locations. The
most efficient clamp installations consume up-fo 50 per cent more el than a continuous
kiln but have theadvantage of being able to use a wider range of Cuels. including 2 number
of waste materials such as clinker which may be frecly available in the local area.




Labour productivity = ‘
The other crucial determinant of a choice of technology is the amount of labgur needed to
operate it. Here again the difference between exireme mechanisation and extreme labour
intensity is very large but se teo is the range of efficiencies eficountered in unméchanised

g
' +

brickmaking as can-be seen in the following comparisons: T

.3
Manhaours required to produce | 000-bricks -
: : Process [rom clay Process from .
. : pit up te and commencement of - /
L including drying operation to
' formation ol wet  ~ completion of fired :
clay bricks bricks Y, Total
Most higﬁhly- automated o i .
brick plant USA 0.4 0.6 1.0
‘Moderately n‘nechaniigud ‘
brick ptant UK 3.5 15 « 5.0
: ~ Tradiltonad stopmgslding .
v and clanp burnimg. 16,0 15.0 31.0
CLesolho, . - o
. Traditional slopmoulding y - . - -
: .Jml clamp burning. - 14.0 . 400 54.0
tmf.!udml, Tuel gathering) ’ .
* Tanzania . .
. Sandmoulded brick .
- 7. production semi- 320 + 300 62.0
traditional, Sudan : . - .
' Traditional slop : ) . ' - *
brickmaking, coul fired 16.0 16.0 320
. clamp, Turkey _ ’ -
- . _~\ . . . '
. In the most exXtreme instance of high lubour use described at the beginning of this section,
. a plont was using 18 men to produce less than | 000 bricks in a day and accumulating the

very high labour use of 167 'man hours per 1 000 bricks. [t can be seen from the range of
results in the above Lable that these more efficient traditional brick plants achieved between
three and five times the labgur produ-.tlwty of the worst known example. This is a further

indication of the very wide scope that exists lor improving the tet,hnologles of bnckmakmg
in developing countries. « _

o ' Economics of chcuce — operating flexibility )

' A crucial lactor influencing the choice of teuhno[ogy to adopt for a new factory in a

developing country (or for that matter in any country} is the likelihood of a steady demand
for the products. It is.the misforiunc of most conventional brickmakers that they operate
facitities which perform best technically and financially when run.at a constant output,
while their customers in the construction indusiry-are more than vsually prey tg-economic
cycles and varying interest rat@s’. Every time a surge in building activity takes place, the

L
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brickmaker |>ﬁ:u.~e|u5.'ml wilh L'Uﬁt‘}nl\‘l'\ who cannot understond why 1 not possibie 1o

simply increase production Lo meet their demands. The labgut mtensive. low cupital pro-
duction unit s in betier position to respond quickly . This type of unit van. by quickly
taking on bour and Tabricating more moulds and other simple cquipment. achieve an
creise 10 bricks for sale withm siy secks or twormonths, On the-other Band, @ mBchanised
insGllation oy have o lewd time as long as wo yvears between the decision o proceed and
having more bricks (o sell. The design. construe tion i conmmissioning ol heavily mechanised -
brickmaking plant wnd especially the kilncis o lengthy provess and rarely goes completels

. \lllmlim_\'. ' .

o
. I'he lack ol e \|I1|I|I\ N capital intensive hIiLI\ manufaciuring hurts most. however. when '.;
markets turn down, The estahlished leature of an 'a-.lv.imul technotogy brick plagt.is that
the nns 1|n|'i.t\ i '.lx u\al» ary imtmui RIS (lu ~ame cven at Hineh \\h\-:n nulpul \.u'.n ln .

B P

i sl b Laebsianie coammt eyl
cinis ‘|ULII dn i Ll | il

L I\ll l. il w.llll\
Insmllmxn_ . : ' . LT S

~High Fived cost plants are extermely vulnerable |! the market lor the prmluuﬁhutu.ﬁex is
u)mlrru.nun markets tend to do. What seems (o have happened in @ numberalinstanues of
mechianised p'..m\» Pudt in developing countoes was pmlmhlv never anticipated in the
ic.mh:hty muhc» belore they were set wpie wh.st happens in Limes when the plant cannot

ellall s uulpul -

. . ,

Nearly all the advanced technology brick plants i bath developing aud western countries
arg based on single Kilns or two Kilns, These units are designed 1o run at o set output and so
there s hittle flexibility in production tevels. Indecd the high lixed cost element makesit ¢
essential T man at mavimum ouiput 1 keep unit cosls down. However. in periods of fow
marke L demand, which couid be caused by political upheaval ogh transport flwl shortage
orsimply an economic recession . the brick plant has to goon producing up to 100 0G0
beicks a day. Bach un\n[d day s production occupies 40 square metres o sterage space
whicl i times of severe recession has to be extended at a considerable capital cost white -
all the time operating costs also rise in the extra lorktruck dstances |nmlxe-.| as the stocks
extend.

What happens next s an attempt by management faced with cash flow difficulties to
economise on operating ‘costs. The only significant ones which are not fixed are those
assoclated with production and maintenance labour, and maintenance material and com-
ponents. Almost inevitably such economics begin 10 alfect the plant’s ability to sustain its
destgned output, When outpun falts. fixed unit costs begin to rise which in the case of the
heavy capital plants usually resulls in ove rall unit costs going up in spite of the economies
i variable cosls,

Ficed with higher total unit costs, management then teels obliged to try to recoup part of
these from the niarket by raising prices. However, a building recession is the wrong time to
raise prices and customers tend to (urn 1o alternative magerials or revert 10 using the pro-
ducts ol the iraditional producers. It s when sales of the mechandsed plant begin to fall at
tlns stage that the real crisis begins. Stocks get out of hand and management is korced to .-
fELillLf.' oulput by shutiing down one kil il two were instalied or, it only one, running il

.at- haif speed which means that nearly as nuich Tuel is still used but for a reduced quanmy
ol bricks. . : . “r

-

A heavy capital brick plant running at half the designed-output frequently incurs total unit
costs 70 1o 80 per.gent higher than when run at normal oatpul. Privitely operated units
generally close down-alter working for a lime nnder these conditions. Whether or not pubidiv
money was involved in the original mvestment, state Lakgover may tollow but whatever




v : \b S "‘ .l. o .u.-{..:r‘- ) . e : i 'R ’ l.
] . q [ .‘ - * "
. pubhc corporatlon is mvolved it rarely Stands much chance of puttlng the factory back on.
R -its feet. This ¥s because during the running down pen‘qgl essential staff will often have been
LT e - lost and ‘exténsive damage done as a result bf forced ecdnomles on e,ssentlal mamtenance
' and other sefvices, R : . " ST,

- The traditional plants dunng this time WIllmufferw an equwalent drop m‘.dcfrTaﬁ el
but their reaction will have been entirely’ Ellfferent which accounts for thelr resiliénce.
" most notab]e feature is common to the tradltmna,l bnckmakmg mdustrles which exist Actoss™
the world 1h,\to namejust a few egamples — Malawi, Sudan, India, Indonesia, Hofiduras, -
- Mexico, Turkey\Egypt and Lesotho. This feature is that th‘a brick plant owners do'not
- - CX}JECI to keep go‘m‘g\at the same constant o‘utputi In fact>thie’ bnckmakers in rnost o these .
- ... . - &ountres mentloned operate only seasonalls)ganyway and stop prod uctm;ﬁx!urmg th.e ramy
a ) . season, ’

. - X ) ;'

- a . = N
. - R . L . :

Y only resiaft mal{ing bricks

. i Ha\rmg vcry lxttle in the way of fixed co{}s to wOorry about, tl
policy does not work to the.

i - - if they feel fau'ly sure there will be a walting marfet. Such

?_ - shortage while waiting for the t?adltlonal proclut:ers to make up thl'.‘l[ minds that the rdins

have s;oppecl and it is safe to make bncks again. - ’ - VR
© - The essence of: the resﬂlenee of the tradltlonaf hncktmakers and their survival when normal
. s commermal underta’kmgs wou]d J1ave gone to the wall can be summarised as’ follows
t 4 J N '

. _ Whlle most mechamsed j.ml,t.s are utterly. dependent on supplles of gnergy,and spare
parts, 2/l usually impofted, Kany trad1t10qaf brickingkers can keep themselvas going,
. obtaining their own supplies of. ﬁrewood Jfor fuel; and makmg and refurblshmg most of
: their own simple prodUctnon tools\ iy ¥ .
Stockplles of finished bncks do not n\eed to be}:xpenswely managed and provided with
- * extra facilities. Instéad, the inventory could just consist of fired clamps bf 40 000 or
. s0 bricks, left to stand without further atténtion until the market requires them. It
. iseven posmble to stop outflow of cash hefore.a clamp is fired, by leaving it with the.
bricks still in the dry form, sheeted down fof protectlon agamst rain. T

- . : '

\,

Although the labour laid off from a tradltlona] plant W'Q suffer hardship dunng times .
- of low market demand] they do noet usually ekxpect of cqmple,tely depend on the
employment and can drift into other work until things improve. This is certainly
_preferable to the brickmaking operatlon going ot of business cqmpletely.

) -
PRI

.,

" -During a time of crisis and prolongecl ‘market stagnahon if"all"else fails the tradltIOnal
brickmaking undertakmg can simply disappear and lie dormant. The on]y 1nd1spen-
sible commodities needing to be preserved intact are.the technical knowliow and

* -management ablllty of the individuals concerned, which can be applied To bnh about
the reappearance’of brickmaking when conditions again become favourable. Mean\(hﬂe

. -the mecharfised plants bein§ dependent 61 a complex combihation of resources bemg\&

present to operate at all, will frequently have to be written off.
. ‘1\

. -
.

The most commendable feature of the traditiona] brickmaking industries therefore is that

qu1cker ta build with and in the past was often cheaper, prier to the efféct of the eneligy
crisis on the price of cement. Since the time of the big rises in the cement price there has
been a notable revival i in some traditional brick industries and attempts tq establish new

mdustnes by rnany countries where bnckmakmg has died out in_the past, or never exlsted
atall. -~ ) . -

bengfit of the building trade which in I‘ﬂ.auy countries puts Wp with a period ol sévere bnclc L -

they regenerate spontaneously: Only in occasibnal instances have general market conditions '
or the arrival of mechanised brick preduction eliminated the traditional operator. Where this. T
has happened the culprit has usually been the sandcrete Mock which,is easier to make@‘-’- T

5




Economics of choice - quality and pncmg : X
Off’ settmg their advantages of tlexibility and survival ability. the traditional brick pl.mts
have a bad reputation for quality, which is perhaps understandable for industries which in -
some cases have operated lor 50 years or more without technical controls or R and D input,
Variable quality rellects on price and in somescouniries. the traditional sectdr's burnt clay
bricks are bought tor as little as a half ora third the price of a man,hme -moulded LO]'ILI'EtE
brick. simply on the grounds that the other product is more regular in shape and more pre-
dictable in pesformance. In industrialised countries the position is usually reversed with Ihe
common concrete brick valued much lower than clay Iauno bricks.

-

Au.ordmgly the aspirations of any organisations investing in & highly meuhamsed brick
plant might m(Lhe present ciccumstances be that a regularly shaped, extruded-wirecut burnt
clay brick wonld overcome its cost.disadvan tages by anmandmg a lar higher price lhan the
‘tradlllonally made product. Unfortunately however,” mauy plants have been bough{ on the
assumption that with their enormously superior productivity they should make bricks more
¢heaply than the traditional suppliers can. This will only be the case where basic labour
‘-r:'ost‘s'aré more than about (2.00 per working day or 25 pence per lour at current lactor

L gosts. -As described earlier [yplt,d| wage rates in the countries considered are very much
lofker lhan this. Where labout-costs are lower than £2.00 a «day. an mvestment decision (¢
‘opt lor a he“wnly -mechanised brick plant will only be valid™il labour is scarce, or il the
apparent quality of m.ic.hine-ﬁmde bricks puts a large premium on their price. The second
Justlmatlon ot course evaporates if it can be shown that labour intensive plants can profluce
the betfer qudllty bricks.demanded by the market. ILis one ¢f the central purposes of this
study to investipate the Ids,tog;s which lead to the poor quality of most of the Third World .
--_lldd]il(‘lndl brickmakers” products. To 1dent§y means to upgrade quality without greatly
altering the basic nature of the traditional plants, -.ould significantly benefit beth brick-
maker dl‘ld Lustomer in develbplng countries?,

v -

E'S

. Bru.kmakmg at the mowt basic Ievel is 2 5tr.1|ghtf0rward technology. not without piifalls
*Iﬁun ong wlm_h can’lie reproduc ed am a very small scale. To lind the answer remlrdmg thes
appropmﬁe fevel of n.-apnal technolopy to- uuonpordte in a new brick project, thé mesl

: pl'dt.[li.d| dppro.uh s I|r\t to set up,a $mali pilot pTant employing three or fourmen'making
“Fhout 500 ‘nneks»a wcfﬁkmg day. This_is because the ‘quickest andcheapest way to determine
vhether & raw m.uenal is sultabbe log: bru.kmakmg may be simply to make a prick with it,
ralier than uwest in elaborate and thne consuming Iaboralory teslmg programmes. These
'-Wmdd on]y need to corfie futer it market needs, or the cost or scarcity ol labour called for
O he.wily mec.}mmsed hmkmakmg project - with e\pendlture ol a millipn pounds or so
it woudd be LIﬂWl‘xE to proceed wltfloutdea,alled pl‘lDl"Eh&l‘l‘llI‘lﬂth]l of clay deposits. However
" for inost projects., a p]lot pl.mt actually m.iklm_ hricKs »hould »upply all th-. necessary
mlomwtm,n md.udmg a rgallstu. mmuldtlon ol prodmtlon ex.onomu.s

-
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'PART C. BRICK PRODUCTION DEFECTS = . . & _ =
Method and approach ' ) '
In the’ d.escnptloﬁ of brickmaking processes in de\?elopmg countries, frequent reference Wlll
gleed to be made_to defects in raw materials and productiori processes which result;in poor
finished bricks or outhght loss. Rather-than attempt to analyse the techmcal b,ackgreund -~
“-to each fault each time it occurs in the commentary, it will save time and muclkrepetltlon
to devote a prior seotlon 10 fhe subjectiof production Elefects and how they occur.
Fora relatively SImple ohject, a clay brick can |ncorporate‘a remarkable number of defects

l'llCl'l in turn detract from the product’s ab1hty to carry out its functions in its end-sée in
a bu1lt wall, .

The quality r

A rl L
descnbedl Bmtis Standard 3921 : 1974,

3

e

‘Internal bricks described.as internal quality are sultable for internal use only and may
need protectlon on site dunng‘wwter R B

K
‘I..-.

‘Ordmary brlcks of'mdmary quality aré less dyrable than special quality, but normally
durable inthe external face of a bmldmg Generally they do not need protectlon on
slte when stacked dunng one winter’; . v
£ _ .
‘Special bricks deScribed as special quality are durable even when used in situations of
extreme exposure where the structure may become saturated and be ffozen for
- example in parapets and,retaining walls’. ‘

$ -t
3 .

