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Pi) T I 

Gr.;:lERAL. INFOfiHATION On POZZOLANS 

INTRODUCTION 

Pozzolansl may be defined ae," siliceous or siliceous an 
al 'J)ous materials, .... hic.h in themselves possess.little or no c -
mentitious value but will,in finely divided form and in the pre -
ence of moisture,chemically react with calcl~ hydroxide at ordi­
nary temperatures to form compounds possessing cemen~i~1ous prop-

. ertL!tS."(6)2 

Pozzolans .are finding wide usage in many countries in con­
struction for improving the quality of concrete and for economic 
reason's.Turkey,a country which is producing only one type of p ~1;­

land cement, can make use of pozzolan-llme mortars for the const~u _ 
tion of less important works. thus increase the ~ount and types 
of cement available in the market,also use use ~ortLand-pozzolan 
cement in important works to improve the quality of the co crete 
being used. 

Natural pozzolans are clays,opaline mater1!1.ls and volcanic 
tuffs.Volcanic tuffs of Kayseri.Murat and Meri~ have~een exploit d 
by Tlirkiye Qimento Sanay!! for some time,Qorum Cement Factory 1s 
producing portland-pozzolan cement in the order of }O~ replacement. 
(5,l ,13) ~utte an extensive research bas been car~ied out in 

------------
1 I'lost of the literature 1 n Turk! sh employ the .... ord ~ derived 

from the German ,"Trass" ,which defines a specific pozzolanic mate­
rial.The general name pozzolan will l)e used throughout this '0101" • 

2 
Reference numbers are given in paranthesis. 
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other areas~use of artifial pozzolans such as fly ash has also 

been investigated and recommended. (15h.ost of these investiga­

tions are on the strength properties,and very little is known 

about th'e contribution of t.le materials to concrete propertles 

such as sulfate resistance,permeao11ity and heat of nydratlon. 

A detaileu,l;lanned L,vestigation is required to make better use 
• of this potential source of cement. 

1. Yarar, (,,~f .13), indicates: ,·.u§ (t,erkez), Konya(JJedelik). Kayseri 

(fellthiy e). i ozgat (Akdagmadeni ') ... u§ ehi r(Kbsker),.,i vas (jji vrilt) , 

Nigde(Geuikli) , Mnya{l1alkapmarl) ,J •• anisa("oma) 

1 
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hi:;,TORY 

The use of pozzolans antedates recorded history.frobably by 

chance , the ancients discovered that some volcanic materials when 

combined wi th calcined lime greatly improved the guali ty 01 mor­

tars.Furthermore these mortars \o;ould harden under water as well 

as air. The Greeks employed the v·)lcanic tuff from the Island. of 

Thera(now. ca.1.1ed 3antorin,and still exploited liS a pozzolan rt'­

source) . The Homans used the red or purple tuff found near the 

);lay of Naples.rhe best variety of this material was obtained 1'ro 

the neigllbourhood of Fozzolani or Pozzuoli,!rom \"Ihere the name 

pozzolan ts deri.ved to desiGnate all mineral matter th .• t show Sl~­

ilar ~roperties.The Romans were probably the tirst to use the 

volcanic tuff of Rhine,which is Known as 'trass ' , 

'£he qualit~ of martars declined during the middle age",but 

still the Homan mixture of lime and natural er arti.fici11 poz 0-

lans r~t!Hn(!d its position as the onl~ suitabh matLrial lor 

Vlork:;> under or exposed to water.Thus Belidor, a prlncipaJ au hort­

ty on hydraulic construction i.n the 1 til century, rec Oillll! enG tne 

usa of natural pozzoians wt.e,rever avai~able,,,s w 11 as givin a. , ... 
method for mctking an arttfial mix.In l75o,uohn ·.Jmeoton,upon be-

ing caLLed to rebuild tr.e famous lighthouse on E dysto'ne Hock, 

made soine testa with butch Tarras and lime,and in the end emplo~­

ad a mortar pr, Piired wi th hj clrauli c Hme and pozzo'lan in equal , 
quanti t i. es. (2) 

After the develop,ul"nt of' natural cemer,ts during the latter 

part of the lbth ce; tury,and portland cement in the early l~th 

century,the pr&ctice of using pozzo:j.anic cements declined.Al­

though it has been known to engin~ers that the use of pozzolans 

with portland cement impart aesiratle qualities io mortars 'nd 

concrete,engineers have be~n extremely cauti.ous about. the use 0 

such combination$ . ":nJ..y in the last score have rortland-po zolan 
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mixes COlIle into general .recogni Hon as effective cementing mate­

rt'als. 

'I'YP~ OF fOZZOLANS AND sor·;l!. ",ELL KNU.iN DdOSI'f" 

~ozzolens in general,are classified as natural or artifi c ial. 

Arti.ficial pozaolans come from the industrial by-products or Wc",t 

ano. include fI;; ash,such as is produced in pcwdere":-coal burning 

power plants,powdered brick,burnt oil I:ale ano. some slagR • • ater 

quenched blast-furna~e slags have cementitious qualities in tle -

selves and therefore fall outside the true pozzolan classifica tio • 

Naturally occurring pozzolansllay be classlfi ed into the thre 

distinct groups,namely:Jolcanic tuf'fs and Iumicite,orali.r. mater!­
als,c ajs and shales. 

Volcanic tuffs and pumicite: 

Ashes Elnd :avas of identi f'i cal uri neorologi cal ,'omposl ti or , f orc 

to solidify as a glass by melting and dubsequEnt quenching,acquir e 

pozzolanlc properties.These can be of rh~olitic,andesitic,Iln vnol1-

tic or basl:lltic types. It fihould be noted. that crystal..l ine volcanic 

ashes do not show pozzolanic actioll.The action of true nat a1 po _ 
zolans is determined by the 

the origin history of the 

quantity 01 glassy 1ractlon 

type of original ma~ma.fincl princ l .laLl 

~clasttc ll.aterial,on wnich de nus t I 

and i"8 extent of alteration. 

The Italian pozzolans occur near Ve9uvius,;~aple8 and. Rome.Th 

material 1s Obtained irom open pits or quarries.The~ are pjrCl cllls­

tic,in coherent materLals that originated from explosLv~ types of 

volcanic eruption.The particles of pulvertzeu magma ntrained b
J 
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the gases went througn a strong quenching process whi ch m~a ~ them 
rich in glas sy substance. This glassy substance is unstable and it 
can undergo zeolitization,which generally enchances pozzolanic ac­
tivity , or alterat~on towards the clay minerals,which usually re­
duces or dimi~ishes pozzolanlc activity. 

C~mpact volcanic tuffs,which are used in the pulverized stat e 
are quite different from the Italian pozzolans . 'rhey originate 11' I'Q 

the same pyroclastic mat~ials,but involve a transformation process. 
The b'est kno~ example is tne' !iliani sh • trass' obtained by gri' .. di 

the soft tufaceous trachytic(alkalifelaspar) rock found in some 
parts of J ermany.The alteration of the original natural glas s haS 
induced cementation 6f the Iyroclastic , incoherent original mat4!­
al,hence caused zeoli.tization.The fina l proc..uct,tbat is, tui'I.ls 
more reactive to calcium than the ori.g'.nal starting materla.l,poz­
zolan . (9) 

, There are pozzolans of volcanic origin in Japan,which was first 
to employ portland-pozzolan cement , Russia,U . S. A., Romania,New ~ea­
land and on the 'Jrecian Island of ~antorin. 

Opaline materials: 

Opaline materials are amorphous 10rms 01 hydrous s1 11 ca wi th 
three to twelve per ·cent water,Sio,,·nH20.Among them cherts,which 
are siliceous sedimentary rocks,and aiatomaceous' earths composed 
of the siliceous skeletons of diatoms a.epos'Lted IrOm fresLl or sea 
water can be mentioned. 

There are depo si.ts tn l.lenmark,Cali.fornta,Cana da, «l geria ana. 
Germany.~cept f or the Danisn d eposits, treatment i a re1ul red to 
b eneH t ~rom their pozzolani c character due to t 'n e great wat er r ~ ­

qulrement which make s the cementing value poor. 
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vlays and s hales of montmorillonite,kaolinit e and illite t;ype " 

acquire noticable porolanic character only upon calcinatiol .the 

Romans employed clays as a substitute for volcanic ash pozzolan. 

