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INTRCULCTION

This Guide to the Tvzluzticn and Specification of Reck
Detrosits for Suildiné Material Froduction is the sequel tc
the author’s Guide to the Geolcgical Investigation of Rock
Deposits for Building Material Production, which was issued
as Technical Report No,15 of Project INS/74/03L, Zandung,
in February 1977,

Although this Guide is written épecifically with the
commonly available Indonesian raw materials in =mind, it
should be applicatle in cther zreas where similar materials
cccur, From the author's experience in South American
countries, as well as Indonesiz, there are too few, if any,
geologists and chemists, etc., who have the knowledge reguired
for assessing a non-metallic rock or mineral derosit as a |
potential source of raw material, The reasons for tnis are
well knowsn and this Guide is an attempt at dezling with c¢ne
of the factors, namely the lack of available literature oz -
thesubject, (The other fyctors will resolve themselves if
governments of industrializing countriesz would ersure that
the aprropriate emghesis is put on the industrial rock and
nineral sector relative to that for the petroleum and
metallifercus sectors,)

There are, of course, books on the products, such as
cement, lime, heavy clay products, etc,, which have charters
on the raw materizls, There are 21so some uszful papers such
as Vladimir Lach's Testing and Zvaluation of Brick Clays
(UMIDO Paper : ID/%G,.16/2), which consider individual
materials for a specific use, What until now zppears to be
lacking is a reference book which 1s directed at tae geclogist
working in an industrial research institute for the building
matarial and construction industries of a developing country,

Much,of the work will be participation in raw material
inventory éurveyé, usually with theg geological survey, and
more detailed assessment of particular deposits on' which to

- 2 -~ base a2 project ,..,.




base a vroject for productisn of a speci
material, For this a rroper procedure of evaluation has to

be conducted which is based on knowledge of the varicus
processes for building material productiorn, the specificaticn
for the raw m-zterials and the minimum reserves needed for a
particular production capacity, This is described briefly

in the chapter on ‘Prccedure for Preliminary Evaiuation®,

The approach used in the subsecuent chapters is to
consider scme of the.mcre.common ncn-metallic rocks or
rinerals (limestones,ratural rozzolanas, clays, shzles ang
soils, river gravels, industrial sands, etc,) and, for each
of its potentizl uses, discuss the gquality specification
and the reserves requirement, Thne third impcriant evaluaticn
factor, cost of the specified raw material delivered to the
production unit, is included within section 3.6, 2nd, in
more detail, in Section 4,3,

There are numerous otheér raw materials, not necessarily
alli available irn Indcnes
included here tut will have to awaii a revised versicn ol
thiz Guiie, These are not c¢=ly otner naturally occurring
inorganic materials but s13c Lv.dustrial waste or by-przduct
materials such as phosgic-gyps'va, siags, fly ash, stc,
well as scme of the agricultural wastes such as rice nusks,
etc, The sources of all these potential raw materials for
use in tuilding materizl production can be evaluated mest
appropriately by consicering them ‘’geologically’ ard applying
the type of assessment procedures described in this Guide,

ia at pressnt, which could be
- ’

o
[

Beiore making the decision %o use a particular ceposit
as ore of the raw material sources for & projected new build-
ing materials factory, there are three main factors that have
to be known eaoout it, Tnese are : -

The.,quantity of the material and its performance
data, preferabtly following a full=-scale trial,

= 3 « The proven ,....
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The proven reserves available,

The cost of the material, delivered to the factory
and ready to enter the process,

There are other considerations, of course, such as tie
granting of planning permission to work the deposit anrd any
capital costs such as for constructing an access road,
bridges, etc, for trucks and equipment to reach the dejosit,

The raw matsrials for menufacture of building matsria:
" are commoznl, of low bulk vslue, This means that transporta-
tion charges may become a large and unacceptable proporticn
of the delivered cost for the raw material unless tre
derosits are conveniently located in relatiocn tc the factery,
which itself must be correctly sited with respect tc tie
intended market, (The various items to consider in cloosirg
a site for the factory are dealt with in the author's
Technical Pzper No,13 “Factors in the Selectibn of a 3Site
for a Factory for Building Material Produeticn®, Preject
g - I¥Ss/74/03L4, Bandung, Dec, 1977),

< 2, RA% MATTZRIAL INVEHTOXY SURVZYS,

One of the earliest tasks of a newly estiblished
geological section attaciied tc an industrial research
Instituts (IRI) is to compile .an inventory of rpotential
raw materials sources throughout the ccuntry. bass=d cn
region (or province) and rock type.

Normally, the basic data required will have been
compiled by the natiovnal geological survey office in the
course of its field and laborztory work for compiling the
complete geological map of the country, eventually cn a
scale of 1 : 50,000, Regular liaison with the geologiczal
survey offi.e, especially its non-metallics section, and
colxahoration in surveys of potential raw naterials such

. ' ' -4 - as limestones, ....,




as limestones, brick ciays, etc,, may provide sufficient
iritial geolegical data with which to advise proviicial
planning and industrial development offices on the possidi-
lities for development of the local building materials
industry.

I{ inspection and initial evaluation of deposits in a
province is to be carried'out. it should be done with full
krnowledge of reievant previous survey work ir the arez and
in company with one of the geological survey staff who has
been there,

During inventiory surveys there is not time to do mere
thar mzke a brief inspection of the derssits, with an
aprroximate estimatisn of the mirimum 'visible! and possible
maximum volume of available material and collecting one bag
of material for each principle lithological type seen, 5 to
10 kg, made up of smail samples from several places to make
the overall samples as representative as possible, .

The field data, ana z note of any laboratory test
results, should be recorded carefully ontc a2 Raw Material
Locaticn Rerort (RMLE) and storad in a simple reference
sysien under ‘‘Rock Tyve  and 'Frovince’, This systez iz
exrzlzinsd in the author's Tachnical Rezort Yo, 15, menticned
earlier, Soms of the data may be put in reporis written at
the reguest c¢f the maragement, etc, but these cannot effs
ively substitute for the individual depoéit or lscation
regort sheets (RMLR'S), After a few yesrs, the nunder of
reports issued will be t00 meny for repid and effective
retrieval of the particular data that is =sked for, Eventucl-
ly, orly a computerized datza stor:ge system will be able to
handle the information ¢nd the use of a data card (ZHLI

'system from the beginning will fecciljtate the eventia

transfer of the information to the computer, -

-5 = 3, PROCEDIRE FOR ..




5. EROCSDURE FOX PRELIMINAR. EVALUATICN,

-
axX. X

The typical situation under consideration here is dealing
with the request from an industrialist or a government
industrial planning departmert, for assistance in selecting
suitable sites for establishing new factories to meet the
future market demand, In the case of new cement or lime
plants, it means locating suitable deposits of limestone wit
the possibility of building the factory close to them. The
same applies to projects Jor brick or tile production, wher
adeguate resarves oI clay or snale of the right gqualily navs
to be found with the possibility of establishing a factory at
the same place, '

(1]

3.1, Information abcut the Prsject.

The first step is to confirm tae relevant details cf the v
project by means of a meeting with the manzger in ciharge “
of the project, Technical Tarper 1Mo,13 describes tiris ~nd

the following is the check-list of data for ‘he briefing

of the field survey verscr "~ :

Approximate locatica for the tzctory  —  ~
. Raw material quantities nseded and preferred
characteristics or zinimuxm specificsaticn,

Probeble productior cagenity and types of rrocduct,
Operating Life, '
Froposed market,
Process chzracteristics,
Any effluents, .
Weter, electricity, manpowver, etc,

- Land erea reguired fZor the factory (ir hectares),

5¢2, Zhamination of Available Data, .