Problems of frost on bri;'ckwork only affect a few developing countries such as those with
mountainous regions, but the extremes of wet-and dry season climates elsewhere capn equally

well disintegrate the faceq of subqtandard bricks as can be observed for instance in" Ghana. and
the Sudan areas with ne frost. -7

- The Class that a bnck is categonsed into relates to average compresswe strength. These
range from Class 1 — 7.0 N/mm?*, adequate for non load-bearing brickwork applications in -
single storey buildings, to Class. 15 — 103.5 N/mm?, able to withstand massive compressive

. lgads, for instance in the footings of very tall masonry buildings. Not only the compressive
strength of a brick is important but also shear strength, a factor not always included in *
. standard specifications, A brick of insufficient shear strength to withstand some degree of
load will be suspect as-a tie between the two “skins’ of a 225 mm brick wall and will also .

_ create weakness in th¢ wall adjacent to openings. BSS requirements-relate to the UK but

" in LDCs most bulldmg de51gns=do not assume availability of strong bricks and compensate
accordmgly For economy in appligation? other factors are of importance, namely .regularity
in size and: shape. [t [takes considg ably longer to lay mis-shapen bricks or bricks whose
dimensions are mcomnstent Mo ver, such products effecnvely increase the size of the. gap
" between the bricks whmh involvgs a significant increas¢ in cest'in countries where high

¢ement prices make. tﬁe price of Standard mortar con51derably greater than the equwalent
uvolume of brick: - ,

The following catalogue_ of defects is probably not fully comprehensive Ig_ut‘she'uld cover

the main recurfing faults. whic’h[are ‘a problem-to the various brick indiistries and thei}
customers. Some defects will occur.only with one type of production process, such, as
extrusion wirecutting or ‘slop moulding, others can occur in any type of bricks. Other .
faults may derive from inherent propemes physical or chemical, of the raw matenals used,
Uniess-the effeets of these properties can be overcome by alterationsto the process, they
will be dlsregarded as 1rrelevant to this commentary as if is an entirely different” field of
investigation to devise how to make reasonable bricks out of normally unsuitable materials.
Fortunately bnck earth of adequate propertles is one of the world’ s most plentiful materials, .

G,_ -_ -
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The main clasmficatmns of défects are“those of size, shape compressive strength, shear
strength, durability and appearance. :

e -t

_Defects ofmze _ - . &

“Asa rectangular pnsm a brick has three dlmensnc?ns any one of Wthh is liable to vary asa

result of faulty processmg )
A brick which is oversize in all three dimensions
is usually-the result of a raw material or a ﬁrmg
fault. With the raw material the fault will prob-

K

ably lie in the proportion of coarse as opposed to

fine particles in the soil. The presence of more. . 4
sand and less clay will reduce the extent of dry-
ing and sometimes firing shrinkage of the brick.
In plants where b#ftks incur firing shrinkage as a
normal partof the process, an oversize brick will
.usually indicate that it is undgrfired. This will be
confirmed if the brick is also lighter than usual in
colour and has a duller than normal ‘ring’ (the
sound made when two bricks are knocked to-
gether). —e

‘A-----_--—-______

]
I
1
i
|
[}
*

-If the brick is oversize only in width and length,
while the thickness is undersize, this will imply
that the brick has been inadvertently squashed
while still wet. This could occur in the sand-
moulding process when the bricks are being set
down on the drying rack or floor. It can also
occur in the slop*moulding process if the brick
drops out of the mould andfghe operator presses
it to flatten out the distortion thus caused to the
shape. Extruded wirecut bricks will not usually
suffer this combination of dimensional faults.

Oversize in thickness only. Thié fault frequently

- oceurs with extruded wirecut bricks. In the cut-
ting process a long length of extruded clay is
forced sideways through a row of wires. These

« are frequently set at incorrect.intervals leading
to irregularities in the thickness dimension. If
the other two greenssize dimegnsions are too
large, this should be a result of wear in the ex-
trusion die and will be accompanied by some -
distortion of the re.‘Ltahgular cross-scctlon
Those bricks wluch after finng turn out to be

erally undersize in all dimensions can be

‘th,e fesult of several process faults, including
thé obvious mistake of using undersize moulds™’
or extrusion dles in the first place. Most likely,
" is inconsistent mixing of the material from the
quarry face with too high a clay content in the -
batch concerned or the addition of too miich
water at the mixing-stage, In either event the
undersizing will show up by the’end of the

]
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h__ ~ drying Stage usually in conjunction with otf1er faults.
A Bricks can also become undersized during firing.
B e / due to over-bummg This frequently occurs wit

\ the bricks around the firing tunnel of a wood- . s
. . fired clamp which should be selected out a¥ a
R Sepa;ral}e grade. .
Defects of shape . . .

~ -~ _ There is a multitude of ways that a bnck’s shape can become distorted during the produc-. "
tion processand. the following description covers only what arg, regarded as the faulis most '
- . likely to oceur in clevelopmg countnes brick plants "%

Slumping — iffone stretcher face™f the brick is
wider with a slight bulge running the Iengtl’l of
the brick, this 1s because, :

Co

(a) the brick was t do, soﬂ; in‘the fu*st place and
so the botfom’ spread asa resulf of pressure

from the maternal above, or pE

(b) the person handling the brick. while wet set
© it down too roughly, :

- .

Rounded comers - the usual cause of a missing -
corner is a mistake by the moulder who failed
s .to press enough clay into thé mould box tg fill
' ~ it.completely. Brick corners are also lost during
rough handling-while they are in the dry state
and are particularly brttle. -

B

=

Raised comers — this is agommon i_:lefect:_ insiop ~
o
1

moulded bricks caused by the corners of the
brick sticking'in the modild during the release
movemernt. ’ ' :

g ﬁﬁ}ojher I'I'IOLl](lII"lE fault : S

_ Llp on bed face Pl -
caused byitht, moul "L‘&ét striking oft the excess

clay Llean]y enoughr‘ah;rd@vmﬁ ‘flashing’ around _ .
the edge. . -e

}.

&




Flashing on sides of top face - this fault otcurs
with the use of fixed bottom moulds usually

. in production of frogged bricks. The spaces left
down the sides to allow air to enter the bottom
of the mould are sometimes wide enough for
clay to protrude. This defect has been eliminated
with the development of the hinged-bottom
mould but these are not yet in widespread use.

Distorted or contaminated under-surface - one
gf the main causes of imperfections to the brick
shape is the drying ftoqr not being smooth or
covered with clean sand. The irregularities of
the floor are transferred to the brick and any
toose lumps of clay or pebbles in the sand be-
come attached to-the brick. These faults oceur
mainly when the bricks are set down flat with
the slop moulding meihod.

~ Stacking marks * bricks are frequently trans-
ferred from drying singly to Llry_i.ni_' in hacks in
order to-clear space [or new pro‘El’uction. and it
is & common fault Tor this tc be done too soon
while they are still plastic, especially on the
undérneath (ace. Wher this happens the bricks

incur finger marks and also distortion due to : /;)
pressure of other bricks in the hack. ; .
- A . —_— e el b e SR

3

. ‘Banana shapes’ - diflerential rates of drying
[rom one side to the other often distort the
brick shape to the extent that it actually curves.

¢ This defect often rectifies itself automatically

when the drying spreads aérods the brick. but
if the top 'part of the brick becomés lully
‘green hard’ befope the bottom has shrunk, the *
distorted shape remains. This problem can be

. avoided by gently turning over the bricks dur-
ing the initiel drying phase before the top side
has dried 'completely hard.
Multiple distortions — some bricks inevitably
emerge from the production process twisted
and generally deformed. This may have ;
happened at the forming stage while the brick
was being shaken out of the mould and such
a brick should really have been rejected before

“the firing stage. Distortion can also océur with
the overburnt bricks at the base of the clamp

’ or kiln. '

Defects of raw material body
Some bricks although well enough shaped and accurately sized are still unsatisfactory be-

cause of defects in the blo_dy which cause them to be too brittle, soft or unable to withstand
- variations in teémperature or humidity.
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Underfiring — is one of the ‘commonest reasons
for bricks bcmg unable to stand up to'normal -

use

is oversize (see page 10 above). Underﬁnng also

shows in the colour of the brick which in normal

“burning clay is lighter than the well burnt

- bricks. The traditional test is to knock two bricks
together, if the sound made is a dull ‘clunk’ in-

red

stea
und

strength. -

Visible cracking — also usually indicates that
the brick is-weak and may even fall apart dunng
handling. Cracks can occur for a vaniety of
reasongs

(a)

~one of the long faces of the brick happen
" during the drying process if this has been

(b)

- presence of lumps of drier material in the

(c)

S ()

- oceur where clay in the centre of the brick

>

_ \n{ovement of the clay. R

ancl can often be identified when the brick

d of'a metallic ring the bnck is probably
erfired and will have low’ compresswe

Straight cracks extending at right-angles from

too rapid. These will make the brick liabie
to break even when the-body is well con-
so_lidated and fired.

Multiple surface cracks running in ragdom .
directions are normally the result of dif-
ferential drying shrinkage caused by the

clay which do not shrink as much as the .
surrounding material. This fault arises from
msuff"c:lent mlxmg of the clay before mould-

have a snmllar effect and all of these taults
will result in bricks wifh unsatlsfactory
shear strength,

Large cracks associated with a bulge in the -
surface of the bricks are signs of ‘bloating’
a¥ault which occugs when a brick is heated
up too quickly dll;lg‘ng firing and the surface
vitrifies before the chemical release of .
corhbined water or varicus gases from in-
side the bricks. Although misshapen, such
bricks are often sound enough and can be
used for apphcaﬂons such as footings.

bxtrusmn Iammdtlons ure deietts whiéh*
occur only in solid extriided wirecut brlcks
The problem is due to the turning effect of
the auger which propels the clay out of
»the barrel of the machine. The laminations

is being rotated faster than the clay on the
putside. Laminations are a weakness and a
faminated brick is particularly Susceptible

to frost damage or spailing wheq com- ;:
pressed. This problem can usually-be over:-
come by inserting perforation’dies into the
auger mouth which restricts the turnirg




(e) Another klnd oi laminatien crack can occur

- with bricks made by the sandmoulding
-4 process. This is caused when a piece of clay
_ with sand covering its surface is inadver-,

+ 7 tently mixed into the clay’of the brick.

The fitm of sand separates the clay on eithér

" side of it so the brick will tend to split ' _— :

at this point if any stresses occur during '
drying or firing. The fault can also occur

with oil meulding. Avoiding laminations from

{?;ﬁl]igl‘eleagé subs:mes isa métter of o | %///Z//////é

Defects of appearance- - s :
When brigks are to be used for facing apphcatlons it is important that the colour and texture

of the surface should be fairly homogeneous and unmarked by obvious flaws. [t is-aiso a

poor advertisement for bricks of alleged godd quality to have obvious surface de fects on

;the bed: face even though this-will rot normally be seen in the brickwork. Several common f § !
"¢ flaws deeur with both machine and handmade bmks - 5

|

e )

=

‘Spalling’ — a fault to which extruded bricks are o
especially susceptible but which can affect other
bricks as well. This occurs during the early

phases of firing the kiln when drying is still

taking place. If the gricks are warmed up too

Y - quickly when residual absorbed water is still

d in the clay body, this will turn to steam in-

side thie brick and explode. blowing away part

of the surface, the process known as spalling.

o eieee -'Dog-eared’.corners—are a-commeon fault wt‘ﬁv—-—
extruded bricks and are caused by poor lub-
rication of the clay column as it emerges from
the auger barrel. The defect occurs even with -
a well lubricated column if the raw material
is too coarsely graded or badly mixed.

Ragged arrises — on the long faces of extruded
bricks can also be a raw materal defect hut
can also occur if the w1res used for cutting the
bricks in:the side cutter are too thick or in-
sulficiently tightened'

/

Drag marks — occur on the bed faces of ex-
truded wirecut bricks when the cutting wires
become clogged with twigs or leaves in the clay.
They are unsightly and, when a particular large
object becomes snagged on the wire, the-drag
mark can be deep enaugh to weaken the brick.




Similar drag marks can occur with-sand-moulded
handmade bricks if the bow cutter used to strike
off the clay becomes similarly contantinated. Occur-
rence of drag marks on bricks is a sign that some
topsoil is being mixed into the clay which is a
practice to be avoided, as humus and other

foreign materials can also affect the properties

of the c]ay 3

Another kind of drag mark occurg with slop
moulded bricks when the moulder is removing
the excess clay with his wooden or metal
striker, This should be dipped in water before
use otherwise it will pull and tear the clay sur-
face.” ' )
P | .
Barmarks — on the face of bricks can occur dur-
ing the firing process with many typés of raw
material. If the preferred colour appears on the
part of the face of the brick which is exposed
to the kiln gases the remedy is to flat set the
bricks s that all the stretcher faces are exposed.
- If on the other hand, the colour desired occurs

only on the covered surface of the brick, they
should be set face to face so that each brick

has at least one stretcher face fully covered by
"~ another brick.

flat setting _ ' 'face’s?tti.ng
Defecis appearing after manufacture
The two most frequent defects which appear after manufacture and sometimes even after
bricks have been delivered to site and have been constructed into buildings; are efflorescence
and hme-blownng Efflorescence appears as a crystalline deposit an the surface of the brick
and is caused by soluble salts inherent.in the clay or process water. The problem is usually a
temporary one and should disappear with time, however, it can worry builders and cause
complaints. In Jand which is intermittently water-logged, the salts will tend to rise to the
surface ®f the ground and, can be avoided by discarding the top layers including the topsoil
itself. Otherwise there is little that can be dane to prevent efflorescence except by adding
expensive chemicals such as barium’ ‘carbonaté to the clay. L1me~blowmg 1S @ MOFe serious
matter-and is caused by llll'l'lEStG-ﬁ'B lumps in the clay re-hydrating and expanding after firing.
. Batches of bricks can be checked for the presenee of these lumps by ‘dunking’ in water
prior to despatch. If lumps of sufficient size are present they will cause fractures in the
bricks and pieces of surface to spall off, leaving powdery white lumps exposed. To avoid
the lime lumps being in the clay in the first place. the material should either be ground
or dry riddled and only particles under 2 mm diameter allowed te be incorporated into the
process. Firing at very high temperatures can also eliminat® the expansive effect of the lime
which becomes ‘dead’ burned, but this procedure involves a heavy [uel cost penalty and is
"~ not possible for many clamp applications. ‘Higher kiln temperatures can also remove some of
the potential for efflorescence by turning soluble sulphates into more complex insotuble
salts or by driving them off with other volatiles, but the brick industry, does not readily
incur higher operating costs for the sake of achieving this type of marginaj benefit.

t
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. PART D. TECHNICAL REVIEW OF DEVELOP]NG COU'NTR]ES’ BRICK INDUSTRJES
Scope of informatiop- - .

The information imcluded in this section is not the result of any specially commxss:ongd
study tour of developing world brick industries,, but more of a ‘windfall” nature, using ex-
perience which has™accrued as.a result of technical assistance work in the countries con-

' cemned, up td 1978. The coverage is not uniform, is seldom comprehensive and in due course - -

will become out of date. However, the depth of experience is sufficient to identify common
themes and factors particularly in an assessment of recurring technical problems, which
is the pugpose of this exefcise. The countries reviewed experience a fairly broad range of
climatic conditions and employ people from contrastmg baakgrounds and widely different

- racial and cultural groups. !

"The rewew COVETS, in order industries in dﬂvelopmg countries .m vanous “al‘ts of the co
1ments of Afnca Asaa Latm America and the Caribbean. S

"

- .-

R LESOTHO . : : .
" Brickmaking is a technology which is very w1despread in Lesotllo part1ally as 4 result of the °
influence of neighbouring South Africa where-brick is the basic building material. However,
the technology'eg'nployecl in Lesotho differs from prevailing South African practice being

generally less capital ifiitensive and producing bricks of Iower quality standards.