Horasan,the traditional Turkish cement was also made from uurnt 

clays.Burnt clay has b een employed,as an BddLtion to lime mortar s 

in Indi a and l!igy pt ,known as Surkhi and Homra respe,c t i. vely, and 

used in dam am w!1terworks . 

'rhe c,hemical and physical mechanisms by which pozzolans react 

wi th. 11 nje are not fully understood as yet. what R.n. Bogue said in 

1:;4"(, still holds today; 

. ""rhe chemfstry of pozzolans is still not solved ••• and. only when 

the chemical action 1s completely understood will it'be possibl e 

to design a 'pozzolan' of ideal composition ior any parti.cular Iur­

pose."However the results of continuous research s hed some light 

on the problem. 

Inve6tigation~ have shown that the aworphous sllicate reacts 

with calcium hydroxide to form a h~, drous mono-calcium-silicate, 

which,is compound of relatively lO~1 s (J lubtlity.( ~ ,9,l.l.) 

t'urther research with A-Ray Diffraction and Differential 'l'herul.ll 

Analysis,D.T.A.,have snolol'n a reacti.on product of calcium-aluminatl.l 
• \ 
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Therefore silica and alumina are the main pozzolan constituen 
~ hat ent er thL l C72cle.nic reaction with lime.Table 1. show's the 
typical chemical composition of some well known natural pozzolans(~) 
(2,5) , 

t 
I 
t 

,1 

, 
, 

TABLE I 

Percentage Composition of Some 
Pozzolans 

.... ~ ~~F.'O~ T~~~ .: M,D Pezz.a ... "' .... . .. 
1C. .... 'TlOfIj ---

Rlleni sh '1'1'a5s 10 • 1 I 54.6 I 16. 4 3.8 j.8 : 1.9 
Santorin Earth 4.9 63.2 13.2 4.9 4.0 I 2.1 
Rome: Segni 5.3 48.2 21.9 9.6 7.5 3.2 
Rumanian 'l'rass 13.9 62.5 11.6 1.8 6.6 0.7 
u.s.A. :Pumici te 3.4 65.7 15.:1 2.5 3.4 1.3 
Burnt clay 1.6 58.2 18.4 9.3 ' 3.3 3.9 

tJ •• o 5 0s • 
t a::. a O 

9.0 0.4 

J 6.5 \ 0.7 
t 4.1 0.3 
! 

2.9 1 -
6.9 • 

3.9 1.1 
1.8 i Diotimite 8.3 86.0 2.3 - 0.6 l 0.4 -

Kayseri Poz. 2.6 65.1 18.6 5.6 I 5.1 1.6 - -
~-- -- \ - , -- - -

, 

, , 

1 

The rate at which a finely divided siliceous material combines 
wi th Cs(OR) 2 apparently depends on a number of 1'actors.most of 
which are not c l early understood.Any siliceous materi I,regardless 

of its mineral structure or composit~on,if of sufficiently high 
fineness will combine with ca(OH)o2 at normal temperatures,though 
the rate -of combination may be slow for some material~,K.M. Alexr 
ander(lO) ,working wi th ultratine powders(with surface areas u~ to 

. 2 
140.000 em /gr) of various a11ceous materials comes to a conclusion 
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that an upper limit of activity can be attained by grinding,which 
is the same for all materIals, regardless of whether they would be 
classed as pozzolanic,weakly pozzolanic or inert when ground to the 
usual fineness specified for pozzolans. 

Generally speaking,however,8ilica in the amorphous form reacts 
with Ca{OH)2 much more rapidly than does silica in the crystal 
forms,and pozzolans high in alumina have a much higher reaction 
rate. (8)Therefore we may say that active pozzolans are those which 
have a high alumina and amorphous silica content. 

The rate of pozzolanic reactIon, is also determined by the pre­
valing temperatures. Examinations with D.T.A. have shown the pozzo­
lanic reaction to be endothermic.llence,pozzolanic reaction is ac­
cellerated at high temperatures and retarded at lower o~es. 

Pozzolans are used with portland cement on account of their 
property of combining with lime and thereby ,removing the Ca(OH) ~ 

liberated during the setting of the portland cement.Calcium hy­
droxide which makes little or no contribution to the strength of 
the set cement is thus removed and a lime-pozzolan compound of ce-

I 

mentttious~value is formed. 

The original use of pozzolans with portland cement was the im­
proved durability,combined with some economy obtained in marine 
and hyd.raulic structures.~lhe reduction of heat of hydration pro­
vided another reason,and finally it was found that alkali-aggre­
gate reaction could be prevented with pozzolanic use.In the last 

, " 

" 
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score pozzolanic cements have been developed as constructional e­
lements . Thus in countries such as Italy,Germany and the U.S.A. it 
is possible to buy 30-40% pozzolan containing cements and use them 
for general building construction. 

Pozzolans are used with portland cement as admixtures or sub­
stitutes.For reasons of economy there is a tendency to use them as 
substitutes , though it is beyond doubt that their use as admixtures 
will result in much better concretes. 

Since the composition and the amount and character of active 
substance is different for ~very pozzolan,what the properties of 
a certain mix will be, can never be predicted unless tests are run 
on the specific materials in use.But all portland-pozzolan cements . 
show a general tendency in concrete properties.which will be dlS-
cussed below. 

A. S'.l:ltE.H.TH 1'RO.PiRT 1ES 
.' 

1. Compressive strength • 
The substitution of pozz6lans for portland cement always re­

duces the strength obtained at the early ages, though' the ulti­
mate strength attained ~ay be increased.The difference between 

. good and indi£ferent pozzolans is much more marked at long than 
I h in sbort ages when in any case most of the strength comes from 

the portland cement constituent.Hence the greater the substitu­
t on the less Is the early age strength. 

I · 

I·, 

Figure I. shows the effect of replacement,tested on 6-12 inch 
c linders cured under moist conditions.The Values are the a er­
ages ot ten to twenty types of portland-pozzolan mixes,that Is 
pl~1cites,diatomaceous shales and earths,volcanic ashes,raw and 
burnt clays , hence show the general tendency of pozzolans.(l) 
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FIG, I 
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Fig. II shows the compressive strengths of pozzolanlc cement 
concretes. The tests were run on 4-inch cubes stored in water at 
20°C. Cement : Band: aggregate ratio is' l;2:4,water : cement rati o 
is 0 . 60 . Pozzolan substi t.ut ion is 40% on volume basis . ( ~ tpg.}81) 

:x: 
>­
<!> 

FI G. II 

Compressive Strength of . Pozzolanic Cement 
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For the richer mixes,under conditions of moist curing,concrete~ 
eon:taining poz-zolans in the order of 20 per cent or more,generally 
exhibit a later-age strength which iB 10wer.In some cases the lat­
er age strength may approach or slightly exceed that of correspond­
ing concretes containing straight portland-cement.Fly ashes of high 
fineness and low carbon content,used in 20-50 per cent replacement 
reach equal etrenght at three months and show higher strengths at 

• 
the age of one year.(8) 

In general,pozzolans contribute more to th~ strength of lean 
mixes than rich ones,and under moist curing this contribution may 
exceed that of replaced portland-cement at the later ages.This is 
not true if the water requirement for a given consistency sUbsta -
tially exceeds the requirement for straight portland-cement, be­
cause the strength of portland-cement is reduced due to the greater 
water-cement ratio.But for small replacement percentages,it is poa­
si ble to use water-reducing admixture s with pozzo lans whi eh have 
high water requirements,anil obtain significant contributions to 
strength. 

There 15 considerable evidence that the pozzolans contribute 
more to the strength of high water-cement ratio concretes than to 
that of low cement-r~tio ones. Their rate of contribution to 
strength is less under sealed condl ti Qns' than under condl ti ons 

~ where moist~re may be absorbed by the concretes pozzolanic action 
takes place. 

It must be concluded that in so far as the compressive strengt'h 
of concret\ is concerned, there is in general no advantage in using 
pozzolans as a substitute for cement in the larger amounts of re­
placements.Exceptions may be some of the fly ashes with low carbon 
content,some others when wat-er reducing agents are used,und the , 
leaner~harsher mixes. 

