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The economic situation of J&- otﬂng :ountrles in Africa is considered
and their present output of bricks and pos ulated outputs for 1980 compared
with Great Britain as a country with a fu'ly developed brick and tile industry.
There is considerable potential demand for bricks and tiles as the countries
develop, and ways in which the industries may bec expanded are suggested.

FProductivity is examined first in relation to the situation in Great
Britain when more labour intensive processes were used, and man-pover require;
ments for various typas of production givea. S.mple improvements are described
and amended man-power requirements listed. Modera, highly mechanised plants
can have praductive labour costs of less than 1 man—hour per thousand bricks.
The capital costs of new works are discussed and the increase in these costs and
decrease in labour costs is demonstrated over the period 1955-1968. The propor-
tion of the total running costs dehitable to each part of the process is given
and compared with costs derived from data suggested by the United Nations
Economic Commission for Africa.

Research and development facilities for a central research facility and
for works laboratories are considered together with the distribution of effort,
8 possible research prograrme, and the dcvelopment of new products. Quality
coutrol tests aud charts are described. Refercnce is given to apparatus and
methods for varions testing procedures.

National standards are important to the development of the industry and the
requircments for a standards organisation are discussed. The principles of
modular co-ordination are outlined and it is concluded that the initiation of
& system of standards is an opportunitv to ersuve that they are all related on
a modularly co-ordinated basis.

While in the sarly years of the development of a brick and tile industry
emphasis nay be placed on production technologv, as the products improve and
the buildings become more sophisticated there is a need for rescarch into

performance in use, and the establishment of advisory facilities for the consumer.
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THE ESTABLISW'G.NT AND DEVLLOPUNT OF ° "'(YC}( AND TLLE

INDUSTRY

The necessity for a brick and tile industry arises from the need to provide

cheap building naterials from which permavent duialie dwellings can be made.
3 &

A demand in short to improve the housing conditions of the people over that

prevailing in nud huts or crude timber <helters.

bance or pote npote) may be aloquate

combination with clav rooting

proof dwellinss and storc b es to he constructed,

firel-rlay brick is better and in

Wiile adobe (bricks en

vand tleor tiles enables damp-proof and vermin-

Other buildiug materials mav simijarly provide good shelter, for example
L R P & p

concrete blocks,

Since cenent is manufactured 1n large ceniral factories it,

or the blocks, has to be transported t¢ wvhere the dwellings are needed and this

may nake the product too cxpensive for genrral use.

However where breeze blocks

are readily avaiiable they may be less cxpensive than bricks for a given area

of wall.
TABLE }

B

Price in $US of bricks and blecks only for 1m2

of 20 cm. thick wall (1965)

- 2 SR B T B s e
Ghana CZZ;Z Mali Nigeria { Togo
- e —— e s - ——f e —e e e bl e o i e
Breeze Blocks
Solid 3.1-4.5 3.0 - -
Hollow 2.1-3.6 2.2-2.712.6-3.6 -
Bricks
Solid - 5.7 5.8 9.8
Perforated | 3.2-4.0 1.9-4.042.2-2.3 2.3-3.0 | 0.7

Niger

8.5-14.2

7.8-10.8

204-2.6

Table 1 gives comparative figures for some African countries (1)

[ Upper
Volta

- -

8.5-14.2

7.8-10.8

6.2

'2.8~3.9

m—

Clay bricks can be made wherever suitable raw material and fuel occur, and clays

suitable for bric: making occur widely.

that in practice most village communities

At woist river alluvium may be used, so

could set up a small local brickworks.

Indeed this may be necesscry since bricks and tiles are heavy and the cost of

«ransport accordingly high.

(D

has noted

The United Naticas rconoric Commission for Africa

that the averaga cost of bricks in Africe is $18 per ton and the

transport cost about 6c per ton par kilometre so that at a distance of 300 km




from the brickworks the price is doubled. While large brickworks may be set

up to serve centres of population, it is not to be expected that the bricks
will be transported far und small craft workshons have a vital role to play.

Mortar materials are also necessary.  Cement production requires large
capital resources, but vacrever linestone or calcium carbonate in any form
occurs lime-burning will enab!e adequate sand-lime mortars to be made. Even
dry walling or bonding with wid may be bettor than ne sizlter, but in considering
the establishment of a bhrick and tile incustrv it is presupposed that conven-
tional brickwork will result.

This requires skitled bricklayers. While simple stinctures are readily
put together from bricke by amatrur craftsmen, the develapment of a1 viable
brick irdustry demands the concemitant development of a building construction
industry aud governument action may be necessavy to train bricklayers. Indeed
it is not to be expceted that a brick industrv will arise spontaneously and
certainly large brick factories to serve the major cities will be set up on
a national basis rather than by individual entrepreneurs.

The rate at which a brick industry deveiops depends upon the total
industrial climate. In agricultural communitics growth of the brick industry
seems to be slow and there is a toundency for it te remain a scattercd collection
of local craft workshops. The development of roads is necessary before the
larger works can come into being to serve a bigger area and it seems to be
industrialisation bringing higher wages which leads to a general demand for
better dwellings and hence for the products of the brick industry. During the
period 1821-1912 in Great Britain, that is the time of the industrial revolutioa,
brick production rose at the average rate of 37, but during the period 1921 to
1938 which was the time of greatly increased demand for private houses, the
areat speculative building boom, - production rose at the average rate of
about 57%.

The U.K. may be regarded ac approaching the ultirmate in demand for clay
building materials. It is a small country heavily populated - 907 of the

population of over 50 miliion is concentrated in about 60,000 square miles of K
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England and Wales. ‘IThe maxiwwem demand for new dwelilings has been put at
500,000/year or rourhly 17 of the population althourh this figure has neve.
been attaiued. For u house of 1000 sq. it. fioor arca (about 100 sq. metres)
assunming all the wali< are constructed of bricks 15000 will be nccded together witt
€.4000 plain roofing tiles. The maximum annual production reauired for housing
alone is thus 7,560 million bricks dand 2000 million plain roofing tiles.
Housing comprises 707 of the tct.i market for bricks so that the maximum
demand for a1l purposes might be about 1100¢ million per vear., This is 200
bricks per head of the popul:tion. The highest total production of bricks ever
was in 1964 when it was 7954 wiliions or 145 per head of the 55
million populution (1769 census). Production is now depressed Jduc to economic
factors and in 1969 was 6734 million or 122 per heod,

E.C.A.(l) collected data for 25 African countries in 1965 and Table 2
shows this with tiv iy projcctions for 1980, Tf Litva ‘s excluded then the
maximum production «f bricks per head io 1980 is only just over 20, In Great
Britain the production was 75 bricks per capita in 1830, it rose to about 90
Per capita in 1840 and remained constant until 1921, when the rate increased
80 that by 1938 it was 138 per head.

Clearly there is considerable potential demand to le satisficd as these
countries develop. The problem is how to satisfy it without extensive capital
investment and purchase of imported machines.

Three stages of production should lLe distinguished convenicntly delineated
by the outputs 5 tons per day, 50 tons per day ana 300 tons per day. 5 tons
per day is a small rural workshop, the uwext stage up from one man making biicks
on his own. The process is hand-making with possibly some simple preparation
machinery driven first by animal power. The aim should be to encourage the
spread of this kind of craft brickmaking together with lime burning for mortar
and bricklaying.

Plants with outputs of 300 tons per day are tacterves located at centres
of population and requiring adcquate roserves of raw materiul and all the

facilities of urban civilisation, power surply, fuel, and a source of trained
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operatives, fitters and electricians. Such a plant may wcll be a combincd
unit supplying a range of clay products, bricks, tiles and sewer ripes and
the investment required is such that it is likely te receive government
support.

For bricks the plant might be soft mud or extrusion, but if it is to
produce several products it will be the latter. The machinery should still be
simple with the minimum of niechanical handling equiprent. Notural drying will
be supplemcnted with heat aad ventilation in the rains to allov the plaut
to be non-seasonal. A continuous kiln will be used theuph a tunrel kiln may
not be necessarv.

