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The origin and composition of cla;:s"fo brick and tile manufacture is
treated in a general way, common impuriti-s identified and ways in which

they may be removed, or their effects treated, described. No attempt is
made to deal with specific raw materials since even within the African
Continent there is a wide range available. The way in which different types
of raw material affect the pr.:ess, and the appropriate plant for these, is,
however, described. Consideration is given to production control procedures
for raw materials and the quality control tests necessary.

The factors affecting the method of winning are outlined and the methods
and equipment available described and their characteristics discussed. The
important factors in deciding upon a methud of haulage are listed and then
various methods indicated.

The section on clay preparation is subdivided into primary and secondary
preparation and also into dry methods and plastic preparation. The important
topic of storage, both bulk storage, weathering 2nd blending of raw materials
and irtermediate storage and souring of preparcd clay is considered as is the
problem of blending clavs and additives.

Shaping is considered under the headings of the five basic processes which,
in order of decreasing moisture content are, hand-made; soft mud; extrusion;
stiff plastic; and semi-dry pressed. Roofing tile manufacture is also described.

Monetary ccst data are not suitable forcomparisons betveed different
countries, but the basic unit of a man-hour is used to compare prccesses.

Labour figures are given for varinus operations of winning and haulage and
for simple and more complex clay preparation and shaping methods.
Finally some suggestions are made for the first stages in the mechanisation

of the processes oY winning and haulage and clay preparation and shaping vhich

may be suitable for application in developing countries.
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PRODUCTION TECHNOLOGY

WINNING, PREPARATION AND SHAPING OF CLAY

by H.W.H.WEST

INTRODUCT ION

This paper deals with that part of the brick and roofing tile manufacturing
process up to a.d including the shapiny of the green piec . It is based on
experience in developed countries, but an attemnt is made to indicate areas
of special interest to developing nations. No attempt is made to deal with
specific raw materials since even within the African Continent there is a wide
range available. The way in which different types of raw material affect the
process, and the appropriate plant for these is however described.

Monetary cost data are not suitable for comparisons hetween different
countries, but the basic unit of a man-hour is used to compare procesres.

This does enable meaningful comparisons to be made betwcen different countries,
and the insertion of the local wage rate not only provides direct cost data

but also gives a figure of capital worth spending on mechanised plant to replace
a given amount of ladour.

Developed countries huve passed through an era of industrialisation and
their brick industries have developed from craft workshops to complex brick
factories. The ﬁhnt and processes wvhich have survived are the best and most
sconomic. This experience may be hel, ul to those developing nations who have
yet to establish a wvide spread, efficient and profitable clay building materials

industry.

O T




RAW MATERIALS

?.1 Origin and Composition

The raw materials of the brick and roofing tile industries are usually
&

‘buff or red-burning clays, heterogeneous in composition and often containing

impurities of various kinds. In hand-winning it is possible to select the
best clays for manutacture, or e  en different seams for different products,
but in mechanised plants the material must be won as a whole, and it thus
becomes important to ensure that the clay resources are satisfactory before
a works is established.

Clays are sedimentary rocks formed by the breakdown of igneous rocks
under the chemical and mechanical agencies of surface weathering and sub-
terranean attack by chemically active solutions and gases. Primary clay
deposits, for example, kaolin, are found in association with the original
igneous rock, while secondary clays have been transported by the action of
wind, water or ice. Brick and tile clays are wusually secondary and their
Properties are determined by their geological history, especially the
depositional environment.

The chief transporting agent is water which carries the finer particles
in suspension and rolls the coarser ones along the stream bed thus providing
a sorting effect. As the stream slows down progressively finer particles
are deposited, until by the time it reaches the sea only the finest particles
remain in suspension.

The movement of placiers grinds away the rocks over which they pass,
but besides a large quantity of fine material scme bigger pieces are picked
up so that the glacial clays deposited when the ice melts tend to be fine
grained but to contain stones and some large rock fragments,

Clays laid down in water are consolidated by succeeding sediments, and

may be turned into shales or even slates by earth movements. Secondary

minerals, calcareous and ferruginous nodules may be formed and eventually

uplift and denudation 'nake the deposit available at or near the surface.




The purcr clays, such oo bl vy miyv be aatformly fine grained,
but brick clays have a range of particle sizes from quartz grains several
millimetres in diameter to clav minerals of sub-micron size. The very fine
particles impart plasticity,. Altheugh the size fraction less than two microns
is referred to as "clay” it contains, berides clay minecrals, fine particles
of the constitutents found in coaTser si 28, notably silica flour and micas.

Tie chemical composition of clay is a combination of the compositions
of its constituent minecrals. Typical examnles of British heavy clays are
shown in Table 1.

In all heavy clay deposits variation is tu be expected both laterally
and vertically. The nature and proporiion of the clay mineral affect the
Properties of the «lay markedly as do subsidiary constitnents the more
important of which are:-

Iron oxides: haemarite, liwonite, poethite, magnctite

Carbonates: calcite, dolomite, siderite

Sulphates: gyysum, harytes

Sulphides: marcasite, pyrites, chalcopyrites

Carbonaceous raterial: coal, lignite, etec.
All these subsidiary constituents mav be deleterjous if present in sufficient

quantity or «ize.

2.2 Common impuritiecs and thrir treatment

The raw material for bricks must be inexrcnsive, commonly less than 5/-
per ton delivered into the ﬁurks, sc that althousl constant qualicty is desirable
beneficiation to remove impurities is not ecoromir. Indeed the most effective
beneficiaticn is not to win contaminated areas or to strip and discard unsuit-

able material.

The commonest contaminant is sand, occurring as massive sandstone layers
which have to be removed by bl#sting, or as alternating bands or pockets of
loose sand. Some proportion of sand added to ver: plastic clav improves the
drying end iiring characteristics but tno much mates shaping difficult and

reduces the strength of the fired product. Oftei the layers of sand and clay
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occur in roughly the right propertions and arc wen together, but for adequate
quality control] of the product they should be wor separately and recombined
in the correct predetermined amounts.

Pebbles occur in glacial clays, where some are so rarge @s to cause damage
to the plant if not removed. When ground up the pebbles act as a diluent so
that a large prc ortion reduces the pla Sieity dn the sawe way as sand, while
if not preperly broken down trouble may arisc in drving and firing due to
localised differentinl thermal expansion and coatraction.

"Lime" includes all forme of caleium carbniaate, limestone, chalk, calcite
nodules and crystals and {ussils, as well as tho mised cirbonai~s dolomite
and ankerite. During firing the carbonate bresxs down and the .aleiun oxide
formed may cause "lime blewing" in work. Finely divided lime is a flux and
may cause the ware to slump out of shape during firing, 1t may also wmolify
the fired colour and is added to make vellow bricks,

Siderite (iron carbomate) occurs in clay ircnstone bands and concretions
and in ironstone nodules. It may lead to "blows" like calcite ot give iron
8pots on the face like pyrites. In work, the ferrous residue left after
firing is soluble in acid rain water and may cause brown stains on the brick-
work especially the mortar joints,

Calcium sulphate oceurs as vavictins of gypsum and anhydrite. Tt breaks
down at high temperatures, but anv resi 1l sulphate can give rise to efflores-
cence or mortar decay due to reaction with the tricalcium aluminate in cement.

The iron sulphides, pyrites and ma.casite, are the most common, but copper,
lead and zinc sulphides may alsa be found. Pyrites is oxidised during firing
co form sulphurons oxides which react with the clay to form the soluble sodium,
potassium, magnesium and calcium sulphates which give rise to efflorescence
in work. Pyrites may also caur bloating during firing.

Sodium and potassium chlorides and nitrates ar‘se in many countries
through the use of fertili= s, but also occur in quantity in the soil of

certain countries, and can give rise to efflorescence.