. One o. two da,ss should be spent inspectiiig vorious
maps.sach as the 1 : 100,000 and 1 : 50,0C0 toposraphic
maps,the available geological maps and =iy land usc maps

. @6 -~ as well as anyY ...




as ®well as any pub ed developmsnt
generz. area, The informatior obtained will considerzbly
reduce the number of pc~sible locaticns which have to be
insvected in the field, The csllaboration of locally
bzsed geolcgiczl survey perscnnsl at this stzge can be
kighly beneficial, Likewise, the possibility of unfcre-
seen develooments such as p;oposed reservoirs,naticnzl

T mra Lo P
nians for the

parks o= restricted military zones can be lezrned by
discussion with the develcnment planring verscnnel in
the loczl gzovernment office, The exisztence of small
traditional building material industries in z psrticular
area may sugzggest the possibility of zuitable rzw materi-
al being found there, Usually, thcugh, the small ick
and tile factories are using conly the thin surface clay
layers, Thzse may be all that exist and any deeper clay
materizl, upcn whick modern plan“s have to be based,
oftern will be of inadsgqucte plasticity.

Reconnaissance.

After insneéticn of the available maps 2nd reports
nd eliminetion of obviously unsuitatle y t
the most promising of the rezaining loczlities
e planned, Zere zgain, the pzrticipation 97 the area
e Vg
ss

O ™
vy

(o

geologist {rom the office of th
guide for tne field party will =zav
of the project mzreger, during tais nericd cf twe or
trree days of reconnaissance, +ill heln ensure that
localities selected for preliminary evaluation are
practical, It will also assist the project mznager in
his de-brieiing of the field party if he knows the
general nature of the locetions under consideration.

10}
ot
‘.l
3}
@
L ]
i3
)

e}
o]
(1]

Zaw material which to ths eye may appear su:itable
can perform badly during the laboratory evaluztion test
prcgramme, :l2nc¢2, t'. »::-"naissanc2 should find, if
pcssible, between L and 6 localities for preliminary

- 7 - evaluation based ,...
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evaluation based on the likelihood of their sctisfying
the fzactors listed in section 3.1,

It has been said tiat "time spent on recornnzisszncs
5 seldom wasted”, This is-'particularly true in the cas=e
f field work for the evaluaticn of raw material scurces

Q ¢

and the selection of sites for factori:zs,

Field Yicrk,

The purpose of the field work done at this stasze of
the evzluation oroce

n

s is onl_ :

h] ", LI I T

1) to determine that there is a very goc’ —cbebili-

ty that sufficient material would be availzble,

-

2) to dsteraine the principle litholcgies-present
and the deﬂrﬂe of uniformity or ccntinuity of
the deposit,

3) tc obtain a representative szmple ¢f the two or
three vrincizle rock types upon which the labo-
ratory znalytical znd testing work can be
nerfornmed,

For hard rocik depcsits such as limestcnes, {zsre
1 be euposures such as clififs, road cuttings cr
existing small quarries, which czn be used for ccmpiling
tratigraphic secticn, showing thickness arnd lithologi-
severel places 2long the dencsit, The
entative samples for testing have to bte frem
h the weathered surface, If recent fresh exposures
& avzilable then one or more has to be made, by
digzing a trench or test vit, In harder rocks it maeans
pneumatically onerzted tocols or small explosive
2s in which the coc-operation of the local military
authorities could be ad dvantageous, as well as necessary
in certain countries, The use of & specialist conctractor
for drilling some boreholes is an unwarranted e:pense

- 8 -« at this stage ,....




at this early stage: unless one is available locally and
czn conveniently drill one, or at the most two, boreholes
to pre-selected deoths on each of the & to 6 initial
localities,

Scft rock formations seldom show good exposures,
except scmetimes on the outside of a river bend or a
racent rozd cutting, ¥ater wellc recently dug are of
great value but wells that have been dug long ago can
give only an indication of the 1likaly thickness of a
formation, Samples taxen from the wall of these older
wells may consist of sandy clays from which the finer
material has been elutriated by the water due to the
seasonal rise and fall of the water table level,etc, fuger
holes which,with .extension rods,can be drilled ty hend
to 3 m or more, can be relatively quick ard ins:xpensive
and yield sufificient infcrmation abcut ted thicknesses
and lithologzies, Diifficulties occur if unweathered

boulders are encountered, 4 Zood compremise procedure is
to dig one trial trench, cr deep test pit, clcse to the

~'‘cenire of gravity” of the particnlar deposizt under
investigation and vore between L and € bore hcoles Ty
nand auger at selected points towards, tut not too ¢l
tc, the periphery of the devpcsit
as tne sampling point of the varicus laysrs and the tcre-
noles, togetner with the test pit
regariing lithologicel unifcormity and continuity cf the
individual horizons, ternatively, a
al from sach borehc.e can be mixed together, k2eping
distinct layers separate, to form overzll representativs
samples upon whicn to do the labeoratery svaluation work,

rert of tae materi-

During sampling, (which is discussed in more detail
in & Technical Pape: in preparation by rrits Dirks, in
the Project INS/74/034 seriec, of papers) one uausi have
in wind the likely mining or quarrying procedure and

- 9 - whether it vill ,...,




3.5.

whether it will be fensible to remove the various
lithologies separately, which, from the process control
viewpcint, would bte preferszble, This applies particular-
ly to high and low calcium content 1ayers‘in limestones
for cement manufzcture and also to the plastic clayey

and less plastic silty-sazndy layers in clays for product-
ion.of structural clay products,

Estimation of the surfsze area ¢f the deposit, at
this preliminary stage, can be done by visual estimation
and pacing = providsd one has checked how many paces ars
equivalent, approximately, to 10C metres, The dYed thick-
ness .is -determined by averaging the amoun€§\recorded in
the btoreholes and test vit. Togzether these gf?b a figure
in cubic metres for the estimated ‘‘rese.ves”, (The termi-
nolsogy and accepted definitions for the various catego-
ries of "reserves® are given in Secticn 4,.1,)

L)

Latoratory Verk,

vihereas the procedure for determinatior of the
cuantity of aweilable raw materizl in a demosit is fairly
standard, as explained in the preceding Section, tze
evaluation data t6 det.:.rmine the cuality or polentizl
rarformance of a particular raw material are too varied
to summarise in generzl terms, They are dealt with,
together with examrles of typlcal cuoted specifications
¢nd relevant points about the processes, in Chapter 5,
onwards,

Some gereral points thet follow, which are applicaktle
to the quality testing of all potential raw materials,
are based on the author's otservations on analytical
procedures used in scme developing countries, Usually
too much analysis is done which lacks relhtion to the
potentiql industrial uses of the material., Thus, for
example, many samples of trass (for blockmaking) and

- 10 - Ghales (fOI’ e e e oo




3'6.

shales (for lightweight aggregat

0]

) are beirg submitted

2 cm Y opmaVerod o as 32 £
for chemical alla.ysis, X=ray Jdif
r

In fact, in most cases the appropriate tests would ke

-

action zaalysls, etc,

to determine the pozzolanic activity of the trass vy the
strength development of trass-lime mixes and carry out
dloating tests on the shales cver a range of tamperatures.
At a later date, when funds are available for more hasic
!research!, in ccnjunctiorn with work for university theses,
etc., the. retained vermanert reference>samples of the
trass and shales can be anzlysed in more detail ani the
results coprrelated with the strength and bloating rasults,

Samples are teing subritted to the analytical
sections without prior consultation cver the cuantities
required, the preparation of the material, the pctantial
use and, hence, the appropriate tests to make.

The results of the preliminary latoratory evaluati
will enabls the deposits sel=cted for initial apprzisal
to be placed in order of verformance and show :lso what
mixes cr treatment may be required, Provided that the
deposit that performs tzest zlss satisfies the regiuire-
ments for the cuantity of available =atsrizl, its
deliverad cost to the factory (to tz considered in tke
next secticn 3.6,) and ths location for the factory,
then that deposit car be used for calculations in the
feazibility study, Later, at tne start of werk on the
full project proposal, thé cenosit will be explored in
detail to prove tha reserves znd selz2ct material for
use in plant trials ("Final Assessment’ is considered

riefly in Chapter &4,)

Raw Material Cost.