The intermediate sized plant of 50 to 60 tons per day gives an output
of 100,000 per week and is the size which formed the standard unit in the
industrialisation of the British brick industry. It is cownsercially small
enough for one man as owncr manager and in Great Britain such plonts were
frequently set up by builders to provide materials for cheir vwn work,

The likely sequance of development scems to be that one or more factor.es
will be sct up in the major cities to previde a higher quality of ware including
specialised products which are required in relatively small quantities, This
is likely to rcquire governmont financial support and .t the same tim- the
government should actively encourage the development of a network of rural
community workshops and the training of bricklaycvs. As fired clav products
become increasingly availahle and the demand rises so it may be anticipated
that business men will take the opportunity of setting up the intermediate
scale factories wherever a large enough market exists or can be scen
potentially to exist.

This combination of a few works and a scattered hand-made industry has
already emerged in some African countries. Table 3 after Horvath(l) shows
the position in 1968. This table refers only to known works fired bricks
and is almost certainly therefore conservative, 1t scems mot to include brick

en banco.



OUTPLT OF MRIC. 'CFY. 137 HCRTW, 0 ¢T LMD ChinAT _AFRICY 1968

Y : T
Country Number of ‘ Outrut of | Hana mxdei Totdd 1tnut Hotes
Bricimverys | bricl s o outuut i knovir: 3
' | ton: /s i tons /v tors/n i
& | | ! : ;
Algeria ' 52 ! 610,000 r.d. | 610,000 © Pius 160,000 t/yr tiles
. i E ’ ‘
Libya - | 18000 3
Korocco 15 120,000 | 60000 | 180,000 i
] : i )
* v e20, 000 .d. evr : . .
Tvnisia ; 50 ', 20,000 ; nec . 270,009 - (rdurian briclvorks undle
Sudan |- ! - ' n.d, | n,d. ~eonsiruction Y7020 t/yr.
! . : ' | Abidjen brieivorke under
Ivory Coust I 2 l 27,000 ; 27,006 ' eonzimiction 5000 t/yr
Dehomey - b 200 . 2,000
Ganbia b ' - - ' - 5
i ) - . ! Includes lislont Lrickworly
Ghana i 16 i 74,000 : 230004/ & 15robile b/wnj
Guinea 4 . 82,000 ‘ "~ 3 brickworks projreted
Upper Volta 2 14,000 ' '
Liberia 2 oo ' !
Ma. ! 1 . 12,000 } ;
i | i . )
Mauret&nia i - i - ‘ - & - :
: ! i
Niger P2 26,000 ’ !
' ‘ : i
Higeria : 2 36,000 i i
Senegal 3 | 12,000 . 4000 16,000 ’
: i
Sierrs Leone - - S ;- |
Togo fo- R | 18000 18,000
. ‘ : , { Low factory under construf
Camerour .2 : ©25 !
ouns o1 5,000 . ned : 2,000 ion a2t oounbk vwith capaddf
, ; 25,000 t/yr
Bragzaville Corgo 2 ' 16,000 . : :
Kinshasa Conpo .« 2 - 32,000 { !
Gadbon (- : - : n.d, ! ;l!undm:.de only
C.A.R, 1 10,000 ,' ?
Tchad 2 . 45,000 . n.d, 45,000 "Including a pro,ect for
: ' moblle brickworla of
, ! 12,000 t/yr.
n.d. = not deterrined
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The concept of mobile brickworks is interestinp. While this must be a
relatively expensive method of production it provides a means of disemminating
an awareness of the virtues of a Ligher qualitv product, and of producing more
widely products other :han the soiid brick. for example, perforated bricks and
hollow blocks. 1In order te promote the manuia.iure and use of better quality,
longer lasting products, howeve:, anotl.r type of infrastructure is needed,
that of cxploration t1or raw materials, research and dvvelopment in heavy clay
tectmology, nationa! starndards and testine facilities to ensure compliance.
Only when such a structure has been built up car a brick and tile industry

be said to be fully establishicd and only then will clay products become the
universal, plentiful and irnexpensive building units that they are in the

developed countries aud the general level of housing raised accordingly.

PRODUCTIVITY AND PRODUCTION EFFICIENCY

In developing countri:s there is usually no shortage of labour, but
rather a shortage of capital to purchase mechanical plant. Nevertheless the
best use should be made of the brickmaking resources whether human or machine
and it may be instructive to cunsider European experience in the mechanisation
of brickmaking processes.

The comparative index of productivity is the labour cost in man-hours
per thousand bricks, (m.h./1000) for other clayware units man-hours per ton.
(m.h./t.). The tables aie based on a 40-hour week except that "Firing" is
taken as three men working a total of 168 hours. The labour is divided into
"Productive" - these processes directly associated with manufacture - and
"non-productive" which includes all other labour, ¢.g. maintenance and transport.
In general the data given are for productive labour only.

2.1 Basic processes

In this scction the data are representative of the manual version of the
rocess, so that while machinery is used for iaking etc. the amount of handling
1] P

equipment is minimal. They are hroadly represcutative of the practice in

England in the days of relatively cheap labour before 1950.
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In the seasonal operation of a hand-made yvard, clav is dug and weathered
over the winter, in spring making begins and the bricks are hack-dried in the
sun and fired inclamps. Five men produze about 10,000 bricks a week, during
the making season. The winter operations which couorise digging and curfing,

removing overburden maintenance and loading from stock have not been included

in the table so that actual labour requirement may he almost twice that shown.

TABLE 4

Labour for handmakiag (Seasonal)
(Output 10,000 /week)

Process Men Hrs. per week m.h. /1000

Preparing and wheeling clay,
and sand 1 40 4

Making (1000/man/day) and
vhecling and hacking 2, 80 8

Skintling, wheeling and
setting, drawing and
loading 2 80 3

Totals 5 200 20

The soft mud process using the standard three-rould Berry machine with a

target output of 1000/hr. shows little iumprovement (Table 5)

TABLE S5

labour for single berry plant
(output 40,000/week)

Process Men Hrs, per week ».h, /1000
ligging and curfing 3 120 3
Vheeling clay and sand 3 120 , 3
Yaking (1 machine) Temperer 1 40 1
Berry 4 . 160 4

WVheeling, hacking and skintling

in sheds 3 120 3
Preparing clamps and wheeling

snd setting 3 120 3
Ireving and loading 2 80 2

Totals 19 760 19
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For @ mech lgrger output of soft mud bricks using the Lancaster wachine

vith sutomatic loading of tunnel dryer cars and a tunnel _kiln, the ladbour

requirements are much reduced. (Table §).

TABLE 6

Labour for a Lancaster Plant
~(Output: 300,000/wk

Process Men Bours /wk a.h. /1000
Mechanical digging and processing
in wash-backs 4 160 0.53
Making : 6 240 0.80
Drying . 4 160 0.53
Setting 18 720 2.40
Firing 3 168 0.56
Drawing and sorting 15 600 2.00
Totals 50 2048 6.82

There are many variants of the extrusion process. 1In Table 7 a simple
form with hand-winning and hot floor drying is compared with mechanised
vinning and tunnel dryers, and hollow block production using chamber dryers.

TABLE ?

Labour for extrusion of bricks and hollow blocks
(Output 100,000 bricks or briock-equivalents/wl)

. Bricks | Bricks  Hollow Blocks

. Bot Floor Tunnel Dryor  : Chanmber >

¥om m.h./1000 Men 'm.h./1000 : Men =,h./1000 T
H ) i }

|
!
|
i

i ‘ * brick eq.
oo i ' ' :
Band vinning and haulage 15 6.0 | - | - -] - !
Beosvator and haulage - - 2 ! o4 2 ' o8 !
| Vot Pun 1. 04 i1 ! o 1| 0. .
Rxtruder 2 o8 !2 o8 !21 o8 :
Vheeling to hot floors | : i
and putting dowm -5 2,0 % - - V- i -
i Taking wp and vheeling ? ;
| tokn | L - -
Tunnel or chemoer dryer . - P - .5 2,0 , 8 1 3.2
Betting 3. 1.2 3 ' 1,2 i 2 . 0.8
| Piring i3 w1 03 L1, 3 1
gnrl.ﬂn‘ is 12 '3 12 2 o8
| Totals 20 8.5 :

V"
R

i WS 19 8.1 i
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It will be remenhered that in these processes the minimun of mechanical

handling is postulated. Thus in the tuwn ! drver system 2 men castle bricks

onto the cars, 2 men ~ush in fu.l cars and assist in pulling dry ones out
while on~ other man returns centies. In the chamber dryver system 2 men at
the pug place pallcts on the ascender, there is a finger car to the dryers
and another from the dryer to the desceder where 2 men place the pallets
in carousel cars. 2 men wheel rars to the kiln and 2 men return pallets
anc ciean up., Only 2 setters and 2 drawers arce required because the larger
size of hollow blocks allows more brick-equivalents to be bhundled.

