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INTRODUCTION -
Pmolml ny be defined u." sillcom or sil
alﬂm materials,which in themselves puuu;lta-
mentitious value but will,in finely di‘idi
ence of Iniltnro,chenically react with caleium
nary ‘&enpcratma to form compou.ndl M"
-ertiqs,'(&} | | &

being used,

Natural pozzolans are clays, opaline mat@r.l.alo and vﬂoﬂi
tuffs.Voleanic tuffs of Kayseri,Murat and Merig hawon Qx’!gﬁ
by Tiirklye (imento Sanayii for some time,(orum Cement Factory is 2
produeing portland-pozzolan cement in the order of 30% replgm
(5,12,13) Quite an extensive research has boon can::hd mi m 1

Most of the literature in Turkish employ the word 2xas dari ed.
from the German "Trass",which defines a speeific pouohntc qn
rial,The general name pozzolan will be used throughout thit )

1

“ Reference numbers are given 1in paranthcait.
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other areas%Use of artifial pozzolans such as fly ash has also
been investigated and recommended.(15)vost of these investiga=
tions are on the strength properties,and very little is known
_about the contribution of t.e materials to concrete properties
such as sulfate resistance,permeadility and heat of nydration.
A detalled,planned iuavestigation is required to make better use
of this potential source of cement.

l.Yarar,(uqf.lj),indicates:mug{herkéz),Konya(uadelik),ﬁaysari
(FelBhiye),Yozgat(Akdagmadeni),hirgenir(Kosker),sivas(Divelk),

Nigde(Gedik)i ),Konya(Halkapinari),Manisa(Soma)
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HisTORY

The use of pozzolans antedates recorded history.Frobably by
chance,thelancients discovered that some volcanic materials when
combined with calcined lime greatly improved the quality of more
'tars.Furthermore these mortars would harden under water as well
as alr.The Greeks employed the volcanic tuff from the Island of
Thera(now. called 5&ntorin,and.sttll exploited as a pozzolan re-
source).The Romans used the red or purple tuff found near the < 3
Bay of Naples.The best variety of this material was obtained from *
the neighbourhood of Fozzolani or Pozzuoli,from where the name
pozzolan 1s derived to designate all mineral matter that show sim-
ilar properties.The Romans were probably the first to use the
volcanic tuff of Rhine,which is known as 'trass',

" The quality of mortars declined during the middle ages,but
§till the Roman mixture of lime and natural or artificial pozzo=
lans reotBined its position as the only suitable material for
works under or exposed to water,Thus Belidor,a principal authoris
ty on hydraulie construction in the 1&th century,recommends the
use of natural pozzojans wherever available,as w:=1l as giving a
method for making an artifi%ﬁ mix.In 1756,.John Smeaton,upon be=
ing called to rebuild the famous lighthouse ou Eidystcne Rock,
made some tests witb‘butch Tarras and lime,and in the end employ=
ed a mortar prepared with hydraulic lime and'pozzolan in equal
guantities, (2) '

~After the development of natursl cements dﬁring the latter
part of the 18th century,and portland cement in the earliy 19th
century,the practice of using pozzolanic cements declined.Al-
though it has been known to engineers that the use of pozzolans
with portland cement impart desirable qualities to mortars and
concrete,engineers have been extremely cautious about the use of
such combinations.(nly in the last score have portland-poszolan
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mixes come into general recognition as effective cementing
rials.

S AND SOME WELL ENCWN DEPOSITS

Pozzolans in general,are classified as natural or artificial.
Artificial pozsolans come from the industrial by-produqts or wastes
and include fly ash,such as is produced in powdered-cocal burning
power plants,powdered brick,burnt oil shale and some slags,iater
quenched blast-furnate slags have cementitious qualities in them- -
selves and therefore fall outside the true pozzolan classificatiom. |

Naturally occurrihg pozzolans may be classified into the three
distinet groups,namely:Volcanic tuffs and pumicite,opalins matexi- |
als,clays and shales,

Voleanic tuffs and pumicite:

Ashes and lavas of identifical mineorological composition,forced
to solidify as a glass by melting and subsequent quenching,acquire
pozzolanlic properties.These can be of rhyolitic,andesitic,phonoll-
tic or basaltic types.It should be noted that crystalliine volcanic ;
ashes do not show pozzolanic action,The action of true natural poZe= ]
zolans is determined by the type of original magmas,and prineipally
the origin history of the p¥ypoclastic material,on which depends the
quantity o1 glassy iraction and its extent of alteration.

The Italian pozzolans ocecur near Vesuvius,Naples and Rome.The
material 1s obtailned irom open pits or quarries.They are pyroclase~
tic,incoherent materials that originated from explosive types of
volecanic eruption.The particles of pulverized magma entrained by

;
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the gases went through a strong guenching process which mude them
rich in glassy substance.This glassy substance is unstable and it
c¢an undergo'zeolitization,which generally enchances pozzolanic ac-
tivity,or alteration towards the clay minerais,which usually re-
duces or dimiwmishes pozzolamic activity.

Compact volcanic tuffs,which are used in the pulverized state
are guite different from the ltalian pozzolans,lhey originate fram
the same pyroclastic mat*ials,but involve a transformation process.
The best known example is the rhenish "trass' obtained by grindines
- the soft tufaceous trachytic(alkali feldspar) rock found in some
parts of Germany.The alteration of the original natural glass has
induced cementation 4f the pyroelastic,incoherent original materie
al,hence caused zeolitization.The final procuct,that is, tuff,is
more reactive to caleium than the original starting materfial,poz-
zolan,(9)

. There are pozzolans of volcanic origin in Japan,which was first
to employ poertland-pozzolan cement,Russia,U,3.A.,Romania,lew Jea~-
land and on the Grecian Island of Santorin,

Upaline materials:

. Upaline materials are amorphous torms of hydrous silica with
three to twelve per cent water,510,°nH C.Among them cherts,which
are siliceous sedimentary rocks,and aiatomaceous earths composed
of the siliceous skeletons of diatoms deposited irom fresh or sea
watér_can be mentioned,

There are deposits in Denmark,California,Canada,Algeria and
Germany . kxcept for the Danish deposits,treafment i3 required to
benefit Irom their pozzolanic character due to the great water re-
gquirement which makes the cementing-value poor.

