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CHAPT-? I. POSZOLANL C.M. JR._PROP ITI .S

1. Semsating MoSericls in Antigquity:

-

1. Tho earliest cemonts which could form n plestic pasto on the additionm of
wnter, bind dbricks, stones or stone picces, and sand ctc., and also resist the
lesoching and nggressive nction of water were bescd either on gypsum or lime.
Ccloined gypsum wos used ns ~ cementitious material in Teypt where subsequently
the Romans introduccd tne usc of lime which, ncoording to Len.y appears to have
been used still sarlior by the Oreeks. The durability of the ~neient Roman
buildings goos to prove thet thc lomans had developed nnd mestered the art of
making very hard, strong and durnble lime~-sand mortars. C

2. With the passage of timc moriars, superior both in strongth and durability,
seem to have becn devolcped and discovered either bty observing the effects of
oertain additions or anccidental usec of cortaiu reactivo materizcls or aggrogotes.
The latter seoms more probab;o as both the Grecks and the fomans had hit upon
certain voloenic deposits which, if finely ground and mixed with lime and sand,
made the mortar stronger ond morc resistant to the action of fresh or salt water.
A voloanic tuff from the islaad uf Santorin (presently known s Samtorin enrth)
was omployed bty the Greeks for this purpose and similarly a volcanic tufl from
from the Bay of Noples was found by the Romans to make superior mortars. The
letter seem to have been used in the comstruction of the soveral important ancient
Roman buildings and strucivres which have survived to this day. This type of
matorial was called possolana after the place called Posguoli (1taly) whose
neighbourhood was the source of the bost variety of tuff. Later the terw
pessolana was oxtended to cover the usc of powdered tiles or pottery which the
Romans used with success when the voloanio oarth was not available.

1/ VM. Lea, "The Chemistry of Coment and Concrete", Zdward ARrold (Publishers)
Ltdo' London, 1956, Pe2.

2/ The Chemistry of Portland Cement, R.H. Bogue, Reinhold Publishing Corporstion,
New York, 1955, pp. 3~4. ,
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2. Forerupnors of Portlend Goment: .. .

(a) Hydroulic Limos:
3. For mnany conturics thc Romon mixture of lime and pozzolana continued to be

tho only suitable coment for civil works and hydraulic structures and in the course
of time materinls, such as the Rhonish volcanic tuff (trass),” scales £¥om a blacke
smith's forge, ground brick (surkhi), crushed pot shreds, burmnt iron stome etc.,
were added 0 $he list of pozzolants. The mext important discovery wes made by
Smecton about 1756 that limestones containing n considerablc proportion of olayey
mnttor yiolded lime which resultcd in mortars stronger than those produced from
puro limestones.# Howover, this so=oalled hydreulic lime did not get much
attention.

(v) Roman Cement:
4. This ooment wes discovered nbout 1800 and was obtained as a result of the

oaloination of nodulos of argillaceous limestone (Sepserin nodulos) of tertiary
strata found in some locolitics along the Kentish Coast.# This cement was quick-
setting and wos in groat uso till cbout 1850, In reality tho Romen coment is &
misnomer as it hod no resomblance $o the Roman mortar mentioned earlier exocept
perhaps its ‘ool_our. 'l'hié type of coment was alsc produced in France at about the
‘same time. Vicat had preparcd sn artificial hydraulio lime by caloining an inti-
mate mixture of limestone (chalk) and clay and this proocess is considered &
prinoipal forerunncr of the manufsoture of portland cement.

(o) Matural Cements:
5« A contemporary discovery was the finding of "comemt rock" at Rosendale and

Louisville in the United Stztes which on caloination yiolded a hydreulio cemest.
The cement rock had oomposition similar to the artificial mix of limestone and
argillaceous materinl which was uscd svbsequently in the production of portland
oemont. The oasloination temperaturcs employed were probebly lower than the tom=
perature at which sintering takes place. HNevertheloss, the natural cement industry
in Ameriocc saw o phenomenal growth and natural oement was much in use even in the
oarly days of portland cement. Though its usc has doolinid in the present times,
it morits the inclusion in the Amorioan Standards as one of the cements for use

Y] ?;;:ton, J., "icrretive of the Building of the Dddystoze Lightliouss”, Londom,

4/ (Reference 2), pp. 8=9
5/ (Reference 1), p. 7

/
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(with portland oement) in general conorete construotions.é/ While noteworthy
developments had also taken place in the natural oement industry on the Continent,
presently its production has either oeased or is very small.

B. P Cemept

6. Portland oement is a product obtained hy intimately mixing together oalcareous
and argillaceous or other silica, alumina and iron oxide-bearing materials, buming
them at a clinkering temperature and grinding the resulting clinker.* The hia‘tory

of the portland cement began with the invention of Joseph Aspidin, British Patent
5022, Deo. 18, 1824, and is desoribed in the textbooks on the Chemisiry of c.mt.w
Suffice to say here that the modern portland cements are a result of very painstaking
researches and technological sdvances over the period of the last 50 years,

C. Poasolanic Comsnie

1. Poasslapa: o

1. I.uy defines possolanas as materials which, though not cementitious in them-
selves, oontain constituents which will combine with lime at ordinary temperstures ;'
in the presence of water to form stable insoluble ocompounds possessing cementing
properties. The definition given in the ASTM Standard on Portland-Possolan Cement,
Designation C340-66T is as follows: :

"Possolan shall be a siliceous or silicsous aluminous material, whioh

in itself possesses little or no cementitious value but will, in :
finely divided forw and in the presence of moisture, chemiocally o
react with caloium hydroxide at ordinary tempsratures to form Lo
compornds possessing ceauntitious properties.”

The latter definition is a 1ittls more explicit about the nature and physical
state of materials and spells out the oonditions under whioh the reaction proceeds;
othervise, the two are the same in substance. The main point to be noted is that
the emphasis is on the formation of ocementitious oompounds which is the end use

of possolana and not om the extent of combination of lime with possolana.

6/ Stendard Specification for Naturel Cement, AS™X Designation: C-10-64, 1964
HEandbook of ASTH Standards, 1964, part 10, American Society for Testing and
Katerials, Philadelphia, USA, |

7/ (Reference 1), p.l4. '
8/ (Referemce 1), p.358.
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2. Limy-Pozzoleng Goments:

8. Earlier r ment@on was mede of +he usc of limc-pozzolona moriars since very
early times ond their exccllent service recerd. Some pozzolanas of high reputa-
tione are still being 17ed in comhination with limo ‘n mony ISuropean countrica.

The importont examples being the 1ltalian pozzolaras of volcanic origin, the Rhenish
irase, the Bavarian trass, the Rumanian irass and the Saniorin Darth etc. Lime-
fly ash mixes, though of recent origin, are also in use in soma countriee.* The
lime~pozzolane mixen contein mogtly hydreted lime; hydraulic lime is also used
sometimoes.

9, A3 ugoinst limc-pozzolona woritars of older doys, the prosent day lime-pozzolana
mixes may coatain amall quontitics of an additional constituent such as portland
cement or gypsum or chemioals in small quantities to accelerate carly hardening.
Also, the modern limeepozzolona mixes arc boing produced in many countries as
factory finished product and their production is backed by scientific research
instand of traditioas. In view of thiu e~nd to facilitato discussions, the use of
the term of pczuolenic coments has been extended to oover the lime=-posgzolana mixes.
This s considered jusiified because the latier are also hydraulic in nature and
form hdration prudvcts of the typc obtained on the hydration of portland-pogzolan
cement.

3. Portlani=Fozgolaga Cemonts:

e

10. Portland.-pozzolan cemcnt is the product obtainea by intimately intergrinding
& mixture of portland cemcni c_inker and poszolan., or by blending portland cement
with Cine pozaclana intimntely and uniformly. The amount of pozgzclan used is such
that the pouzolane constituent makes up between 15 and 40 per cent by weight of
poriland=pozzolona 'oemenf.s This type of cement was first used in Durope. The
Ttalion pozzolana cemint, the Trass cement of Germany and the Uaise cement of
France are typical examples. Such cements are also in use in Sweden, Rumania,
U.S.S.R. and other countries. In fact, some ccuntries produoe more than one grade
of portland pozzoiana cement.

11, A portland poszclana cement was used in Amerioa in the construction of the
Los Angeles nquedust around 1910.}ﬂ Since 1930 thim cement has boen used in Amerioca

* Corson & CO., and Fogzolaan Producta C:., UQSQA.' UeS.S.R, & India.

9/ ASTH Desigmation: C 340-GET on Tentative Specification for Portland-Pousolan
Cement, Book of ASTM Standards, 1964, Port 10, American Sociely for Testing
and Meterials, Fhilndelpkia, U.S.A.

10/R.E. Davis, "A Review of Possclanic Materials snd Their Use in Concretes”,
Symposium on Use »f Pozgolenic Materiels in Mortars anc Conoretes, Amerioan

Socioty for Teeting Materials, Spacial Technical Publication No.99, Philadelphia, :

U.8.A., 1050, P, 1.

o
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in mass concrete in a big way and is currently being produced with an’ without an
air entraining agent.a/ Many other countrics have also followed thc American lead
in this field, but, in most of these instances, the cement is not a factory product
of intergrinding but is the result of partial replacement of portland cement by
pogzolana in a concrete mixer.

4. Misesligpeous Poggolanic Coments:

12. All poggolana bearing oements which are not covered by the above three types
have been put in the category of Miscellanecus Pcggolanio Cements. Though their
use is not yet widespread, future holds o good promise for them beoause of their
special properties. In Germany trass=blast furnace cement with 15 and 25 per cent
by weight of trass oomponent is a factory made cement whioh is generally ground very
fine. Though there is no standard for this cement, the latter finds particular
application for concrete struotures which oome in oontact with aggressive waters.

13. Another cement whioh deserves a special mention is the Pusgolano-metallurgical
cement of France whioh consists essentially cf an interground mixture of portland
cement clinker, a pozzolanz (fly ash) and granulated blast-furnece slag in certain
proportions. This cement is claimed to attain the same strength as ordinary porte
land cement even in early ages and to surpass the strengths of portland cement at
later ages. In short, it is superior to 1 portland-pozzolana cement. The ime
portant characteristice of the two grades of the Fouilloux pugsgolano=metallurgical
cements are raported in table 2. Thc two C.P.M.F. grades are 160/330 and 210/375.
(The figures represent compressive strength in kg/cm2 at 7 and 28 days reqpeotiwly.)

D. Ergpexiies of Posselanie Cemente
1. Poaselaadg Actimt

14, In order to understand the properties of possolanic cements better, a briof
discussion on the possolanic action is desiradble. Aoccording to the definitiom,

W Heins Kremser, "The Use of Puzgolana in Germany", Symposium on 'Pozsolanas -
Their Survey, Manufacture and Utilisation', Central Road Research Institute,
New Delhi (INDIA), December, 1964.

"A Note on the Puzsclano-Metallurgioal Cements™, Société des Materiaux de
Construction de la Loisue, France, Symposium on 'Puszolanas — Their Survey,
Napufaoture and Utilisation', Contral Road Research Institute, Now Delhi
{INDIA), December, 1964.
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a pozgolana must be in o fine stotc and its constitutents should react with lime

at aormal temperature in the prosence of moisture and producc cementitious materials
of low solubility. 4s far os lime-posgolanc cements arc concerned the occurrence
of such a reaction ie casily understood but somc cxplanation is required in the
caso of portland-pozzolan cemonts.

15. Ordinary portland ooment contains a vory high percentage of silicates; di-

and tricalcium silicates make up more than 70 por cent of the total mineral content.
On hydration of thosc silicates, oaloium hydroxide is liborated as indicated by the
two oquation givan below:

20a,310,4+4H,0 = 0a3‘331207.3.3.3820 + o.*m(on)z

200.381054-61{20 - ca331207.3n,‘,o + 30&(08)2

16, While the resulting two oaloium silicate hydrates, called collectively tober-
morite gel, are insoluble, cementitious and account for most of the stirength
of hardened oement, caloium hydroxide liberated during the hydration of silicates
does not contribute to the strength and, being soluble in water, may be leached
out. Pogzolana which is a oonstituent of portland--pozzolana oement fixes up this
lime during its hydration by entering into ohemioal ocombination and forming
cementitious calocium silicate hydrate of the tobermorite type. Though nothing
definite can be said about the nature, composition and morphology and other oharao=
teristios of the tobermorite phase formed from portland-pozgolana cement because
its chemistry is not fully understood, it appears, it is probably different
from that formed on the hydration of porglmd oemen‘c.-]'-6

17. The importamt point to be borne in mind, however, is that this tobermorite
phase is also in the form of gel with low degree of orystalliszation and fills the

1Y/ 8. Brunsuer and D.L. Kantpo, "The Hydration of Tricaloium Silicate and B-
Dicaloium Silicate from 5C to 50 °C", The Chemistry of Cements, Edited by
H.P.W, Taylor, Academic Press Inc., London & New York, 1964, vol.l, p.289.

14/ H.P.H, Taylor, "The Calcium Silicate Hydrates", The Chemistry of Cemen‘s,
Edited by H.P.Y. Taylor, Academic Press Inc., London & New York, 1964, vol.l,

p.199.

15/ 0. Nalquori, "Portland-Possolana Cement", Proocedings of Fourth International
Sywposium on Chemistry of Cement, Washington 1960, National Burezu of Standards,
wm&, 'pr 43' 1%2' 701.2, pp.96&-995.

A6/ 8.K. Chopra, "The Hydration and Hardening of Clinker-based Cements - Some
Unresolved Problems”, The Indian Concrete Journal, vol.40, No<5y May, 1966.
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voide and capillary pores in mortars and concretes. Consequently, properties of
Portland-pozzolana cement mortars and concretes are modified as disoussed below.

2. 8 L Poggo ts?

18. Properties of lime-pozzolana cements depend entirely on the possolanic action
unlike portland=pozzolana cement wherein the pozzolanic action only supplements '
the hydration of portland cement clinker component. 3inoe olinker is a standard
material and is generally present in higher proportions, it controls the proper-
ties of the pozzolanic cement to such a degree that it is possible to lay down
minimum standards about properties such as fineness, oonsistency, setting time,
strength, soundness, shrinkage eto. No wonder National Standard Specifications
have been evolved for portland pogsolana cements while lime=pogzolana cementis are
covered either by standards laid by individual organizations or by a la?icml

' Code of Practioce.

19. The properties of lime-poszsolana cement depend mostly upon the ratio of its
oonstituents, quality and type of lime, and fineness and activity of possolana.
This type of,qen'gont ie comparatively slow setting. Setting iime is variable;
acoording to Les®™ initial set may ocour in 1«3 hours and final set in not less
than 10-12 hours ﬁhen determined by the Viocat plunger. Strengthe vary with lime
to possnlana ratio and are very much influenoced by temperature and storing or
ouring conditions. Mixes with low lime oontent (1:4) will give higher early
strengths compared to those containing higher lime content (1:3 and 1:2) and the
situation may reverse at later ages. Higher temperatures increase the rate of
possolanio action and consequently strength development is faster. Vater ouring
gives much higher strengths in comparison to air ouring. '

20. Lime=possolana cements do not compare favourably with ordinary portland
cement in as much as they do not develop strengths fast and also the ultimate
strengths are generally lower. However, possolanio action, though slower, can go
on for & mmh longer period and make its mortar and conorets as watertight as
that of portland cement. 3imilarly, mortars and oonoretes of some cements of this
type could be as resistant 1o the action of fresh and salt water as those 0f porte
land oement. This is evident from the long term performance of marine structures

11/ (Reference 1), p.lS?G.
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built in Italy and Germany with mixtures of lime and pozzolana with or without

portland cement.w

3. Properties of Portland-Pozzolana Cement:
(a) General Prom; reies:

£1. The properties of portlard-pozzolana cements (PP cements) are, in general,
similar to those of ordirary portland cemeat; however, an understanding of differ-
ences in the properties is importaut from the point of view of qpplication. In-
formation on the important properties of portland-pozzolana cements is available
in the National Standards of ten countries (Appendix).

22. The chemicgl compogjtiog of some American Pozgzolanic Cements, based on
Kalousek and Jumper's data, is reported in table 3. Specific gravity of

portland-poszolana cements is comparatively lower as the speoific gravities of
possolanas vary from about 2.0 to 2.7 against 3.15 of clinker. PP cements
generally lower the workability of concrete (slump) at the same water oontan#,
however, there are some exceptions such as fly ashes with low carbon content! and
high fineness which improve the workability of conorete. On the other hand, PP

cements improve the plasticity of conorete, reduce bleeding and segregation.
19.21/

These effects cre wore pronounced in lean mixes.

H

23, Setting times ‘are nearly the same for the two cements. Portland-pogzolana
cements made from type I and II portland oement olinker and having 15 to 30 parts
of pogzolana by weight have nearly equal tensile strengths at early ages; later

on tensil strengths may be even 50 per cent higher. Also, under moist ouring
oconditions, mortars containing pozzolanas do not show the regression in tensile
strength at later ages which straight portland cement mortars may show. Posgolans-
cements usually attain their ultimate stirengths at one year of age.

[3

24. Goppreseive s¥rengihs of mortars and concretes prepared with PP cement are
comparatively lower than those of portland cement at early ages; the greater the

percentage replacement, the lower the early-age strength. Later-age strengths

18/ (Reference 1), P.368.

w G. Nalquori, "Natural Italian Poszolanas™, Paper Presented at the Symposium on
'Possolanas « Their Survey, Manufacture and Utilization', Central Road Research
Institute, New Delhi (INDIA), Dec., 1964. :

20/ 0.L. Kalousek amd C,H. Jumper, "Some Properties of Portland Rossolana Cements",
Journal Amerioah Conorete Institute, Nov., 1943.

21/ B. Hather, "The Partial Replacement of Portland Cement in Corcrete”, Cement &
Conorete, Special Technical Publiocation No. 205, American Sodiety for Testing
Materials, Philadelphia, U.3.A., 1958, pp-.52-55.
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of richer concrete mixes prepared with PP cement are generally lower than that of
portland cement., However, later-age strengths of PP cements may equal or exceed
those of portland cement in lean mixes. But all this is valid under continuous
moist curing cdnditions. Dry curing conditions and low temperatures affect the
strengths of PP cements more adversely than that of portland cement.

25. iojsture movements of concretes prepared with PP cement are not significantly
different from those of Portland cement, but initial drying shrinkage is greater
in the former cement. Creep of poszzolana concrete is comparatively greater both
in tension and compression. Other things being equal, the magnitude of creep

inoreases with the magnitude of replacement of cement by pozzolana. One good
oonsecuence of this increased ability to creep is that PP cements show lesser

" tendenoy to oracking.

26. Pressing sid thewing tests reveal that frost resistance of PP cements is
lower when evaluation is carried out on 28 days oll speoimens. This is because
of lower strength development compared to that of portland cement at the same age.
If, however, the former cement is cured for longer periods, say six months, there
is no difference in the performance of the two cements. The abrasion resistance
of oomorete prepared with PP cement is generally lower except at later ages when
the differences are neglegible. S

(v) Special Properties:

27. Portland pozzolana cements possess some special properties which make them
more suitable for certain applications discussed in Chapter V. PP cements evolve

t o tion pe t we , and are preferred for use in maes con-
orete constructions on that acccunt. However, the total heat liberated by PP
cement is substantially greater than that which can be accounted for by the porte
land cement oomponent only, showing thereby that pozzolanic reaction does ocontri=
bute towards heat. As a rough indication the percentage reduction in heat
evolution st 7 and 26 days may be about one half the percentege substitution.2
The advantage of reduced heat of hydration is mullified to great extent if a
possolana is much finer than cement. For example, Venue found that 7 days
heat of hydration of oement wherein 25 per cent oement had been replaced by fly
ash of a fineness of 10,000 square centimetre per gram was nearly equal to that
of plain oement.

22/ (Reference 1), p.383.

gy Nichael Venuat, "A Study of Properties of Fly Ash Cements", Revue des Materiaux
de Construction No. 506, pp. 309=317, Nov., 1957 (In French).
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28. Permeatility of concrete prepared with PP cement may or may not be lower than
that of portland cement ooncrete as it depends on the activity and fineness of
poszolana, and water requirements of conorete for the same workability. Incor-
poration of pozzolanas whioh reduce water requirements will lead to reduced perme-
ability even at early stages; otherwise under wet curing conditions permeability
of pozzolana concrete is definitely lower at later ages because of formation of
pseudogelatinous, expanded products which fill pores and voids and reduce perme-
ability. That is why use of PP oement is recomondod in the construction of
dams where lean mixes are customary as it leads to ﬁ degree of water tightness
whioh is not attainable otherwise.

29. Portland pozzolana cements generally inorease resistance to aggressive waters
(soft and sulphate bearing waters) because of formation of pseudogelatinous products

vhich seal the pores. Also caloium hydroxide, liberated on hydration of Portland
cement in oonorete and which is vulnerable to leaching and attack of iareuivc
water, is oonsumed in portland pogzolana oement oonorete due to the possolanio
aotion, All this may lead to inoreased resistance of PP cements. But the
offects may be offset if poszolanas contain reactive alumina.

30. A good deul of evideno shows that use of PP oement in comorete

w (Reference 15), p.996.

ReZe Davis, Wilson C. Hanna and E.H. Brown, "Strength, Volume Changes and
Sulfate Resistanoce of Mortars containing Portland-Poszzolan Cements™, Thé
Amerioan Society for Testing Materials, Special Technical Publication No.99,
Asm’ Philldelphia, U.S.A.’ 1950, pp0131-152-

Milos Polivks and Elwood H. Brown, "Influence of Various Factors om Sulfate
Resistamoe of Concretec Ccutaining Pozzolan". Prooeedings, American Sooiety
for Testing Materials, vol.58, pp.1077-1100, 1958.

P. Pouilloux, "Pogsolanio Slag Cements of High Chemical Resistunce and
Normal Strength Oain", Revue des Materisux de Construction, No.502, pp.191-196
July 1957 (In French). |

ﬁ/ Standard Method of Test for Potential Alkali Reactivity of Cement Aggregate
Combinations (Mortar Bar Method), ASTM Designation 0227-64, 1964 Handbook of
ABDM Standards, Part 10, Amwerican Society for Testing & Naterials, Philadelphia

. U.8.4.

2Y/ T.E Stanton, "Studies of Use of Possolanas for Counteracting Excessive Conorete
Expensions Resulting from Reaction between Aggregetes and the Alkalis in
Cement", ASTM Speoial Technical Publication No.99, pp.178-201.

30/ Oeorge L. Troxell and Harmer L. Davis, "Composition and Properties of Oomcrete”
MoGraw-Hill, pp.T2-73, 1956. -

31/ J.A. Hester and O.F. Smith, "The Alkali-Aggregate Phase of Chemioal Reastivity
in Conorets « Part II", Ameriosn Society for Testing Materials, Special
Technioal Publication No.205, pp.T4=90, 1956.

BRIy nbersta S
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¥ill check glkali-agsregate reaction which results in delayed expanaion, 2/
Pozzolanas have been found generally effective in checking alkali-aggregate reac-

tions where the aggregéttes are potentially dangerous and alkali content of portland
cement is higher than the recommended limit of 0.60 per cent as Nazo.w Pozzolanas
should be used in sufficient quantities as presence of small amounts may induce
deleterious alkali-aggregat~ ieaction. However, prescnce of calcium chloride
could reduce the effectiveness of pozzolanas.

31. The data on the_resistance of ooncretes oontaining poszolana replacemente to
Wi conflicting and not conolusive. This appears to result
primarily from lack of uniform testing conditions and procedures employed by
different workers. Steopo found reduced resistance with pozzolana replace-
ments more than 10 per cent beoause of the presenoce of micro- and maoro-fissures
on acoount of air slaking. Most of the investigations relate to portland fly ash
osment and, according to Abdun N fly ash ooncrete has to be wet cured for
about 80 days if it has to equal or exceed normal air-enirained concrete in durabi-
lity. 3inoe drying of poszolana conorete at early ages will affeot the resistance
to freesing and thawing muoh more than in portland cement oonorete, ouring of
possolana conorete should not be oarried out at a relative humidity of less than
50 per oent.

"
S. §tsndard Speoifications
iit80als

32. American Specifications for Raw or Caloined Natural Poszclanas are reported
in table 4. A possolana is rcgquired to have a minimum content of 70 per oent of

the oxdides of silicon, aluminium and iron of which a pozsolana is mainly oonstituted.

32/ R.H. Bogue, "The Chemistry of Portland Cement", Reinhold Publishing Corporation,
New York, Second Edition, 1955, pp.639=T1l. :

1)/ (Reference 2), p.704.

34/ Russel H. Brink and 'ioodrow J. Halstead, "3tudies Relating to the Testing of
Fly Ash for Use in Conorete", Procecdings, American Society for Testing
Materials, vol.56, pp.1161=1214, 1956.

w U.S. Buresu of Reolamation, "Concrete Manual®, 6th, Ddition, pp.47-46, 1955.

36/ H.L. Flack, "The Freese-Thaw lesistance of Concrete as Affected by Method of
Test". Proceedings American Society for Testing Materials, vol.57, pp.107TT=
1095, 1957,

A1/ A. Steopos, "The Aotion of Possolanas and its Influenoe on the Structure of
Hardened

Binders and on the Properties of Conorete", Paper R.}5, (Roumania),
Sixth International Congress on Large Lams, New York, September, 1958,

8/ iidward A, Abdun-Nur, "Fly Ash in Conorete = An Evaluation", Highway Research
" Poard Bulletin 284, Highway Research Board, 'ashington D.C., 1961, p.3l.
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The stability and durability aspects of pozzolana are controlled through limits
placed on the contents of magnesium oxide (Mg0), sulfur-trioxide (803) and loss

on ignition. The mcst important physical requirements are the fineness, pozzolanic
activity index and soundness. Limits have therefore been spscified for all the
three properties (table 4). The other physical requirements in this table pertain
to the use of pozzclana for special purposes. The uniformity requirement which is
important from the point of view of quality control of pozzclana has also been
taken care of (table 4). A

33. Most of the chemical and physical requirements for the natural possclanas are
also applioable for artifioial pozzolanas, however, specifications for artificial
posgclana generally are specific in nature and may have tc be drawn for each
poszolana separately. In fact, more than one specification may be in use for one
artificial poszolana in a particular country. For example, fly ash in U,S.A.

34. The ASTM Specification for Natural Cements and Portland-Posszolana Cement are
reported in table 5 and 6 respectively. It may be noted that while the specified
fineness of the natural cement in terms of sqom/g is about two times of that of
portland cement (table 1), the strength requirements are much lower. The limit
on the autoclave expansion is alsc lower compared to that of portland oement
(Type I in table 1).

35. The fineness of portland pozzolana cement was specified earlier in terms of
residues on ASTM sieve No. 100 and 325. As against fineness in terms of sieve

; residue, now a few of the National Standards also control the fineness in terms of
spocific surface (sqcm/g) as determined by Air Permeability Nethod. This is evident
from the specifications of 'Portland-possolana cements in use in different countries
(Appendix); many countries produce more than one quality of this type of cement.

The important difference td note is that strength requirements for portland
possclana oements at early ages are generally slightly lower than those for ordinary
portland cement (Type I). The difference im strength is, however, reduced with

age. The other differences in the specifioations for Portland=-Possolana Cements |

probably arise from differences in the nature of the local possolanas or practices
of use of cements.

36. Since the formulation of National Standards takes time and requires tc be backed
by research and adequate experience, it may be profitable in the beginning for the
developing countries to make use of the ourrent specifications (Appendix) for
testing and evaluating possolanas and possolanio cements. “hen sufficient research

I
1l
|
1
|
B
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data and field experience have been gathered, modification in the existing speci-
fications or drawing up of National Standards could be taken up in the interest
of greater utilization of natural resources and better use of finished produocts
to suit prevailing olimatic conditions or construction practices.
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CHAPTER II, POZZ0 - R CLASSIFICATION ACTURD

A.  Classification
37. Posszolanas oan be olassified into two groups, i.e. natural and artifioial
possolanas, Naturally oocurring products possessing pozsolanic properties are
oclassified as natural pozzolanas and industrial products are termed as s.rtiﬂoial*

posgolanas. While there is a general agreement about the two classes of posgo-
lanas, there are some differences about the placement of natural materials such as
olays, shales and oertain siliceous rocks which act as pogzolanas only after heat
treatment in one or the other group. Por example, Leat and Malquori®/ have
listed the latter under artificial pozsolanas, while Do,vis,}/ Mielenz and his
oo-mthon,y and Orcha call oaloined clays and shales eto. as natural poszo-
lanas. 8inoe, 'beuidel heat treatment, cther treatments or proocesses may also
turn a non-possolana into a pogsolana, classification based on the source of
the material rather than the treatment or procees is considered more rezlistic and

has, therefore, been adopted in this report,

1. Matural Possolanast

38, Aocording to lllquoriy the true natural possolanas are pyroolastio,
inocherent materials that originate from prevailing explosive types of voloanio
eruption through quenching, These are in a state of special instability, rich

Also known as Synthetic Possolanas,

F. M. Les, "The Chemistry of Cement and Conorctc”, Edward Arnold (Publishers)
Ltd.' m' 1956| Pe 3580

G. Malquori, "Portland-Possolan Cement", Chemistiry of Cement, Proceedings of
the Fourth International Symposium, Washington, U.S. Department of Commerce,
National Bureau of Standards, Monograph 43, vol. II, pp. 985-987,

R. B, Davis, "Possolanic Materials and Their Use in Conorete", posium on
Use of Possolanio Materials in Mortars and Conoretes, Special Techniocal
Publication No. 99, American Soociety for Testing Materials, Philadelphia, 1950,
Pe Se

Richard C. Mielens, Leslie P, Witte and Omar J, Glantz, "Effect of Calcination
on Naturel Possolanas", Symposium on Use of Posgzolanic Materials in Mortars and
Oonoretes, Special Technical Publication No. 99, Amerioan Sooiety for Testing
Materials, Philadelphia, 1950, p. 43.

D. P. Orchard, "Conocrete Technology"”, Asia Publishing House, New Delhi, 1963,
vol. 1, pp. 110-111,

K. M. Alexander, '"Reactivity of Ultrafine Powders Produced from 3iliceous Rocks",
Journal of the Amerioan Conorete Institute, vol. 32, No. 5, November, 1960,

L SR A S

<

S L

K. M. Alexander, "Activation of Possolanas by Treatment with Acid", Australian
J. Applied Science, 69, 327 (1955).
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in glassy substances and poesess apecial reactisidy towards ca.cium hydroxide.

The examples are the Italian voloanic possolans frum the Phlegraean (Possuoli)
and the Latium (Rome) regiona. Compact volesnic tuffs, though originating frow
the same pyroclastic materials, invo've ° trahsforgu.tion process and therefore are

different from the .rie natural pogzoialine, ™e l.enizh traen obtained by grind-
ing the very suit tuface u. ~tua .t «he dufel quarries ir an exazple of tais

group. DBetween the true pousclanaa, imccheren anl rich in glass component and

the compact tuffs whioh originated from the cementation of pyroclastic materials,
Malquori recogniszes a series with intermediate chursoteristics acoording to the

type and extent of alteraiion thai has ocouvrred. Altaored rhyelitic voloamie tuffs,
no longer containing cny glass because they ara deeply zevlitised, belong to the
intermediate series. Products resulting from extensive altersation of different
types of valoanic rocks due to aumerous causes are also good possolanas. Examples
are opaline silica, olays which have boen naturslly roasted by incandesoent lava
flowing over them. Natural possolsnas arc also derived from rocks or earths for
whioh the silica comstituent contains opal, either from preoipitation of silice

from solution or from the remains of organisms. Diatomaceous earths belong to

this category. Ancording to Turrisia.nia natural pogsclanas could be classified

28 (1) volcanio glasses, (ii) possolana tuffs and (iii) high-silica possolanas.