The stiff-plastic proress using the double press s very similar in
labour content to the better forr: of oxtrusion. Althnugh there is no *

drying operation the dry yrindii~ vreceas takes more lsbour. (Table 8).

TARIL 8

Labour for stiii-rlastic making

...... Srlastic mwaring
(Output: 100,000/wk)
Process Men m.h./1000
Excavator and haulage 2 0.8
Dry pan 1 0.4
Screen and dust {loor 1 0.4
Tempering 1 0.4
Taking off double press 2 0.8
Cleaning up and press relief 1 0.4
Wheeling and setting 5 2.0
Firing 3 1.7
Drawing and loading 3 1.2
Totals 19 8.1

The basic process of semi-dry press manufacture uses 3 presses cach

with an output of 1000/hr. Table 9 shows that the prncess is more economical

of labour than any except the high output soft wud proccss, but it will be

seen in the next section that considerable iwprovement is possible in the

: extrusion process.




——

TABLE 9

Labour for scmi-dry press plant
(Output: 120,000/wk)

Process Men m.h./1000
; Excavator and haulage 2 0.7
Dry pan 1 0.3
Screen and dust floor 2 0.7
Taking off presses 3 1.0
Cleaning up and press relief 2 0.7
Wheeling an! setting 6 2.0
Firing 3 1.0
Drawing 3 1.0
Totals 22 7.7%
2ole 10 In Table 10 the manufacture of standard roofing tiles is shown with a

comparison between hand- and.machine—made and plain tiles and single lap

tiles. The latter provide the maxiium roof cover for the minimum cest, Since
! 60X of the roof has only single thickness cover. Plain tiles on the other
hand overlap so that 8% of the roof has treble thickness and the rest
double thickness of cover.

2.2 1Improved processes

It is not difficult to make immediate improvement to the processes
described above by the installaticn of simple mechanical handling aids.
However the cost of this has to be weighed against the cost of the labour
displaced. A convcnieat yard stick is three year's wages for the man
displaced, so that in Great Britain now it is worcth spcnding.£3000‘to replace
one man. Other countries will clearly show di“f-ront amounts using the same
formula and in developing countriss with very low wage rates it may be imposczible
to show a gain in this way. It should be noted, however, that the mechanisation

of brickmaking lcads also to better quality and less waste and this should

be taken into account.

Simple work studies may enable the tempo of a hand process to be incregs«d
without capital investment. It has been noted (2)that increasing the drawiag
and sorting rate from !000/hr. to 1500/hr. will reduce the cost from 19/-/1000

~ *In all the tables the m.h./1000 is correct for the totals; the addition
of individual items does not necessarily agree in the last place of decimals,
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TARL: 10

labour for roofinr—tile menuf-cture

PRCCESS

 Hand rode
B0 tons /wk

PLALN TILVS

wtruded

250 t ons/ vk

SINGL:Z

Tund nade

AP TILES

Sxtruded buts vnressed
€0 tons/wk 250 tons/wk

21.3

men rh/ton  men wi/ton nen mh/ton men mh/ton

Hand winrin- and

. haulage incivding

wveatherin~ 6 3.0 - - 6 3.0 - -
Freevator winninz andg

weatherin« rope

. Feulace - - 4 0,6 - - 4 0.6
Wet pan 1 0.5 1 0.2 1 05 1 0.2
Clot production 1 Q.5 1 G.2 1 0.5 l1 0.2

~touring 1 0.5 - - 1 0.5 - -
ILarrowing elots to

rekers 1 0.5 - - 1 0.5. - -

. Haking - - 4 0.7 - - 8 1.3
Fand rouldin~ gn1
rettiv; in racke 10 5.0 - - 16 8.0 - -
rying on r»reals 1 0.5 - - 3 1.5 - -
Macing pallets in
f.acerler - - - - - - 2 0.3
Yheelins Lo dryer - - 6 1.0 - - l 0.2
Camberin~ and
C?heque!‘.l G - - 6 1 .O - - - -
Loading and vheeline 2 1.0 4 0.7 2 1.0 4 056
Setting 2 1.0 4 0,6 2 1.0 4 0.6
Firing- Continuous - - 3 0.7 - - - -
or Interritiont 4 2.8 - - 4 2,8 9 2,0
Drawing and Sortinx 2 1.0 4 0.6 2 1.0 4 0.6
“heeling and staeving 1 0.5 3 0.9 1l 0.5 3 0.5
loading 1 0.5 3 0.5 l 0.5 3 0.5

IoY i 33 17,% 43 7.1 41 4 1.6
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to 8/-/1000 even if the men are given an incentive bonus to raise their pay

from 10/-/hr, to 12/-/hr. This is a saving of £300 per man per year. Similarly
changes in layout to avoid unnecessary hYandling mav be cquallv productive,

and the provision of cat walks may enable one man to overse: .everal items

of plant.

Perhaps the greatest single aid Lo productivity is the establishment and
naintenance of the correct output. This is determined by the ocutput of the
critical machine - tha one at which, because of its method or economics of
operation, the minimum variation is possible, 1t will often be a press,
or an automatic settinrg machine. Whatever it is the works should be designed
in multiples of its cutput and a coastant ilow of material maintained to it.

Fluctuations should be reduced by suitable hoppers for raw materials and

A A 4

magazine conveyors for products. The rated outrut of a maclhine is its normal
output when working continucusly. The aim should be to maintain consistently
the target output which is 107 less than this arnd is intended to take account
of waste at all stages of the process, and should not be regarded as an
allowance for idle time.

Mechanical loading of pallets onto dryer cars or stackiug of green bricks
is assumed. Fork-1lift trucks are used for transport and wherc practicable
fork-lift setting and drawing yields ssvings. 0il or gas arc preferred as
fuels becuuse ot the lubour cust in handling coal.

By using simple handling devices and choosing outputs to suit the plant
considerable improvements can be made in the labour requirerents of the basic
proccsses given above. This is shown ir Table 11, aad the effect of output

is shown under the extrusion proceoss where the labour requirement for a plant

designed for 160,000 per week has also been calculated at 100,000 per week.




TR e

PLRIE )

LABCUR RELIMT. LTS ¥R IWPR0VED  TICTeollms

r . Tor:»t C Totald nh/ 1000 ‘
| | outrut/ nen

; weel: !

| Hand made 100,000 %3 14.1 !

Soft mud  Berry plaent claop- ; f

fired 148,000 22 5.8 ;

Aberson plant olunp- ;

? fircd 200,000 19 5.8 !

’ Aberson plont kiln : f

firad 541,000 18 3.6 "

ixtruded Unde ~ = {red, Yolluann : f

fired 160,000 17 ! 4.6 \

‘ Plent as above 100,0G0 13 5.7 ;

i Stiff de-aiped, .

tunnel kiln "ired . 160,000 . 15 4. "

: | !

Stiff i % !

! plastic Hand set and diuvn 18,000 20 . 4.5 ;

! Fori:=lift set and 3 I

Semi-dry | dravwn 198,000 f 12 . 2.8 i

pressed | Hand set : 200,000 ! 23 A !

l | Fork=-11ft set nnd amim 260,000 ! 17 2.8 g

Mechanisation involves changes in the detail of the prnceqs, but in
addition one kind of product may be replaccd by another. The replacement
of the stiff plastic process by stiff extrusion is shown in Table 12,(3)
first vherc the same two sm3111l econtinuous kilns were used, and then a new
plant with a tunre! kila. Th- last cc'v in shows that foark-1lift setting and
drawing in flat-arched lioffmanns is even more economical of ladour.