At the preliminary evaluaiion stage ibfis not
necessary to determire in detail the various costs thet,
together malke up the total delivered ccst of the raw

'

- 11 = material to a s0s e




material to a specificaticn fit for the process, Some
indication ¢f cost is esszntial for use in the feasibi-
lity study. An acceptable figure czn be gzined by zetting
estimates from local contractors who deliver matc:rials

in the area of the proposed project development, Th2
factors that will most influence the overall cost are-
the price for the land, the distance and difficulty cf
accsss from the deposit to the factory, thickness of -
overburden and any'spécial separaticn or pre-trzatament
prccess that would be necessary.

The subject of raw material cost is considered more
fully in Section 4,3,

4. CPMPLETE ASSESSMENT,

A complete detailed investigation of 2 deposit of
potential raw material is made cnly after the results cf tke
preliminary evaluation have beer fcund to be sztisfactory and
the feasibilit, study indicated gsod economic and sccial
benefits to be likely, i

For mulii-million doller prcjects, such as cement plants
and larger brick factories, the organization of the field
work for proving the existence of sufficient reserves of
suiteble raw material is placed by the project consulting
engineers in the hands of a specialist sub-contractcr for
carrying out the drilling of the boreholes, The analytical
‘work can be contracted either to the appropriate nationzl
research institute (IRI) which serves that industry or to
some other recognized lccal labeoratory,

In many large projects the engineering consuftants,
especiczlly if they are 2iso participénts in 4&he venture, may
insist that foreign based facilities be used for the firal
assessment’work on the raw matcrial, Therefore, for the
carrying out of full scale trials in a plant, it may be

- 12 -~ necessary to cse.-




a2r

sa2ry to send several tonnes of the material to an
industrizlized country for vrocessing there, However, where-
ver possible, testing and trials should be conducted within
the developing country itself, providad the facilities exist.
There is.the risk that the procduction or treatment preccess
selected may not be the most approvriate to the loczl condi-
tions if the test facilities of a foreign esquipirent supplier
are used, It is most important thazt independent advice, from
a consultant or orgznization known to be not linked tc =
particular supplier, is obtained before z particular prccess
or system is selectad, There havo been many instances whers
the production system used has not been appropriate because
the consultants or the local official charged with taking tae
final decision made their recommeandition or choice mainly on
the btasis of the amount of commission they would receive irom
the supplier of the equinment, It is a situation whick is {
very difficult, or impossible even, to avoid unless thers is
close znd iapartial participaticr by knowledgeable counter-
parts,

nece

n
g

)

= Generally, for cmaller projscts, such a2 lime kilns,
corncrete products factories, =mediux sized brick or tils dlants
and zlso new denonstration plants, the whole projcct prevpoza
including the detziled raw mrzterial assesszent, should be
within the capability of the sp=scizlist IRI or national

centre for techrology and industrial develcpment,

4,1, Reserves,

The procedure for the detailed geological survey of
the deposit, including drilling programmc¢ nas to be ~
designed for cach individuzl d-opesit, taking into account
the geological conditions, accessibility, existing
exposures, etc, The aim of all such surveys is tc
establish a fi 5uré for the "proved" reserves, In addi-
tion tonnages for the "nrobable" and possiblei’' reszsrves
are drtermined,

- 13 - ’-}1 1. De? ini iOns. ev e e
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pefinitiocas. The fcllowing definitions of these

terns zre those recommended by the Australian
Institution of Mining and Metallurgy in 1972 and
cuoted by Royle, They apply particulerly to
metalliferous orzs but can be used for non-metal -
lics as well, : :

Proved Ore Reserves are those in which the ore
has been blocked ocut in three dimensions by
excavation or drilling, but include, in addition,
miror extensions beyond actual operings and drill
holes,where the geolcgical factors that limit the
ore bady are definitely known and where the
chance of failure of the sre to reach these
limits is so remote as not to be a factor in the
_practical planning of mining operations,

Probable Ore Reserves cover extensions near at
hend to proved core where the coanditicns are such
that ore will probably be found but where the
extent and limiting conditions cannot be so
precisely defined as for proved ore, Probatle ore
reserves may also include ore that has besrn cut
by drill holes too widely spaced to assure
continuity, ‘

Possible Cre (nct reserves) is taat for which the
relations of the land to adjacent ore todies and
for the geological siructures warraat some ’
presumption that ore will be found,but wherz the
lack of explorztion and develormeat data precludes
its-being classed as probable,

Calculation, A three dimensional picture, or
.model, of the deposit has to be drawm, based on
the topographic data, from available mz2pgs and
field surveying, and the structural séological
ipformation recorded from surface exposures and
borenole records, Based on the definitions given

- 14 - previously, the ¢seve
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previously, the volume of material in cubic -
metres, vhich lies within 'proved! and 'prcbable!
(and 'possible' if relevaat), is measured, For -
process calculations, the throughput of raw mate=-
rial is quoted in me*ric tonnes and the {igures
for the volumes of the reserves have to be
converted using either measured tulk volumes 5f
the rock as it is in the ground or else approxi-'
mate. factors, such as the following quoted by

Boynton, are used : _Ez/m2 Lb/ft>
limestone 2560 160
dolomite 2720 170
shale ™ 2672 167

L,2, Performance

Analytical data such as chemical analyses and small
-scele laboratory tests do not prove that a2 particuler
deposit will be a suitzble source of raw material, They
only serve to eliminate the unsuitable materials, leaving
the remainder which may, or may not,pérforn satisfactori-
ly in a full scale process,

. The problem is that in the small sczle labcratory
tests, using small static furnaces usually without
adjustment of thne atmosphere, and small moulds, etc,
the raw material experiencss different conditions froc
those of the factory where large rotary kilns may be in
use and large moulds, There is usually some ‘'scale-up
factor which becomes known after many tests and compa-
risons with factory results, The final choice of process
equipment usually rests on proof, in a full scale trial,
For example, to show that a clay will receive sufiicient
pugging by the action of the particular combinzation of
primary crushers, rolls, screw mixers, etc, that has
besn proposed, ”

- 15 - The same ,,,..
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The same appiies particularly tc kleating of clays
and shalas, Small scale tests indicate those that don't
bloat under the static furnace conditions and those that
do. Conditions in a rotary kiln, sinter strand, etc, are
quite different and only there can it be determined
whether satlsfactory bloating will occur under accept-
able operating parameters, i.e, temperature, residence
time, kiln length, atmosphere, etc,

The large bulk samples, usually many tons of materi-

al, have to be extractzd from the deposit urnder close
H

supervision to ensure that they are representative of

the particular lithclcgies to be used and ars correctly
labelled, As mentioned earlier, full scale plant trials

on raw materials should be easizr» to supervise, be cheap-
er and often quicker if they can be done uéing an '
appropriate plant that already exists in the country or
else close by in a neighbouring country under a2 TCLC
arrangenent,

Cost

Jata,

)

- — - - . -

-

In the full project n”onosal, an accurete figure is
needed for the {inal dzlivered cost of the raw mzterial

to the plant ard in a specified condition, i.e, either

as dug or zfter certain preliminary trestment such as
primary crushking and screening to a particulzr size
range, The principlz: individual components of ths fizure
for the finzl delivered cost, in currency units (US$§ or
Rupiah, etc,) per metric tonne, are as follows,

Land Ccst, :cither as interest on thz capital pay-
nents, if purcneced, or the rentel chargss, The
annuzl interest, or rent, is leldQ¢ by the figure
for the projected annusl consumption of the raw
mgterial, in metric tonnas.