Table 1 gives a comprohensive 1ist of naturel possnlanas which has been prepared

from the available information. Natural materialc which need caloination for
developing poszolanio activity are grouped together. Examples ars "Moler" of
Denmark and "Giase" of France. Bosides listing the well kuown possolanas and g

the country or countries o wi..s svurces, the daia on rock type, physical state

Table 1. This information will be helpful in surveying and prospecting for

i
i
of the natural materiul and vetrosravhio description have also been included in i
|
nossolanas, |

2.  Artificisl Poasolanas
(a) Fly Ash:

39. Of the different artificlal possolanas given in Table 1, fly ash (or
pulverised fuel ash) is the most important as this is an industrial waste of
thermal power stations using pulverised ooal for raising steam in their boilers
and is available in huge quantities for disposal. It consisis of fine particles

8/ R, Turrisiana, "Aspeots of the Chemistry of Poszolanas"”, The Chemisiry of
Cements by H. F. W. Taylor, Academic Press, London and New York, 1964, pp. T0-75.
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oollected in the stack of power plants by mechaniocal means or by eleotrical
preocipitators or a oombination of the two. Acoording to Abdun Nur,# fly ash
oonsists for the large part of solid or hollow spherical particles of silioeous
and aluminous glass, with small proportions of thin-walled, multi~faced poly-
hedrons oalled "oenospheres", of reddish partioles high in iron, and of irregularly
shaped, relatively porous oarboa or ocarbon-coated particles. Obviously, this
oondition of fly ash partioles is the result of their having been subjeoted to
high temperatures before ocollection. This, coupled with the fineness of fly ash,
which is of the sams magnitude as that of portland cement, are the two attributes
which make the use of fly ash a very atirective proposition as either no or very
1ittle processing is required. MNoreover, the use of fly ash will tum the
1isdilities of disposal into profits. In Amerioca, where approximately 160 to

260 pounds of fly ash are produced for each ton of coal bumed, the estimated
expenditure on disposal of fly ash was about § 17,500,000 per year about five years
qo.y The disposal of fly ash poses a serious problea for Nany producer oountries
In the United Kingdom, about 8 million toms of fly ash is available and oost of
disposal is about 4 shillings per ton. ©Even in a developing oountry like India,
where fly ash became available only a few years ago, about 3 million toms of fly
ash is available every year for disposal. Fly ash should be a valuable industrial
by-product for the developing countries which are short of oements.

(v) goad Asht ,

40. Ashes whioh arise from the combustion ef lump ooal in large furnaces, such as
those used for stesa raising at thermal power stwitinas Yotlisteveltor-uged
together and the product is termed olinker in the United Kingdom and oinder I he
Dnited States. This industrial waste finds use as a lightweight aggregate and it
quality is oontrolled through National Standards. Finely orushed olinker
shows some possolanio properties and on grinding with lime in a mill yields a
mortar for brick or stone masonry. Though such mortars gain strength slowly,

9/ Bhward A. Abdm Nur, "Fly Ash in Conorete - an Bvalustion®, Bulletin 264,
Righway Ressarch Board, Washington, D,C., 1961, p. 4, 42.
12/ Tentative Specifications for Lightweight Aggregate Conoruvte Masonry Units,

ASTH Designation 0331-64T, 1964 Handbhook of ASTH Standards, Part 10, Aneriocan
Society for Testing and Materials, Philadelphia, United States of Amerioca.

,u/ B8 1165-1957 "Clinker Aggregate for Plain and Precast Conorete”, British
Standards Institution, London, Wele

12/ 7 X Lea, "Mhe Cheaistry of Cement and Conorete", Biward Amold (Publishers)
L“o. m. 1956. Pe 5050 ‘




C 2 N T

A,
A.d.

A.2.
B.
c.
C.l.
c.2.
C.3.
C.d.
D.
D.le
D.2.
D.3.
E.

Cementing Materials in Antiquity
Forerunner of Portland Cement

Portland Cement
Poszolenic Cements

Pozzolana

. Lime Pozzolana Cements

Portland-Pozzolana Cements
Misoellaneous Porsclanie Coments
Eroperties of Pogzolanic Comenis
Poszolanic Action

Properties of Lime-Pozzolans Cements
Properties of Portland-Posszolana Cements

OEAPTER 11, PO’

Ao
A.l.
A.2.
B.1.
B.2.
’.3‘
B4,

B.5e
B.6.
BeTe
!QB.

Natural Pozzolanas

Arti‘ioial Pogszolanas
Pesselanic Activity and Iis Jatisatisn
Setting Time of Lime Possolana Mixes
Strength Tests | ]
Lime Reaoctiviiy Test

Strengths of Fortland-Possolana Cement
Nortars

Drying Shrinkage or‘?o:solqnic Mortars
Fratini Test L

Chemical Resistance Test

Modern Test Methods

ID/MG.20/3
Page 3

E

\.IO
L
O

GEEEEEBw

15
15
18
19
23

=59
il

EEBYRY

il SR S

43




1D/¥G,20/3
Page 39

ultimately they become very hard. In India, ash resulting from the burning of
coal in looomotives is collected and finer grades are used for making morta.rs.l
More than one million tons of loco coal ash are available every year and ground

looomotive ash is recommended for use as pozzolana by some.l

(o) Supkhi:
Al. Surkhi, which is prepared by powdering brickbats or rejects of a brick kiln,
is an industrial waste and consequently has been inocluded in the list of arti-
fioial poszolanas. The reaotive surkhi or burnt olay pozzolana which has been
included in the list of caloined natural pozgolanas is charaoterized by high
pogsolanic activity and differs in having been produced as an industrial product
from carefully seleoted olays.

(a) si $

42. S:l.-Stofﬂ}j/ is a siliceous waste product of alum manufacture. It oan show
good posgolanic activity but is very variable in its oomposition. The sulphur
trioxide content is often high.

43. Looording to the definition of a pozsolana, pozsolanioc activity implies its
ability to oombine with lime and form cementitious compounds.,  Attempis have been
made in the put +0 measure poggzolanic activity in terms of its chemical composi-
tion, the amount of material soluble in some medium (solubility tests), absorption
of lime by possolana from lime solution (1lime absorption tests), and reduotion in
alkalinity of a 0.5 N sodium hydroxide sclution by a pozszolana in the presence of
ot.loium hydmxidrl6 eto,

44, BSince no definite relationshipe could be established between the aotivity of
the different poszolanas as determined by any of the above testm and their strength
imparting characteristiocs as revealed in the strength development in either

13/ P. M. Abdul Rahman, S, S. Rehei and 8. K. Choprs, "Strength of Brick Masonry",
NBO Project Report, Journal National Buildings Organisation, October, 1961,
vol, 6. PPe 49"61.

"Looo Coal Ash as Posgzolanic Replacement of Cement", Indian Railway Techniocal
Bulletin, vol. 17, No. 139, November, 1960.

Fo M. Lea, "The Chemistry of Cement and Conorete, Edward Armold (Publishers)
Ltd.' LQndon' 1956’ Pe 3660

W, T. Moran and J. L. Gilliland, "Summary of Methods for Determining Pozzo-
lanio Aotivity", Symposium on Use of Pogzolanic Materials in Mortars and
Conoretes, Special Technical Publication No. 99, American Society for Testing
Materials, 1950, pp. 110-120.

g & &
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lime-pogzolana or portland pozzolana cement morstars or oonoretea,l 18,1 none of
the above tests can be considered entirely satisfactory. However, these tests

may be considered or some value in the seleotion and evaluation of pogzszolanas.

l. Setting Times of Liuc—iv.yv.qua iies:

45. Pozzolanas aie also wwsuow Ivo their aotivity by deteriining setting times

and strengths of lime-pozzulana mixes or moz"w,rt:.':l—i‘-ao These tests are based on

the interaction of active silicates and aluminates present in posgolanas with lime
and formation of insoluble calcium silicate and aluminate hydrates, Initial and
final setting times of pastes of 134 lime-pozzclana mixes (by weight) are deter-
mined at norual oconsistency of the paste. Materials whioch are inaotive will not

set under the conditions c1r' thie test procedurs while aotive materials will show

on the average an initial set of less than 50 heurs and a final set of less than

100 hours. Matorials with moderate activity either get set in this range or mey .
not set at all. [Experience shows that this method im suitable only for estimating |
the activity of different materials qualitatively. | ]

2.  §trength Tests

46, Tensile and oompressive strengih tests, employed in ths past, measured the
strengths of lime-nozzolana mixtﬁres ¢r lizmsepomzolana~sand mertars. The speci-
fications of the tost rrocedures employud by different workers differed in the
ratio of ingredicnis, size and shape of spesirens, connistency of paste or mortar,
and ouring oonditicns etcs resulting in differernt etandards to judge possolanio
aotivity. Detemminativa ol .cuuil. Jiraugih is uc longer in vogue now,

16/ W, T, lbren and J. L. Gilliland, 2p, cit.

11/ F. M. Lea, "Me Chemistry of Pozzolena", Proceelings Symposium, Cheaistry of
Cements, SHtockholm, 1938, pp. 460-90.

13/ BRobert D. Vincent, Matoos Manusl and D. T, Davidscn, "Variation in Possolanio
Behavicur of Fly Ashes", Ficc. ASUM, vol. 61, 1961.

12/ G. Malqueri, "Portland-Pouzolan Cement", Caemisiry of Cement, Proceoedings of
the Fourth Internation:l Symposium, Washington, U.S. Department of Commenrce,
National Bureau of Standcrds, Monograph 43, vol. II, p. 994.

3_0/ F. M, Lea, "Pogzolanas snd lime-Pozzolana Mixes", Department of Soientific
and Industrial Kessaroh, Building Research Station, Building Researoh
Technical Paper MNo. 27, Her Majesty's Stationery Office, London, 1940.
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3.  Lime Repotivity Tests

47. Currently an acoelerated test has replaced the old oompressive strength test
for testing possclanio aotivity; for example the lime-pozzolana sirength develop-
ment test in Amerioa and the lime-rsactivity test in India. According to the
Tentative Specifications of the American Society for Testing Materials for
Pocssolanas for Use with Lime,z-v the mortar mix consiste of 1:2:8 parts of hydrated
limetdry poszolantgraded standard sand on weight basis. The mortar having plastic
consistency is ocast in 2 in. oube moulde and when moulding is completed, the filled
moulds are placed in the vapour oven with the top surface proteoted from drip.

The specimens remain in the moulds in this oondition for 48 hours, after which they
are removed from moulds and immersed in the 130 + i°F water until they are seven
days old. The specimens are then removed, oocoled and tested. The minimum com-
pressive strength should be 600 p.s.i.

48. Lime reactivity test in the Indian Stmdnéga/ which is similar to the
Pessolanioc Activity Test in the AST™H Spocifioatioaa.w requires 2,78 in. oubes to
be prepared from 185 g of the limetpossolana mix in 1:2 ratio by weight with 555 g
of the standard sand. The stiff mortar is filled in cubes by using standard mortar
vibrator. The top and bottom of the specimen in the mould are oovered and sealed
80 that no moisture loss ocan take place from the specimen., The specimens in moulds
are first kept at 27 + 2,0°C for 24 hours and then at 55 + 2.5°C in an inoubator
for six days. The specimens are tested after cooling and should have a minimum
strength of 600 p.s.i. If a possolana tested in this manner has a strength of
800 pes.i., a poszolana may be said to have L.R. value of 800, Te L.R. values
can be employed for classifying possolanas.

2)/ Tentative Specifications for Possolanas for Use with Lime, ASTM Designations
C 432-59T, 1964, Handbook of ASTM Standards, Part 9, American yoioty for
Testing and Materials, Philadelphia, United States of Amerioca.

The Indian Standard Methods cf Test for Possolanio Materials, IS;1727-1960,
Indian Standards Institution, New Delhi.

Tentative Speoifications for Portland-Possclan Cement, ASTN Designations
C 340-647, 1964, Handbook of ASTM Standards, Part 10, American iety for
Testing and Materials, Philadelphia, United States of Amerioca.’*

Indian Standard Specificetion for Surkhi for Use in Mortar and Conorete,
IS:1344-1959, Indian Standarde Institution, New Delhi.

Bditorial Note: ASTM Designation C 432-59T, 1964, hae been replaced (1968)
by C 593-66T, 1966,

#/ ASTM Designation C 340-647, 1964, has been replaced (1968) by C 595-67T.
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49. The aocaleraisi tesis meniionad above are not above oritioism. . .First, these
tects will not show how pozzolane will beheve in portland-poszolana cement; the
correlation between st-engths of pozzolenas o different types and the strengths
of the corresponiing portland-poszolana cament concrete at an age of one Year is
poor. Secondly, the hydration characteristics in the lime reactivity test are
surewhat differeat 1rom ihoge oif puriluri-poszvlana cement. Nevertheless, the
lime reactivity test is very valuable in evaluating poczolanas as it is quioker,
reliable and reproducible and quite suitable for predicting streagth of lime-
poOsgolana mixes.

4.  Strepgihs oI _land: ...t.;e.ﬂa..c*m* Mertars

50. Strength tests oa pci4land-povzolana blends or o.ments are generelly preferred
over other methods for evaluating puzsolanio activity bacause of their simplicity
and direct ajplicaticr, The basin apprnach in strength tesis is the determination
of strength of uortars prepared with mixtures of portland cement and possolana under
sozie epecified conditions ard iis comparison with strength of mortars prepared with
straight portland cement cured under identical coniitions. Sometimes the ttrn‘th
of mortar prepared with mixtu-es of known inert sulstance (in quantity equal to
that of possolenic material under lest) and portland cement cured under similar
conditions is ulso detarained., Thecy strengthe ar. utilised in caloulating the
indices or sesiahlishing rclati~nships for purpcses of ocomparison. Though the
bohaviovr of a poszolana in the blends depends on the riohnou of the mix,
cond*tion cf curing, age and quentity of rogzolana, etc., tho test gives very
satisfaotory porforiance wucs one tiigle set o iest specifications,

5 Drying Shrir sge of Posgol Jortars: o
£1¢  The test conzisis of cuting mortar bsu; the co-polition of mortar being

1 part of portlmd—px...olma cement to abovt J %o 4 ptrtl of -W sand. The
duerioan Socisty for Testing Materials dpecifies tie same mortar mix as for
compressive snirz:jth test in che Spuoificatiors for Portland Posgolan Cement.

The moulds are filled snd placed ir w>ist room for 24 hours. The specimens are
then ocured in water for six duys. The initial length of mortar bu'l is measured
and the speoimens are then stored under specifiad oconditions. The lengths of the

specimens are measured from time to time and percentage shrinkage is oaloulated
after various time intervals.

_2}/ Ops cit.
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6.  Fratini Test:

52. In this tenﬁj 20 gm of the cement oontaining pozzolana is stirred with

100 ml of water for the first few hours and then maintained at 40°C for eight

days. The solution is then filtered and titrated for alkalinity. Lime is also
estimated. By oomparing the results with a curve showing the solubility of lime
at 40°C in solutions of varying total alkalinity, it ocan be seen if the solution is

satureted with lime or not. For go;g/ponolmio oements, calcium hydroxide in

solution should be below saturation.

7.  Shemical Resistance Tests:

53. 8inoe possolanas are known to inorease the resistanoce of oconorete to leaching
action of sulphate waters, attempts have been made to correlate posgolanic activity
of materials with the resistance to sulphate solutions of mixtures of portland
oement and materials under investigation; but these have not yielded any suitable
test procedure as the effects produced by other variables are too meny to permit a
reproducible evaluation, However, the Anstett test, which oonsists in measuring
the expansion of a oylindriocal specimen composed of 50 per cent gypsum and 50 per
oent hydrated cement paste is considered adequate for oomparison purposes by
Turrisiani,

54. For testing the possolanic activity from the point of view of the use of a
possolana for reducing expansions arising from alkali-aggregate reaction, a mortar
bar tutzy is employed. This test is not a general purpose test but is intended
to test the special property of a possolana. It has proved successful for
evaluating a pduolm for its ability to countereact alkali-aggregate expansions
and has therefore been adopted as a standard tolt.gy

Y smoit.
2%/ W. Pratini, "Chemical Control of Possolanio Cements” (in Italian), Amn. Chim.
44, 109 (1954).

w Fo W, Lea, "The Chemistry of Cement and Concrete”, Edward Arnold (Publishers)
Ltd,, London, 1956, p. 393.

R. Turrisiani, "Aspects of the Chemistry of Possolanas”, The Chemistry of
Ca;on;-. odgtod by H. F. W, Taylor, Academio Press, London and New York, 1964,
Vol., ¢, P 3

2/

LB/ Standard Method of Test for Potential Alkali Reactivity of Cement-Aggregate
Combinations (Mortar Bar Method), ASTX Designation C 227-64T, 1964, Handbook
of ASTH Standard, Part 10, American Society for Testing and Materials,
Philadelphia, United States of America."

Editorial Note: ASTM Designation C 227-64T, 1964, has been replaced (1968)
by C 227-67. A
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8. Test Methods:

55« In addition to the above standard test methods, research mthodw suoch
as determination of insoluble residue (after contact with lime) or the unoombined
lime in a mortar have also heen applied to lime-pozsolana or portland ocement-
pogzolana mixtures, [xamination of set cement products with the help of a light
mioroscope, X-ray powder diffraction techniques, differential thermal analysis,
thermogravimetric analysis and eleotron microscopy, are the modern tools employed
in evaluating pogzolanic aotivity by indireot méthodl. Fuller acoount of
techniqu and results of important investigations are given in the litere-
ture.

C.  Agtivity Type
1. Naturel Pogsolums:

56. Very extensive laboratory investigations have been carried out on the subjeot
of possolanas during the last three decades. The results of investigations on
natureally oocurring Italian pozsolanas of repute have been published from time to
time since 1935 and active constituents responsible for possolanic activity are
now well noo@isod.w Studies on the American possolanas had their beginning
in 1912 and sinoce then the most produotive work has been dome in the laboretories
of the United States Bureau of Reclamation, Denver, Colorado. The search for

ﬁ/ G. Malquori, "Portland-Possolan Cement", Chemistry of Cement, Prooeedings
Fourth Intermational Symposium, Washington, National Bureau of Standards,
U.S. Department of Commerce, Monogreph 43, vol. 2, pp. 987-994.

3/ R. Turrisiani, "Aspects of the Chemistry of Pozzolanas", The Chemistry of
Cements, edited by H, I'. W. Taylor, Academio Press, London and New York,
1%4' vol, 2' PPe 75‘82. o

Experimental Methods, Part V, The Chemistry of Cements, edited by
H. F. W, Taylor, Academio Press, London and New York, 1964, vol. 2,
pPP. 191-323.

32/ 0. Malquori, "Pertland-Possolan Cement", Chemistry of Cement, Proceedings
Fourth International Symposium, Washington, National Bureau of Standards,
U.3. Department of Commerce, Monograph 43, vol. 2, pp. 984-986,

R, Turrisiani, "Aspeots of Chemistry of Potsolanas”, The Chemistry of
Cements, edited by H. . W. Taylor, Academic Press, London and New York,
1964, vol. 2, pp. 70-T5. «
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suitable possolanas for use in mass ooncrete for the construotion of San Franoisco
Bridges, Arrowrock Bonneville, Friant, Altus and Davis Dams led to a very thorough
testing and research programme on more than 200 prospeotive posgolanas, These
studies have brought out oclearly that for comparing the properties of possolanic
materials, petrographic classification as given in Table 1 can be quite misleading
and that activity type based on the active constituents in a possolana is more
rational and fruitful, Acocording to Mielens, Vitte and Glmts,w possolanic
properties in naturel possolanas, in the raw or caloined form, owe their activity
to one or more of five substances, namely (1) voloanioc glass, (2) opal, (3) olays,
(4) seolites, and (5) hydrated oxides of aluminium., In other words, prospective
pozzolanas ocan be classified into six activity types, which are

Activity Type 1 - Voloanic glass

Aotivity Type 2 - Opal

Aotivity Type 3 - Clay

Aotivity Type 3a - Kaolinite-type olay
Aotivity Type 3b - lbntmorillonite-type olays
Aotivity Type 3o - Illite-type olay

Aotivity Type 34 - Mixed olay with vermioulite
Aotivity Type 4 -~ Zeolite

Aotivity Typs 5 - Hydrated oxides of aluminium
Aotivity Type 6 — Non-poszolana

Tho above aotivity types are very helpful in prospeating for naturel possolanas
and their olassification when a very large number of samples is involved,

2. AgtAvity of Fly Ash |

57. A good deal has been published on the activity of fly ash whioh is the most
important artifiocial possolana, Jenerslly it is held that unburnt fuel or oarbon
content of fly ash reduce its aotivity, The explanations can be its diluent effect
on aotive possolanio constituents in fly ash, its coarser particle sise, its

edverse effeots on strongths due to its organic nature and lesser resistance to
orushing, camparatively higher water requirements for a partioular level of work-
ability in mortar and conorete mixes and crganio matter bresking the oontinuity of
contaocts of the cementitious reaction products. Consequently, the specifications
place limite on the carbon content of fly ashes, usually from 5 to 12 per oent.

}_4/ R, C. Mielens, L. P, Witte and 0, J. Clants, "Effect of Calocination on Naturel
Possolanas"™, Symposium on Uce of Possolanic NMaterials in Mortars and Conoretes,
Speocial Techniocal Publication No. 99, American Society for Tasting Materials,
Philadelphia, pp. 43~53.
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58. Fly ash is also known to oonsist of small spheres of glass of complex
ohemical oomposition and crystalline constituents which are mainly quartsz ('8102),
mullite (3A1203.28102), magnetite (Fb304) and haematite (Fb203). Quantitative
estimation of glass and crystalline phases has been made for the British and
Ameriocan fly ashes.w The British fly ashes ocontained 1-6.5 per cent quartz,
9-35 per oent mullite and 5 per cent or less of magnetite and haematite. The
American samples contained O-4 per cent quartz, 0-16 per cent mullite, O-30 per
oent magnetite and 1-8 per ocent haematite. The proportion of glass in the ashes
varied from 50 tc 90 per cent. The aotivity of fly ash appears to reside mostly
in the glassy fraotion. For example, the Indian fly ashes, whioh are not rioh in
glassy phase, do not show very high aotivities.

D.

1. Gepapalt

59. A chemical plant oan be broken down into a number of single steps either
physioal or ohemioal in nature. The physical eteps are ocalled ™mit operetions"
and the ochemiocal ocnes "unit processes”. These are the first basios necessary for
the layout of a chemioal plant, Although the information on unit operatio
provides valuable guidance to the design of an industrial plant, there is no
assurance that, when operated, the plant will be a total success, Therefore, it
is essential that during the selection of the standard umits chesem to carry out
the respsctive unit operstions or procesees, the proper stress be given to their
soonomiocs and satisfactory operation, and their suitability to the partioular
plant, The technology of poesolana is comparetively simple and ocomsists minly
of unit operations; as such, the laying out of an efficient plant for such purpose
should not offer mwoh difficulty.

H. 8, Simcns and J. W. Jeffery, "An K-rey Study of Pulverised Puel Ash",
Jour, Appl. Chem., vol. 10, Part 3. Aug, 1”00 '

Lo J. Minnick, "Mandamental Charecteristios of Pulverised Ocal Fly Ashes",
;;;;udim American Booiety for Testing Materials, veol. %9, pp. 11551177,

8. K. Chopra, 8. 8. Rehsi and 8. K. Garg, "Use of Fly Ash as a Possolam”,
Symposiun on "Possolanas - Their Survey, Manufacture and Utilisation”, Central
N Research Iutitut.' New D.lhi. DOG. 1%‘0

G. G. Brown, "Unit Operations™, Asia Publishing Houss, New Delhi, 1959, p. 2.

E & k&
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60, The main unit operations in the manufaoture of pczzolanzs are crushing,
caloining and grinding; drying becomes essential when the raw material is wet

or the pozzolanic material is very fine and oonsequently has adsorbed a good

deal of moisture. The unit operations desoribed boelow will cover the manufacture
ol poszdlanas' from the majority of the msterials given in Table 1. Some of the
natural pozgolanas in the fire. group of Table 1 require ciushing and grinuing,
others which are already available in the pulverized state in nature need only
grinding for their use, Caloined natural poszolanas need caloination besides
orushing and grinding. Possolanas like diatomaceous earths may require drying or
drying oombined with pulverisation.

2. Crushing and Orinding

(a) Erimary Crushing:
61. "The rev materials for possolana manufacture are gencr:lly not muoh harder than
cenent raw materials, The hardness of most of the pozf,;.o']‘.‘g,p:_lc‘ materials may sel-
dom inorease over that of viliosous shales. For making seleotlon of a prinery
orushers the hardness of material to be orushei and ite riue should be known.
The other important poins to be borne in mind are that a crusher should be able
to break down the largest stone delivered by the quarry; it should not pack or
jamn 1if stone has fines or wet olay and it should have a high ratio of reduotion so
that secondary orushing is either not required or minimised. Alsc, the orusher
should not involve high capital investment and energy ccasuzption per ton should
bs low. Jaw orushers suggest themselves if the napacities arc not high and
machines with receiving openings to matoh the capacitiy aro available. The Ehrcas
jar orwshers are comsidered szpcoially suitablo for orusiing soft materials. 4
For higher capacities gyretory orushers are available. COyratory crusher is
simply & oontinuous jaw orusher and its ohoioce against a jaw orusher should be
made after a caroful study.

62. Oertain soft rooks are not suited for orushing in jew and gyreiory o:ushers
bessuse of their packing tendemey. For soft materials of hardness 4 or less on
Joh's socale and for sise reduction exoluding very fine ranges, single roll orusher

,13/ J. K. Perry, Chemioal Dngineer's Handbook, Table 2, pagc 1117, A guide to
m seleotion of OCrushing end Grinding Byuipmont, loGraw-Hill Book Compeny
(X ] lmO

40/ Crushing, Orinding and Separating, Pit and Quarry Handbook, 1960, Section B,
Mﬁ'" I' p. D12,
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can be used. In these machines tearing or shearing forces are applied through a
greater distanoe with the help of the knobs or teeth on the roll, The knobbed
roll length is about twice the diameter and the knobs or sluggers extend about

3 to 4 inohes beyond the surface of the roll., The stone is caught between the
roll and the breaking plate, sledged and pushed again and again. On this acocount
single roll orusher does not require a feeder. This orusher is best for orushing
laminated rooks.or to reduce rocks having a high percentags of sticky clay.

63. Sinoe hammer mills are oharacterized by extremely high ratio of sige

~ reduction, produotion of relatively more fines and low operating oosts, this type
of machine is more suitable for softer and less abrasive rocks, such as olays,
shales less silioeous, limestones and gypsum eto. High silica content will,
however, wear the hammer quiockly and therefore orushing of hi(hly eilioeous
materials with hammer-mill may not be advantageous, Use of hammer-mills may be
preferable for wet stioky olays provided the breaker plate is self-cleaning,

(b) Secondary Crushing!
64, Hammer-mills are probably more suitable for secondary crushing of soft
possolanic materials., Secondary hammer mills are charsoterised by higher peri-
pheral speeds and provision of a cage which prevents oversise mterial from
discharging. The cage controls sisze of discharged material through the spacing
of grate bars, the smallest practical spacing being about one eighth of an inoh.
Cone orushers may be used for secondary orushing of relatively hard and abrasive
materials,

(o) Zarhiarx driading:
65. Por tertiary grinding orushing rolls may be used. Two heavy oylinders revolve
about their axis towards each other, the feed being nipped and pulled downwards
through the rells by friction, The main feature is their flexibility because
diameter and spacing of rolle may be varied over rether wide renges permitting
oonsidereble variation in sise of feed and product. It oan orush a produet of
¢ in. or even as fine as 10 mesh. Initial ocost of orushing rolls is aleo leow,

66. The techmology of possolana manufacture is relatively new and it is very
diffioult to make specifio recommendations about the suitability of one or the
other orusher. Pilot plant trials are recommended for ARy new venture or new
material, exoept for the typical plante and materials desoribed later in this
report.
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3. Calcination

67. A rotary kiln in the oement industry may range in size from 5 to 18 feet in
diameter and from 25 to over 500 feet in length. It is made of voiler plate with
refractory lining inside the supporting structure and the driving mechanism;

the drive is usually of variable speed. The kiln shell has a slope of # in. per
foot or more. The feed end of the rotary is higher than the disoharge end so
that the feed,whioh mey be in the form of a dry powder, a filter cake, a slurry,
orushed stone or ore or nodules eto,, moves downwards as the kiln rotates,

Heating is done from the lower end of the kiln with the help of a burner and
finished produot is also discharged from this end. Fuel for the burner may be
oil or pulverigzed oocal,

68, Tt is diffioult to estimate capacity of a rotary kiln as it depends on
nature of raw materials, their fineness, the rate of firing and the speed and

slope of the kiln, Aocording to the most oommon formulae, capacity is between

2 and D°L where D is the diameter of disoharge end, i.e. the inner diameter of
%ﬂf 1inifi§ in feet and L the length of the kiln. The capacity is given in
barrels per 24-hour day. For oalculating the capacity in tons per day, %2- is

used where K is a oonstant having a value 1.15 for caloulating capacity of oement
olinker. A more oomplex equation for oaloulating kiln output ("), in metric tons/
hour is from Wit

C = 0.04552 kve ~0+0004V  iore
= volume of kiln, in oubio metres
= 1,00, for dry proocess kilns
= 0,96, for wet process kilns
= base of Napierian logarithm

69, ‘The above formulae give ocapacity of a rotary kiln only approximately. Cal-
culation of the amount of fuel oonsumed for pyro-processing z unit of produot is
far more difficult, as too many variables are involved; important ones zre the
moisture in rew feed, the rete of feeding, and kind of fuel eto. Provision of
waste-heat boilers, insulation between lining and shell, devioces for preheating
kiln feed and combustion air etc, make the theoretical estimation imposseible.

"Buraing, Cooling, Drying and Hydrating", Pit and Quarry Handbook, 1960,
Seotion B, Chapter III, p. B,213,

Jo C. Witt, "Portland Cement Technology", Chemiocal Publishing Coupany, Ino.,
Rew Yﬂ*' 1%6' Pe 85.
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70. Rotary kilne ocan be used for caloining pozzolanas., Both the. design and kiln

operation are simpler in this process as temperatures of caloination are seldom

-higher than 1200°C and refractory can be also of a lower grade. Moreover, rotary

kilns for pozzolana manufacture are ocomparati.vely shorter, with lower outputs
oompared to rotary kilns for cement manufacture. The former are more comparable
with those used in lime manufaciure.

4. verizing and Gri

(a) General:.

71. Some natural poszolanas need only be orushed and pulverised for their use in
mortars, while others need to be ground and pulverised before they are ready for
use in possolanic cement manufacture (possolanio materials are normally supposed
to be in dry oondition before pulverisation or grinding). Before seleoting a

grinding machine, grindability of the material may be tested on a griadability
machine as per ASTN Designation D 409-51, whioh recommends the Hardgrove Maohine
for this purpose.

~{b) Pan t
72, The dry pan is of particular interest in disintegreting shales and olays,

‘voloanic tuffs, tufaceous limtm. pumice and other similar possolanio materisls.

The dry pan is 8 or 10 feet in diameter and its bottom oonsists of a oentre of
s0lid plates surrounded by others that are perforated. Two heavy rolls rest on
the s0lid plates and revolve by friction as the pan rotates under them. (In
edge-runner, which also cuns.ats of a pan, it is the rollers which revolve.)., The
material is oontinuously swept under the rolls with the help of sorapers until it
is fine enough to pras through the perforated plaies. Dry pan, if run wet, will
perform the double funotion of ooarse grinding and mixing, This type of grindiry
for the raw materials may be suitable in the manufacture of surkhi by buming
moulded olay brioks in a oonventional briock kiln., Mor that matter, it may be
advantagecus to run the pan wet even if clay happens to be dry. Otherwise, dry
pan will grind material to a fineness that it can be fed direotl, to a ball- or
compartment mill or in exoeptional cases to tube mills, Sometimes, for its use in
Baking mortar, a naturel or ocaloined possolans need only be ococarse ground and a
dry pan will serve the purpose well,

4)/ Standard Method of Test for Grindability of Coal by the Hardgrove-Machine .
Method,  ASTN Designation D 409-51 (1961), Handbook of ASTM Standards,
1967, Part 19, Amerioan Sooiety for Testing and Materials, Phundolphu.
United 3tates of Amerioca,
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(o) ond Nill:

73. A Raymond roller mill-%/ with integral whizzer separator can be used to grind
material tn pass (99.9 per oent) through 325 mesh and finer. It has means for
size olassifioation and ie cconomioal. The machine can grind almost all non-
metallio minerals and is useful in handling moderately sticky substances, The
Raymond flash drying system oan be applied here as well as the Raymond hamuer-type
Imp mill as both the mills are equipped with air separation. The flash drying
system permits the introduction of heated air or products of combustion from a
furnace or any other souroe. The heat required can also be waste heat talken from
a boiler, rotary kiln eto., The hot gases remove the moisture from finely divided
moist particles in suspension and the dried, pulverized produot is oolleoted at
the bottom of a cyolone oolleotor. Drying of porous materials, like diatomaceous
earth with simultaneous pulverization oan be achieved in this type of machine,
Diatomaceous earth is an important pozzolana.