Some data on non-productive labour are given in this tablc. As presses
are replaced by extrusica the amount of maintenance required fails, but firs:
the tunnel kiln and then the introduction of fork-lift trucks raises it agiin,

Lahcurers, however, arec reduced as mechinical! zids come in.

2.3 Highly mechanised plants

Since World ¥War TT there has Leen a massive improverent in productivity
in brict plants in doveluped countries. In 1247 the Yational Triek Advisory
Council in CGreat Britain provid:d target labour fisurecs for the various

processes, and in 1958 the ritish Cerasic Research Association revised




TABLS 12
EFeCT OF LABOIM P0UIRNTINT OF CHliGTliG

——

THS TRODUCT AaD THT PLOCHSS

]

' A B C D
" _ S
Output/wee': 240,000 240,000 400,000 720,000
wiilf .irecut irecul Vircout
Plastic Tnnel rlat
Kila arched
Kof1manna
1954 1964 1964 (?)
"Parts of rrecens m.h./th. m.h,/th, m,h./th. n.h,/th,
Wiming & Hauloge 1.33 0.4 0.52 0,63
Faking “ 4.80 0.80 0.48 0.49
Setting, Firing & _
Draving 7.78 5,66 2,96 2,28

Total Productive

Labour 13.91 7.60 4.20 3.08

. Maintemance 2,08 0.40 0.96 1,04
| Lubourers 104 1.00 0,60 0.63
| | ’ ’

- Office & Canteen 0.83 0.60 0.36 0.49

. Total non-Productive ?

Lebour 3,95 2,00 1,82 - 2.16

Motal Labour ©17.86 - 9.60 6,12 | 5.84
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these on the basis of their work on the reorganisation nf existing brickworks.
(Table 13)

TABILE 13

- ——— + ———

Productive Labour m.h. /1000

Praocess N.B.ALC, B.C.R.A.
recommendations reconmendations
1947 1858
Wirecut 6.7 - 9.8 4,5 = 5.4
Stifi Plastic 7.5 - 8.7 3.1 - 4.8
Semi~drv Pressed 6.1 - 8.9 3.4 - 4,4

The values qucted put the stiff~plestic and semi~dry press processes in a
good light, but considerable developaeot has taken plaze in the wirecut process

.
1
i

since thon,ant chiis is shown in Tahle 14 vhore the process is broken down for
a number of Liciories built siuce 1962, and coapared with the cariier recommen—
dationa,

Productivity should be considered uoi ozly in terms of labour requirements
but also by the quality of tihe product. Modern tunnel kiln plants regularly
produce 94-977 first quality ware with only 0.0 to 0,4% waste and the rest sold
as seconds. In U.S.A. the vinle production may ho leaded without sorting.

Such a works is the cne-nign plant »f Ceneral Shale at Krexville,
Tenucssee, (4) The output of 630,000 bricts per veek is achieved with only 4
men on each shift in the wmaking plant. There is a "swing" shift of 4 men
for shift clany:over, and vinning and dry grinding lebour has to be added to
arrive at the total productive labour figure of 1.4 m.h./1000. On each shift
one man is a supervisor an! vach of the three men is vholly responsible for
one section o the plant, extrusion and vetting machine; dryver and kiln;
off-loading, packaging machine and fork-lifr leading,  The responsib.lity
extends to mairtcnance and the men change jobs to ensure that they are familiar
with the vhole process. Operating at 600G bricks/hr. the plant car produce
its output in 16 hours per day or 5 hrs. 20 mina. out of cach shift leaving
2 hrs. 40 uina. for weals, adjustments, mainterance, ete.

This plant is essentially a second gencratrion plant, quite different from
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the standard highly mechanised plants elsectere in the wortd., It uses the
simple concept of one high stacking on headers on kiln cars (Fig. 1) in

order to simplify the setting process, but wore iwportantly the unloading
process. By this means it is pessible to pick up a row of f{ired brichks and
place then directly onto a conveyor, whence they procced to an automatic
packaging d -vice. From the stiif ¢« xtruder through to transport the bricks are
never touched by hand, indeed the first person to touch the bricks is the
Lricklayer on site. Az a secondary consideiation the bricks fire more rapidly
because thev are morc equally rxnozed to the hot gases and the tine through
Lne tunnel kiln is only 7 hrs. 20 mins. Since d¢rying time is 11 hrs. bricks
are readily supplied within 24 hours from extrusion.

A more conventional plant with low productive labour requirements is the
new plant of Gebruder Schultheiss in Germeny. This started in October 1966
producing 673,000 bricks per week. There is threc shift operation for five
days, one shift on Saturday with two shift operation of the preparation
plant. The two dav shifts have 5 men on cach, while the night shift has only
2 men because there is no preparation or drawing. This tunnel kiln 1s the
first and only kiln in Germany which is run without any attendants. Vith
2 pen on shift over the wecekend the labour requirement comes out at 0.89
m.h./1000. This does not include winning but the !abour cost of this will be
emall.

The chargc hand on cach shift is a qualified electrician to ensure the
reliability of the entircly automatic plant., Two of the remaining men are
similarly only supervisors over preparation and making, but one man operates
the setting machine and cne man straps the packs of bricks and draws them
directly from the tunnel kiln cars by fork-lift truck.

It is thus readily possible to build a brickworks which will produce
for around 1 m.h./1000 but the level of operative required is high, and the
tendency has been to use trained fitterz at least as shift supervisors. In

addition the capital cost of the works per unit of output becomes higher

as works become more highly mechani sed.
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2.4 Costs

2.4.1 Capital custs ol new works

A — — et ——

The capital costs of building ncw plants arc krown with some preciszion
for U.K., but costs have also been cotlected for a number o7 different works
and Aiffervnt processes in otier counicies. Tne.darn are sivea in Table 15
and include cx-works selling prices. Tor many yuvars in UK., the capital
cost wwas L1 per srick per week, that i £160.000 to1 au cutput of 100,000
bricks per wrek. ¥ow, excluding land, but includine site preparation, access
roads, stockpiling areas, all buildings and machinery with the plant hanced
over in full production the price mav be over £1.75 per brick per week, but
depeﬂhs upon the length of tunnel kiln nécded to fire the clav. Soft extrusion
with drying lies between £1.5 and £1.75 per brick per week while stiff extrusion
is likely to be about £1.4 per brick per week., Lower costs tham this have
been achieved in wany plants, however, and plants in Arierica nerd not be more
expensive than Fritish.

The capital cost is plotted agaivst tiwe in Fig. 2. The solid line joins
the original (1955) cost of works El and the calceulated 1967 cost based on
57 per annum inglation. The plants in the Northern American states have covered
storage areas and move eldahorate processing than those in the Seuthern States
(F & G). The design cost of the new works E2 is thus in live with the cast of
the earlicr E1. Plant Bl is chiefly roofing tiles and hence has more cxtensive
pfeparation equipmeat but the se1ling vrice per unit weight is twice that of
bricks. D is a highly we ~taniscd plant of novel dosipn aind luw GGTPOVET for
that time. Plant F on the other hand . hae {ne lovest man-power requirement
of all and yet comparcs iun cost with the lower KL~“H.U; pYaots.