Royalty, or fee, payzble for each cudic nmetre

- 16 - extractedo P )




axtractzd, If it is basad on the vclume as loaded

on a truck, ths buliz éensity will ba less than when

7]

-
T

c_A

still in the ground and shculd be dstermined =
te ccnvert realistically into US3 per metric *ton
The nreferable system is toc base it on weight and
instzll a weighbridge upon which delivaries are

monitored,

ja
w

Mechznical Zquipmant Charges at the fuarry, These
consist of the annual total cost of the follcwing
items divided by the projected.snaual raw zaterizl

consumption

interest on the original capital outlszy, amcrtiza-
tion charge, (to pay for future re?lacemenc of the
mechanical diggsrs, primary crusher, etc,, depreci- -
ated over the expscted life of the eguipment, usual-
ly taken as three years), maintenznce, fuel, insu-.
rance, overators wages, etc, Alternatively, the
mining, including taking off and conserving the soil,
stripping the overburden, digging and loading the
raw material, restoring the ground to azgriculture
pretrzatment and delivery of the raw mﬂtarl,l, zaj

be contracted cut with an agreed price per metr
tonne,
Transoort Cost, in USY per metric tonne, froz the

quarry to ths factory, including the vearious charges
as listed above, but aprlied to the fleet of trucks,
conveyor belt, aeriél ropeway or otiner system
selected, .

5. LIMZSTCIZES.

Limestones are usually of _aegnread occurrence, being
the third most common rock type after shale and sandstorne.
Their main constituent is calcium carbonate, CaeCO3, usually
as taz minerzal cclcite, There are many different types, and
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laszificaticn is eiiher by refesrence to tne mode ¢f farmastion

m3csition, The lattar is zither by dsgrez ¢f purily,
o)

In the prccess for Pcrtlznd cement, 2 contrcollcid
mixture of limestone or chelk, (cr sometimes onhydrite)

- 18"' and Cl:y OI' o0 9 0 0 e




ar.d clay or shale is heztad to z tenperature; around
1330 » 1uso° C, at w#hich incipi.nt fusion occurs to forz
r. (Cz

s
vith the zluminz, sil ¢z aad iron of the argill:zcaesors
(clay, shal:) materiel to form new =minerals, particulzrly
calcium silicsztes, ihen the clinksr is finely ground,
with the adiition of a2 sma2ll zamount of gypsum (caiciuz
sulpnate) to control the setting time, thao resultin

cezent ca2n b2 hydrated, by tiz action of water, and
harden cdue to the formation cf cemzentitious czlcium
aydro-silicztes,

If the raw meterials had a hizgh moistur=z content,
2 wét Frocess fcr mixing vas commonly used, That systen
has fzllen out of favour with iaproved =z=ethods for aix-
ing and regulzting the mix in dry or semi-dry sysztems
whica have much better fuel economy, Portlan t i
made in large czpacity rotary kilms, often now coxtined

o
-~

«
)

cene

fl
3

1]

m

with efficient pre-neztizg_systems and ¢zpacities
nerz&lly cround 100C teo 1500 tonnes ¢f rlinkxer a 4z

&~ . -y - -
though iergar

<8

3 i

say S5CGC,0CC tonnss 2

zr, from on

[$]
i
..J
13

iz
xilns are being introduced,
Yertical shaft kilnz were used successiuliy, ocsicre
0 s were introduced,and the ¢S 1
was mixed with the rzw matesrizls, At nrasent trars iz

mucn intarest in re-introducing vorticzl shoft Kilns

wizh 0il or natural gzs firinz systems to produce betiesn

20 zané 100 tonnes c¢{ clinker a 4ay.

S.1s1. Chermic2l Svecification. The rols of tha linecscone el

is teo supply thz calciunm oxide componant wnich is
gtcut 4L # of the tctal of thas raw mix, This iz
squivelent %0 a ainizmum ¢f 72 % of purs limsstone
(1,e. 100% CaCOB) in the zix or rather mors dep2n-
ding on the impurity-cf the limestons, The follow-
ing table shows a typicgl raw mix ond the clinlar

4

- 19 - couposition thet ....




- 19 -

conzosition thet weuld result frem it, i.e, aftar
driving off the ccrben dioxidsz, stc. @ -

. . .. + .
Typicel” Resulting

"Raw Mix Clinker
from Lea)

Cal Lk,3 % 69,0 %
14,5 % ) 22.5 5

2
Fe,03 1.3 % 2.0 %
MgC 0.6 % C.2 %
K20 + NaZO 0.6 % C.2 %
*L.0.I, 35.8
* Loss on ignition, whick includss CO-, S™ ,S0.°
ste,

niczal® raw mix is cucted by Lez but in

2

2sul®tinz Cal level in the cliniksr is

Yo Ty - THean= & PR N -~
highzr than usuzl for Eritisa cemesntis, zl:s

b4 ry -~ - -~
guc v:odulus turas

Lime Szturatic: CaC
ractor (L3F) 2.3 3i02+1,2 A1203*0.65 Fez03

(The Brizisz Standerd limitz are C,fo -~ 1,02)

Si

8
n

5ilica Modulus (Sii)

"

4
N
.
\N
~)

Al203 + FepC3

(typically 2,4 - 2,7 but may risz to cver
L in white Portlzand cements)

Alumine Hosulus (4d) = %%i%% = 2,35

(is betwezn | 2nd L in grey ceients but can
exceed 10 in white Portland ceuants)
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Fer ccemparison, the range cf composition for
typicel 3ritish cements, i
addad gypsum, zad ths typical compound compositic
ranges are :

C=0 €3.1 = 6546 Free lime 0.6 = 2.0
. SiC, | 19,09 - 23,73  C3S® 32 - 53

A1203 koB‘ - 7.6& Cas 15 - 34

Fe‘03 .1.,7 - 3.59 Can 2 - 15

go 005 - 1023 CgAF 5 - 11

Y‘O 0050 - O. 6 .

"2 ’ ¢ = Cad, §'= 3i0

i'220 Q.16 = Q.13
- A - 5
T80, - 0.2: - 0,37 A= #3035 F=Fels
59

503 I.GC - 20

The art of cemz2nt chemistry lies in balancing
the various components to achkieve fa2irly rapid
devzlorment of strensth by the cemcnt without the
ng in the concrets,

tricaleium silicate) is =mzintzined as hisgn as
roszitle, to zive = LSF close to 1 but without
lzavizg more thea 1,5 75 of frze lime i the
cliniz2r, (The wr2zencs of uncczbinsd crystelline
czlcium oxide, tends tc czuse uncoundness in the
cncrets through expznsive recctions, as is alsc

¢ i y 3S
the case witn magnesia, m2antioned lzter), The
propcrtions of silica, ziumine and ircn, as the
Silica and Alumina iioduli, ere btalanced s0 tha
tke tenpsrzture ¢of clink:ring is neither teco kigh

S0 as to wzaste fuel nor drops toc lcw sc that
there is fusion, or slzsszing, end greater rise of
“rings' of clinkcr blocking the klln.

If Low Heat Portland Cement or Ao;A Type IV,
is being made, the proportions of C3o and C33,
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having the highest hezts of hydration, ar¢ reduced
by lovering slightly'the smounts of 41,03 znd CaO
in the razw mix, For Sulphate Resisting Portiznd
Cament, i,e, AST! Type V, the level of alumira is

&
-t

still further reduced so that no more than 5 % of '
n

CzA is formed, which is the crystal compone
most readily zttacked, zlcng with free calcium
hydroxide; by sulvhatss dissolved in surface
waters, the sea, etc, "

Of most influence in 21liminoting the possitla
use of certainm limgstcnes, is usu=lly the level
cf some minor components, in rarticular magnesia,
4z0, and also phcsphzte, The various world stan-
dards for Portlarnd cemzsnt limit the magnesium '
" oxice content to 4 or 5 %, If the limestcne, l
contzining the magnesia, as crystals of doicmite,
HgCOBSCaCO3, were mzking up usy 80 % of the raw !
mixz, then zbout 3 tc 3% % #gC is the maxdzmum that
could be tolerated in the limgstone, dore thzn
that could lead to thz cement being 'unsound' due .
to the pfesence of periclase crystals, MzC, which
aydrate relatively slowly z2nd cause disruption of
the concrete as thzay dec so.