" The industry is made up of one or two seml-mechamcal plants employll;g)e extrusion

" wirecut process withla majority of traditional brickmaking enterprises using slop moulding
methods for forguing the bncks All manufacturers dry the bricks naturally without use of
heaters, fans or recirculated gases from the firing proces®and they all fire bricks in glamps.
The pnncxple fuel used is clinker — ashes frem power station and sﬁeam engine fireboxes

. which have a residual carbonaceous proportion which can be ngmteﬂ when used as a Iayer
between courses of bricks in a clamp. The same material is also added to the brick clay
itself providing a carbonaceous ingredient to the clay bedy which burns out of the brick
once a sufficient external temperature has been reached. Codl dust is also ysed for this
purpose. Initial combistion | is provided By burning coal or a mlxture of coal and c:mke.
in small hearths constructed Yinto the sides of the clamps. _ . .
With the exception oftwo semi-mechanised plants, the Lesotho industry is a seasonal one -
having no facility to protect drying bricks from the rain. The biggest of the semi-mechanised
plants dries its extruded wirecut products under drying hacks while a smaller adjacent

i plant has low roofed sheds providing a small amount of cover.

. The Lesotho slop brickmakers dry their bricks ih the open -and although moulded bricks
withstand the stresses of rapid drying far better than do machme extruded bricks, heavy
losses occur clue to frost damage, cracking in the wind and sun, or when unseasonal rain
falls. The open-air tethnology also confines brick production to the dry season which
. Treates considerable supply problems for the building industry whose activity is less affegted -
by the seasons. ‘This has probabiy beén the main stimulus to the widespread introduction
of eement blockmakmg — with its attendant greater uge of imported materials and require- _
ment for transportation. Introduction of simple covered working and drying areas could
overcoime all of these problems and brickmaking could contmue all the year round.

LY
WIth their very restricted outputs, the smallest brickmakers cannot bulld a clamp which will
burn a reasonable proportion of adequately fired bricks. Bricks placed near. the outer sur-
face of a clamp are mewtably less we])l burnt than those nearer the centre. The smaller the
-clamp the higher the proportion of bricks will be within a féw inches of the outer surface,
Ideally a clamp should contain at least 40 000 bricks whereas sometimes the small brick-

makers fire as few as 4 000 at a time Wltl'l consequentlal higher wastage and propo;tlons of
underfired bricks.

[
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:.‘ SEMI-MECHANISED BRICKMAKING IN LESOTHO
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Large scale clamp fired with coul and clinker waste from power stations

Diesel powered double-shalted
mixer for clay preparation
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Side cutier producing wireeut
bricks rom an extruded column,
installation partiatly in the open
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Problema with fuel'use exist with both the slop brickmakers-and the larger and more cap1tal-
~ . -intensive extrusion plant. All bricks made-in Lesotho  are fired in clamps, there being no
. o "exa.mples of permanent kilns. In'simple terms, a bnr.:k firing-elamp consists of a number of
' <+ unfired ch:y bricks stacked upon a bed of fuel. The staé  consist of between 4 000 and
".a;tmroxrmatelv 150 000 and in cross»sectron are from 1.5to3 m hrp.h and from 1.5t04.5m
" wide. When cornpleted andh before fmng is started, the sides are covered with mud to pre-

. vent heat loss. Durmg the ramy $eason the topsare’ covered with corrugated sheet:mg

As well as the fu.el in the l:recl " fuel is also spread between tlgle bricks as the clamp is built,” _
"This sotirce of heat is referred to‘as the ‘externally combusted’ 6r ‘external’ fuel. In add’mon
" to the external fuel, more of a-different quality, called the fuel additive, is mixed in W1th

‘the brick clay Approxrmately 50 per cent of tﬁ’e,hegt requrrement is supphed by eaeh
source. P . «

.

N ‘Because of the different properties required the external and additive fudls- must be of
o different qualities. To ensure good, even buming the former must be of coarse, lump
' : " material, whereas to keep the fired bricks as homogeneous as ppssible, the additive fuel
o must be of small particle size. The ideal additive fuel would have particle size less than 3 mm
oo dlameter As a result of variabie size and quality of coal and clinker added to the clay the
s "+ fuel inssome batches of bricks burns out.almost completely leaving no ash residue in the
- bricks whereas that in other batches leaves_ a high ash residue in nodule size equivalent to
that of the original fuel. These ash nodule inclusions cause iack of strength in the brick and
. Lol . *
are unsightly when protruding through its surface. These protruding nodules may indeed
have a far more serious effect upon sales because of their Jesemblance to harmful lime in-

. clusions which absorb water, ex pand and fracture bicks. "Fuel conslderatlops do not havea
bearmgjust on quality and the question of wiiich fuel should be bought for most gconomical
operation is'dn important consideration for the brickmakers. Their tenddncy te use clinker
instead bf coal is frequently not justified in the light of relative calorific ’values

“While the:scale and level of technology of the small bnck producers is regarded as too small

the more-sophisticated, mechamsed extruded-wirecut plants may go too far in the opposite
direction’especially for areas without ready- access to skilled tnechanics and appropriate
spare parts. The process of most concem however, i3 in the dryving system employed in _‘
Lesotho’s semi~-mechanised plants. The system originally established wés to stack up the B

y extruded bricks in drying ‘hacks’ — raised stands on which to pﬁsntlon the bricks under a
miniature roof that provides protectlon agamst rain and direct sunslune This is standard
procedure and fundamentally sound in most temperate and- troprcall locations. However,
certain extreme conditions occur in the ],esotho climate with penod& of very. low humidity.
The strong prevailing winds dry the stacks’ of bricks so rapidly and unevenly that large

.~ numbers crack. The remedy attempted by the brickmakers has been to protect the stacks G
. of bricks by covering them with plastic_sheets. intermittently hf-ted upy whermrtessharsh——"7 777
" natural drying conditions occur. However, the dryingtime required fon‘ a batch of bricks ~ '
now takes three to four weeks when it should really be less than a week (slop bricks dry in -
three days). Excessibly long drymg cycles waste operator time covering the extra distances

.nvolved in moving about the large drymg area and the upkeep of the sheets will bea heavy
additional cost. :

\Lo summarise, the Lesotho brick industry’s trachtronal productlon proeesses and the main
problem areas-are as follows: -

Clay winning — Mainly a manual process using hoes and shoyels Tlus is not a source,

of difficulty as the local raw metenal is fairly uniform an belng friable, is easily
broken up. : :
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BRICKMAKING PROBLEMS IN LESOTHO

Stack of extruded bricks shected over to prevent drying cracks and also as a
This procedure prolonps the drying period to 3 -4 weeks ’
Co oo _ _
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Slop moulded bricks drying in the
vpen destroved by r;linf
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prodeetion against ruirf damage,
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Clay preparation — This process is carried out using soaking pits in which the material

is initially proportional in layers, together with the additive fuel and then turned over _
3 ~ and over before leaving to soak. The procedure is a good one and turther local development
' could turn the system into an effectlve clay preparatlon method. All that is needed is

. ' 10 ensure [ﬂa[ [I'le ley lb (Jl.lg CVCHIY dllu l.llt_) bUdMIlg pCHUU ex LC]'IUt:U._Dy a ICW udys to .

N ensure all the clay lumps break down kito an even plastic body. What is unsatisfactory

is the 1arge size of the clinker luips put into the clay which leads to cfet'ec’ts in strength
and appearance, (see Part C). The problem would be overcome by a system for crush- _

mg and screening the fuel lumps to reduce the particle size below say, Smm dlameter
Sorpe Bnckmakem have a problem transporting water to the clay preparation pit ‘par-
tlcular’ly by the end of the dry seaSon when the streams have stopped flowing. A com-
bined well and storage tank, possibly charged by a wind- powered pump would be a -
me addition to the facﬂlty

Briiﬂcf&ﬁ il mg The Lesotho brickmakers produce one. of the better shaped slop
bncﬁ of any of the traditional industries in Africa. Their moulding method consists

aof a two piece mould equipped witlr a bottom frog pla-te Each m er has two sets
E af n}nnlﬂs .&‘Ffﬂr r"nnn- 'H'lﬂ F'rcf sat |+ |c carried ta tha drvne Fln '.‘unrl nut Hn\ur} int
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drying position. The pallet is removed from under the: mould and, by the-time the
moulder returns with his second mouid set, the bricks in-the first mould set are suf--
ficiently l1oosened for this to be lifted off the bricks and taken for reﬁlling" The moulds
are painted inside which greatly assists the mould-releasé attion. The work of carrying
the brick moulds to the drying floor is excessively laborious and possibly i injurigus to
back muscles, however, and another carrying system is required.

the

il

The distortion of initially vélell formea bricks takes place later during the drying period
as is described in Part C. In their final dried form the Lesotho slop bricks are characteris-
tically sunken in the middle of their long narrow dimension wlth a rough bed-face due

to plckmg up material from the drying floor. These distortions wouid be overcome by
swrtclxi&'lg to sandmoulding w, ch would enable the bricks to be moukded more stlfﬂy
and’ 1?0 ‘be dried on edge rat th;n on'the ﬂat

Drying — Neither the traditional industry nor the semj-mechanised brickmakers have
. overcome the problem that a wet season/dry season climafle causes for the brick drying
.process. With the former, the rains simply stop brick production whilé the latter have
. only overcome the problem of excessive cracking during periods of low humidity'by
extending the drying period to an unacceptable length with the use of plastic covering
sheets. The drying problems of both industries would be overcome by construction
of low cost drymg sheds which would have the facility to permit or refstnct the flow
. . of clrymg aif to accommodate for the varying Ievels of natural htumd1
. - - - . {,.
Burning — The Lesotho brickmakers have aehleyed the best solution by optmg for clamp
firing-of their bricks-and, in the case.of the semi-mechaniséd plants, the clamps are
sufficiently large to achieve reasonable efficiency. However, no brickmaker protects
the clamp sides sufficiently from cooling winds nor is the practice of insulating the
» side walls with mud and rubble adequate to achjeve reasonable insyjation against heat
Joss. As a result fuel consumption per 1 000 bricks exceeds 10 500-MI, significantly higher
than the more efficient clamp-buining plants elsewhere. In operation the clamps
also experience problems in the initial stage of starting the fire. This gctivity requires
use of an efficient hearth which maintains combustion without letting in too much
excess air which slows the temperature rise. At present the hearth-arrangement 1s-
' -“rudlmentany using a removable gnd of ﬁred bncks which can hardly produce the best

results,” P v { .

&
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Inter-process movement of materials — The nse of wheeled trucks is fairly widespread
in Lesotho brick plants. In particular, the standard wheel-barrgw has been universally
adoptedHowever, water is frequently carried rather than piped or moved in a wheeled
truck and there has been little application of special purpose trucks and vehicles to .
handle bricks. '

- To eonclude, Lesotho Traditional Brick Industry is one of the better .d_evelopecl of the

African industries. No-heavily capital-intensive units have been constructed although one is
being cohtemplated by the development authorities. Labour productivity is fairly typical;
being in.the’Tange of 30 to 100 man hours per thousand bricks. Major scope for increased
efficiency and better quality exists in the moulding process, brick drying and in movement
of water and materials. At a lower emphasis there is room for improvement in elamp firing
and insulating methods but using techniques already kno_wn to brickmakers elsewhere.

. ‘ - .
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' MALAWI

.

The brick mdustry in Malaw1 has several similarities and some significant differences to that
of Lesotho: The climate in Malawi does not have such extremes of low humidity as the
mountaipous areas of Lesotho so brick-cracking'due to over-rapid dryjng is less of a problem.

‘ To fire ;he bricks, instead of using coal and clinker, Malawn brlckmakers uge firewood and so

clamp bﬁrldmg and burning follows a different’ system An extrusion wirecut piant exists
in Blaqtyxe but this does occasionally have difficulty in marketing its full production

_ capaelty By contrast the traditional handmoulded brickfields are active and apparently

prosperel.ls Firewood ap})ears to be a readily available resource and as a résult claimps are
well stoked and bricks are relatively well bumed.

Mouldjng is again using t%'le slop method and\sln_]y in this area~do the Malawi brickmakers -
producg worse results than those in Lesotho and then only slightly so. The brickmakers use
single moulds and deposgt bricks on the ground sftanght after filling the mould which fre-

quently’ requ1res it to be shaken to release the elay\wnth consequent danger of distorting

. the brick. However rnos{ Malawi slop bricks-are surpnsmg]y well shaped for bricks of this

"y

e - -- N

-

An interestjng innovation has been introduced into the clay mixing stage in this country’s

~industry. Fhe ¢lay workers use a-tool converted from a standard hoe, which'can pound as

well as cut-into the clay, This tool can be described as 2 ‘hammer hoe’ as it has a wooden
mallet head oni' the opposite side to the hoe blade and can be turned over with a quick
flick of the hands. Knowledge of this tool could benefit brickmakers i in laiﬁour intensive
plants in other countries.

Awi b‘rickrh'akers produce frogged, solid bricks which though frequently weli-fired are
variable in form due to the slop moulding and drying process. Women frequéntly work in
the brickfields as jn Lesotho, but the tendency is for them to work in groups whereas in’

Lesotho the mouldlng team often consists of.just two people'who work apart from the
others. & ’

Drying takes place in the open air — with tlie exception of the mechanised plant which has
enclosed drying sheds n;,{amly with concrete floors. The mechanised plant also employs,
wood fired l(l]TlS or more accurately, a cross between an enclosed clamp and a scotch kiln.

_“Fhese kilns produce a more even burn than the clamps but at the expense of approximately

40 per cent more fuel, (:Onsnmmg 1% tonnes of firewood for each torine of ware. None of

. the bricks burnt are assisted by addition of any carbonaceous material to the clay and rely

entirely on externally combusted fuel. This probably is a misded opportunity as many
combustible waste materials €éxist in the agneultural eommumty which could be added to
the clay to reduce the firewood costs.

‘_. ' . 5




BRICKMAKING IN MALAWI

Woudlired clamp after burning ipw-
ing Laree Dre tunnels where woind is .
burni

Troducts of extruded wirecul ceramic fuctory near Blandyre  « : .,?
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OPPORTUNITIES FOR TECHNICAL IMPROVEMENTS TO TRADITIONAL MALAWI BRICKMAKING

Iiially wellshaped shopmonlded
bricks with omby munor flashing
defeets subsequentls distoried by
whieven drying tlowor

Wood-Tlired clamp under cotdruﬁ'liu'ﬁ by Rrdy brickmakers, Lack of suitable hand rucks leads to
excessive carrying. Some sFmpe defeets can be seen in bricKs in the foreground
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» .The processes employed by the tradltlogal md'uﬁtry in Malawi are summansed
P _'_______,____.- -"’"_ — - - . —_ P
- f _Clay winnifig and | preparatlon — Using the hammer hoe as the basic tool, the quarry .
£ T S kS B dig the dlay in- the pit and also mix it ready for brickmoulding. Generally
the clay is moulded. dlrectly after mixing which Should only be, possible with the
"

[ easier clay magerials and speaks well for the hammer hoe techmq‘ueg )
Brick formmg and derg Malawi’s traditional slop moulders are unusual in their
adoption of a fixed bottom single mould, similar to the sand moulding tool. The air

-~ gaps at the sides have to be fairly large to release the brick which produces a characteris-
tic ﬂash.mg defect along the arrises (see page i 2 1 The drying grounds are seldom well
enough prepared and transmit distortions to the bricks which would otherwise turn
out as very weli shaped, due to the skill of the mdulders and the excellent mouldmg
propertles of the clay. The lattér helps to produce good drying results but the lack

. * - of cover confmes activity to the dry season. , . , &

S

hEmng The brickmakers around- Blantyre are Sk]l]ed in buiiding and burning clamps
and appe_ar ablé to achieve higher temperatures in the fire tunnels than many producers in
other countries. However, the clamps lack pioper-damping facilities to restrict the
excess inflow of cold air and they also have insufficient msulatlon and pmtectmn
against cooling winds.