The incrcasing capital cost is Jue rot onlv to inflat apn but aiso to
greater mechanisation. In Fig. 3 man-pover is plotied against t ~e, The
upper set of works have a separate drying operation, while the Tower su* sre

either stiff extruded and cot direcr rr i Grotine ie g pa toof @ wholly

automatic process. Works K, (¢ and F h.ve serting machiner.
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2.4.2 Running Costs

Actual monetary costs of productibn are not very informative because not
only the efficieucy, but the type of product and «=x-vnrks price uvaries irom

works to works and more from countrv to country. However a co:uparison may be

made by means of the proportion of the total costs of production attributable
to different parts of the process. Table 16 pives data for works in which a
‘complete survey of the process was carried out. The costs have been rounded

off and combined into the parts of the process shown,

TABLE 16

Cost of manufacture as a perceutage of
total cost

F SRR ¢ S 5 B | A v
Handmade . Wirvecut ' Stiff-pleotic Semi-dry iHoofing tiles
tput per year . . press roller-bet process
2 pillion S million S million 13 million 10 million (120C0°
ming & haulage 3.3 . 8,0 9.5 1.2 5.1
ay preparation 6.9 i 0.5 5.0 5.8 : 11.8
ng (and drying) 7.5+ w2 7.0 , 13.7 ’
1 and Power (drive) 10.3 ©17.3 5.5 © 43 : 5.4
tal cost of green ’ ' .
production 48.0 | 38,0 : 27.0 : 25,0 | 22,3
| | |
‘tting drewing & . ; i | ,
firing labour 9.1 | 21.4 5 21,0 . 18,2 23.8
N } .
fuel 5.9 16.6 19.0 = 21,8 31.9
otal cost of firing 15.0 . 38,0 40,0 . 40,0 55.7
‘. ; | |
rheads 370 | 240 B0 350 22.0
Totals ' 100.0 ' 100.0 00,0  100,0 100.0

otal labour costs
abstracted
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The high cost of hand-making Is clear in Works 1. 1In Works II a very =imple
clay preparation sequeuce of mixer and rolls accounts for the low labour.

Fuel and pow=r at Works I ard T1 includes stean for the main drive and drying.
Works 1 uses fork-1lift setting and draving.

It is of course the large differential between wage rates in developed and
developing countries which enables labour intensive processes to continue in
the latter. In a factory in Pakistan the labour requirement is 22 mh./1000,
but this is onlv 167 of the total costs(5)compared witir the 40% approximately
which it would be in FEurcpc. The last line in the table shows the percentage
labour costs abstracted for these processes.

The E.C.A.(l) have supgested cost [igures for the brickworks proposed
for various African countries by 1980. These have been recast and reduced
to percentages of total costs in Table 17. The data presumably reflect the
different conditions in the various countries but the proportion allocated
to labour is surprisingly high in some cases. [he summary figures indicate

the cheaper lalour costs and dearer fuel and electricity in the central region.

RESEARCH AND DEVELOTMENT

The develcprent of a viable brick industry producing adequate quality
of ware depeunds upon the proper exploitation of raw materials resources,
adequate contro! of the process, testing of the finished product, knowledge
of the propertics of the product which affect its performance in work and the
development of pew products, All these factors require prorer research and
development focilities on rhe works or at a central establishment.

3.1 Centra! Laboratories

In nany councries national laboratories, oftcen coatrnlied by the trade
associalinn, carry out rescarch and develapment axy. sonctimes just provide

testing services for a particilar product, Often bricks and roofing tiles

share the vame resources, vhile sewer pipes are a Separate organisation.
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Tn Great Britain the national organisatior is the British (erenie Rescarch
Association which has the uniaue distinction of being the only fully integrated
ceramic research organisation in the world, dealing with the whole of the ceramic
industry as it is understood iu U.K. and having separale divisieas for Pottery,
Refractories, Special Ceramics and Meavv Clav. The responsibility of the Heavy
Clay Division is for hricks an? blocks. roofing tiles, floar quarry tiles and
sewer pipes.

The Association is one of 49 Research Associations in Great Britian which
derive their income partly from a levy on the turnover of their uembers and
partly by a Government grant based on the amount of levy received. Membership
is entirely voluntary, but a large proportion of the various industries, in
some cases over 907, is in membership.

The services providsd besides the rescarch programme, include advice and
assistance with exploration for new clay sources, or exploitation of existing
ones; advice and assistance with processing problems and the optimization of
processing conditions; and an impartial chemical and physical testing service
to provide certificates of the fitncss of raw materials and the quality of
products. Extensive liaison scrvices are maintaincd to evsure that the results
of research are rapidly disseminated to and applied by industry. The Liaison
Officers make regular routine visits to all member firms and special visits
on request for 'trouble shooting" or to iuvestigate user complaints.

The British Ceramic Rescarch Association has a staff of 220 of whom about
one third are graduates, a further third have technolocical diplomas and one
third are technical, industrial and clerical staff. The total budget is about
half a million pounds sterling of which the Heavy Clay Division contributes
just over €£100,000. The turnover of the heavy clay industry in Great Britain
is about £100 million so the investment in central rescarch is approximately
0.1% including the Covernment contribution. While it is true that there is
far more research needed than the budget wili sustain, this kind of proportiocn
is adequate to enable useful work to be done and for s:ifficicnt resources to

be available for it to be accompiished rapidly and effcctively.
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it should be noted, hovover, that the fcavy Clav Division 1s able to

draw on central secrvices provided for all divisions so that the effective size
of the budget is larger. The services include Library and Information, major
workshop facilities, physical and chemical test ng libova*orius, X-ray, clectron
1 probe microanalyser, dircet reading spectrometer for ranid cheaical analysis,
‘

electron ricrcscope, aud other specialised facilitics including publications
and photography.

Not all these are essential to a central laboratory, but there is a
cert1in minimum viable size, Library and information servicis are crucial,
and they must at least provide an effective abstract service. Sufficient
analytical facilities must be available to enable various kinds of raw materials

to be identified and evaluated as well as sufficient eauipment to test the

properties of the different products at various stages of manufacture and

after firing. Basically the central laboratory should be the ultimate
authority on its industry and able to advisc that industry on all matters
affecting production and able to advise government on proposals affecting the
industry.

The total output of the brick industry in developing countries in Africa
(25 ccuntcies) in 1965 according to E.C.A. was about 217 million bricks per
annum worth on average $18 per thousand, this is a turncver of approximately
$4 million or about f£1.6 million sterling. The largest individual output was
hlgeria 91 million, worth therefore approximately $1.6 million or £670,000.
Taking 0.1Z of this yields £670 per annum, and even taking the turnover of ‘
the whole output of the 25 developing countries would give only £1600 for a

regional central laboratory. A higher levy on producers, perhaps 17, would

B

not be unreasonable, .nd levics of this order arc paid to some of the smaller

Research Associatiocns in Great Britain. liowever, the more likely solution :

seems to be that, at first at lecast, the laboratory should be set up and

maintained by the Government,
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In this case it will almost certainly be convenient and most cffective
to locate the laboratory near to other seicntific rezcurces which can be used
and paid for on an as required basis. Thus the laboratorv might be situated

on a Universitv campus, or it might be part of a larper goverrment laboratory.

3.2 VWorks laboratorics

Works laboratories vary in size from one man equipped with a ruler who
maintains quality control records of the diwensions of nroducts to research
and development laboratories as lurge as many central laloratories. Apain,
however, the budrot of the laboratory is usoally some quite srmill proportion
of the turnover of the company, and in Great Lritain at least true )aboratories,
capable of testing rav materials and products, arc not usually found in companies
whose total turnover is less than £1 million so that )7 vould provide £10,000
per year for technical services, It is the {nescapable expense of providing
in-house laboratory facilities which has led to the considerable success of
the Research Associations.

Nevertheless there are some rudimentary facilities which should be provided
on any works which wishes to improve and maintain the quality of irs product.
These include:-

(i) Regular (daily) measurement of sarples of green and fired bricks.
The furmer to detect die vear, tle latter as a checi on conformity
with the stand.ard;

(ii) Moisture content determinations on green bricks as a check on the
consistency of tempering, and on dried bricks as a check on drying
where artificial dryers are in use. Occasional clhiccks should also
be done on raw materials to establish the linmits of variation;

(iii) Compressive strengtlh aud water absorption of {ired bricks.
While it may not be possible to increase the maximum strength obtained,

quality control procedures of this kind should ensurc the maintenance of a

standard and tend to reduce the amount of wvariation.
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3.3 Dis=tribution of roesearch ond dovelo nt etffort

- ———

It will be appavent fror tin foregoirv;, that the jaaciion ol the works
laboratory is to investigate and maintain the quality of the products {rom
a particular factorv., Large works laborarorvies mov oleo develop now products.
The function of the central latoratory s to carry out rescarcin and development
on projeits vhich wilt Le of u.e und benefit to the vhole industry or to a
substantial portion of it, and (o provide advice and informaticn services on
all matters of interest to its industry. Ac first such advice anu information
may well be restricted to raw materials and processing problems but as the
industry becomes morc sophisticated it will be found that the tunics broaden
and the whole field of building construction, including competitive products

tends to come under review,

It is likelv that the only vorks large crough to sustain a werks laboratery
- Ty v

under the conditicns prevailing in develoning countries will be the larger
factories set up in cities. Certainly any woderu factory should hove a quality
control system and such products would set a standard of quality for the whole
industry to aim for. These works laboratorics will assist production staff
in the development of new products for that factory, hut in general all true
research and developrent mav be expected to be carricd ont by the central
laboratory.