Sometimes, as in Yganda for instance, the only
readily avazilable cement raw materizl is a
phosphatic limestone., The »resence of phosphate
in a cement raw mix reduces the amount of tri-
calcium eilicate in the cement by z2bout 10 % for
every 1 % of Paos. The work of i'urse has enadled
raw nix compositions to be calculated to produce
satisfactory cements for mixes containing up to
2.0 = 2,5 % P05, Tne presence of fluoride in
the raw materials, as fluorapatite for instance,

can increase the tolerance for P05, In most

- 22 - Portland cements, ...
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Portland cements, the content of P305 is only
around 0,2 %.

Alxc-lis, 1,e, lasC and X30, should Ge <e;t low
tc reduce tha possibiiity of reaction occurins
with alkalil rezctive zggresgates such as cpal, .
ckhert, otc, If reactive aggreeates are susgectad
tben the alkalis, eipressed as Ea,0 + C.633 X0,
should not be =more than C.6 % of the cement, or
abcut O.4 % in the limestone,

Physical Spe-ification., The physical nature of the

limestone is not such 3z critical factor in cement

manufacture 2s it is in lime preductiorn, This is}

becausc, avart from some =zzll plents, zll larg

modern cement factories use rotary kiins thr"uah )
which the raw mix is passed after undergoing ‘

)

considerable crushing ané blending, The mining
procedure end mix preparztion process wi nand,

-
'—l
oy
o

though, cn the hardness ¢f the limestone formaticn

© - ———— o

and the moisture conternt sf tie rock, T
some massive crystalliine limestones will have to bhe
blasted with =xplcsires, some cralky ccral lims-

stene beds can be dug dirsctly ty mechzonic

If the raw materials have 2 low moisture content

when dug, their blending can be dcne in the 4ry

state after crushing, i.e, the dry process, so as

to achieve bettsr fuel economy, Conversely, wi:re

the limestone had a high water content, as in say a

porous chalk formation, the crushing and blsnding ~~.
waS done by the wet process, as mentionsd earlier,

The special situztion with the chalk and clay used ’
for the 4 million tonne a year cement factory at
Northfleet, UK, made it necessary to use. the wet
procegss there, With the introduction of the zemi-
wet procesé, wvith an energy consumption only about
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70 % of the wst process, it is possicle o use,

(VP UL

(1]

h
nuch more econorically now, raw matorials having
relatively high ritural moisture contents which

an be prevared without difficulty only by wet
methods.,

"Tdezl Limestones., Very seldem is it possible to

find & rew materi2l thet has exactly the compositi-
on required for cement producticn and normally

clay or shals, as well =zs siliceous szndstone znd
iron-rich sznd, nave to be addsd toc adjust ths
composition,

The Jacksorberg “cemznt rock" formation, in
the Lehigh River zrea cf Pensylvzniz, is a dari
grey to blacxk arzillaceous limestone centaining
only 65 to 70 ¢ of calcium carbcnzate znd has been
used for Fortland cement manufzacturs since 1875,

A chelx marl formation near Camdbridgs, Inglend,
has an anzliysis aprroaching so necr T

[a)
C
v
¢
0
0
!

prenertions taat zat czne time Pnaturzl’ cement wzs
nade from it wdtaout the mixing o
components such as cl2y, Its cczposition wzs ¢

Calcium carboncte : 7
3ilicz

.e
-

Alumire
iron oxide

.e

— -—C_F'

Magnesium carbcnate

It i a fal ‘1c1, thcrefors, that cnly higa
calcium contant limestenes should be sought for
czuent manufscture projects, It seeme prodable
that in some devsloping countries deposits of
reratively low CaCO3 contant being rejectaed could
ce used for cument nmenufacture withou® much

diffivulty.
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Sei.4, Reserves. 3e¢iore being ahle to estzablish a

modarn, largs cemen. factory, there have fto be
proven reserves c¢f raw materials cvailatle for

at lsast L0 ye_rs, and preisrzbly even lcnger,
say up to 1C0 yezrs, In thz late 197C's, the
normal production capacity for z new cement tlant
in a developing country was of the order of 1
million tonres a year, This was usuzlly by having

two rotary kilns each producing 1500 tornes a day
of cement clinker, For vurpcses of czlculzticn of

ressrves rezuired, the aver=ge production period
fcr a kiln in a year is taken as 330 days, which
allows abcut 3C days fer mcintenance, especizlly
replacing of the refractery, arnd occasional
breakdewns, etc,

If the Ca0 ccntent of the coment clinker is
teker to be 653 and if 2 pure limestone, contain-
ing 100 % Ca:05, is available, then ! tonne of
Portland cemsnt clinker would raguire abcut 1,16
tornns of the limestonae, Sut the lirsstonc nmoy
contain about GO ¢ CaCC3 in which cese f
cduction life of 4LQ years at 1 willison tonnes
year, the rescoves of limastons reguirad will

. . 1C0
million X 40 years 3 . X = =

1 11 4Q y s X 1,16 X 50

51,6 nillion toanes,

¥ezsuremant of tne density of the limeston:z
from cores tziken frem borencoles c¢natliss the in-
round volume of this tonnaze to be éalculated.
0lid 1limeztore will weizh around 2560 kz/ud,or

z . .
160 13/ft”, hence the volure of limestone reguired

is: - '
51.5 million X,E%EU X IQOQ = 20,7 million

e cubic metres,

R
w

C
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In otner words, the geologiczl prospecting
team nas tc preve the existence, in readily
accessidle form, of a hody of liamestcne say 200G
m locng by 1000 w wide by at least 10 = Thick,

As it is much lcss costly to increase the
capacity ©f zn existing ceaent plant, which

already has the reguired facilities such z2s
access reoad, laboratory, wcrkshcps as well as

)
2
®
-
o]
'-l
[\
o
ot
O
"y

trained personnel, thzn to build
the same cagccity in a virgin crez, it Is usuzl
to inerease the capocity of tne ori
in a country provided the required
raw matsrizl exizt there, Therefors, when planning
a project for a new factory which is te servs &
large area, there is much tc be s2id fcr estzblish-
ing it on or cluse tc a limestcne depesit that
has meay times the reserves thcught to be resuired
initi=lly, Zowevsr, rav nztarizl consideraticns
toough of parzacunt izgertance, hzave i be
r

) K
tae _ocaticn of the chespest Irzzspert

routes,
it is ¢of grezt econcmic impertancs:, in iz

selzction of both the limestore sourc:s znd tre

fzctory site for cezznt and lime zmaaufacture,

t

that the plznt be as close to the raw =mzteriel
source as possiktle, Formally, th: limestcans will

be hazuled tc the plant by truck tut savings ix
costs are madz2 if 2 conveyer oelt 3ysten cocn be
used, Up tc 44 % of thc limestonz teixng transsort-
ed iz valuelesz as it consists of combinsd carbon
dioxide, CO,, which is burnt off as gas in the
kiln, Hence cement and lime plants are often
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loczated in relcotively remote arecs, where th2
limestone exists, =s well as for environzental
reascus, and it is acre ecsnomic to transeost lhe
denser cement, or prsferably the unground clinker,
to the consuaing centre for direct use or grinding
in = separate milling plant,

5.2, Lime Producticn.