1 ed A i L;l:.itl
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Clayvs and shales:

ulays'and shales of montmorillonite,kaolinite and illite types
acquire noticable pojzolanic character only upon calcination,The
Romans employed clays as a substitute for volcanic ash pozzolan,
Horasan,the traditional Turkish cement was also made from ovurnt
clays.Burnt clay has been employed as an addition to lime mortars
in India and &gypt,known as Surkhi and Homra respectively, and
used in dam and waterworks,

THE CHMISTRY UF PUZLOLANLC REACELION

The ﬁhemical and physical mechanismé by which pozzolans react
with line are not fully understood as yet.What R,H.Bogue said in
1547,6t11]1 holds today;

. "The chemistry of pozzolans is still not solved...and only when
the chemical action is completely understood will it be possible
to design a 'pozzolan' of ideal composition for any particular pur=
pose,"However the results of continuous research shed some light
on the problem,

Investigation:s have shown that the amorphous silicate reacts
with calcium hydroxide to form a hydrous mono-calcium-silicate,
which,is compound of relatively low solubility.(2,9,11)

510, +H;0 ¢ Ca(0H), 4 nH,0 == Ca0s510,+(n + 2)H,0

Further research with X-Ray Diffraction and Differential Thermal |

Analysis,u.T.A.,have shown a reaction product of calcium-aluminate

)
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hydrate,most probably dtratling'é Compound,EUaO-n1d05-&102~n820(2,9)

Therefore silica and alumina are the main pozzolan constituents
that enter the ypozzolenic reaction with lime.Table 1. shows the
typical chemical composition of some well known natural pozzolans(2)

(2,5)

TABLE 1
Percentage (Composition of Some

Pozzolans \
EL Pozzowran .:5:?. 5i0; | AlO4 Fey Oy !Qo IM'O ::El: 50,
j Rhenish Trass ‘“iatiil54.5?mig:4l“5;éi 5.é?ni:9u? 9.0 ‘0.4
| Santorin Barth 4.9 63.2 1 13.2 4.9! 4.0{ 2.1 | 6.5| 0,7
| Rome: Segni 5.5% 48,2 | 21,9 9.6 | T.5] 342 | 4.1 10,3 )
| Rumanian Trass 13.9 | 62,5 11.6 1.8 6.6 0.7 | 2.9] =
| UsS.A.sPumtcite 3.4 65.7 1 15.9 2.5 3.4{ 1.3 | 6.9 - f
. Burnt clay 1.6{ 58.2 | 18.4 9¢31 343 3.9 | 3.911.1
Diotimite " 8.3| 86,01 2.3 1.8 - (06| 04! - |
| Bayseri Poz, . 2.6 65.1118.6 5.6/5.1{ 1.6 | - | - |

The rate at which a finely divided siliceous material combines
with Ca(OH)a apparently depends on a number of factors,most of
which are not clearly understood.Any siliceous materiszl,regardless
of ite mineral structure or composition,if of sufficiently high'
fineness will combine with ca(OH)d at normal temperatures,though
the rate of combination may be slow for some materials, X.M., Alexs
ander(10) ,working with ultrafine powders(with surface areas up to
140,000 cm2/gr) of various sliceous materials comes to a conclusion

' !
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that ;n upper limit of activity c¢an 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 pozgzolans, '

o)

Generally speaking,however,silica in the amorphous form reacts

with Ca(0H), much more rapidly than does silica in the crystal
forms,and pozzolans high in alumina have a muich 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.Examinaiions‘with D.T.A. have shown the pozzo=
lanic reaction to be,endothermlc.nence,poszolanic reaction is ace
cellerated at high temperatures and retarded at lower ones.

PROPBRIIES OF FULLOLANLPORTLAND CEMsNT  MIXkD

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

liberated during the setting of the portland cement.Calcium hye
droxide which makes 1ittle or no contribution to the strength of

the set cement is thus removed and a lime-pozzolan compound of ce=
mentitious! value is formed.

The original use of pozzolans with portland cement was the im=
proved dufability,combined with some economy obtained in marine
and hydraulic structures,The reduction of heat of hydration pro-
vided another reason,and finally it was found that alkali-aggra=
gate reaction could be prevented with pozzolanie 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.5,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=
;f.ifituttﬂ.Foririasons of economy there is a tendency to use them as
;ﬂ iﬁbIt1¥ntés,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
{;é":ﬁbltanoo is different for every pozzolan,what the properties of
& certain mix will be,can never be predicted unless tests are rum
‘ﬂ;fon the specific materials in use,.But all portland-pozzolan cements
' show a general tendenecy in concrete properties which will be dise

" cussed below. ;
! ’ o

| A. SIHENGTH PROPERTIES

ive Strength '

: The sdhltitution of pozzdlans for portland cement always ree-
ﬁtc's the strength obtained at the early ages,though the ulti=
i?{ﬁ”ﬂ ‘mate strength attained hay be increased.The difference between
3 8 mfgood and indifferent pozzolans is much more marked at long than
;ln short ngea when in any case most of the strength comes from
‘“gxht portland cement constituent.Hence the greater the substitue
.tion the loas is the early age strength.

# Fignrl'l. thows the effect of replacement,tested on 6-12 inch
'fEZ eylindora curod under moist conditions,The values are the aver=
; G ag.s of ttn to twenty types of portland-pozzolan mixes,that is

. burat clays,hence show the gemeral tendency of pozzolans,(l)

-
a
"

s
L
U
A

i 3]

pumicites,diatomaceous shales and earths,volcanic ashes,raw and
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F1G. I
COMPRESSIVE STRENGTHS OF PORTLAND

& PORTLAND - POZZOLAN CEMENTS
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Plg.11 shows the compressive strengths of pozzelanic cement
coneretes,.The tests were run on 4~-inch cubes stored in water at )
20%C.Cement : sand @ agzregate ratio is l:2:4,water 1 cement ratio
is 0.60.,Pozz0lan substitution is 40% on volume basis,(2,pg.381)

FIG. II _
Compressive Strength of. Pozzolanic Cement

Concretes

COMPRESSI_V E STRENGTH

28 90 180 - ool

TIME ( days)
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For the richer mixes,under conditions of moist curing,concretes
containing pozzolans in the order of 20 per cent or more,generally
exhibit a later-age strength which is lower,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 20-30 per cent replacement
reach equal strenght at three months and show higher stremgths at
the age of one year,(8) :

In general,pozzclans contribute more to the 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 substan-
tially exceeds the requirement for straight portland-cement,be- :
cause the strength of portland-cement 1s‘reduced due to the greaterl
water-cement ratio.,But for small replacement percentages,it is pos-
sible to use water-reducing admixtures with pozzolans which have
high water requirements,and obtain significant contributions to
strength,

There is considerable evidence that the pozzolans contribute
more to the strength of high watere-cement ratio concretes than to
that of low cement-ratio ones,Their rate of contribution to
strength is less under sealed conditlonss than under conditions

where moisture may be absorbed by the concretes pozzolanic action
takes place.

It must be concluded that in so far as the cbmpressive strengti
of concretq 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 water roducing agents are used,and the
leaner,harsher mixes,
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2. Tensile Strength

The tensile strength of portland-pozzolan mixes are almost
always higher than straight portland cements,with only a 20%
substitution the tensile strength often equals that of portland
cement at 90 days and exceeds it at later ages,

Figure I1I. shows the effect of replacement tested on bri-
quettes which were cured under moist conditions,The values are
the averages of ten to twenty types of portland-pozzolan mixes,
that is pumiecite,diatomaceous shales and earths,volcanic tuffs,
raw and burnt clays,hence show the generai tendeney of pozzo-

lans,

FIGII

TENSILE STRENGTHS OF PORTLAND & PORTLAND POZZOLAN

CEMENTS
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B. HEAT OF HYDRATION

If pozzolans are used as a substitute,the heat of hydration
is reduced,thdugh not proportional to the degree of substitution
since the pozzolanic reaction is also invnlved;For some pOZZO-
lans it has been observed that the rate of hydration is quite
greater for the mix than for portland cement alone.This is a de-
airable property in mass construction since more heat will be
liberated before the next 1lift is poured.