The topics suggested for the initial programme for the central laboratory
are as follows:~-

(i) Survey of raw materials rcsources., This would be carried oat in
conjunction with the national geological survey. Tt is not envisaged
that a geological field survey of the vhele corntiy would he carried out,
but rather thai existing brickmaking sitcs would be visited, the clavs
and products sampled and subsequently tested. In this way a body of
information about the existing industrs vould be Suilt vy which, couoled

with information ohtained by the geologrical curvev departrent about

|
|
1
|
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clay sources fournd iu theilr nesnal suiceys, would provide the basis
for the eostablishnent of a more widesproad industreg

(ii) Survey of existing brick making proctice:, and dovelopment of inmproved
methods cither from wisting knowledge er by cxperiment. The improved
methods nust then be discominated to the brickmalers and this implies
a fairly extensive liaison an! advisory service;

(1ii) betcrmintion of the Lest processing methods to use the available raw
materials, sud demensiraticn of tae propertios of the ware likely to
be produced in new fretorics.,  This includes develepment of new products.
This kind of work really requives pilot plant faciliticos and although
these are expensive the knowladge obtuined takes some of the guess work
out of investing in nes plant;

(iv) The survey of the properties of all the products presently produced,
menticncd wuder (i), provides the basic data from which it is possible
to start producing votional standards.  Sach standards must codify what
the user nceds and vhatr it is possible for the industry to make, not
some arbitrary standard fixed only by the wishes of the user. A know-
ledge of the level and variations of the various properties of current
products is therefoire vital, not so that all of them, no matter how bad,
may meet the standard, but rather to find an acceptable average quality
to which all must aim.

These four broad topics will, of coursc, be fairly long term, depending
on the resources it is possible to allocate to them, but this background
information should be obtained Wfore initiating research and development

programmes in new fields,

3.4 The development of ncw products

WVhile cach factory may be expected to develop new products to nect new
markets which it anticipates, development in completely new fields is the
job of the cenrral laboratory and so listed under (iii) above. The basie
products will be bricks, solid and perforated, hollow blocks, and floer and

roofing tiles. FKew designs of block, for erxample, for use in reinforced or




prestressed floor beams, nov well arisc from an individual voris, but the
technical skills necessary and the ahility to test the material are rore likely
to reside in the rentral facilitv, Similavivy the cxistence of clava usetul for
light weight ayerepare production mav emctyze fro che SUTVLYHE,
Truly new products, of course, iwply a fundamental programme of ceramic
research to establish the optivum conditions of wenufactvre. A au cxample,
in Cuba hollow clay blocks chout one mct. v long, 300 ma, wide and 100 mm. thick
are laid horizontally between concrete posts to form the walls of low cost
housing. These blacks are a development from Lhe conventional size of hollow
block. 1In Great Brirain at the same tire research had produced storey heipht
planks of hollow clay, that is a long hollow bloek uved vorrically, ‘These
planks, the M-(; p]ank,(6) are 2.6 m. long, 300 ma, wide, 100 a0 thick, with
507 hollows, wmade, dried and fired as a single picer of ceramic mmd placed
together with a neoprene strip between cach to make a verticsl Jdrv joint.
The problems in making a plank of this length are consideralile and it was
necessary to carrvy out a fundamental cerimic programme on the properties of
heavy clay bodies and how they might be modified by various additives, to
invent and patent a completely new design of dryer and to investigate d'fferent
profiles and systacws of making a dry joint between the planks. The first plunks
vere made in the Pilot Plant at ellor-Green Laborataries, and problems of dio
design and balance alsv had to be solved befere straicht planks were achicved,
It will be clear from this cxample that the development of truly new products
requires extensive facilitics which should be provided by the céntral cstab!ishment,
In general, howcver, it is to be anticipated that there will he many veors
of development of the brick and tile industry to a level of sorhistication equal

to that in alrcady developed countiries, before it becomes necessary to consider

the production of truly novel products.




TESTING
Standard testing procedures must be used. Bither tests alrecady in usc

in develored countries should b utilised or special @ ctheds should be established

by the ccutral laborutory. These methods should be tested to ensure their

reproducibility nd to dotermine the eriors inherent in them. Any standard

requirements can then be fixed in relation to the sccuracy of the method.

4.1 Quality conten] resting

Quality control is a method whereby the results of tests on samples of the
production as parc of a continious inspection svstem are plotted sequentially
on a control chart. The control chart is so drawn that it quickly becomes
apparent vien the process is going out of statistical control.

The basic tests of quality of brichs are dimensions, strength and water
absorption. Suitable methods for determining these are described in
B.§.3921:Part 2:1969, "Bricks and Blocks of Fircd brickearth, Clay or Shale."{7)

Variationg in the individual values of these properties are inevitable, and
all testing makes use of the average of a number of tests on individual units.
The variation may be due to chance causes which are inherent in the process,
and are permissible because it is not possible or worthwhile to eliminute thern,
for cxample, small changes in the quality of the rav naterial, or to assignable
causes which should be ecliminated and which aris~ from abhnormal variation causing
a loss of efficiency. The purpose of control charts is to definz the timits
of the vuriation which is to be expecred hv chanre and hence to indicate those
variations which should be investigated further.

In order to set up a control chart, duta are collected over a relatively
short period of tinc, recorded in the order in vhich thev are oltained, and
then divided into rational sub-zroups. Such sub-greups are srours within
which it is expected that any variation is due to chance causes, and bhetween
vhich assigneble causes v bte o0 ectads Thus data fer difforent row raterials
or from differcat works cannot be cormbined into rational sub=grouys. Typical

rational sub-grouns might he samples taken cn dificrial davs, or a series of




results divided into convenicut groups, for example 100 readines divided into
20 groups of 5.

The mean (})and range (- ) for each group is calculated and the grand
mean (X) and .verage range () for the whole. Tiow: this the eioadard
deviation - may be calculated and for snall greves (ap te 12 i~dividuals)
this is convenicntly done hy dividing the range bv a v.lue ohtatued fron
statistical tables which varies accordine to the nmder in the proup (n)
and for n = 5 for ezample is 2.326. Charts ave then drawn for the nean
and range separatcly one undev the other on the sawe shoeet ondl control

. 4a limits inserted. (Fig. 4a). For the chart of =—cans the centr ' value is
the grand mMean aud the inner control limit js drawn ar Xt 1,96
and the outer contiol limit at Xt 3,09 - Tt the process s 1n control
there is a 1 in 40 chance thal succeeding groun meas will fal) ocutside the
inner limits and 2 1 in 1000 chance that they ill fall outside the outer
limits, In other vords 1 in 20 are to L reypested to lie catside either eh -
upper or the lowcr inner control limit and 1 in 500 will fall outeide eitder
the upper or lower outer control limit without this being due te the operation
of any variatiom other than chance. If ;roun means fal) outsine these linits
more frequently then there is some assignable variation to be investijated, .

On the ranpc chart the control linits are not sysmetrically distritaied
about thie mean range and the position of the 1:40 and 1:1000 lirits is fouud
by multiplying the standard deviation by factors found in statistical cables
which very according to the number in the group.