.« Of the traditional brick industries reviewed, Malam s appears to be the most sure of |tself
* and competent to produce adequate bricks with rudimentary facilitics. However, fuel con-
_sumption is greater than necessary due to the open clamp fire-tunnels, and. seasonal con-

b« straints prevent brick manufacture from becommg a steady employment throughout the
L..year.. L

ZAMBIA : : : ok

The Zambian brick mdustry falls part way between that of Lesotho ancl Malawi in so far
tha't both, coal and wood are used as fuel, coal in the urban plants and wood in the rural
area. The urban plants incorporate the use of coal-fired kifns, initially down-draughts but
projects are in train to intrdduce continuous firing. These plants even produce an extruded *
wirecut ‘éngineering’ brick with crushing strength above Class 4. By contrast the rural _
plants are known to produce generally soft fired bricks with only a proportion able to meet
the normal requirement for common bricks. In a testing programme carried out in 1971

- some sample bricks from Fiwila and Chipeso in Central Province and Kasama in the

' orthern Provinice, had compressive strengths below about 3.5 N/mm? although bricks of
twice this strength were found in Chlpongwe; Katete and Nyimba.

In other-aspects of quality, Zambian rural bricks made by the slop process are generally -.
mis-shapen without sharp arrises. This is due to the use of uneven moulds and poor mould-
ing techniques together with lack of attention to the drying grounds which are often strewn

with lumps of earth and vegetable matter which distort the bottom face and sometlmes the
whole bnck as described earlier on page 12.

'By contrast the prbblems with the urban bricks appears to be the high incidence of crack-
ing which is a common fault with extruded wirecut bricks. THe cause of this cracking was «
not fully identified although the fikelihood was that this could be attributed to raw material

~ preparation inadequacies and uncontrolled.drying. To summarise, Zambia’s brick industry
. has the followmg problems: 4 e
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Clay winning - The urbun plants’ bricks are made from alluvium which qu auumulated
in the *‘dambo’ regions, small topographical depressions with relatively ‘deep clay faces,
up to 6 m. These areas are usually flooded during the rains which confines clay digging
to the dry seuson. Handtools such as picks and shovels are used to dig the clay and load
it into tractor-drawn trailers to move to the plants. The rural brickmakers use hoes and ..
wheel-burrows but work from much shallower deposits and sometimes: from anthills.

PR
“»

Clay preparation and brick forming  The-urban plants’ extruded bricks are generally
produced directly out of clay arriving Itom the pit and without prior weathering which
could point to one ol the causes of 1he excessive cracking. Alluvium needs little
-processing to reduce particte size and the main equipment | used is the single and double .
- shafted mixer prior to extrusion. Rural plants use hoes and trmdmu for mixing the -.lay
andl leave it to weather overnight. They slop mould the bricks in double cavity moulds.
Some producers actually sand these moulds to assist the relcase of the bricks but still
lay the bricks Nat to dry as do the pure slop maulders.
Drying - While the extruded wirecut bricks are generally dried in roofed hacks simitar
to the Lesotho pattern: the slop moulded bricks dry in the open on the ground. They
are less liable to crack than the extruded bricks mainly because' of o deliberate choice
of much sandier clay by the producers and also because the brickmakers coverthem

- with grass to slow the rate of drying when necessary. This open air procedure of course {
conlines brickmaking to the dry season,
Firing  Clamps are constructed to sizes sometimes as large as 100 Q00 bricks. Most ol g
these are constructed ig the open bul oncaworks has |.1crm;1neuf clamp walls and a
metal rool which permits (iring even during the rains. Two of the urban works have
permanerit Kilns equipped with temperature-recording cquipment. The wood-fired
clamps built by the rural brickmakers of course have no instrumentation and are
smaller, about 20 000 bric ks and dilTer i structure trom the coal-fired clamps ol the
urban areas. Large fiving Limaels are buill similar to the Malawi pattern and the clay
is fired without carbonaceous content. By cantrast one Lusuka brick plant incor-
porates coal dust into the Iﬁ'ic_l\ clay as oceurs with the extruded bricks of Lesotho,

While the urban brick productipn process is evolving conventionally. along mechanised :
lines, the rural l*nricl_mmkers,ure'unlikely ever (o accumulate the capital for this type of
investment. Their development needs to concentrate around a betler brickmoulding

system coupled with a low cost all-weather drying system., Clamp burning technelogy also

needs considerable |mpmvcment for bricks 1o schieve more acceptable compressive

strengths.

TANZANIA ' _, .

In the years following independence. Tanzania's brick mdustry almest died oul in may areas

of the country. This seems to have been due to lack of official support and in some in-

stances the departure ol Asian owner-managers of the mechanised plants. A rural brick in- .
dustry remained active in the south of the cotntry, usually in arcas where missionary -
influence prevailed and some prison administrations maintained brick production in

Morogoro and other centres further north. In recent vears brickmaking hasreceived con-

siderable official encouragement and vitlage cooperatives and youth organisations have

set up production ventures while 2 government housing agency was given the difficutt task

ol réviving the delunct mechanised plants in Arusha. Dodoma and Kisarawe near

Dar es Salaam. A large (ully mechanised plant hasbeen ordercd for Dodoma. o
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. technology, air drying and wood- fmhg in clamps. 'Fhe reyived mechaf ised plants fire their
~ bricks in uatermlttent woodburning Kilns. In one cooperative venture| on.the outskirts of
~ Dares Saléam an attempt is being m]ade to fire bricks in a specially built Kiin to be burnt
. with waste oil, but this is the excepti n. Discoveries of coal-inthe M eya-aréa may in time
. " - result in this fue] being used for brick production especially in thef ore arid areas such as
those surroundmg Dodoma the new capital c1ty ¢

Many of the new brickmaking ventu }:s are in the heavily populated Dar es Salaam and

, - coast regions near the old capital and‘because of the greater spread of seasonal rainfail,
» _}"  brickmaking is only really practicable if some drying cover is provided. Accordingly, ail of -
., - . . . these plants have constructed corrugated iron roofed ‘bandas’, low sheds under which bricks
" ' can normally be safe from the spoiling effects of rain. This in turn makes it possible {though
N not easy) for brickmaking to continue throughout the year. In periods of high humidity
1™ _ drying becomes very difficult and production inevjtably slows down through lack of space
under the sheds. : '

g o Because the people are ina position of releaming a technology which had almost been lost,
R " the current 51tu\tmu is understandably full of examples of SpOl]t bricks and wasted effort
i f R due to mexpenence T :

I o

: l‘ ; R, x + \

- selectlon of too refractory clays which do not fire properly,
—- loose cattle walking through\the rows of drying bricks,
— allowing ground water to run intd the sheds during heavy rain,
— trying to burn bricks which are 1nsuff“Crthly dried,
~ — starting to fire the clamp before suft‘ cient. Wood has been gathered to sustain the
burn. S

e .
I .
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None of these can be considered long'ten'n problems which neeh\fresh technical develop-
_ ment to overcome, as more experience should eliminate these mrstakes by the brickmaking -
e teams themselves. Assuming these prob]ems are gvercome preoccupatrofrs are likely to tumn

toléss disastrous, but-still-serious, Qperatmg defects of the same general type whlch ‘affect
bnckmakerselsewhere : e Lo .

R

. Clay wmmng and preparatlon - Tanzaman brickmakers have to contend wrth a far
_ 3 greater variety of clays than do their counterparts in Lesotho, Malawi and Zambia. §
S . Moqeover many deposits have distinct variability between layers. To obtain a measure N
¥ CYoef consistency of mix, ciay pits need to be,dug vertically with each cut taking a full -
F cross~sect10n of the face. With standard handtools there is a tendency to dig
hollow oﬁb.ottom clay and o allow the top measures to cave in subsequently. TN
inevitably leadso batches of bricks with concentrations of top clay or bottom clay
) _ in them and cislfs}Qqently different drying and firing charactenstrcs and may cause the
/ , size problems referred to above on page 10. |

_i'

Bnckmouldmg Some of the early efforts at slop mouldmg in the new coop ratwes

for several days
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Alternative system using single sellsreleasing seohd an conpuoction with

the sandmoulding methaod
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Corrugated-iron roofed working and drying sheds constracied oul of rough tmber cut From adjacent

forest, Buildings need provision to adjust fof dilerent ainbicni drfing conditions
. ] . . .

Improvised witer transportine
svstent with tuly carrivd in wheel
barrow  waler supply is nearly
R away




Clay preparation in pit using hoes and tfeading with bare el
propurtioning systen is available
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-Drymg The most common fault whlch may turn into a long term defect is the ten-
dency of operators to handle bricks too soon and to stack them while one side is still.
_ plastic. Some of the plants work to a system of turning the bricks before moving them
to stacks. This isthe method advocated on: page 12 to avoid distortions at ‘Ehls stage [
‘ in the process. The next most important requirement is to make best use of the inter-
o mittent good drying conditions whiclh ogcur during the ramy season, The sl pbrick .
plants at Kimara and elsewhere avoid putting bricks outside at all during Athe rainy -
» g ~ season. Use of a special handtruck at-one new plant allows bric v
| of ‘green’ hard, still damp, bricks out into the sun for fi ing and to move them
~undercover again before nighttfall or when rain is imminent. This can on]y be done .
. ‘where running surfaces remain hard enough for the trucks. No system is yet in use to . ~
' accelerate the drying of still-soft bricks during humid conditions. This situation also .
prevails in the mechanised factories. | L

Firing — Tanzanian brickmakers™ clamps are fairly crude affairs and no standard
- pattern has efnerged for corbelling the fire tunnel arches or for the brick courses in the
clamp superstructure. Much underbirning is currentlyr-resulting from inadequate
plastering and shielding of the clamps and the familiar problem of cold air entering the
_ tops of the fire tunneimrrames wastes much of the fuel used: While firewlood is
: o ~ plentiful in some areas, serfous consideration needs to be given to using waste matenals
v 3 S, _ such as chaff and husks to prowde a ¢arbonaceous content to the clay. No work has .
o ' yet been done Yo identify the appropriate proportions of thcse by wclght or volume,
which should be added to the clay. < R
=« C, - o e -}

fa ™

. Much of the ¢omment on the Tanza’nian industry is more concerned with the iémﬁor_ary
situation of inexperienced operators who will in time learn to overcome- many of their
basic problems. However, longer term prob]emb over clay-winning methods, clrymg and fmng
sh]l need to be solved with better equlpl‘nent and gystems. _ -

.
q r i ' ﬁ‘

NORTH AND SOUTH SUDAN ; : :
The brick industries of the Sudan follow a dltfgrent technology (.IE])E]](]II15 on whether the
‘plant is situated in the north around Khartoum and Omdurman. or in the south by the
regionaf centres of Juba and Wau. Northern bricks are small with stretcher face dunensmns
generally under 20Q mm in ]ength and 50 mm in thickness and depend on the carbonaceous
matter i came! dung for theif combustion fuel: Traditionally made southern bricks are large
with twice the stretcher face area and are composed of inert, sandy clay, The ‘Southern
" Sudan brickmakers buen their bricks in woodfired clamps. Both traditional industrids slop -
' LT mould their Bru.ks in wooden moulds but.the northern bricks arc fat more n:.gular in form
, 'Ehan those made in the south and are gencrally harder fired. The northern bnckmakcrs generally
.use double moutds while in the south a single mould is the basic brlckmakl ng tool. (v

Availability of large qu.‘.‘[l‘ltltlES of (.amel clung is not a common feature of deve]opmg wor]d
brick industries nor is the use of this material as & fuel neLessanly the most worthwhile
application. As will be pointed out in subsequent sections of this report describing applica-
tions in Asian countries, animal dung is a valuable potential ferfilizer and; {ood production
should have priority use. Thé ideal combBination is to process the dung to extract methane °
which cah then become the fuel source while leaving the principal nutriénts bel;Jg it the
e sludge. However. no ready-made tcchnology is available to extract methane fronanimal
’ ~dung and burn it for bmkmakmg Similarly, no technology is available for recovering the
inflammable but usually wasted “off-gases” from charcoal production. These gases constitute
the major fraction of the fuel content of firewood and might well'be turned into a gaseous’
fuel for-an industrial process.. ‘This proposition i of potential significance in the Southern
Sudé‘n where deforestation is a problem round popuiatloh centres due mainly to Charcoai
_ _ burning but made worse by the demands of brick- Qtroductlon A rationalisation oT the two
.. _industries may be possible in some locations so that a givert amount of tree cuttmg will -
r-' _ . prodqce a greater total value of bricks and charcoal than 1f the two were burnt separately.

ek
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" PROJECTS TO ESTABLISH ALL YEAR ROUND BRICK PRODUCTION IN SOUTHERN SUDAN
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Sellrelesing sanded iould m
wurrent ase in ot brick
fawtory

Sample fired bricks from small brick and tile plant at Kit village.
from clay shown i inset onyright of piclure
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Fuil clamp In.nd of sandmoulded bricks stacked Tor despalch




- T
e

The Southern Sudan s brick 1ndustry is far more typical af Afncan bnckmakmg and in ﬂ1e
traditional sector the familiar process of slopmoulding, open air drying and clamp firing is
followed. The area.has a long rainy season whith has been known to shut down traditional .
brickmaking from April to November. This produces a situation of alternating brick glut and
famine for the building trade for whom bricks are often unobtainable by the latter part of
the rainy season. The business of slop brickmaking in the Southern Sudan therefore involves
a difficult cash flow pattern, a¢ by April, labour and fuel costs will have to be expended to

produce a large stock of bncks many of which will not be sold and paid for until the -
followmg September.’

LB

New brick’ pla'nts are bemg set up along the same lings as the-new plants in Tanzania, again

assiEted by external advice. These aré based on the objective to continue productlon into the

- rainy season in spite of the mtegmnttent high humidity and penetrating wind-blown rain |
storms which affect the area. The plants also incorporate sandmoulding with self-releasing

. moulds and a measure of mechamcal handling, using mar{ually operated trucks. At this '

" stage however, the vast majorityof the bricks in the Juba area of the Sudan are still pro- |
duced by the slop brick prouess which can be summarised as follows: '

‘-\_‘Clay wmmng _and preparahon - These are performed at the same time using hoes and __
treading with bare feet. The brickmakers normally choose the sandier clay deposits

~—mrgund Lologo because of tite araterial s sase of moulding amd fower tendercy totrack™ = -

with rapid drying, (the new covered plants at Gumba,and Kit use more plastic clays in

S order.to produce stronger bricks).-One traditional brickmaker has however, recently

. set up production near the new Gumba plant Water supply is a major problem for the
traditional brickmakers when the water table is lowest at the end pf the dry season,
The lacility to raise and store water would greatly lmprove their situation at sites

distant from the anenNtle
A

+

Brickmoulding’-.--- Litt!.e care and attention is given to'the moulding process and bricks
are produced, in a variety of sizes with most of.the worst slop brick faults such' as raised
corners, lips on the bed face and distorted bottom faces described earlier in the report
on page 11. By contrast the trained moulders at the new sandmoulded brick plants are
producing adequately shaped bricks. ' '

H ¢

Drying — Initially, drying takes place with the slop bricks lying flat on the ground.
‘Cracking is sometimes a problém in spite of the sandy clay and is probably-the result of
harsh drying conditibns and intermittent strong sunshine of Southern Sudan, When this
occurs, the moulders cover the bricks with bundles of grass. As the bricks become
‘green’ hard, the brickmakers build the brick stacks up into small conical stacks for -
final drying. No cover is avallable and so if unseasonal rain falls the brickmakers lose
the previous day 4 moulding output The bricks inside the drying ‘cones’ survive which
may be the reason for choosing this type of stacking arrangement.