Carbon cccurs ar roois in reent surface clavs, as beds of peat, as
lignite and coal both disseminated and in scame, and finely dispersed throughout
the material as in carboaue o shales and oil shales. Ics presence is often
helpful as a fuol byt difticalty arises vhen it varies in quality and quantitv,
When present in large o wnnts the rate of firing must be reduced to allow it
to be completel oxidiscd, Wnire anpuarac.e is unimportant the black cored
or bloated prodact which resulis froem taster firing may be acceptable,

The removal of wnwantid materi. sresents considerable problems.  When
clays are won s a relativeiy dry condition stonus, roots cte. may be picked
out bv hand as the material passes by ~n o conveyor, but wet clay tends to coat
these impurities so that they are less readily seen. Stone-separating rolls
may be used, however, or pugs with a perrerated barrel section, in which the
clay extrudes through (he holes while rhe stones and roots 1emain behind.

In wash-mills brick carth is mixed with a larye quantity of water and
slowly stirred *c make a thin slurry, which is pumped out through a grid,
fine enough to r:tain any stemes or routs. The slurry is allowed to settle
and dry out in pits before being revon as a soft mud snitable for hand-making.

When mechanical digging methods are used tvam» iron is inevitable. The
discarded bolts or digger teoerh may be picked out by hand or removed by a
magnetic head pulley on the conveyor, an overhcad magnet over the conveyor
or a magnetic chute,

While large impurities can be removed by the metlods described snall
Pieces will get through and reliance muct he rlaced on fine srinding to
distribute them evenly throughout the mix. Even finely ground lime may cause
blowing and common salt (sodium chloride) additions are sometimes made to cope
with this. Soluhle sulphates in avy case remain and may be treated by the
addition of barium carbonate. This only removes the sulphates present in the
raw clay and has no cffect on those subsequently produced in firing by the
reaction of sulphur gases with the clav. The most erfective way of minimising

soluble salts in the finished product is to fire tq as high a temperature as

the clay will allow.
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2.3 Production (haraor cdsrics  f o1 ve

The rharacteristics of clavs whizh affect the production technolo,y
caployed may be praded .o.o.ording to their place in the yoeolosical column,
Vable 2 nhows the techncelogies usually caploy«d for eachi o7 the diffevent
strata in U.K,
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While this table refers to U.K. the relationship between age and hardness
and moisture content are general as are their effects on the production tech-
nology used.

The old indurated rocks are hard and brittle, often won by blasting, and
because of their massive nature positive winnirg equipment is necessary,
usually face shovels. Heavy primary crushing equipment, jaw crushers or
cubing rolls, is necessary to break the large Iumps down. They may contain
layers of massive sandstone and very hard impurities, siliceous, calcareous,
or ferriferous bands and nodules. Ore minerals such as pyrites may be found
or veins of quartz, felspar, gypsum or calcite. The clays of the Carboniferous
period may contain variahle amounts of carbon whjch give rise to difficulties
in firing.

Except in the weathered zone where very plastic clays may be found, it
is difficult to develop plasticity in the older clays which are generally
prepared by dry grinding. In Great Britain this is true of all clays up to
the Trias. Keuper Marl is usually prepared in a wet pan, Oxford Clay is dry
ground for the important Fletton pProcess, vhile Weald Clay may be either wet
or dry ground. The more recent clays are all prepared in wet pans except in
special cases.

The plastic clays are won by dragline or multibucket excavator. Kibbdling
rolls are sometimes used to reduce the size of the primary feed, but it is
possible to have a preparation sequence which consists only of smooth rolls.
Pebbles may have to te removed, and sand added as a diluent to the more plastic
clays. The high moisture content and high plasticity may give rise to cracking
during drying, but on the other hand some fige grained alluvial clays may be
very siliceous and iack plasticity.

Although the nature of the rav material determines the technology to be
used some processes are more flexible than others. The wirecut process provides
the most flexibility. Dry ground hard shales or plastic clays prepared in a
wet pan may be used as raw material and there is a whole spectrum of variants

of the process between low output, low horsepower, unde-aired soft extrusion

on the one hand and high output, high horsepower, de-aired stiff extrusion on
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the other., The process is suitable for common, facing and engineering bricks,
both solid and perforated, fo- hollow blocks and for roofing tiles. The other
processes are inherently more suitable for specific products, ard while per-
forated or cellular bricks may be produced by the stiff plastic and semi~dry
pressed processes, in general solid bricks are made.
The succes: of any process depends upon suitable raw naterial, but in

brick manufacture it is essential to choose not only the type of product to
match the market and the potential of the clay, but also to choose the appro-

priate machinery to treat that clay at every stage of the process from winning

to firing.

2.4 Production control of rav materials

In a craft situation production control hardly exists since all products
which are reasonably sound are sold and variations in quality are expected by
the user and reflected in the price. There may, however, be some intuitive
quality control of the raw material in the sense that the maker tends to choose
those parts of the deposit which yield clays that provide him with the working
properties he wants. By this he usually understands both manipulative properties
which enhance output and appropriate ceramic properties which yield a sound
product. In factory production on the other hand constant rav material is
desirable and i . modern, highly mechan’ ;ed plants it is essential.

The purpose of production control of raw materials is to ensure a regular
flow of clay vith properties as nearly constant as it is possible to make them
within the economic realities of the works. The process starts with selection
in the pit to avoid or remove impurities. To reduce variation, the whole facs
may be taken in one cut as with a multi-bucket excavator or, less effectively,
with 8 dragline. Face shovels may be used to mix heaps of different claya at

the face or put set quantities of each into each truck load. Bulk blending of

up to 50,000 tons of material in large storage heaps is cowmon in U.8.A. Such

& stors provides a reserve against interruptions in the supply- from the pit.
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Weathering has traditionally been regarded as a means of improving clays.
Certainly the harde: clays and shales are broken down, especially under the
action of frost, and some improvement in plasticity results. Rain tends to
wash out some of the soluble salts, but more sulphate may be formed by the
oxidation of pyrites. The impervious nature of clay prevents weathering
effects from Penetrating very far so that only the outer layers will receive
the full benefit. However, each layer can be wetted as the heap is made and
mixing takes place since the clays are laid ¢own horizontally and re-won
vertically, Weathering involves double handling and may add up to 2.75 man
hours per ton.

The even more expensive process of souring pits or sump-houses ig
extensively used on the Continent of Europe. The clay is usually partially
Prepared by primary crushing or shredding at least, but often it goes through
4 wet pan and high speed rolls, and is then spread across a deep pit. When
the pit is full, and after an interval which varies from days to months according
to the views of Mmanagement, the clay is rewon and undergoes further preparation
before it is shaped. This souring process is claimed to even out the moisture
distribution. Certainly each clay particle has the opportunity of becoming
thoroughly wetted by the water slowly percolating through from i.s surface,

This process has been adapted in Fngland to hard shales. Materials ftoﬁ

six pits are brought to a central primary crushing plant where they pass

through crushing rolls and are then laid down in a large sump-house. The
material passing down the conveyor is automatically sampled from time to time
and analyses carried out for carbon and sulphur. By this means variation in
the raw materials is detected and adjustments made by altering the proportions

of material from the various Pits. The sump-house is in two halves so that

vhile ~ne half ig being laid down the other is being re-won.

Some form of stockpiling is inevitable if control is to be achievea over
the raw material. Equally some form of testing is necessary. The type of test
to be carried out depends upon the critical property to be tested. Ia carboni-

ferous shales this is usually carbon, and a simple loss on ignition test at

1000°c may be sufficient. Similarly where lime or soluble salts are the




problem, analyses for carbonate aad sulphute res;ectively will be done. Rarely
is a full chemical analysis necessarv or informative as 2 routine procedhre.

Where plastic clays and sand are won together the residue on a 200 mesh
sieve may be adequate to indicate changes in the proportion of the diluent.
In other cases a complete particle sjze analysis may provide a useful control
procedure.

Because the nature and proportion of the clay mineral present affect so
markedly the properties of the raw material, a particularly useful test is
IL/MA(Z). This is the ratio of the Ignition Loss at 1000°¢ adjusted for loss
due to carbon, carhonates and certain hydrates to the Moisture Adsorption of
the clay in 24 hours under a relative humidity of 75Z at a temperature of 25°C.
The ratio is characteristic of the clay mineral and is 7 for well ordered
kaolinites, 2-3 for disordereid kaolinites, and about 1 for illites. The MA
for pure clay minerals is known and the ratio of the MA of the sample to the
MA of the clay mineral indicates the proportion of clay mineral present.