- . 
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The t ensil~ streng~h of portland- pozzolan mixes are almost 
always higher than straight portland cements . with only a 20% 
substi tution the tensile' st,rength often equals that of portland 
cement at 90 days and exceeds it at later ages. 

Figure III . shows the effect of replacement tested on bri­
quettes wl:1ich were cured u.nder Illoist conditions.The values are 
the averages of ten to twenty types of portland-pozzolan mi xes , 
that is ptimicite,diatomace,Qus shales and earths,volcanic t uffs, 
raw and burnt clays,hence show the genera). tendenc~ of' pozzo­
lans. 

FIG. III 

TENSILE STREN GTHS OF PORTLAND & PORTLAND POlZOLAN CEMENTS 
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,s . HEAT OF HY!.lRATION 

If pozzolans are used as Ii substtt.ute,the heat of hydration 
is reduced , though not proportional to the degr~e of sUbstitution 
since the pozzolanic reaction is also involved.For some pozza­
lans it has been observed that the rate of hydration is ~uite 

greater for the mix than for portlttnd cement alone.This Is a de­
sirable property in mass construction since more heRt will be 
liberated before the next lift is poured. 

Heat of hydration at 28 days 15 higher for the more active 
pozzolans such as diatomaceous earths and opaline shales than 
for the less active ones, that is , pLIIlIieite and volcl1Hio tuffs. 
As a rough approximation the percentage of reduction in the 
28-day hl at of hydration can be taken as about one half the per­
centage ~f replacement . (8) 

A SUbstitution of 20-30% has proven to be enough to lower the 
heat 'of hydration to desired values . 

Ffgure IV . Shows the temperature rise of different cements. 
The tests were made in adiabatic temperature- controlled curing 
rooms with mass concrete containing 1 bbl . of cement per cubic 
yard. (1) 

FIG, IV 
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One of the most important properties of pozzolans,whether 
used as additives or · as· sub·stitutes,is their ability to reduce 
the permeability of the concrete mix.Thisproperty is not so 
pronounced in early ages, but at later ages particularly under 
wet curing conditions it becomes very obvious. 

Pozzol'ans of opaline character are more effective in reducing 
the permeability at the early ages than the glassy ~ozzolans 
such as pumicite and fly ash,and the leaner the concrete the 
more beneficial is the effect of pozzolan.For example,a calci­
ned opaline shale used as 25% replacement for a.4-sack mix may 

reduce permeability by one half in 28 days,and a ;-sack mix by 
three fourths,whereas a glassy pozzolan replacement may show no 
change. (8) 

However.the permeabillties of concretes containing replacements 
are generally just a fraction of the straight portland cement 
mixes at later ages.At the age of six months,for concretes of e­
qual water content{corresponding to about 0.75 water-cement ratio 
for portland cement cocrete) the effect of a }O%replacement of 
a pumicite or fly-ash is to produce a permeability which 16 only 
l/} to 1/5 of the straight mix. Though tests for later ages is not 
\~vailable,it is suspected that the permeabili ty of replaced con­
cretes will continue to decrea&e for a long period under moist 
condi t1 ons. 

D. lU!..HSTANCE 1'0 AGGRESSIVE I'IATEltS (SULFATE RESISTANCE) 

Another very important character of portland-l)OZzolan cements 
is. their increased resistance to attack by chemical agenci9s, 
particularly sea-water. This phenomenon is in part attributed to 
the removal of the free calcium hydroxide,by combination with 
Pozzolan.Figure 5 shows free lime content of 1 to },oement:sand 
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mortars,one straight portland cement,th other 60% portland cement 
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plus 4~ burnt clay.(2) 

Lafuma has suggested that the combination between an insoluble 
set c;ment compound in the solid state and a s~bstance in solution 
always causes expansion, but if the c&ment compound passes into 
solut~on,reacts,and then precipitates 8S a solld,no expansion oc­
curs.(2).lt is known that the solubility of the hydrated calc1um 
alumina tes increases as the lime pe rcent in ·solutlon falls.Hence 
Lafuma's theory can be used to explain why the sulfate reaction 
occurs without expansion in portland-pozzolan cements,whereas ex­
Pansion takes place in straight portland cement. 

Turriziani and Hio have given a different explanation. They sug­
gest that ettringite.( 3cao.AI20

3
.jCaS0

4
'31H2o,the compound for­

med upon sulfate attack,whlch causes the swelling)formation i. 
slowed down because of the higber sulfate concentration is lowered . 

These explanations are not the sole reasons to resistanco of 
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pozzolanic cements. we may add the increased Impermeabi 11 ty and for­
mation of protective silica films over the more vulnerable alumina 
compounds. 

Accelerated tests for determining the sulrate resistance of poz­
zolanic cements are not available.Testing periods in the order of 
months do not show behavior of the pozzolanic cements.Feret's tests 
on one part cement to three part sand,have shown burnt gaize and 
burnt clay SUbstitution to be'more effective than volcanic tuffs, 
for long periods.(IO-24 years) 

tience we may conclude that diatomites and opaline materials are 
superior to the pozzolans high in glass and that the resistance ~o 
sulfats action increases as pozzolan replacement increases.In gen­
eral,l!. substitution in the order of }0-40% is required to obtain 
desirable sulfate resi~tances. 

E. ALKALI-AGGhl.:GA'l'E RlilACT ION 

In regions where reactive aggregates are encountered,pozzolans 
are successfully employed in counteracting ' the delayed excessive 
expansion of these aggregates due to the action of alkali coming 
from the cement or other sources.How pozzolans prevent,this is not 
clearlY,understood,thougb it is suspected that the finely divided 
silica in poz.olanic materials is readily available for reaction 
with the alkali ,and most of the deleterious reaction takes pluce 
before the concrete hardens,thus reducing or eliminating the ex­
cessive expansion. 

Some ~f the pozzolans high in opal,when used as 15-20% replace­
ments prevent excessive expansion even though the cement may bs 
very high in alkali.The glassy pozzolans are not as effective) 
hence greater replacements are required to achieve the same end. 
Some clays,opallnes shales and diatomites can be i mproved to prevent 
alkali-aggregate reaction by calCination. 
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In general portland-pozzolan cement concretes expand slightly 
more under continuously wet conditions and shrink substantially 
more under continuously dry conditions . than do straight portland 
cement '!lixes.j:he drying shrinkage is roughly proportional to the 
magnl tude of replacement. 'rhe pozzolans high in opal show great 
drying shrinkages. The pozzolans high in volcanic glass show· an 
intermediary trend. 

In some cases,though the drying sh~lnkages are high,po tland­
pozzolan mixes show a crack resistance not very dif1erent from 
straight portland cement.This is not the general case however,and 
with the exception of some fly 8shes,pozzolans Sb01U~ not be em­
ployed in thin concrete structures subject to continuous dryIng 
conditions.unless precautions against drying shrinkage is taken. ( J) 

G. wEATHERING RES IS'rANGE 

The weathering resistance.as determined from freezing and t haw-
ling tests is less for portland-pozzolan concretes.The substitution 

of pozzolans naturally leads .to less air entrainment. if air-ent'rain­
ing agents are employed the resistance of portland-pozzolan cements 
may be sibstantially increased. sometimes being grea ter than straight 
air-entrlining portland cement. 

Free·zlng and thawing tests on concretes moist cured up to i'our 
or five months Show resistance.as' measured both by losses and changet 
in l4ngth,quite near to straight portland ceme~t,though the tests 
on 28,-day specimens may show poor properties. 

Tberefore,if air is entrained,and the concrete protected long 
enoUSh for the pozzolanic reaction to take place,no adverse affects 
of weathering will be seen. 
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1. The creep of concrete 1n both tension and compression is 
greater when pozzolans are employed.Other things being e­
qual,the larger the percentage replaced, the higher is t "e 
creep. 

2. The substitution of pozzolans 
ability ot' the mixes. 

generally improves the work-

j: 

3. Use of pozzolans in the order of two percent may prevent 
segregation of the concrete.(S) 

• 
I. j,Ow.r;R COST;> 

Pozzolans are much cheaper to obtain than portland cement.~ave 
the c~ays and some shales which usually need calcination,most 
poz~olans require only grinding the material which generally con­
sists of loosely bound small particles.Hence great economy can 
be achieved through pozzolan substitution.In a project in the 
U. S.A.,$ I, 976,250 were saved 'on poz.zolan substttution, for wh l. cn 
the pozzolan was delivered well over 1000 miles distance. (1) 
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l..ime-pozzolan mortars have been used by the earlier civiliza­
tions as a cementing material,and their behavior in time is a good 
indication of their durability and strengtJl carrying properties. 
Today lime-pozzolan mortars enJoy a good reputation in Europe par­
ticularly in Italy,for sea-water work. 