Sefcre the energy crisis, it ws the custom in cer-
tain couniries koving relstively low cost oil or zss,
such 2s the United Stctes, to use rstary kiles for lime
production, These had the advantoge of sasier control
and hence a higher quality product, (especially lcwer
sulphur contezt),high productica capecity 2nd a smeller,
though narrower, rznge of stone feed size, Aport ircm
locztions such 2s Qatar, where there i 5 fuel
avzilzble and where rotary kilns have recertly besn
instzllzd for iime aakiég, it 1 e
kilr that iz specified iz future, in ons

2

(2]
[
QO
o
o
(o]
n
cr

high TaC ccntent, 8

2nd oy be used, of course, {or tracdifion: uilé-
ing purposes such s in mortars for amasinry &3
well as white wssh, etc, Zut, with the =zdvent cf

’ c

relztively chear cement, the small lime pl:ints
supplying buildirg zrede lime, which thougz
perfectly cdejuate for =mcrtars w2s not- sc pure as
industrial grade lime, gradually went cut cf
busihess, Their costs were high because cof the
high wage bill for continuous shift operation on
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a relativaly emzll production plznt in cftan rzther
dirty *orklns conditioas

Possitly because ¢f this, it has c¢sme to be
thought in the less developzd countriesz that lime
has to be white tc ©e any 5ood 28 & buildi=zg

and 2ls¢ in producticn c¢f bleccxs, These c
involve tke rexction of lime w»ith silica and =zrs
nct necesszarily h:orsed by the presence of
siliceous mats izl in the burnt limsstone,

. I general, there can ds u

silice znd 5 % aluminz in the forz of diszpersed
cl2y nirerzl zatter in tns Limestons,

pcoring ¢f = plaszlersd 3

lizcstones can ke used i the burzt lixm

i,2, suickliine, Is slzikzd in water fo
<

<
perisd, evea 14 days, btefore use in a acriar, Any

makirng the freshly hydrated quicklime into a trick
paste with water =nd smoothing it out to a flat
surface, with a spatula, in a seucar or watcngless,
After tuo weeks left to stand in the Yabcrastory,
thez prassenc2 of 'pon-outa on the surface indicates
uneoundness.
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5.2e2. Physical Specificstion, Although the content of

calcium carbonate is z ma2in factcr in the select-
ion of raw material for lime menufacture, .the
physical nature of the rock is usually of mwuch
mora importance than is the case with cemeant
plaats, This is because it is more usual to make
lime in vertical skaft kilzs, As the shaft -iil
be filled with limestone, it is essential that
sufficient space be maintained between the lumps
of rock to allow z free upwzrd movemeznt of act
gases through the kiln, Therzfore, the rock must
not brecak up in the kiln 2nd blcck tke gas flow,

Soft or chzlky limestones,which 2re s5ften
rzther dolomitic zs well, are usually rct suitable
as they produce toc much powder which clogs up
ths kiln.'Thus t is necessary to seck a unifor=z
and fairly hard limestore which will not decrepi-
tate or break up during its passage dowm the kiln,
In batch kilns, where there is little or zo zove~
pent of the raw matcrizl during firing, ths
proclsm mey not be so acute, It is difficult tc
predict whethor a pzriticular limestone will
decrepitate ané 50 ncarly aiwesys 2 kiln trizl,
possibly by exexining the state of the product
from existing tr:ditional kilns, i5 necessary,

In generzl, crystalline limestones having a large
crystal size have this tendency to break up during
czlcination,

Uniform porosity and size of fzed is necesszary
if the limestonz2 is to be burnt everly =nd nst
overburned or undsrturned, In regicns such z3 the
tndes and in Indopesiz, where therz hos beon recent
volceric activity, there are deposits of travertine,
~an often guite pure calcium carbonate rock,

- :!9 - precipitated [ N N N ]




5¢243.

ed product znd each design of kiln,

precipiteted from hot springs, but having very
variable porosity, Althocugh they can be used to
produce linme, th:sre is usually much wvastage due
tc the denser parts being underburnt and the
porous pieces being cverburnt to form unredctive
lime which slakes very slowly with water and is
of little or no use,

Shzft kilns cen taks 2 fezd size ur to 20 ¢n,
(8 in). A regular round shaft kiln of cagacity
50 - 500 tonnes 2 day would tcke a feed of £,5 %o
2C ca size (2% to 8 in), whilst a double-inclired
rectangular shaft kiln would need z smzlier feed
size, i.es 1,3 to €,5 ca (¥ to 2% im,). I
traditional batch kilns tha linestone lumrs are
lzrger at the base, being =zrcund 25 cm, (10 iz.),
and reducing to zround 7 cm (2% in.), at the top.
In rotary kilns,also, the feed zize is
rigidly regulated to obtain 2 mors urnif:
o]

with a preheater system of grate cr shafit ty:re,
will have a spocified fe2xd size, ]
stone size of 12 mm X 2C am,(Zz in X 3/% in,), for
a>300 tonne a dry, 40 m long oy 3 m diameter, kiln
with contact cooler, to 25 mm X £C mm, {1 ir X 2%
ir,), for a €40 tcnne 2 day, 145 = oy 3.5 =, kiln
with contect cooler,

Deserves, In czlculction of the volume of rescrves

necessary for est-blishing a lime plant, there is
2n importont factor wnich is in ition to the
number of vears over which the plant will te
deprecizted =znd the ir-ground bulk density of the
limestone, Unlike cement preccssing, the feed to
2 lime kiln uas to be within close size lircits to
ensure evan buraninz, dence, tnere has to be : . -

e
Gal
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careful control ¢f he blasting ir the quarry znd
the crucshing 30 as to reduce to a2 minimun tae
amcunt of undersize matzriszl produced, Fuch of
this waste is uncvoidable zrd it is reasonctle Vo
assume that it will amount %o as much as 50 % of
the rocxkx-in the zground, thus dcubling the reserves
that have to be proven, Often, the undersize lime-
stone can be utilized, degpending orn its quality,

as concrete cggregate, in asphait road surfacing,

as fine filler, after grindinz, {or plastics and
rucker, or else z= locse {ill msterisl,

A mirimuz of 20 years supply ¢f limestons is
necasssry, As witn cement plants, the guarzntee
of a ouch longer gperiod of oreration at the selec-
tad site iz highly desiratle, In the cal::lation
of the limestcne resasrves nseded, for a particular
cutput of quicklime or hydrated, i.e=, sl=kad, lime
one uses the following values for their ecuivalent
proportions :

limestcne, rure, Cal O3 1CC.1 .
guicklime, CzC 56,1
‘hydrated lime, Ca(GE )5 7,1

Examzle
Assuming thet there is ject to produ:
1CO tonnes a day of guicklime, If all were hydrate-
ed, the quantity of hydrated lime procuced would
be :

'n
O

1004%3-%

Co

132.3 tonnes a day,

Aszuming 50 » lcss 07 limestone during mining
and crushisg*, and an cperzting period of, s3ay,

’ - 31 - 3C ear the oo e e

* Yiaking allovance Tor ths 1ns vita,le‘i 0f scne stone
the liae inlustry in the U.S,A, nas st hndardized its
calculations cn 2 tons of stone for 1 ton of quicklims,
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30 years, the reserves needed are :
100.] 100 - + Y ) » -
100.!me1;330 days X 3C years =
3,5k miliion tonnes,

At a density of 2560 kg/m3, the volume of
reserves is : '

3,54 millicn X -2-7;3 X 1000 = 1,38 million n.

cn

b

* As with a cement plant, the usual product
rericd in a year is taken as 330 days Ior tzis
typve of calculation, tc allow for brezkdown time
and maintenance, ’ ‘

- ' The ccuments on locating a cement factory witn-

3
in easy access to the deposit of limestone zapply
also to lime plants, Ideally, the kiln should be
situated as close as possible tc the guarr

mine, it being more economic tc transport the
product, as quicklime cr hydrated lizme, than tkhe
limestone,

\M

5.2, Azgregate for Concrete,

In nany develeping countries, it is not realized
that crushad limestcnes can be excellent agiregates for
concrete production as well as for bitumen=-cozted rcad -
agsregate, or 'asphalt', The reasons for this
misapprehension are several,

Firstly, it will usually have ceen the tradition to
use river gravel z3 thet cen be used after cnly crude
processing through a sieve and crushing of the cversi:ze
material, Also, when zeekxing sources of rack to crush,
it was logical tc use sinmilar rock ﬁypes to those found
in sultable river gravels, usually the hard, igneous or
metamorphic rocks, Linmestones vary considerzbly in their
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nardness and porosity, sometimes being rather soft and
crumbly. Consequently, an engineer responsibtls for
specifying an agsregate may tend to be prejudiced
against all limestcnes, Finally, the loczl csment manu-
facturing interests claim the derosits of accessible
limestone, sometimes far eXceeding their foreseeable
future reguirements, Together with the officials
resnon51ole in the mining ministry for granting mining
ccncessicns, they may seek to disallow extraction of
limestcne for whet they would consider the relatively
lower grade use as aggregate for concrete or rcad
surfacing.