(4) grinding JlLs:

74.‘ For most natural or oaloined possolanic materials open circuit grinding mill
would suffice, Furthermore, one-stage grinding, i.e. reduction of a rock less
than 14 in. sise to a fine powder, may be done in a single mill in one operation
for a large majority of possolanas. Here the material remains in the grinding
sone until it is suffioiently fine. A grinding mill is a oylindrical drum with
a metallio or abresive lining, supported on its oylindrical axis in a horizontal
position and rotates about this axis. It oontains steel balls, suitable stone or
other units whioch aot ae grinding media, The milles and balls ocan be in different
shapes, but their over-all value is reted on oharacteristios suoh as capital oost,
maintenance cost, power requirement, lubriocation requirement, output, partiole-sise
distridution of product, vibretion, noise, dust production eto. Wit clasei-
fies the mills as (1) preliminary millst ball mill, roll and ring mill;

(2) finishing mills: tube mill; and (3) combination millss ocompartment mill.
A brief demoription is given below,

“/ "Orushing, Orinding and Separeting", Pit and Quarry Handbook, 1960, Seotien B,
Chapter I, pp. B.50,
&/

J. Cs Witt, "Portland Cement Technology", Chemical Publishing Company, Ino.,
New York, 1966, pp. 117-119,
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F ( 5. 11 Mill. It is a steel cylinder which is lined with iron or steel plates.
1t rotates horizontally at low speed. Iron or steel balls, usually not less than
?ﬁ two inohes nor more than four inches in diameter, are used as grinding media.
Mills are available in 3 to 10 ft. diameters with lengths to suit (6 to 28 fest).
It is used for preliminary grinding purposes, Sometimes a "ballpeb' mill can

be operated in seiries with a pruliminator mill for exira fiue grinding. 1t has |
diameters from 5 to 11 feet and lengths up to 40 feet and takes in relatively fine 4
feed, |

76. Tube Mill. It is generally the seoond unit in two-stage grinding in a oement
plant. It is a oylindrioal steel shell with heavy oast steel ends, The diameter
varias from 5 to 8 feet and the length from 20 to 27 feet. The lining is no
different from that of ball mill, The iron or steel balls not exoeeding 1.25 in.
diameter are the grinding media. For dry grinding the feed must be free of
moistume. General recommendation for feed size is a material passing 16 or 20
mesh sieve. Such a fesd may have about 60 per oent passing 100 mesh and 40 per
oent passing the 200 mesh sieve. A tube mill is used for finish grinding.

77. Compartment mill combines a ball and a tube mill in one shell, It may have
more than two compartments oontaining grinding media of different sizes., Compart-
ment mille have soreening seotions in between the compartment and as such do away
with intermediate feeding and oonveying which is required in two-stage grinding
combination. These mills have dismeters ranging from 5 to 9 feet and lengths
between heads from 22 to 50 feet. The mill is uasually driven by slow speed
synchronous motor ooupled directly to the pinion shaft. There are two weaknesses
in these mills, Firet, the material retains most of its hcat in passing frem one
‘oompartment to another. Seoondly, it is not adaptable to materiel of varying
hardness supplied to it with short intervals. The latter could be & dissdventage
in grinding a possolanio material of varying hardness.

5 Daxingand Dlepding
(a) Besary Dryer:

78, Essentially rotary dryers are similar to rotary kilns. The dryers are sither
direot or indirect heating types. Drying may be achieved by hot air or axhaust
gases from other operations. When the drying gas has a deleterious effect on the

"Orushing, Orinding and Separeting®, Pit and Quarry Handbook, 1960, Seoticn B,
Chapter I, pp. B.54, B.57.
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produot, an indirect-type dryer is used. The direot type is recommended fcr
produots which can oome in contaot with the material to be dried, Partition
plates are provided to increase heating surface and lifters are provided to
shower the materials through the hot medium, provided the material can withstand
this handling.

(v) Blepding:
79. In the production of possolanio cements, blending of finely ground possolana
with portland cement or lime or both may have to be done. Blending systems
normally used in the cement industry for the bleading of vaw meal oan be adopted
for the former purpose, The requirements for such a system would be reinforced

oonorete or steel silos with the necessary equipment for stirring the oharge by
compressed air and mechanical means, or both. The auxiliary equipment would be
. valves, pumps, high pressure fan, etoc.

6. Btering and Packing
80, Cylindrical reinforced oconorete silos with oconical or hopper bottoms are
_ generally used for storing oement. Such silos ure also required for storing fine
- possclanas. The height, diameter r~d capacity of the silo, however, should be
" chosen t0 suit the particular situation. The weight of a cubic foot or cement is
known to inorease as the depth of oement in a silo mcmns.ﬂj This will also be

true of fine possolanas; oapacity therefore may be caloulated in terms of linear
foot of depth.

81, Possolana and possolanic coments may be packed in wooden barrels, steel drums
or bags of varivus types., Bags made of jute, paper, cloth, woven fibre, laminated
textile or rudbberised fabrioc ocan be used; jute and paper bags are most common.
Multi-wall paper bags are made of two to six walls of strongest type of Kraft

paper combining flexibility and strength. For protecting the product against
moisture, bage may be fitted with a special lining, for example polyethylene.

82. Pag filling and sealing can be done with the help of packing and sewing
maohines.  These machines ocan be semi-~ or fully-automatio., Literature may be
consulted for their desoription and job performance.

Jeo C. Witt, "Portland Cement Technology", Chemioal Publishing Company, Ino.,
New York, 1966, pp. 131-132,
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E. Plgnt Desigm

1, General Considerations

83. The general considerations for plant design are well known. Sinoe a variety
of naturally ooourring 1uw Lu.icrials can be turned into possolanas by either
grinding alone or by crushing followed by grinding or by crushing, folloved by
caloination and grinding. It is not possible to treat the plant design for
posgolana manufacture very precisely. Fly ash poszolana, normally available in
powder form, does not require any processing except drying and that oaly if it
oontains moisture. (In some situations a marginal fly ash showing activity some-
what lower than the specified minimum may have to be ground to pass the minimum
specifications.) Naturally-oocurring meterials whioh are compact, for example
tufaceous limestone of Germany and Neapolitan Yellow tuff of Italy, require $o be
orushed, dried and ground., Some naturally-ococurring materials may be available i,
loose pulverized state, and the orushing operation can bs omitted, only pulverisin
and grinding being required, Oth-is, liko diatomites, r-y require na. .
elaborate processing except drying, whioh has to be of a special type as driving
out of moisture from this very fine powder in ordinary dryers is not easy.

84. Csgloination is an additional operation in the manufacture of possolanas from
naturel materials such as clays, shales and other sedimentary products, Caloina~
tion is carried out usually in a rotary kiln vhere drying of the raw material can
also take place, i.e. a separate dryer is not needed in this partioular menufao-
turing plant.

2. foals of Preduotign Wik

85. On the basis of a market survey, me opinos that cemmercial conditions
in or near a big town are favoureble for the oomstruction of a cement plant having
an amnual capacity of 1.5 million barrels and reccamends a unit rotary kiln of
dimenrions 10 x 250 ft, for production of oemsnt by dry process. The production
of clinker would be about 450 tons a day. In India, a rotary kiln with a daily
capacity of 600 tons has boen adopted as a unit by the cement machinery manufao-
turers, On this basis, a rotary kiln with a capascity of about 150 tons per day
of possolana co:ld be considered a suitable unit as the possolana ocomponent in the
portland possolana cement is usually about 20-25 per oent and its density ie

J. C. Witt, "Portland Cement Technology", Chemical Publishing Company, Inoc.
New York, 1966, p. 143. ' '
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oonsiderably lower than that of olinker, In relation to production of olinker
from a large rotary kiln, a unit rotary kiln producing 150 tons of pozzolana

oould be called madium and the one with a capacity of about 60 tons a day could
be oonsidered a small production unit. The nomenclature "large", ‘mediun" and
"gmall” has been used here to denote production from a single unit and not total

production achieved by setting up multiples of units,

3.  Choice of Process

86. Onoe a decision has been made regarding the produotion capaoity of the

unit, alternative prooesses of manufacture of a pozzolana should be considered
and the one more economioal, commensurete with quality, be preferred. For this
purpose, seleotion of major plant equipment discussed under "Unit Operations" and
acoessory equipment such as feeders, materials-handling equipment, storage,

. conveyors, eto. alone is not sufficient; preparation of a.flow sheet and cal-

oulation of the cost per unit of each produot by altermative methods is necessary.
Then only a realistic choioe can be made between alternatives.

4. of olo ility of Machine

87. The two other oonsiderations in the plant design oould be the existing level
of teohnology in a particular oountry and availability of machinea. The yard-
stiok for both could be the current level of portland cement technology in a

oountry. A ocountry produocing cement by the modern methods and also having

faoilities for the production of cement manufaoturing machinery, oould also design
and build plants for the mauufacture of possolanas. But if cement machinery is
being imported, it may be desirable to produce possolana by prooesses which do not
require much of heavy machinery. The countries where oement production iteels is
lagging behind demands may seriously comsider production of caloined naturel
possolanas by treditional methods so as not to divert efforts and funds from cement
to possolana manufacture as, unlike possolans, the former ocannot be produced by
treditional methods. Moreover, the objeot of countries faocing oement shortage
should be to augment the supply of cement with possolana by producing portland
possolana cement or by reduoing the pressure on oement by producing lime~poszolana
oement., These considerations are worthy of attention of planners and designers
in developing countries vhere materials and funds are not adequate and labour is
plentiful and oheap, lanufaoture of possolana by modern methods, however, is
essential when it is to be used for special purposes, say in maas oonorete for
oconstructing dams and other irrigation and power works In suoh cases the plant
should be mechanised to an extent that it is effioient and permits quality oontrol,
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88. Caloination of pozzolana is the most expensive operation in the manufacture of
pogzzolana both from the point.of view of capital cost of equipment and cost of
calocination a8 a unit process, From this point of view, manufacture cf possolanas
which need no oalcination but only orushing and grinding is simpler and within the
reach of many developing countries as it does not involve a high level of tech~
nological development. Also there is a much wider choice for the orushing and
grinding machinery and in the absence of the most suitable maochine, a second best
ocan be used to produce a finished product suitable for a large majority of purposes,
if not for all. )

F.

89. About 700,000 tons of portland cement was required for producing over

five million cubio yards of concrete for the construction of the Bhakre Dam and
appurtment works, Twenty per oent possolana was used as cement replacement.
A plant for the manufacture of the calocined shale, as possolana, was designed,
fabricated and set up by the Dam authorities in about one year. The plant
capacity was 3000 tons per month. 1In all, 54,000 tons of possolana were produced.
A brief desoription of the plant is given below. = -~~~ - -

1. B aaberialt

90, The hillooks within a distance of two miles of the Bhakre Dam site were found
to contain shale deposita, The deposits of siliceous shale between elevations of
1400 and 1600 ft on the right side of the Bhakra Gorge, about a mile upstream of
the dam site, were considered suitable from the point of view of exploitation
because of easy acoessibility, location of the batohing and conorete mixing plant
on the right bank of the river and uniformity in composition of the possolanic
material. Laboratory investigations were carried out for selecting the optimum
temperature and time of caloination for the maximum possolanic activity. The
optimum oonditiona fixed were a temperature of 1400 L] 50°l" and a period of two
hours, The properties of conorete oontaining 20 per cent possolans as replace-
ment were also studied adequately.

49/ Ardman Singh, "Menufacture of Possolanas for the Bhakrs Dam Mess Concrete®,
Symposium on Pozzoclanas - Their Survey, Manufacture and Utilisation, Centrel
Road Research Institute, New Delhi, Dec. 1964.

50/ B. R. Palta and P. S, Rao, "Experience on Use of Possolana at Bhakre",
Symposium on Poszolanas - Their Survey, Manufacture and Utilisation, Cemntral
Road Research Institute, New Delhi, Dec. 1964,
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to rise cat of each line of feed holes, they are successively closed so that
the ohimneys can exert their full power.

108, Twentyfour hours after firing has commenced, the third chamber is com~-
pletely loaded and the rrcss~dampers are withdrawn from the second opening and
put down the third, The chimneys, which are initially placed at a distance of
5 or 6 rows of feed~holes from the three rows under fire, are now shifted and
placod at the end of the second chamber, the first chimney opening being closed
up and propor]y aealed.

109, Hhon thers is a good bottom heat in the fourth row and the bricks in the

‘first row are red hot, top firing is commenced from the first row of feed holes.

Three or four hours later, a second may be commenced and so on, The ladle for
charging coal from the top holds about 1% to 1} 1bs. of coal. On starting the
firing in a fresh line, 4 to 5 ladles are charged at once, and afterwards 3 or
4 feeds per hour are required.

110, The kiln is now in full working order and top and bottom firing is con-
tinued till the first furnace rad been suffioiently fired. At this stage the
bottom firing is slackened down and finally stopped till about six furnaces
have been. fired. The furnace "mouths" are then loosely closed with bricks.
When about 8 to 10 chambers have been fired, the temporary cross wall may be
pulled down and unloading commenced. Loading, firing and moving the chimneys

- fuyward is now carried on in the proper order. As the fire progresses forward,

the chimnays are also shifted, maintaining a distance of about 40 to 50 f¥t,
between the fire and the chimneys. Maj has described this kiln in
fuller details.

SAlLSy of Surkhi:
111. BSurkhi produced as a by-product of brick manufacture is bound to be vari-
adble in mt\irc Gonoru.l],,r, underburnt-and overvurnt bricks whioh are not easy
to sell ave ‘round to make surkhi and the oorresponding products of grinding
are called underbturnt and overburnt surkhi respectively. This terminology is
based on visual examination and obviously can be misleading as far as quality
of surkhi is concerned becauss the temms undsrburnt or overburnt are relative
to the temperature of producing good quality bricks which is not necessarily
the right temperature for calcining brick earth for producing surkhi. Beoause
of this reason and the differences in surkhi grindability and also the final
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fineness attained by grinding (either for a definite time in a particular
machine or to a definite fineness, i.e. passing a particular sieve) underburnt,
wellburnt or overburnt surkhi-raws, surkhis of different reactivities were pro-
duced. Consequently, contradictory conclusions regarding the suitability of

employing an under, well or overburnt surkhi were dr 10,1

112, For similar reasons no agreement could be reached on the type of surkhi
even when the latter was produced specially and under controlled conditions at
the big irrigation projects., Though admittedly, each of the surkhis produced
and used in the big oomstruction works was superior and uniform in quality (be-—
cause of better controls on raw material and methods of manufacture) it is not
possible to make generalized statements as to the nature of raw materials and
methods of manufacture of surkhi from the practices followed. The situation

had arisen from a general lack of a sound scientific understanding of the nature
of pouolmllg/ . |

C. Pogt-¥ar Researches on Surkhi
113, From 1915 to 1930 the growth of the Cement Industry in India was rether
slow, production rose from 85,000 tons of cement to only about 600,000 tons.
In 1940 the first big leap was made when the production rose sharply to about
17 lakh to By then the cement industry was well organised and great

publiocity was given to the use of cement., Because of this publicity and aiso

the Qeterioration in the quality of both lime and surkhi, use of lime-surkhi
mortars was on the decline., However, the Seocond World War had already started
and demand for oement was growing faster than it could be produced. Also
oement was required for military purposes. All this resulted in the scientific
investigation of surkhi. |

15/ 8. K. Chopra and N. K. Patwardhan, "Possuolanas - Their Use in lortare and
~ Conoretes", Journal Irrigation & Power, wol., XII, No. 2, April, 1955, 23-24

16/ N. R. Srinivasan, "Surkhi as s Possolana", Reserrch Paper No. 1, Central
Road Research Institute, New Delhi, 1956.

11/ ¥ L. Bhatia, S, G, Banerjee, Bhadur Singh and K. S. Bhalla, "Pilot Plant
Manufacture of Reactive Surkhi and Lime Reactive Surkhi Mixture at CRRI™,
Symposium on Puzzolanas — Their Survey, Manufacture & Utilisation, Cent
Road Research Institute, New Delhi, Dec., 1964. :

F. ¥, Lea, Proceedings of the Symposium on the Chemistry of Cements, Stoock-
holm, 1930,

S. L. Sharma, "Organized Industries of India - Cement", Universal Publishers
Ltd., Madras (India), 1954.
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114, Khan and Veman-aj were the first to carry out a detailed investigation
on surkhi samples produced from bricke available around Calcutta and concluded |
that surkhi obtained from overburnt bricks was better than that prepared from : ‘
either well burnt or underburnt bricks. Replacement of portland cement with

25 to 50 per cent of surkhi was recommended. Research on surkhi was pursued '
aétivcly in India during the post-war period. The first two Five Year Plans !
fomhtod by Independent India involved execution of a number of irrigation
nnd flood control projects, Demands on cement being very great, surkhi was
studied by several research workers and orgmizationl.?-o- But most of the

o A

research was conditioned by the past conventions and was also limited in soope, :
i.e, the renuiis were either of specific or regional value only. ;

20/ A, X, Dutta, "Development and Application of Village Cement and -High Silica
Portland Cement for the Construction of Concrete Roads", Journal of the
Indian Road Congress, vol. VI, 1939.

21/ A. X. Dutta, "Further Developments in Village Cement and High Silica Port-
‘lahd Cement for the Construction of Conorete Roads",Journal of the Indian §
Roads Congress, vol. VIII, 1943,

23/ A X. Dutta, "Lime Surkhi as a Substitute for Portland Cement", Indian &
Eutcm Engzineer, vol, 97, 1942,

ﬁ/ A. K, Dnth, "Perfect Portland Cement and Artificial Possolanic Cements”,
Journal of the Institution of Engineers, wvol. 24, 1943, p. 62.

24/ A. K. Dutta, "Lime Surkhi in placs of Portland Cement”, Journal of the
Imti.tution cf Mnur-, vol. 24, 1940, Pe 52.

25/ Annual Roportl for the years 1950 and 1951, The Krilh;z&ajuw Research
Station, Mysore (India)..

26/ Annual Reports for the years 1949, 1950 and 1951, The Hyderabed Engineering
Research Laboratory, Ryderabad, Andhra Pradesh, India.

£1/ Annual Reports for the years 1949, 1950, 1951 and 1953. The Panjab Irrige-
tion Research Institute, Amritsar, Panjab, India. '

28/ Ammual Reports for the years 1951, 1952 and 1953, The Hirakud Research
Station, Hirakud Dam Project, Hirakud, Orissa, India.

23/ "Effect of Surkhi Admixtures on Strength of Cement Surichi Nortars for
Bhawani Project", Annmual Report 1948, Comorete & Ressarch Laboratory, }
Nadres, India.

30/ ¥. R. Srinivasan, "Physical and Chemical Studies on Surkhi” ,Report R 12/51.
Annual Report, 1951, Conorete Research Laboratory, Madras, India. - ---

}_V!.L.Rnoandl.R.thm,"&ukhinmmnm“,ﬂmﬁlo.és,' 1
Question No., 15, Proc., of the International Commission on Large Dams, 1951,
New Delhi.

32/ C. L. Handa, C. L. Dhawen and J, C, Bahri, "Surkhi as a Possolana”, Indian
Conorete Journal, vol. 26, 1952, pp. 97-102.
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115 The work of Mielenz, Witte and Glantrw on the optimum temperature of
caloination of clay for best pozzolanic activity and the relationship of the
latter with the type of clay minerals, evoked great interest all over the world,
The Central Road Research Institute in India recognised that surkhi was essen-
tially a burnt clay pozzolana and made elaborate mineralogical study of different
types of soils burnt at different temperatures and of the poszsolanio activity
of the surkhi derived from these soils, Az a result it was brought

that the type of loamy soil, fit for brick making, is not suitable type for
making surkhi as it ies deficient in olay fraction (particles less than 0,002 m)
which only yields reactive products under optimum oconditions of calcination.

But it is not to be supposed that all highly olayey soils could produce very
good surkhi. Essentially one has to select the raw material in the light of
its mineralogical composition and the impurities present and then caloine the
olay under carefully selected conditions. Every clay has its optimum tempere-
ture and period of caloination and shows maximum activity only them. Surkhi
thus made is oalled reactive surkhi Yy to differentiate it from the
surkhi produced without adequate controls. The implication here is not that

the latter type of surkhis are non-reactive but that in majority of samples full
vd.u in terms of activity are not possibly achieved.

D,

116, Surkhi produced from carefully selected raw materials and in the light of
modern technologiocal developments is termed as reactive surkhi to differemtiate
it from the bassar surkhi., In essence, it is nothing but a burnt oclay posso-
lanas Surkhi should be manufactured Ly suitadle methods if its intrinsic
properties are to be exploited to the fullest extent.

3}/ R C. Mielens, L. P, Witte and O. J. Glants, "Effect of Caloinstion on
Fossolana”, Symposium on Use of Possolanic Materials in Mortars
and Conoretes, Special Technical Publiostion No, 99, American Socoiety for

34/ ¥. R Srinivasan, "Probable Factors Governing Possolanio Action”, Journel
of Soientifio & Industrial Research, vol. 154, 1956.
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1. w Materials

() Selection of Clay:

117. The Pozsolana Sectional Committee of the Indian Standards Institution,
New Delhi, responsible for the preparation of an Indian Standard on Surkhi
had taken into consideration the prevailing practices and experience in the
manufacture and use of surkhi and ulso the latest research in the field. It
has made the following recommendations regarding the selection of raw material:
For raw material, select clays

(1) which have been used in the past and are known to yield on caloination

surkhi of high activity,

(11) whose suitability has been established bty the standard laboratory and
research methods. ’

Clays which have been found satisfactory conform generally to the
following chemical requirements when analysed on an oven dry basis

(at 105°C) as per the methods given in 1811727-19 the Indian
Standard Methods of Test for Possolanic Material .
Constituents Content
Silioca + Alumina + Iron Oxide eoehOt less than 70-pér cent
(810, + 41,0, + PFe,0.]
2 273 27y
8ilica, 3102 esenot less than 40 per cent
Caloium Oxide, Cal eeoniot more than 10 per cent
Megnesium Oxide, ¥Mg0 «ssnot more than - 3 per cent
Silphuric anhydrids, 303 eesnOt more than 3 per cent
Soda and Potash, (nazo * tzo) essn0t more than 3 per oent
Water soluble alkali essnot more than O.1 percent
Nater soludble material esenot more than 1 per cent
Lﬂm on ignition eoenot more than 5 per cent

(111) which do not oontain non-essential elements in any undesirable quan—
. %ities; i.0., pebdbles, gritty matter, lmus eto, are not present in
lazge quantities and olay deposit is of uniform hardness,

(iv) . which are not deficient in particles below 0.002 mm and are kaolinite-
type, montomorillonite type or illite=type clays or mixed olay with
vermiculite wvhen examined Yy the established methods of identification
of oclay minerals,

1%/ 181134411959, Indian Btandard Specifioation for Surkhi for Use in lortar and
Conorete, Indian Standards Institution, New Delhi.

36/ Indian Standard Methods of Test for Possolanic Materials, IS:11727-1960,
Indian Standards Institution, New Delhi.

O
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(v) which on calcination at predetermined temperature seleoted from lab-
oratory tests will yield surkhi which vhen ground to a minimum fineness
of 2250 sqcm/g by the air permeability inethod will show a strength at
least 600 1b per sq.in. in the lime reactivity test.

118, The other oomsiderations to be borne in mind for a final selection of a
olay deposit are
(i) the deposit is easily accessible and is near an existing or a poten—

tial market, ‘

(i1) the overburden on clay deposit for a small or medium scale production
wl$ of surkhi is not moro than 5 foot,

(144) the olay deposit is uniform and requires only few operations to ex-
traot the raw material,

(iv) the olay deposit is extensive in relation to the surkhi production
unit, The minimum quantity of available clay should be at least
15,000 tons for small scale industry (10 years working at an annual
rate of 1500 tons a year) and about 60,000 tons for medium soale in-
dustry. For a large producticn unit making use of rotary kiln, olay
deposit should be sufficient to last at least 20 years,

(v) the olay deposit should be graded in wider context, i.e. care should
be taken not to utilize the material whioh has more important poten-
tials, say in ceramic or any other important industry, and

(vi) clay deposits are near industries suoh as lime, cement or oeramios,
etc. or near major civil engineering works,

(v) Minsralogioal Compogition:
119. Boils, brick-earths and clays have been used as raw materials for the
nanufacture of surkhi. The active component of the raw material is the oclay
frection, i.e. partioles less than 0,002 mm in diameter. The clay fraction oon-
sists of clay minerals whioh are divided into three main groups:

(1) T™e keolin group consisting of the minerals ksolinite, halloysite,
naorite, diockite and endellite.

(11) The montmorillonite group consisting of montmorillonite, hectorite,
beidellite, nontronite and saponite,

(111) The hydrous mica group consisting of illite and related minerals.

120, Table 2 lists the different olay minerals and their thermal charecteris-
tiun/ + Identification of the clay minerals is usually done in a laborstory
with the aid of one or more of the methods such as bass exchange capacity,

31/ A. B. Searle and R, W, Grimshaw, "The Chemistry and Physics of C and
Other Coramic Materials", Ermest Bemn Ltd., London, 1959, pp. 3
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potentiometric titrations, viscosity measurements, chemical analysis, differential
thermal znaiysis, X-ray powder dlffractlon analysis, electron micrographs or dif=-
fraotlon patterns etc. Of these methods, the differential thermal analysis and
X—ré;y powdekr anq'lysis are employed ccrmonly as those are most fruitful. But
these methode réquire costly equipment and expert personnel to handle it.

121. Identification of clay minerals is of very wide intecrest because of its
application both in the fields of agriculture and industry, Attempts have,
therefore, been made in the past to devise simple tests. However, Keeli

has desocribed a simple method to identify clay minerals, based on the determin-

ation of IL/MA ratios The torm IL wcfors to ignition loss of the clay minoral
and is’ determined by substracting the lisp ot 375))0 and 002 duc to calcite or
dolomite from tho total ignition logs Thoe term M4 refors to the total moisture
ndsorbud ‘by the oven dricd sampl.: when oxposed to 75 por cent relative humidity.
Well orderod kaolinitcs .give a value around 7, disordcred kaolinites 2-3, illites
around 1, and montmorillonitos less than 0.7. Sincoe determination of M. tnkos
about a wook, Ramachandran, Kacker and Honda™ have. suggusted in.its. plaee-

dotormination of ihe amount of dyc adsorbed which is quicker and quite rcliable-ﬂ/

(o) Lffect of Hegt on C
122. As olays are progressively heated, the olay minerals generally undergo the
following thermal ohangee in sequence. ’

(1) 1loss of phyaloa,lly adsorbed and intcrlayer water,
(11) loes of the structural water, i.e. loss of hydroxyl ions,

(441) collapse of the oryrtel structure and foma.tion of an intiuta mixture
of oxides or a solid solution,

(iv) phase transformations in individual oxides or compounds, apd

(v) interaction ot the oxides io form new phases; and orystal growth.
mlo'. the temﬁguturos and the main products of thermal decomposition of the main
clay minerals are given in the last column of table 2, the data with respect to

P. 8. Keeling, "The Examination of Clays by IL/MA", Transactions of the
British Ceramio Society, wol. 60, April, 1961, pp. 217-244.

w V. S. Ramachandran, K. P. Kaoker and K. N. Handa, "Identifioation of Clay
lﬂ.nomls Yy IL/DA Technique", Central Building Research Institute, Roorkee
(U.P.), India, (under publiocation),

49/ V. S. Ramachendran, K. P. Kacker and N. K. Patwardhan, "Basic Dye Stuffs in
Clay Mineralogy", Nature, 191, No. 4789, p. 696, 1961.
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some important clays (Rayerkeri,‘ Belgaum, Nagpur, Jamuna, Darjeeling clays) which
are known to yield good to very good aurkhieyj show that clays may ocontain im-
purities too which, together with the disorders in the structure of clay minerals,
can influence the temperatures of thermal changes, their course and products of
thermal decomposition. (Accessary minerals in the non-clay fraction may also

influence these. )

123, There ‘seems to be a good relationship between maximum pozzolanic activsity
and the temperature close to the temperature at which collapse of the clﬁr's
lattice structure takes place. A highly disordered clay structure or a large
percentage of the oxides of silicon, aluminium and iron in very fine and poorly
orystallized state resulting from collapae of clay structure appear to be respon-
eible for high activity. Heating at higher temperature reduces activity because
of increase in particle size, improvement in orystallinity, formation and growth
of stable orystal

2. GCaleination in g Down Draught Kiln:

124, In view of the importance of firing a clay at an optimum tempersture of
calocination for producing a reactive surkhi, use of brick kilns such as clamps,

a Bull's trench kiln, overground type of kilns is not favoured as it is diffioult
to control temperatures in these kilns. Though Hoffmann type of kiln can give
better controls on temperature, a single chambered down draft kiln cf the type
used in ceranic industry appears to be luit;blew both from the point of view
of temperature control and uniform heating.

(s) Processing of Raw Material
(1) crushing and Srinding:

125 Clay is widely distributed in nature and ocoocurs in different forms. It is,
therefore, difficult to recommend any specific process for orushing because the
latter is very much dependent on the nature of the raw material and the impurities
present in it. Since production of surkhi in a down draft kiln at an economiocal
price presupposes availability of cheap labour, clays which can be processed with
the help of manual labour should be preferred. The processing may involve re-
moval of any stones, pebbles or grit etc., pounding of olay with hammers and
passing it through a particular screen. |

126, Harder olays may be watered and thus softened. They may be kneaded under
feet till the clay is a homogenous mase. In some situations pug mill or wet pan
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2. Menufsoture:

91, The manufacturing of the pozzolana was done in four stages independent of
each other., Presumably this was done to have flexibility in operation to
compensate for lack of experience; the Bhakra Pozszolana Manufacturing Plant
being the first of its kind in India.

92. The deposits at the quarry were not uniform and contained a large number of
sand-stone, siltstone ribe and overburden of talus. The sand-stones and talus
were rejected at the quarry site in the prooess of excavation, but the silstone
bonds were interwoven with those of shale and the removal of the former was not
possible at the quarry. However, most of the siltstone was removed by hand
pioking when it was being transported to the primary orusher on a slow-speed belt
oonveyor, The oonveyor had side walk ways on both sides and start-stop push
buttons oonveniently located; it passed in front of the field control laboratory.
The rav feed was found to oontain 3 to 6 per oent of siltetone against a toleration
limit of 15 per cent. The operations of quarrying and trensportation were fully
mechanized and made use of earth-moving equipment already available on the projeot.

~(v) orushing and Sisingt

93, The excavated raw shale was available as fine dust and big lumps. The
latter were reduced to 3/4 in., maximuin sise in primary and secondary orushers
installed in the belt oonveyor system. The crushing and sising was achieved
with two jaw orushers and a single deck vibrating soreen in closed ocirocuit. The
orushed shale was then oonveyed, elevated and stored in a 500-ton capacity silo.
This operation was carried out on single shift bas s,

(o) Galojnstion:
94. Caloining of the shale was done in a 100-foot ong rotary kiln of 5 ft. 6 in,
diameter (including 6-ineh thiock refreetory lining). - The kiln was oonstruoted
with a slope of 3 per oent and revolvad at the rate of ons rev. per min. A
30-inch table feeder was used for controlling the feed, oonveyed to the kiln by a
belt oonveyor. - 0Oil was used for firing the kiln, and the temperature at the
firing end was 1600~-1700°F, The temperature at the feed end was 200-250°F;
this low stack temperature was achieved through a ohain-type heat exchanger. The
" latter reduced the temperature of exit gases and helped in preheating the raw feed
more efficiently, thus inoreasing the over-all effiocienoy of the kiln.

e i R
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may have to be used. The wet clay is then covered with mats to dry gradually
till it attains the right consistency for brick moulding.

(1i) Moulding of Bricks:

127. A brick mould is a rectangular box of seasoned wood or iron. Sometimes
the edges of wooden moulds are protected with strips of brass or iron screwed
on and iron lining is provided inside. Moulds of quarter inch thiok iron plate
are used at big brick fields as they turn out cleaner and more uniform sized
brioks and are economical in the long run. However, bricks for surkhi manufac-
ture need not be perfect in shape.

128. The mould frames have generally no top or bottom plates. When a base is
provided, the moulds are kmown as box moulds. Houlding of green brioks should
be preferably done by hand. The bricks can be moulded on the ground and this
process is Jmown as ground moulding. The brioks can also be moulded on tables
and the process is known as table moulding. There can be a good deal of varia-
tion in the moulding practices from one country to another. The practioe most
comaon in any one particular country for briok making should normally be adopted.
Hand moulding should be preferred where labour ic plenty and ohoap.

(111) Bise of Bricks:
129. There is no data on the effect of brick size on the quality of surkhi pro-
duced in a brick kiln. Oenerally, the brick sizes common in the manufacture of
burmt clay bricks are recommended for use for surkhi manufacture. A sasller
brick sise should be preferred as it will lead to better heat transfer and there—
fore a better product.

(tv) Drving of Bricks:
130, Oreat care and attention is required in drying and protecting the green
bricks against sun, wind, rain and also frost in some oases. Immediately after
moulding, the bricks are placed flat or on edge on the ground for a few days
(generally 2 to 3 days). The length of drying time depends solely on weather,
The bricks are placed on edges so that the sides receive proper heat and air.
In Indis hand moulded bricks are dried mostly in sun, clays with small shrinkage
are not affected %y drying in sun. On the other hand, more shrinkable clays
"which are more common for surkhi manufacture may warp and crack in the sun. Con=-
sequently drying should be done in open shads. The additional advantage of shed

drying would be that the manufacture can be carried out even during the rainy
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season., Complete drying may take from one to three woeks depending on weather
conditions, Artificial drying will have to be resorted to in areas where the
rainy season covers most part of the year., In such cases hot gases going waste
from the calcining kiln may be used for dryinrg purposes.