The traditional mortar i~ one volume slaked lime putty to two 
volumes unground pozzolan and three to four volumes of aggregate, 
but there is a tendency to use one to three lime:pozzolan ratio 
while holding the cement:aggregate ratio one to two.(2) The rate 
of hardening is slow,but it can be increased b~ grinding l?-~O~ 
of the pozzolan to cement fineness,or adding some portland cement 
to the mix.With some of the more active pozzolans it becomes pos­
sible to expose the structure to the wash of the wawes within a 
day of placing.Lime-pozzolan mixes are not favored in Northern 
Europe due to the slow rate of hardening because of low temper­
atures. 

High calcium limes are normally used in lime-pozzolan mixes, 
though the use of hydraulic limes is also possible.The strength 
developed varies with the l1me:pozzolan rati.o as well as the 
othe~factors such as specific area,water available and environ­
mental temperature.Since the reaction is of complex nature involv­
ing Silicates,aluminates and calcium hydroxide,the amount of aC­
tive sUbstance in the'pozzolan and calcium hydroxide in the lime 
putty 18 of main importance.li general tendency has been observed 
that higher early strengths are obtained with a low lime:pozzolan 
ratio such as 1:4,and higher later age strengths are obtained 
with higher lime:pozzolan ratios such as l:} or 1:2. 

Feret has obtained coprosive strengths of 1640 pai and 1850 psi 
:f'or GfJrman Tra\!ls and Roman PozzOlan respectively at the age of one 
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year for plastic mortars containing 1:3 cement:aggregate ratio 
in which the lime:pozzolan ratio is approximately l:}.(~) 

The 8x4 inch cylinder strengths of l1me-pozzolan mortars of 
t\~o-inch slump are given below,Fig. 6. The specimens were stored 
in water at 180 e after an initial storage of 14 days in moist air . 
eement:sand:gravel ratio is 1:1. , : 2. 67 by weight.(~) 

• 

FIG. VI 
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Small additions of gypsum,1-3%,to the lime-pozzolan mix s ome­
times has a favorable effect on the strength at early ages, but the 
effect is erratic and can not be p):,edicted. In Italy larger pe rcl'>nt­
ages such as ?% have been employed,and are stated to accellerate 
setting and hardening of volcanic ~sh pozzoland and give a higb 
resistance to attack by sea-water.~2) 

Lime-poZBolan mo!tars attain mt-h higher ul timate strength when 
cured. in water than air, though the initial effect le normalJ.j t 

\reverse.As a rule,a long period of moist curing is essential to th 
. development of hi gher strengths,an rapid dr ing has most injurio 
effects. 

Pozzolanic reaction also the for s the basis of soil stabiliza­
tion with lime.Lime,usually in the f!ne,ntages of 5-12,ie died , 
to clay type pozzolans sucl'l.' as montm rt llonite and kaoll.nlt . FOI' 

economic considerations clays are no calcined to obtain h ghar 
strength properties. 
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Scientists have been working on methods to determine the poz­
zolanic characteristics of materials over a hun4red jears,and there 
seems to be no satisfactory method yet developed to apply to all 
materials to be used in any construction.The difficulties arise 
from three sources: 

\ 

1.Pozzo1anic materials as found,have different chemical compo­
tiOD as oan be seen from table 1,different histories,ana · 
hence different amounts of active substance that plays part 
in pozzo1anic reaction . 

2.Pozzo1ans having no cementitiou8 value themse1ves,must be 
tested with lime or portlana-cement to demonstrate tneir ce­
menting qualities . The pitfalls involved in trying to use com­
mercial lime or portland-cement as a reagent in a standardized 
test procedure are obvious. 

3.Since pozzo1ans are generally employed for specific purposes, 
it is hard to make a general test which will predict all the 
specific properties to be obtained. 

In spite of the above listed difficu1ties,investigators have 
not been easily discouraged;metnods have been developea.and nation~ 
al standards have been accepted,even though they may be very dif­
ferent trom each other. 
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A.Tests on pozzolan Alone 

Chemical Composition: 

~ Although it is generally agreed that the silica and alumina 
are the,active portions of a pozzolan,no correlation has been 
shown between the analysis and the acttvit1.This arises because , 
there is no indication of the amount of the more active amorphous 
substance.The results of chemical composition can be used tent a­
tively by comparison with other known pozzolans. 

Lime Absorption Test: 

The oldest test for pozzolans is the one proposed by Vicat in 
l8}7. in whi ch the 'rate of absorpti on of lime from a calci urn hy­
droxide solution is measured.This test both in its origi~l and 
modified forms has some limited value for distinguishing betwee n 
active and inert materials,but affords no adequate guide to the 
value of a pozzolan in use.A correlatton between the lime absorbed 
and the strength of portland-pozzolan cement mortar cubes has been 
shown for 90-Day testing.Reference 8,page II} can be consulted 
for the details of a method used by the U.S.B.R. 

Petrographic Analysis: 

Petrographic examination and 'analysis of pozzolans provide 'val­
uable information supplementary to that obtained from standard 
physical and chemical tests.Through microscopical observation, t he 
mineralogie composition,petrographic identity and the particle 
size distribution may be established,and by this means,the consti t­
uents known to contribute to pozzolanic activity are identified 
and their amounts estimated.Thus,the potential activity of the 
material and the need for preliminary treatment or grinding can 
be established prior to initiation of time-consuming tests. 
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Microscopical study is particularly useful for pozzolans cont ai -
ing amorphous materials,such as opal and volcanic glass.#eatherl g 
and alteration,factors which affect the chemical activity of poz­
zolans,are recognizable when the materials are examined petrograph­
ically. 

Pozzolans of volcanic origin hardly benefit from calcination , 
whereas clays of kaolinite and montmorillonite groups are a ctivated 
by calcination in the temperature range of 900-l800·i.Therl? f ore 
petrographic study serves as a guide to ~xpected behavior upon cal­
cination. 

Petrographic analysis,coupled with X-Ray diffraction,is a lso a 
u8e~1 technique for evaluating the effectiveness of pozzolans i~ 
controlling alkali-aggregate reaction • 

• Petrographic investigation requires expensive equipment and a 
.~killed petrographer experienced in the study of pozzolanic , mate­
rials. 

B.Tests on Fozzolan~lime j·lixtures: 

Time of Set Test:(e) 

This test is conducted by preparing a paste of pozzolan and a 
commercial grade of hydrated lime in the ratio of 4 to I by weigbt. 
The mixture is gaged with sufficient water and mixed by hand to 
produce a paste of normal consistency.(6)The resulting paste is 
then placed in a ~mall cylindrical glass Jar,covered with a layer 
of saturated lime water,which Is in turn covered wi tb. a film of 
karosene or transparent oil in order to prevent ingress of carb on 
monoxide from the atmosphere and any excessive evaporation.A i n ­
termittent time intervals, the paste 'ls tested by means ~f the 
standard Vicat needle to determine when initial and final set .occurs 

BOGAzICI ONIVERSITEsJ KOruPHANESI 
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Initial test is considered to have occured when the 
tarded 55mm. from the upper surface of the paste in 
When' the needle shows no appreciable indentation on 
surfacl,the final set is considered to have occured. 

PAGE J 

needle is re -
30 seconds. 

/' the specimen 

l'he degree of' rapidity of both the initial and final se"t Is take. 
as a measure of the activity of the particular material under in­
vestigation.On the average,active pozzolans will show an initial , 
se't in, less than 50 hours ,and. a final set i~ less than 100 hours, 

" ~h,reas poor or intermediate material will range from these values 
to no set.Inactive materials will not set under this procedure. This 
method is limited in that it does not afford a direct measure of 
the relative degrees of activity oetween various pozzolans.It is , 
of value only in dtfferent1at1ng,qualitative~y,the efficiency of 
different materials. 