In fact, it is possible to cobtain higher concrete
ccopressive strengths with certzin limestones than, for
instance, with granite or gabbro, Otner ccncrete charac-
teristics such as durability can be high as well, The
better limestones have a low water absorption, up to 1%,
and high crushing strength, 2CC to 250 kN (2C,C30 -
25,000 kgf), by the ten percent fines test,
lower guality concrete wili, In senerzl, rezu
using limestones having highsr wa r
lower crushing strength, Cftez th
iimestones,

It is urdbabl= that limestones have a mcrs suitatle
surface to which cement paste can zdh:zre,
grznite for exazple., & very taorcugh investizaticn cf
the charzacteristics of crushed rock zggresates from 2L
separate sources, of which 10 were clessified &5 linz-
stones, and the rest grarites, gaobro, grltagvnv,
rornfels, vorpiyry and guzartzite, and the concrstes made
from them, has teen carried cut at the Building Research
istablishment, Engzland by Teychenne, -

A further factor in favour of limestone 2s aggregate

in develoving countries is thet only seldom does the
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goncrete have to withstand cycles of freezing and
thawing and so the reather porous nature of some iime-
stones is less of 2 risk in reducing the durzbilitly of

the corcrete, then it would bte in Zurore or M, America.

Ir cornsidering concrete aggregates, it should not
be cverlooked that much construction werl requires only
fairly moderate compressive strengths. This is particu-
.larly so in the case of concrete blocks for wall
construction to single storey height., Mcre impcrtant in
such uses are factors such as the workabilitly cf the
mix ottained, the 'green', i.e. dncured, strength of the
block to withstand handling after moulding and the
degree of shrinkage on drying., The ainimum averags
compressive strength of such blocks czn, in many csases,
be only 3.5 N/mm2, ( 35 kgf/cm2 or 500 1bf/in2 ), On
_the other hand, cast in situ concrete will usually have
to exhibit strengths of 5 or 6 times this azount.

In summary, ther, it is immortant to consider what
the requirements of the concrete are znd, by suitable
trizl mixes and strength tests, see whether the locally
availzble limestonz can be used in place of tiae zore
expensive gravel or crushed igneous ruck from further
away.

N2TIRAL POZZOLAL:S ( TRASS, ETC. )

This chapter includes 211 those naturally occurring
depcsits of volcanic origin that exﬁibit some degree of
pozzolanic activity and which mzy be used with lime and/er
cement for the making of biocks, cenents, mortars and concre-
te mixes generally, Pczzolanicity is a property somestimes
shovn by such volcanic materials as ash or tuff and punice,
as weéll as,by diatomite and artificial pozzolanas such as
crushed bricks, burnt clay or shalé and fly ash, These
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contain siliceous constituents that can react with lime at
moderate temperatures in the presence of water and form a
durztle cementiﬁg material, Much use had been made of such
materials in construction before the introduction of Portland
cement in the early 19th century

Except in China, the-usual policy has been to manufactu-
re cement from only a few very large units to achieve econo-
mies of scale., This, though, hes increased the transport
component in the price of cement to the small consumers in
regions far ‘rcm the cement factory. There is likely, then,
to be an increasing interest in futire in the utilization of
natural pozzolanas and lime for wholly or partly renlacing
expensive cement, This will be ine case particulerly in the
developing countries many of which zre in regions of active
or recent volcanism, They also have projects such as irrigat-
ion schemes, including dams and canals, harbeur construction
and also ordinary building construction such as brickwork in
which the particular properties of mortars and concretes
incorporating additions of pozzolana can be highly bsneficizl,
both in performance and cost,

Deposits of pozzolana, such as trass, can.b: assessed
from two viewpoints :

i) as a source of pozzolana, This is when the natural
materizl is mixed with sand and some lime or
cement to form 2 mortar, or else 1is ground up
and blended with Portlznd cement clinker, at a
grinding plant,

ii) as 2 pozzolanic agzregate to mix with lime ard
make blocks (in Indonesia, 'bateko' blocks), In
this case not only is the degres of. pozzolanic
activity significant but also the size grading.

- 35 - 6,1, Evaluation .....
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: 6.1, Evaluation in the Field.

The assessment of a derosit of trass or pozczolana

. is difficult or impossible by visual inspection in the
field, Virtuzlly 21l that cen be achieved during field
work is to recognise catérial that may be pozzolanic,
because of certain feztures it exhibits, and then await
the result. of tests on the samplés. No precise rules
can be lzid-down and one has to approach the subjzact
@with a completely open mind. The following generzl
points can be mentioned,

6.1.1, Volcanic., The deposit will uzually exhibit, but
not a2lways, thz geclogical cheracteristics of
having been deposited from a volcano. Lormzlly
it will be in the form of a layer, either horizon-
tal or closely following the topographic :zlope -
of the surface, It mz2y contzin fine ash, rizces

] of pumice, obsidiar and other glassy fragzents
and possibly lorgar rocks cr ‘'doabs’,

— be1,2. Amorshous, The structurs of a major proncrtion

T "ot thé materiil, when viewed with a hand lens,
skould aprear glassy cr adorprous, because macro-
scopic crystelline grains have little or ro 2bi-
lity to react with 1ime at ordinary tocmpsratures,
This does nct mean thet the degree of pozzol=onie
city can be predicted 4n this way. There siculd
not be a large proportion of hord rock detris as
is thc csse with some volcanic breccies or
agglomerctes, The need to sepcrate this unrcactive
materizl from thz finer matri:x will make 172 1
economic to exnploit the deﬁosit unless thzre is
a local demand for the hard rock as fill for

‘. foundations, etc,

(]
(<]
()]

61430 Colour " It might be thought that tne lighter
coloured volcanic devosits, usually having highe:
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contents of silica and a2luminz and nence mors
tacidic', would have higher pozzolanic octivity
than derker, nmore 'basic' material, However,
quite dark, brownish or grey trass deposits zre
used successfully for blcck mcking near Bandung
in Java, It is possible that the strengta of the
blocks there is enhanced by a favourszble grading
of the trass giving good compaction. .
Freshnass., The materizl should be as fresh as
possible; ‘that is, have retained as fzr as
possible its original minerslogical character

- which it had when first zjected from the volcano.