Firing — As a contrast to their rough-and-ready moulding techniques, the Southern *
Sud'a,ﬁese brickmakers construct remarkably neat and compact clamps with a rec-
tangular firing platform and tapered top. Some clamp builders actually construct a

- permanent surround for the footings using bricklaying techmquels which simplifies

" the work of positioning the fire tunnels for each new clamp. The clamp burners also
follow a strict burning routine, firing from one side and then the other and closing

. othe ¢l clamp up once the top is hot enough to ignitg straw. The difficulty of procuring
fuel from theﬁlmmlshmg woodlands of the surrounding area causes them frequently

to run out before firing 15" tomplete and it is not uncommon to see a partially burnt
clamp of nearly unsaleable bricks. e

| I ‘ . : _.,._-..._.._...._
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SLOPMQULDED BRICK PRODUCTION IN NORTHERN SUDAN
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The majoryproblem for the Sudanese brickmakers theréfore is fuel. In the north, camel dung
. i8 no longer universally avallable and firewoed to begin the burning is scarce and expensive.
In the south the source of available firewood moves further from the Population centre with
each successive year. The clamp burning process is far from reaching.optimum results and
- - the same reason as before can be quoted — the need to have a hearth aodgrate which main-
tain the fire whlle preventing too much cold excess air. from _entering the\ brick setting. For
the covered plants while prodaiction can take place during the rains, it will inevitably slow .
o , down as the dryinhg peried for the bricks.lengthens due to-high humldlty A technology is = T
] needed for taking better advantage of the available periods of sunshine and better drying S
afmosphere by, for instance, being able to move quantities of wet bricks outside and back
under cover fairly rapidly to suit conditions. If bricks are set into clamps still wet, a signifi-
cant proportion of the firewood is consumed finishing off the drying process which should |
" T “Have been done for nothing, using the sun and wind. Future development for the Southern o
I Sudan may mclude a semi-mechanised plant currently being planned by the housing authori- )
-ties, and the spread of brickmaking atong the less-mechanised ‘Gumba’ pattern to other
centres in the region.

'_‘I\maklng ind ustry in and around Accra, Ku‘.fmam and Bekwai

.up to the time of independencetfter which production ceased except for that of a

" mechanised plant on the outskirts of Accra. This plant was equipped with grinding equip-

ment, extruders, palletized drying and a multi-chamber, Hoffman continuous kiin. In the : b

post-independence period the building industry was encouraged to use cement from the new

T -~ grinding plant at Tema on the coast. However; the substitution of cement for bumnt clay

R added to the import bill; as the Tema plant carried out only the last part of the production
process using materials shipped from overseas. As a resuit, from 1973 gnward, strong official
encouragement was given to reintroduce brickmaking to the country which has resulted in
numerous different v,{.hum.s . none of which yet amount to a tradltional mdustry which |s T
automancally being copied and initiatéd by local entrepreneurs or cooperative groups.

The scheme which is nearest td achieving this goal was based on an exlernally -assisted pilot
brickmakipg project constructed in Kumasi, which led to the establishment of larger scale
plants in Asokwa, Ankaful and Fumesua. The plants are constructed and equipped from

Ghanaian resources and make bricks by sandmoulding. Experiments have als& been con- - k
ducted with a foca]ly developed press which makes two bricks at a time, Initially the clay _ )
‘was prepared by a small diesel powered single-shafted mlxer but this has now ‘been sub- . _ -

stituted by foot treading to save the present high cost of dnesel fuel. Initial drying takes

place on wooden racks under cover of the roof of the production building and once hard
o enough to stack, the bricks are taken by manually powered trucks for drying outside in the
sun, as is the practice in Juba, Sudan and Mwambisi, Tanzania. Bricks are wood bumed in
a specially designed-side-fired kiln with double chambers and a central chimney.

I

Arlort,he‘?*..se-r&es ‘of Brick projects has been based on imported mechgnised eguipment

powered by a large diesel generator. These plants, at Sunyani and Kibi. produce an extruded

_ alr’drled wood-fired bru.k, Meanwhile, fhe original brickworks in Accra is undergoing a ;
. mé;or—rér-equlppmgdtle—tcrprobhmq in keeping fhe rather, complex machinery running. ”
Similar ta the Tanzanian experience, Ghana’s brick industries® problems appear to be mainly
temporary ones awaiting the gradual development of production skills needed to establish .

a brickmaking tradition to hand down, as happens in other counthes There are nevertheless ’

.some basic technical drawbacks which have not yet beén fully overcome even by the most
successful of the plants:
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BRICK PRODUCTION IN GHANA - PREVIOUSLY ESTABLISHED MEDIUM SCALE PLANT, ACCRA
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LOCALLY PRODUCED EQUIPMENT OPERATING IN GHANA BRICK INDUSTRY

Ihesel postered miving machine
witally operated a1 Komasi Pilod
PLare ol Sesobows rickhworks, Lise
Fater replaved by numuaal mising

Bt ol risine fovl costs
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* Ghanaian designed brick press similar o Cinva-ram experimented with in reral brick planisinothe atient
to replace handmoulding :




s ot . .
An Originally construgted ) side-fired doulle chanber Kiln specially desizngd Por woesd firme
Asokwy and Ankaiul brickworks, Fuel conswonption woas ligh because the kibncis intermitient and no
featis reused from thie Bricks cooling doswn brean previous Tires Subseguen ! mcasares applivd toom-

1 ose al

craine The Tieight of the side walls ape understood to baee improved erlicency
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Clay winning -~ Manua] digging of deep clay faces at some rural plants if unsupemsed
will inevitably lead to irregular batches of top and bottom clay and vanatlons in brick
size. o : . ) . - T . &
Clay preparatlon Whlle treading wrth ‘bare feet can produce very well mixed elay
~batches; thé probablllty is that the majisture content would vamconsmlerably leading ‘
fo further vanatrons in brick size. Suc apphcatlons’ need a propprtionihg system to
ma.mtam eonsrstehcy batch by batch-and a facility to temger the clay over at least.

24 hours to permlt the moisture contgnt to homogemse thrroughout the b‘htch .

* Bnck fomnng Although the sandmaulding system is known to the Ghanaran pro- |
; duoers théy have not yet acquired the self-releasing mould. method which-would ,
greatly reduce the reqmrement of skil} in handmoulding. The experiments. \mth abrick. -
.. press lacked a smooth rurining procedure for charging the machine and takmg away the -
" . finished product. Many of the distort ons{seen in the finished products are llkely to R T
have occurred in this initial handlmg f the green bricks. '

Drying — The Ghanaian plants use Tiked drying rack systems which puts the permanent
buildings- to. better use than most other African brick industries, which t’:l’ry bricks !
' singly on the ground. However, drying conditions vary sharply between seasons: de- 3
- pendihg on humidity and wind strepgths. For instance, 'during the Harmattan season - #
’ .:.m Januaryr, the dry winds from the! nPrth can dry a brick hard in a day which can cause o L
- both cracking and distortion of bricks whereas a few months later the atxposphere issso .
~ damp the bricks can take ten times as long to dry. An appropnate tech ology is
. needed to adjust the drying environment of the productlonabulldmg SO as mitigate ' -
the extrernes of drying conditions. e ! -

‘ [
L

Fu-ing - Although firewood is fairly plehtiful_ in the central and-western coestal areas,
it still amounts 'to a significant cost, More efficignt kiln grates or a larger prepoftional
use of fuels added to the clay will be of great benefit to*the economics of operation. .

" -

OTHER A.l"’ RICAN STATES ‘ ) | ’

" Many of the remaining countries in Afrlca have concen Lrated on concrete products for the
‘development of their towns and cities, and others have developed tradntlonat brick mdustnes

but with few features that are different from the examples given in greater depth in the '

- previous paragraphs. Howsver, some insight igto technical problems can be gained from a R e

brief review of industries which have been vi ted by the author or for which mformatlon
is-available. ¢ .o

. . k

" In central Africa, BURUNDI has a stiong brickmaking tradition but withalmost al] of the | f

production grouped in a small low lying area near Lake Tanganyika on the outskirts of
Bujumbura. Bricks are alsotproduced intermittently in the hilly area of thé north’ east of

the country, The moulding and drying takes pldce in the open air which confines production
to the dry season. Moulding quality is adequate and clamps are of-a medium size built along
similar lines to those of Malawl Shortage of firewood for the clamps is a major pie-
occupation for the brickmakers. While there is no indication that they waste this scarce

- fuel by firing wet bricks, there is no evidence either that their .f’mng technique is any less

wasteful than that of the other industries reviewed. Meanwhile in BOTSWANA the small T
brickmaking-units use the same technology described in Lesotho with both slopmoulded

and extruded bricks, By contrast; ETHIOPIA has httle traditional bpc:tmanmg other than

the making of sundried bricks and this too' is uncommon. Mechanised brick factones have

been constructed in Addis: Ababa using hlgh technology processesjwith heavy. electric

powered machmery and oil-fired tunnel kilns. The cost of runming the latter equipmentis - *
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causing grave problems since the OPEE cartel' quadrupled the price of oil and atteths'

-are being made to overcome the financial drain of firing by trying, for.instance to- 'use'"ﬁre\
wood as a supplementary fuel. Firewood itself is a scarce resource and any development e
of a rural brickmaking tradition will depend on the avallablhty of a much more efficient

- system of clamp firing, burning less wood. and possibly usmg various agricultural waste
_ "materials as contnbutory fuels. - . _ B

Another country without a rural brickmaking tradition but with firm objectives to com-
mence brick production to save import costs is SWAZILAND. The projects have concen-
. trated oh large-scale schemes in urban areas. This country had previously obtained . ' s
8 .-~ all its bricks from South Africa and Mozambique both of which have brick production well
_established. The Portuguese influence in MOZAMBIQUE has resulted in the predornmanee of
“hollow clay block production, these are not normally classified and therefore come out of
the scope of this review. .

SOUTH AFRICA has a very substantial brickmaking ind ustry in the developed urban areas
of that country and the full range of hlgh technology equipmént is in operation for digging
and preparing the clay, brickforming, drying and firing. In the last process there are many
) tunnel kilns and severak examples of continuous Hoffman type kilns in operatlon using coal
..« »  asthe.combustion source. The rural areas have many similarities to developing countries - ‘
R . in the same continent and many examples of small scale, labour-intensive brickmaking ‘
exist. More intéresting of them are in the rural areas of Cie Province around Paarland .o - .. .. -
Worcester where the woodﬁred ‘clamps reagpear together with slopmoulded bricks, and
further up the coast in the area to the north of Port Elizabeth, where small-scale brick-
makers use brushwood for fuel but undertake the firing in Scotch kiins which have a.
reduced fuel consumgtion — in spite of the extra burden of heating up the kiln structure —
by virtue of the positiori of_finng grates directly beneath the brick packs. Brick prodfiction
in some of these rural plahts is undertaken by small extruders driven by diesel engines. The,
extruded bricks are prone to the full range of faults described in Part C with cammon
occurrence of auger laminations, ‘dog eared’ corners and ragged arrises which preclude the
use of these bricks for any other than common infill walls. The lesson to be learhed from
the quality problems of the South African rutal brick industries is that mechanical equip-
ment is difficuit to keep in good ranning order without technicaity well-qualified attendants,
) even when the plants concerned are within 30 miles of a major industrial centre like Port
Elizabeth -which has the full range of engineering facilities.and skills available.

) The situation in KENYA, the second most industrialised state in Africa south of the =~ = ¥
. - Equator, differs from that of South Africa. Brickmaking is absent from most n,;ral areas and

" only Mombasa and Nairobi appear to have a well established tradition of using bricks.

v, Rural brickfields have played an important part in building the small towns of Kenya in the

'1 - past and some of the best detailed instructions on the process have come frqm the former
- colpnial bricklields inspector. However, firewood (or burning cldmps is now-a much scarcer

» .. commodity than in earlier times especially because of the heavy demands of the charcoal

_ . ' industry and the emphasis in most of Kenya has swung to production of concrete and sand-
| - .  crete blocks. The existing factoriés are predominaitly tile works but make some bricks and
' S are equipped with Hoffman type kilns. They are novel in the fact that they consume agri-

* - cultural waste, rice husks, etc as a fuel, inserted through feed holes in the crown of the kiln
in the same way that coal slack is fed in more conventional units. This may prov1de a tech- -
nicat lead to further development both in Kenya and the embryo brick industry of THE |
GAMBIA in West Afnea Here the deelsmn has been to go for sn‘npler labour-intensive

- have programmes for developmg brick industries but these are alt on capltal ‘and energy-
1ntenswe-lmes using very conventlonal equ1pment as descnbed in Part B
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CONVENTIONAL EGYPTIAN BRICKMAKING TECHNOLOGY -

Heavy duty diesel-powered mixing
machine used to mix straw inla the
clay '

i

Bricks moulded onto the ground

in extensive open working and
drying area adjacent Lo kiln




Bricks placed in open setting in
deep chambier ol continuously
firing kiln {fire u\fu_s round in
a eircuit).