Compressive and Tensile Strength Teata: 

Compression and tension tests of sE!nd mortars are the methods 
roost commanly accepted universally for evaluating the efficiencies 
of natural or artificial pozzolans. 

1. National Standards 

Each country has its own method according to the charact r of 

the most abundant typ~ ot pOl!zolan and the climatic and i.naustri­
al conditions.Some of the typical test requirement and n thoas' 
are given below: 

'!i.S.A. , 

A.S.T.,'l. makes a distinction between pozzolans used with 
lime and pozzolans used with ortland cement,and giveo di f­
ferent methods for testing the materials.In general better 
physical and chemical properties are required for the pozzo­
lans to be used with portland cement. 
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a. Pozzolans for Use with Fort1and cement (ASTM C 240-&4 T) 

, In addition to the requirements of the portland-pozzolan 
clement,the standard'aaks for the the pozzolanic activity 
of the material to be conftr~ed by the 'Pozzolanic Activity 
Test' • 

-Standard Materials: 

Pozzolan: Percentage reta tnE d vlben wet 51 eved 
on a No:5.t5 (44r ), sieve........... [!lax. l,,,' 

Lime(ASTM C-6): The chemical composition 
should be such that; 
Calcium and magnesium oxides ....... min. 9)'1' 

Carbon dioxide ••••••.••••••••••••.• max. 5% 
Magnesium oxide~ ••••••••••••••••••• max. ~% 

Percentage retained on Noc325 sieve max. 5% 
Sand(ASTM C':'109):: Natural silica sand from 

Ottowa,graded as; 

Sieve' No z .% Retained 
100 98± 2 

50 7~ t. .2. 

30 2!.2 

16 None 

-proportioning: 1 part lime : 2N parts pozzolan,where N 
is a factor obtained b'y dividing the specific gravIty 
of pozzo1an by the Sl)8ci f1 c gravi ty of' lime : ' 9 parts 
sand : water to give a flow 'of 110 t 5. (~'low table drop­

ped 25 times in 15 seconds) 
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- -Iolds: Cylindrical molds 2 in. in' diameter , 4 in. bi gh. 

- Storage: Molds are sealed by soldering or some other 
means and the spe,cimens are ,kept in the molds at 2; ~ 
1.7~C the first day , at 55 t 1.7°0 the next six days, 
and cooled to 23 ! 1 . 7°C before testing. 

- Requi r ement: Pozzolanic strength at 7 days • • •• min. 600 si 

b . J:'ozzolans for Use ..,i th Lime (AST1"J C 432 - 65 T) 

This specification asks for two different tests to 'be run. 
One test is to determine pozzolanic activity,whereas the oth!:.'!' 
ascertains that the material does not posses cementitiou~ pro­
pe rt1es in itself. 

1. 
i 

Lime -PozzolaIi ~tr'EI'ngth Deve lopment 

- Standard Materials : 

Pozzolan: ~!Ol sture content ••• ••••• • . •• 
Loss on ignition •••••.•••••• 
Amount retainea when wet 
sieved on ..• No.30 sieve •••• 

Lime: Shall be the 
used on the job,or 

No.200 sieve .... 

sS.me as that to be 
contain;(ASTM C-207) 

max. 
!lI8X. 

max. 
max. 

Calcium and magnesium oxides •••••••••• min. 
Carbon dioxide............... . .... • .•.. x. 

, 

10 

l W> 

,% 
10% 

Percentage retained on No.jO sieve ..... max •• 

SandI Natural siUea 
graded as previously 

sand from Ottowa , 

noted,ASTM C-109. 
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Proportioning: I part lime : 2 parts pozzolan 
8.22 parts sand: water to give a flow of 
70 't. 5.(Dropped 10 times in 6 seconds) 

Molds: . ~ inch cube molds. 

Storage: Specimens are placed in a closed vapor 
oven at 55 ± 107°C upon preparation,and left to 
stay there two days. They are removed from the 
molds and kept in water at 55 '" 1.70C for the 
next five days,and in a moist room of 95-100% 
relative humidity for the' next ~8 days. 

Requirement: ' Compreesive strength; 

After 7 days at 55 1; 1. 70 C •••••••••. min. 600 psi 
After addl tiona1 28 days •••••••••• min. 6uO psi 

2. tlydraulic Strength Development 

Test as the previous except t:hat for proportion­
ing use 1 part pozzolan : ~.74 parts sand. 

Requirement: Compressive strength; 

After 7 days at 5~ : 1. 7°C ••••••••• max. 100 psi 
After additional ~8 days •••••••••• max. 1Ju psi 

If specimens too weak for removal from the molds 
at 48 hours,no further testing is required and the 
strength is reported as 'no strength'·. 
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Standard Materials: 

Trass: Percentage retained on a 0.18 mm 
sieve(No.90Q of the German Standards 
corresponding to No.80 of the ASTM) 

• • • • • • • • • • • • max. 

PAGE :)0 

Combined water •.•••••••.••••..••••. min. 1% 

Lime: The source and the manner of its hydration is 
specified. Limestone, containing a minimum of 99.5% 
CaCO:) , will be burnt at· 90UoC minimum temperature. 
The better portions will slaked and. kept sealed. 
Prior to usage,lime will be hydrated at 90-95 0 C,and 

. ground to pass a 0.18 rom sieve. 

Proportioning: 0.8 parts lime : 1 part trass : 1.5 parts 
sand: 16-17.) % of the total dry mix of water.(~) 
This gives a dry mix and a Boehme Hammer Machine ia 
employed to compact the specimens. 

Storage: The specimens are stored at 17-20oC in humid 
chambers for the first three days,and in water till 
the time of test at the same temperature, 

Requi reme nt: 

Tensile Strength,psi 
Compre 8si ve Stre ngth, psi 

7 Day 

71 
640 

28 Day 

U8 

1990 
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standard Materials: 

Pozzolan: 

Lime: 

Tll? pozzalan s,hould be of such fineness 
that it pass a jmm sieve.This siew is 
approximately equivalent to No.7 of the 
.A5TH. 

,Of such fineness to pass a 0,18 mru sieve. 
Contain 94 % calcium oxide,min. 

proportioning: 1 part Lioe I 3 parts pozzolan : water 
to give a consistence such the mix will 
agglomerate under hand pressure. 

Storage : The specimens are kept in moist air at 15-20oC 
tor the first seven days,and in water at the same tem­
perature f or the next 21 days. 

Requirement: 

28-day Tensile 5trength,psi ••••••• 71 
~8-day \:ompresslve ·Streneth,psi •• j 5' 
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In the Turkish standards pozzolans are defined as; 

, From the view point of building tecnique ,~ 1s a 
volcanic tuff which,in finely .divided form can trengthen 
in air or water when combined with slaked lime.' 

The standards follow tIe proced re of "he German Stand­
ar<ls . except tha t there is no manti on of the combined water 
and the strength requirements are lowered as; 

Tensil\) Strength,psi 
Compressive strength , psi 

2. Accellerat8d Test for esearch Purposes (-2) 

7 Day 
71 

640 

:dB as 
199 

l,zaO 

Loa proposes an accellerated tp.st fo~ determining the later 
age strengths of pozzolans.ln this test 1;219 lime; pozzolan I 

standard sand briquettes nril cured in moist air at laoe for even 
da s,then immersed in wa t e r in a container,.which can reach 500 e 
within 1.5 hours.The briquettes are kept at 500 e for 46 or 94 hou 
and placed in water at 180 e for two hours prior to tes ing.Both 0 

th~se curing treatments give strengths that show a fair correla­
tion with the strength developed at 90 days at normal temperature s , 
but the 94 ~our curing gives the better correlatton with the 
strength at 180 day~. 
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Table II. shows the ensile strengths of 1:219 hydrated l i e : 
pozzolan : standard sand pla,tic mortars, ( 2,pg 389) 

% ""4TWl, 
T "-"I $. LOt .5TIt.£llc:;.Tt-I ,,..,) 

... $,.0""0 lOT le-c. C-UIL5.0 AT 60·c,. 