(v) Dowp Dreught Kiln

(1) Description of the Kiln:

131, A down-draught kiln consists of a round chamber with a number of fire-boxes
ovenly spaced round its periphery. The kiln is covered bty a domed top, the
height of which above the kiln floor is relri.d to the diameter of the kiln.

The kiln is internally lined with firebrioks, usually about 9 in. thick, The
fire-brick wall is externally backed hy abou: 18 inch of red briok. For higher
thermal efficiency, a layer of 4: in., of insulating brioks can be provided be-
tween the firebrick and the external red bricik wall.

132, The fuel, which is usually a high voleuile bituminous coal (similar to
steam ooal) is burnt on grates. To secure brtter combustion, the grates are
inoclined and, in modern practice, the grates arz built within the kiln walls.

In the comstruction of the grates, charging doors and ash pits, care has to be
taken to ensure that inflow of cold air is raduced to thé minimum, For this
purpose all the openings are covered by specially Aesigned cast-irom doors. Both
the charging and the ash=pit doovrs are provided with slits whioch can be closed
either fully or partially to provide oontrolled inlet of primary and seoondary
air. The primary air, admitted through the ash pit, passes through the grates ’
and the fuel bed. The secondary air is admittec above the fuel bed. In improved
designs of such kilns, flues are built within the firebox for admitting and pre-
heating secondary air. In such a design, the prohutoci secondayy air is intro-
duced at s certain height above the fusl bec where it direotly meets with the
stream of combustible gases rising up from the fuel bed, In this way more ef-
ficient oombustion of the volatile matter is seoured, Again, sinoe the combustion
of the gases takes place well within the kilr chamber and not in the fire box,
more efficient utilisation of the available heat is secured.

133, Inside the chamber, bag walls are provided in front of each firebox. The
function of the bag wall is twofold, vis., (i) to deflect the hot gases upwards,
and (i1) to prevent the goods set close to the fireboxes from getting fire

flashed. The height of the bag wall is usually about 4 ft. but it can be higher
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or lower. It can also be suitably perforated to permit part of the hot gases to
enter the chamber close to the floor so that the temperature differences between
the top and bottom of the setting is reduced.

134. The floor of the kiln is perforated. These perforations are communicated
with a number of flues constructed below the floor. The products of combustion,
a.ft'er giving up their heat to the charge, pass through these flues and finally
discharge into a common flue which communicates with the chimney. The flues

can be designed in various ways, the object always being to secure as even
tempereature distribution within the kiln chamber as possible.

135. A damper is generally built into the flue leading to the ohimney and by
rogulc'ting this, the kiln draught can be varied. In such kilns, waste gases
pass into the chimney at fairly high temperatures resulting in oonsiderable heat
loss, However, part of the sensible heat of these waste gases ‘can be utilized

in drying green bricks.

136, Por controlling the firing operation, thermoocouples can be inserted
through specially built holes through the kiln wall. The thermocouples can be
conneoted either to indiocators or recorders. A draught-gauge, either of the
recording or indicating type, can also be used for controlling draught.

(11) Loading of Kiln:
137. The bricks are stacked in several anmlar rings, bricks being laid radially
from end to end. The bricks may be set in any suitable manner, but care must
be taken to leave the perforations in the kiln floor open. Another point to be
kept in mind when loading the kiln is to see to it that enough space is left
between bricks and dome for combustion to take place, otherwise much of the heat
will go to waste. In a kiln of 10 f%, dismeter 5000 bricks (approximate dimen-
sions of 9 in. x 4% in. x 2=3/4 in.) oan be set ty four labourers working two
days on 8 hours shift duty per day. )

(111) of ¢ 3

138. Firing should be started simultansously in all the fire boxes and fire

box mouths should be opened suffioiently to allow the requisite amount of air

to emter. At the beginning of the operation the heating should not be too rapid
as the moisture in the bricks should bo driven off gradually. However, the
heating rite should be such that evaporated water is removed as soon as it is
formed. The mmoke leaving the chimney is at first black and then "white",
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the latter results from the condensation of steam on leaving the chimney, The
temperature at this stage is not more than 200°C, The fire is stirred and
intermittent coal feeding is carried out to raise the temperature gradually and
steadily. The fires are kept burning very brightly until the dome temperature
reaches the required calcination temperature. Feeding of coal is now stopped
and the kiln is allowed to cool slightly. The kiln temperature is again raised
by light firing with steam coal. This process of alternate heating and cooling
is suitably repeated until the entire charge of bricks attains the optimun cal-
cination temperature. In this manaer "temperature stabilization™ of the kiln
is achieved. The optimum temperature of calcination which is also the maximum
temperature is then maintained for one hour or go by slow feeding of fuel, The
latter is known as "soaking period",

(iv) Gooling spd Unlopding of the Kilns

139. The firing is stopped at the end of the "soaking period” and the kiln
temperature drops. Further oooling oan be done by removing the flue hole covers
and the kiln grate brioks. The spy holes and fire boxes can also be opened.
Artificial oooling may be done to reduce the oocoling time. Unloading of the
oaloined brioks should be done after the kiln has cooled down completely. Four
labourers oan unload the total number of calcined bricks (5000) in one day.

(o) Qrinding of the Caloized Materials
140, Calcined bricks from the kiln are broken manually or in a disintegrator,
the former being preferred for small soale production. The bricks are reduced
to a sise of about 1} in. and then fed to a ball mill where the charge is pow=
dered to pass IS Sieve No. 15 (B.S. Sieve No, 100). Two labourers working in
one shift of 8 hours can grind about one ton of material.

(4) Predugtion Capsoity:

141, For a small soale manufacture of reactive surkhi a 10 to 12 £¢. diameter
down draught kiln is considered suitable both from the point qf v!.w of temper-
ature control and uniforn heating. A kiln of this capaoity can yield sbout 14
tons of surkhi per batoh. Each firing oycle may take four to six days. Mor
producing 20 to 25 tons of reactive surkhi per batoh, a kiln with 20 £, disme-
ter and about 10 ft, height will be required. The setting density of driocks
migh.tng’6 to 7 pounds each is assumed to be about 50 pounds per cu.ft. Use of
bigger down draught kilne is not advisable because of difficulties in temperature
osutrol and uniform heating. |

W
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3. Calcination in Kiln:

142. The tunnel kilns (also called Car-tunnel kilns) differ radically from
other types of continuous brick kilns. The firing zone in these kilns is sta-
tionary while the goods set on cars travel progressively through. $he kiln. The
hot gases, flames, and the air used [or cooling flows in a direction counter to
_that of the goods. Thus in a tunnel kiln each part of the kiln remains at ap-
proximately a constant temperature which greatly facilitates temperature oontrol
and imparts stability to the kiln structure.

143, The tunnel oan be built 300 ft. to 400 ft. long and usually about 9 ft.
high and 6 ft. wide internally. The cars are built like small railway trucks
bat have abcut 9 in. of fire brick decking to proteoct them from heat. The
whull, axlel a.nd sides of the cars are protected by a sand seal.

144. The hot sone of the kiln is ‘near the centre and the kiln gases travel from
it towards the end at which the car enters and then passes up the chimnay or to
a dryer. The.goods are thus preheated by the hot waste gases.

145. Air enters at the car exit end of the kiln and as it travels towards the
hot sone, it is preheated by recovering heat from the cooling goods, which'
facilitates combustion. Hence a tunnel kiln, if of sufficient length, is as
egonomical in fuel as a Hoffmann or related kilne and has the further advantage
that, each part being maintained at a constant temperature, the waste which oc-
ours in repeatedly heating and cooling kiln brickwork is entirely avoided and
a more uniform iemperature distribution is ensured.

146, For the same reason it is relatively easy to apply temperature and other
controllers to a tunnel kiln as all they have to do is to maintain constant oon-
ditions., In other types of kilns, in which the temperature in every sone rises
and fails at different rates, such automatic ocontrols are less satisfactory.
Punnel kilns oan be fired with the usual fuels such as coal, oil or gas. Elec-
srical heating has also been successful with this type of kiln.

oo cture of § in o Vertio Bt
147. At the present time, vertical shaft type of kilns are mostly used for
burning lime. These kilns are either mixed feed or oil fired or even gas fired.

The height being usually three to fives times that of internal diameter. These
very kilns of suitable shape and sise ocould be employed profitably in the oourse

e R et
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of industrial manufacturing process of reactive surkhi and it would be just a

parallel process to lime burning.

(a) Preparation of Raw Material:

148. The process consists in digging out clayey loam in the shape of earth
clods. These olods are then allowed to dry before being fed to the kiln. The
earth olods thus dried get hard and may be easily handled further without being
damaged. These are admixed with right proportion of fuel (if mixed feed method
ie used) and are oharged in the kiln with the aid of some mechanioal devioe.

(v) tions

149. The kiln is ignited at the bottom in the beginning and it ocontinues to
burn as more feed is charged from the top, If a temperature between 900° to
1000°C is maintained in the oaloination gone, the caloined produot may be drawn
at the bottom through dra.w'holes twioce a day. In order to insure better draught
condition a suitable blower may be used at the bottom. To improve the draft
further a chimney may be provided at the top. The cooled and ocaloined product
may be ground to the required fineness to use it in the form of surkhi.

150, However, for making reactive surkhi vertioal kilns, with separate fire
boxy, in which the fuel used is ooal, may also be used for making reactive surkhi.
This separate firing system with the help of steam, air and coal produces a long
flame and the heat is directly utilised Ly the charge. The oontamination of

the ash of fuel with charge is avoided ocompletely. Oil and gas fired kilns
oould be used advantageously in the similar manner as used in lime burning.

The adaptations of oil fired kilns permit effioient gxtpgotion of heat. The
absence of ash in the oil and gas fired kilns reduce the wear and tear of the
refractory linings apart from the danger of oontamination of ash with the charge.
The cil and gas fired kilns are thermally effioient as well. In countries

where oil is cheaper than solid fuel and easily available, oil should be pre-
ferred for firing.

151, Very little is rnportod on th. lmufmturo of surkhi in the above men~
tioned kilns and hence it is not pouiblo to make any recommendations. But it
would appear that caloination of soft olm, in such kilns would produce $oo many
fines, thus oreating handling problems,




D /MG.20/3
Page 81

5¢ } of n g Rot iln:

152, A general description of a rotary kiln is given on pages 49=50. A kiln

of 200 ft. length and 10 ft. effective diameter will have a production capacity
of 180 to 200 toms of calcined turnt clay pozzolana., For an inclination of 1
degree and one revolution per minute, the residence time would be about 4 hours.
The material will remain in the calcining and soaking zcne for about half the
time. A rotary kiln will meet the requirements of calcining without the aid of
s pefractory lined sogk pit as used for the Pogzolana Plant at Bakhra Dam (p. 58),
as a retention time of materials in the calcination and soaking zone for 2 hours
will satisfy the requirements for optimum retention time for most clays, shales
and allied materials., The charge in the rotary kiln will go directly to the
rotary coolers which may or may not be an integral part of the kiln, In the
latter case, a 70 ft. long and 9 ft. diameter rotary cooler will serve the

purpose,

153, Rotary kilns which do not satisfy the requirement of optimum residence
time required for the desired struotural chugu in olay to dmnhp maximun
possolanic aoctivity on aococount of one or the other reason, may be fired at tem-
peratures higher than the optimum determined in the laboratory to compensate

for reduced retention times obtainable in such kilns. Fixation of higher tem-
perature may be done on the basis of trials and determination of lime resotivity
rengih of the trial batches of possolana produced,

Nezufeoture of Sukhi i Fluidised Ped Purjace:

154, Manufacture of reactive surkhi in a fluidised bed kiln is an atirective
proposition and is under trial in India. This Fluo selids system has alresdy
been applied sucoessfully in the manufacture of lime and this should be of a
special advantage in reactive surkhi manufacture as olays and soils are many a
time available in loose powdery state or in a frisble lump form, which oan
sasily be orushed to small lumps, Mlu or powder with little energy require~
ments. Clay caloined in this furnace will therefore need much less grinding
after caloination. (Limestone is gemerally orushed to pass 6-mesh sieve for
feeding purposes.)

155. A kiln unit generally oonsists of vertiocal reactor divided into oompart-
ments Yy a set of refrectory dome-shaped structures. It is cylindrical in shape.
The charge is fed YWy gravity through a feed pipe into the top ocompartment where

oo s P sttt A A S et ooy oS o e AT AR
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it gets fluidized and preheated by oombustion gases rising through openings in
the floor of the ohamber. The feeding of fresh charge causes the material to
overflow thrm_xgh a feed pipe to the next chamber where it is further heated.
After preheating in one¢ or more oompartments, the charge enters the calcining
ohamber where it is finally heated and oaloined by the flame from the oil burn-
ers built into the sides of the kiln. The oalcined charge then overflows .into
a cooling oompartment where it is cooled hy the inooming air. Temperature cor-
trol is achieved by regulating the rate of feed and the amount of air entering

into system. A blower or compressor may be used for the latter prrpose. In
tall kilns feed is mostly elevated.

156. This type of kiln oan be used for drying and calcining a variety of maieri-
als. Some processes may require only a single compartment kiln in whioh cese
the diameter of the kiln may be nearly the same as the height of the ocompartment.
The hot gases rise through a perforated refactory bed and the charge is fluid-
ised about 6 inches above it. The feed enters from one side and leaves the kiln
from the opposite side. In this type of kiln the oontact time of the oharge
with the hot gases is very short indeed.

157. The work done on oaloination of olays in this type of kiln for produci:g
surkhi is still in exploratory stages, but the trials’ have shown teohnioal cuc-
cess on a pilot plant scale. Surkhi of high lime reactivity has been produnced
but nothing is yet known about the eoconamios of this method,

To

158, Mamufacture of surkhi in Bull's trench kiln whioh is oomaonly used in
India for burning olay bricke is probably simplest and cheapest of all the dif-
ferent methods of oalocining olay in the form of bricks. Capital investment is
not muoh and supervision can be done easily hy skilled burners. But the qualiivy
of surkhi produced is variable beoause of lack of temperature oontrols, non-
uniform heating and fuel ooming in contact with the bricks being turnt. In view
of this, this kiln is not being favoured currently, however, some workers are
not in full agreenment on this point. While it is likely that surlhis produced
in & Bull's trench kiln may show sufficient activity (L.R. 600 p.s.i.) to be
o olassified as possolana, there is no doubt that firing of olay briocks in a dowm
draught kiln will 'produco surkhi of greater activity and uniformity because of
4 better temperature oontrol and heat distribution possidle in this kiln. Another

+ Private communication.
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advantage is that the fuel does not come in contact with goods. A down draught
kiln, on the other hand, is a batch type kiln but this should not be considered
a disadvantage in comparison to the oontinuous type Bull's trench kiln because
the former permits flexibility in the operation schedule on this very account
and in the production of pozzolanas this is important as pozzolanic raw materi-
als oan show variations even in the same deposit.

159, A down draught kiln is good for small scale production of surkhi and is
more suited~for rural and areas of lower population density as labour will be.
cheap and plentiful and skilled labour can operate the kiln. Also there is
freedom for the choice of size of kiln in relation to annual requirements, Fur-
thermore, the burning can be suspended when required; this is not so in Bull's
trenoh kiln, However, the thermal efficiency of a down draught kiln is lower.

160, While tunnel kilns permit good control or burning conditions and thus are
suitable for producing surkhi of high reactivity and are of continuous type,
their use can't be recommende” because of high capital and operational costs,
Also, supervisory costs will be higher. '

161. For any large scale manufacture of resotive surkhi or burnt clay poszsola-
na, osloination in a rotary kiln has advantages of continuous process, better
Sempersture controls, more uniform burning oconditions, choioe of fuel, lesser
space requirements for the kiln, sutomation and instrumentation. Also, the raw
material requires lesser handling and processing compared to calcination in
briok kilns. The caloined material also involves lesser handling and proocessing.
Though the thermal efficiency of a rotary kiln is lowar than that of Bull's
trench kiln, it is greater than that of a down draught kiln. Longer kilng will
result in greater thermal efficienoy. But the setting up of arotary kiln oan

be taken up only near big production centres where workshop facilities are avail-
able, Rotary kilns oan be built to give even very large daily production, but,
generally, rotary kilns of the dimensions used in lime manufacture should meet
tho“roquimnt- of possolana industry. Rotary kilns may at best be 99:_;;160:9(1
for & production down to 50 tons a day. DBecsuse of inadequate information, no
definite recommendations can be made regarding the use of lime kilns for burning
surkhi,' On the other hand, thers is no doubt that there are good prospects for
the use of fluidised bed furnace for surkhi production.

e
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E. Propertigs of Burnt Clay Pozzolana or Reactive Supkhi

162, The properties of surkhi pozzolana and of the cements prepared with it
are no different from those described earlier in Chapter I. Herein the object
is to compare the properties of lime-surkhi mortars and portland-surkhi cements
vhen reactive surkhi is used ‘n place of the traditional or bazzar surkhi pro-
duced from brick bats.

163, Table 3 gives the results of lime reactivity tests on surkhis prepared

at different temperatures from the representative samples of the main soil types
in India. 8Sinoe the activity of posgolana ‘iakbest judged from the lime reactiwv-
ity test, the following conolusions have been drawn:

(1) each clay has an optimum temperature for maximum resctivity and this
depends upon the mineralogical composition of the clay

(2) the optimum temperature for the kaolin claye is about 800°C while for
illite olays it is 1000°C; for montmorillonitic type of clays the op~
tinum temperature is between 600°-800°C

(3) & clayey s0il rich in clay minerals is expected to yield generally
more active surkhis than the loamy soils considered suitable for briok

making ‘ ‘
(4) The possolanic activity appears to be very much influenced Ly the

presence of iron oxides; red lateritio soils areé expeoted to yield
better surkhis than the black cotton soils,

164. Table 4 reports the ratings given to surkhi and possolana Ly different
worike on the baeis of lime reactivity strengths. The Indi and the
borioun/ Standards generally go by the minimum lime reactivity strength and
from thet point of view ratings such as very inactive, inactive and poorly sctive

~ are redundant. The other ratings are helpful in grouping possolanas of the same
activity index together when a large mumber of poszsolanic materials are under
investigation in a laboratory.

4)/ D X, Joshi and M. R. Vinayaka, "Surkhi as Possolan", Note No. 1, Maharastre
Engineering Research Institute, Nasik (Bombay). -

42/ X. R. Srinivasan, "Surkhi as a Possolana", Road Research Paper No, 1, Cemtral
Road Research Inltit“te' New D.lhi, 1956| Pe 47.

4)/ Tentative Specifications for Raw or Caloined Natural Possolans for Use as
Admixtures in Portland Cement Concrete", ASTM Designation C 402-63T. 1964
; Handbook of ASTM Standards, Part 10, Amerioan 8ociety for Testing and Materi-
; é .1.| Philadolphi., U.8.A,
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95. The total residence time of the feed in the rotary kiln wae about an hour and
the material handled in this period was about 5% tons. Since the caloination
period was muoh lower than the optimum period of two hours, the shale coming out
of the discharge end of the kiln was dumped into an insulated soaking pit of

15 tons capacity, where it remained for 1% to 2 hours. The caloined material was
drawn from the soak pit periodically by a remote-oontrolled air-operated side

gate whioch dumped the hot oaloined material ‘on a water-jacketed and enclosed dreg
ohain oonveyor. HWater was used to cool off the hot product as it was being
oonveyed. It then went through an indirect type rotary ocooler whioh had water
spray arrangesent on the ouiaido, The uniformly cooled material wae conveyed by
a belt oonveyor, slevated and stored in a 1000-ton capacity conorete silo,

(4) Srinding
96. Two different grinding systems were used. ‘The first ome oonsisted of two
5 £t, dim. x 10 ft. long ball mills, each with a capaoity of about two tons per
hour of the finished material. BEwch mill was fed in series through a 30 in.
sised high speed disintegrator whioh reduced the 3/4 in. feed to 8 mesh sise.
Each of the mills was oharged with 6 tons of ohilled cast iron oylpebs.

97. Because of heavy wear and toar of the above grindi.nc machinery, ftwo-oonprtmt
mills were chosen for the second system, which proved to be better. FEach of the
ocompartment nmills was 5 ft. dia. and 20 ft. long; the first oompertment being
8 . and the second 12 ft. in length., The grinding media were 4 tons of 2 and
] in, sise stesl balls in the first and oylpebs in the other ocompartment. Emoch
of the oompartment mills oould grind about 2,5 tons of charge to th:: required
fineness. The finished pogsolana was oconveyed through a sorew conveyor, elevated
and stored in two 700-ton oapacity silos for supply to the batching and mixing

plant, ' ' |

G. Menufsoture of s Neturel Poxsclaca (Irass)

98, A typioal example of possolanas whioh do not require any osloinasion is the
menufacture of the trass from tufacecus limestone deposit in Germany. The
deposit is firet drilled and blasted with weakly brisant blasting powder so that

51/ H. Kremser, "The Use of Possolana in Germany", Symposium on Possolanas -
Their Survey, Manufaoture and Utilisation  Central Road Research Institute,
New Delhi, Deo. 1964.
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Table 4
Rating of Surkhi on the Pesis of Lime
Regotivivy Strength

Compressive sirength . Act W f

200 Very inactive
Inactive
200 ~ 400 Inactive
400 -~ 600 Poorly active Poor activity i
600 - 800 Nedium active Hedium activity
800 - 1000 Active Active %
1000 Very active -

“CRRI - The cmm Rosd Research Imttute, New Delhi.
MERT - The Naharashtrs Engineering Research Institute, Nesik (Bombey).
IPRI - The Irrigation & Power Research Institute, Amritsar (Punjabd).
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2. Fineness: -

165. Before the Indian Standard on Surkhi was formulated in 1960, several

E recommendations on the fineness of surkhi existed in the Handbooks of the Cen—

‘ tral and State Public Works Departments, Military Engineering Service Speoifica~
tions and Specifications of the River Valley Project Authorities etc. The
fineness was usually given in terms of the sieve analysie and surkhi passing

25 mesh British Standard sieve was mostly recommended for use. Khan and Verman's
worl\-aj on the sieve analysis of the -30 mesh B.S. sieve surkhis had shown large
variations in the particle size distribution and this is quite understandable.
Such variations appear to be partly responsible for differences in the strength
results of lime-surkhi or cement-surkhi mortars reported in the literature.

This is illustrated by the data on the effect of fineness of a highly active
surkhi on the lime reactivity strengths (table 5). The possolanic resotivity

is found to inorease with an increase in fineness of surkhi showing therety that,
as in other poszolanas, the fineness (now-a~days measured in terms of surface
area in sqom per g) is a very important attribute of surkhi and must satisfy the
requirements laid in the relevant Standards.

‘é;%
g 'F;;

3. Sapkhi Morters snd Their Properties:

166, The literature on surkhi mortars is very old and extensive and muoh of it
has only historioal value. Doddiah and his ocowo have published two
excellent reviews on the subject of Surkhi Mortar - its Development and Stan-
dardisation and have highlighted the most important findings of the earlier
workers. Because of differences in the quality of lime and surkhi, fineness of
surkhi, mix proportions, quantity of mixing water, oonsistency of mortar, curing
oonditions, testing procedures and other variables, it ie not possidble to evalu~
ate and compare the data on these mortars except in a general way.

167. The Hyderabad Engineering Research L.,bomouu,ﬁ/ Hyderabed (now in
Andhra Pradesh), has reported ocomparative data on surkhi mortars for use at four
different projects (Rajoli bunda, Sarala Sagar, Bendsura and Tungabhadra). The
optisum proportions of lime:surkhitsand were found to be as 1:2:1lf, lildsl,
1:2:14 and 1:18:4 on volume basis for the four projeots respectively. Regarding

{i 44/ D. Doddiah, "Selection, Processing and Specifioations of Stones and Mortar
45X for the Construction of Surkhi Mortary Masonry Dams in India", Report No. 32,
FiE Question No. 24, Intormational Commission on Large Dams, Rome, 1961.

45/ nnual Reports for the years 1949 and 1951, Hyderabad Engineering Researcoh
S Laboratory, Hyderabad, Andhra Pradesh, India.

|
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the fineness of surkhis, the first three samples were passing the ASTM sieve

No. 30 while only 56 per cent of the last sample passed through ASTM sieve No. 30.
For mortar consistencies of 45.0, 29.4, 48.0 and 50.0 per cent water, the initial
setting times were 24, 10, 25.5 and 2 hours respectively. The corresponding
final setting times were 72.0, 120,0, 28,5 and 24.0 hours respectively. Only
mortar prepared with the Tungabhadra surkhi showed the initial setting times
oomparable to those obtained by Mielenz, Witte and Clantz for bturnt olay posso-
lanas,w all the final setting times, however, compared favourably. But it is

1 becguse very little data is available

i mortars.

not possible to make any generalizati

on the setting times of lime-

168, A gocd deal of a is reported in the literature on the tensile and com~-
pressive strengths of lime-surkhi-sand mortars. The highest tensile strengths
reoorded appear to be in the neighbourhood of 250 and 325 p.s.i. after 14 and
28 days of ouring respect'ively. A maximum strength of 120 tons por. square foot
in compression at 6 monthe is recorded for a 2'3:1 lime-surkhi-sand morter using
the Rayerkheri Surkhi ,ﬂ/

169. Sometimes sand was not used in lime-surkhi mortars. Lime-surkhi mixes
with one part of lime and 1 to 5 parts of surkhi by volume are mentioned in the
literature. The tensile and compressive strengths of such mixes are r;ported in
table 6. 1:3 kankar lime-fine surkhi was selected for use at the Yanivilas
Sagar Dam on the basis of hoth strengths and costs. In the Krishnarsissagar Dep
gurkhi in the form of 1 to 1% in. brick bats were used with lime and the mix

was ground for about 35 minutes in a mortar mill.

170, Lime~reactive surkhi mortars possess superior properties. Ghosh,

' Srinivasan, Bhatia and Banerjeo&g have shown that when surkhi is produced with

’ scientifioc ocontrols lime-surkhi mortars are comparable in compressive strengih
$0 115-6 cement-sand mortars even at 7 days. For equivalent compressive strength

" at 28 days, the lime reactive surkhi mortars generally show appreciably higher

flexural and tensile strengths (table 7). The strength characteristios of lime-

_ surkhi mortars are influenced by water oontent, fineness and grading of aggregate

4 eto. as for the oement mortars. The modulus of elastioity (E) of lime reactive

surkhi mortars is somewhat lower than that of 116 cement-sand mortar. Lime

Coe 46/ R. K. Ghosh, N. R. Srinivasan, M. L. Buatia and S. G. Banerjes, "A Study of
' Reactive Surkhi Mortara", Symposium on Pussolanas — Their Survey, Manufacture
& Utiligation, Central Road Research Institute, New Delhi, Dec., 1964.
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Jakis 1a
Strangih.of Line Rasgtive Surkhi Mersars
Strength of mortars in pounds per square inch
Mortar
Proportions Compressive Flexural Tensile
by weight ——— mes—
LimesSurikhi s Sand* 7 : 28 28 28
| days  days days days
1311 1 78 ©1119 324 198
1sls 2 65; 1085 293 150 '
11l1: 4 509 663 212 130
131s 6 353 428 14 93
181 8 148 300 : 108 65
131110 62 167 54 32
1823 2 667 915 148 . 148
1821 4 604 837 96 110
132: 6 b1 5 T 708 82 83
1s2s 8 396 481 66 63
132110 203 - 298 54 20
182112 118 132 42 8
11313 631 817 174 o
1331 6 L1/ S ) § 124 58 -
1383 9 296 41 86 3»
183112 211 . 308 63 28
1831198 170 204 52 18
183518 85 102 M S
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Iable b
Portland Cement : Sand Mortars

Strenkth of mortars in pounds per square inch

Mortar
Proportions Compressive Flexure’ Tensile
by weight
Cement : Sand 7 28 28 28
. days days  days days
113 2645 4583 554 313
1:4 1225 2517 357 193
1 S ‘ 850 1913 222 125
136 | 583 917 14 1
17 308 - 583 83 47
18 167 325 35 23

» Nedium ocarse sand

) AT All mortars were prepared with a medium coarse sand and were brought
to the same oconsistency, i.e. 100per cent flow as per Method of Test
for Measuring Mortar-Making Properties of Fine Aggregate as per ASTH
Designation C 87-64.

' Bourees "A Study of Reactive Surkhi Nortars®, by R, K. Ghosh, N. R. Srinivasan,
M. L. Matia and S. 3. Banerjee, Symposium on Possolanss - Their Survey,
M\f&;gm and Utilisation, Central Road Research Institute, New Delhi,
M‘ 1 40
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reactive surkhi mortars, however, sl;ﬂow greater initial shrinkage. But, after
28 days, the shrinkage is.not any different from that of cement-sand mortars.

4. P

171, Invesfigations on the use of surkhi as part replacement of ocement in con-
orete are oompa.ra.tively of recent origin. In most of the investigations the raw
materials ohosen were brick earths or soils available in the neighbourhood of

a big project. The magnitude of replacement tried was up to 30 per cmt by
weight. The selection of surkhi was done mostly in the conventional un.nor, i.e.
on the basis of under—burnt, well burnt or overburnt surkhi. The fineness was
controlled mostly in terms of the surkhi passing B.S. sieve No. 30, 100 or 200,
The tests performed, in general, were determination of standard oonsistency wund
tensile and ocompressive strengths of 1:3 cement-sand mortars at various ages.
Some data on the properties of conoretes is also available.

172, On the whole the surkhis used were mostly coarser than the portland cement,
Only the -url:hi- passing through B.S, sieve No, 100 or 200 had specific surface
near sbowt the minimum speoified for portlmd oement, For exauple, Hands;
Dhawan and Bahri found the surkhi puling B.S. sieve No. 3O had surface areas
. >anging from 743-1967 sqom per g. The.oorresponding ranges for surkhi passing.
100 and 200 B.S. sieves were 1134 - 2519 and 2584 - 3449 sqom per g respeotively,

173. The wator requirements for the normal (or Standard) consistency are re-
ported to be generally higher for portland surkhi cements and, aooording to
Handa, Dhawan and Bahri, are related to water absorption oapacity of the surkhis.
For example, underburnt curkhi whioch showed maximum water absorption also showed
maximum inorease in water roquirements over the portland cement paste, Hoo /
has reported up to 20 per oont inorease in water requirements for normal con-
sistenoy when the magnitude of replacement was 25 per cent., Consequently, the
initial and finnl setting times of oements ocontaining 20 to 25 per oent of
surkhi replacement were also found to inorease,

174, With few exceptions, replacement of 15 ~ 20 per oent of portland cement
by surkhi was found to result in equal or higher tensile strengths than those
of the ocontrol (1:3 oement-standard sand mortar) only after 28 days of our‘ng.
Very few surkhis have resulted in equal oompressive sirengths in 1:3 cement-
standard sand mortar at a 20 - 25 per oont level of replacement of cement within

41/ R. C. Hoon, 'Development of Portland Pozzolana Cements for Mass Conorete
Construotions”, Indian Conorete Journa.l, vol, 26, 1952, pp.225-231, 253-258,
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material smaller in size than 150 mm is least possibls. Blocks greater than
500 mm are’ orushed with pn¥Matic hammers and a sliding separating machine then
sorts the orushed material into 0-150 mm and 150-500 mm groups aulomatically.
Blocks of size 150-500 mm are air dri-d, while 0-150 mm material is dried in a
drying plant. Both the groups of materials are crushed to a walnut size by
meane of a hammer orusher. . .iurcl moist material is the: dried artificially
for a short time at about 400°C. The dried and orushed material is either
puiiroriud in an edge-runner or ground in a ball mill with air separation as in
the case of oement, the lattor being the ourrent praotice.
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28 days. Curing for longer periods extending even up to one year were required
for equal strength development in portland cement-surkhi mortars. The Indian
Standard 1489:1962 specifies more than 80 per cent of the strength of 1:3 port-
land-cement standard sand mortar at 28 days for a 20 per cent replacement of
cement by a pozzolana. The compressive strength data of Uppal and Singhiaj show
that only a surkhi passing B.l. sieve No. 200 will fulfill this requirement.

175, Puri and Srinivasa.nﬂ obtained data on the strengths of a concrete (1:2,1:
3,9 oementisand:coarse aggregate) wherein a reactive surkhi had been used as a
possolana and concluded that there is practically nc reduction in coinprenive
and flexural strengths up to 20 - 25 per cent replacement of cement by the
reactive surkhi pessing B.S. sieve No, 200. The rate of strength development
in coarser surkhi was, however, lower (table £). The data on modulus of elas-
tiocity of concretes containing 15, 20 and 25 per ocent of reactive au;'khi re—
placements have sho that the modulus of eclastioity was generally 1 to 3 per
cent lower than that of straight portland oement concrete at 28 days and 12 to
17 per cent at 6 months.