Heat of hydration at 28 days 18 higher for the more active
pozzolans such as diatomaceous earths and opaline shales than
for the less active ones,that is,pwmecite and volecanie tuffs, ¢
As a rough approximation the percentage of reduction in the
28-day hqat of hydration can be taken as about one half the pnr-
centage Of replacement,(8)

L

A substitution of 20-30% has proven to be enough to lower the
heat of hydration to desired values,

Figure IV, shows the temperature rise of different cements,
The tests were made in adiabatie temperature-controlled curing
rooms with mass concrete containing 1 bbi. of cement per cubic
yard, (1)

FIG. TV
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Coe PRHNEABLLLTY

One of the most important properties of pozzolans,whether
used as additives or as substitutes,is their ablility to reduce
the permeability of the concrete mix.This property is not so
pronounced in early ages,but at later ages particularly under
wet curing conditions it becomes very obvious,

Pozzolans of opaline character are more effective in reducing
the permeability at the early ages than the glassy pozzolans
such as pumicite and fly ash,and the leaner the concrete the
more beneficial is the effegt of pozzolan.For example,a calcie
ned opaline shale used as 25% replacement for al4-saek mix may
reduce permeability by ome half in 28 days,and & 3-sack mix by
three fourths,whereas a glassy pozzolan replacement may show neo
change., (8) ‘

However,the permeabilities of concretes containing replacemental
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 30% replacement of :
a pumicite or fly-ash is to produce a permeability which is only -:J
1/) to 1/5 of the straight mix.Though tests for later ages is not |
ravailable,it is suspected that the permeability of replaced con- |

cretes will continue to decrease for a long period under moist
conditions, : :

i

D, RASISTANCE 10 AGGRESSIVE WATERS (SULFATE RESISTANCE)

Another vexry important character of portland-pozzolan cements
is thelr inecreased resistance to attack by chemical agencies,
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 3,cement:sand
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mortars,one straight portland cetent,the other 60% portland cement

FIG V
FREE LIME CONTENT OF MORTARS

.
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0 ¥ 28’ 180 .
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plus 40% burnt clay.(2)

Lafuma has suggested that the combination between an insoluble
set cément compound in the solid state and a sybstance in solution
always causes expansion,but if the cement compound passes into
solution.roacts,and then precipitates as a solid,no expansion oc~
curs.(2),It is known that the solubility of the hydrated calcium

aluminates increases as the lime percent in solution falls.lience
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 Rio have given a different explanation.They sug-
gest that ettringite, ( 3Ca0-A1203-BCaSO‘-jliiéO,the compound fore
med upon sulfate attack,which causes the swelling)formation is

- 8lowed down because of the higher sulfate concentration is lowered,

These explanations are not the sole reasons to resistance of




-

 THESIS
" ROBERT COLLEGE GRADUATE SCHOOL - PAGE 17
BEBEK , ISTANBUL

. ST —
— ——

v

pozgzolanic cements.wWe may add the increased impermeability and fore
mation of protective silica films over the more vulnerable alumina
compounds,

Accelerated tests for deteimining the sulfate resistance of poz=-
zolanic¢ cements are not avallable,Testing periods in the order of
months do not show behavior of the pozzolanic cements,Feret's tests
on dne part cement to three part sand,have shown burnt gaize and
burnt eclay substitution to be’' more effective than volcanic tuffs,
for long periods,(10-24 years)

Hénce we may conclude that diastomites and opaline materials are
superior to the pozzolans high in glass and that the resistance %o
sulfate action increases as pozzoldn replacement increases,In gen-
eral,a substitution in the order of 30-40% is required to obtain
desirable sulfate resistances, |

E. I-AGGREGATE RBACTION

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 alkall coming
from the cement or other sources.How pozzolans prevent,this is not
clearly understood,though it is suspected that the finely divided
silica #n pozzolanic materials is readily available for reaction
with the alkali ,and most of the deleterious reaction takes place
before the conecrete hardens,thus reducing or eliminating the ex-
cessive expansion, : :

Some of the pozzolans high in opal,when used as 15-20% reﬁlace-
ments prevent excessive expansion even though the cement may be
very high in alkali.The glassy pozzolans are not as effective ,
hence greater replacements are required to achieve the same end,
Some clays,opalines shales and diatomites can be improved to preﬁent
alkali-aggregate reaction by calcinstion.
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F, VOLUME CHANGES

In general portland-pozzolan cement concretes expand slightly
more upnder continuously wet conditions and shrink substantially
more under continuously dry conditions than do straight portland
cement mixes.ihe drying shrinkage is roughly proportional to the
magnitude of replacement.The poz2zolans high in opal show great
drying shrinkages.The pozzolans high in volcanic glass show an
1ntermed1ary trend,

In some cases,though the drying shrinkages are high,portland-
pozzolan mixes show a crack resistance not very different from

straight portland cement.This is not the general case however,and

with the exception of some fly ashes,pozzolans should not be em-
ployed in thin concrete structures subject to continuous drying

conditions,unless precautions against drying shrinkage is taken.(8)

G. WEATHERING RESISTANCE

The weathering resistance,as determined from freezing and thaw-
ing tests is less for portland-pozzolan concretes,The substitution
of pozzolans naturally leads to less air entrainment,If air;enfrain-
ing agents are employed the resistance of portland-pozzolan cements
may be sybstantially increased,sometimes being greater than straight

air-entr&®ining portland cement.

Freezing and thawing tests on concretes moist cured up to four
or five months show resistance, as measured both by losses and change
in léngth,quite near to straight portland cement,though the tests

on 28-day specimens may show poor properties,

Therefore,if air is entrained,and the concrete protected long
enough for the pozzolanic reaction to take place,no adverse af:oeta

of weathering wili be seen,
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H, OILEHK PROFERTIES

1} The creep of concrete in both tension and compression is
grehter when pozzolans are employed.Other things being e-
qual,the larger the percentage replaced,the higher is tue
creep, :

2, The substitution of pozzolans generally improves the work-
ability of the mixes, |

3« Use of pozzolans in the order of two percent may prevent
segregation of the concrete,(8)

I. LOWER COSITS

Pozzolans are much cheaper to obtain than portland cement,Save
the clays and some shales which usuélly need calcination,most + .
pozzolans require only grinding the material which generally cone
sists of loosely bound small particles.Hence great economy can
be ﬁchievad through pozzolan substitution.In a project in the
U.S.4,,% 1,976,250 were saved on pozzolan substitution,for which
the pozazolan was delivered well over 1000 miles distance,.(l)
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FPROPERTIES OF LIME-POZZOLAN
MORTARS

Lime-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 dqurability and strength carrying properties.,
Today lime-pozzolan mortars enjoy a good reputation in Europe pare~
tiecularly in Italy,for sea-wdter work.