POZZ.Ol.AM MOII.TAIL 
'''-0 UI-o 90-0 '''-0 2!-0 90-D 

Good Burnt Clay 1',:1 173 294 414 44:1 404 'D; 
Jood Burnt L:lay , 1}.:> 173 294 414 4'1:1 404 40;1 
Good Burnt Clay 15.1 51 164 300 ,n~ }lj j 15 

Poor Burnt Clay 15.5 }4 67 119 143 61 :/1 
Good Burnt Shale 14.1 41 105 303 351 204 395 
Trass 13.7 92 184 ~57 275 285 317 
Bacol1(Naples) L~.8 56 22 }OO 300 ~69 315 

• Santorln E~rth 13.0 0 63 ~84 }61 181 "::83 
Burnt Brick L 8 0 

, 
98 ", .. 51 -q 

Longer periods of curing at 50~.or curing at 1009;are not su1t­
able,since relat1vely inert materials then develo strengt. 
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3. Teste on Portlanu-Pozzolan Cements: 
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Most of the tests on portland-pozzolan cements are aimed at 
finding a correlation between the strength and the Ca(OH)~ content 
of the ·mix.Among them we can mention methods for determining insol­
uble residue and uncombined llme,resistance to leaching and lime 
solubili ty. (8) 

~ea("pg.393)has proposed an accelerated test based on strength 
property. The method takes advantage of the difference between the 
acceleration of hardening ot; portland cement and pozzolanic cement 
when cured at 50o .At ages up to 7. days the pozzolan contributes 

, 0 
;very little to strength at ordinary temperatures, but at 50 it make 
a substantial contribution depending in magnitude on the proportio 
an~ activity of the pozzolan present.~his increase in strengtb fr 
the pozzolan is considerably greater than any change In the ort­
land cement strength between the two conditions so tLat the diffe _ 
ence between the strengths developed at 180 and 500 affords a eas­
ure of the value of the pozzolan present.Either tensile or co pre _ 
sive tests can be made,usll~ all} cement:standard sand mortar of 
a standard plastic consistence or at a fixed water:cement ratio 01 

0 :40.0ne set ot specimens(6 for tensile briquettes,3 for vibrated 
mortar cubes)1s cured at leO 1'or 7 days(l day moist air,6 days we­
ter)and another set for 1 allY in moist air and 4 days in wat r at 
lbo, then 46 hours in water at :>00

, Iollowed by a final ~ hours in 
water at 180 • 

'I'he strength difference increases. wi th the proporti on of pozzo­
lan and is considerably greater tor good pozzolans than for a poor 
one or an inert material. 

For cements with a fi~ed rozzolan cont ent,the streng th di fte _ 
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encp. shows a correlation with t4e contribution the pozzolan will 
make to the 8trength of concrete at an age of 0 months or n year . 
The strength difference is not, of course , a measure of the bsolut 
strength for this depends also on the portland cement.L'or a 40 per 
cent pozzolan content,the strength difference for this particular 

• 
'drm of strength test should not be less than about 2000 lb. per 
n . ,and for a 20 per cent content about 1500 lb • 

• 

• 
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The information on the pozzolan deposit was obtained from hall. 
TUrkrnen,ex-director of the r:artal Cement Factor~ l!hemlstry Labor -
tOl·ies.He had done some researcr. on the material tell years ago,an.! 
found it to be suitable,thoush no data of hi.s work was ex' sting • 

• 
No geological survey was made of the deposit, but the material 

was observed at points approximately thrae kilometers apart.~ tl"l.n 
earth layer had covered the pozzolan . The sample was taken 1rom t 

flanks of a small hill,after removl~ a 50 cm. layer which looket1 
weathered . 

The pozzolan is gray in cO.Lor,compacted to a rocK- liJ!;o form W.I 

could easily be broken by a pickaxe • .Jome 100 klg. wa taken nc. 
transrorted to the laboratory. 

!<'lgure VII. shows the locat on of the pozzolan de osl t. 

Chemical ~ ~ Irositlon: 

A C 

the fo 
emical analysis was run in R.C. Chemistry LUDclatories anCl 

owing composi tion was .foun •. 

iO~ •••••.••.•..••.•..• 7. ,% 
AIG03- O~03····· ········j·6% 
Lo~n on Ienitlon •••••••• 7.b% 

~~gO .. •• • •• .. . • .. ••• ot traced 
f S03 ................ Not traced 

• ..•......• • . .0.1% 
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FIG. VII 

LOCATION OF THE OEP051 T 

. ~" 
EGE. 

• AWACIK 

1:2000000 

/ 
( 

) 

kM<lli 
• ni"e 

• 

I 
1:500000 
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'P-:'tl"ol'jl'aphlc AnalY91s: 

A pet.rographl c an&lysi s \<185 made b) the D. S. 1. Iaboratori eo tr­

Ankara.The material was classified as "Andesitic Tuff".Th~ repor 
• reads: 

"rhe Mineralogic 
dorite),btottte and 

The PI~loclases 

cons t1 tuents c,f the ro'ck ere la~l oc:;'as (. a 
hornblende in pheno.crystal form. 

are twinned and show serlz1te.~iotlte an 

T -

or -
blende show cleavage,tmd "'ome parts have been h;ydrated and tur e 

to chloride due to weathering. 

Opaque mineral is scattered in the rock . 

The Main constituents of the sample are plagioclas(partly m C 0-

line),blotlte,hornblende and volcanic glass . 

Some trachite and r yholite fragments are scattered in tho sam 
TIe sample is weathered and has lost its original fo~." 

51'8cltic }}'avlt,y: 

Time of Setl 

Specific Gravity of Pozzolan •••••••• • • • ~.4 
Spe~lflc Gravity of Portland Cernent •••• }. ~ 

4 parts pozzolan I 1 part lime I }.2 parts water (64~ of total 
dry weight) was used. 

Initial set occured at 68 hourI . 
Final set occured at 5 ays. 

• 
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Pozzolanic activi ty test: AS~M C .)40-64 T 

-:.laterials: 1 part lime: 2 parts pozzolun : 9 parts c om -
mercial sand: 2.1 parts water (water: coment ratio IS 

0.71) 

-.procedure: Nolda were not soldered,instead they were 
placed on a glass and were covered with a .glass <over. 
Wr.ter in contslners were placed near the molds.Heavy oi l 

\ 

was used to seal the sid~s of the glass cover.After th~ 
s-pecified period,drying a d shrinkage was observed on t.e 
speci.mens. 

-Resu,lts: Seven day c'~lDpressive strength is 480 psi. 

1.1 me -Pozzolan ::;trelll'jth De "~l .) pment: ASTM C 45':-;:;5 T 

-Materials: 1 part lime I 2 parts pozzolan : 8.22 part_ 
standard sand: 2 parts water (water I cement ratio is 
0.67) 

-Results: -::;even day compressive strength is 500 psi. 
-Seven plus twenty-eight day 
compressive strength is.......... 910 psi. 

--------------
~ 1- Refer to'Appendix A' 01 tIl'. de scription of materials ani lab­

orato ry conai ti ons. Unles t 'rwi se stated the tests were In 

accordig t J the standard Irncedures. 
Data 0i the test resu 1.& ire given in 'Appendix B'. 
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Hydraulic ~trength Devel opment: ASTI<l C 43~-62 T 

1 part pozzolan : ~.74 parts standara sana I 

0.442 parts water (water: cement ratio is 

0.445) 

No str.ength. 

Turkish Standard Tests: 15. 29 

-Materials: 1 part pozzolan : 0.8 parts lime : 1.5 parts 
standard sand: 0.4 parts .water (water: cement ratio is 
0.222) 

-Procedure: The standard procedure was ' followed,except 
that the storage temperature was higher and compaction 
was done by hand.Each specimen was compacted by 150 

I 

blows of a 2 klg. hammer falling through a height of' 
approximately 50 cm. 

-Results: 
7-day 

Tensile Strength,psi ••••• None 
Compressive strength,psi.: None 

28-d.oi.~ 

Negligible 
Notporformed 
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compa~ative Tests with Portland-Pozzolan Cement ,·,ixes 

A. Strength Tests 

1. Portland Cement Heplacement on Weight Basis 

The compressive ana tensile strengths of portland-pozz -
lan mixes,in wh l ch portland cement was replaced by an equiv­
alent weight of pozzolan,were determined. Compression tests 
were run according to ASTl-l C- I09 . Tension tests were run 
according to .ASTf.l C-190 . 1'he same batch wao used in both 
sets,hence the gradiIig of' sand and the cement:aggregate 
ratio did not conform to ASTM C- 190. 