176, MNost of the reactive surkhis have been found effective, in counteracting

the alkali aggregate reaction in conoretes to 2 great extent, The mortar bar
expansion test shcw that for the maximum efficiency of surkhi.for in-
hibiting alkali-aggrogate reaction, montmorillonitic and kaolinitic clays
require a calecination temperature of 800°C and illitic clays require 1000°¢,
Regarding resistance to sulphate attack, results on calcination at 4000, 600°,
800°, and 1000°C have shown that for a 20 per cent replaoomexit of cement Ly
surkhi, clays oalcined at highor temperatures are more effective in preventing
sulphate attack than those caloined at lower temperatures. It appears the op-
timum temperature of oalcination for getting surkhi cf maximum reactivity for
strength development may not hold o&ually valid for achieving maximum proteotion

4@/ He L. Uppal and G\u*lharan‘ Singh, "Puzsolanic Surkhi from some Burnt Clay
Bricks of Punjab", Symposium on Pussolanas - Their Survey, Manufacture and
Utilisation, Central Road Research Institute, New Delhi, Dec., 1964.

49/ Ram Lall, "Elastic, Strength and Abrasive Properties of Hardened Possolana
Conoretes, Journal The Indian Road Congress, vol, XXVIII-3, No. 3, Oct., 1964,
pp’ 461"4700

jg/ Amual Report for 1958-1959, Central Road Research Institute, New Delhi,
51/ Annual Report for 1959-1960, Central Road Research Institute, New Delhi.
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to oonorete against sulphate attack. Caloination et 1650™C ic recommendedd for
producing surkhi for greater sulphate resistance irrespective of the material
of olay minerals.

177. Replacement of cement by surkhi has been found to inorease the shrinkage
of comorete; the finer the surkhi, greater was the inorease in drying shrinkage.
Nevertheless, the shrinkage of surkhi concrete was well within the permissible
limit . The abrasive resistance of conorete with very reactive surkhi up to
25 fnr cent replacement has been found to be even better than that of straight
portland cement concrete at all ages; for surkhis of lower activity, the abras-
ive resistance is comparable to that of portland cement concrete.

178, Properties of fresh conorete such as workability, bleeding and segregation
etc. appear to depend mainly on the fineness of surkhi. The results show that
despite a slight decrease in workability, a very reactive and fine surkhi pro-
duces a more plastic and cohesive mix, The bleeding and tendency for:segregation
of fresh conorete are also nduood{w

P. Uses of Burkhi

179. In India surkhi pogzolana has found more widespread use combined with lime

in portars for brickwork and masonry, It has been used with great sucoess in
the 'eo'n-t‘m.tipn of masonry dams and other irrigation works. Lime-surkhi mixes
have also bun used for rendering and pointing walls. Lime-surkhi oonorete has
found several appiicationu in building and road constructions. Only special
ml of 'mk,hi as a cement replacement have been mentioned here because the
othoi? iul are covered in Chapter V on the "Uses of Poggclanas',

180. Use of ‘lime-surkhi mortars is recommended for low and medium loads in
tuildings. 23/ The most common mixes used in the past are 1 part of lime with

© 2 or 3 parts of surkhi by volume and lime-surkhi-sand mixes of composition 1ltl:l,

1:1:2, 1:211% and so on,

52/ M. L. Puri, N, S. Bawa and N. R. Srinivasan, "Durability of Concrete with
respect to Salphate Attack"”, RILEM Symposium on Conorete and Reinforced
Conorete in Hot Countries, Israel, 1960.

53/ 1811625-1962 Code of Practice for Preparation and Use of Lime Mortar in
Buildings, Indian Standards Institution, New Delhi,
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'181. Rahman, Rehsi and Chopraﬁ/ had investigated the strengths of brick masonry
built with bricks of mean strength of about 1800 p.s.i. and surkhi having a lime
reactivity of 600 p.s.i. The recomnendations on the working stresses are re—
ported in table 9. It is obvious that lime-surkhi mortars are suitable for one
‘or two storeyed buildings and cannot replace the cement-sand mortars which per-
mit faster rate of construction. But it may be appreciated that this is partly
on account of fixation of comparatively much higher factors of safety in the
former mortars because of lack of quality oontrol.

182. Recent work of Chosh, Srinivasan, Bhatia and Banerjee has shown that when
active to very active surkhi possessing lime reactivity strengths from 800 to
1000 pe8si. Or above are used, lime-surkhi mortars would result having masonry
strengths of the same order as cement -ortsr'l.ﬁ/ On the basis of 28-days com-
pressive strength of the mortar having a f£low of about 100 per cent when tested
by the ASTM method, lime-reactive surkhi-sand mortars have been divided into
four strength categories. The mixture compositions recommended are given in
table 10, A mixture in the ratio 11218 limetreactive surkhi:sand gives a mortar
with compressive strength ranging from 30 to 50 kg/cnz is recommended for use

in place of 116 portland cement-sand .-~riar.

183, Because of lower modulus of elasticity and greater flexural strengths of
lime-reactive surkhi-sand mortars in comparison to those of cement-sand nortars,
the former can undergo higher deflections without cracking. In other words,
these mortars have greater strain bearing capaecit and offer greater resis-
{1 tance to cracking and, therefors, are superior from this point of view, However,
their early rate of hardening is lower. For early hardening properties, a small
; : amount of portland cement (10 - 20 per cent) can replace lime-reactive surkhi .
‘; component in mortar without affecting the strain-taking capanity.of the mortars.
Such mortars are superior in performance and may be employed in situations where
attainment of early strengths is necessary on account of teohniéif reasons or
speed in oonstruotion.

i% ﬁ/ Rahman, S. S. Rehsi and 8. K. Chopre, "Strength of Brick Masonry", K.B,0.
et Project Report, Jour. National Buildings Organisation, New Delhi, Oot., 1961,
vol. 6, pp. 49-61.

7 nCement—Reactive Surkhi-Sand Mortars with and without lime", Joint Report

! of the Central Water and Power Commission and the Central Road Research

' Institute, New Delhi, Symposium on Pussolanas - Their Survey, Manufacture
& Utilisation, Central Road Research Institute, New Delhi, Dec., 1964,
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(v) In Plasters:
184. Rich lime-surkhi mixes with or without fine sand have aleo been used in
the past for plastering walls in low cost or temporary buildings. Such plasters
showed oracking because of slower rate of hardening, richness of mixes and high
drying shrinkage. To enhance the early rate of hardening, it is derirable to
use aotive to very aotive surkhis and a recent st o has shown that 1:2:8-12
mixee of limoireactive surkhitfine sand (by weight) are quite suitable for
plastering work. The compressive and tensile strengths of such mortars compare
well with 136-8 cement-sand mixes used commonly for plastering; the workability
of the two types of mortars being the same. However, the high early shrinkage
of surkhi plasters could result in pattern cracking in plaster works. For free-
dom from the pattern cracking, mixes with sand ratio of 4 or more are

e + surkhi

recommended. The conventional mix for pointing brickwork is 1:1% lime-surkhi
ty volume. hpuﬁj has recommended a 2:3t8 mix of lime-reactive surkhi and
sand on the basis of his experience.

185, Important examples of the use of lime-surkhi mortars in masonry dams and
other hydraulic works were given earlier. The most recent examples of use of
lime—surkhi are in the comstruction of the Linganamakki and the Tala Kalale dams
in the Nysore State .w The height of these masonry dams is about 200 feet
above the lowest river bed. One part of freshly burnt pulverized lime and four
parts of pulverised surkhi were proportioned by weight. The fineness of lime
and surkhi were 90 and 70 per cent passing through ASTM sieve No. 100, Lime was
first fed into the pan of a ) oft. oapacity diesel driven mortar grinder, adding
enough quantity of tap water for oomplete slaking of lime, It was ground for

7 minutes after which surkhi was added in small quantities. Simultaneously
water wes added at a gradual rate until the mortar produced was a uniform,
workable and plastic mixture. The mortar was further ground for another 23
minutes. Such mortars gave a compressive strength of more than 100 tons per sq.
ft. after 90 days aging.

56/ 0. P. Kapur, "Use of Resctive Surkhi in Building Construction™, Symposium
on Pussolanas - Their Survey, Manufacture & Utilisation, Central Road Re-
search Institute, New Delhi, Dec., 1964.
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186. Recently valuable data has been reported on the strength of Burkhi mortar
masonry versus the cewent mortar masonry and concrete.‘;x"-i-ﬂ Table 11 gives
typical results of *he relevant tests on the different materials, While strict
comparisons are 1ot possible Lecause of lack of data at comparative stages, it
may be concluded that 28 days compressive strength of 1:4 lime-surkhi mortar
masonry is equal to that of 1:3 cement—£asa mortalr masonry and that lime-surkhi

mortars are suitable for adoptior. in the construction of masonry dams,

3o Lime-Surkhi_ Concrete

(a) In Buildiige:

187. Lime concrete is used in Indie in baiiding coustruction in wall founda~
tione for moder.tely tall buildings, uader floor finishes, for filling haunches
over masonry arch work and for roof terracing work etc. The Indian Standard
Code of Practice for use of 'ime-Coaurete in Buildings recommen the nmixes
given in table 2 .or vairious situations. The quality of the ingredients of
lime concrete is conirolies through the respsciive Irdian Standards on Lime,
Surkhi, Sand and ‘ogregates such as brokcr brisk und store aggregate or éiiidor
etc. The workabiiity of 1ims ccicrcte is gznevally salirfactory and this con-
crete has good water retentisn r:operties, T-c hexdening of this conorete,
though slowsr than thit of ceme:ns concrote, ig saticfactory for most of the nor—
mal uses to which it is put in building work except whcere esrly strength is
required, svch ais, in oner tansy works or in worsks uvader very wet conditions.
The settinz tima of iive coucrase will depand apon the class of lime used and
is variables Thougn initial get may ocsur in 2-5 hours, when hydreulic lime is
used, the final wet does rot usually occue in lews shan 10 .12 hours,

188, A properly preﬁarod, waid and cured limo conorete is quite durable. How-
ever. lime ooncrete ic subiucs ‘lc ehbiack by culpaeie action which nay 6oouf
when the sub-soil vater ievel is high and soil containn oonsiderable quantities
of soluble sulphatos {-usvally mors than cne mer cent), The permeability of lime
oonorete is significant for rcof terracing work and it cen be reduced by in-
orcasing mortar c¢r pzote consent, using well graded aggregate, Ly t‘horoughn
compaction and by spriniling sertain scluticns on the surface during compaction, ..

b

51/ M. 8. Thiruzale L;erjar, "o Tests on Lime fSurkhi. Rubble Masonry at the
4.5 Million Pounds Testing Station, Hirekud, HMinistry of Irrigation & Fower,
New Delhi,

58/ Indian Standarc Ccda of Practice for Use of Line Concrete in Buildings,
I8:2541-1965, Indian Stendards Institution, New Dolhi.
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CHAPTER III. INDIAN SURKHI - ITS MANUFACTURE, PROPERTIES AND USES

A, H;a’to;:;cg‘

1. Use of 8 with Lime:

99. In India "Surkhi” or ground bricks (also pronounced as Soorkes) mixed
with lime is a traditional construction material. Many of the ancient struo-
tures which are stunding even today had used lime-surkhi in mortars or in
masonry. In more recent times, of which the records are available, earliest
large scale use of fat lime and surkhi mortar was made in 1850 in the construo-
tion of the big and small stiuctures relating to the Ganga Canal Projec in
Northern India. In the Siate of lhdruy, lime-surkhi was used in the construo-
tion of Periyar Dam between 1895-1906. This was a 1241 feet long random rubble
masonry dam whose core is of concrete in surkhi mortar. The structure of the
Kodyar Dam (1895-1906) in Kerala Stat~, India consisted of blasted rubble stone .
in lime-surkhi mortar on sides and top and blasted metal oonorete in stone
lizde~surkhi mortar with plums embedded in the core cf the dan'}/ .

100, A mixture of cne part of kankar* lime with three parts hy volume of pow-
dered well burnt-murkhi was used at the Vani Vilas Sagar Dam (1898-1907) in

The Roorkee Treatise on Civil Ingineering in India compiled by Lt.Col.

J. G, Modley, R.E., vol. 1, Third Edition, Enlarged & Improved, Edited hy
Major A. M, Laug, Royal Engineer, Printed & Published at the Thomson College
Press, Roorkee, 1873, pp. 126-129,

2/ J. Walter, "Puzsclanas - Their Utilization in Irrigation Projeots of Madras
State”, Symposium on Puzzolanas - Their Survey, Manufacture & Utilisation,
Central Road Research Institute, New Delhi, Dec., 1964.

3/ R. C., Hoon, "The Use of Kankar Lime and Building Materials for the Major
Engineering Works", R 24 Question No, 11, International Cosmission on High
Dams, Stookhom, 1948.

#  "The word Kankar originally described any form cf gravel, whether the rock
fragments of which it was composed were rounded cr not, but its meaning is
now restricted, at any rate amongst Indian geologists and civil engineers,
to those small, irregular concretions of carbonate of lime, whioh are so
widespread throughout the surface deposits of India, parts of Pakistan and
some regions in the dry gone cf Burma., The commonest forms are small,
uneven nodules, from half an inch to three or four inches in diameter, ocom-
posed of fairly compact carbonate cf calcium within, and a mixture of this
compound with clay on the cutside. More massive varieties frequently fill
oracks and are fcund occasionally as ill-defined beds in the older allu~
vium, Such block kankar has been employed as a building stone and was used
for instance, in connexion with the Ganga canal works." Oxtract from
"India's Mineral Wealth"” Ly J. Coggin Brown and A. K. Dey - Oxford Univer-
sity Press 1955 (Third Bdition).
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The rate of hardening of lime concreie can be increased by finer grinding of
surkhi or by addition of 40 to 50 kg of cement per cvbic meter of concrete.

(v) In Road Construction:

189, Lime fly ash mixture for use wich luzal agg-egate in making concrete to

form a pavemeni base has baer in use59/ in M.5,F, sinc2 1957, It appesrs that

compared to crushed stone bass, a lime-pozzolona concretc base spreads the load !
stresses over a far greater area of the subgrade tarovgh its bridging aotion |
due to flerural rigidity and thereby reducing the stresses in the sub-grade .-62/

In view of oomparable activi.y of icme of the reactive surkhis to that of fly

ash being used in U.S,A., the Central Roud Research Institute, New Delhi, has

carried out investigatione on the ure of lime-reactive surkhi concrete as road a
b&BQc’G‘y On the basin of tests, a 1:2:6:1.L lime-reactive surkhi:sand:aggregate
(3/4 in, sige) was chosenég and a comparison of its properties with those of
a 132:4 lean cement concrate suge -sted the use of lime-surkhi concrete as a !
part of the rigid pavement. (The lower abresive resistance of lime-reactive {
surkhi oonorets precivdes its use in the surfuce ccurse of pavements.) Experi-

mcnté further showed that sufficiently high tona strength can be easily obtained
between courses of lime-reactive surkhi concreic and oement concrete when one

is laid immediately after th> other. Ghoch end his coauthors-iv expect a fairly

high degree of monclithicity in this type of syeiem. Ccmparative resulis on

test slabs show distinntly tre ccore cf use of a ocnposite slab consisting of
lime~reaoctive surkhi ccncrete bended underlay ané bonded cement oonorete over—

lay. Another suggested use by the above authors is sandwiched construction in

whioh 6 in. thick layer of lime recotive suckii conorete is sandwiched between

two 3 in. thick oement noacrete layers. Thnis type of construction is considered

to be cheaper,

Qeorge C, Lindsay, "Corson P.escripss Research tor Suocess", Rock Products,

QQ/ H. L. Ahlberg and E. J. Barerberg, "i'czzolanic Base Course Research",
Progress Report, Engineering Research Sliation, University of Illinois,
Illinois (U.S.A.).

6/ R. K. Ghosh, M, P, Dhir, N. R. Srinivascn and M, L, Bhatia, "Lime-Reactive

- Burkhi Concrete in Road Construotion", Symposium on Pusgolanas - Their
Survey, Manufacture & Utilization, Centraul Read Rescarch Institute, New
mlhi' DOO., 1964.

62/ Ammael_ Report 1963-1964, Central Road Reseaich Institute, New Delhi,
PP.18-19.
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4. Red Cement iioriar in Masonry Dans:
190. The construction of the Mettur Dam in the Madras State and the Tunga
Bhadra Dam in the liysore State involved random rubble masonry which consists

of spreading good aud hard veriety stones of certain sizes in layers and filling
the intervening spaces with moriar and packing with smaller pieces of stone.
Both the front and the rear faces were built with sized stones .ﬂ/ The portland
cement-sand mortar was used with 20 per cent of fine surkhi. The mortar was
texmed as "Red Cement Mortar'. The other dams which made use of surkhi as
cement replacement are liasted in table l.

5. Cemept-Reactive Surkhi Concrete in Road Copsgtruction:

191, Relatively high initial ccst of cement conorete and satisfactory perform-
ance of a 170 feet experimental puszolana concrete pavement track over a period
of three years in the Insiituto's promises prompted the Central Road Research
Inrti.tute,s New Delhi, to consiruct an experimental pozsolana conorete road
stretoh in the National Highway No. 2. Pogzsolana concrete slabs with 28 days
flexural strength of 520-660 p.us.i. were laid to find the effeots of surihis of
different activities. Plain concrste slabs prepared from two cements differing
in triocaloium silicate contents have also been laid for the sake of comparison.
The performence of the sentions in pozzolana concrete since May, 1964 has been
reported to be satisfoctory,

§Y/ Re Ko Ghosh, N, R. Srinivanan oad Ram Lall, "Construstion of sn Nmperimental
Possolana Conorete Road Stretch in the National Highwey No. 2%, ium
on Pusgolanas - Their Survey, Manufsocture and Utilisation, Cemtral Road
Ressarch Institute, New Delhi, Dec., 1964 ‘
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CHAPTZR IV. PRODUCTION COSTS OF POZZOLANAS -
AND PCZZOLANIC CTM.IITS

A. General

192, For establishing a plant, a teciuio—-economical survey is a must. It can

be done in two stages; the first stege enquiring about the market potentials,
availability of raw materials, fuel, power, water and labour, extent of raw
materials deposit or resources, and requirements of capital. Developing
countries should include foreign exchange requirements, if any, at this very
stage. If the report of the preliminary survey is favourable, a detailed in-
vestigation should be carried out by a specislist or a consultant who will
formulate a projeot proposal. This ias the second stage of survey and involves
the preparation of estimates of meterial and energy requirements, capital
investment on land, buildings and maohinery, labour and supervisory charges etc.
for a plant of two or three differenct capacities for selecting' an eoonomic
wnit, In short, the tecohnioal soundness of the project should be asoertained.
The oommercial viability of the project should then be determined from the

oost standpoint and market survey consisting of current price and quality of
the produot or alternate product already on the market, supply position, growth
rate and any new use of the product to to anufactured.

- —

B. rroduction Costs

193. Possolana manufacture has yet to become an industry in the way portland
cement, glass, plywood, fibre board and particle board industries are and,
therefore, firm figures oni priiuotion cost are not available. Also there is
no set pattern of possolana manufacture as it varies from country to oountry
depending upon the type of pozzolanio material aveilable and level of tech-
nology. Differences in the extent of machinery employed in a partioular pro-
oess further complicate the situation. In view of this uniform basis of ocost
of production are not possible. At best an estimated cost of production oan
be worked out for a particular situation,

194. Investment costs in a plant are dependent upon the plant capacity and
local conditions. The latter are equally important as their ignoranoce may
make all the difference between success and failure in some cases, Tor examp-
le, great distance between the squipmani suppliers and factory site may affect

the investment costs disproportionately. If the communication facilities are

-




ID/WG.20/3
Page 110

inadequate, investment costs may rise steeply. Setting up of a factory in an
area more industrialized than assumed in an estimate, may put up total invest-
ment on land, buildings and roads. On the sther hand, investment on work-
shop and erection costs could be lower in an industrialired area. Rise in
investment costs may also take place, particularly, in developing countries
due to lack of technical skill in the initial operations stage. Comparatively
higher engineering or consultation fees and longer time for plant erection
and instellations in developing countries may offset any reduction in costs
due to lower labour costs. lower investiment costs in developing countries
thus appaar to be more feasible through lesser mechanisation or indigenous
design and manufacture of machinery, and planning.

195. Royalities on plant or on finished product should be given a serious
consideration as these are to be paid mostly in foreign currency. Rate of
intereat on capital investment is an important item. When rate of interest
ie high, of the different alternative plants, the one which involves lesser
capital and shorter period for erection may be preferred. This recommen-

dation assumes that cost of production per ton is not unduly high for the

lower ocapacity plant.

S._TIstimated Prodyction Costs

Jé ;%T 1' m:

196, Estimation of total production cost (Rupses/ton) can be done in differ-

% ent ways; there is no standard practice. But the elements which male it are
b direot and indirect production costs and figed charges. The formes consists

; of oost of rew materials and operating expenses such as fuel, power, and repair
and maintainance. Indirect production costis comprise costs of labour, super-
vieion and depreciation and interest on working capital. Fised charges mean
interest on capital, insurance and property tax and overheads.

§ike 197. Raw materials for possolans industry are either naturally ooourring
materials or industrial wastes and henoo cost of raw material per ton or
rcisolans is lov. Costs of fuel and power may tend to be higher in lesser
developed couniries. Maintainance cost may aleo be higher becsuse of both
shortage and lesser efficiencr of skilled labour. The latter, however,
omnnot be taken for granted. Labour costs will be comparatively lower in de-
veloping countries.
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198, The following estimates assume location of the plant in a town with a
population of about 500,000: cost of land has been taken at Rs. 10/- per sqg.yd.
The cost of raw material does not include transportation charges as they are
highly variable. Market prices have been taken for fuel and power. Deprecia-
tion on plant machinery has been taken at 6 or 10 per ce t and about 3 per

cent on buildings., Similar rates have been taken for meintainance., Insurance,
property tax and overheads have been neglected. The former could be taken

at 1 per cent each and overheads as 5 per cent of production cost. Interest

on figed capital is also not accounted for because it varies from country

to country.

199, PEstimates for the cost of production in Indian rupees (Re. 4.80 equals
one U,S. dollar before rupee devaluation) per ton are reported for typicai
posgolanas and poggolanic cements. The estimates were prepared on uniform
basis and therefore, comparisons amongst themselves are valid. Also the
eestimates are fairly detailed and basic data has heen provided so that new
estimates can be prepared if the rates are different from those chosen in
thie report. The cost of machinery+ has been taken collectively but par-
ticulars of machinery (excepting minor equipment and instruments) have besen
given to enable a fresh estimation of machinery costs if this be needed,

2, 8] 2] Estimation:

200, Fly ash is the most attractive pozsolena as it is an industrial waste
and requires little processing. Tstimates have, therefore, been prepared
for the cost of handling and bagging of fly ash. Manufaciure of burnt

clay possolana inwolves probably maximum processing of a naturally occuring
material and this was included for estimation on this account. One

proposal gives estimates for manufacture in a down draught kiln; the secoad
one deals with large soale manufacture in a rotary kiln. l'anufacture of lime-
possolana mortars can be done on traditional methods and an estimate has
been provided on the basis of past experience. This may be of interest to
some of the developing countries only. Cost of production has also been
worked out for a factory finished lime-possolana cement.

+ Based on quotations or market prioces.
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Yysore State and a mortar consisting of one part of kankar lime and four parts
of srkhi was selected for use at the Krishnarajasagar Duny (1911-1932),
Rubble masonry in surkhi mortar was used in the comatruction of the Chamaraya~
sagar Dam (1930-1933) in the State of Mysore. Coarse rubble masonry in lime-
surkhi mortar was employed in the oconstruction of the Radhanagari (1910-1913)
and the Mulshi Dam (1921-1929), both in the State of Bombay., Surkhi wus

also used in the face work of the Nigamsagar (1923-1931) in Andhre State.
2. Dae of Surkhi with Portlapd Cesent:

101, The use of surkhi had declined after the advent of portland cement., This
was partly due to competition with a stronger cementing ntirin.l and part.y due
to the deterioration in the quality of both lime and surkhi, But surkhi was
cuoe more in the forefront in the post independence periocd bPecause of portland
cement shortage for executing the major and minor river valley project schewes
and a better appreciation of its techniocal advantage 8 of use of posso-
lana in mass conorete oonstructions. Savings in money ty replacement of cement
by surkhi also provided great incentive. All this rnultod"in the uze of sur-
khi, this time in oombination with portland cement, in almost all the Irrigation
Projects that were completed during the Pirst (1951-56) and Second (1956-61)
Five Year Pun-g/. Table 1 lists the various damn togethor with the savings

in money achieved through the use of surkii possolana. Portland cement-surkhi
oombination is popularly known as red cement.

4/ M. C. Sampathiengar, "A Note on Surkhi Mortar", Uentral Bosrd of Imcisti.on,
Annual Report (Technical), 1947, pp. 611-618,

:/ 8. P, Raja, "History of the Nisamsagar Project", Hyderabad Government Cen-
tral Press, Hyderabad, Audhra Pradesh (India), 1939.

§/ Jo L. Bavage, "Special Coments for lass Conorete", U.,8, Bureau of Reclam-
- aticn, Denver, 1936.

1/ R« B. Davis, "A Review of Possolanio Materials and their Use in Concretes",
Symposium on Use of Poszolanic Materials in Mortars and Conoretes, Special
Teohnical Publication No, 99, American Society for Testing Materials,
Philadelphia, 1950, pp. 3=15.

8/ C. A. R. Khan and Lal C, Verman, "Burnt Clay or Surkhi as Possolana”, Bul-
letin of Indian Industrial Research No. 24, Director Scientific & Industrial
Research, Department of Commerce, India, Delhi, 1941.

el R
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B. Traditional ilethods of Manufacturing Surkhi

1. Cemepmy

102, Suckhi appears to have been produced originally by powdering bricks or
brick bats. It is difficult to say whether the origin of its use had resulted
from the discovery of the pozzolanic aotivity of the calcined clays (and manu-
facture of surkhi by burning and powdering bricks was onl’ a means to an end)
or from an accidental use of the rejected bricks. The latter is probably rore
true as even up to this day surkhi is being produced both in rural and urdan
areas hy orushing and powdering bricks rejected at a kiln and is considered a
by=-product of the briok industry. In olden days bricks or brick bats were
orushed and then powdered manually or in animal driven stone mill!l'/ .

103, With time ths kmowledge of the manufacture and use of surkhi advanced and
surkhi was produced specially for or by the project authorities for uuve in the
major oivil engineering works. In more recent times, surkhi was produced by

- moulding bricks from a brick earth and firing bricks in briock kilns in common
use in the region in those days. The choice of raw material was limited to
those brick earths which were kmown to produce good surkhi. In general, loamy
s0ils were preferred. Puri and Srini have described the manufacturing
practices adopted at Nisamsagar, Mettur and other dams, Doddiaza and Gurushan-
karai and Barbe have also dealt with this topio.

2. ZIrpes of Kilas!

104. The traditional methods of manufacturing surkhi were in essence those em-
ployed in the brick or lime manufacture. The brick kilns which were used in

the past or are in current uss can be divided into three categories, e.g. (i)
olamps, (ii) overground kilne like the Allahabad or Sind kiln and (iii) comtin-
vous kilns like the Hoffman and the Bull's trench kiln etc. These kilns together

9/ M. L. Puri and N. R, Srinivasan, "A Note on the Up-to-date Position with
regard to the Use of Surkhi as a Possolana”, Road Research Paper No. 24,
Central Road Research Institute, New Delhi, 1953,

10/ D. Doddish and M, S, Ourushankaraish, "Surkhi Mortar - Its Development and
Standardisation”, Journal of Central Boerd of Irrigation & Power, vol. 12
1955, pp. 420-449. ‘

11/ C. G. Barber, "History of Cauvery-Mettur Project", Government of Madras;
1940,
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with the modifications they have undergone are described in litcnturw
A Bull's trench kiln which is most commonly used is described below.

(a) Firing in Bull's Trench Kiln:
105. The trench is usually 20 to 25 ft. wide with an over=all length of 200 ft.
Pig. Ia (top half) of the accompanying sketch is of a common Bull's trench kiln.
It is a part plan showing the method of commencing the setting and the fempo-
raxy cross-wall for starting the fire. Fig. Ib is a part plan showing the top
of the setting. The bottom halves of the above figures show a plan of a part
of the kiln covered and ready for firing. Pig. Ic shows a cross-section through
feed holes and furnaces. Figs. Id and Ie show longitudinal section of Figs Ia
and Ib,

106, In the average kiln a pair of chimneys made of 1/16" sheet steel and each
about 30 to 35 ft. high, are sufficient to give a good draught. Two oconveaient
methods of setting are shown in Pig. 11. For setting the brioks a table tem~
plate (wooden) may be used for sorrectly spacing the ocourses, and a space of 1/2"
or more should de left in between the brioks.

107, As each chamber is filled, the top of tle setting, as shown in Pig, Io,
is covered by a compact layer of dry earth and ash (about 6" thick). The feed
holes are then covered with cast iron caps and properly sealed. Whan two
chamber lengths and a part of the third have been set, the temporary cross-wall
with the furnaces at the foot of it may be constructed at a distance of about

9 inches from the first row of bricks (see Fig. Ia), At the bottom of furnaces
bricks are arranged to form grates over which coal is turnt. Initial firing
Bay also be started with wood; coal being charged only when the bricks are suf-
ficiently hot. The cross-damper is put at the end of the second chamber. The
space butween the damper and the walls should be plastered over with mud so
that no leakage of the kiin gases can take place. In{tially the feed-holes in
the firing zone are kept open and a very slow fire is kept up., As steam ceaser

}_2/ 8. K. Chopra and N, K. Patwardhan, "A Survey on Brick Produstion in India",
Bulletin No, 1, vol, 2, Central Building Research Institute, Roorkee, India,
April, 1954.

13/ N. C. Wajusdar, "Piring of Bull's Trench Kiln", Indian Builder, Sept., 1957.

14/ . R. Srinivasan, "Some Aspects of Surkhi as a Possolana", Symposium on
l(’lm ’nd Reinforced Concrete”, Central Building Research Institute, Roorkee
&) 19530







ID/WG.20/3
Page 112

201. Portland-pozzolana cemenis are factury finished producis and are pro-
duced either by blending portland cement with pozzolana or by intergrinding
portland cement clinker with pogzgolams, Examples havo been inoluded for both
the procesees.

3. Handling and Bagging of Fly Ash P.ant wiih 60 tons/dey Capacity:

202, Fly ash is collected in thermal power plants either in slectrostatic
precipitators or mechanical cyclenes. The particle size of fly ash colleoted
depends on the type of collection unit installed in a particular power
station; particles rollectod in prirary slage are mostly coarser than
partioles ocollected in subcequent stages. Only fly ash comparable to portland
cement in fineness and passing the minimum standerd roquirements should be
selected for begging. If, howcrer, & mixture of fractions of fly ash collec-
ted in different stages and disposed fron & stetion is not fine enough for a
pozgolana, arrengements may have to be made for a separate discharge of . .

finer fractions.

203. Fly ash from thermal power station ie conveyed by a pneumatic pump if

the handling and bYagping plant ia cless to the powei- station: otherwise,
truoke, tipping wagons cr other means con be employed for transporting fly

esh over longe: dinteucar, HNorially the plant should be looated preferably
near the source. Fly ash i atored in factories in silos whioh oan be

emptied pneunatically 1y m2ans -f an air‘d'uct system.- Comprecsed air is dlown
into these -<ir ducis and pasess through aeration plates into the silo thus
transporting fly ash inte flux state. Fly eshisdrained off through a discharge
cock and is comii:uvusly d.3charged inso an eiovator., The material is fed with
the help of an elevatcr in%o the hopper at the tcp of the bagging plant from
where it is fed inlo ‘h2 automatic bag pecking and weighing machine., Fly ash
is thuo packed end celivered for esale just like bagged lime or portland ocement.
The costs of pcduction of 'naksd! fly ach works out to be Rs, 5.40 and

Re. 25.40 per {oa or bagged fly ach; tic cc i of gunny bags required to pack
1 ton of fly ash being Ns. 20. The estimated details are as followss

US & teken at 7.5 Rs.
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Rupees in  (US')

. Degregiation apd Maintenapoe thousands  x1000
Depreciation on buildings, shede,
silos etc. at 3% on Ras. 448,000 cee 13.4 1.787

Depreciation on machinery an:

electricsl installations at 10%

on Rs. 3,40C,000 cos 340.0 45.333
Maintenance cost of machinery and

electricel installations et 10%

on Rs. 3,400,000 40,0 45.33)
Maintenance of buildings at 224 j
on Rs, 448,000 ces 10.1 1.347 ;
Interest on working capitsl based on
60 days working on Rs. 356,000 at 67 ... 1.4 2,853 i
Total ... 724.9 96.653
f. Total Cogt of Prodyotion
Salaries and wages coe 260.4 34.720
 Raw Material and power cee 817.5 109,000
Depreciation and maintenance eto, oo T24.9 96.653
Total ... 1802.8 240,373

&« SO85 O EESSMOVIONn DeT 1oD

Cost of reactive surkhi or vs: ;
-

burnt olay poszolana Ssy Ra, 30/-/ton  4,000/ton i

207. The traditional method of producing this type of cement is by wet
egrinding of poszolana with lime in a mortar mill, The capital investment
for this process is low because even for producing a calcined posgolana, say

surkhi, briok kilns ocould be employed conveniently and grinding could
be done in an animal driven stone mill.
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The cost of production of surkhi mortar used for Tunga Anicut Workr]*/ in
Myeore State (India) in 1949 is as follows:

s. Bricks

Brick moulding .+ R8s 3.0 per cu.yd. g
Bricl: burning ees 8¢ 3,40 per cu,yd.
Conveyance «e. 8, 0,50 per cu.yd.