It is common experience that with some clays, while the general level
of waste is satisfactory, on occasions it may rise to very high proportions.
Changes have occurred in the composition of the clay and while this may not
show up in chemical or mineralogical tests it can usually be detected by the
Empirical Drying Test(3). In this discs of clz, are subjected to known
drying conditions, and as the conditious are varied the incidence of cracking
is noted thus giving a ranking order of ease of drying of different clays.

By this means seams which give the catastrophic cracking may be detected and
eliminated.

Not all these tests will be done on all works, but as the production process

becomes more mechanised and the consequences of breakdown, waste, or deterioration

in the quality of the finished product more serious, so more attention must be

paid to selection, blending, storage and the routine quality control testing

of raw materials.




3.

WINNING AND HAULAGE

3.1 Factors aff:cting the method of winning

Th2 most important factors to be considered are:-

Nature of the deposit,

Depth to be worked.

Contour ot the surtface.

Output requirea,

Armount of blending and sclection required.

Type of existing or proposed haulage system.

Capital available.

Maintenance facilities and supply of spares.

The nature and awmcuit of overburden is important. It varies from loose
sand to massive rocks and there is a limit to he depth which can be removed
econﬁm’.cally. The most economic method of removal is by tractors and scrapers
on ccatract, cleaning sufficient for the next year's working in a short space
of time. Hand-winning is not limited by the nature of the clay, but in
mechanical systems the hardness, moisture content, and the distridbution of
uawanted materials are impnrtant.

In considering the depth to b= worked attention has to be paid not only
to the thickness of wusable clay but also the area available and the cost of
#iming. Thus in thick denniits a si.gle lift is often taken in the early years
~% the plant life and the lower depths are won by the more expensive method of
benching at a later date. Deep faces can be won in a single lift by dragline or
by blasting and loading from pit bottom. The depth of the water table affects
the method of working, and although dragiines and multibuckets operaste under
vater this is not desirable since large variations in moisture content of the
clay will result.

The contours of the surface determine the way in which the deposit will be
developed. If possible it should be worked so that water drains away from the

face since wet bottoms add to the cost of bottom working. Top working may be

impracticable on steep slopes,
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The equipment should always l.ave excess capacity in order to ensure
sufficient down-time for maintenance and to allow working time to clear slips
and keep the pit tidy and efficient.

The amount of blending and selection required may be more than is
economically feasiblc and some compromise may have to be reached. In thin
seams intercalaced with unwanted nateri.l stripping from ~he top by hand or
by skimmer or horizon*tally-operated bucket excavator is the only practicable
wvav. In thicker seams tractors and scrapers or bulldozers may be used to
alternately win and discard but at least twelve inches of good material must
be left to avoid contamination. The amount of blending required determines
the number and kind of machines. Blending may be accomplished by winning the
vhole face roughly mixed, or by separate winning of different seams and mixing
together in heaps. Alternatively each haulage wagon may be loaded with
appropriate proportions of different materials. Several faces may be opened
up to provide different materials for a blend and on large works a number of
separate pits may be mixed together to minimise day to day variations.

The type of existing or proposed haulage system must marry with the
wvinning and loading system, Thus the width of a face conveyor should be
appropriate to the amount of matcrial falling from the bucket of a multi-
bucket excavator, and the tub, dumper or lorry should take an integer number
of digger bucket loads. At luw outputs or in seasonal yards where the making
facilities are moved around as the clay is used up, a front end loader may be
used to both dig and deliver into the preparation unit, but in general the
most efficient utilisation of a digger is in digging not in moving to load
or transport.

The capital available depends upon the national as well as the local
economic situation. In developed countries labour is expensive and much
effort is spent improving productivity by mechanisation. Based on recovering
the investment in three years from the wages saved, it is now wvorth spending

£3,000 to replace one man in Great Britain. While hand winning provides better
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selection and control of the raw material, it mav take 2 man hours per ton
against 0.2 man hours per ton for mechanical winning. A works producing only
50 tons per day would gencrate over £73,000 in saved labour over three years
by mechanising. In developing countries it is capital which is scarce and
labour plentiful so that hand winning or rudimentary machine winning may be
expected to persist.

Maintenance facilities and supply of spares are assured in industrialised
countries but this may not be so in developing areas especially where the

machines are imported. An adequate supply of wearing parts must therefore be

ordered with the machine and the stocks maintained. Since trained fitters may
be scarce and the operators inexperienced, winning equipment should be simple,

sturdy and easy to maintain.

3.2 Methods and equipment for winning

Plastic clays are readily won by hand; pneumatic shovels increase produc-
tivity. Hard materials may also be worked by hand when pneumatic picks assist.
Often the face is benched in three foot steps working down from the top and
throwing the material down until it forms a heap at the base. This method
allows seams to be won separately and deep faces to be worked. Blasting may
also be used for hard material or in deep quarries and the fallen material
sorted, broken up and loaded by hand.

Por plastic clays or friable shales multi-bucket excavators and shale planers
produce a continuous supply of small chips of clay taken from the whole depth
of face thus achieving good mixing. They can only be used, however, where
there is no unwanted material in the mixture.

The multi-bucket excavator has a jib on which run two endless chains
supporting a series of buckets with sharp leading edges which shave off the
clay. The jib may be elevated or depressed up to 45° to work from the base
up or the top down. The strata should either be horizontal or run down the
strike so that variation from one end of the face to the other is minimised,
and since the machine runs on rails which are costly to move over, the face

should be as long as practicable. A good solid base is essential for the railg
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so that there are advantages in working from the top of the pit which is easier
to drain. Machines are available in a wide range of outputs from 5 yd3/hour
to SOyd3/ hour.

In the shale planer the clay is dug by knives carried on an endless chain
and either falls into buckets or onto a conveyor beit below. The machine
operates wi*h the jib nearly verti il rotating throush an arc to make a
circular cut in the face. The machine moves on tracks to make successive cuts
and can be selective in winning a small part of the face so that it is less
necessary to work near horizontal strata.

Face shovels and draglines (Fig. l)are the most extensively used excavators
in the heavy clay induscries. The configuration of rigid boom and arm in the
face shovel allows pressure to be applied to the bucket in digging. This
popitive action allows the machine to deal with most materials. It is readily
used for mixing and stockpiling clays, and the bucket can be used as a sledge
hamemer to break up big lumps. The configuration of the dragline allows the
bucket to be thrown increasing the worcing radius. They are test worked from
the top of the pit and provide some mixing of the seams as the bucket is dragged
up the face. They are unsuitable for very hard materials.

The third machine shown in Fig. 1 is the skimmer which has a fixed hori-

sontal jib along which runs a bucket to take a shallow cut. It is useful for
selective winning layer bv layer but has a limited output.

Bulldozers are used for the removal of overburden but are less suitable
for winning since unless they are fitted with special shovel blades, they can

only load by puashing over the end of a ramp. Fitted with rippers they can be

‘used to break up hard rock at the top of a face which can then be pushed down

into the pit to weather and be rewon.

Tractors and scrapers are usually employed for a short time on contract to
win large areas of relatively soft material. If the scraper operates over
lkllope extending the full height of usable clay a uniform mixture of the

different seams may be obtained and pockets of impurities can be removed by

hand. The machine wins and loads simultaneously anrd is best used to transport
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a year's supply of clay to a weathering heap close to the works whence it can

be re-won by front end loader.

3.3 Methods of haulage

The important factors in deciding upon a method of haulage are:-

The type of raw material and method of winning,

Length of h al.

Output required.

Nature of the ground, gradients and pit bottom.

Capital and labour costs.

Haulage systems may be fixed or free ranging. Fixed systems transport
material along fixed lines by continuous flow on conveyors or as unit loads in
tub haulage or aerial ropeways. Free-ranging systems comprise units with their
own motive power capable of travelling in any direction over a suitable surface.
They include hand-parrows, animal transport, lorries, dumpers, bulldozers and
tractors and scrapers.

In hand-winning tubs are usually hand-trammed from the different work
places to a central turntable where the tubs are clipped onto the main haulage
system. Tubs vary in size from S5 cwt to over 1 ton, but on level track are
usually one half ton capacity or more. A down gradient should be provided if
possible from the working face.