The traditional mortar is one volume slaked lime putty to two
volumes unground pozzolan and three to four volumes oi aggregate,
but there is a tendency to use one to three limespozzolan ratio
while holding the cement:aggregate ratio one to two, (2) The rate ;
of hardening is slow,but it can be increased by grinding 15-40%
of the pozzolan to cement fineness,or adding some portland cement
to the mix,.wWwith 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 tempers
atures,

‘ High calecium limqa are normally used in lime-pozzolan mixes,
though the use of hydraulic limes is also possible.The strength
developed varies with the lime:pozzolan ratio as well as the
Other 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 ace
tive substance in the pozzolan and calcium hydroxide in the lime
putty is of main importance.A general tendency has been observed
that higher early strengths are obtalned with a low lime:pozzolan
ratio such as l:4,and higher later age strengths are obtained
with higher lime:pozzolan ratios such as 1: 5 ox At

Feret has obtained copresive strengths of 1640 psi and 1850 psi
for German Trass and Roman Pozzolan respectively at the age of one
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year for plastic mortars containing l:J cement:aggregate ratio. o
in which the lime:pozzolan ratic is approximately 1:3.(2)

The 8x4 inch cylinder strengths of lime-pozzolan mortars of
two-inch slump are given below,Fig, 6. The specimens were stored
in water at 18°C after an initial storage of 14 days in moist air,
Cement:sand:gravel ratio is 1:1,58¢2.67 by weight.(2)

FIG. VI

COMPRESSIVE STRENGTHS OF LIME-POZZOLAN MORTARS
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small additions of gypsum,l-3%,to the lime-pozzolan mix some=
times has a favorable effect on the strength at early ages,but the
effect is erratic and can not be predicted.In Italy larger percent-
ages such as 5% have been employed,and are stated to accellerate
setting and hardening of volcanic Esh pozzolans and give a high
reslstance to attack by sea-water,(2)

Iime-pozzolan mortars attain much higher ultimate strength when
_eured in water than air,though the|initial effect 1s normally the
‘reverse.As a rulé,a long period of\moist curing is essential to the
. development of hicher strengths,a
~effects,

rapid drying has most injurious

Pozgolanie reaction also the forks the basis of s0il staviliza-
‘tion with lime,lime,usuvally in the rcentages of 5-12,is added
to eclay type pozzolans such as montmprillonite and kaolinite , For
economic considerations clays are no| calcined to obtain higher
strength properties,
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PART II !

EVALUATION 0OF rUZ40LANS

Scientists have been working on methods to determine the poz-
zolanic characteristics of materials over a hundred years,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: '

l.Pozzolanic materials as found ,have different chemical compo=

tion as can be seen from table 1,different histories,and
hence different amounts of active substance that plays part
in pozzolanic reaction.

2,Pozzolans having no cementitious value themselves,must be
tested with lime or portlanda-cement to demonstirate their ce-
menting gqualities.The pitfalls involved in trying to use com-
mercial lime or portland-cement as a reagent in a standardized
test procedure are obvious.

¥
:

J.5ince pozzolans 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 difficulties,investigators have
not been easily discouraged;methods have been developed,and nation-
al standards have been accepted,even though they may be very dife
ferent from each other.
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A.Tests on Fozzolan 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 activity.This arises because
there is no indication of the amount of the more active amorphous
substance.The results of chemical composition can be used tenta-
tively by comparison with other known pozzolans,

Lime Absogggion'Zest:

‘ [

The oldest test for pozsolﬁnl is the one proposed by Vicat in
1837,in which the rate of absorption of lime from a calcium hye
droxide solution is measured.This test both in its original and

modified forms has some limited value for distinguishing between
active and inert materials,but affords no adequate guide to the
value of a pozzolan in use.A correlation between the lime absorbed
and the strength of portlamd-pozzolan cement mortar cubes has been
shown for 90-Day testing.Reference 8,page 113 can be consulted

for the details of a method used by the U.,5.B,.H.

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, the
mineralogie composition,petrographic identity and the particle
size distribution may be established,and by this means,the constit-
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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Microscopic&l study is particularly useful for pozzolans contain-
ing amorphous materials,such as opal and veolcanic glass,wWeathering
and alteration,factors which affect the chemical activity of poz-

zolans,are recognizable when the materials are examined petrograph- |
ically.

Pozzolans of volecanic origin hardly benefit from calecination,
whereas clays of kaolinite and montmorillonite groups are activated
by calcination in the temperature range of 900-1800'F.Thergfore
petrographic study serves as a guide to expected behavior upon cal-
cination,

Petrographic analysis,coupled with X-Ray diffraction,is alsc a
usef@l technique for evaluating the effectiveness of pozzolans in
controlling alkali-aggregate reaction.

Petrographic investigation'requlres expensive equipment and a

‘gkilled petrographer experienced in the study of pozzolanic mate-
rials,

B.Iests on Fozgolanwlime Mixtures:

Time of Set Test:(8)

This test is conducted by preparing a paste of pozzolan and a
commercial grade of hydrated lime in the ratio of 4 to 1 by welght,
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 small cylindrical glass Jar,covered with a layer
of saturated lime water,which is in turn covered with & film of
karosene or transparent oil in order.to prevent ingress of carbon
monoxide from the atmosphere and any excessive eVaporation.A 1n-
termittent time intervals,the paste is tested by means of the
standard Vicat needle to determine when initial and final set ocours
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Initial test is considered to have occured when the needle is re-
tarded 35mm. from the upper surface of the paste in 30 seconds..

when;the needle shows no appreciable indentation on the specimen

surfac;,the final set is considered to have occured,

The degree of rapidity of both the initial and final set is taken

a4s & measure of the activity of the particular material under in-
veatlgation.On the average,active pozzolans will show an initial
sdt in less than 50 hours,and a final set in less than 100 hours,
.Whereas 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 between various pozzolans, It is
of value only in differentiating, gqualitatively,the efficiency of
different materials,

‘Sompressive and Tensile Strength Tests:

- Compression and tension tests of sand mortars are the methods
most commanly accepted universally for evaluating the efficiencies
of natural or artificial pouzolana

1. Egtional Standards

Each country has its own method according to the character of
the most abundant type of poszolan and the climatic and industri-
al conditions.Some of the typical test requirement and methoas:
are given below:

¥.5.A,¢

A.5.T.M, makes a distinetion between pozzolans used with
lime and pozzolans used with portland cement yand gives dife
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 portland cement (ASTM C 340-64 T)

. In addition to the requirements of the portiland-pozzolan
cement,the standard asks for the the pezzolanic activity

of the material to be confirmed by the "Pozzolanic Activity
Test'.

1Standard Materials:

Pozzolan: Percentage retalned when wet sieved
on & No3325 (44, ).sleve..c..cveve. max, 128

Lime (ASTM C-6): The chemical composition
should be such that;
Calcium and magnesium oxides,...... min, 95%
BaYPON  BIOXEAOL L s as e co v oioesisbmis s DR UGN
Nagnesium oxide....cvscecscensssess AKX, 5%

Percentage retained on No:325 sieve max, 5%

Sand (ASTM C-109):' Natural silica sand from
Ottowa,graded as;

Sieve No, % Retained

100 98+ 2
50 722
- 20 2s2
‘ 16 None

-Proportioning: 1 part lime ¢ 2§ parts pozzolan,where N
is a factor obtained by dividing the specific gravity'
of pozzolam by the specific gravity of lime : 9 parts
sand : water to give a flow of 110% 5,.(Flow table drope
ped 25 times in 15 seconds)
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=Moldss Cylindrical molds 2 in, in diameter,4 in, high, 5

-3torage: Molds are sealed by soldering or some other
means and the specimens are kept in the molds at 25
1.79C the first day,at 55+ 1,7°C the next six days,
and cooled to 23 1.7°C before testing,

~Requirement: Pozzolanic stremgth at 7 days.....min, 600 psei

b, Pozzolans for Use with Lime (ASTH C 432-65 T)

This speeification aske for two different tests to be run.
One test is to determine pozzolanic activity,whereas the other |
ascertains that the material does not posses cementitious pro-|
perties in itself, ‘