If the points on the average chart po out of centrol whilc the range chart

remains in control, this sheus that the syster 16 fnierent!y can hle of

PUR——

operating satisfactorily, hut some special factor i, causing the fean Lo sndw,

—

g. 4b (Fig. 4h) An euaple is die vear causine lurger brichs to be rades [ tne 3

1
. : — . ¥
vange chart goes out of control on the other hand «uile tae averares refuin ?4
at the sime ccneral Toeve ]l then there el S vent o TonT U Th LT YO LUAs
8- 4c  (rig. 4c). This mieat, for exaaple, bo vear in tw timing sec anisd of 4 i

automatic cutcer so that bricks of dJiffer nt hivioneses rusult,




The corotrcicn of comered chorts the oot tae anlurent variation

of the proceas abon 0 L, ve St a ce s dacdy In thiis case the wognitude
of the viri ticy ror e 0 thar - onre e P aedard deviation found,
but therce is wnother o oy : ‘ ' ot ch sunecification s 1atd
dovn which the rodeee v ot = 000 0 b o the aver e ie defired and so

are the li~its, Suc™ 3y aualir: ~entret cehess for dimvasticons 1§ described

in B.S.392..

The berefits ot facf vreer 1 ' ) tes md the uze of control charts
are considerabic, UL charts provide an Casiiv read visual record and show
irmediately short tor o oad Jeng o trends of choangpe. bepoartures from the

noris are readily (dentitied cnd Gotion may b (alten to eosroct the fanlt

belore too roeb rejoce “viorial hos been piodiocd. Lven theuprh a test on a

.

smal) sarple compliice with a specitication, t'i+ 13 no ~usrantee that the rest
do. _wilh statinticalbly controlled preduccia ., Locever, tae leovel of quility
is known accurately anl the specification 1174 with vhieh it couplies inay
be artated.  The importooe of quality control on the stroa-th of bricks has
been confirmed in the draft revision of the Pritish Stondard Cede of Fractice
C.P.110:1964 "Structura] Becormendntions for Lead=Tearing Valls” (31) by the
acceptance of higher purniccible ctrecses in ioad-bearing brichuork when the
bricks supplicd are subject to a qualit: contlinl testing scheme, The control
chart is o1 course all i:jortant vhon an atte st is being made to bring a
process uader contrel or to assess the affect of changes in the raw materials
or process. khon tie nroecss is brought mmder control tcstin; is reduced to

a minirum,

6.2 Cemtral aostin: cariiies

Central testing scivices have two irportaat functicas. They ecanble
personncl and cquinnnat to bo proviled to carsv sutl a wider ranre of teats
thin  con booLevn aiabed dn dnn i donY aeopt g Pilvsratories, and b v oroavide

A sCrvice andipenceal of ooracticeTar anefacinoos 8o thal the tests ere $ecn

to be impartiol,
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The range of tests to be carried out is considerable and hence the
facilities required. Mincralogical equipnent will be required, including
X-ray facilities, for the exumination of raw materials and fired products,
but a great deal of informaticu is yielded by the somewhat less sophisticated
tests which make up the "Clay Report”" carried out by the Testing Department
of the iritisi Ceranmic Rescarch Association. The tests include: mineralopical
examination; chemical aralysis; particle-size determination; making characteristics:
drying characteristics, volumetric drying shrinkage, empirical drying test;
shrinkage under lord to deterwine the optimum firing temperature, fired
strength, water absorption and volumetric firing shrinkage; and fired colour.

The results are cvaluated in respect of the manufacture of different products
and suitable processes recormended. The various test metheds have been
described. (8,9)

An analvtical cliemistry labordatory is required not only for the examination
of raw materials and additives, but alro for the determination cf soluble salts
in products and associated materials. It should also be capable of carryiny
out other tests which provide information useful in the investigation of
brickwork failures, for example the compositioa of mortar and the determination
of calcium sulphu-aluminate in cases of sulphate attack on mortar. Rapid
methods of silicate analysis are available.(10)

The physical testing laboratary should be equipped to carry out all
standard tests including those, for example, strength, also carried out on
the works. Thus it can provide a refcree service in cases of dispute between
manufacturer and user. It need hardly be emphasised that the equiprent must
be of the highest standard, easily capable of carrying out the test requircd
and regularly serviced and tested by its makers. The central facility for

compressive testing of bricks in Great Britain (Fig. 5) is a 500 ton capacity

. 2
machine thus able to test bricks to destruction up to a strength of 28000 1bf/in

(c. 2000 kg/cmz) and is itself tested and certified as a Crade A machine every

6 months.
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In summary the centra] testing scrvice must be equipped to carry out all
the standard tests relating to its industry, desirably it should also be able
to test other products used in association or competition and if possible there
should be sufficient flexibilitv in the service to be able to carry out ad hoc
tests to solve particular problems and to develop new testing methods appropriate

to local conditions.

STANDARDISATION

S.1 National Standards

National standards for building materials provide or. the one hand a common
form of specification to which all purchases can be made thus safeguarding the
customer in terms of the properties which he has specif{ied and safeguarding
the manufacturer against subscquent claims for properties which are not
specified, and on the other they form part of an interlocking framework
of regulations vhich ensure the safelty and general adequacy of buildings.

This place in the control of building has been weil summarised11)and the
figure is reproduced here. (Fig. 6)

The guiding principle of standardisation is "the elimination of unnecessary
variety", and the classical sequence of steps in their production is Catalogue
Classify: Simplify: Standardise. T.at is, collect the necessary data: arrange
it in a logical sequence: eliminate unnecessary variety and any inconsistency
and correct any inadequacies found: publish the standard and publicise and
promote 1its use.

In order that it shail be effective a standard must deal with a real need
provide a solution acceptable to all conccrned aad finally it must be used.

It is the last which is the most difficuit to ersurs in countries where a
standards organisation is only just startire, and trade associations play a
key role in pressing for standards to be published, providing data and members
of the standard committee, and In nudlicicinz ard Hremoting the use of the
standard among their memb~rs. There 1s of course a certain level of commercial
activity vhich his to be reached before individuazl companies will join together

in 8 trade association and it seems likely to br recessarv for the same level
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to be reached before stindardisation cau boeonie effective,

The first standards should undoubtedlv be simple, it may be sufficient
to do no more than standardise dimensions, here are still a number of British
Standards which are "dimensions and workmanship only". The workrop:ip clause
may be no rmore than ". . . shall Le reasonably free {rom cracks, large stones
and expansile particles of lime . . ." but this is sufficient to sct some
minimum requirement. it should be emphasised tiiat staadards should he realistic.
They should reflect the current lrvel of techuology so that far from setting
limits difficult for the manufacturers to attain they should standardise the
average quality that 1is available. Subsequent rcvisions may bhe expected to
raise that standard.

Standard products should command a higher price than non-standard and this
provides an incentive for all mekers to conform. The universal availability
of bricks aud blocks of standard sizes leads to more uniform and efticient
building and tends to reduece building costs since accuratelv dimensional
structures are more readily built without cutting and botching. bBricklayers
speedily learn to dewand the more rcgular product that enables them to lay
more bricks with less fatigue and thus a market is created for the standardised
product.

Once the concept of standardisation is accepred, a¢ the industry develops
g0 it becomes possible to fntroduce more complicaied standards in which the
~voperties of the products which affect their behaviour in use are alsc
specified and standard test methods laid down. FRarcly will it be nccessary
for developing countries to initiate their own standirds since they can use
the extensive range of British, Europcan or Amcrican standards as rodels and

adapt them to local conditions.

5.2. Requircments for a standards organisation

In developed ceuntrics the staniards orgaaisations are well established
and interlinked throuzh the International Standards Organisation. It should

be noted that while in some countrieg standards and codes of practice are




uritten by professional b:dics [for example by the Danish Association of
Ingineers), the British Standards organisation merely provides an administrativ:
nachine which sets up and services committees and publishes the standards they
produce.

The content of a Britich standard ic determined by the merbers of the
commitree writing it that is % indu-*~» and hv the users and not by B.S.I.
staff except that rhey perform an ¢diting function for the sake of consistency.
"hus the standarde are as :ond as those aible ind willing to serve on the
appropriate cormit’ee.

The composition of the comnittee is ‘ntended to tebresent all the
interested parties. usually by members from trade associations rather than
individual firms, but research organisations, Bovernment laboratories,
government departments and universities are also represented. Thus the
Jritish Ceramic Research Association has rembership of all ceramic standards
:ommittees, providing the Chairman in some cases, and it is to be expected
that the central laboratory would be represenred on any standards organisation
in a developing country in crder to advise on the technical content of the
szandard and to experiment with, and where necessarv devise, methods of test.