Hand-tramming was first r.placed by horse-drawn tubs and then by a diesel
or petrol locomotive as prime mover. wWhen the layout is good, locos are
economical for longer hauls {more than 22C yards) on level or nearly level
surfaces.

Rope haulage includes single and continuous rope or chain haulage. Large
tubs (1 yd3) are usually bottom emptying or side tipping while smaller ones are
overturned in a cage-tippler. Single rope systems operate intermittently by
hauling in one tub or more on the end of a rope. The tubs return under gravity.
The method can be used only over a straight course and is usually used over
steep gradients, for example the gantry up into the works. A single captive

tub has been used on almost vertical gradients from deep pits adjacent to the

works.
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In continuous haulage systems an overhead vope or chain may be used vith

the tubs fixed to it by V-rotches and knocked clear by elevating the rope, or

especially on long hauls, the tubs may be held by friction chips to a rope

‘beneath the axles and freed by knocking off manually or automatically. The

system can operatc long and short hauls over irregular ground following winding
routes and can ve made quite efficient on straight hauls where the labour costs
are independent of distance. If the route is not reasonably straight, however,
transfer points are necessarv and each has to be manned.

Aerial ropeways have a high initial cost but low vunning cost making them
suitable for long hauls and high outputs. The loading terminus is not easily
moved so a secordary haulage system must be provided from the face, but this
can be the aerial ropeway tubs themselves carried on rail trolleys.

Conveyors are expensive to instal but requiré no labour for running except
clearing spillage and the considerable lagour required to move the face
conveyor forward periodically. The belts should be troughed and wide enough
to take the fluctuations in load expected. '§eédinglarrange§ents sﬁould minimise
damage due to hard abrasive materials; hopﬁérs shogld be provided for even
feédiﬁg from excavators. | | :

R

%ree ranging systems ére ﬁobile, flexible and can operate at relatively
high speedé. They are readily extended to meet tB; increased haulage distance
due to recession of the face or to increase output. Since unit loads are
delivered intermittentlf hoppers and feeders are needed to receive them at the
plant and may also be needed at the loading point.

In'industrialised comnunities hénd-barrows are not cconomic, but in
developing c;untries pofterage with baskets is extensively used., It is comrp
pletely flexible and may be useful in some circumstances thouph pack and
draft anihals may provide a more efficient form of haulage.

Front-end loaders and traxcavators have a capacity up to about 1} yd3.
Although primarily loaders, they may be emploved for trausport over very short

distances. Front-end loaders are fitted with pneumatic types and extensively

used within the plant for feeding pans from stockpiles and from weathering

heaps close to the works. Traxcavators have tracks and thus can operate
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under difficult bottom conditions in the pit,

While the provision of good roads extends the life of dumpers and permits
higher operating speeds they can operate over wet or rough ground and over
steep gradients. They are an economic and reliable means of transport
increasingly used both in the pit and works. They are of sturdy construction
suitable for direct loading by excavator and available in a wide range of
sizes, The maximum economic haulage Cistance is about one mile for a six-
cubic yard dumper, less for smaller sizes. Because of their fast turn round
time the labour requirement is very low. For small outputs the digger operator
may also drive the dumper. lLarge dumper trucks of the Euclid type are
extensively used for clay haulage both in the Pit and on main roads. The
most economical haulage unit over long distances is, however, the conventional

tipper lorry, but this requires a reasonable road surface on which to operate.

CLAY PREPARATION

Clay preparation is the essential sequence of processes needed to bring
raw clay into a form suitable for the making process. Fine-grained clays, won
in the plastic state, need very little grinding and tempering, and traditionally

after the addition of water, only kneading by treading with humans or animals

is carried out. With more difficult clays a combination of processes is
required starting with sorting, blending and weathering; crushing and dry
grinding and screening; tempering the mix by the addition of water and souring
or ageing the moist dust or plastic clay; fine grinding of the plastic material
in high speed rolls, steam tempering and even repugging and multiple de~airing.
The variety of method indicates the range of prcperties of clay that have to
be accommodated, but the object of each process is to minimise the original
variations in the clay so that the product reaching the making machine has a
uniform clay tontent, constant size-grading analysis and a ronstant and correct
moisture content for the process used. The better and more uniform the quality
of the product required, the greater must be the control exercised, either
manually or automatically, over the various stages of the clay preparation.

It is possible to make indifferent ware from adequately prepared clay; it is




19

not possible to make good ware from inadequately prepared clay,

4.1 Storagce of raw materials and orimarv trratment

Sufficient storage canacity should be provided to ensure constant feed
to the plant. If there are likely to be extensive breakdowns in the pit or
hold ups due to bad weather then bulk storage must be provided at the works.
Otherwise 1t is sufficiert to prov de a buffer store to smooth out intermittent
deliveries, and this may be no rore than a large box feeder or hopper feeding
the grinding plant.

Traditionally the costs of production fall into three roughly equal parts:-
Winning, making and drying; firing; overheads. Actual cost exercises in U.K.
have shown that winning and haulage may amount to 77 of the total, exceptionally
up to 10Z. A breakdown in the pit which leads to a stoppage of the making
plant therefore means that one tenth of the production facilities is directly
affecting one third. The importance of intermediate storage is apparent,
and whether the works is large or small the continued supply of good clay is
vital to effective preduction.

Primary crushers ace used to break down hard clay lumps into approximately
three inch cubes or less. This smaller material may be more readily fed and
proportioned and higher efficiency is achieved in the secondary grinding proceess,
Jaw crushers and gyratory crushers may ve used for friable clays showing no
tendency to pack between the jaws, and single roll crushers with an oscillating
breaker plate and roll, toothed to suit the material, perform a similar functica.
Swing hammer wills break vp the clay by impact. The most widely used crushers
are double-roll. The rolls may be smooth but usually have bars, projections,
corrugations, or teeth on their surface. Such rolls are frequently called
"kibblers", "bar-kibblers" etc., but strictly speaking kibbling rolls have
two sets of interspaced toothed rollers (Fig. 2). Rolls with projections used
for breaking down slab-like lumps into small cubes are properly called "cubing
rolls" (Fig. 3).

Plastic clays may be cut up by corrugated rolls or shredded. The clay

shredder produces picces of clay 1/32 inch to 4 inch thick and is especially

useful for blending different clays.




4.2 Dry grinding und sero.on ng

Dry grinding is ncivally used for clave un to atout 12T roisture content.
Therc are a variety of rv-c. of s condary grinder. inclu'ing secondary hammer
ills with a screen in the Lise tn :cep material above a cvrtain size in the
system; disinteygrators, which are a fora of high-speed, diuble-roller mill;
and impact :ills of varioy. kinus, iuciudio, attritors for viry fine grinding
used in conjunction wich . A4LL Soourator wir'ch, vhea not 4ir is used, give
a dried classifi d product. The most important and widelv used machine,
however, is the dry pan.

Within the rotating van are set twe Jargre Jiameter heavv rollers (mullers),
which grind on reucwable dead Plates of wear-resicting metal. The rotation
of the pan throws the crushed material tovards the circumference thereby
passing over an area of perforated grids. The diameter o the holes
(typically ! inch) determines the size of particles leaving the pan while
the oversize is fed back under the mullers by scrasers.

The output is determincd by the <peed of rotation of the pPan and at high
speeds (30 revs/min, or more) screening on the grids is less effective. This
has led to incliued grids (Fig. 4) that slow th- material down as it passes
over and rim discharge pans., The 1 tt.r have snlid hottes and a gap at the
periphery adjustable to vary the fineness of gri ‘ling, often about { inch,

80 that mu_h oversize gets througl and therc is a hi_h recirculating load,
perhaps 50/.

In 2rindiug and screening the cfficiency of one process affects the other.
Too much coarse material pPassed through worn grids in the pan overloads the
screen, and ineffective screering results in fines being returned to the pan
for unnecessary further grinding. The oversize from the sereen is usually
returned to the same pan though where therc ire several pins one may be
reserved to grind all the oversize or it may be put through an impact mill
or even rod- or ball-mill to produce a very fine product.