1. Lime-Pozzolan Strength Deve lopment

=Standard Materials:

Pozzolan: Moisture content....eeeesss. max, 10%
: Loss on 1gnitionessesseessss max, 10k
Amount retained when wet
sleved ‘op,,« No.30 sleve.,.. max, 2Zp

No.200 sieve,,, max, 10%

Lime: Shall be the same as that to be
used on the job,or contain)(ASTM C-207)

Calcium and magresium oxides,...cc.eees min, 95%
Carbon dioxide.ct.‘.oooonooro.a,oo-....t m. 5*

Percenthge retained on No,30 sleve,..,. max,0.5%

Sand: Natural silica sand from Ottowa,
graded as previously noted,ASTM C-109.
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Proportioning: 1 part lime 3 2 parts pozzolan

8.22 parts sand : water to give a flow of
70t 5.(Dropped 10 times in 6 seconds)

Molds: 2 inch cube molds,

Staragéz Specimens are placed in a closed vapor
oven at 55 ¢1,7°C upon preparation,and left te
stay there two days.They are removed from the
molds and kept in water at 55%1,7°C for the
next five days,and in a moist room of 95-100%
relative humidity for the next 28 days.

o

Requirement:- Compressive strangth‘

After 7 days at 55£ 1.7%C .. veres. min. 600 psi
After additional 28 dayS..eeveee... min, 600 psi

' 2, Hydraulic Strength ULevelopment

Test as the previous except that for proportion=
ing use 1 part pozzolan t 2.74 parts sand,

Requirement: Compressive strength;

After 7 days at 55+ 1.7%Cueecce.., max, 100 psi
After additional 28 dayS....cev..., max, 150 psi

1f specimens too weak for removal from the molds
at 48 hours,no further testing is required and the
strength is reported as 'no strength“.




il THESIS |
ROBERT COLLEGE GRADUATE SCHOOL \ PAGE 30
BEBEK , ISTANBUL ;

GERMANY (2,5,16)

Standard Materials:

Trass: Percentage retained onm a 0.18 mm
' sieve(No.90C of the German Standards
corresponding to No.80 of the ASTM)
. sensesvsenss MAKSHIES

Bonmbined WALOF. cocbseebineesssnisen Ml

Lime: The source and the manner of its hydration is
specified,limestone,contalning a minimum of 935.5%
Caco3 s Will be burnt at 900°C minimum temperature,
The better portions will slaked and kept sealed,
Prior to usage,lime will be hydrated at 90-95°C, and

. ground to pass a 0.18 mm sleve,

Proportioning: 0.8 parts lime : 1 part trass : 1,5 parts §
sand : 16-17.5 % of the total dry mix of water.(2) {
This gives a dry mix and a Boehme Hammer Machine is &
employed to compact the specimens,

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

Requirement:
1 _Day 28 Day
) . Temsile Strength,pst i 71 228

Compressive Strength,psi 640 1990

24T ke
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ITALY (2)

Standard Materials:

Pozzolan:

Lime:

The pozzalan should be of such fineness
that it pass a 3mm sieve.This siew is
approximately equivalent to No,7 of the
ASTM .,

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

Proportioning: 1 part Lime : 3 parts pozzolan : Water

Storage:

to give a consistence such the mix will
agglomerate under hand pressure,

The specimens are kept in moist air at 15-20%

for the first seven days,and in water at the same tem-

perature

Requirement:

for the next 21 days,

28=-day Tensile Strength,psi.......T1
Z8=day Compressive Strength,psi..355
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TURKEY= T,S,25=26-27=28=29

In the Turkish Standards pozzolans are defined as;

* ‘From the view point of building tecnique,tras is a
volcanic tuff which,in finely divided form can strengthen
in air or water when combined with slaked lime.'

The standards follow the procedure of the German Stande
ards,except that there is no mentioh of the combined water
and the strength requirements are lowered asj

I Dbay 28 Day
Tensile Strength,psi 71 199
Compre ssive strength,psi 640 1280

2. Accellerated Test for Research Purposes (2)

Lea proposes an accellerated test for determining the later
age strengths of pozzolans,In this test 1:2:9 1lime : pozzolan @
standard sand briguettes are cured in moist air at 18°Cc for seven
days,then immersed in water in a containeriwhich can reach 50%¢
within 1,5 hours.The briquettes are kept at 50°C for 46 or 94 hours
and placed in water at 18°C for two hours prior to testing.Both of
‘these curing treatments give strengths that show a fair correlae
tion with the strength developed at 90 days at normal temperatures,

but the 94 hWour curing gives the better correlation with the
strength at 180 days.
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Table II. shows the tensile strengths of 1:2:9 hydrated lime 3
pozzolan : standard sand plastic mortars. ( 2,pg 389)

TENSILE STRENGTH (psi)

| % warg
‘ "™ SvTomen AT 1B8C CumED AT 50°C
PozzoLan MorTag

-0 | 28-0 |90-0| -0 |280| 80D
Good Burnt Clay 1%.5 173 | 294 | 414 | 445 |[404 | 405
Good Burnt Clay | 13.5 | 173 | 294 | 414 | 445 |404 | 405
Good Burnt Clay 15.1 5T | 164 | 300 | 312 |313 | 355
Foor Burnt Clay 5.5 34| 67| 119|143 | 66| 91
Good Burnt Shale | 14.1 411 105 | 303 | 351 |204 | 395

Trass 3357 92| 184 | 257 | 275 (285 | 317
Bacoli(Naples) 12.8 56 | 122 | 300 | 300 |<269 | 515
santorin Earth 13.0 o| 63| 284|361 |18} ] 283
Burnt Brick: 12,8 0 £1 681233 | 371 147

> : o
lLoanger periods of curing at 50C,or euring at loooc,are not sult-
able,since relatively inert materials then develop strength,
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3. Tests on Portland-Pozzolan Cements:

Most of the tests on portland-pozgzolan cements are aimed at
finding a correlation between the strength and the Ca(OH‘).2 content
of the mix,Among them we can mention me thods for determining insol-
uble residue and uncombined lime,resistance to leaching and lime
solubility.(8)

§eal<,pg.393)has proposed an accelerated test based on strength
property.The method takes advantage of the difference between the
acceleration of hardenlng of portland cement and pozzolanic cements
when cured at 50°.At ages up to T days the pozzalan contributos
ivery little to strength at ordinary temperatures,but at 50° 1t makes|
a substantial contribution depending in magnitude on the proportion |
and activity of the pozzolan present,This increase in strength from'v
the pozzolan is considerably greiter than any change in the porte

land cement strength between the two conditions so that the differ- |

ence between the strengths developed at 189 and 50° affords a nnas-_i
ure of the value of the pozzolan present.Either tensile or compres- |
sive tests can be made,using a 113 cement:standard sand mortar of
a standard plastic consistence or at a fixed water:cement ratio of
U:140.0ne set of apecimens(6 for tensile briquettes,3 for vibrated
mortar cubes)is cured at 18° for 7 days(l day moist air,6 days wa-
ter)and another set for 1 day In moist air and 4 days in water at

157 ,then 46 hours in water at 50°,followed by a final 2 hours in
water at 18°,

The strength difference increases.with the proportion of pozzo-‘

lan and is considerably greater for good pozzolans than for a poor
one or an inert material.