-~laterials : Pozzolan 
Portland Cement 
Comm'ercial Sand 

-Froportioning: 1 part cement : 2 . 75 parts sand: 4b % 
water by weigHt of cement . 

-No1ds: ~-1nch cub~ molds 
8-shaped standard briquettes 

-~torage: One day in humid chamber at 22 :1: 1 °c, the next 
in ~lte~ at 21°C. 6 or 27 days 

One set special curing of one nay in humid 
chamber,6 days in water at 210 C and 4 days in water 
b",th at 50 :t ,doC. The results of this test are referred 
to as the 'accelerated test' . 
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,5","","'0.1'1-1 ".;) TI.N'i&.t. ~"U~6"W (pI;) 

I ... " 
~ 

7- 0,"" 28-0,"" Ac.cAla,.t'" 7·0.,. lUI-o.., 1«1_·4 
0 ~180 2890 ~9LO 187 283 

10 d20 2690 2770 -
40 717 1190 b60 116 159 

50 255~ 125 l.!QO 110 155 ,. 

2. Portland Cement Replacenent on Volume Basis 
i 

.:!4L 

20" 
'.:!(7 

PAGE 4 

This set of tests werp run as the previous set,with tbe 
exceptton that portland CCl!lent was replaceo. by an eq ival nt 
volume of pozzolan.Since tne specilic gravity of portland 
-cement is 1. 33 times that of i·ozzolan , the weight of pozzo­
Ian added is less tnsn the weight of portland cement t ken 
out. 

-Proportionin,g: !'rol'ortiontng of initial batch(straight 
portland cement was; 

1 part cement : ~.77 parts commercial sand : 5~.5. 

water by weight of cement. 

In other batches repla ements were done on a vol­
ume basis ..... ater COl ter.t was kept constant. The resulting 
flows dotermined by drorping the llow- table .!5 tl.mes 1 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK ,ISTANBUL 

15 seconds for different ratios are; 

Straight portland cement •••••••••••••.•• 101 
90% portlAnd csrnpnt 1010 pozzolan........ 80 
70% portland cement po:t..zolan ••..•.• 

-Results: 

AGe. . I 
- I 

, 
I 

I 0 I 2010 ,7')0 280u 312 ) ~ 5 

10 1860 2),,0 2360 312 G97 

I 
5G 

50 1190 1870 2170 166 225 30 

PAGE 
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B. Per~~ability T st 

-Materials: Pozzolan; l.Qanakkale Fozzolan 
2.Kayseri Pozzolan • • (5,pi:.' 

Portland Cement 
Turkish Standard Sand 

. rroportloning: Prorortinning of the initial batch 
(straight 1 ( 11ar dement) was; 1 kart ceraont ; 5 p 

sand: 75 ~ wa~ent 1. eight of cement. 
ReplacernHnts w"1:;e done on volume basi.s.w tel" con­

tent was ept con~ta4t. 

-Molds: 
6 cr.. 

Conical rines 6 cm . 
at the bottom,5 ern. at 

high. Inside 
the top • 

dl meters 

• StorR!,:"': The 81 ec ~e~s were stored ' n lJUmidi ty c 

1"e 

at 22 : loC the first Ga~. ln water at 2loC tho next ,7 
de s,e,d cured tn 'OOC water bath for 4 da~s. 

-1e ttng: Tie peciwens were mounted'on a perm l1it. 
test apl'aratuf; . A head of 8 6tmosplleri c press l'e wa 
applied ,in successive step .A constant pres8ure ot' 8 

atmospheres was applied for 24 hours before measurements 
were taken. The amounts of tlow through the sl,ecimens 

<for a duration of 1 hour were recorded. 
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II. 
( cm( 

straight portland ce me nt ••••••••••••••• , •••••••.• 7 .alO-

70% portland cement 50% Keyseri fozzolan' • •••••• 3. , 1 

70% portland cement 30,t 9anakkale Po?'zolan •••••• 1 .5Jt' 
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A-General and Standard 'lestiM Ilethod. 

The chemical composition ehowed a very high silica and a low 
alumina content compared to the other volcanic tuffs. ti nce we 
are to expect pozzolanic activity , but the rocess will be slow 
due to the stortage of alumina. 

Petrographic analysis shvwed that the materlal is a volcanic 
tuff containing a considerable amount of gla ss . Plagiocl se, bi -
tite and hornblende aee. also present . It was previously indicated 
that petrographic analysis is essenti a l to determine the nature .: 
of the substance and the possible alterations that might have oc- .: 
cured . The sample is weathered and hence altered . Pozzol nic ac­
tivity might have been reduced due to the weathering , but the weat­
hering was not to an extent such that the glassy portion had lost 
its char cteritlcs. Therefor the sample 'undpr investigation will 
closely reveal the behavior of nonwe~thered parts. 

Th specific gravity of the pozzolan i. 2.4 and it f lls witT.­
in the limit. ot the specific gravity ot well known pozzolalls. 

Time of set test showed an initial set at 68 hours which in-
I , 

reaction takes pl~ce to harden th mate-dicates that a pozzolanic , 
ri'al at a moderate rate. 

fozaolanic activity tests gave a.c~~pre88ive strengt of 480 psI 
which 1, less than the specified 600 psi. Three handicaps were 
encountered while running this experiment . The f1rst wa the ~o _ 
position of the lime used,which had 91 . 6~ Cao, highest of the 
three samples which were analysed, but still not comforrning to the 
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standards. The second was the fineness of the pozzolan and the 
lime, which as used was passing No.~OO sieve rather than the s e -
ified No.325. Keeping the specimens' moisture content constant 
dur:ng the experiments was the las t difficult~. Soldering was f oun 
to be inconvinient therefore covering .... as tl'led .... hich was not a s 
effective • 

• 
The test run for pozzolans for lise with l1me gave quite good 

results. All the req~irements except chemical composition of Ii e 
were met. Though he seven day strength was lower than the spe~i­
fied, 8. much high strengtH was obtained at the 1 ter age. Art r 
addi tional 28- ay storage 910 psi strength develo}ed as cornl'a r ec. 
to the specified 600 psi. 

B-Comparativp' Tests 

These tests were run to get an idea of how the pozzolans 
would behave in portland-pozzolan cement mixes. The consistencies 
of the mixes could be kept constant by changing tIle wate:rl celllent 
ratio for each replacement, or the water:cement ratio be kept con­
stant and let the ,consistencies change. The second procedure wa 
adopted and replacements were made both on volume and weight basis. 
Replacement by weight gives rise to bigger, differences in con ist­
ency aa the volume of pozzolan introduced 1s greater than t he ce­
ment taken out. 

It was not possible to run tests for a longer period than ~8 
days, hence an accelerated test was .run. Lea states that the 
~trength of the portland-pozzolan mixes at the age of 7 or 28 days 
is determined entirely by the portland cement present, fOL it is 
only at later ages that '.he pozzolan-lime reaction contributes to 
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to the strength. '1'ha 
cretes cured at 500 e 

trengths of portland - 9zzolan cement con­
are higher than the strengths of the sam 

mixes cured at normal tenperatures . This gain in strength comes 
partly from the portland cement , but mostly from the pozzolan 
constituent. Therefore if concretes containing different percen -
ages of pozzolan are cured at 500 e for four days , the relat! on 
between the strength gain of each mix will be an indication of 
the degree of pozzolanic activity . The strength gain will be 
higher for the mixes containi ng hi gher ,percentages of oZ7.olan. 

1'he results of thE' comparative strength tests are reproCiuccd 
in Fig . s VIII. and II . An examination 01 the curves shows tilt; 

1. The compressive strengths of the mixes decreased 8S 

the per cent replace~ent of pozzolan increased . 

2. The tensile strengt,s of the mixes decreased as 
the per cent replacement of the pozzolan increased , 
but this decrease is less compared to the decree.e 
in compressive str ngtn . 

5. The rate of contribution to strength of ih"! f'ortland 
cement consh tuen t 1. 5 higher than the rate of con­
tribution of the pozzolan . 

\ , 
\ 

4. The strength gain obtained upon heat treatment 1s 
higher' for higher pozzolan containing mixes.There­
fore ' pozzolanic 8C'ttVity is accelerated by heat­
treatment. 