The most cormon size of sereen in the heavy clav industry is British

Standard No. 7 mesh (with an opening of 0.0949 inci or 2.4 m). For stronger

-
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and finer textured products No. 14 mesh (0.0474 inch or 1.2 mm opening) may
be used but rarelv mu-h finer. The simplest form of screen is a perforated
steel plate.  Theeo nec! no maintenance beyed replacement when the holes
wear and may b. cffective if the angle is properly adiusted, though there
is a tendency for a proportion of fiues to be carried along with the oversize.
Piano wire screens have bigh tensile o el wvires strcetched taut the
length of the fraze ¢« ¢ apart to give the openir. ;, required. There are
nNO cross wires sc oversized picces can weds the wires apivt and allow coarse
particles to pass throuyh. The wires in any case evontually break so that
frequent inspection is necessary. Wedge wire screens are more robust and
profiled to allow a particle entering the sprce betwoen two wires to fall
clear.
Rotary screens consist of a rotating cylinder of wire mesh, often in
different combinations of sizes, into one end of which clay is fed, the
fines drop through and the oversize is discharged at the other end. It is
a dusty and ineffective process with less than 257 of the screen area in use.
More and more mechanically or electrically vibrated screens are coming
into use. The woven wire mesh provides a positive barrier to oversize
particles, and electrical heating of the mesh prevents blinding by wmoist
clays. They require no cleaning, only occasional inspection and replacement

of the scrcen cloth when worn.

4.) Plastic preparaion and storape

The most effective machine for plastic preparation is the wet pan (FPig. 5).
It consists of a fixed gridded base around which the mullers rotate forcing
the clay through the grids while the scrapers continually turn the material
in towards the centre and hence achieve good mixing. An area of dead plates
is usual at the point where the feed enters, and more dead plates may be
provided if some true grinding is to be accomplished. The holes in the grids
are typically &4 inches to 8 inches long and { inch to 1 inch wide and the size
is chosen to suit the degree of preparation required. Water is usually added

at the wet pan and other additions may be made tuere, for example barium
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carbonate or body stain.

A collecting dish (Fig. 6) beneath the wet pan provides some further
mixing and cnables the clay to be fed to » sinple point os.to a conveyor. It
is usual to follow a wet pan witl: a series of rolls to reduce the size of
the coarse particles vhich inevitably pass through tie g1ids. Where lime
particles occur in the Cldy Lnis is essentias to minimise 1ime blowing. On
old plants twu or more pairs of meuium specd rolls may be found with the gap
between the rolls of each set smaller than the preceding one and the speed
correspondingly faster to maintain the outrut.  On moderr plants one set of
high specd differcntial rolls is usually sufficicat. “he rolls are set tight
up. The specd of the taster roll is usually 130 to 250 vev/min and that of
the slower 115 to 225 r-v/min but some very high speed rells (up to 1000 rpm)
are now in use. )

Just as hoppers are used to even out fluctuations in the feed of dry
ground clay, so intermcdiate storage is useful for plastic clay. Indeed it
is essential to maintain a constant rate of feed to the pug since otherwise
the output will vary widely. On the continent of Europe souring towers or
"Maukturm" are frequently used. These are large steel or concrete towers
capable of holding 24 hours supply of clay. The material is fed in at the
top and as it passes down the tower the weight of the superimposed material
condition. the clay. Steam tempe ing is sometimes .sed at the top of the
tower so that the material is stored hot and is still warm when delivered at
the base. Discharge is Ly a sturdy worm feeuer in the slowly rotating base.

Minor variations in feed may be overcome by a double shafted mixer before
the pug, but a better means of hopperage is the circular screen feeder which
has a perforated bottom section through which the material is extruded onto
a rotating collecting disc and ploughed off to the pug. This performs an
additional preparative function jn extruding the spaghetti-like pieces of
clay. A siwnilar machine but without the perforated sectlon is the rotary

plastic feeder (Fig. 7). 7Tn both cases monent4ry fluctuations in the output

of the wet pan cause the level of clay in the cylinder to rise or fall, but
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the output from the basal orifices is fixed and adjuctable by means of gates.
Steam may also be added at a double shafted mi-or before the pug. The
purpose is partly to raise the moisture content to the desired value, but
mainly to raise the temperature to about 80OC. Thie Iecads to improved extrusion
characteristics with some clays and it can thus be regarded as a form of
preparation. It is used extensivel: in France and It:iy for hollow block
production especially where the products pass immediately into a rapid drver

where they may be dried in two hours but more usuallv three to five hours.

The products are oftcn cracked, though this is not important in those countries

where the blocks are to be hidden by rendering, but the chief disadvantage

seems to be that, with certain clays at least, a lower strength is obtained

in the fired product,

4.4 Blending of cloys and additives

The blending of two or more plastic clays or clay with non-plastic
diluents such as sand, grog or combustible mitter is best carried out in
a proportioning box feeder. (Fig. 8). This consists of several separate
compartments into which the different materials are placed and the proportions
of each determined by the height of the orifice left at the bottom of the
adjustable vertical gate between each compartment. The box feeder also
functions ac a hopper to provide an even primary feed Dr raw material received
intermittently, or as a secondary feeder of partly prepared material to the
pan etc.

Dry ground clay and diluents are stored in hoppers and blended by
recombining the ouiputs of the hoppers onto a conveyor belt by means of
synchronous feeders. Depending upon the degree of control required this
feed may be by volume through a gate or by weight-proportioning devicas.

For small quantities of material volume proportioning is inadequate, and
barium carbonate and body stains should be added by weight. Manganese

dioxide is now supplied as a suspension in water which can be metered

through a pump.




5.

- 24

After blending the clays have to be thoroughly mixed, and while a wet
Pan with some dead plates provides the most cffective mixing, the most widely
used mixer in the heavy clay industry is the double shafted mixer (Fig. 9).
The shafts are contra rotating so that the knives cut and mix the clay and
Pass it forvard. By choosing the leneth of the mixer and adjusting the
pitch of the knives, or reversing somec, the amount of mixing can be varied.
Dry ground clay cen be mixed and temnmcred bv adding water at the entry end
or by passing steam through pipes in the base of the trough,

Batch production is rarc in modern brick and tile factories but may be
used in some smaller works. A tempering pan, which is solid bottomed, is a
most effective miver since the components are put into the pan with water

and the pan run for whatever period is conziderc! necessarv, when the mixed

batch is shovelled out. An alternative is a pan nixer, designed for mixing
concrete, which consists of a rotating pan wirh a set of knives rotating on an
axis offset from the centre of the pan. This has a bottom opening discharge

gate.

SHAPING

5.1 Hand making

This is the universal process changed ia essence little in 4000 years.
The clay is dug in shallow surfac. pits and may be l.neaded and treaded with
water and use immediately, left to sour for a few days, covered with mats and
allowed to dry out to the right consistency, or even dug in the autumn and
allowed to weather over the winter. The mould tables are set up near the pit
and the bricks demculded onto the ground to dry in the sun. In Europe the
bricks are built several courses into hacks when part dry and such hacks are
covered with a light roof as protection from rain. In the tropics, of course,
no such protection is needed and the bricks may be used dry without firing.
When the bricks are dry thev are built into a clamp on an adjaceat site, or

perhaps fired in a simplz kiln, for example a Bulls trench kiln. The customers

collect the bricks in their own transport.
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Such simple processing <cill exists no* onlv in devel wping countrics hut
also, though more rarely now, in developed ones. lLarger works however win the
clay year round mechanically, process it through a wet pan and deliver it as
clots to the makers tables through a Lintott machine or an Aberson mixcr,
The process may be further mechanised so that all the maker does is to throw
a prepared clot into an already machine sanded multiple mould.

In deveioping countri~s the hind-made p-ocess mn- be ~xpected to remain
the characteristic one for a network of small village workshops growing up

wherever there is a need for a permanent building material.

5.2 Soft mud process

This process replaces the hand moulder Ly a machine, but that apart the
method of clay preparation,drying and firing mav be identical. The Berry
machine (Fig. 10) extrudes clay into a multiple mould producing 4 or 6 bricks.
The filled mould is pushed forward by the ncxt empty one behind and the
surplus clay struck off. The mould is jolted to loosen the bricks and then
inverted over individual thin wooden pallets which enable each brick to be
handled separately. The four mould Berry machine has a ratced output of
1400 bricks per hour. Three machines make a viable and efficient works.