For cements with a fixed pozzolan content,the strength differe-
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ence shows a correlation with tne econtribution the pozzolan will
make to the strength of concrete at an age of © months or a year,

- The strength difference is not,of course, a measure of the absolute
strength for this depends also on the portland cement,For a 40 per
cent pozzolan content,the strength difference for this particular
form of strength test should not be less than about 2000 1lb. per ag,
in.,,and for a 20 per cent content about 1500 lb,
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PULLOLAN OF EANAMLAM:. J

General Information:

]

The information on the pozzolan deposit was obtained from Hallm
Tiirkmen,ex=director of the rKartal Cement Factory Chemistry Labora=
tories.ie had done some research on the material ten years ago,and
found 1t to be suitable,though no data of his work was existing.

No geological survey was made of the deposit,but the material
was observed at points approximately three kilometers apart.i thin
earth layer had covered the pozzolan.The sample was taken from the

flanks of a small hill,after removing a 50 em. layer which loocked
weathered, _

The pozzolan is gray in color,compacted to a rock-like form which
could easily be broken by a pickaxe,Some 100 klg. was taken and
transported to the laboratory.

Figure VII. shows the locatlon of the pozzolan deposit,

Lhemical Composition:

A cq:micai analysis was run in R,C. Chemistry Laboratories and

the foMowing composition was found. .

Biod.....l..l.. 0000000.87.2';::7 Mgo.......'-.‘.'.:\l'ot tra(-.ed
' - 5% '

hld.oj redcj......--o-...j.t)/o 803........_.....}]01; trac@d
Los

6 on Tgnitiof.e.,ceersT b% ca0 e s 0. TP

k-‘o--al-.onoo-




THESIS

ROBERT COLLEGE GRADUATE SCHOOL

BEBEK , ISTANBUL
FIG. VI
LOCATION. OF THE DEPOSIT
S
CAN
-] w
EGE - )
5 ‘mir BALIKESIR
MipiLL!
1:2 000 000
Kimburua oba
e o Rualdy
aEYikL
© EZINE
Tusda, B //® Daly sy o
o AYVALK b
1:500 000 :
.:'l.‘L




THESIS
ROBERT COLLEGE GRADUATE SCHOOL PAGE 25
BEBEK , ISTANBUL

——

Petrographic Analvsis:

A petrographic analysis was made by the D,5.1. Laboratories in
Ankara,The material was classified as "Andesitic Tuff".The report
reads:

"The mineralogic constituents of the rock are plagioclas(lLabro-
dorite),biotite and hornblende in phenc€rystal form. v

The plagioclases are twinned and show serizite.Riotite and horn-

blende show eleavage,and some parts have been hydrated and turned
to chloride dune to weathering,

i

Opéque mineral is scattered in the rock.

The maln constituents of the sample are plagioclas(partly micro= g
line),biotite,hornblende and volcanic glass,

Some trachite and ryholite fragmenis are scattered in the sample,
The sample is weathered and has lost its original form," !

Specific Gravity:

Specific Gravity of Po220la8N....eceve0ed.4
Specific Gravity of Portland Cement...«Jje<

Time of Sets

4 parts pozzolan : 1 part lime 3 3.2 parts water (64% of total
dry weight) was used,

Initial set occured at 68 hours.
Final set occured at 5 days,
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Standard Testss

1- Refer to'Appendix A' for the description of materials and lab-

oratory conditions.Unless otherwise stated the tests were run

according to the standard procedures, g
Data o‘ the test resu!ls are given in 'Appendix B',

Pozzolanic activity test: ASWUM C 340-64 T

-Materials: 1 part lime ¢ 2 parts pozzolan : 9 parts com=
mercial sand : 2.1 parts water (water : cement ratio is
0.71)

-Procedures: Molds were not soldered,instead they were
placed on a glass and were covered with a glass cover,
Ngter in containers were placed near the molds,Heavy oil
was used to seal the sides of the glass cover.After the
specified period,drying and shrinkage was cbserved on thﬁ
specimens,

-Resultss Seven day compressive strength is 480 psi,

Lime-Pozzolan Strength Development: M C 432-65 T

-Materials: l part 1ime : 2 parts pozzolan 3 B.22 parts
standard sand : 2 parts water (water : cement ratio is
0+67) :

~Results: =peven day compressive strength is 500 psi,

-S5even plus twenty-eight day
compressive strength is...0c0.00. 910 psi,
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Hydraulic Strength Development: ASTM C 432-65 T

¥
R —

-Materiats: 1 part pozzolan : 2,74 parts standard sand : |}
0.445 parts water (water : cement ratio is _m

0.445) |

|

—He%ults: No strength, : g

Turkish Standard Tests: 15, 29

-Materials: 1 part pozzolan : 0.8 parts lime t 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 speclmen was compacted by 150

blows of a 2 klg. hammer falling through a helght of
approximately jO cm, y

-Results:
I-day . 28-day
Tensile Strength,psi ,.... None Negligible
Compressive strength,psi,. None Not performed
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Comparative Tests with Portland-Pozzolan Cement Mixes

A. Streggth Tests

1, Portland Cement Replacement on Weight Basis

The compressive and tensile strengths of portland-pozzo-
lan mixes,in which portland cement was replaced by an equ1V- 
alent weight of pozzolan,were determined,Compression testis ;
were run according to ASTM C-109.Tension tests were mun i
according to ASTM C-190.The same batch was used in both
sets,hence the grading of sand and the cement:aggregate
ratio did not econform to ASTM C-190,

~Materials : Pozzolan
Portland Cement
Commercial Sand

-Proportionihg: 1l part cement : 2,75 parts sand : 46 % .
water by weignt of cement, :

~Moldss 2-ineh cube molds
Be-shaped standard briquettes

-S5torage: One day in humid chamber at 221 loc,the next
6 or 27 days in water at 21°¢.

One set special curing of one day in humid
chamber,6 days in water at 21°C and 4 days in water
bath at 50% 2°C,The results of this test are referred
to as the ‘'accelerated test',
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~Hesults:

——

e f Compressive steecT (rui) | Tewsia svemwers (sai)
& 7Day | 28-00 Acdereted | 7.0y | 28-0a |Aceshned
]( 0 | 2180 | 2890 | 2920. | 187 | 283 | 242
| 10 | 2120 | 2690 | 2770 i i -0
! 40 717 t 1190 1660 116 159 202
| 50 |- 955 | “¥R$°| 2200 | A9 | 233 | @OT|

[

g, Portland Cement Replaceument on Volume Basis

: This set of tests were run as the previous set,with the
exception that portland cement was replaced by an equivalent
volume of pozzolan.,Since the specifie gravity of portland
cvement is 1,33 times that of pozzolan,the weight of pozzo~
lan added is less than the weight of portland cement 'taken
out.