Oil drip Teed pols placed over the
kiln firing zone add supplementary
fuet into the hot brivk setting
underneath
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On the West Coast of Africa there 1s consnderable new 111terest in bnckmakmg prcuects m

| tion had dlet;l out w1th the end ofthe colomal era. Prolects in SIERRA LEONE and EIBERIA

are larger in scale than the traditional industries tend to be and are incorporating convgp-
tional equlpmenSand layouts. Development authorities in CAMEROUN are intfoducing
slopmoulding and wood-fired clamp burning along fairly-conventional lines and in NIGER,
small projects xist to burn ‘bricks in a locally-designed kiln. An interesting aspect-of the .
Niger development is the addition of millet chaff to the brick clay, a practlce which is
apparently commpon with the indigenous brick mdustry in the Tera area near the main river.}
'Another untyplcaTl practice which has antecedents in the traditional British an&:ﬂetherlands
industrigg, is to gTadually build up drying }'lacks of mou'lded bricks by adding a fresh row

Fired bricks in Niger are regarded as a quury anid most people have to be content to build
in mud 4s do the'ithabitants of neighbouring MALI whege even in the capital, Bamako, mud-
construdtion is tﬁe commonest form of bmldmg masonry. The esséntial predominance of
mud andl.mud brick canstruction throughout the Sahel countries is associated. with the
virtual absence of indigenous fossil fuels. Such combustible woods and grasses as exist are
themseljes needed for fertilizer and for furnitute and roofing and are too precious to burn

. - brick with. The need for these areas is another system of stabilising or protecting sundried

bricks which makes few demands on the scarce resources of combustlble vegetable matter

The last African inclustry ‘visited' before crossing into Asia, is in_.EGYPT. Here the traditional ¥

industry actually does make bricks with'straw, one of the only familiar examples of this

" practice observed in the African continent. The stimutus for this practice’ comes from the

genera{ absencg of-firéwood and the high cost-of other carbonaceous. matenals Egypt is one v
of the countries in which mechanised brick productlon and traditional handmade brick- i
makmg coexist. The dramatic rise-inm the cost of refined fuels has naturally damaged the

' economucs of mechanised production far more than that of the traditional manufacturers

who bbrn their kilns with crude oil. Competition for agrlcu]tl,lral soil since the Aswan High .
Dam cut off the renewable supply of silt makes the river bank brick industry vulnerable to.’
cr1t1cn$m New sources of clay have been discovered on the epst bank under a limestone shelf
and these should now be exploited. In the longér term the blest interest of-the b’luldlng mw
dustry is to turn again to partiaily bulldmg in mud with new techmques to 1mpr0ve clur-
The positioh of bnckrﬁakmg over the African contmenJ is full of contrasting cnrcumstanses
‘which call for very different solutions. The predomumnt ptoblem appears to be how to
dbtain the desired duration and level of temperature for burnmg with thé minimum cone
sumption of fuel. Second only to this comes the prablem of maintaining production levels
in spite of sometimes extréme variations in the rate\at which the bricks will dry. Raw

mvaterials generally need to be dug and mixed more eveunly than at present and the propor-.
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tions of water added better controfled. The handling of materialk and dried or fired bricks’ o

between processes is frequently one of the most labour-wasting parts ol the traditional

technologies and much of the work is unnecessarily uncongenial due to. lack of Suxtable
tocls and eqmpment :

TURKEY N o ‘ :
Examples known of Turkish bnckmak.mg cover an equivalent range of capital 1nten51ty to
two African industries, those of Ghana and South Africa. A factory at Pamukyazi in Torbali
District operates a continuous Hoffman kiln of the type used in Accra and in the Cape.
~This kiln is coal fired, fed conventionally through ports in the chamber crown. The plant
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wifecut eqmpment wh:ch is used to make floor blocks and hollow bncks Productlon of

soshd bricks is left to the traditional industry. . - .

\e-1 2-chamber barrel-arch kiln séems unusually short (the generally accepted ‘minimum’
312e being 16 thambers) and dufing the hottest part of the year it must be a major problem
mamtammg the draught and moving the fire to achieve a heat transfer, because the chambers

waltmg emptying would be a]mos_f_too_hot for men to enter. ‘
-__,_.'__,- v, .

Enterprises of the Pamukya-zi type will have taken a major ca-p_ital inveﬁ(tment to set up o
whereas not far away in Saglik Koy, brickmaking is carried on with very small resources
t;df equipment which will have cost very little. Six or seven brickfields operate in a small
area using basic equipment, most interesting among which is a horse- powered pug mill

: tfor mixing alluvial clay with water. One such unit is apparently able to kéep three groups

iof five men sypplied with moulding clay for 10 000 bricks in a day. The’ ¢Slayweaches the

mouldem table by wheelbarrow having been’ first shovelled out of the pit Below the

pug mill. Moulding combines fhe technology of the siopmoulding flat setting] with sand- E
*/ moulding as the release method. Bricks are carried to the drying floor three at a time and !

depos;ted from the mould onto a smfooth level ground

.

In spite of this fairly well eqn;npped production set-up, the brickmakers still ;nanage to pro-

“duce a full range of mourdﬁg faults with missing corners, wedge‘kshapes chntaminated

,bottom faces, and setting marks With what is obviously an ‘easy’ clay the/traditional

: mdustry should be capable of maklng a flrst class handma,de brick with somé modifications

to the1r working methods, lf . ] -
l » .. l
Thelr clamp firing is clearly'a t#r more well regulated process than the bmkmouldmg and '
the brickfields contain large aécura'tely constructed clamps which should aehneve a good
measure of consistent burning at adequate levels df fuel- efficiency. This is obviously
necessary with Hoffman &111‘1 fired units competlng in the Sfﬁne trader
The main fear for the tra:]itlonal brlckmakers w1l] be unseaéonal rainfall, as tens of thousands '
of britks on the’ drying ground could be written off in a {aw louts 1f this occurs, ‘
Two types of techuzlology operate side by side in Pakistan with at. least two mechanised
plants already established in urban areas and a substantial ‘traditional’ industry of small
.enterprises, working with simple tools and equipment on the outer fringes of large towns.
An important feature of this country’s industry is the facility of some small brickmakers t6
produce a first class handmade brick in spite of their Iac‘"k of sophisticated production ‘,
equipment. .

Clay' winning and brick moulding — These better bricks are frequently’ made by very
! skilful moulding teams often working in the most difficult conditions in thghfull heat -~}
" of the sun, manually mixing their own clay:in shallow pits arid setting the bricks out '
to dry on the ground. The moulding technology is substantiaily similar to'that of the
producers described earlier but the constraints of what thte market will accept
good brick may be different, which could account for the existence of some high
quality grades. Elsewheré the slopmoulding system is employed and many of these

bricks afe nearer to the poor standard which prevails over most developm% countries’
traditional brick industries. ‘

&
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Brickmaking by many of Pakistan’s traditional producers is an itinerant process as it
is customary only to dig shallow clayplts so that the land can be converted back to

! agric tural use after brickmaking moves away. This feature dlscourages the establish-

* ing of cevered work areas which in turn keeps the nature of employment intermittent
and ;fmcongenial. : \I . : _ ) :
Drymg and fi rmg Lack of cover confines tradltlonal bnckmakmg te the dry season
“for the.reasons described in earlier sectloris Heavy rain also affects the E:arly production
stages and the firing process. '

__ e £
th camrnnd nnd nrahahly mnbd oinﬂiﬁnnﬂf Fantnre ~F Dalictan’ hrel indnetrric tha.
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widespread use of a continuous kiln by the traditional industry. The unit used is the

~Bull’s Teench,an open topped versian of the barrel arch Hoffman kiln which achieves
efficient re-use of kiln heat by drawing the exhaust combustion gases from bricks bemg
fired through to successive.batches of bricks awaiting burning. The efficiency is en-
hanced by the fact that the input cold air is progressively heated up before it reaches
the fire by béing passed through the bricks which were fired earlier in the cycle and
hich are now cooling down. Thjs continuous process is made possible by-gradually
oving the fire round an oval circuit from which the burnt bricks are withdrawn after
1e fire has passed by leaving a space which is filled with new batches of dry bricks
Waltlng firing. Draught is achieved by a-tall chimney positioned ahead of the fire
hich pulls the Kiln gases from-the entry point through the fire and forward through
the bricks which afe thereby preheated to dull red before any fuel is actually fed into
the chamber . .
"The movable chimney is commonly regarded as a:source of difficulty and high main--
© “tenance cost due to handling problems on windy days and.the corrosive effect on the'’
steel tube of the _products of combystion from coal firing. Some producers in the
Rawalpindi-Islamabad area have invested in permanent brick chimneys, positioned
* in the centre ‘island’ of the kiln. The gases are brought to the base of this chimney by a
“central flue which is controlled by a $ystem of depers Fuel efficiency is far higher
“than that of intermittent Kilns and clamps but pmducers often use insufficient coal to
burn the bricks fully, with maglrnurn temperatur,_es often not exceeding 900‘3:(?.

- »  Pakistan is fortunate to have discovered large quantities of natural ‘Sui’ gas which is
' now being used to fire bricks in Bull’s Trench;kilns. As these kilns are necessarily top
fired units, they do not always achieve best résiilts with gas firing as this fuel is used at
its best through side. firing bumers near the baserof the setting. : :

hedvy inpregnation of sul"ppates in the soil in turn caused by water-logging of the ground.
The traditional bricks are-highly porous and in burning they rarely reach a temperature
necessary to neutralise the effects of magnesium sulphate and so as a result efflorescence

~ frequently occurs and can occasionally be severe enough to affect the propertiés of the
brickwork mortar and disrupt plaster coatings. The solution to this may be a iocal one and
involve changing the practice of digging shallow clay pits in favour of deeper quarrying
W’hlch would effectwely diminish th proportlon of salts in any given bdtch of bncf clay.

" In remoter areas away from convement supplies of coﬁl of ‘Su1 gas, brickmaking, has to rbly

- on other fuels. [t would be possible to bum bricks with scrub wood i some of the forested
mountainous areas of the north but this is not apparently done at present. Snmlarly, the

' commonest_ domestic ‘fuel’ used for household cooking is cow dung which could pre-
sumably be used as a combustible-additive to brick clay as is done with camél dung-in the
Sudan. However, the case is 30 strong for this material-not to be bumntzatall but to be used
mstead as'fertilizer, that this prop051t10n should not be considere ed If it were poss.1ble to

PR . Y

v

, @ s
* One of the main technical problems of the Paklstan b_rl(;k industry is efflorescence, due t:—/—\
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WORKING PRINCIFLE'OF THE BULL'S TRENCH CONTINUOUS KILNS USED IN PAKISTAN AND INDIA
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collect dung for c;ntraj processmg for methane product on and to burn the methane in a

brick kiln, then : the ®roposition might make more sense, asthe festilizer would-still remain — —;

. m'the'sludge So fafno sultable technology for combining these activities has been developed

+ __h_h“‘—‘-——;_..'._________.-.. ¢ t;_
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Pakistan. The Bull’s Trench kiln is in very wtdespread use ,although there appears to be
many more examples of clamp burning in India and also some instances of wood fired '
intermittent kilfis. Much less of the country consists of |mgated plains and so the industry
is more occupied by the need for an all the year round water' supply and brickmaking
therefore tends to be concentrated near rivers, ponds :
meth,bds are normally used to dig the soil and many of he smaller p_roducer_s rely on foot
treadmg to prepare the raw material for brickmaking. [t common practice to leave pre-
' pared clay for several days’ we thenng- and at the same tu‘%@;a proportion of the, moisture

r_eservdllrs Manual pick-and-shovel

-

content is allowed to evaporate -away to bring the materia) to the best'consistency for

A muutuing Thisisa 1wnu¢mu:mdu.y Sound practree a‘nd adop 4 nofit wutuu benefit brick- -
. makers in many other countries. :

) [NDI-A ' ! ! R \5 ’
i _ """ Much of India’s hnck industry generally fits the descnptlon of lhe process as camed out ?t Y

'

In some brickfields the same type of pug mill which was descned in the section on Turkey
appears also in India hut instead of being powered by a horse it i \normal to-use two bullocks
controlled by an attendant. Indian brickmakers in many,areas haye to contend with a more

_variable climate than that of Turkey or Pakistan and as a result It far more common to

_— eneoqnter a proper working building constructed alongside the A iln where bricks are
. -.mou]dech and set eut to dry. Thisis Facilitated by the avtu]dbﬂrty ol ha cheap locally made :
; roofing material, the Mangalore tite. \

India has many examples of mechanised brick production using th".‘:extruded wirecut
“process but the price of these bricks necessitated by the cost of owning and operating the
machinery is generally more than twice that of a handmade brick. imilarly, India has
instances of calcium sulrcate brl,ckmakrng, including one unit in Kefgla, which usé-high
- pressure autoclaves to steam cure bricks made from sand and lime. Aghin the price of these
is more than. twice that of a handmade brick — the tomplete reversa) ¢f the situation in-
Britain where a handmade brick fetches three times the price of a sangl-lime brick. Unlike
handmade bricks from mahy other developing countries, the nroulding ability of Indian
bncktnakers can be extremely precise and so the complaints by custgmers are more likely
to copcern the firing rather than the shape and accuracsj of the bricks. o
- l
Generally the éountry is well equipped to svolve its own technologi s for improving brick-
making, having central trade and research organisations in New Delipi and Roorkee, UP and
having the necessary industrial base to design and fabricate special gquipment. However,
much of traditional brickmaking is still laboriots and unpleasant dle to poor practices in
manual operation and interprocess handling, Therefore any new flow cost equipment
desngned to lessen the laboriousness of moulding bricks and mofing them between the
processes ol making, drymg and (iring will be of considerabie bepefit.
- . . The Bull’s Trench klln is the 1nnovatlon with most promising d¢velopment potential of all
: the equipment encountered in lndra and Pakistan. At present the units need to be relatively
Jarge contammg a quarterof a fillion bricks and firing 60-00¢ or more bricks a week to” ‘
be able:to function properly. They also produce a variable fire :d product due to difﬁculty
. of control and fluctuating performance with chaqges in wing and humidity. Moreover, they
Ny provlde a dirty and dusty working environment rr the kilnfworkers. Development work to
. ' 7.~ ¢ establish the same benefit of continuous fifing but of a sfnaller output and with better
k B g 'control and conditions would not only assist the [ndian.industry but also wduld make a
promlsmg technology to transfer to other locatiohs; partiCularly if the kiln could be made to

funct‘on efficiently with a varlety of other fuels as well gs coal.
o \\ ) :
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Gencral vicw of plant showing muovable metal chimney alongside permanent brick chitiney,
Moate covered production Building on right side of picture

Vacant chambers of Bull’s Trench Kiln taken from the point where (he dry bricks are being set, [ooki
Lowards the corner where the fired bricks are being drawn, :
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' _._...____..__aning and firing — The bricks continue to dry, lying flat on the ground until hard

INDONESIA ' - T

'One of the parts of the Indonesian arch1pelag0 where bnckmakmg isan estabhshed indigenous
industry is Bali, where families of rice farmers frequently undertake brick production during
slack times of the year between rice crops. Production takes place clos¢ to public roads to
allow access for vehicles bringing firewood and taking away finished bricks. The methods -

‘employed while similar to those of Irian Jaya and other parts of thie country are far from~
* typical of other developing world applications and are summarised as follows:

Wt

Clay winning and brick moulding — The Indonesian brickmakers regard their material
in the ground as ready prepared_clay and deliberately keep the shallow clay pits filled
with water so the soil stays moist and ready for moulding. With clays which have a

- potential fot cracking, it is normal to add chopped rice stalks or ‘lalang’ (a sharp-leafed

~ hilt gr' ss) to the clay wirich involves a quick mixing process with hand tools carried
out in the pit. Bricks are moulded in fives usmg a mould which is operated by two
people and eonsists of a straight through frame. The bricks are moulded directiy onto -
the/ground and the mould left in position for some time so that the bricks begin the

L drimg process while actually stifl in the mould. Then when the bricks begin to shrink,

théy detach themselves from the sides of the mould and the operators lift this clear -
and set it do\vn in the next position. With several mould sets the brickmakers can make
arbund 500 bricks in .‘ag,day using this method. The other brickmakers who leave the
mould on the ground, ate those of Lesotho but in theircase the moulds become free so
qunckly that only two sets need to be 'employed.

] o

_ _:}enough to handle when théy are stoqd on edge in a low stack to corﬁplete the drying
© “process. Surprisingly little distortion takes place during the drymg process whlch must

" be by virthe of the clay and only minor moulding faults such as turned up dorners
occur, The Kilns are small scale *Scotch’ type units. with open trench fireboxes able
to burn around 4 000 bricks at-a time. The wood- ﬂrmg process is extremely short,
lasting for only 24 hours and the bricks tend to be underbumt signalled by the fact
that.the brickmakers cover the linished products with grass to avoid their bemg

-damaged by heavy rain. . . oL : !