The Lancaster Autobrick Machine demoulds onto pallets and places them
into dryer cars automatically, returnirg empty pallets to the machine., The
Abersen and De Boer machires have nutputs from 5000 to 15000 bricks per hour,
and can also be completely automatic vhen used in conjunction with a pallet
ascender and chamber dryers. Similar racks can be erected in the open air
enabling large scale production to be carried out with natural drying. This

is a process that might find favour in tropical developing countries.

5.3 Extrusion
Extrusion is the process of forcing plastic clay through a die to form
a shaped column which is cut by wires spaced at intervals to give the desired

size of product. This gives it its alternative name "wirecut". 1t is used

to process a wide variety of clays of greatly different moisture contents to
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make all the products of the leavy clay indusories, solid and perforated
bricks, hollow blocks, roofing tiles, flocr quarries, land drains and sewer

pipes.

In its simplest form the material may be hand-won, put through a wet
pan and extruder to producc bricks at 20 to 257 moisture content set onto a
hot floor to dry. At the other extr~me arec tha high'v mechenised modern
plants producing stifr-extruded de-aired bricks at 157 moisture content set
directly on tunnel kiin cars, In hetween are a whole range of processes of
different complexity but all emnloying an extrusion machine.

There arc three forms of extruder, the stupid which is a piston extruder

and hence essentially intermittent in operation; cxpression rolls; and, now the {

only important machine, the screw extruder usually referred to as an auger or

pug. Modern de-airing pugs (Fig. 11) shred the clay in the first section and

allow it to fall through a vacuum chamber which removes much of the air before
consolidating it in the lower barrel. The machine shown has an output of
8~12000 bricks/hour and employs 100 h.p. on the nixer-pug~sealer and 150 h.p.
ca the main extrusion shaft, but up to 650 h.p. in all may be used on some
machines to give outputs of 30,000 bricks/hour. The effect of de-airing is

to increase the plasticity of the clay and to produce a denser green brick
which gives a fired product of higher strength and lower water absorption than
an unde~aired brick made from the s.me clay.

Many types of simple cutter are available for soft columns, but for stiff
de-aired columus a very robust cutter is needed and the most successful is the
reel cutter (Fig. 12). Adjustment of the cutter wires allows different
thicknesses of bricks or lengths of hollow block to be cut, and various patterns
of tiles are readily produced by specialist cutters like the Frey.

The surfaces of the colummay be textured to produce attractive facing
bricks. Soft columns may be rusticated by a wire or steel plate but stiff
columns need the more positive action of wire brusies, rotating blades or

texturing cylinders. Coloured sands and strains may be applied to the

surface, also engohes or glazes.
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Extrusion is the chief process for muoiyg per: Hialed bricks, and apart
from a few pressed in the U.S.A., it is the only process {or hollow block
production. A hollow block or perforated brick die his a bridge piece fixed
at the back from which protrude metal tines on the end of which are cores
shaped to match the hole required (Fig. 12). All dies need to be balanced
to produce an acceptable column, btr hollow hlock dies need more adjustment
than solid brick dies.

The extrusion precess is of great importance. Tt spans the whole range
of technoiogical development. It is used to produce low-strength common
bricks by labour intensive methods and high-strength facing bricks in the
most modern works. It is not suitable for all clays and the characteristics
of the material must be considered. Alluvial clays for example may not be
plastic enough to form a good. column though making excellent soft mud bricks.
Faults can arise in the process, laminations in the extruded column, drying
difficulties and {iring problems especially with dense de-aired bricks.
Nevertheless in the development of industrialised brick-making from a craft

society it must be given ccnsideration.

5.4 Stiff-plastic process

The stiff-plastic machine (Fig. 14) combines extrusion and pressing.

It is suitavle for hard clay and shales prepared by dry grindiag. The
screened dust is tempered in a mixer and fed into the top of a vertical pug
which extrudes into clot moulds on a rotating table. The clots are ejected
from the moulds and fed forward into a press which shapcs the brick accurately
and impresses a frog or indentation top and bottom. Escape holes are provided
in the bottom die plate to allow excess clay to be removed. A repress is
sometimes fitted more accurately to shape the bricks. Stiff plastic bricks
thus have charateristically sharp arrises and are dense and strong.

| The bricks are set direct in the kiln without a separate drying process
and there is thus an immediate saving in labour over the traditional scft
extrusion process. The double press shown has an output of 2400 bricks/hour

80 that one press and a Hoffmann kiln provide a works with the nicely balanced




- 28 -

output of 100,000/weck.  Til. 1u o conver it 8o, sor 5 iocal U ickworks and
there ave many in the colliciy shale areas of Great Iritain.  Modern works,
however, are much larger and the stiff-plastic process 1s steadily being replaced

by stiff extvusion.

5.5 Semi-dry press process

In all othe processes warer is ade d to temper the ¢ ay for making and
expenditure is required to dry it out again. In the sem-dry press process,
clays are dry ground and pressed at moisture contents beiween 6 and 107, though

the largest brick industry in the world, the British Fletton 1ndustry, presses

clay at 207 moisture content. This latter process is most cfficient and produces
inexpensive common bricks of excellent quality. The most usual press is the
crank or eccentric. Une double press produces 1200 bricks /hour. A repress

may also be fitted. There is also a rotary table press which gives outputs

up to 2000/hour but is more costly. The process as a whole is most economical

though as with all press operation expert maintenance is esscntial.

5.6 Roofing tiles

Tiles are traditionally made by hand from clots. The mould varies
according to the type of tile to be made but for plain tiles is a simple
metal frame of tiie thickness placed on a flat block on the makers bench.
The sanded clot 's thrown into the sand i mould so as to 11 it completely and
struck off level with the top of the metal. The frame and tile are slid of f
the bench onte a pallet and the frame removed. The tile is flat with two lugs
which are subsequently bent up to form nibs and nail holes put in with a hollow

punch. Plain tiles are "cambered" either by drying on cambered drying racks

or by placing them face up in bungs of ten on a cambered "horse" and striking

the top of the bung with a cambered plate.

The labour of making may be veduced by extruding bats about the size of
the tileé which are finished by hand in a mould. Plain tiles may also be extruded
with a3 continuous nib and sold as such or special cutters used to shape the

nibs, put in the nail holes and even profile the onds to bearer tails and

other shapes. Stupids may be used for extruding pantiles and shaping them




on special cuttivy tahles atrached,

Pantiles and interlocking tiles are made by pressing extruded bats in
plaster moulds. The process has heen made completely antomatic with the
shaped tiles rewnved 1iow the mouid by vacuvr pads and piaced on pallets moved
automatically to chamber dryers. Dven so the vesnoanics of clay roaving til
production are difficult and ocutput has “allen wmarkedlv in the developed
countries.

The roller=bat process is essentially a stiff plastic procoss for making
bats for plain tiles. Moist clay dust is compressed in the nap betvcen fwo
wheels constrained at the sides by two flanges on the bottom whoel,  The
continuous ribbon of clay of tile thickuess is olled, cut up into tile sized
pieces and repressed, either immediacely or after souring for two or three davs.

Rocfing tiles require better clay preparation than bricks, indeed better
clay. Perhaps the most promising form of nroduction for developing countrics
is the Spanish tile which can be extruded as an oval cvlinder scored at the
sides to break into two tiles after firing. Continuous nib pluin tile
production equally needs little mechanical resources while the production of
single-lap tiles from repressed bats would be expected to follew the establish-

ment of the simpler forms of manufacture,

LABOUR REQUIREMENTS

Since the relatiouship between the cost of labour and the cost of machinery
varies from country to country actual cost figures obtained in developed
countries are not very helpful in considering procedures to be adopted in
countries with surplus labour. Indced direct cost comparisons cannot even Le
made between two developed countries for example Great Dritain and U.S.A.
because the cost of living and hcnce wage rates are markedly different. The
cost of capital is similarly not constant and it is more uscful to compare
the laﬁour content of operations as man-hours ner 1000 bricks. As a guide
the weight of 1000 British Standard bricks (215 x 102.5 x 65 mm) may be taken

as 3 tons and the weight of raw clay to produce this as 4 tons so the figurcs

may be readily transposed ints man-hours per ton.