-Proportioning: Proportioning of initial batch(straight
portland cement was;

1 part cement : 2,75 parts commercial sand : 50.5%
water by welght of cement,

In other batches replacements were done on a vol=-
ume basis.Water content was kept constant.The resulting
flows determined by dropping the flow-table 25 times in
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15 seconds for different ratios are,

Mix §1ow

Straight portland cement seseececsvesssss 107
90% portland cement 10% po220l8N........ 80,
70% portland cement 3U% pozzolal ....... 62

'

=Hesults:

M 4 :
: :\}'f' COMPESSINE STRENGTH (psi) I Tenslhe svaenaTH (psi)

;_ 7-0Aav ' u-m: ."A Acc. | 7-Oavy | 28-pay 7 Ace.
15 o | 2010 | 2750 | 2800 | 312 | 355 J 541
10 '| 1860 | 2300 || 2360 | 312 | 297 | 320
|30 | 1190 | 1870 | 2170 | 166 | 225 | 303
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B, Permeability Test
-Materials: Pozzolan; 1l.Canakkale Pozzolan

2.Kkayseri Pozzolan 'H' (5,pg.13)
Portland Cement
Turkish Standard Sand i

Proportioning: Proportioning of the initial batch
(straight portland cement) was; 1 part cement t 5 parts
sand : 75 % wahkent{ by weight of cement.

Replacements were done on volume basis wWater con-
tent was kept constant,

-Moldss Conical rings 6 em, high,Inside diameters are
6 em, at the bottom,5 cm, at the top.

-S5torage: The specimens were stored in humidity chahbe:
at 222 1°C the first day,in water at 21°C the next 27
days,and cured in 50°C water bath for 4 days.

~Testing: The specimens were mounted on a permeabllity
test apparatus.A head of 8 atmospheric pressure was
applied in successive steps.A constant pressure of 8 _
atmospheres was applied for 24 hours before meaaurements:{;
were taken,The amounts of flow through the specimens
for a duration of 1 hour were recorded,
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-Results:

K

Straight portland c@ment.....................;...IT.axlo-b
&

70% portland cement 30% Kayseri Foz20lan'h'...ses3+2,10

-

70% portland cement 30% Canakkale Pozzolan......ll.5x10
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INEEAPRETATION OF Tihik HESULTS AND TL0T MuTaObo

A=General and Standard Testing Methods

The chemical composition showed a very high silica and a low
alumina content compared to the other voleanic tuffs, lence we
are to expect pozzolanic activity, but the process will be slow
due to the shortage of alumina,

Petrographic analysis showed that the material is a volecanie
tuff containing a considerable amount of glass., Plagioclase, blo=-
tite and hornblende dee also present, It was previously indicated
that petrographic analysis is essential to determine the nature
of the substance and the possible alterations that might have oce
cured. The sample is weathered and hence altered. Pozzolanic ace
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 characteritics, Therefors the sample under investigatiom vill
closely reveal the behavior of nonweathered parts,

The specific gravity of the pozszolan i&s 2.4 and it falls with-
in the limits of the specific gravity of well known pozzolans,

Time of set test shdwed,an initial set at 68 hours which ine-
dicates that a pozzolanic reaction takes place to harden the mate-
rial at a moderate rate,

Fozzolanic activity tests gave a ecmppressive strength of 480 psi] §
whieh . 1s less than the specified 600 psi. Three handicaps were j
encountered while running this experiment, The first was the com=
position of the lime used, which had 91,.6% Ca0, highest of the
three samples which were analysed, but still not comforming to the
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standards., The second was the fineness of the pozzolan and the
lime, which as used was passing No,200 sieve rather than the spee=
ified No.325. Keeping the specimens' moisture content constant
during the experimenis was the last difficulty. Soldering was found
to be inconvinient therefore covering was tried which was not as

effective,
' J
The test run for pozzolans for nse with lime gave quite good

results, All the requiremenis except chemical compositicn of lime
were met, Though the seven day étrength was lower than the specie
fied, a much highsr strength was obtained at the later ége. After
additional 28eday storage 910 psi strength developed as compared

to the specified 600 psi.

!

ﬂ-gggnargtive'mgogs

These tests were run to get an idea of how the pozzolans
would behave in portland-pozzolan cement mixes, The consistencles
of the mixes could be kept constant by changing the watericement
ratio for each replacement, or the water:cement ratio be kept con=
stant and let the consistencies change, The second procedure was
adopted and replacements were made both on volume and weight basis,
Replacement by weight gives rise to biggar-differences in consist-
ency as the volume of pozzolan intreduced is greater than the ce=
ment taken out,

It was not possible to run tests for a longer period than 28
days, hence an accelerated test was run, Lea states that the
strength of the portland-pozzolan mixes at the age of 7 or 28 days
is determined entirely by the portland cement present, for it is
only at later ages that the pozzolan-lime reaction contributes to

|

P
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to the strength.The strengths of portland-pozzolan cement con=
cretes cured at 50°C are higher than the strengths of the same
mixes cured at normal temperatures,This gain in strength comes
partly from the portland cement,but mostly from the pozzolan
constituent.Therefore if concretes containing different percent-
ages of pozzolan are cured at 50°C for four days,the relation
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 containing higher percentages of pozzolan,

The results of the comparative strength tests are reproduced
in Fig.s VIII, and IX.An examination of the curves shows that;

1. The compressive strengths of the mixes decreased as
the per cent replacement of pozzolan increased,

2. The tensile strengths of the mixes decreased as
the per cent replacement of the pozzolan increased,
but this decrease is less compared to the decrease
in compressive strength,

5« The rate of contribution to strength of the portland
cement constituent is higher than the rate of con-
tribution of the pozzolan,

4. The ;trength zain obtained upon heat treatment is
higher for higher pozzolan containing mixes,There=-
fore pozzolanie activity is accelerated by heat=
treatment.
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The results of comparative permeabllity tests must be inter-
preted tentatively btecause only two specimens for each mix were
tested . At 28 days portland cement acquires most of its later age
properties,Curing at So°b was done to accelarate pozzolanic reac-
tion.The results show that at some later age ( & months to 1 year)
the use of Kayséri‘Pozzblan as a substitute will decrease perme=-
abllity by 80%.The wse of Canakkale Pozzolan as a substitute will
not show a considerable improvemepnt.

DIloCUSo lON u¥ THE TESY MuTHUDS FOR Dﬁ%_&“‘lal‘luﬁ

M z"r 1 m

The results obtaineg from the experiments show variations,
while petrographic analysis,chemical composition,time of set test,
ASTM Standard tests and comparétive;tests lead to the conclusion _
that the material has pczzolanie characteristics,the Turkish Stand-:'t
ard tests reveal no pozzolanic activity.The results of the tests
performed on Kayseri Pozzolan also show a similar trend,(5)

' The Turkish Standards on Pozzolanic Materials have been adopted
from the German Standards with two modifications:

1., The 28-day strength requlremepts'have been lowered,

2. lo requirement is made for the combined water content,
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The German Standards are prepared for only one kind of pozzo-
lanic material namely Trass.Trass is an altered form of volcanig
turfs and occurs only in Germany,Rumania and Crimea.(8) Iiterature
on Turkish voleanic tuffs reveal that they are incoherent like the
Italian pozzolans,Therefore the present standards are drawn for
a material whieh is nonexisting in Turkey,

Using the standards drawn for trass creates the following prob=-
lems.The first is toe definition of the pozzolanic material,The
Turkish Standards define pozzclan'as & volecanic tuff which can
combine with lime,In general pozzolans are defined according to
the activity they show,Clays,diatomites and shales also show poz=
zolanic properties ,and are used in many countries as pozzolanic
materials,The Turkish Standards definition sheuld be changed to
permit the use of such materials. :

The second problem:arises from the characteristics of trass,
Trass is more reactive to calcium hydroxide due to the zeolitizae
tion process that it has undergone.@hcrafora the strength and
'propertiea obtained with trass are higher than those obtained with
pozzolan,The Turkish Standards require lower 28-day strengihs,but
the 7-day strength is the same as the German Standards,.It is quite
improbable that an incoherent voleanic tuff will acquire early
age strengths comparable to trass.Hence using the standards drawn
for trass will rule out the use of many pozzolanic materials which .
inferior 4o it but all the same give reasonable strength and prop-
erties.
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The results of the tests show that the material is a vol-
canie tuff which has pozzolanic activity.The reaction rate is
slow due to the low alimuna content.It is possible to classify
it as a material having low pozzolanic activity according to the
ASTM Standards.,. \

As the material is slow-reacting,it is not advisable to use
it with portland cement in engimeering works.It might be employed
regionally for tile making or as a soll stabilizing sgent in
highway construction.