With the type of fdmlly ﬁkmakmg described here, it’is qlute appropriate for the process
to be an intermittent one as the people concerned are not dcpendmg on brick production
_ for-their livelihood but instead as a means to gain.a little extra cash income, There are no
doubt '{vays of improving working arrangements which wouyld enable the same group of
. reople to produce more bricks in the same time or the same numberof bricks in less time but -

"~ on the whole the occupation appears to’be quite a congeﬁial one in the climate of this area

and not meriting a great deal oi;[?odil‘icationl In areas where the demand for brick outstrips

. the capacity of this highly inforghal-industry to supply and there is a long term need to pro-

duce larger quantities more efficiéntly, a whole range ol more productive methods should be

introduced, inclading sandmoulding, covered drying, wheeled trucks for bnck and clay
movement and laige, fuel-efficient clamps.

+

+




BRICKMAKING IN CHINA o
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OTHER ASIAH& STATES - ' -
In the remainder of the continent, bnckmakmg varies sharply from location to location. In
IRAN the methods employed are similar to those of Turkey and India with Both sand and
slop moulding in use at the forming stage and conventional Hoffman and open top (Bull’s

Trench) Hoffman kilns employéd to fire the bricks as well as spme coal fired clamps. A

major new investmeiit is now also taking place involving construction of a large factory with -
transverse-arch Hoffman kilns and mechanically pressed brick production. The states of

.

MALAYSIA mainly build in non-brick materials but that brick production which does take -
- place is mechanised with extruded wirecut bricks fired in tunnel kilns*In PAPUA NEW

. GUINEA thete is little or no indigenous brickmak'ing of the type described in Bali, but

]

bricks are made by some governiment bodies such as-the Prison Service at Bomana and eise-
where. The technology here is based on a locally made hand operated brick machine and
handmade bricks as such are not produced. Slopmoulded brick production has long been an
indigenous skill in CHINA and instances of this can be seen in the New Territories of HONG
KONG. No doubt there has been considerable development of labour intensive brickmaking

“-skills in communist China but no recent published information is available for this review

apart from an interesting commune painting which appeared in a recent exhibition of
-workers' art. From thijs can be gleaned that the brickmakers are operating a multi-chamber
continuous kiln and move bricks about in a variety of hand trucks, usually at a run!

)
iR

HONDURAS :

Most of the Third World traditional bnckmakers tefid to congregate in spemal areas such as,
river banks adjacent to larger population centres. Accordingly they rely on the city as their
market and the people in smaller centres in rural areas generally do without permanent .
materials which are regarcled as financially out of their reach. A notable exceptlon to their
pattern exists in Central America where it is commonplace for small towns and even villages

_to use locally made clay bricks and hand moulded tiles in the fabric of the humblest dwel-

ling. The technology is most well entrenched in the countries such as Guatemala and:
Honduras with a strong Spanish tradition. Unlike much of Mexico to the north the abun-
dant forest and high rainfail provide both the opportunity and the need to produce per-
manent matenals to increase the durability of structures.

/.’SM)Q 3 .
The tradltlor’:al brick and tile industry in Honduraé 1s extremely widely dispersed and, un-
like most §pontaneously evolved activities of this kind, has invested significant resources to
assist production. Virtually all the bricks are fired, in ‘Scotch kilns or at least op permanent

. checkerwork fire grates with side walls. Many examples of production buildings have been
" constructed specifically to house brick and tile mpannfacturing activities. This contrasts with

the broad commentdry on most of the world’s traditional brickmakers who are under- *
capitalised to the extent of not even using wheeled trucks to move materials about.

;\;'.Ariother feature of some of the tf&lﬂutnoha] plants in Honduras is the existence of properly
3N const:ructed pits-for tempering the, ‘clay prior to mouldmg In other traditional industries

it is more normal to mix the clay in the quarry often on the same day that the mategal is
used for brickmaking. Apart from the difficulty of measuring quantities and there?ore
controllihg moisture content, the practice of adding water in the quarry unnecessarily
increases the weight: Qf material to be broughi to the plant, by 20-30 per cent. This is an
important inefficiency, especially if water is available at the mouldmg location itself, from a
well or by mains connection. The Honduran practice of preparing clay in tempering pits
within the brick prodyction area is both more efficient and leads to better quality control.
More than usual care is taken by some Honduran traditional bnckmakm_ products™*
which are as accurately formed as possible. However, instead of modifying the moulding -
method from slop moulding so as to produce a better shaped brick in the first place they
usually fettle the‘'rough corners and edges,after the bncks have dried.
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HONDURAS SMALL SCALE BRICK PLANTS
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< pd “firel used for burning the bricks is l‘nrewood a quite plentlful land renewable
_resource if i country which is well forested as"a\whole. Nevertheless, in areas of high
pOpulatuon den51ty such as around Tegucigalpa the Capltal firewood is becpming increas-
ingly &xpensive to obtain and alternatives are being explored. Most significpnt is the plant of

a madium-scale hr;r\]rmn!(pr who has hPmm to burn sawdust ac his main fudl. The develon-
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ment of sawd\ist firing has been greatly alcleclby the introduction of facilitie: for continuous.
** firing in one contiiuous ancl several seml—{,ontmuous kilns. The continuous
design of European origin bu.j the semi-~continuous units .are derived frorn pra;ctlce elsewhere —
probably Japan where sim il( umts are known to.have been used. The design consists of a
straight barrel arch cham’e r constructed-on slopmg land so that the kiln floor runs uphlll
<  in a series 6f steps.- The semi-continwous firing is acn]eveu by beginning the burn in the
. 3\ lowest chamber, then progressively dra\wng the. fire gradually ‘uphill’ by injecting new fuel  ,
o ismensond NtO the chamber just ahead of the fire. Once-g lire is burning in the first chamber of a semi-
- T==gomtinuous kiln the smoke passes through the cotd bncks in front of the fire and so pre-
' - heats them saving the fuel which would have been needed for this. Subsequently, after the
fire has pabsed furtherup the kiln, a second form of heat -exchange begins to take effect.
The air needecl for combustion of tHe fuel enters the kiln at The_bottom end and before it
reaches the fire ity passes through the spaces between the brlck}in the lowest chamber
which were prcvlously being fuelled These, bricks still belng red'hot, preQeat the alr pefaore
it reaches the hre — again causing a 51gn1Fcant saving in the amount of fue\l\n\eeded The
heat.—exehﬁnge process contmues untli the fire reaches the top end of the klh"l anwllowed
" togo oul : - . :

: ; ' , ,\\\t
The comblnatmn of prehedted kiln,‘alr 'md preheated bl’ICkS makes it all the mbre pd'smble ~
to use for fuel materials such as SﬂWdUSt which do l'lOt..lll.l.l'.l]_l:E-ﬂdﬂ}-' wllemlnjeeted ‘mo &
a cold kiln chamber, but ignite immediately when in contact with a red hot atmosphere. i
Sawdust is plentiful in LOLII‘I?Eb such is Honduras with a timber extractlon a'nd. sawmllling
111dustry for domestic and exXport mar"kets R “

Some i]weatment has taken place in' mechanised forms of bnck production using impor't'éd
Spanish clay preparation and extrusion plants. The products sell readily because of their | L
regularity of form and “machine produced’ appearance but the price is up to three times that‘
of the traditional handmade brick, reflecting the high cost of powering agd maihtaining the -,

" mechanised production lines. It is significant that the machine made bricks in Honduras ~

“are priced at much the same level as bricks'made in Europe, whereas the traditional hand-

T “made produets are’ far cheaper than anything made in industrialised countries. In the rural

_ areas of Honduras, unemployrment is rife and labour cheap. Without the brick and tile in-

" dustry the situation would be much worse-and more of the population would have movéd
to the already overcrowded cities. ., . _ o _ .

~
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AP There is-little evidence of indigenbus traditional hnckmnkmg on the small |slands of the
Caribbean and predominant construction systems use mainly timber or Loncrete' One
~ instance wherc clay brickmaking has been established, but not ina ‘traditional’ fonn is in
the north west’ corner of BARBADOS. A labour-intensive plant opprated for seyeral years on

.~ theisland and on the basis of its success investment was made in a; .more mechamsed unit.
S " This is clearly ‘being run with more than usual technical competem.e as the products are
§ !
- well formed and consistently fired. Neverthelessas with most mechamseﬁ units Ioeated :

remote!y from m'u,hmcry suppliers, the Barbados factory has front time- to time incurred
long stoppages due to breakdown of e;uual Lomponents Whﬁh reqmre,ﬂreplacement by-im-- -
pqrted spare parts. The high ﬁ‘xed cost Tevels of the operation and theﬁature of the f'rlng A
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(w1th oil) have bccn factors forcingw thc prts charged for the products.’ E}-tpenswc bncks

Africa arid Asia, and fof cultyfal and-geographical reasons the industry is much less wide-
spread. The strong Spanish And Portuguse"in fluence over most of the area has resulted in a .
high proportion of those g ramlc building materials that are produced being mechanically-
extruded hollow clay bidcks. Solid masonry-.tends to be either concrete or adobe — much of .
kmaking using similar. slopmoulding techniques to those employed

a# In the dcnscly- forested areas, buildings are largely constructed out of
tlmbcr However, fome exceptions to thls pattern are known and there are probably many
more for which ocumentatlon is not accessible at present.

. €, :
‘ - 1

ateas of the country were harbounng disease-carrying pests and s0 clcc1clcd toen-
he use of bricks for domestic construction. Help was enlisted from the American
bnck 'hdustry to second staff to help start bnckmakmg prmects The programmc is undcr-

gen constructed and put’ mto 0peratnon with @ Nethetlands designed contmuous ¢hamber
* kiln. In Lima, PERU, common brick production is underta'ken .on a much more spontaneous
basis. Here enterprises exist which are novel from a commercial pomt of view'and might /
proyide a lead by which other developmg countries’ plants could bc organised. The system

" is for a kiln owner tb act as a nucleus to a series of small bnckmakmg concerns. These work :

groups produce slopmou]clcd bricks on the conventianal open box pattern and then.
sell their production to the kiln owner. He then organises the firing, using locally mined coal
and thus adding value to the bricks, and resefls them on the commercial market at a profit. From -

a technical viewpoint, Lima is an ideal bnckmakmg centre with virtually no rain but plenty =~ -

of water (brought from the mountains beyond the dry- coastal plzun)

*

’ 3

MEXICO IS anothcr Latin Amcncan country w1th an cstabllshcd handmade brick traﬁlt.lon
- The tcndcncy of the small family plants to underfiré thetr products caused ‘mexican brick’
to be a term indicative of 4 soft common brick. The Amcncan influence in the area has con-

*tributed to the successful introduction of high technology p}ahts partlr._ularly as the lower

labour cests In Mexico have made it a -worthwhile business exporting extruded wirecut,

" tunnel kiln fired bricks fo the United States..In such circumstances heavily mechanised

production becomes worthwhile and overshadows the traditional industry; although slop- *+ .
moulded production of adobe bricks, typical of practice ali over Latin America, continues .

-+

.

" in the rural areas. For a different reason, the prospcrlty brought about by oil, VENEZUELA 7

has also opted for mechanised productton of ceramic products. These are mamly hotlow -

clay blocks but'some bricks are also produced in small factones The chrnate for -brick-
makers was for a long time ideal, with generous Government grants to assist thern to purchase
capital equ;p[rnent and butane gas for firing literally given away by the oil companies at.a -

~ time when the only other optich was to flare this fuel off-at the reﬁlqery The dnfﬁculty was

that the main markéfs were in the north around Caracas in a sandy, rocky area, while the

- clay deposits lay to the south west around’ Barquisimeto and Valencia. This situatiéh hasnot -

_favoured the gstablishment of an indigenous or traditidnal brickmaking industry but has,left
t__l__w actmty to businesses with the facilifies to organise installation of mechanical equipment,
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_ '_ . .intermittent and tunnel kilns and the means to transport bricks to'the markets in the north.

In the meantime, the small indigenous technotogy of slopmoulded adobe brick production -~ = *
e "in rural areas has seriously contracted. Much of the brickmaking technology employed‘in N
C . Venézuelais unaghamedly energy- mtenswe with small ceramic pro‘ducmg firms possessing \
77T . 5000 litre tanks of lpg,'which would cost 4 fortune to install.and repeatedly fill even in. T
I Europe let alone in the poorer developing countries. Produets are bumned in highly in- ) _ \

efficient rectangular mten-nlttent kilns with no provision for msulatlon or waste heatTe-
circulation. The changing situation of energy costs with intreasing facilities availabie to
trans-ship propane and butahe to overseas customers could potentially ruin brick producers
of this type in oil-rich dev loping countries. Having committed themselves to plants :
* designed as if energy costs fid not matter, they could now find themselves mcreasmgly o TN
‘having to pay a more econo ic cost for these fuels in world terms.

.= . ’ ‘ar':' 3
X o Such a situation might, in the end, Iead to development of a more frugal indigenous bnck _ ”i )
. T mdustry, more like those described in pre(_edmg paragraphs ,
. ‘_f i ' ‘
=~ . . ¥
. r ¢ / ,
v T r -
- T -
Sk L s ¢ ' /\.
' / - : i

\l ‘2_‘ - ‘0 . |
.oa +
W *




- e, . .

co : i ' |
v . .
. . .'. r . . . Y -

i £ . - -y

'PART E. PRIORITI'ES FOR RESEARCH AND DEVELOPMENT o IR

General conclusions - . g \

The exercise of descnbmg and assessmg the main techmcal problems of traditional bnck
industries in a great variety of developing countries has revealed several repkating technical
problems which nobody has completely solved. lndmﬁual remedies have been found which
suit particular circumstances in one or other 1oeatlon%aut few of tnese are in a rorm to suif .
1mrrted§ate apphcatlon elsewhere. . e

L
Other than the total lack of" bnck clay, fuel or water there appear to be no situations im—_ ..
develop‘mg countries where absence of a suitable processing technology has helds: up the
development of Bnckmakrng altogether, Where people have felt a need to produce a per-
manent building masonry component they have ustally found a way of makmg bneks,_ _
from heavily forested areas to semi-desert, using fuels ranging from conventnonal fossll

fuels and firewood to waste vegetable and animal matter. - - e =

Er .—\ !
. The prevallmg need therefore appears not so much to create technologres whlch would en-

ahla nannla ta mala hricke wha wors nrevieuely nnahle th da ga. hot mare ta haln nannlae
801t pLOPIC 10 MaRe PIICKS WD WCIT PICYIOUsY UNadic 10 U030, SUL IMOIC 10 ntip peopic

make better bricks, more efficiently. less impeded by climatic changes and in maye congemal '

condmons These four attributes are important for the followmg reasons:

. u

. Better bTicks will mcreas’e the range of applications f,or which they can be used eg ioad-

. bearng brickwoik in substitution forsteel or reinforced concrete frame constructlon
of multi-storey buildinigs. They will speed the building process and reduce the cost of ..
bricklaying by reducing the amount of work needed to-adjust lor inaccuracies of brick
size and shape. If the dimensions are more reliable, builders will be able to reduce the'_
,thlckness of the mortarjomt between thé bricks wivich will in turn reduce the .~

* ‘gement requirement wrtchonventronal bnck]aymg. and increase the pOSSlbl]lty of using ) -

- mortars which exciude cement altogether in certain appllcattons . R

More cfﬁmcncy in,fhe use of production factors W1ll improve the economies of brick- ,

‘making and enable those in.the industry to make a better living while consuming less
_resources This is. particularly 1mportant in the questlon of Tuel if this is obtamecl in a
SCArce Of non- renewable form. ™ : . . ~
. : « _
The wet/dry seasonal cycle in most developing eountnes is very dnsruptwe to bl;lck
' prOdUCthﬂ*E\'ﬁl‘l where covered working areas have been constructed. Higher humidity
_impedes the essential drying stage in the process and excessively low humidity causes -
Iosses by crackjng the bncks whlle rain destroys Vinfired bncks left out’ m the open.