To provide labour figurcs which may be applicable to develinping countries

the data given have been extracted from surveys carried out in U.K, in 1947(6)

!
and 1951 (7) and do not represent the best possible performance, although for

very large outputs tihey approach ir.

6.1 Winning and Haulave

Table 3 pi -es representative fisui '8 for labour for .verburden removal.

Table 3

labour used for removal of overburden

f Depth of jTonnaga | Han-hrs ! lan-hrs
Yorks | Hethod of rerioval |overburusn  reroved | per toa ver ton of
ft, | per weck| of fired overburden
| products !
I Dragline and dum- f '
per | 6-20 175 0.2 0.2 |
II blasting, excav- §
ator and 2 loirios’ 20 293 0.3 0.6
|
II1 Blasting and haud
loading i 19-44 133 1.0 1.2
)
v Hanc { 1 17 E 0.4 1.6
14 Hand

The highest figures per ton of averhurden are for seasonal works where to

k2ep labour they are emplovad nn this in winter. The most economic method

where practicable is by tractors and scrapers cu contract,

Hand-winning often involves multiple handling, as when a face is benched

Lor example, and the winniug cost alone may be 0.8 to 0.9 man-hours per ton

without loading.

Blasting, including drilling and setting charges, is about

0.15 man-hours per ton, and sorting, breaking ur large pieces and loading by

hand add up to another 9.75 man-hours per ton.

In all hand winning and

haulage will amount to about ? man~hours per ton except under very easy

conditions as in small craft shops with the naking ared near to the shallow

surface pit when hand-winning and wheeling may he about 1 man-hour per ton.

For small outputs of roofing tiles (80 tons/weck) where a weathering curf




has to be made aud redug, the cost of haand-winnive and henlace "+ 3 man=hour=
per ton,

Multi-bucket cxcavators have a very low labour cost, 0.02 to 0.5 man-hours
/ton depending upon the cutput and layout of the pit. It might be expected tlat
the level of ouiput would markedly affect the labour content and it has been
shovn(gxat an e¥oonential curve can be Jrawn for excavator orer.itions so that
at 100,000 bricks/veek output the labour is abour 0.2 van-hours per ton while
at one million per weck it bas fallen to 0.05 nau hours per ton. Since draglines
operate {rom the top, no clesning up of the pit bottem is required so that the
labour for Jdraglines is considererd to be only t:o thirds that of face shovels.
The smallest size of face shovel has an outnut sufficient for 180,000

bricks pcr woek., Two men are rcquired, one driver and one cleaning up. At
S . , (8)
higher outputs better productivity is achivved ax Tabllde 4 shows.,

Effeet o7 ortput on Iabour recniromenta for wi
yAth fnce rhovelsn, {tdanted fren lacer & Groor Ay

v
H

' T
outpnt per veck  Fo.of pen! M.n/1000 !Ii.h./ton !
et ! Fired product
Thousands of Tons of clay
bricks . (approx) ! .
? |
200~ 350 800-1400 | 3 0.6 0,74 | 0.2 -0.11 |
350~ 600 1:00-2400 | 4 0.46=0.27 . 0,15-0.09
600~ 850 2400-3400 5 0.33-0,24 ; 0.11-0,08
850-1100 3400-4400 6 0.28-0.22 | 0.09-0,07
1100-1500 4400-6000 7 0.26-0.19  0.09~0,06
1500-2000 60008020 | s | 02106 ' 001005 |
[ L,




The system of hauiage caployed and the cut: it ef lects the labour

requirements. 1In free-ranzing svetems ane driver is naormally provided for

each unit. In fixed systems tha lalcor depends on the complexity of the

systen. ,
TADLE 5 |
Poss.ible Vaiiacious in .ubous foi Haulage'n)
! Veekly i Havlare Syntem, znd labour Leouired l
Type of Yorks  Output ¢ Sinple “ith Junetion Comvlox . yotem Eand Heul/
' H
' i labour- i1,/ labvowr  K.n./ Labour rioh./ latour . m|
! 11,000 . < 1,000 | 1,000 1
Virecut 96,000 1 ' 0,5 2 1.0 5 L 2.5 | = ‘
Virecut 192,000 1  0.25 2 l 0.5 | 8 | 2,0 | 8
Seiff Mlastlo 85,500 1 056 | 2 | L1z | 4 | 2,24 -
Stiff plastic 156,000 - 1  0.31 2 | 0.62 5 ’ 1.53 -
Seni ~Ary-press 9,000 1 0,5 P 2 | 1.0 | 4 i 2,0 -
Seri-dry-press }192,000 1 0,25 [ ’ 0.5 ‘ 8 i 2,0 8
! ~ ! i i
Note: Man-hour figures are based on the then prevailing 48 hr. working week.

Tecor

with
about

requi

Hand trsmming is very labour intensive, 0.25 man hours per ton has been
ded for distances up to 4 yards. This increases roughly proportionately
distance s0 that it may ve trebled at 120 yards., Hhorse-tramming takes
0.5 man hours per ton over a distance of 300 yards. The labour

rements for hand-barrowing are even higher 0.5 to 0.9 man hours per

ton as the distance increases from 50 to 100 yards. Examples of specific

(9)

systems of different kinds sre given in Table 6.
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TABLE 6
lahour Aneociated vith Specific Laulage Systems

(9

No. of : Labour in

Type of Houlage Lxumples fange of Weelny  20=He/1,000
Syaten Taken Cutputs Rengre Hean

Hand Trarming 1 14€,000 - 0.30
Hand Trecoing and ‘ '

g sm‘la r')” 9 39,”»—158,000 0050'2.73 1030
Band Trerming ond |

Centinncs Lope 4 -154,000=300,000 0,25-0,93 0.68
Hand Tracming and ,

Aerial Ropeway l - 255,000 - - 2,10

Borse and Single § | '

l 8‘,000 ; - : 0.60 :

i

]
]
2

Rope .3 !96,000-205,000 0.42-1.6 0,89

" Sinrle Rope and ! ; ;

Continuous Iope ) S 148,000 - 2.7

looo. and Coxtizous o f

., Mope 2 592,000-6,467,000,27-0.36 032

’higpudccatﬁ:.ru S S 69,000 - . 1,06 !

| Continous Mope . 12 | 85,000-3,67200 0.23-1.29  0.55
' | Delt Conveyor 2 ia'r.ooo-xoz.ooo 0.55-).10  0.83

lorry
Dumper

| 132,000 : = | 0.21
1 t 138,000 | = '0,45

_..._.....,
-
e r——— -
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The minimum labour requircrients for mechanice ] ex: avators and approprinte
haulage are likely to be as shown in Table 7 for varions weeklv outputs of
bricks.

TABLE 7

. Minimum labour requirements for vinnin~ and

-

haulage in N.h./700G bricks, (Manted from tincev & Green)(8)

.y — e

Output per week thousands

PR .

S A BN

100 ‘ 200 500 2000
| ;

Winning 1.0 0.5 0.3 0.2

Haitlage 0.5 0.25 ! 0.2 0.2

6.2 Clay preparation and shaning

The labour associated wich clay preparation may be very small. Om
modern well laid out works there need be none, but one man is often allowed
as a supervisor in case of difficulty and to be responsihle for inspecting and
adjusting the plant. Since the plant may well have an output of 300, - 600,000
/week, the labour could be +s low as C.07 man houre pcr thousand or less than
0.02 man hours per ton.

At the other extreme, hand-waking and wheeling and hacking enables each
man to produce about 1000 bricks per day so that the making charge alone is
8 man-hours per thousand. The preparative element is included in the winning
and haulage which may be 4 man hours per thousand.

The soft mud process using the Berry machine is relatively labour intensive.
One temperer is required and 4 men on the machinc giving a total of 5 men for
an output of 50,000/weck, that is 4 man hours per thousand. Using a Lancaster
machine with automatic demoulding and loading of pallets into dryer cars and
the much higher output of 300,000/vweek, only 6 men are required for preparation
and making to give 0.8 man hours per thousand. Fully automatic Abersen plants
are lower rtill, perhaps only ore quarter of thie.