Breaking and stacking ... Rs. 1.00 per cu.yd.

Total ... Re. 7.90 US $1.0533

b. Surkhi lortar (us:.)
Cost of 1/4 cu.yd. of lime ees P8, 7.3 0.9760
Cost of 1 cu,yd. of surkhi ees R8s 7.90 1,0533
Loading, grinding and unloading charges... Re. 2.63 0.3506

mt‘l [ X N ] R5017085 2.3799

"+ Cost of surkhi mortar at the mortar mill is Rs. 17.85 or (2,38 UB})

per cLyd.

Assuming a buik deneity of 03 1bs/oft, cost of surkhi- works out to be Re. 10.50
per ton. According to 1966 price level, the cost will be about Rs. 21

(2.8 US:) per ton. B

208, Acocording to e recent estimate ,-2-/ the cost of surkhi in Panjab (India)
wherc bricke are cheap, worke cu* %o Ro, 20 (2.66 US:) per ton on the following
basis
{) 0e3t of brick bats to produce one

ton of surkhi inoluding transportation

from kiln site to production site at (us:)

five miles distenge ' ees N8, 6.00 0.800

)/ D. Doddish ind 1.8, Ourushankarsish, "Surkhi-Vortar-Its Development and
Standardisetion’”, Journal of Central Board of Irrigation & Power, vol, 12,
1955’ PP- 420‘4490

2/ H.L. Uppal and Gursharsn Singh, "Possolanic Surkhi from Some Burnt Clay
Bricks of Punjab", Symposium om Pussolenas - Their Survey, Manufacture &
Utiliration, Central load Researoh Institute, New Delhi, Dec., 1964,
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ii) Orinding charges including (uss)
depreciation of machinery,
electricity and labour «ee R8s, 12,00 1.600
iii) Supervision charges ees BB, 2,00 0.266
Total ... Rs. 20,00 2,666

209, Taking the cost of lime as Rs. 100 (13.333 US®) per ton, s lime-surkhi
mix in 1:2 ratio by volume (or 1:4 by weight) would cost Rs. 39 (5.20 US;) per
tan inoludingRe, 3/- per ton towards grinding in an animal driven mortar mill,

210, Factory finished iime-possolana cement could be produced by inter-
grinding possolana with lime. The cost of burnt clsy possolana produced by
the rotary method was estimeted at Rs. 30/~ (4.00 US$) per ton. Assuming the
cost of hydrated lime as Rs. 100/~ (13.333 11S$) per ton and ocost of grinding
lime no more than that of possolana, the cost of 1:2 lime-possolana cement
works out to Rs. 44/~ (5.8666 Ur 3) per ton. If the proportion of lime to
possolana is 1:3 bty volume (i.e., 1:6 by weight), the cost of cement will be
Re. 40/~ (5,333 US}) per ton.

T. Produotion of Portland Posgsola ment b
Portland Cement with Fiy dshs

(Blending Plant ~ 50 tons/hour)
211. A flov diagram of the blending plant (Fig. IV) shows that it is & simple
prooess and ocan produce 400 tons of portland fly ash cement in 8 hours day shift,
Blmﬁw is done in & large homogenising steel silo and a continwous oharge and
discharge system is adopted for this plant. Two such plants were set up in
Japan and it is understood that Cal in the blended cement (80 parts of port-
land with 20 parts of fly ash) varied ¢ 0.5 per cent from the average value
of 50.1 per cent.’ The variation ocould be reduced further if batch system
is adopted for blending.

+ Information supplied by the Indian Sugar and General Ingineering Corporation,
Yesunsnager (RARYANA), INDIA,
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212, Deprecieiion o mechineiy has been taken at 6 per cent of the invest-
ment cost instead of the usual rate of 10 per cent as the wear and tear is
congiderably lcas in the blending plant., An estimated cost of production of
a 80:20 portland fly ash blended cement works out to Rs., 126 (16.80 US})

per ton against Rs. 150 (20.0 US!) per ton of ordinery portland cement. The
saving per ton is about Rs. 24 (3.20 US}) when the blending plant is set up
near a-thexrmal pover station and portland cement is purchased from the market.
Transportatio: 2nd bundling costs of fly ash will be extra if blending is to
‘be done in a cement feciury situated at a distancs from the thermal power

station. Y
TSTDUTED COBTS
o , Rupees in  (USJ)
& Land and Buildings thousands  x1000
Developed land 10,000 sq.yds.
at Rs. 10/- per n3.yd., | ‘ ces 100.0 13.333
Factory ched, 6000 sq.ft,
at Rs. 8/- por sq.ft. .es 48.0 6.400
Office, control laboratory |
(1,500 sq.ft. at ks. 16/- per sq.ft.)
Civil conrtrustion inoluding foundatioms. . .. 100.0 13,333
4 Steel silos for storing and homogenising. 450.0 60,000
Total ... 698.0 93.066

(B } t and Mg»chmerx*
Bucket el evators, 3 nors. with oupwity

50 tonn/hour ecch and 2 now. with

| oapaoi*y 30 tsnafhenr each

Overflow tanke, 3 nos., with conical

bottom por4ion and with extraction

unit, welded stcel plate construction

Overflow scrow conveyors, 2 nos., with. ‘
capacity 10 tous/hour cach and 1 K
overflow return screw conveyor of

capacity 10 tons/hour

B ST

* Based on quoiations




Constant weight feeders, 2 nos., with
capacity 10 tons/hour each

Sorew conveyors, < nos., with

capecity 30 tons/hour each and

3 nos, with capacity 50 tons/hour each
Steel surpe tank, 20 ft,d4ia.x100 ft. high

" Rotary screen, capacity 50 tons/hour

Packer feed bin, steel made, one

One four spout auto packer with capacity
50 tons/hour, complete with fittings and
drive etc,

Hotors and switch gear for above machines
Trensformer, electrical installations
Tube well, overhead tank, workshop and

laboratory equipment etc,
Including erection oosts

Total ...
Salsries apd Vages
Manager at Rs, 1000/~ p.m. cos
Vorks Engineer at Rs. 1000/- p.m. cos
Chemical "ngineer/Chemist at Rs.
800/- p.m. cee
Laboratory Assistant st Re, 300/~ p.m....
Foreman at Rs. 400/- p.m. ves
Mechanics 5 nos, at s, 300/- p.m. .
Electrician at Ns, 300/~ p.m. N
Packers and 8ilo Attendants, 6 nos.
st Rs, 150/~ p.nm,
Unskilled labourers 12 nos. at Re, 3/-
per day for 300 working days ses
Total ...

Rupees in
thousands

| ¥

12,0
12,0

9.6
3.6
4.8
18.0
3.6
10.¢
11.9

86.3
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(us.)
x1000

126.667

11.507
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d. Raw llaterial and Power

f.

Portland cement* 108,000 tone at
Re. 150/- per ton (with 2 per cont

loss in transport) cee
Fly ash 27,300 tons at Re, 1/- per ton
(with 5/ lose in transport) ces

Power, 220,000 KV'H at 10 paimse per I1H ..

Total ...

) tion and laintenance et
Deprecistion on buildings, sheds, silos

at 3% on Rs. 5,938,000
Depreciation on machinery at 67
on Rs, 8,00,000 soe

Depreciation on electrical installations,
water supply etc. on Rs. 1,50,000 at 67,
Maintenance cost of buildings, sheds
and silos etc. at 27 on Re. 5,98,000 ,.,
Heintenance cost of machinery at 67
on Rs, 8,050,000 oos
Interest on working capital based on

60 days working on Re. 30,00,000

at 67' cee
Total ...

Zetel Cest of Produotion

Balaries and wages oo

Raw material and power see

Depreciation and maintenance ste, ses

km *re N

* Bulk supply of portland cement

Rupees in
thousands

16200,0

27,8
22,0

16250.6

17.9
48.0

9.0
13.5

~ 48.4

160,0
318.8
8.}
26250.6
316.8

16653.7

(us:)
21000

2160,0

3.707
3.04

2166.747

42,240

11.507
2366.747
42,240

2220.494




€. tio Ton
Cost of production of 'nalked’
possolana cement
Cost of 'bagged' pozzolane cement
(including Ne. 20/- for barging chargee)

8. n Portland Pozzolana Cement

wit t C Pozgolana:

(Plant Capecity 1000 tons/day)

Rupees in
thousands

1.6.0

146.0

Intergrindi
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(us )
x1000

16.80

19.467

213. The possolana is calcined in a rotary kiln of capacity "00 tons pcr day.
For producing & portland nozzolana cement with a nozszolana content of 20 per

cent, adbout 800 tone of portlend cement clinker is required. Porzolana and
clinker are interground and the rest of processing is similar to that in

a cement factory.

214, Cost of portland cement clinker in the present estimates is assumed

to be Re. 85/- per ton. The cost of production of portland possolana cement
works out %o be Rs., 80/- per ton. The saving will be roughly about Rs. 15/-
per tom if cest of orinding portland cement clinker is assumed to be Rs, 10/-

per tom. The detailed estimate is as followe:

* o
[

s. 24nh.ad Duildiise
Developed land, 10 acres at Re. 10/-
por aq.yd. \
Redlwey siding wishin the factory -
400 meters at I's, 350/- per meter
Pactory shed, 50,000 sq.ft. at
Rs. 12/- per sq.ft.
Office, control laboratory buildings,
5000 sq.ft. at Re. 16/- per eq.ft. ...
Silos, ) nos,, for portland cement,
1 no. for resotive wurkhi and 1 ne,

for gypwum cor

Total ...

Ntupees in
thousands

484.,0

140.0

600.0

(us.:)
x1000

64.53
18.67

80,00

10.67




st s ol e

In/¥G.20/3
Page 128

b.

Plant, Machinery & Installed Tquipment
(1) For production of 200 tons of 1/2 -
3/4 inch size burnt clay pozzolana

vertical elevators, crushing

equipment, rotary kiln, rotary cooler,
rotary table feeders, hoppers, for the
production of 200 tons of calcined clay

of size 1/2 - 3/f inch, including
12 per cent erection charges ver

(44) For handling, conveying, feeding,

intergrinding of pogzzolana, portland
cement clinker and gypsum;

pneumatic conveying of cement for
storage including 12 per cent
erection charges tee

(144) I 1

Transformer, electric motors,
slectrical installations, chute
oconnections, tubewell, workshop

squipment, laboratory equipment,

oontrol equipment etc, ver
Total ...

Salaries and Vages
w at s, 2000/- p.B. ere
Office Superintendent at Ns, 1000/~ p.a..
Aocountant at Rs. W/- <23 Y

Clerks 15 nos. a. Rs. 300/- each p.m. ...
Storekeepers 4 nos. at Ps. 200/~ p.m. ..,
Stenographers 2 nos. at Rs. 700/- p.s....
Chief Engineer at Rs. 1500/- p.m. ces
Chief Chemist at Rs. 1500/- p.m. eve
Shift Chemists, 3 nos. at Rs, 1000/~ p.m.

Rupees in
thousands

1819.4

4500.0

950.0

7270.0

24.0
12,0

9.6
54.0

9.6
16.8

18,0
18,0
3.0

(uss)
x1000

242 .45

126.67

vy
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Rupees in  (US))
thousands x1000

Electrical Foreman at Rs. 800/~ p.m. ... 9.6
Mechanical Foreman at Re. 800/~ p.m. ... 9.6
Electricians, 5 nos. at Rs. 300/~ p.m.... 18.0
Operators, 15 nos. et Re, 300/- p.m. ... 54,0
8ilo Attendants, 6 nos. at Rs. 150/- p.n. 10,8
Crane Drivers, 6 nos. at Rs. 200/~ p.m. . 14.4
Switch board attendants, 6 nos.

at Rs, 150/~ p.m, oo 10.8
011 men, 6 nos. at Rs. 150/- p.m. cor 10.8
Laboratory Assistants, ) nos. at

Rs. 150/- p.m. 5.4
Workshop staff see 25,0

Total ... 366.4 48.85

d.  Bax Naterials, Fuel and Pover

Clay 75,000 tons at 50 paise per tom ... 37.5 5,00
Portland cement clinker, 2,132,700 tons

with 1 per cent loss at Rs. £5/- per ton, 197719.5  2631.27
Gypsum 12,350 tons with 3} per oent

loss at Rs. 45/- per ton 556 .2 14.16
Cost of fuel (furnace oil) 400,¢ 64.00
Power - 881.8 117.57

Total ... 21735.0 2098,00 f

L MIRFSOLA% on An4 BALD ARG
Depreciation on buildings, sheds,
silos etc, at 3% on Re. 14,20,000 cee 42.6 5.68
Depreciation on machinery at 10f
on Rs. 63,20,000 632.0 84,27

Depreciation on electrical installations
‘t 1“ on R.o 9.50,“ oo ”Qo 120‘1
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Maintenance cost of machinery and
electrical installations at 10%

on Rs, T2,70,000

Maintenance cost of buildings at
244 on Re. 12,80,000

Interest on working capital based on
60 days working on Rs. 47,25,350

‘at 6%

Jatal Oest of Produetiop
Salaries and wages

Rew material, fuel and power
Depreciation and veintenance eto,

Total

€. Sant el Profuetien per Top
Portland reactive surkhi cememt Us3 10.667/ton

9. Samparative Costs of Froduction:

215, The ocost of handling and bagging fly ash possolana is the lowest; about
Re, 5 (0.667 USY) and Rs. 25 (3.333 US.) per ton for 'naked' and 'bagged' fly
ash respectively, The costs of surkhi or burnt clay pozsolana which needs
saximua operations range between Re. 20 (2,667 UB%) to 38 (5.067 US:) per ton
for 'naked' possolana and Rs. 40 (5.333 US$) to 58 (7.733 UBS) for bagged posso-
lana. The costs of other possolanas are likely to fall in basween these

oosts unless the winning of raw material becomes very expensive in a partio-
ular situation.

216. The cost of production of surkhi from trick bats is estimated at

Re, 20 (2,667 US:) per ton, If surkhi or burnt clay possolans is produced
as an industrial product, the cost of production works out Re. 38 (5.067 US;)
by the down draught method and Rs, 30 (4.00 US;) by the rotary kiln method.
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ESTOIATED COSTS - 60 ton/day plent
Rupees in  (UE.)
a. Land snd Puildings thousands  x1000
Developed Land 2000 sq.yds.
at Rs. 10/- per sq.yd. 20.0
Pactory Shed 1000 sq.ft.
st Rs. 8/- per sq.ft. cos 8.0
Office and Control Levoratory building,
500 sq.ft. at Rs. 16/- per sq.ft. . 8.0
8ilo for storing 100 tons of fly ash ... 15.0
.
Total oo 51,0 6.8

®. Pt spd Maobhinery
MNux-O-Pump for pneumatic transport

of fly ash “os

filo equipment (aeration plates,

valves, cocks etc,) cor <
Compressor, Bucket Elevator ‘oo *

Feeding hopper for feeding fly ash
to automatic valved bag packing and
weighing machine hopper, complete

with supporting struoture Y

Bagging plant ocomplete, capacity

about 10 tons per hour 0o

Nlectrical installations " see i
Erection charges at 12 per ocent of 1
cost of mechinery oo | |

Total ove 22,5 29.7




ID/MG.20/3
Page 131

A higher production cost by the former method is mostly due 1o higher labour
and supervision charges per ton of surkhi., It shows that if high quality
surkhi or burnt clay pozsolane is to be produced, manufacturing in a rotary
kiln is quite economical.

217. In India selling price of portland cement is controlled and is uniform
throughout the country. A bag of cement costs the same all over the country.
The cost of portland cement given in estvimate under 6 is for the bulk supply
and inoludes excise duty. The oost of portland possolana cement by blending
is lower by sbout Rs. 24 (3.20 US?) per ton. As agsinst this, the saving is
about Rs. 15 (2,00 US:) per ton if burnt clay pozsolana is used. But these

estimates should not be taken to infer that produotion of portland pozzolana
cement by blending is more economical than by intergrinding as the poseolanas
used in the two examples require different processing operations. '
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CHAPTER V. USES OF POZZOLAN: AND POZZOLANL CH ENTS
P Ee e e e e A . 1

218. Historioelly pozzolanas worc first used in lime pozzolana mertars. Sub-
soquently, pozzolana based comonts were developed; the most important being

portland pozzolana cement. A contemporary devclopment was the use of pozzolanas
in oonorete for special purposcs. Lo far use of natural or artificial pozzolanas
was mostly confined to tho above fioclds. But with the availability of fly ash,
the uses of pozzolanas werc extended to diverse fields because of the pressing
problem of its disposal. Consequently, since 1932 more uses of fly ashes have
been discovered than of any other pozzol 1 Some are still in exporimental
stage. In view of this and in context of the soope of the present report,

only well established uses of pozzolana in oement and oonorete teohnology have

been desoribed here.

219, tixes of lime with natural pozzolanas, used as building mortars in nany
parts of Europe about 2000 years ago are still in use in Italy, Germany and a
few other countries. In Italy, the speoifiocations for natural pozzolanas re-
quire that the maximum greins size shell not exoeed 5 mm and that a noymal
mortar, prepared in the ratio of one part by weight of hydrated 1ime and three
parts of reactive pozzolana will have tensile and ocompressive strengths not

less than 5 and 25 k«g,/c:m2 at 20 days when tested according to the Standard pro-
ce: The corresponding valuee for a wea' reactive pozrolana should be 3 and
12 kg/on” The traditional mortar in Italy is 1 volume of slaked lime putty to

2 volumes unground pozzolana, but ratios of 1:3 or 1:3.5 are recommended now for
these coarse pogzzol The coarser partioles act more or less as inert aggregatd

1/ Edward A, Abdun Nur, “Fly Ash in Conorete - An Dvaluation”, Highway Research
Board Bulletin 284, National Academy of Scienoes, '.ashington, D.C., 1961,
p. 6

2/ G. lalquori, "Natural Itelian Pozzolanas", Symposium on Pugzzolanas - Their
Survey, ! anufacture & Utilization, Central Road Research Instituie, New Delhi,
Deo. 1964.

3/ PF.l. Lea, “The Chemistry of Cement and Conorete®, Cdward Amold (Publishers)
Ltd., London, 1956, p. 368.




ID/VG...0/3
Page 133

and only the finer grades act oe pozzolann. Accordin; to I'alrruorig/ the sub-
stitution of lime putty by hydrated lime powder generally nceds doseges of
about 15 g8, of hydranted lime per 100 kgs of granular pozzolana with normal

moisture content.

220, Recent trends in Italy are to substitute a moderrtc portion of granular
pozzolana by the same pozzolana having fineness ecual to that of portland
cement. Another trend is the addition of portland coment to pozzolanic mortars
where relatively coarse pozzolanz is used-y These modifications in the mortar
composition bring about an over-all improvement in the properties of the mortars
propared from this type of cements, Sctting times and carly strengths are
partioularly improve ¥hen pozzolana uscd with lime is coarse then sand

is generally not required for preparing mortars. Howover, both naturnl and
artificial pozzolanas mey be available only as fine powders. Under such
oircumstanoes, use of sand aggregate becomes necessary for preparing mortars,

221, The latest trend in this field is the production of lime-pozzolan:

ocoments as a factory finished product, The examples are lime-trass cement in
Ce ond lime-reactive surkhi and lime-fly ash in Indi This develop~
ment is of partioular interest to the countries where portland cement is in
short supply, production cost is high and limec is cheaper than portland cement.
Because of quality oontrol, faotory produced lime-pozzolone cem«emt will be
additionally suitable for plastering and in road constructio 6

4/ "Cement-Reactive Surkhi-Sand ! ortars with and without Lime", .oint
Report of Central Yater & Power Commission and Central Road Research
Institute, New Delhi, Symposium on Pugzolanas - Their iurvey, ! anufacture
& Utilization, Central Road Research Institute, Nei Delhi, Dec., 1964.

H. Kremser, 'The Use of Pozzolana in Germany", Symposium on Puzzolanas -
Their Survey, I'anufacture & Utilization, Central Road Research Institute,
New Delhi, Dec., 1964.

R.K. Gosh, N.R. Srinivasan, i L. Bhatia and S G Banerjee, "A Study of
Resctive Surihi lortars", Symposium on Puzzolanas - Their Lurvey, ! anu-

Q K

facture & Utilization, Central Road Research Institute, New Delhi, Deo., 1964.

Linient, Jortar to Build a Growing India, Alipore Road, Delhi (INDIA).

R.K. Gosh, I'.P. Dhir, N.R. Srinivasan and ! .L. Bhatia, “Lime-Reactive
Surkihi Conorete in Road Construction”, Symposium on Puzzolanas - Their
Survey, ! anufacture & Utilization, Central Road Research Institute,
New Lelhi, Dec., 1964.

SO
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2. In Concreto:

222. Limc-pozzolann conerctes uscd in Italy in the past hove shown excellont
performance. The mix commonly used consisted of 1 volume of lime putty, 2
volumes of unground pozzolana and 3 volumes of aggregetc i.c., about 2:7:16-24
by woight  Nowadays, howover, thc practice is to usc lowor ratics of lime

to pozz20lanc, the ratio of the lime-pozzolan~ mortar to aggrogatc being main-
tained at ~bout 1:2 by \?olumeg/ "hile lime-pozzolans concrotes, charscterized
by an accclereted ratc of hardening, can bu exposed to the wash of waves within
n day of placing, others mey (ivc such porformance only cither on roplacement
of part of co~rse pozzolana with fine pozzolana or on addition of portland
oemont. For oxamplc, mixecd lime-trass-portland coement concrotes have becn usecd
to somo oxtont in Germmeny, a8 in the locks on the Rhine-Horne canal in whioh a
415:8:27:54 volumo mix of poriland ocment-limo-trass-sand-bellast was om-
playeew/ The lattcr type of cement is moro useful for placing conorote in
situations whore tha proveiling tempercturce are low and the normal lime-
poesolana conorete will set and harden slowly.

223. Lime-pozzolana coment oan also be used in making foundation ooncfete. The
oonditioss undor which use of lime-~-pozzolana concrete is recomménded have already
boen discussod (parrs 187 and 188). Similarly, the prospocts of use of limo-

possolana conoretc in base course wore disoussod earlicr (para.l89).

3. 1n Seil Stabilisation:

224. Lime pozolane mix oould roplacce oemont-pozzolanc mix for soil stabilisation
in countries where reactive pozzblana. axe available and lime is comparatively
cheaper. Howevor, the specd of excoution of the job is an importent faotor for
oonsiderntion for longer curin; periods are requirod for lime-poggzolana mixes

as against oemont-possolans. mixos. Also, if prevailing tcmperatures are low,
the balance may shift in favour of oement-poszolana mixtures., The determination
of optimum ratio between the two constituonts by tests carried out in laboratory
or in ficld is cssential for onsuring sucoess of use of limc-pozsolana and the
recommended curing conditions should also bo adhered to in the field striotly.
Control of optimum moisture ocontont and compaction arc as vital as in any
stabilisation work.

F.l. Loa, "o Chemistry of Cument and Conorete’, Edward Ammolds (Publishors)
Ltd., London, 1956, p.)68.
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225. Though any pozzolana can be used, fly ash appcars to be the most ~ttrac-

tive pozzolana for stabilization presumnbly becausc of its disposal problom,

Also some fly ashes arc sclf—ha.rdening-}-g/ The various uscs of stabilized

soil mentioned in the literature are in road base courscs, hard shoulders,

bridge abutments, footpaths, etc-}-l-/ 1illions of tons of fly ash have bcen

used as embaniment filling for highways in Inglan

~
d}-‘J and .meric 1

B. Portland-Pozzolang Cement

1. For i'ass Concrete Construction

226.

Portland-pozzolana coment was originally used for improvod durability

and hydraulic and underground atructuresg/ Its most wide-spread usc has been
in mass ooncrete because of evolution of lower heat of hydration, lower thormal

shrinkage and reduoed oracking which permits usc of larger blocks for speeding

up construction. Table 1 lists the important examples of its use in mass concrete

for the oonstruction of dams, aquaducts, bridges, eto-}-kﬁ/ Apart from

3

kL E EkE EEERE

8. Raymond, "Shear Stren;th and Other Propertics of Compacted Fly iAsh®,
Symposium on Puzzolanas - Their Survey, 1anufacture & Utilization, Central
Road Research Institute, New Delhi, Dec., 1964.

S. Raymond and P.H, Smith, ‘‘The Use of Stabilized Ily .sh in Road Con-
struction’, Civ. Eng. & P !'. Review, London, January-February-Iarch, 1964.

5. Raymond, “Pulverized 'uel Ash as Dmban'ment iatorial”, Proc. I C.EL.,
Vol. 19, London, August, 1961.

Valter H. Cobbs (Jr.) “Using Powdered-Coal Fly .sh', Power, Vol, 959,
pp. 87-89, i ay, 1951.

H.S. Jeissner, "Pozzolane Used in | ass Concrete’, ‘ymposium on Use of
Poszolanic [ aterials in ! ortars and Concrete:., Opecial Technical
Publication, No. 99 American Society for Testing !aterials, Fhiladelphia,
1950, pp. 16-29.

F.l. Lea, "The Chemistry of Cement and Concrete’, Edward Arnolds
(Publishers) Ltd., London, 1956, p. 369.

R.S. Gill and Harish Chander, "l anufacture and Control of Concrete for
the Mhakre Dam", Indian Conorete Journal, vol.34, Nov., 1960, pp. 444-446.

8.K. Jain, K.l . Maheshwari and G.D. Agarwala, "Investigation of Coal and
Fly Ashes for Use As Puszolana For Rihand", Indian Conorete Journal,
WIO 34' NOV1' 1960' ppo 4&-4310

M. Kokubu, "The Development in Japan of Fly Ash as An Admixture for
Conorete:, Symposium on Puzzolanas - Their Survey, ! anufacture &
Utilization, Central Road Research Institute, Neu Delhi, Dec., 1964.

¥. Yoshikoshi, "Investigation on Fly Ash as Pozzolanic Admixture", Trans-
actions, Jopan Sooiety of Civil Engineers, No. 31, Nov., 1955 (In Japanese),

- il
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teohnical adventogos nocruing from the modificntions in the propurtics of
fresn and hardoncd portland comont ooncretc by roplaccment of ~ part of port-
land oemont by pozzolann, substantinl snvings in moncy ~lso result by ueing,
portland-pozzolconn cemont beorusc of the lowor cost of pozzolans cemont and

lowor costs of cooling oonorcto.

2. B t ator I :

227, Use of portland-pozzol-nr coments is also proferred for two othor appli-
ontions i.c., for oonorotc work for usc in sulphetc bonring vaters nnd scn-
water and for countorncting oxponsions in oonorctc ~rising from nlknli-
aggrogeto ronction. When chemical rosistanco ngrinst sulphcotos is to bo im-
provod, portland oement olinkor to bu blondod with pozzol~nn should be low

in trioalcium aluminete (i.e., brownmilloritic olinkor). In Itrly, pozsolana

is blonded with a Forrari-typc portland ooment of low A1203 to 17%::-203 rmti

Zhe tume of pozsolann olse 8goms to influcnoc tho sulphntu rueisting propurty

of tho portland possolans ccmont. For oxnmplc, Davis, H-unn ~nd Browne found
that while the usc of pogsolrnns, such ns Montcroy shnlc ond pumicitu in blondod
comonts improvod resistance to sulphato attack, in -unurr. ., blonds contrining
caloined or unoanloined olays, nnd orystallinc silic~ such ns quartz and granitc
were littlo, if any, more rosistnnt to sulfatc notion than tho corresponding
straight portland comen Kondo's work has also showng/ thnt portland silioca

ocoment is no bottor than straight portland comont thus confirming the uvarlier

29/ R.B. Davis, V.C, Hannn and E.H, Brown, "Strength, Volumo Changus nnd
Sulfrto Rosistance of !ortars Contnining Portlond-Possolan Coments',
Symposium on Usc of Possolnic | atorinls in i ortars and Conorotus,
Specir~l Toechnionl Publication No.99, Amorioen Sociuty for Toeting
latorinls, Philadelphia, 1950, pp.1l31-152.

80/ R. Kondo, "Chomionl Rusistivitios of Vnrious Typos of Comonte”, Chomistry
of Cemont, Prooccedingo of tho Fourth Intormntioncl Symposium, Wnshington,
Nationnl Bureau of Standards, !onograph 43, U.S. Dopartmont of Commereo,
1960, vol. II, pp. 881-888
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rusults. Puri, Baws ~nd S!‘iniV(‘.BZ‘II'%g/ have aleo opinod that blunds containing
Cna01N0d Ciy ~F pozzoiAny ud not cnhanoc sulphate resict~noe unless clays ~re
onlecined ot tompuratures higher th~n that requirasd for producing oxidee of
silicon ~nd ~luminium in thoir most rcictive st~to. 'I‘u.rriz:i.z:n:i.2 hns found

sulphnte oxponsion to dooronsc with inercage in tho r~tio (R) of recotive
silio~ to rocctive aluminn. In viuw of this the ¢enerrl rocommendrtions m~dc
for using ~ portl-nd-pozzol-n~ ccment for sulphatc rusistancc jobs nrc thot
(1) - pozgolann containin, low ~luminn and thet too in loss notive
form ghould b¢ prcforrcd:

(ii) & pozezolon~ with hish silior contunt should bo scloctod, the matio
i f reactive silica Yo nluminn should bo grertcr than 6;

(1ii) - portlend coumont with low tricaleium nluminatc (305'.0.“203) oontont
should bo preferred:

(1v) e suitablc mixturo for portland comont olinkcr and porsolann
N should bo scloctud on the basis of laborntory tosto; and

(v) o portland-pozsolann oumcnt should heve an optimum amount of
&ypsum 08 sot-roterder, This may-bto dotomined -by ‘aboratory
tostc,

228. In oiroumstanccs whore tho usc of nlknli-renotive nagrocaten cannot be
avoided, the gonoral recommendrtions are 0 usoc n comont with an alkali contont
below 0.60 por cont N2,0 oquivalont to the total alknli (Ken0 + K,0) or to mako
uso of portland-possolann ocmonts or both. American rosocrohes have shown

$hat poroclancous shales and opalinc ohorts of the 1iooono ore. in the lontoroy
formntion of Crlifornia, consisting predominantly of highly silicoous marine
sedimontory rooks, posscss suporior qualitios as oorroctives for nlknli-nggregrte

22/ 1.L. Puri, N.S, Bawn and N.R. Brinivasan, "Durebility of Conorese with
rospect to Sulphoto Attack'', NILE Symposiwm on Conorotc and Reinforced
Comoretc in Hot Countrics, lsrrol, 1960,

Y R Turrisinni, “Aspoots of the Chemistry of Posrolanas', The Mﬂlﬁ
of Cemonts, Editod by H.F.'!. Toylor, Academio Pross, London and New York,
1964, pp. 53-85.
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reaction oomparod to the lower silice content non-morinc scdimentary rocks.g-/

In other words, not all pozzolanss nrc oqually offcetive; in fact somc mey mako
the situation worsc while others like high opal content cherts reducc expansions
only under somec conditions. According tc Stanton the nctivity of the pozzelana
as a oorrcctive appears to be related to the percentn;c of silicn readily scluble
in sodium hydroxids, rere tiw iue reduciion in alkelinily os determined by the
ropid ohomicel toet-?j/ Sincc thc mochanism of the action of pozzolanas in re-
duoing expension is not clem%é-/ it is best to tcst and cvalunte pozzolancs

in the laborntory with the help of standard tcst-?-:’/ As o goneral rocommondation,
possolanas such as diatomacoous carths, certzin bummt clays and some fly ashes,
and natural pozzolancs of the type mentioned above mey bo used. Thore is nothing
against the use of pozzolana high in ~lknli contont but, othorwisc, cstablished
safe from the point of view of prootice over long periocds. Italian pozzolanas

ars an exmpla'?-a'/

4. Xox Genorcl Constpuction Kork:

229. Uso of portland pozzolana coment in the past has boen oonfinod mostly to
oonstructions of mass concrete dams ond marine works, Booausc of thoir lower
early sirongthe, rolatively greator moisture movements rnd greator sonsitiveness

24/ T.E. Stanton, ‘Studics of Uso of Pozzolans for Counteracting Exoossive
Conoreto Expensione resulting from Roaction betwcon Aggregates and tho
Alkalies in Cemont™, Symposium on Usc of Pozzolanic : ntorials in lortars
end Conorctes, Speninl Taohnicel Publiontion 10,99, Amcrican Sooicty for
Testing Matorials, 1950, pp. 178-201.