• • 
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The results ot co.parat1ve permeability tests must be i nter-
preted tentatively because only t~o Ipeclmens for each mix w r e 

tested.At 28 days portland cement acquires most of its later age 
propertles.Cu?lhg at sooe was done to accelarate pozzolanlc r ac­
tion.The reault. 8~OW that at 80me later'age ( 6 months to l or 
the use of Kayser! pozzolan as a subatltute will decrease p rme­
ability by So%.The e of ~anakkale Pozzolan a a SUbstitute wil 
not show a considerable Improve~e t. 

iUrl 

ACTIVITY 

, 
Thp result ob t Jlne~ i'rom tie expc r il'lent ~[ow vart ati on • 

wbi::' I,etrogrsphlc ana! ysls,cbemical composition,time 0 set te 

AGT Standard te ts an~ comparative tests lead to the conclusion 
th t the material has pezzolanic characteristics,the Turklsr 5ta 
ard testa reveal ~o pozzolanic activity.The result of tb t 8 S 

performed or. Kayseri Fozzolan also show a similar t ond.b) 

, . Tbe Turk! sb Standards on Pozzolanic l-iaterials have b en adopte 
fro the German Standards with two modificationsl 

. 
1. The 8- 'atreugth re ulrements have been lowered, 

~. '0 requirement i made for the combined water content. 

• 
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The German Standards are prepared for only one kind of pozz e 

lanic mate rial ,namely Trass.Trass is an altered form of volcan ~ 

tUlfs and occurs only in Germany.Rumania and Crimea.(8) Literatu ~ 

on Turkish volcanic tuffs reveal that t.hey are incoherent li ke the 

Italian pozzolans.'fherefore the present standard" are drawn for 
a material which is nonexisting· in Turkey. 

Using the standards drawn for trass creates the following lr 

lems.Th~ fir$t is tee defin~tion of the pozzolanic material.The 
Turkish Standards define poz~olan' as a volcanic tUI'f which can 

combine wi th Hme .In general pozzo] sns are ciefined according to 

the activity they show.Clays.diatomites and shales also show p _ 

zolanic properties ,and are used in many countries as pozzolan~ 

materi als. The Turk1 sh standards defini H on should be changed to 
permit the use of such materials. 

The second problem'arises from the characteristics of tras •• 

Trass Is more reactive to calcium hydroxide due to the zeolitiz _ 

tion process that it 11'l.S undergone.Therefore the strength arId 

properties obtained with trass are higher than those ob ained ~ 

pozzolan.The Turkish Standards require lower d8-da~ strengths,b 

the 7-day ctrengt·h is the ·same as the Gar'na.n otandard .It is '11 

improbable that an incoherent volcani c tuffwll1 aC'lui re early 

age strengths comparable to trass.Rence using the standard" dr£ 

for trass wi 11 rule out the u"e of many pozzolani c materials Will 

inferior ~o it but all the same give reasonable strength and. r 
erties. 
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The res~lts of the tests show that the material 1s a vol­
canic tuff which has pozzolanic activity.The reaction rate is 
slow due to the low alimuna content.It is possible to class1fJ 

it as ' a material having low pozzolanic activity according to the 

ASTi'1 Standards. A 

As the material is slow-reacting , it is not advisable to ust 
it with portland cement in engineering works~Itmight be employe 
regionally t'or tile making or as a soil stabilizing agent in 

highway construction. 

Though the investigatione are limited.better pozzolan depos + 

have been found in Turkey. (5,1} , 16) The need of such material fo 

economic and 
gation has 
of cement. 

technologic reasons are obvious.An extensive invest -
be carried out to make use of this potential source 

The present Turkish Standards will be hindering anJ use of 
pozzolans,because they are prepared for another econ,omy usine a 
different material.~'herefore the Turkish Standards should be wi + -, 
drawn and investigations should be made in such an orderj 

1. Microscopic Examination.Magnification in the order of 

100 will reveal volcanic glass present. 

2. Chemical Analysis 

3. Petrographic Analysts 

4. Time of Set Test 

5. Strength tests for deterwlning pozzolanie activity 
similar to those of Italy. 

II 
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,[hen the I'ozzolanic activit" of the material is ccrfirrned .detai 

tests for its possible tse in lime-pozzolona mortars n ita co -

tribution t to the concrJ.~ .Jr;:,ic rties should be investi~ <>( . 

Turkish 'Standards 0'1 I'oz~01 nie materials should be prerared 

upon the results of a nationwide investlgation. 
t 
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A. Iar oratory Condi tion!'! nd ~:ll.terll:t1 Ulled 

1. teria s: 
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a . Pozzolan : r,anakkale Pozzolan , ground to ras 1<o.lL 
sieve for Turkish Stancard t sts,No . 200 steve for" 
other tests . 

b;: Lime : Commercial slaked li me , dried in an ovon at 
95 50 C, kept in closed contalners . It was eround t 
pass No . 200 ~ieve for lozzolanlc Activity Test,A~ •• 
C 540- 64 T,No . lGO sieve for all other tost . Ja1~ium 

oxide content of the lime is 91 . 6 %. 

c . Portland CemAn : Ze~ tinburnu Fabrikasl,T • ., . lJ ~Q 3:;, • 

Date of productton: 1966 

d . Sand: 1. Ottowa .,ano confol"'lling to AST~, \..-109 
2. · .,u1tank"jU Kumu ' confor!l'lng to T .• }) 
J . Commercial washed !lan'l conformint: to ... .,r. -

2.Arparatullz 

a . Molds: ,~olds conforming to, ;'.,J.II and Turkiah ..,ta • .lard 

b. Humid Chamber: Humid chamber wi th a rela t va ~idity 

of 9o% . Temperature tn the chamber was d ... t Oe . 
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c. Water Bath: Electric water bath equipped with 
stat to keep the required temperature witni~ L ~~C . 

d. Storage Water: Tap water at a constant temrerature of 
~loC. 

e. Compression Testing Device: A proving ring apparatu 
capable of CHr ,tng 14,000 lb. Approximate rate of 
loading was 6000 lb. per minute. Fig. ~. 

Fi e. X. 
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f. Tension TPs;ting .1achine: Joil-Test Tension Testirlt, 

Hachine conforming to the AciTM.Fig.Xr. 

Fig. XI. 
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~ozzolanic Activity ~8t; 1 ua citrength(psi •••• 60- 8 -

~1 e-Pozzolrn Str } ent 
a strength( ui •••• 49 -4 

• Additions ~8 Da. titrength(r 1) •••. 0-3 ~- ) 

• 
FOl't.l§pd-rozzolB" Ii ", P'[ .. ce'l6nt by ""eir: t: 

tCI,lacement , Day '8 Day cccler te 

~ 2I70-2,'OG-.2200 28.20-':900- 95 2f' .;. 95 
Iv 2050- .:11 0 · < Lf'O 260 - 65C- 8 C - I 
)0 56:l- :; - ;I v :-1 - ~?5· u C' .) - - )) 
4, 700- 7 750 11.c,-1l1t - 6 ~ 

5 440- 7 6 r · 70 - - C :> 1 . -

7 ,,",a~ 9 :'8~ ;.cC'elera C' e 

0 Id-184-I ... ~6 -,90-29 ... ~19-"40- 6 
3G 103-10,;- . 0 137-140-140 J. .,- 1-1 
4 110-1 -' 2 145-15:-17~' 9 -1 j- .. 
5(' 99-1l0-' 2 '1 -120-135 'q -1:1 - .z 



cplacement 

o 
10 
JO 

. e .replacemept by volumeJ 

7 Day 

1820~4!050- 150 
lno-1840~19 0 
11~-1l 0-1 le) 

TENS ILlS STREN9THi 

7 Day 
}O'-.n6-J16 
2lJ-<d'~- 66 
15J-18 - -

28 Da, 
"O-J65-'lO 
287·'0 :so5 
215-118-240 

Comparative Permeability T~r 

Preseaze ••••.••••• ti atmospheres 
Time •••.•.•••.•••.• 1 hour 

Amount of wate,r ,Paased,OII} 
Sample ~~~~~r-"~~-~~~~----''-~~-='~'--~ . P.C. 

o. Portland CelllezatJ Kay.ert p. 
1 6.0 1.0 }.S 

1.5 Le,"-'A"u, 
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