Before a standards organisation can re set up the need must be apparent.
Iz is desirable that it should be separate trom government in order to mainta:
a wholly impartial appearance, put it wmay well be supporte. by a government
grant. The governing body will be eminent men and the committees at first
chosen carefully to represent fully all the various interests involved.

The various government and industrial laboratories have a key role in
assessing the effectiveness under local conditions of test methods used in
other countries, and of providing the technical data on products which enable
the standards to be formulated.- Technical backing of this kind reinforced
by advice from professional engineers and architects is essential to the proper
functioning of a s-andards organisation.

Some form of trade association is required to provide a consensus of view

of all the producers. If no trade association exists it may be possible to




achieve some progress by having representation from the largest makers on the
grounds that they are the leaders of industry and where they lead the others will
follow. Similarly organisations whica represont bodie. of users, for examrple,

builders federations, professional associations, should Le invited and where

these do not exist tiie second best ot the rost important individuals must again

be chosen.

The basic requirement for :ctting up a standards organisation 1s a panel
of qualified impartial cxperts who can assess the relevance of existing
standards in other countries to the situation in their own. This apart the
two chief obstacles in a developing country may be money to set up and maintain
the organisation, and the practical problem of disseminating standards widely

in conditions where literacy is not universal.

MODULAR CO ORDINATION

Dimensional co-ordination is defined (12)as
"“The application of a range of rclated dimensions to
the sizing of building components and assemblics and
the buildings incorporating them."
It implies a reduction in the varietv of sizes of componcnts and the ability
to fit them together on site without modification. Such modification was
reported by the British Ministry of Works in 1954 to result in vaste of time
and material amounting to S-157 for brickwork, 19-21% for partition blocks,
31-37% for plaster board, and 11-45% for timber (13),
Modular co-ordination is (12)
"Dimensional co-ordination using the international
basic module, multimodules, sub-modules and a modular
reference system."
It is not new, Fred lieath an American engincer suggested a standard building
module of &4 in. in 1925, althcugh A. F. Bemis in "Rational Design" 1936, is
usually thoughtthe originator c¢f true dimensional co-ordination. However,
Professor Tine Kurent, measuring excavations at Emona (Ljubljana) in Roman

feet (29.57 cm.) found simple multiples and sub-multiples of the foot in the
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relations between the buirding components and the Luilding spaces. It has been

suggested, thercfore, that Vitruvius in "On Architecture" used "commodulatio”

to mean "modular co-ordination" (14) !

The original 4 in. modulc was chosen because it was related to the 4 in.
timber studs usaed itn American houses, but in the early 1940s Bergvall and
Putilbery, in Sweden sugypested 10 cm. as the metric equivalent. At the same
time Germany suggested a 12.5 cm. module. The Building Research Station in
England between 1954 and 1961 worked on a systew f preferred dimensions
shish fnvgived 3 in. and 4 in, and the brick industry wished to have a flexible
system based on 4} in or 3 in. The change over to the metric system in the
construction industry in CGreat Britain will be complete by the end of 1972 so
that apart from Germany the 10 cm. module now has complete acceptance in
Europe. This basic wodule of 10 cm. is represented by the letter M.

Since dimensional co-ordination involves the dimensions of both the
components and the rclevant building space, full modular co-ordination would
mean that both all the components and the sizes of walls, floors etc. and the
dincnsions of rooms, windows, doors etc. are modular. To be modular means
that the co-ordinating dimensions are multiples of the basic module M.
Cor-ordinating dimensions arc those which affect co-ordination with other
components. For exannle in a door set tue exterior dimensions of the frame
are co-ordinating dimcnsions but the interior dimensions, i.e. the door, need
no. nccessarily be modular. Thus modular co-ordination is a dimensional guide
to both the manufacturcr and the desipgner.

The use of moduluar components enables the design to be carried out on a
grid in which the basic module or some multiple of it is used as the distance
between grid lines. 7This simplifies the work of design and is claimed to reduce
the nunber of drawinss necded. International agreement has becen reached on the
choice of multimodules, and for horizontal dimensions they are 3, 6M, 12, 15M,
30, 60M. The first tvwo, 3 and 6M are intended for housing and the last two

30M and 60M mainly for industrial buildings. 1In vertical dimensions only 1M




is asmveed wencra’iv oos the leoremeats! Lien for bouding with 6M for industrial
and agricultural buiitdings. Since floo- hicinessc, cannot generally be
wodulur, torer heights and room heiphts cannot both be modular, and the
vertic .l co=evdinating Jim .~ion is the sterey h2ight chosen from 26M, 27M,
Z8M, 304,

In U.K. the basir sizcs for rhe en-~rdinating dimensious of components
and uassemblics in d. :-endine order of pro crence are: (15)

First: pox 300 am,

Second: n x (0C pm.

Third: n x 50 wm. up to 300 rm,

Fourth: n x 25 mu. up te 300 mm.
where n is any unatural nurbher including one.

Bricke are made in moda)lar form in which the co~ordinating sizes are
300 » 100 x 100 ma. and 200 x 100 x 100 ma. giving, with a 10 mm. mortar joint,
work sizes of 290 x 90 x 90 mm. and 190 x 90 x 9C mm. but the British Standard
co-ordinating size of metric brick is 225 x 112.5 x 75 mm. This is only 1.6%
smaller than the Imperial brick 9 x 44 x 3 in. and th: joint of 10 mm. is 5%
larger than the § in. one. This brick meets the {irst preference horizoncaily
at 900 rm. = 4 x 225 mn. and vertically at 300 mm. = 4 x 75 mm, Since the
standard storey-heipght in housing is 2.6m, 34 courses can readily be made t6

fit by minor increases in some of the joint sizes. The brick has the great

merit of maintaining the ratios of 2 and 3 in that length is twice the width

and threce times the thickness, etc.

Modular co-ordination must take into account a system of tolerances to
accommodate the dirensional variations found in practice. These are:

Manufacturing tolcrances, vhich limit the deviations allowed to occur in

manufacture.
Positional tolerances, which limit the aount a component may deviate from its
designatcd position in wor
Joint toleranc- s which limit variations in joint thickness.
The advent of tetr.catio.n has er hied Bricish Standards to be revised to

take account of radvlar cr-ordination. Iu countries where no standards exist

|
+
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thercfore sn opportunity is oficred to develop standards which ara all releted
on a madularly co-ordinatad basis. Its protagovisis believe that such a scheme
would lezd to significant cconomies in building withour detracting from adequate

freedom in desiyu which Ui acchitect deoands.

7. USER RESLARCH AXD ADVICE TACILITIES

In the early vears oi tho develupinent of a brick and tile industry,the

emphasis may rirhtlv be plased on the dissemination cwd improvemrat of process

technc osy. Tu Laure the masimus and most efficient utilisation o the preducts,
however, some form of usc. rosearch and advice facilire sheuld be provided. As
the products rise in quality and the bLuildinge becrme more sophisticated so
the necd fer :escarch inta the performance ot the products in use becowes ore
important.

This task may well be acsigned te the centrai research cstablishment and
the distritution of informarion about gord [ adtice in both pacduction and use
carriod out by the liaison department. CGood practice needs to be codified to
be heeded, and the issue oi Codcs of Practi.~ wil: te a task for the standards
organisation. As both the manuficturing and construction industrics develop
80 trade associations muv be expected tu be formec and those of the manufacturers

may provide advice te thelr customers and support research programmes at

universities and elsewhere which scek to provide data for the more efficient
use of the products of their members. The research and development depacrtments
of individual companies or ygroups of companies will provide similar data on
tueir own products.

Such activities arc economically oriented, they arc essentiallv publicity
; exerciscs scveking to increase the share of the market for the particular product.
There is nothing i-nroser in this, and in developed countrics such activities
form a viluahl> part ol the total resecarch scene. There is, however, a nced
for some quitce impariial anthavity concernnd with the safety, healtn and well-
being of the inhaliitants of the dwellings. This must inevitably be govermnent

sponsored.
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Thus there has grown up a vetword of Luiiiing
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G2 Capital Cost of New Brick Factories
1955 10 1968
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