R.C. Jieleug, K.T. Grec.. and L.J. Deaton, “Chemical .est for Reaotivity
of Aggrogatos with Cement Alkalies; Chewical Prooesses on Cement-Aggregate
Reaotion*, Proc. Am. Consretc Inst., 44, pp. 193-221 (1947).

P. Bredsde.’f, G.l . Idorn, A. Kjaer, N.I'. Plum and [. Poulsen, "Chemiocal
Reactions Involving Aggregate”, Chomistry of Cement, Proocedings of the
Fourth International 3,mposium, Nati~nal Burcau of Standards, | onograph 43,
U.8. Department of Commerce, 1960, vol. II, pp. 749-780.

8tandard ! ethod of Test for Potontial Alkali Renotivity of Coment
Aggregate Combinations (lortar Bar lethod), AST: Designation C 227-54,
1964 Hondbook of AST! , Standards Part 1.

28/ 0. Malquori, "National Italian Poggolanas", Symposium on Puzzolanas -
Their Survey, | anufaoture & Utilisation, Central Road Research Institute,
New Delhi, Dec., 1964. '
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to curing conditions and froest action, portland-pozzolana cement was not widely
used as a genefal purpose ocemént. But the usef of & portland-pozzolana cement
(30-40 por cont pozzolana) in Italy in the same proportions as portland cement
for concre¢te in gencral building constructions and for reinforced concretec in
sea wateng/ indicatc that inhibitions on the wider usos of this cement are
not justified. According to 1alquori$-9/ with the exccption of thin and light
prestressed structurc, thc job requiremente for almost all applications of

p>rtland cement in conoretec can be fulfilled oqually wcll by portland-pozgolana
comont manufactured in thce light of modern technologicnl processes. In facot,
use of high carly strength portland cement for many such jobs is uncelled for
on techniocal grounds, such as ovolution of highor hoat of hydration, increascd
drying shrinkage and diminishod corrosion and frost resistanoe and henoc may
b3 oonsidered oven &8s wastoful. !alquori's assessment in his own words is as
follows:

“In othor words, portland-pozzolana occmont stands on the same
footing as portland in satisfying the demands of ~ considerable
part of the cement uses contomplated by ourrent building techniques."

5. For Reinforced Coporete:

230. Not much has becn publishod either in favour or against the spocifio use
of portland pozzolann cement in reinforoed conorete. Some of the possible
reasons could be casy availability of portland oement and apprehensions about
the deleterious effects of pogzzolanas and the quality of pozzolana oemont
conoretes, coupled with lack of understanding of factors and oonditions under
whioch corrosion is promotcd.

231. loet of the navural pozzolannc ocontain alkali originnlly or releaced
as a result of poszolanic action, Sincc in high pH enviroment (pH 12-13),
1little or no oorrosion is oxpeoted, natural pogzolanas, in general, are
satisfactory from this point of viow. However, thic .annot be said of arti-

fioial pozzolanas and it is docirable to assoss the oorrosion resisting
charncteristios of each pozzolann individually on soientific basis. Buoch an

G.l alquori, "Portland-Pozzolan Cemcnt’’, Proceodings of the Fourth
Intorational Symposium, Nntional Burcau of Standards, ! onograph 43,
U.S. Department of Commerce, :ashington, 1960, vol. II, pp. 996-996.
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o. Deprecistion and Mainteganoe thousands x1000
Depreciation on buildings, sheds, silos
otc, at 3¢ on Rs. 31,000 coe 0.9 N
Depreciation on machinery at 6%
on Res. 1,72,500 see 10.4
Depreciation on electrical inutallations

at 104 on Rs. 50,000 5.0
Maintenance cost of machinery ‘
electrioal installations at 10% on

Re. 2,22,500 vee 22,3
Maintenance cost on buildings at 23
on Rs. 31,000 vee 0.7
Interest on working capital based on ‘
60 days working on Re. 19,160 st 67 ... 1
Total ... 40.8 S.44
—
4. Salacies snd Vages
Maneger-cunm-Salesman at Rs, 600/- per
month eve T.2
Mechanical Foreman at Re. 400/- per |
month ves 4.8
Mechanic at Rs. 250/- per month * . M
Packers and 8ilo attendants; 6 attendante .
at Rs. 150/- per month cor 10,8
Unakilled labour at Rs. 3/- per day; ‘
9 labourers for 330 working days vos 50
_————
Total ... ».8 4.107
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evcluation has been donc by Abdun Nurlg/ in respect of fly -~ah, ~ well lmown
pozzolane .

232. Regnrding the ill cffccts of sulphur content in fly ~sh, it is madc

out that the sulphur content of fly ash is limited by epccifications and ie
no more in portland-pozzolana cement than in the portland ccmcnt. Rogardin
the fears of grecater corrosion due to the prescnce of unburnt carbon which

is supposed to incroasc electrical conductivity, it is opined that low spoci-
fied limite on carbon and its presence in 2 highly disperscd stetc ir concrote
are sufficient safeguards. Japencsc worlrn/ further shows that addition of
oalcium lignosulphonate to the concrote mix will bc an ndditionnl precaution
as it inhibits oorrosion. The French}g/ claim that fly ash coment improves
the resistance of concretc to clootrolytic corrosion is of (. reat significance.
Fly ash has becn used in Japan for reinforced concrctc wor: in substations
and structures for underground transmission of elootricit

233. Since the successful use of "ly ash in fabrication of reinforced concrete
transmission line poles by thc ! adras Electricity Boardw use of fly ash in
reinforced concrete has aroused great interect in India. Rangnswamy, Balasubremanian

E.A. ‘Abdm Nur, "Fly Ash in Conorete - An Dvaluation , Bulletin 284,
Highway Rosearch Board, National Academy of Scionccs, ''ashington, D.C.,
1961, p. 3

3l/ Y. Kondo, A, Takeda and S. Hidoshima, “Lffoot of Admixturcs on
Electrolytic Corrosion of Steecl Bars in Reinforcced Concrete’,
Prooceedings, American Concrcto Institute, vol 56, pp. 299-312,
Ootobes, 1959.

P. Povilloux, “Possolanic Slag Comeoats of High Chemical Resistance
and Normel Strongth Gain'i, Rovue dos Materinux do Construction,
k. 502' JMY' 1957' w. 191-1960

T. Kisukoshi and H. Hasegawa, "Utilisation of Fly Ash at Tokyo Eleotrio
Power", Symposium on Pussolanas - Their Survey, ! anufacture & Utilisation,
Central Road Research Institute, New Delhi, Doc., 1964.

J. Haltor, '‘Possolanas - Thoir Utilisation in Irrigation Projeots of
Medres State”, Symposium on Pussolanas - Their Survey, lanufacture &
Utilisation, Central Road Rosearch Institute, New Delhi, Ded., 1364
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~nd Raja.gopa.lan‘ﬁ/ who measurod clectrical resistance and potentials of portland
and fly ash cement concrotcs have concluded that there is no cvidence of accel-
aration of ocorrosion in the fly ash concrete. Howcver, these workers caution
against thc presence of a high perocentage of chlorides in which case protoction
reinforcement by application of glue-cement slurry coating is reoommende

234. Regarding the effoct of quelity of portland-pozzolana oement concrete on
corrosion, it is generally believed that moist or water oured poggolanic oonoretes
are less permeable and thus minimize tho ingreas of moisturc and oxygen necessary
for corrosion. Howevor, this would not be truc for pozzolanas which inorease the
water requirements of conorete congiderably as the early strongths and imperme-
ebility of ooncrete may bc affectod adversoly. In such like conditions stops
such as reproportioning of pozzolana conoret 5 longer curing of the oconoretc
and protection of reinforcement may be helpful. The protective treatments have

to be simple and inexpensive, otherwise, the usc of straight portland cement
would be favoured.

¢. Ier Proogst Conorete Products:

235. Use of portland pozgolana cements in the production of bloocks, p:lpuw
and precast conorete units is not being practised on any appreciable scale even
though the usurl projudiocs against its use in reinforcod and other type of
conoretes arc muoh less valid in this particular fiold of appliocation. For
oxample, dry to vory dry conorete mixes which can be filled in moulds by
tamping and vibration are used in the preoast industry and thus there are
fewer chances of lower early strengths. In many instances, incorporation

of pozzolane may ocut down the wator requirements for the same workability
which implies little or no saorifice of strength, loreover, curing at ele-
vated tomperatures is the acocpted practioe in oountries where preoast oon-
orete industry has established itself firmly. Under these curing oonditions
the pozgolenic action takesplaco faster and results in higher early strengths.

35/ N.S. Rengaswemy, T.B. Balasubramanian and K.S. Rejagopalan, "Effeot of
Admixture of Fly Ash with Portland Cement on Reinforcement", Corrosion,
Journal National Buildings Organisation, India, 11 (1), 1966, pp. 45-50.

36/ C.E. Lovewell and G.VW. Washa, "Proportioning Concrete Fixtwic3 Using Fy
Aeh", Proc. American Conorote Institute, vol. 29, No. 12, June 1958.

31/ R.E. Davie, "Pozzolanic 1atorial with Speocial Reference to thcir Use in
Conorete Pipe", American Concrete Pipe Assooiation, Technical lemorandum,
Sept., 1954. -
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236. The precast ooncrete industry has used fly ash pozzolana mostly and
Abdun N\u‘z/ has listed the following advantdges of use of fly ash on the
basis of several investigntions:

(1) the concrete mix bleeds 1.~ ., holds more wator for curing:
less sand streaking occurs, particularly in pipe and proecast
units

(11) it pommits earlicr stripping and handling of units bocause of
better green sirongths

(141) 1t reduces wear on moulds an machinery; ;ives botter appearance
(iv) it permits o reduction in oement; in pipes ndditional advantoges
are improved resistance to sulfate, reduced permeability and
leaching.
237. In oountries wherc curing of ooncrete products at clevatoed tempernture is
still not in vogue and normal curing methods are being pronotised owing to one
or the other roason, the abovo ndvantages will have to be weighed carefully
becausé any undue deloy in the release of moulds may upset the relative eco-
nomjce of the use of pozsolans in the preoast conoretc industry.

238, The most extensive and popular use of pozzolana, in tho near pest, has
been as a replacement for part of portland oement in mnss concretc because of
technical advantages discussod earlier. Savings in the consumption of portland
cement and ooonomy in the construction oosts werc achioved in the construction
of dams and other hydraulio structures. For smsll jobs use of pozzolane as
part replaocement of portland cemont in the concrote mixer will give full valuc
in terms of technical advantages and economy, only if poszolana produced under
oontrolled oonditions is being marketed like portland cement i.e., in bags or
air-tight drums because, otherwise, handling of pozzolans is diffiocult and

its quality and, in turm that of oonorete, may suffer, I'or a large scale use
of pogsolana as o oement replacement, setting up of a hendling and batohing
plant for poszolana is desirable and large projects or ooncrete product plante
can afford this additional expenditure because of the over-all economy.

38/ E.A. Abdun Nur, "Fly Ash in Conorete - An Evaluation', Highway Research
Board Bulletin 284, National Academy of Sciences, 'ashington, D.C., 1961,
w. 22"'230
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D. Pozzolana As an_Admixturc
1. Def;n;t;on of Admixture:

239. Acoording to AST! Standard Definitioné?g/ an cdmixture is a material
other than water, aggrogates, and portland cement (including air-entraining
portland ceuent and portland blast-furnace slag cement) that is used as an
ingrcdient of concrete and is added to the batch immediately before or during
its mixing. Pozzolanas fall undor the category of finely divided mineral
admixture which is one of the fiteen types of admixtures classified by the
Amerioan Conorete Institute Committecd The distinction between the fine
materiel in {he cement end that in the aggregate in o concrete mix is more
or less arbitrary. Similarly, in a concrete mix no distinotion is possible
between pozzolana used as cemont replacement or addition.

240. While the two concretes of straight portland oement and portland pogeolana
cement may be having equal quentities of cementing material, of which pozsolana
is a consituent in the latter concrete, the actual portland cement component is
lower in the portland~pozzolana concrete. Another manner of using posgzolana in
conocrete is as an "addition" when both, a pozzolans oontaining concrete and

& siraight portland cement ooncrete will have ogual portland cement contents.
Of course, the tacitical assumption here is that but tor the pozzolana the re-
lative proportions of other ingrodients are the same in the two ooncretes,

3. Use of Pozzolanic Additiou:

(a) Zor Modifiza Conoreto Properties:
241. 8inoe the potsolanic action is cosmon both in tho use of possolana sither
a8 "replacement: or "addition”, the properties of the two hardened oonoretes
(i.e., the one containing pocsolana as replacoment and the othor as addition)

"Standard Definitions of Torms Relating to Conorete and Concrete Aggregates',
AST! Designation C 125-58, 1964 Handbook of AST! Standards, Part 10, American
Sooloty for Testing & latorials, Philndelphia, U.S.A.%/

40/ "Mmixtures for Conoreto’, Roported by Amcrican Conorete Institute Committes
212, Proceedin,s American Concrete Institute, vol. G50, Mo, 11, Nov., 1963,
P 1&60

¥/ Tditorial note: AST: Designation C 125-58 of 1964 has now (1968) been
replaced by C 125-66.
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would be, in general, similar, For cxample, concreter containing powzolin<
as 'addition' would also set slower, have lower heni of hydration, reduced dry-
ing shrinkage, reduced thermal volume change nnd increosed extensibility cic
These concret~s, like those having pozzolana as replacement, nny show improved
moulding qualities and mculd wear, higher tensile strengthe, hipgher ultimate
modulus of elasticity, lower permecability and lenchin:, reducecd alkali-agrregate

reaction and higher resictance to sulfates and frosh waters ete,

(b) For Improving Propeptics of Fresh Concroto:

242. Generally, use of pozzolan: os an addition is made for improving the pro-
perties of freshly mixed concretc. Addition of pozzolana to concrote mixes

could improve workability, reduce the rate and amount of bleeding and scgregation,
l.ixes which have high portland cement oontonts and arc not deficicnt in finos

may no show an improvement in workability for a given water content.

243, Posgolanas which do not incresse the water content for achicving a desired
level of workability should be chosen and as such the pozzolena particles should
not have wnfavourable shapes. Also thc specific surface of the pozzolana should
noither be too low or too high in comparison with portland coment. Generally,
additions of 5 to 15 per cert of the amount of coment are mede for pozzolanas
of greatost finenoss; for others the range is 15 to 30 por cent,

244. Possolenas may also be addod to act as corrcctives for deficicncios in en
aggregate gradation in oonorete mixes, say deficiency in 'finos!’ (partioula.rly
matericl pessing AST! sicve Mo. 200). The aggregale characteristics suoh as
sise, shape and surfaco texturc moy also be responsible for poor workabilit,
in some conoreto mixes. Such ooncretc mixes may require o larger amount of
portland oement than would be requir.d to develop adequate strength, other-
wise, the ratio of surface arca of solide to volume of water in the mix, which
governs the bleeding characteristios and dogree of plasticity of fresh conorete
would be lower. Alternately, a cheaper method could bo addition of a suitable
possolana whioch will also achiove the same objective i.e., increase the above
ratio and inorease the paste oontent of the mix and thoroby its oapacity for
plastio deformation.

245. Possolanic cdditions, in gonersl, improve the strength of lean mixes and
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affect the strength of rich mixes adversoly. Both thc properties of poEzolann
and characteristics of concrctc mixes are important. The most important
pozzolehns emp)oyed for usc as ~dditions arc fly ash, diatomnceous carth and
volcanic tuffs.

(o) For Improving Durgbility of Concrete:

246, The other fields of application of pozzolana as an addition are in oounter-
acting alknli-aggeregate reaction and inoreasing sulfate resistance. For the
former use, pozzolana must be evaluated in the laboratory as it is not safo

to give recommendations rogarding the naturc and proportions of pogsolana to

bo used on the basis of publishcd informmation. Pogzzolanas are employad aleo
for inoreasing sulfate resistance; 1 part of poggolana to 2 to 5 parts of
portland oement, oither by weight or by absolute volume, is used for this
purpose.

(£) For Beduoing Permeobility:

247. Generally spoakin:, use of pozzolana as 'addition' reduces permeability

of oconorete provided thore is no undue inorease in water requirements of the

mix for a specified level of consistency or workability and conorete is moist
oured for long time. Under conditions of oontinuous supply of moisture, suoh

as in many mass concrete constructions and hydraulio struotures, use of pogzsolana
will load to greater water tightness; the offect being_influcnoed by the nature
and magnitude of pozzolana addition, mix proportions of conorote, agc of matur-
ity of ooncrete ctc. Addition of pozzolann is more boneficial in lean mixes.

4. Posselana Conoyete Technolocy :

(a) Gensral:
248. ¥hen portland-pozzolana cement ie e factory finishod product and is sup-
plied in standard weight bags or drums or barrels like ordinary portland cement,
conorete technologists should oonsider it as anothor type of cement. Sinoce such
a oement is mostly %he rosult of intergrinding of portland cement olinker with
possolana, there is cvery likelihood of its early strengths odmpuring well with
some of the portland ocmonts and being substantially higher than the minimum
speoified in tho Standards for the Portland pozzolans Cement. In such situations,
methods followed for designing, preparing and plaoing portland ocment conorete
may be adopted for pozzolana oonorete. Methods of quality control of portland
cement oonorete are equally applicable.
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249 . Usc of pozmoline ns nn additional in redicnt »t the conercte mixer posCs
probloms of cunlity control of both pozzolann ~nd porzolrne concrete. SHincu
pozzolana rote here ~o n dilucent of ooment nnd contribution of pozzolnonic
action in the bo;innin; is not substantial, early strensthe of pozzolrnic
concreto, if not properly proportioncd, may be comperstively lover. 'l'his moy
lead to the frlesc impression thet porzolan: concretc i somehat inforior

In viev of this, thc more importent aspects of pozzol-n: concrete technolosy
have been discusscd below for the bonefit of practiocc and ficld engineers.
Nevertheloes, it must be approciated that pozzolann concrete in peneral re-
quires greater cunlity control and onc must pusrd nroinst variebility in
moisture oontents of pozzolanr and nggresntes For bi, construotion jobe
sctting up of projcct or field laboratorios may prove cconomical in the long
run. For examplo, with 253 1b of coment to each cubic yard of concrete

tho strength obtained at the Bha 1o Dam Projcot 1'as 2,000 p.s.i. at 28 ].’6
This strenzth is usually specified for a 1:3:6 ceoment:sand:n sregate mix
whore the cuantity of cemont used is 304 1b per cubic yard of conorcte.

(v) New Typc of Concrote:

250. Addition of corteain pozzolanas improves the propertics of fresh oonercte.
Strength and other properties of hardened concrete oontaining portland oemont
equal tc thot used in making straipht portland cement ooncretc may also ot
improved due to this or pozzolanic ~ction or both. If concrete is repropor-
ticned ocoonomioally, oonsumption of portland coment in the pozrolana concrote
can be reduced i e., actual portland oement contont in concreto containing
pozzolana oould be somowhat roducod. In other words, pozzolana acts as é.
cement replacement. Under such circumstances distinotion betweon use of
pozzolanas a8 'replacomont' or 'anddition' loses much of its si;nificancc and

it may be better to refer to use of pozzolana as an admixturc for conoreto. |
Abdun Nu.rﬂ/ fecls that the use of the term 'replacomont'’ vhioh has come into
use shculd be discouraged. Aoccrding to him, structurcl matoriale should be
compared on the basis of their ongineerin; propertics, irrcspootive of thecir
constituents, as long as such conetituents are not dotorimental and no reference

E.A. Abdun Nur, “Tly Ash in Concrete - An Nvaluation, Bullotin 284,
Highvey:-Resoarch Board, !'ashingten, D.C., 1961, p. 37.
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1 should be madc to thu usc of pozzolana as 'ruplacement’ or 'addition'. Arthu.rfw
opines that use of pozzolans as n replacement of part of oement or sand or as

an admixture in ooncrete, though oonsidered by different investigators as se-

| parate, are, in effect, three different ways of looking at the same thing, It
is, therefore, suggested that n concrete containing, say fly ash pozzolana,
should be regarded as a ncw type of conorote and dosigned accordingly.

!
; (o) Broportioning of Porzoamic Conorete iixes:
1

;’1 251. Soientific studies on the design of concretes ocontaining posgzolanas are
oomparatively few becausec the use of pozzolanas has been widespread only in

! mass oonorete where strength oonsiderations are not as important as for struo-
é tural oonorete and use of pozzolanas as cement replacement in oonorete mixes
-

necessarily does not involve much ohange in mix design.

252, Regarding use of pozzolana in structural oonorete, the basic approach has
been to attain strengths oqual to thc strength of corresponding portland oement
conorete at 28 days. Lovewoll and Hasha's workal has shown that in propor-
tioning oonoreto mixtures using fly ash the water roquirements could be re-
duoed and strength incressed by making oertein adjustmants in the amounts of
fly ash, sand and gravel. Rchasi and Gugw have followcd a similar approach
in proportioning ooncrete mixes oontaining fly ash and their data show that
with oareful proportioning it is possible to attain ocqunl 28 days strengths
even with the Indian fly ashes whioh are comparatively coarser and have a
higher oontent of unburnt fualw The proportioning of ooncrete mixes by
Rehsi and Garg was done essontianlly on absolute volun;e basis following the
recommendation of the Amerioan Conorete Institutede/ Artlmrg/ has reported
a ecientifio basis for tho dasign of fly ash conereto.

P.D. Arthur, "The Desi¢n of !ixes for Fly Ash Conorete’, Symposium on
Puzsolanas - Their Survcy, ! anufacture & Utilizaetion, Centrml Road
Research Institute, New Delhi, Deo., 1964.

8.8, Rehsi and S.K. Oarg, “Proportionin;, Concrete Mix containing Fly Ash'",
J. Institution of Engineers (India), Vol. XLV, Mo.l, Pt. C1 1, Sept., 1964

S.K. Chopra and £.N. Narain, "Measurement of the Specific Surface of Fly
Ash', Jour, Materials Research & Standards, (U.5.A.), 4 (9), Sept., 1964,
pp. 4067-490. C

B & & &k

"ACI-613-54: ACI Standard Reoommended Practioe for Selecting Proportions
for Conorete", ACI-G613-54, American Concrete Institute, 1954.
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(d) Uge of Surfpce detive fgonts:

253. Some fly ~shus mry reduce the workability at n ¢iven ~ler content and ,
necessitote the plrncement of concrete by vibrntion  Chopra, Rhesi and Gargig
obsorved this cffoct in conc“retus preparcd with Indian fly ashes and found
that the usc of water-roducin; ond sct-reducing ngoents nrc beneficial, not
only in improving tho worlinbility and thereby making concrete fit for plnoc- -
ment by temping but also found that thoy increasc oarly strongths. The fly
ash ooncrete sirengths werce cqunl to those of straigcht portland cemont concrote
from 7 to 28 days showing theroby that usc of fly nsh does not delay the removal
of formmor. In othor words, thcrc arc no disadvantaics of use of fly ash in
conocrete. ‘nllace nnd O have also reportcd enhancoment in the atrengths
of fly ash concrete with wator- ~nd set-reducing agents,

254. Use of nir entraining agents with portlzg/pozzolpm coments is permitted
by the Amcrican Stmdamaﬂ/ Davis and Kloi
propertios of fresh and hardonod pozzolana cencretc by using suitable air on-

found an improvement in the

training agont. Entrained air is pertioularly known for incrcasing tho re-

sistanoe of conorete to freezini and thawing and thercby improving its dur-

ability+ Since presonoe of pozzclans may reduce the amount of air entrained

by a quantity of air-entraining agent, the scleotion of an agont for a partiou-

lar pozgolana should be basod on laboratory trinls as woe done at the two large
rooontly oconstructed in India with pozzolana conorecte.

8.K. Chopra, S5.5. Rehsi and 5.K. Garg, "Use of !''ater- and Set~Reduoin;
Admixtures in TFly Ash Conorete", Central Building Researoh Institute,
Roorzee (U.P.), INDIA (Unpublished).

G. Wallace and E.L, Ore, ‘Struotural and Lean Mass Conorete as Affected
by Water-Reduoing Set-Reducing Agents'’, ASTM Speoinl Technical Publication
No. 266, American Society for Testing Materials, 1960

Tentative Specification for Portland-Pozzolan Cement, ASTI Designation:
C 340-64T, 1964 Handbool of ASTM Standards, Part 10, Amerioan Sooiety
for Testing and ! aterials, Fhiladelphia U.S5.A.

R.E. Davis and Alexander Klein, "'The Effect of Use of Diatomite treated
with Air-Entraining Agents upon the Properties of Conorete', Symposium

On Use of Pozgzolanic }aterials in lortars and Concretes, Special Teohniocal
Publioation No 99, American Sooiety for Testing | aterials, Philadelphia,
U.8.A., 1960, pp. 93-108.

B & & g

B

D.F. Orchard, "Concrete Teohnology', Asia Publishin; House, New Delhi,
Indian dition, 1963, vol. 1 pp.101,125.
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CHAPTER VI. ECONOMICS OF THE USE OF POZZOLANA CEMENTS

A, Bconomics

1. Pozzolga Cements versus Alternate Binders:

255, Lime pozzonlana and portland pozzolana cements are the two most widely used
pozzolana bearing cements. Considering the different uses of lime-pozzolana
cement (Chapter V), it is olear that alternmative to lime pozzolana mortars is
the use of hydraulic lime mortars, portland cement mortars, composite (i.a.
portland cement-lime-sand) mortars and Masonry cement mori.rs. Exoept lime
mortars, all other mortars contain portland cement as one of the constituents
and henoe will be costlier than lime pozzolana mortars. Since the oost of pro-
duction of pozzolana is gonerally lower than that of lime, hydraulio lime
mortars could be ohcaper in situations whers cosi of hydraulic lime is oonsider-
ably lower than that of high oalcium lime. But lime pogzolana mortars will,

in all probability, be cheaper if pozzolana of high reactivity is available
because the sand carrying oapacity of lime pozzolana mix will then be at least
equal to or greater than that of hydraulic lime and the lime content will be
lower than that in lime mortars. These oonsiderations hold good equally well
for the use of lime pozzolana cement in concretes.

256. Portland pozzolana oement isg generally oompared to ordinary portland oement
in its oementing value. Since the ocost of produotion of even a oaloined poggo-
lana, whioh needs maximum processing, works out to be lower than that of
poriland oement (paras. 215-217), the use of portland pogzzolana cement is defi-
nitely beneficial from the point of view of savings in coste, Sinoe“early o
strengths of some pox‘!tl_and pozzolana oement may be oomparatively lower, the
quantity of oement may have to be increased for attaining equal 28 days
strengths. Hven then there is a likelihood of savings ir portland cement con-
sumption. Acoording’to Chopra, Rehsi and‘Gargl-/ for a oonovete strength of
2250 p.s.i., which is generally specified for reinforced oonorete work, 12.0
bags of fly ash pozzolana cement are required against 11.75 bags of ordinary
portland oement for tho same strength. However, the actual quantity of

4/ 8.X. Chopra, S.S. Rehsi and S.K. Garg, "Use of Fly Ash as a Possolana”,
Symposium on Pozzolanas - Their Survey, Manufaoture and Utiligation,
Central Road Research Institute, New Delhi, Deo., 1964.
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Rupees in  (US.)
o. Raw laterials and Power thousands  x1000
Ply ash 21,000 tons (taking losses into
acoount) &t Re. 1/~ per ton excluding ... 21,0
cost of transpo.'tation
Power, 1,44,000 KV¥H at 10 paise par KVH ... 14.4
Total ... 35.4 4,72
2. DTotal Cost of Production
Saluries and wages oo : 30.8
Raw material and power vos 35.4 ;
Depreciation and maintenance eto. cos 40.8 '
Total ... 107.0 14.267 :
%
g. Cost of tion Ton
Naked' fly ash vee - Rs. 5.4 Us $0,72
'Bagged' fly ash including Rs. 20/-
towards cost of jute bags ceo Rs, 25.4  US $3,3866

et t' /e & 4 n DOowWl

4. goxt of Froduotion of Resots i
(Produotion 6000 tone per annum)

204. Raw olay ir received in a clay shed where it is crushed and scresened.

Sriock moulding is done in the open., DBrioks are then dried in the open,

The down draught kilns (all of which should be in the same area) are then

loaded, After calcination, brioks are taken to the milling shed where they {
2re orushed in 2 disintegrator and then ground in a ball mill, Grinding is !
done in batohes and ground material is elevated and stored in silo,

205, Extra space for briok moulding and drying shed will have to be inoluded
in the estimates for locations where weather conditions do not permit
noulding and drying in the open. The ground surkhi may be stored in closed
bine or in bags manually thus obviating the construotion of a silo and use
of sn elevator in rural areas, The estimated cost of production works

out to be Rs. 38/- per ton as follows:
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portland cement in fly ash concrete is only 9.5 bags. Thus + snving of 225
bags of ordinary portland coment for 100 oft. of concrete, i c., about 19 per
cont, was achieved. For a conecpcto strength of 3500 p.s.i., the saving was
13.6 per cent showing thercby that savings in richer mixes are lower. If,
however, pozzolana concrete is designed properly, the savings can be substan-
tial. Table 1 gives costs of materials for 100 cft. of concrete prepared with
ordinary portland coment and portland fly esh cement to have equal strength at
28 days. It is apparent that the savings in costs towards mntcrials are of
the order of Rs. 27 to Rs. 34/- per 100 cft. The nct s~wvings will be somewhat

lower because of additional costs of handling and transportation of fly agh.

2. Cost congiderations:

257. Cost of lime soems to govern the cost of limc pozzolana cement. Thieg is
evident from tho cost of a cement containing lime and surkhi in 1:2 ratio by
volume. The cost of production worked out to Rs. 44/— and Rs. 39/~ per ton
when reactive surkhi costing Rs. 30/— per ton and 'bazzar' surkhi costing

Rs. 20/- per ton only were used respectively (paras. 209 and 210). Though the
'bazzar' surkhi was choaper by Rs. 10/- per ton; the reduction in the cemont

prico was only Rs. 5/-. Apparently cost of lime is an important factor.

258. Next in importanco is the roactivity of a pozzolana. A more reactive
pozzolana will pormit leaner mortar and concrete mixes., For example, against

a 1:2:4 limeipozzolanaisond mortar employing a pozzolana of L.R. (Limo
Reactivity) value of 600 p.s.i., a 1:3:14 mortar could be usod if the L.R.
value is more than 1200 p.s.i., the job roquirements for the two mortars

being the same. The actual lime content in the latter mix is lower and so will
be its cost.

259. Manufaoture of controlled and uniform quality of both lime and pozzolana
and their intimatc mixing are better possible in a factory and oonsequently pro-
duction of factory finished lime pozzolana cement should be oconomical by
virtue of their bottor bonding officiency. But the necessity of packing this
type of cement will add to the cost. Since lime pozzolann cements deteriorate
in quality on exposure, jute bags cannot be uscd for prolonged storags. Poly-
ethylene or paper lined bags or multi-walled paper bags are required and this
may put up the cost of this coment a good deal for it to be cconomical in

devaeloping countries agninst traditional lime pozzolana mortars.
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VABLE 3

Cost of materials for 100 cft cof plain ~and f h

concreta mixes proportioned by C.B.R,Ia method

A) Plajn cement concrate

Cost of 22.5 cft or 18 bags of cement @ Rs. 10.25 per beg
Cest of 52.0 cft of send @ Re. 25.00 per 100 cft.
Cost of 66 oft of gravel @ Rs. 66.00 per 100 oft.

Total cost of materials

Ell ggg concrata without admixture

Cost of 18 oft or 14.4 bogs of cement @ Rs. 10.25 por bag
Cost of 557 1bs or 11.7 cft of fly ash @ Rs. 5.00 per ton
Cost of 44.6 cft of sand @ Rs. 25.00 per 100 cft.

Cost of 69.34 cft of gravel @ Rs. 66.00 per 100 oft.

Total cost of materinls

a to wit Q
Cost of 100 oft of fly ash concrete
Cost of 3.24 1bs of admixture @ Rs. 2.04 1b.