The extrusion process provides for a vide variety of preparative operations

and the labour content depends upoa the nature of the raw materials as well

as on the output. Thus one man mav be providcd at the primary crusher to bar




down difficult materials or remove lLumps of unwanted stone, “imilarly one

or more men may be provided to sort material on a picking belr. Onc pan

man is usually provided vhether toec pan {s wet or dry, ond in the latter case
on old works a man would b: provided te clean and inspect the screcn. In the
dry process too a temperer will be provided hefore the pug and two men ou the
extruder itself, one on the bow wire cu.ting off clots and vushing them up

to the brick cutting wires where the second man trips the cutter and throws
back ends. Ouc man may also be emploved cleaning up. One man for each
thousand per hour output will be provid:d for toking off. This task vas
usually combined with wheeling awav to the dryers so that one min would pick
up, wheel and set down 500 bricks per hour. The total labour involved for
100,000/week might thercfore be 11 i:en for the wet pan process and 13 for

the dry pan variant giving re;pectivoly 4.4 man-hours per thousand and 5.2 man-—

hours per thousand for preparation and making.

With plastic clays containing no contaminant used for making hollow

blocks the labour could readily be reduced to one pan man, two on the

extruder and two men taking off for the same output of 100,000 brick-
equivalents or about 0.7 man-hours per ton,

For nearly similar outputs the stiff plastic and semi-dry press processcs
are compared in Table 8. One double stiff plastic press is assumed and threce
seni-dry presses.

TABLE 8

Labour for Stiff Plastic Manufacrure (100,000/wk)
and Semi-Jry press process (120,000/wk)

Stiff Plastic Semi-dry press
Men m.h. /1000 Men m.h./1000
Dry pan 0.4 1 0.3
Screen and dust floor 0.4 0.7
Tempering 0.4 -
Taking off presses 0.% 1.0

Cleaning up & press relief 0.7

Totals 2.7




Although the seni-dry pres: vwrocess appears from thi. to be more
expensive in labour than the stiff-plastic process, it can in fact be made
very efficient at high cutputs.

The manufacture of roofing tiles is comlicited by ti large variety
of special shapes made. For simple standard shapes, however, a comparison

is given in Tab': 9 betwcen plain tiles and single lap ti'es, hand made and

extruded. The machinc made output is 250 tons per week, the hand made

80 tons/week.
TABLE 9

labovr for the mrnufucture of roofing tilcs.

R ER——

Plain tilan Sinvle«lap tilea
Hand-made Extruded Hand-...de Extruded dats

. 80tons/wk' 250 tors/uk 80 tons/wk prossed

, : v , 250 tons/wk
Hon Z-Re pan Mo imme TN
| | per . per . per hien or
[ton ' tom | ton P
. : ; ! ton

{ 3

Vet Pan 1 %05 1 0.2
Clot productic. . 0.5 0.2
Souring 0.5 -

Barrowing clots to ’
nakers ?

0,2
10,2

.
i

Kaking

Band-moulding and setting
in racks 10

Cambering end chequorins -

*
Totals 14

If these man-hour figures arc wmultiplicd by three to provide an approximate

equivalent of the man-hours required to produce 1000 bricks it is 4.8 man-hours

’

per thousand equivalent for the best process, thus emphasising the labour

intensive nature of roofinp-tile making.

Footnote: * In all the tables the man-hours are correct for the totals;
the additicr of irdividudl items does rot necessarily apree
in the last place of decimals,




7. COCLUSTONS AdD RECO “TUDATIONS

This paper has described the processes of winning and haulage and clay
preparation and shaping and given cxamples of the plant which is available to
rziry out these functions. The labour requircments given vere taken from
U.K. expericnce but collected at a time, twenty vears ago, when mechanisation
was limited. Modern vorks have a total productive labour requirement of less
than 2 man-hours per thousand Jnd therc ure works producing for less than
1 man-hour per thousand. Such vorks have high canital chorges, however, and
runoing costs and especially maintenance costs are clearly more than on less
mechanised plants. A high standard of operative is needcd, and current
thinking is moving tovards the idea of three shift opcration 365 days per
year in which the shift supervisor is a qualificd maintenance engineer and
the shift vorkers also cssentially supervisors. In this way each shift is
responsible not only for the running of the plant but also for its repair
and maintenance during that time.

The problems with which this workshop has to deal, howvever, are quite
different. While there may be a place for highly mechani sed plants in capital
cities, the general problem is the establishment and oneration of clay building
materials manufacturing plants in African countries where normally there is
plentiful cheap labour and mechanical plant can neither be ~fforded nor
maintained on a large and wide-spread scale. In the change over from a craft
industry to a semi-mechanised one it is the small output low horse power
machine which is of most interest and it is pertinent to consider how the
first stages of mechanisation can be achieved in winning and haulage, and
clay preparation ard shaping.

The size of unit is different. A craft operation is typically 5-10 tons
per day, that is 10,000 to 20,000 bricks per week. The standard sized unit
in the great 19th century grovth of industrialised brickoorks in ILngland was
100,000 bricks per week or 50 to 60 tons per day. At 5 tons per dav hand
winning ad haulage vill remain, althougi hand barrowing might well be replaced

by tipping carts drawn by animal pover.




Fig. 15
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Although stratified deposits may be worked, the characteristic raw
material in developing countiies is likely to be soils and alluvial clays.
Indeed since habitation often tends to he distribuced along the river banks,
mud muy Le a vniversally available raw material. Por winning these recent
horizontally disposcd beds en agricultural tractor adapted to take a loading~-
shovel would provide the first stace of rmechanisation. It is a simple, robust
tool, requiriug the miniven ¢f masitenance and care in handling, and can act
not only as a digyser but alena as a prime mover to tow a tipping truck.

Two men workiog together can win load and wheel for 100 yards, 10 tons
of clay a day. The tractor with even a one-half cubic vard shovel will load
and transport the same distsince 50-100 tons per day. This requires a driver
and access to a mechanic for maintenance and repairs so that taking running
and maintenance costs into aanun:, the minimum total running costs may be
equivalent to the wages of four men. Since four men would win and barrow
20 tons per day the tractor loading-shovel hecomes attractive at outputs
greater than this,

The craft works will employ hand-kncading as the meaus of preparation.

A simplc form of mechanisation for the largoer outputs of around 50 tons per

day is the'sludge pan" or tempering tub (Fig. 15)(5). This is a shallow pan
with a vertical pug attached to the base. The centre shaft carries four arms
that mix the clay and water in th pan and direct it in towards the centre.

In the vertical pup knives attached to the same shaft cut and knead the clay
and force it down to the discharge point at the base. The material is suitable
for hand moulding or for extrusion of bricks, blocks, and tiles.

Tu order to improve the quality of the product some raw materials may
require more prepoeration than  this, and certainly it is important to eliminate
all stones and to reduce the size of any large lumps of hard clay. For this
a pan and nlls are need d, In general it is to be expected that the minimum

preparation rachinervy will he ipstallsd o cnsure an HMGene iz iy,
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The method of making i, alaoe fwportaat.  Cod Bricdhs con be made by
the soft mud process, and the Berr- michine with av output of ashout 50,000
bricks per week is suitable [or small scale mechanisation. 7he extrusion
process is more versatile. Tt enables solid avd povforated bricks, hollow
blocks and roofing tiles to be made and thue mav Lo rmost suitable for a small
works to make all these products in turn ro meat the local mark~t., Although
the stiff plasicic and semi-dry press processes hise the eri: of not requiring
a drying process, and hence tiey can cssily he mule non-scasonal, the high
degree of maintenance required to keep presses operating effectively probably
rules out these processes at first at least.,

The development of an industrialised society from an 2grarian one
requires the concomitant development of infrastructure, - clecrric power,
trained operatives and trained fitters and electriciaus. Corplex plants
to produce high quality products from appropriate raw wterials may be
built in major cities and information has been given on the potentiality
of different items of plant for this purpose. Nevertheless the first
stages of the industrialisation of brickmaking described hers may be found
more uscful in developing a net work of small plants Lo make products of

adequate quality available on a widespread bosis.
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Figure '} Composite drawing of some excavators [ & ]
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Figwe 13 Hollow block die [ 4]

from




- 50 -

14

Mg.

A
-




TR A A
. . N

———

.- —p—— .
[ b e

. - "/'."““‘.""-"'-"'
-"-;" .‘- .
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