¥ \

Improved worklng en\nronment and reduced tedium in the production processes of -
traditional brickmaking will gompensate for one of the major attr.u.tlons of high
technology brickmaking which normally is undertaken wnder cover and substitutes
capital and energy-mtenswe machinery for manual tasks

A’ﬁy ’majqr advanc:es in these {our f”elds Will also have an effect on the econém

of labour-intensive ‘brickmaking and thereby will influence the spread of the téchnology

to thase margmal areas where previously .the, settmg up of an mdustry was not quite reas1ble o

, asa propositlon

- \ LS

'Improven*lents to clay winning and preparatlon - , .
r-Examples from Ehe description of brick industries of several ‘of the coun?ies reviewed, has
identified the need for a method of digging the soit which ensures that a even proportion
ls taken from all the different Jayers. This is so that ¢ach batch of raw matenials reaching the
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productlon stage has similar mou!dmg, drying and fmng properties in order to produce a
, consistent product. In highly mechanised brickworks these consistent pfoportions are ob- -
. © tained with the use of shale- planers multi-bucket excavators or, a little less effectively, by -

‘actions of these heavy machines and, ideally, bﬂng the dL_g rnate;l&h:p'tﬁ'ground level as o ‘

. clay. amounts to a major task with a ot of tedium where people have to carry heavy cans
~ from a distant source. Where motor vehicles have to be used for this purpose they add sig-

Fioned o 1 imAranca tha saliamon ~ a Fanilite wrhisch o nat nacsccamibir raliohla +

Illllbdlllly I.U lllc LUaI. ﬂllu lllblcdac l.l.lC TCILAavivi: Lrll a lﬂbllll.” Wlllbll. ib IIUL ll\ubﬂlellJ"’ lGlldUlC ‘;
A techhology to obtain ground water-using a hand-powered or wind-powered pumping /
system from a borehole or well would be a great benefit to many brickmaking ventures as
. would asimply constructed facility’to store this water and catch any convenient rain that
_ falls. During the wet:season the same. cqmpment'ﬁ's:éd to obtain water at other times mlght
o - be adapted to the task of plimping water away from the clay pit when flooding is a cause of
“production holcl -ups. .

well )
P In many locations, the work of obtéining a;ontininal’suppfy of water with which fo mix the

e

The, nee«d to reduce the material lump size-in the preparation process is generally performed
by ‘mécharical mixérs; by treading with bare feet and by tempering (leaving the clay to
_'soak for 24 hours or $6). Full mechanisation is likely to stay Beyond the reach of many ;
* brick industries for a long time to corffe but the puddling work using bare feet is a tedious}

task_ for which it wouwld be helpful to obtain a substitute The hammer hoe hand tool of the
o N Malawi, brtckma kers goes part of the way to solving this problem Bt there are no doubt
7 many materlals which will not be as compliant as the local clay with which this tool i$ now
used. One possible avenue of research and development could be to tombine. the dry grind-
ing process used by many mechanised brick plants with the tempering method. ie to develop
a system of pounding clay into a small“partlcle size then leaving it to temper with water
-ddded in a suitable storage pit.

r B
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lmprovements to brickmoulding methods . S » .
. ' Developments are well in hand to enable unskilled workers to produce an au:urately shaped : s
' brick using a sand-lubricated, self-refeasing mould. Fhis may turn out to be a widely au:ept—
able solution where sand is readily available in the area of th® main clay deposit. This is not
‘ universally the case however, and it is probable that many brick industries will consider, they
& ~. have no option but to continue the practice of slopmoulding using only water for the meuld-
~ release. A moulding system is therefore heeded which will enable these industries to produce
--~.__ better bri¢ks without need to use significant amounts of any material other than water and
“the bﬂék‘glay itsell. The key to Obtdmlng a well shaped brick with current technology is
the lubricating layer-or film of material separating, the'¢lay from the sides of the mould -
or extruder die.. Without this the clay sticks and drags on the side of the former and the
- brick bewmes distorted. :

With sandmoulding the sand-on the surface of
fhe brick acts as a tubricant enabling the bnck
to clrop clear without.distortion.

This means that the clay can be handled fairty
dry and if set down on a pallet as shown in the

. diagram, the bricks can be taken to the drying - -~
floor in groups by truck, and can be tumed and
stgod on edge to dry. '

+

[n most traditional brick operations only water is used "'md is much less effective than sand
as a lubricantand only works.if the clay is cxtremely wet and soft. If'made any drier the
brick absorbs the water tllm before it.can be released from the mould and sticks. If the "

L _ . - + 0 . . . A
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BETTER MOULDING SYSTEMS PERMITTING IMPRINT OF I?AME IDENTIFICATION ON BRICKS

iy 1 ,

T a . s
*Sandmoulded bricks made in seif-releasing moulds, Further development is now needed (o obrait -
equivalent stundard with slopmoulding system lor focations where sund in nol wvailuble
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Sandnmondded brickst regubar shape and with rade-oarh, made i selisreleasme monlds by newly
.




moulder’s clay clot is coated with a different liquid, such as oil, before throwing into the -
ould, when mixed back into. the clay any-oil left on the offcut will tend to cause lamina-
tions in subsequent bricks. This alfo happens with sand. . _ |

- |
oF . - .
. !
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With slopmouldmg the clay releases 1tself from th_e
mould by bending in the centre which pulls the '
" ends of the brick away from the surface of the
mould. This is then lifted away leaving the brick _ ...
in position on the floor.

The clay is always made very wet which means
that it is too soft to be handled subsequently and
must be left flat on the ground until dry, using
more space, taking.longer to dry and gften be-
-coming further distorted. | - :

.- A new improved method of moulding with )ust clay and water demands development of
five features:

.. The facﬂlty to mould with stnffer clay so that the brick can be set to dry on edge rather
than on the flat to lessen drying distortions, (attempts to use stiffer clay with the present .
-~ method would just lead to the brick sticking fast in the moul_d)

The means tp avoid the splashmg which makes present slopmoulding such an uncongemal
operatlon :

. v . ’ I

A techmque for preventmg the brick from plckmg up surface matenal from the drymg
ground. © , . . e e N

o

The facility t,d handle the slop bricks when still wet 5o as to remove the present in-
- efficient practice of carrying the bricks in the mojld to the drying ground.

[

The facility to print the brickworks’ name or manufacturers’ mark in the frog of the 7

-brick because of the psychological effect this has on attitudes to quality. Managers and

workers seeing ‘their’ bricks being used-in buildings,-fesla-greater-sense-of wapumnuulty
than they do 1f once despatched the bricks become anonymous. -

'Improvements to drying systems, e e e e e
The priority for improving methods of drying centres'on the need to adjust as far as p0531ble
for the variations in natural conditions. Highly mechanised b.r;ckmakmg achieves this by
creating a fotally artificial atmosphere of Jow humidity, warmth and air movement, by a
combination of fans, heaters and systems to re-circulate kiln waste heat. For traditional
brickmaking the most promising line of approach is in the design of a building with special
features which would enable it to either enhance: or restrict the movement of natural air

~ currents, to adjust levels if practicable, and divert some of the waste heat from the clamp to

assist the bricks to dry. [n some countries brickmaking is likely to remain dn essentially

itinerant activity so the need here is for the drymg building to suit being readily taken down
ancl moved to a new clay deposit. .

M v

During the pel'iod of the wet season in most developing countries, the weather pattem-
“includes plenty of dry spells which need to be fully utilised, in accelerating the .
.brick drying process. One procedure already introduced into a few plants is to move packs *

of ‘green hard’ but still damp bricks out into the sun, using a spec;lally desngned truck, This |~

EY




DEVELOPMENT OF TECHNIQUES FOR WET AND DRY SEASOHI DRYING OF BRICKS

nd removable bumboo mats mstalled to modily the mavement b1 air through deying sheds
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Spedial hand truchs developed 1o move drving packs, onh suiiable tor coud ground conditions Lireer
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- actmty could be affected by the condition of the ground but a truck with su fficiently large

wheels should be able to cope with conditions in most brick yards. This does not yet solve .

" the | problem of newly moulded bricks which are too wet to stack and so a system.of
‘movable racks is required which wouid facilitate the rapid movement of wet bricks into
' extemal drying condltlons to take advantage of a dry spell in the rainy season,

I
-

"','De'velopmenlts so far have ofnly gone.part way to evolving a suitable system for moving® -

‘bricks, and more' work along these lines is required together with the development of an ad-

" . justable and ,poséiljly a transportable drying building. . _ L.

: lmpmVements to the methods of firing brlcks o ' S

The greatest emphasis needed under the heating of firing is to mmums&e the fuel require-

ment where this relatés ta coal or-oil which have te be purchased, or firewood which needs
% .to be gathered, frequently in conditions of increasing scarcity. A major contribution to

- firing efficiency is to ensure tMat all bricks reaching the kiinor clamp are fully dried so that
-fuel is not wasted completing a process which shoulcl‘have been -dohe paturally,

The. next prierity is to increase the efﬁcienlcy of the firing pro

™ Introduction of continuous firing alon,

!,;,l!

‘_'!'éelf which can be

2 \:\L‘" ] e
:,.‘, 2

{ the llnes of thq..lﬁdla and Pakistan mcmes
would pro\ude the greatest step forward g efﬁcnen%y of fuel use. This option is only . \*
immediately available for those lndustrtesﬁlh‘th"‘access to a granular fuel such- as. Coal
which suits top feeding. Tlie process may also be feasible using waste materials such as

achieved in several ways: -

chaff or sawdust and thisshould be mvestigated Continuous Kiln fmng either using fixed-

arch Hoffman kilns or rubble- -topped Bull’s Trench kilns demands the estabhshrnentof
enterprises large enough to gEnerate the 10 000 or so bricks a day needed to keep such !
kilns running. This is far too large for many situationsand a new design of small scale
continuous kiln is needed and in particular, one whlch can be fired with scrub tlmber
This development needs to be gwen a very hlgh pnorlly .
) ,Pamng with other industries whose processgs cguld have complementary aspects should
be investigated. Charcoal production generates inflammabie waste gases which may be"
usable for firing bricks. Animal dung is a potential soiirce of methane as well as fertilizer.
-and the former might be taken off to burn bricks leaving the latter for argicultural use. .
These technologles merit early development P
lneorporation of carbouaceous matter info the brick clay itself is an established means of -
‘reducing the external fuel requirement but little is yet known about what the ideai pro-
portions of different materials should be when.applied to olamp or simple klln burnlng
This could also be_the subject of a useful study.

In the operation of woodfired clamps considerabie fuel wastage is caused by poor insula-
tion of the clamps against loss of hieat through surface radiation and through exposure to
the cooling effect of wind. These can be remedied by operation of known methods. How-

o ever, more than any other cause, the major loss is from too much excess air being drawn

into the clamp through the open ends of the firing tunnels. This calls for the development
-of.an efficient hearth and grate able to burn irregularly sized pieces of wood whlle lettmg
through the rmmmum amount of excess air.

The most extreme solution wher’e all types of fuel are becoming too scarce to bum bﬁ%ks
-with, is to seek ways of continting brick production but to abandon the firing stage al-
together. The research and development effort here will need to go into ways of stabilis-

ing or protecting unbaked bricks sa that they canstill constitute a permanent building
‘matenial.
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IMPROVEMENTS TO TECHN_OLO(:Y OF BURNING BRICKS
. ADDITION OF COMBUSTIBLE MATERIALS TO THE CLAY ' .
i . 2 ! : : - . - . o L e '
K L,
';
Typical dump of sged hushs specid outside mill io st Africs i I"i. Jpessible sotree o el -.uidiliw
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Addition ot coal or chinker luorps ro ghe clay |I|.|_\. lrarie the :11\;\«..;:n1r‘r atnd strenzrh ot thedinshye)
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IMPROVEMENTS TO TECHNOLOGY-OF BURNINGBRICKS i T E
'“REQUIREMENT FOR EFFICIENT WOODBURNING HEARTH ANIS GRATE FOR KJLNS AND CLAMPS , -
Bl |
. - - . . - -
' AN
4
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Woodtired Kilnin Glana showing steel plates used By resioet smne of the ihe e .'i' oo i,
Metal prate originally mstalled 4 sinee been removed o case stokioe with I picces ol woed .
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!mprovements to ﬁandlmg systems * - o . : .
- JLevéls of productivity in brick: plants vary over an extremcly wide range as was deSt:nbed in. . .-
Parts B and D. In the area®where fabour is 'most meff"mently used the. f‘actor which is . % e
’?;}I - usually responmble for exceste manning is the movement .of materials and bricks in ' . i
between processes Under ohe system a worker’s time may be occupled moving only two + | .

'-'brtcks while under another a simple p|ece of equipment enables a similar man to transport

40 bricks. The same range of et'ﬁmency ocgurs in the movement-of clay and of water. Work

place layouts are not so extreme in- thelr range of efﬁmenmes as the process flow is a sim ple _
one-and 1t is-difficult to take, too many‘. unnecessary ]ourneys in the course_df an actwlty ° . £
. n{. ‘h_ L e s . .

The great range of pfoduotlwty observed between chfferent tradltlonal bnckmakmg enter-

ptises each operating with only rudimentary eq ulpment indicates that theré must be con-

si¥lefable opportumttes for assisting the worst performers to become more efficient. What is :
‘,needed isa fully in tegrated kindling system using sm'lple and robust equipment which in- . -
“creases the afiount-of effestive’work that_people can'do wnthout hardstup In development - S
of this equipment full attention should be given to the tet,lmlt,al process requirements out-
_lined-ahdve andl to aspects of the environment and. of ergoriomics which make the Joceupa-

'-ltlons as. eongemal -as possiblé in the L011d1t|0ns prevathng

e Pnortty projects . . , _
“Of-thé various ilems in ‘the tethnology “oftraditional brickmaking whmh arg in need of
' research and development work tQ bring-about 1mpr0vemtnt three 1tems stynd out as re-

- qmrmg the most urgent attention:.

A moulding &ystem able to produce an accurately shaped. “trade -marked” shppmoulded
~brick which is, stltf enough after moulding to stand on edgeand ablej.o with
handling in the grten state without damage.
! . “y
"A-simple grmdmg and s¢reening system ‘Ldp.lblC of reduum.. bntkmaktng TAW mdlcrtdl
downto fess thai 3-mm. diameter generally. or less than 2 mm if Jimestone is ptesent in -
the clay, coupled with a prat.tltal system for wettme and tempermg the ¢lay for up to
« 24 hours.
o _ A simple small-scdle continuous kiln achieving better fuel utilisation than is.pgsstté with
T .tnternuttent kilns at]cl clamps and which is capable of utilisinga variety of waste materials,
_,' ;: either as kiln fuel or incorporated as carbonaceous matter in the clay itself. This develop-
£ ment work could also include improved designs for a. hearth and grate for more efficient
‘ “wood firing for use with either kiln or clamp