If the matsrial has been exposed to the wezther

by having overlying sediments stripped off tkrough
denudaticrn, then much of the pozzolenic activity
of the trass will have been lost, The active
siliceous or z2lumiro-silicesous compcrent will

have reacted zlready with alkali-and alkaline
earth salts irn percolating ground waters,

rlany depcsits whick cccur on the slcpas of
volcanos of recznt activity have been ercded and
re-denosited by floods of rainviatsr snd ruszes
of mud coming devm the mountain, In Ecuador treze
form ths devosits arcund Suito known =zs ‘cangzzua'
end in Java the 'laha. ' deposits. It general, it
can not be exmected tazt these will hzve retzine
very much cf their original activity but, zs
alwzys with trass deposits, they have to 1e tried
in mixes with lime and tested for compraszivse
strength bafore being ruled out of considerzticn,

Jniformity, This is a major requiremcnt wher tae
material is to bc used az an additive for grind-
ing in with Portland cement clinker to szke Port-

land Pozzolznic Cement (PPC), The PPC will often
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rave to compete with ordinary Portland cement

(OPC) tc gain acceptance by the building and
civil engineering centrzcters end a2lsc by small
usecrs, If variation in guality of the PZC, either
in strength develcpment or setting time, =tc.,
occurs, due to variation in the pozzolanic addie
tive, adverse puzlicity will occur which zay take
a long time to overcorme, Hence, devosits should
nct only appear uniforz, both lzterally ané =ith
izepth, but alsc have been shown to have littl
actuel variation in poczolanicity in sanples
taken from boreholes throughout the part of the
deposit required to be used, Mincr varizticns

can be accomodated by blending at the stockpile
beside the grinding plant, For the users of
smaller juantities, such 25 blockmakers, uniform-
ity is also most desirablz but any changes can
usually be dealt with reacily by adjustments to
the process,

wecation,. Tranzocrt costz have tecome 2 much

mcre significant part of building material

orcjects since 1973, The facter that usuzily =
flusnces the raw material cost delivared to

cr O
[
ct

(/)

h
ractory is the cost of transport from the dezosit.
Pozzolanic materials zare often located on the
slopes of mountain ranges and remote from cezant
rlznts or other czntres of demand, It is often

not practicavle to use such deposits, situated

50 or 100 km or more away, and accessible only

by tortuous mcuntain track.o; even without ready
access until z road has been built, Such distances.
reouire a large fleet of trucks and supplies nmay

~fajl to maintain the ztockpile at ths factory in

bad weather, Long distance transport of pozzoléﬁa
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~can be feasible if bot
cepent plants ars located close to dsep water,
2ither besids the sea or on'a n-~vigsble river,
Cement ‘clinkasr made on the meinland of Spain is
"shipned to the Canary Islands for gripding ther
with volcanic ‘pozzolzna. . :
€.1.7. Accessibility. Apart from distznce by road,
there are factors such as the finzl access tc
the evposure, which may require-a rcad to be

coastructed for the last few Allometres,
construction of tricdges, presence of growing
crops, houses, ‘graveyards, =nd, most importarc,
the nature and thickness of the overburden, It
is comaon, as in Java, for trass deposits tc ze
covered with severzl matres of clayey soil, -t
2rposures ravezled on a hill side or river.cut-
ting, the overburden thickress increases as tae
extraction proceeds into the hill, beccuse
norzally the dip, if any, of the trass layer

less than the slops of tres surface. Lvantuezlly,
norizontel adits have to be cut to continue
extraction by undzrzroundé =mining which not orly
is more dangerous, of course, btut is unpleasant
and difficult for the miners due to the mcisture
from the trass causing high humidity,

6.2, Labcratory Evaluation,

Although it has been usual to carry out a2 chemical
lysis of devosits of pozzolanzz, such as trass, for
Al—OB, .eznv CaC, etc., the results will'prcvide
zls for estimation of its activity, Zven the tecst
on the rzte of abszorption of liae from 2 solution
of calciuum hjdroxide 1s no test for the practical volue
. of the pozzoluna in use though it mey have some valus
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for rarpid distinction between waterial that is active
and that which is probably not,
Likewise, the measurement of the increase in vclume
£ solids produced whea pozzolana is put in s solution
lime in water, called the swelling volume test, has
been shcwn to have little value, v

L

9
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Assessment of pozzolanas is most reliably achieved
by means of physiczl tests, carried out on standard
morter mixes using compressivz and/or tensile strength
determinaticn after specifisd curing times, In additicn,
rate of hardening of these mortars is used, fcllowing
a precedure similar to thet for the tting time of
Portland cemernts, i,e, the Vicat needle method, Fineress
of the nozvolana and the temperature during curing
greatly affect the results, Logically, the finenecss
chosen will be the same ss that when the pozzolana is
used in practice, i.,e, either 'as dug! if fine encugh
#or direct use in a mortar mix or block, or grcund tc a
fineness ccmparsble to that of Portlarnd cement, s

&
3500 cm</g, if it is to be milled with Fortland cezsnt
clinker to make Portland Fozrclenic Cement for exampl

There zre varicus standard test methods incluiing
Geraman, American, Indian and Indonesian, and examgplies
of the comrressive strengtis achieved by various pozzo-
larnas and some details to show the characteristics of
tne test are given below.

6.,2.1, German Frocedure, Tests to the German trass
specification : DIN 51043(1931) use nortars »f
0.3 : 1 : 1,5, hydrated lime : pozzolana : stan-
dard sand proportions, -

.o
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Bozzolara % residue on Compressive Snurength
170 mesh sieve z/cme¢-

7 days 28 days

Italien 33.8 98 - 139
Trass 3545 78 118
Mcler | 49,2 - 28 65
Purmice 29.2 _ 35 103

The maximum residue on the 900-mesh/cm@ sieve
is 20 %, The mix is gauged witk 11 - 12% # water,
This rather dry mix is compacted with the Boehme
hammer machine, The specimens are cured in mcist
air at 1?7 = 20°C 2nd in water at the szme tecge
rature, Tne minimum reguirement on compressive
strength is 45 kg/cm at 7 days cnd 140 kg/cz2 at
28 days, {The tensile strength reguirements zre
S5 and 16 kg/cm2 at 7 and 23 dzys respectively,)

American Froczdure,

pozzclanas is C593 - t

nic activity index witn lime the mix is 1 : 9
nydrated lime : graded sand, plusz an amcunt ¢
pozzol:zna ecgual to twice the so
lime, The mortar is cured at 23™
then 6 days at 55°C with the la
whicn cooling to 2300, The compr
on 2 X 4 inch (5 X 10 ¢m anprex,) cylinders,

Indizn Procedure, The Indian Standzrds Institue

tion 3pecification for l*mf—oou-olana mivture iz

ments to meet the LP 40 grede are 20 kg /cm at 7
days and 40 kg/c:2 2t 28 dzys, The zmix is
1:2:9, line : zzolana : sznd,
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5.2.L, Indonesian Procedure., The Indonesian Stanzard

LY

test method for trass is in NI -~ 20, A wix of

1 : 2 : 3, lime : vozzolana : standard sand by
weight, is moulded and stored for 1 day in moist
air and 13 days in water z2t room temperature,
Three qualities are distinguished from the
compressive strength values :

I: 100 kg/em®, II : 75 - 100 kg/cm?. i
IIT : 50 - 75 kg/cu®, This NI ~ 20 Standard |
recuires the htest semplzs to complsetely pass 2

2.5 mm sieve ind hence is assessment of z relative-
ly fine pozzolara for use in mortars, The Indcne- -
sian requirement for the compressive strengtn of

1 : 95, lime-trass nollow blocks after 28 days
storzge in air at ambient temperature, is 25 kg/cm L
for non-load-tearing tlsclks and SO ‘.f.g/cm2 €or the r,

2

load-bearing type. In this case, thke trass,
besides contributing a2s a pezzclana, 2156 zcts
as an agZregzte and maximum size of 10, 15 or ev
20 mm can be accomodated deperding on the Iainnes
wall dimensions of the kcllow dlocks tc be zaau-
fzctured,

M
or {3

.
RO

e3e rF3220l2ara in Congrete,

‘Waen pozzolana is used in concrete, either,inter-
grcund with Portland cement clinker tc form Portlznd

p->z2zolanic cement cr added during mixing of the concrete

as part replacement for up to 40 % of the Portland cement,
tnhe strength developmert is slower comparsed with the acrmal I
mix, Yith a satisfactory pozzclaric additive, the comnres-
sive strength of a1 : 2 : 4 : 0,5 concrete with 2C 7;
sibstitution of pozzolana for Pcrtland cement, should have
a strength ;:te: one year that is the same as or sligatly
higher than that of the normal mix, In addition, there will
- be greatly improVéd'durability against attack by acidic and

- L2 =~ sulphate bearing e
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cnstruction suca as docks, as well as nmassive fourndatioas and

é and also irrigatioz canals.
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