Cost of fly ash conoreto with 0.2 per cent admixture

D) Savings in matorial costs por 100 oft of oonorete

(a) Ply ash concrete ~
without admixture = Rs. 240,50 - Rs. 206.14 34.36

(b) Ply ash concrete
'ith minure - R.o 240.50 - RB« 212074 21076

NOTE: The dry bulk density of cement, sand and gravel was assumed
to be 90, 91 and 110 lbs/oft respeotively. The cost of portland
cement bag is for the private consumers the price is lower for
government departments.
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260. The above discussion outlincs the most probablc trends. For choosing
betwaoen lime pozzolana cemants of different qualities, the actial cost of mor-
tars or concrete per unit volume (100 cu.ft. or 1 cu.yd.) should be worked out
because comparisons are possible only on that basis The properties of
cement also come irto play, for example, the water requircments for attaining
a partioular level of masons workability, and volume yicld of mortar or con-
crete. Of the two oements with cqunl price and strength properties, the one

capable of giving greater volume yield will be more economical to use.

261. Economics of use of portland pozzolana cement ngninst portland cement are
apparent because the cost of production of pozzolana is much lower and it
influenoes the cost of production of pozzolana ccment directly. The lower the
cost of pozzolana, the greator is the relative economy of use of pozzolana
oement. Similarly, o pozzolana with greater activity should thaoretically lead
to reduced coste of pozzolana cements because of higher magnitude of cement

replacement (or higher pozzolana content) possible with it.

3. Technical Congiderations:

262. The technical advantage of use of poggolana ccments was described in
detail in Chapter V. The uses for which poszolana caments are superior to
ordinary portland oement are for mass oonorete constructions, for hydraulic
works and for marine constructions wherein comparative economy is of secondary
importanoec. For uses in other situations, relntive economy may be of prime
oongideration and should be worked out. However, pozzolanic cements are
likely to result in substantial economy in precast and reinforced concrete

structures also, if the pozzolana cement concrcte is designed scientifically.

B. Development of Poggolana Indust

263. In these days of planned development, estimatus of requirements of
cemants for different types of oonstructions are generally available. In the
light of t1ie different uses of pozzolana in concrete technology already
mentioncd,; the prospects of uses of pozsolanas can be assessed. If huge
quantities of oement are required for mass concrctc constructions, there is a
good case for proceseing and manufaoture of pozgolano for which purposes the
sources of pozzolenic materials are to be identificd and located. A survey of

naturel pozzolanas will have to be takon up and a scarch made for artificial

pozgolanas,
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264. Introduction of a pozzolana in a country and development of a pozzolana
industry ~re best possible through its use in mass concrete as such jobs are
big and infusc confidence in minds of engineers ~nd technologists. Also, the
returns in the form of savings in cenent and money are substantial and this
produces an immediate impact. Technological advanced countrics which producc
portland coment together with a variety of other cements in sufficient quanti-
ties may not find production of portland pozzolana cement, as a general purposc
cement, as attractive as developing countries which produce or import only ons
kind of cement i.c., portland cement. The lattor is, generally, in short
supply. Since cement technology is well advanced, mcnufacture of portland
pozzolana coment is not likely to present any technicol problems except that
some adjustment may have to be made in the capacity of bngs because of somewhat
lower specific gravity of pozzolana cements. Introduction of portland
pozzolana cement in a developing country, however, requires some preparation,
because it has to stand competition from portland cement which is already in
the market. Technical and trade literature on the propertics and uses of

pozzolana ocment may be publicized amongst ongineers ond builders. The ecopomic

aspact should be brought out clearly and even demonstrated becauge it is this'
factor that attracts the attention -ind imcgination of consumers quickly.

265. Though traditional lime pozzolana mortars may not be as good in overwgll
performanoe as mortars prepared with factory finished lime pozzolana cement,
the former ~re good enough for several jobs. Attempts should be made to im-
prove upon their quality rather than replace them ae these traditional mortars
8till have o place as building materials in a developing country's economy.
They are cheaper to produce and do not require extra skill to produce or usc.
In India, in spite of ndvancemont of knowledge and tochnology in pozzolana
field, lime pozzolann mortars prepared in an animol driven mortar mill are
being used extensively. Development of an efficient ond mechanized mortar
mill at a low cost will be o step in the right direction.

266. An alternative suggestion is to market packed pozzolana so that consumer
is free to use it cither cement replacement in conorcte or with lime in making
mortars and plasters. Since pozzolana does not deteriorate in its quality on
storage a8 much as lime pozzolana cement, cven jute bags can be used for

packing. Manufocture and introduction of lime pozzolana coment is easier for

countries where ready mixed mortars and plasters and packed lime are being
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marketed. Rstoblishment of lime pozzolena cement industry in developine coun-
tries may hove to face difficulties such ns non-availability of standard
quality lime and a suitable packing material, lack of quick transportation
facilitics and competition from traditional lime pozzolan~ mort rs nnd fe~r of
adulteration. DIstablishmonts manufacturing and packing pozzolanae may also
face some of these problems. Nevertheless, becausce of pressing housing prob-
lems, theore is a great need for development of pozzolan ond pozzolana coment
industrics in developing countries. This will not »nly providc - country with
more binder moterial and save in portlond cement, but nlso offer new employment
opportunities. But, in thuse countrics wherc building materials scicnce nnd
technology are still new ~nd organized building materinl industry does not
exist to popularize products through technical and trade literaturc, introduc-

tion of new materials should be done with full preparation ns, once ~ material

goes into disropute on account of technical flaw in its production, marketing
or use, 1t will be difficult to rehabilitate it.
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ESTIMATED COSTS
s. Land and Buildings

Developed land 1 acre at Rs. 10/-
per sq.yd. ces
Factory shed, 1500 sq.ft at
R'. 8/- wr .q.ft. e e
Office and control laboratory building
500 sq.ft. et Rs. 16/ per sq.ft. ves
£ilo for storing 100 tons of reactive
surkhi veoe

““1 ob e

bo b’ 71' > A &8N 11y e 5id .

Cost of down drasught Rilns complete with
Ohim.y. ess
Crushing and soreening equipment coe
Orinding mills, disintegrator and
motors - ces
Elevator (On‘) Y
Transformer, switoh gear otc, - - ,,,
Add 10% erection ocharges “or

m L X 2]

- T

Rupees in
thousands

48.4

8.0
15.0

8.4

120,0
».L0

90.0
10.0
40.0

290.0
29.0

319.0

(uss)
x1000

11.12

42,533
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Standard Specifications for Pozzolanic Cementg*/
in 10 ccuntries
1, CZ'CHOSLOVAKIA
DESCRIPTION
Denomination Symbol Designation of Standard Year
®  Pucolanovy cement (Poz 1) CSN 72 2121 1956
Two qualities: "250" »i50"
Cement tras-vy (Poz 2) CsN 72 2122 1957

Two qualities: "250" "350¢
CHARACTTRISTICS OF MANUFACTURR
POZ 1 Content of pozzolana and gypsum

30-509 fpecial additions: max. 17

Content of trass and gypsum
PUZ 2 '"250" max, 457 Special additions: max, ¥
POZ 2 "350" max. 357 Special additicns: max, 1
RFQUIGEMANTS FOR PRINCIPAIL. CONSTITURNTS
Portland cement clinker Mg0 Insoluble residue

< 67 =

Possolan, tress, gypsum Instructions are being prepared

CHEMICAL RI'QUIRFMINTS
Maximum percentage

503
3
PHYBICAL R™QUIRFMI'NTS
Fineness Aperture of sieve Residue
of
u MAX , /
200 1
20 10
In certain cases other agreement: can be mnde conoerning fineness.
Setting time Method: Vicat Initial Final
minutes hours
> 60 <1

In certain cases other agreements can be made concerning starting of setting,

Y  Bourcer 'Review of Standards for Cements other than Portland', CTV
BURFAU, The Cement Statistical & Techniocal Association, lalmo, Sweden, 1956.
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Soundness glg Cold water storage test, 28 days
2) Boiling test, heating 1 hour, boiling 3 130)1;0_.

If cement fails, the boiling test may be repeated on cement which
has been aerated for 3 days. ;

STRENGTH RPQUIREMPNTS

Sand for strength teste
Standard sand, passing sieve with openines 1.350 mm, retained on
sieve with openings 0.775 mm. :

Tensile strength k¢ /om2 1 /in:
7 days 28 days
POZ 1 "250" 13 185 21 299
350" 20 84 28 398
POZ 2 wn250n 13 185 25 356
"350" 20 284 30 427

Preparation of specimens for tensile strength test

Eight shaped specimens. Kix 1:3, water/cement ratio
0.32 is adjusted if water does not exude after 90.110
blows. Mortar compacted with 150 strokes by Boshme-
¥artens hammer apparatus.

Compressive strength lrg/an2 1b/1n2
7 days 28 days
POZ 1, POZ 2 "250v 130 1 8 250 3 555
" 350" 230 3 27m 350 4 977

Preparation of spscimens for ocompressive strength test

Cubes, side 7,07 em, Mix, water/cement ratio etc., see
Tensile strength test,

FEMARKS
Sampling instructions available.
2. FRANCE
DESCRIPTION
Denominatea Symbol Designation of standard Yeur
Ciment Portland artifiociel sux
oendres wolantes 160-250 CPA ¢ ¢ 160-250 Pr P 15-302¢ 1958

Ciment Portland artificiel aux
volantes 250-315 CPA + C 250-315

Cisent Portland a haute resi-
stance inttial, aux cendres .
volantes 315-400 HRI + C 315-400

Ciment Portland artificiel -
& la poussolane 160-250 CPA + P 160-2%0

-m
* In use but not yet formally adopted
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Ciment Portland artificiel

a la pouzzolana 250-315 CPA + P 250-315

Ciment Portland a haute resi-
stance initiale, a la
pouzzolane 315-400 HI + P 315-400

CHARACTERISTICS OF i1ANUFACTURD

Content of fly ash Content of pozzolana Admitted additions

CPA + C 10-20

-y . |
CPA + P 10-20 Fax. 1%of

HRI + C 6_10 - soluble salt
HRI + P - 0.10

CHEIICAL REQUIRIZIENTS
ilaximum percentage
g0 Insoluble residue Loss on ignition

CPA + C ; 5 20 6.5
CPA + P

HRI + C ; 5 10 5
HRI + P

PHYSICAL REQUIREINTS
Fineness

CPA + C, CPA + P 250-315 The fineness of the crindinge, mea~ured with
Blaine Iineness i.eter, sha%l be comprised
between 2 500 and 3 500 om“/r, and may not
exceed the latter figure. ['or siliceous
cements defined according to the ratio

5102

3
£ s

the upper limit will be raised by 250 on’/g
for cach inorease of 1 unit above 3 in the retio.

Setting time listhod: Vicat Initial
minmites

> 30

Soundness l!ethod: Le Chatelier liax. expansion
10 mm after 3 hours boiling

CPA+C, OPA+ P If tho oement contains over 3,0 1ig0, the boiling
is prolonged until oconstant expansion is obtained
during 2 hours. (lax. expansion = 10 mm. Cold
water storege is also applied (7 daym), tut no
mex, limit is given
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STRINGTH REQUIRTITNTS

Sand for strength tests
Sand from leucate (Aude) equal parts (tol. 107), 0.5-1 mm,
1-1.6 m' 1.6-2 m.

Tensile strength kg/em” 1b/in"

< days 7 days 28 days
CPA + C, CPA + P 160-250
CAP + C, CPA + P 250-31% 20 285 25 355
HRI + C, HRI + P 315-400 18 25% 25 355 30 430

Preparation of specimens for teneile strength test

iightshaped specimens, section § cm‘., MNix 1l:3, water
according to normal consistency of neat cement paste,
mortar pressed in by means of iron pestle (7 mm diam.
by 20 cm) with round end.

Compressive strength ke/em” l‘n/in2

2 days 7 davs 28 daye
CPA + C, CPA + P 160-250 160 - 275 250 3 555
CPA + C, CPA + P 250-315 250 3 555 315 4 400

HRI + C, HRI + P 315-400 160 2 275 315 4 480 400 5 690

Preparation of specimens for compressive strength test
Cubes, side 5 cm. !ix etc. see Tencile strength test.

REMARKS
Sampling instructions available.
3. GERVANY, Hest
DESCRIPTION
Denomination Symbol Designation of standard Year
Trasssement 30:70 (rPoz 1) DIN 1167 :-ith amendment 1940
of 1958
Thres qualities: Zement 275
Zement 375
Zement 475 !
Trasssement 40:60 (Poz 2)
Three qualities: 2Zement 275
Zement 375
Zement 475

CHARACTERISTICS OF MANUFACTUI™
Content of poszolana (irass)* Admitted addition

POZ 1 307" ‘ax. 37 calculated on
POZ 2 40 * olinker portion.

¥ Rules for calculating "Trass* percentage from
chemical analysis results are given,
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REQUIREMENTS FOR PRINCIPAL CONSTITUENTS
The Portland cement clinker sh:11 conform to DIN 1164,
The pozgolana (trass) shall conform to DIN 5 1043,
PHYSICAL REQUIREMENTS

Fineness Sieve > Aperture Residue
meshes/cin u max, %
900 200 0.5
4 900 90 8
Setting time Method: Needle test Initial Final
minutes hours
»60 ‘<_12

Alternatively, there is a test according to which a cement pat should
not orack at the edges on being pressed 1 1/2 cms from the edge with
a bar (¢ 3 m) within one hour after preparation.

In case of dispute the needle test governct,

Soundness (1) Boiling test (2 hours) or cement rate. In case of
failure, repeated test with cement which has been
asrated for 3} days.

(2) Cold water storage teet (27 days) on cement pats.
STRENGTH REQUIREMENTS
Sand for strength tests

Standard sand, two parts coarse (from Freienwald an
der Oder), 1.39-0.74 mm., and one part fine (from

Hohendrocka).

Bending strength kg/cm2 lb/:in2

1 day 3 days 7 days 28 days
Zement 275 - - - - 30 427 50 711
Zement 375 - - 30 427 4 %69 60 65
Zement 475 30 427 %0 711 60 853 70 995
Compressive strength kg/oa’  1b/in

1 day 3 days 7 dayn 2R days
Zemont 275 - - - - 110 1 562 7% 13 913
Zemeont 1375 - - 150 2 133 2% 3200 175 £ 2
Zement 475 100 1 422 300 4 266 350 b 119 47 6 7159

Preparation of specimens for bending and compressive strength tests

Prisms 4 x 4 x 16 cm. Mix 1:), vater/cement ratio v.60.
Nortar compacted by 2 20 strokes with tamper (weight 700 g).

Compressive strength on broken prisms from bending test.

-
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4. GRPECE
DRSCRIPTION :
Denomination Symbol Designation of standard Yean

Government Deoree No.160 1954
Greek type Portland cement
Two qualities: (PoZ lg

(Poz 2
CHARACTRERISTICS OF MANUFACTURE
The cement contains Santorin Farth Admi t¢ed additions
(possolanic material) Max. 1f (in special cases ).

CH™ICAL REQUIRTMENTS
Maximum peroentage

Mg0 SO3 Insoluble Loss on
residue ienition
5 3 10 5
PHYEICAL RPQUIREMFNTS
Finenees Bieve 2 Residue
neshes/on sax, ¢
4 900 20

Setting time Method: Vicat Initia) Final
minutes hours
X0 L£12

Soundness Cold water storage test on cement pats (28 days)
STRENOTR RUQUIREMTNTS
Sand for strength tests

Standard send from United Kingdom, to pass BS sieve No. 18
(853 ), and to be retained on BS Sieve No. 25 (599 ),

Tensile strength  kg/on’ 1b/in?
3 days 7 days 28 days 2P days oo

POz 1 - - 18 2% 25 3% »
POz 2 &5 356 - - 0 427 0 569

Preparation of specimens for tensile strength test

Eightahaped Specimens. Mix 113, mertar Sompacted in Tetmajer
P tasus Vith 120 strokes by tamper (weight 2.25 ng)

falling 25 om,
Compreseive strength
hc/enz lh/iaz
3 days 7 days 28 days 28 daye o
POZ ) .- 180 250 2715 391 3% 49N
POz 2 250 3 555 - - 400 5 8¢ 50 7110
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Preparation of specimens for bending and compreseive strength tests

Cubes, side 7.07 cm. Fix 1:3, morter compacted in Tjtmajer
apparatus with 160 strokes by tamper (weight 3,00 kg
falling 50 cm,

5. ITALY
IESCRIPTION
Denomination Symbol Designation of standard Year
Cemento pozzolenico (POZ 1) Norme per 1'accettazione 1939
dei leganti idraulici
Cemento pozzolanico ad (POZ 2) Regi decreti 16 nov. 1939-
alta resistenzia XVIII

CHARACTERISTICS OF MANUFACTURE

No limits for content of pozzolana, The clinker can be
produced by burning lime and posrolan, No inert materials

nay be added,
CHEMICAI REQUIREMPNTS
Molecular ratio Maximum percentage
Ca(:(}3 FeO SO3 Insoluble residwe
510 + B0y 5, 5 3 16
Cal
PHYSICAL REQUIRTMENTS
Finaness Sieve o Aperture Residue
meshes/om” " max, 7
900 200 2
Setting time Method: Vicat Initial Final
ninutes hours
260 x4
Soundness isthod: Le Chatelier Max. expansion
(]

10 after boiling 3 hours
STRENGTH REQUIRMENTS
Sand for strength tests

Sand from Massacciucooli Lake, passing siove with aparture
1.5 mm and retained on sieve with aperture 1,0 mm,

Tensile strength  kg/ca” 1b/in’

3 days 7 days 8 days
POZ 1 - - 26 170 ¥ 455
POZ 2 21 299 N 35

No tolerancas







c. Sularies aud Veges
One Manager-cum-Salesman at Rs, 1000/-
per month : voe
Foreman 1 no. at Ps, 400/~ per month ...
Burners 10 nos. at 150/- each per month ...
Mechanic 3 nos. at Rs. 200/~ each

per month L

Labourers 50 nos. at Rs. 3/~ per day

for 330 working days ces
Total ...

we s osam . s

d. Ba Naterisl, Fuel end Power
Raw olay 8000 tons per annum (inclwding

loss) at 50 paises per ton (excluding

transportation) |
Coal at R, 45/~ per ton (including
Wmtim) Yy

Power, 430,000 K'H at 10 paise per BVH ...

Total ...

. Dascenintien and Naintenence
Degreciation on buildings, sheds, siles

ot 3 on Re. 35,000 vee

Depreciation on sachinery eto. at

&% on Re. 2,90,000 ' Caee

Kaintenanoce cost of buildings, sheda

silos eto. at 2! on Rs. 35,000

Naintenance cost of machinery and

equipment at 6% on Re. 2,90,000

Jaterest on working capital om

Rs. 1,00,000 at 67 0o
Total ...

Rupees in
thousands

12.0

4.8
18.0

4.0

54.0
43.0

. 101.0

1.1

17.4

0.8

17.4

1.1

-
b4
®

o
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(us.)

'x1000

12.20

13,467

5.04
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Rupees in (uss)

f. DTotal oost of Production thousands x1000

8‘1“1.' md wma XY 91-5 ’

Raw Material, fuel and power eee 101.0

Depreciation and maintenance etoc, ces 37.8

Tot‘l ese 23003 MC“.,

€. t ion Ton

+".Cost of production of reactive

surkhi per ton coe Rs. 38,40 US $5.12
5. Msmufsoture of Purnt Clay Poysolans in Rotery Kiln:

(Plant capacity = 200 tons/day)
206. A flow sheet is given in Fig, III, The raw olay is fed into the hoprer
with the help of a buckst elevator (or & belt conveyor), It is then fed to
the crusher through an apron feeder. Crushed clay is elevated to feed a
hopper and. the feed to the rotary kiln could be controlled with a table
feeder. Calcined clay will pass next through a rotary cooler if a rotary
kiln with integral coolers is not used. Cslcined material is conveyed to s
storage yard with the help of a drag chain conveyor. Calcined clay is then
elevated and fed into utorage hoppers. The feed to the grinding mill sy
be oontrolled with table feeders. Oround material is elevated and stored
in silos and then it goes into the packing plant. The latter is not required
if osloined clay is to be supplied as 'naked' poszolana. The cost of pro-
duction per ton works out to be Rs. 30/~ (4 UBS)\, The details are given
below:

ESTIMATED COSTE
Rupees in  (USJ)
&. land and Juildings thousands  x1000
Developed land, 7 acres at Rs, 10/- _
per sq.yd. coo 338.8 45.173
Factory shed 30,000 sq.ft. at Rs. 12/- |
per sq.ft. vee 30.0 48,000

Office and control laboratory
building, 3000 sq.ft. at Re. 16/-
per sq.ft. coe 48.0 6.400




b,

Silos for storing of reactive surkhi

Total

Plant apd Yechinery

Crushing equipment

Vertioal elevators (3 nos.) or

belt conveyors

Rotary kiln, 200 ft. effective length
and 10 ft. effective diameter,
refractory lining, oiling, pumping
and firing equipment; high pressure
blower; designed to rotate, redmotion
gear, variable speed motor: fam,
chimnoy, motors etc. complete in

all respects.

Rotary oooler

Rotary table feeders

Orinding mills, erit upuuitor,
oyclone separator, beg filters,

. induced fan, screw conveyor pneumatic
‘oo'nnyor, sir compressor, grinding medias

eto. for grinding department
Air compressor, rotary screen,
sorev feeder, packer feed bin,

pitking machine, screw conveyor,

chutes etc.

Yotors for the plant

Laboratory equipment, tubewsll, water
pump eto,

Add 127 for erection charges

Total

LA N J

Rupees in
thou;gnda

40.0

786¢..€

3400.0
408,0

3808,0

" ID/MG. 20/3
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(Us.;)
x1000

5.333

104.907

453.33
54.40

507.73

e ok K

ot
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e Yages
Manager at Re, 2000/- p.s. eos
Chief Chemist at Rs. 1500/- p.m.
Shift Chemists, 4 nos. at Rs. 1000/~ p.ia. ...
Office Superintendent at Rs. 1000/~ p.s....
Office Clerks, 2 nos. at Rs. 300/= p.s. ...
Btore clerks, 4 nos. at Rs. 300/~ p.m. ...
Neohanic-cum-Tlectrician, 3 nos,
et Fs. 300/- p.n.
Poreman, 3 nos, at Re. 500/~ p.m. vos
Burners, ) nos. at Re. 250/- p.s. ces
Bhift mechanics, 3 nos. at Rs. 250/« pome...
Skilled labourers 30 nos. at Rs. 5/-
per day, 300 working days
Unskilled labourers, 50 nos. at Rs. 3/
per day, 300 working days

¢ BaMaterisle sod Pover
Clay 75,000 tons at 50 paise per ton
(exoluding transport charzes)
Cost of fuel
Fower, 30,00,000 XVH at 10 paise per
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Preparation of specimens for tensile strength test

Eightshaped specimens, section 22.5 x 22.5 mm, Mix 1:3,
quantity of water should be indicated by producer: when
not indicated, water/cement ratio 0.32. Mortar compacted
with 120 strokes of hammer weighing 2 kg. falling 25 om.,

Compressive strength kg/cm2 1b/1n2

3 days 7 daye 28 days
POZ 1 - - 380 5 404 500 7 110
POZ 2 290 4 124 500 17 110 680 9 670

Preparstion of specimens for oompressive strength test
Oubes side 7.07 om. Mix 113, quantity of water see Tensile

strength test,
gﬁgﬂw compacted with 160 strokes of 3 kg hammer falling
om,
6. JAPAN
DRSCRIPTION
Denomination Designation of standard Yoar
Possolanio Cement JIE R 5217 1956

CHARACTYRISTICS OF FANUPACTUR™

Content of porsolana
BAX,

RBQUIRTMTFTS FOR PRINCIPAL CONSTINENTE
The percen of 5102 in the possolanio material shall b

less than .
CWRNICAI REQUIREMENTS
Maximum peroentage
NgO 80,
5.0 2,%
PRTSICAL REQUIRFMENTS
Finemess 1. Aperture of sieve Reaidue
'] Mz, 5'
€8 8
2. Air permesdility test 1fio surface
(Blaine) m‘r

min, 3 000

Setting time Method: Vioat Initisl Final
ainutes hours

;60 510
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Soundness Cold water storage test on cement pats or
Boiling pat test

Specific weight 225 s/c:m2
only when specially requested by the purchaser.

STRENUTH RPEQUIREMENTC
Sand for strength tests

Natural sand from Toyoura district to pass 300, and
retained on 110

Berding strength ke./em2 1b/in2
3 days 7 days 28 days
12 17 ) 356 36 512
Compressive strength
kg/cm2 1b/in’
) days 7 days 28 days
45 640 90 1 280 200 2 844

Preparation of specimens for bending and ocompressive strength test

Specimens 4 x 4 x 16 om. Mix 1:2, water/cement ratio 0.65.
Compressive strength tests on broken prisms from bending
strength testi.

Note The stpength at any age shall be higher than the strength
at the preceding age.

7. MUTHFRLANDS
DESCRIPTION
Denomination Symbol Designation of standard Year
Transportlandcement 30t70 sPOZ 1) N 618 1950
Transportlandcement 40:60 POZ 2

CHARACTERISTICS OF MANUFACTURE
Content of pbuolm

POZ 1 307
POZ 2 407

FEQUIRTMENTS FOR PRINCIPAL CONSTITUENTS

The ordinary Portland oement shall conform to the
specifiocations in N 481. The trass shall conform to
the specifiocations in N 488,

Content of Cal

POZ 1 45-497
POZ 2 39-4
Note Peroentages caloulated on ocement dried at 100-105°C.
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PHYSICAL REQUIREMENTS

Fineness Sieve Aperture Residue
no. u max. %
N 480..d~0,09 co 8
Setting time Method: Vicac¢ Initial
minutes
260
Soundness Cold water storage test, 26 days, on cement pats.

Provisional tests: Boiling test on cement pats or
Le Chatelier taost, max, expansion = 10 mm, 3} hours
boiling.

STRENOTH REQUIREMENTS
Sand for strength tests

Quarte sand, max. 27 retsined on N 480-4-1.2, 1.2,
(1.2 nm), max. 27 to pass N 480-4-0,420 (420 ).

Tensile strength ke/om" 1b/in®
7 daye 28 days
21 299 21 384

Preparation of specimens for tensile strength test

Eightshaped specimens, Mix 1:3, water acoording to
normal consistency of neat cement paste. lortar
compacted with 150 strokes by Boshme hanxer apparatus,

Compressive strength lug/cm2 l‘u/in2
7 days 28 days
250 3 555 325 4 622

Preparation of specimens for oompressive strength test
Cubes, nide 7.07 o~m, mix etc. 3es Tensile strength test.

8. U,S.4, (Federal

IESCRIPTION _
Denomination Symbol Desigmation of standard Year
Portland-possolan cement TYPT I Pederal 88-C-208b 1954
Air-entraining Portland- TYPFS 1A

Poszolan cement
CHARACTERISTICS OF NANUFACTURE
Content of posszolan lNote

15-35% The manufecture shall stase the
source, amount and oomposition
of the possolan used,

s

¥
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REQUIREMTNTS FOR PRINCIPAT CONSTITUTNTE

Portland cement and Portland cement clinker shall comply with the
chemical composition for type I {3-C-192.

Fogzolane
Type P = clay, shales, diatomaceous earths, tuffs,
volcanic ash, pumicite.
Type I' = fly ash.
Fineness 1, Sieve Aperture Residve
. no. u max. ¢
2,  Air permeability test (Blaine) Spgcifio surface
cm” /e
min 3 000
Contribution to ocompressive strength Percent of control, 28 days
Type P 17
Type I 85

CHEMICAL REQUIRCMINTS
l.aximum percentese
, {303 lose on iynition Noisture content
I 2.5 3.0 3.0

IA 2.5 1.5 3.0
PHYCICAL REQUIRMMENTS
Pineness (1) Sieve Aperture Residue
no. u max, ¢
325 A4 12
(2)  Air permesability test Specific surface
(Blaine) om” /¢
Average value, min, 2 900
Yinimum value, any one
sample 2 70C
Setting time Method: Cillmore Initial Final
minutes hours
5 60 10
| False set Min, penetratior mm. 10 (only when specially requested )
Soundness Autoclave exnansion. Max. 0,57
Air ocontent of mortar
1 0-127 vy volume.
TA 15-21¢ by volume
Water requirement I required to epecified flow
I 320
IA 280

* Either of the two methods can be used.
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Drying shrinkage

Max. /
1 0.12
IA V.11

Mortar expansion

At age of 14 days, max, 0,0207
At age of 8 m‘k., max, Oo%w

STRENOTH REQUIRTMINTS
Sand for strength tests
' Pyrex glass, sieve No. 4 - sieve No. 100

(4760-1%,).
Compressive strength 1b/in° r/om’
1 1 500 105 3 000 211
IA 1 250 200 < 500 176
Note " The strength at 28 days shall be greater than at 7 days,

Preparation of specimens for oompressive strength test

Primss 1x13x111/4in, Pix 112,25, water acoording
to flow. Mixing with mechanical mixing machine.

REMARKS
Seapling instructions available (58-C158c).
9. UBiB.R,
DESCRIPTION
Denomination Symbol Designation of standard Year
GOST 970-41 1941
Puccolanovy portlandoement 1955 edition
Pive qualities: “200"
3125@1
“WO
!!4mﬂ
"W
CRARACTERISTICS OF MANUPACTURE
Content of possolana Note
20-50;" Max. 17 grinding aids.

REQUINEMENTS POR PRINCIPAI, CONSTITUENTS
The possolana shall oonform to GOST 6269-54
CHENICA), ROQUIREMTNTS

Maximum peroentage
802 Mg0 Loss on ignition

3 4.5 5
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PHYSICAL REQUIREMENTS

Setting time Method: lieedle test Initial Final
minutes hours
or according to arrangements batween supplier and
consuner.
Soundness Boiling pat test,

STRENOTH REQUIRT1ITINTS
Sand for strength test
Sand within sieves 64-14/ neshes per sq.cm,

Tensile strength kg/om" lb/inz

7 days 28 days
w200+ 11 150 16 228
#280m 11 150 16 228
" 300" 14 200 20 =84
" 4007 18 256 23 27
"500" 22 313 27 84

Preparation of specinens for tensile strength test

Pightshaped specimens. I!'ix 1:3 dry consistenc:, wate"
scoording to consistency of neat cement paite,

Compressive strength kp/cae 1b/in”

7 days 0 days
w2o0" - 100 1 422 200 ¢ 044
w250 130 1 849 250 1 555
300 160 2 278 300 4 .66
" 400" 20 3 128 400 5 688
" 500" 300 7 110 %00 7 110

Preparation of specimens for conpressive stren; th test

Cubes, side 7,07 om, Fix 1:3 dry consistency, water
acoording to consistency of neat cement paste.

FENARKS
Sampling instructions available,
10, YUCORIAVIA
TESCRIPTION
Denomination Symbol Designation of standard Yoar
Jus B.C. 1.01¢ 1554
Portland cement sa dodat-
kom pucolans 290
Three qualities: PC~>
m_psso
F(,__;,4150

# the figures omitted refaer to the porsolana oontent,
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CHARACTERISTICS OF MANUFACTURE
Content of poszzolana

Pc--p lax, 4%
C-p Min, 404

ROQUIRRENTS FOR PRINCIPAL LONSTITUENTS

Possolana is a natural produc’ which can bind lime during the

hydration of tha cement.
CHEMICAL RPQUIRMTNTS
Haximum percentage

Mg0 803 Loss on ignition Tres
Ca0
5 3.5 5 2
PHYSICAL RIQUIRMTNTS
Pineness (1) Aperture of sieve Residue
"] nax . f’d
90 15
(2) air bility test
(Blaine

P390 o350

Initial
ninutes

2,90

Setting time Method: Viocat

Sowndnees (1) Tests on cement
Cold storage 28

1
kz Combined -tormd;g.wn
(2) Le Chatelier test
10 mm
STENOTH HBQULREMFNTS
Sand for strength tests

Quarts sand from Kusio near Tusls, sax. 57 retained on
sieve with openings 1.2 mm, max. 5% to pass sisve with
openings 0.70 ma. Content of 8i0, not less than 987,

Bending strength ke/om® n/u!s’

) days 7 dayn
P20 c-p°%° - - 3 427
PO-p?20s C-p>2° - - 40 569
rep#30r o450 35 498 45 640

pats (3 test specimens ):
1-day old specimen to be boiled for 3 hours

Max, expansion

;lz,;:ﬂ.u swface

22 400

2.3 500
Final
hours ,
10

28 days

45 640
5% &
60 85




Compressive strength kg/nnz lb/in2

3 days 7 days
pe-p>°r ¢c_p?° - - 160 2 275
PG-p3701 c-p3> - - 250 3 555
pe-p?70r gptP 200 2 844 350 4 977

I0/1'¢.20/3
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28 days

250 3 555
350 4 977
450 6 399

Preparation of specimens for bending and compressive strength tests

Prisms 4 x 4 x 16 om. Mix 1:3, water calculated on dry
sand and cement 117 (water/cement ratio 0.44), plastic
mortar. Hortar compacted with metal tamper, weight 1 kg.
Compresesive stren;th test on broken prisms from bending

Note

strength test.

The 7-day test are sufficiemt to determine the cuality

of Portland cement PC-pd50, C—pd 50

Sempling instructions aveiladle.
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