Though the investigations are liﬁitl&,better pozzolan -deposits
have been found in Turkey.(5, 13,15) The need of such material for
economic and technologic reasons are obvious.An extensive investi=-
gation has ¥ ve carried out to uako—uae of this potential source
of cement, — - ”

The present Turkish Standarda‘villfbe’hinderlng any use of
pozzolans,because they are pfopared-fqr'another economy using a
different matér}al.Therefore.the Turkish Standards should be withe
drawn and investigations should,ba made in such an order;

1. Microscopie Examination.ﬂagnification in the order ar
100 will reveal voleanic glass present,
« Chemiecal Analysis
. Petrographic Analysis
4, Time of Set Test |
5., Gtrength tests for doi@f@jning'pozzolanic aétivity
similar to those of ItalfQ J

oo
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confirmed,detailed}
possible use in lime-pozzolona mortars and its cons

tributicm.to the conerete prorerties should be investigated,

when the pozzolamic activity of the material is
tests for its

Turkish Standards on pozzolanic materials should be prepared

upon the results of a nationwide investigation,

}
]
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APPENU LA

A. Laboratory Conditions and Materials Used

l. Materials:

a, Pozzolan: (Canakkale Pozzolan,ground to pass No,1l0C
sieve for Turkish Standard tests,Ne.200 sieve for all
other tests,

by Lime: Commercial slaked lime,dried in an oven at
95 _5°C,kept in eclosed containers,It was ground to
pass No.200 sieve for Pozzolanic Activity Test,ASTH
C 340-64 T,NO.IDO sleve for all other tests.Calcium
oxide content of the lime is 91,6 %,

¢, Portland Cement: Zeytimburnu Fabrikasi,T.5. 19 NEG¢ 350.
Date of production: 1966

d, Sand: 1, Ottowa Sand conforming to ASTM C-109

(o)

2. 'Sultankdyil Xumu' conforming to T.3.33

3. Commercial washed sand conforming to ASTM C=iUd |

2.,Apparatuss

a, Moldss Molds conforming to ASIM and Turkish Standards

b, Humid Chamber: Humid chamber with a relative humidity
of 90%,Temperature in the chamber was 22 £ 1%, 3




THESIS

ROBERT COLLEGE GRADUATE SCHOOL PAGE
BEBEK , ISTANBUL

¢, Water Bath: Electric water bath equipped with a thermos
| X
o+ + t 1 y + e - ~ - & . g 1 1y IL"
Stavt 0 Keep 1ine requlrea U emperature wliidin 2 & Ue
d. Storage Water: Tap water at a cons temperature O
" 1:‘:'_
= )
21 'Cs
- . - - o3 R - n TR ard \ g = .
e, Lompression £ ng beviced: A Proving Iy 1 ratus
1 -~ vy r i | \{ 1} . o f
< AI x0Le )1 8l ..‘___’ 4,000 LD, APIL ' X r € Y1
loading was 6C00 lb. per minute, Fig, X.
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B. Laboratory Results:

gozzolanic Activity Test; 7 Day Strength(psi)...«460=-485-500

Lime~-Pozzolan Strength Levelopment

: 7 Day Strength(psi)....490=495=520
* Additional ¢8 Day Strength(psi)....B80-925-930

Port = an Mixes.replacement by welght:

#heplacement 7 bay 28 Day Asccelerated Test
0 2170=2200=2200 2820=2900-2950 280022950=3000
10 2050=~2120-2180 2600=2650-2820 2 TO0=T40=2880
30 562« TH0m THC 575« 875« 900 650=10T75-133%0
40 T00= 700~ 750 1125=1170-1275 1600<1510=1760
20 440« - O TOC= 80O« BZ5 1140-1140-1320 |

I'I
v TENSILE STRENGTHS

bRepl: ‘”"41 p T ~ay '8 Day Accelerated Test
0 121-184-191 265=280«295 219=240=268
30 103«105=110 137=140-140 185=187=190
0 « 110=115=-122 145=155-175 9G=183-222
50 99-110-121 110=120=135 108~198-226 |

~ —
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Comparative Permeability Test:

Preasnﬂ L 2L

T'!.M'O....... -0.-.1 hollr

«ses.s8 atmospheres

fixegs,replacement by wvolumes

Amount of water Passed,cm)
Sample t—ogratant .
1\?°- | Portland Cemen 303 Kayaer‘l P.
1 ' 6.0 s s
2

%%Qanahkalt'

345

i e

COMPRESS IVe  STRENGTES

AReplacement o1 Dat _@_Daé ‘__

0 1820-2050=21 50 <550-£‘T7‘5-2830

10  1790-1840-1950 “e250-2330-4340

30 1190-11b0 1210 1800-1900-39§0 lf.?lﬂ@-&%}ﬁi
Ng W "REN: 3

£ ?Rl_glfcqpxgnt .1 pay 28 Dﬁy ccele:
-8y | 303-316-316 530-365-370 525~
by Cwies. 213-232-266 287-300-305" 306~
30 .3_ 153180~ ' = 215-218-240 1O
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PETROGRAH LABORATUAR!

- Numunenin geldigi yer
‘Numunenin_ geldigi Torih
lenuneyi alan

PP P ———

PETROGRAFIK RAPOR

. Arsgtarna Ds.Bgk.

. 28/3/1966 .
. Acagtirma Da.Bgk.

Raporu hazirloyon @  dilsavia Al
Lab. rapor Tarihi . . 29/3/1366
Lab. rapor No. B L R

' Laboratuvar sira No. L R ) f
' # -r i
Numae [Nomune | Misahad P fik Tormiis
Gelis No | Sira No. sahade etrogro oyhy 7.
1 24295 Andesitik Tif Tagin minerolojik P
nmonu(muaattx
tit ve horablend fenokrist
halindedir. 3 4 :.;;_ ".

e

Plagioklaslar ikiszl
serizitlegnme ;um
Biotit ve harnblendl
kismi dilinimli bir
konder olarak kloritles
esas biinyesini k..ﬂn
Opak mineral tagin X
tarafind dahhutﬂf,
m;um ~ari
plagioklas(kisnen mikro
balinde),biotit,hornblend
volkanik camian ibaret sa
kisim mevcutture. ¥ }
Nuaunenin iq-rum
kit ve riyolit fr rnentleri
yor yeor dajilmagtir.Nusuns
taballll ve tahavvil etmig
olup esas bilnyesini W
migtir.
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