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\STRACT

[0 study, wfluence ol blended cements 3_.2_:_:.5._ with different types ol poazzolans on
ABIE was investigated. For this reason, Manisa | Mining crushing by-product natural
¢ (clinoptilolite), Kiitahya Tungbilek ‘Thermal Power Plant ly ash and Eregli Tron and
I Pactory blast furnace slag wre used as industrial by-products in different types of
Iended cement production. According o mechanical performance ol these blended cements,
ARI experiments were carried oul in accordance with ASTM € 1260 r.:__.. The 25x25x285
rmortar bar specimens were _..:,E__:nn.,_ with reactive gl wosand mixture

repate. Mortar bar specimens were eured in [N NaOH solution at 80°C' tlemperature.,
th changes and microstructure __:F._._r._:c:.. of the mortar ,._F,S_:r:: with dilTerent types
blended cements showed that, zeolite, fly ash : e slag reduces the ASR

tion when compared with ordinary CEM 1 42,5 reference specimens.

FRODUCTION

crete is one of the most widely used construction material, owing 1o its good durability 1o
cost ratio. However, when subjected to severe environments its durability can signi icantly
~heeline duc to corrosion of embedded reinforcement and/or degradation of the conerete [Roy
2001]. The most important parameler on concrete performance is the c_c_#..:_& of
ent used in conerele production. It is possible to achieve environmental and cconomical
henefits with utilization of pozzolanic mineral additives in cement production. The durabi ity
froblems in conerete and reinforced concrete structures exposing (o aggressive environment
feets, lead to the damages in structures before the expected service life. One of the
ificant concerns in the design of durable concrete s alkali-silica reaction [Chatterji 2005).

use ol certain aggregates in concrete may result in a chemical process in which particular
constituents of the aggregates react with alkali hydroxides present in the concrete pore
tion [Haha etal. 2007]. Damage (o concrete structures due 1o alkali silica reaction and
equent expansion is bemng observed in more and more countries. Construction engineers
Freal state owners are demanding better methods of assessing the alkali silica reactivity of
regates before they are used in constructions. In most actual structures, it takes o
siderable time, after their constructions, before any sign of distiess becomes obvious
[Chatterji 2005]. Alkali silica reaction (ASR) causes premature detenoition i concrete.
Vkali hydroxides present in conerete pore solution react with o ool _:.c._u..
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methods of various cementitious malerials must be established o satisfy the perfon
requirements of concrete [Sakai et al. 2005]. Pozzolanic materials have been widely us
substitutes for Portland cement in many applications because of their advantageous proper iy
which include cost decrease, reduction in heat evaluation, decreased permeabi ty, alk
ageregale-expansion  control, decreased  chemical res istance, reduced concrete i
shrinkage and the improvement in the propertics of fresh concrete [Shiand Day 200/
Amorphous silica present in (he pozzolanic materials combines with lime and
cementitions materials. These materi improve the durability of concrete and the raie of
nin strength and can also reduce the rate of liberation of heat that is beneficial for
conerete [Khandaker and Hossain 2003). Nevertheless, the use of natural and
pozzolans as blend materials for cement has been constantly increasing i order 10 redu
energy consumption and CO, emission without causing any degradation to cement prope

als of blended cement compositions were supplicd from different sources,
. eypsum and limestone were supplied from _..J.::,ﬁ. _.._zr;r.__.:_ Ew_.:n:._ factory.
il veolite in clinopulolite form was provided from Manisa Gordes __.nm__:.z. I'he e .z_
it My ash (FA) and ground granulated blast furnace slag (GBES) were supplicd
418 ’"__.3_.. Tungbilek Thermal Power Plant and Ercgli Iron and Stecel Factory _.r.z__:."n:,\_.n_x.
._:. inalyses of the materials were made by means of x..:_w .,n:cn__c_,__E_..._:_..F._. (XRI)
Al (et results are given in Table 1. In this study, 24 dilTerent types ol ._,_c_z__r;_ nc.:».“_:
Siih zeolite (2), A and GBS, eplacement of 10, 20, 30, 40 and A.w._\.. __v._ic_r_:. 5%
._?.., lor particle size arrangement and 3% gypsum were produced by ::n__.t__._z_:ﬁ these
ﬁ__; i ball mill. These are defined as first group. >E_,c_.a__.:m o compressive _.,.__.n.:r_.“:
inil' kst group cements, the optimum replacement ratio of additives wis found as ._r.=
! _15.: ol clinker. Then the second group mixes were designed by means of 20 and 302,
Aent ratio as binary  composition, These blended cements were comp . dowih
410 CEM 142.5 ordinary 1 mtal stadies | Karakurt 2008).

Zeolites are crystalline aluming silicates with uniform pores, channels and cavities, |
posses special properties like ion exchange, molecular sieves, a large surfuce arer
calalytic activity which makes them a preferable material for tremendot indus
applications [Breck 1971 |- About 40 natural zeolites have been identificd durmg the past 200
years; the most commons are analcime, chabazile, clinoptilolite, mordenite and philipsi,
Worldwide production of natural zeolite was estimated at about 3-4 M ton on the basis ol

emical Composition of the Raw Matcerials

.

recorded  production and  production estimates v 2000 Rather than the  knowy ¢ lit, FA, %
application arcas, higher quantitics of rescarch [de Gennaro ef al. 2004, de Gennaro et a -2

2005) concerning the using of natural zeolite, especi noptilolite in conerete application: 02.78

as pozzolanic cement, light weight aggregates ston stone is being increased

10.66
reeent years. Zeolitic wifs and amorphous silicate wifs are the n T

cement industry. The pozzolanic activity o' zeolites depends on their chemical
mineralogical composition. The pozzolanic properties of zeolites are due to their rea
Si0; and ALO,, which react with the Ca(OH), liberated during the hydration of cement :
convert it into C-S—H gels and aluminates. As a result, the micro-structure of hardened

cement conerele is improved and the concrete becomes more impervious |Gervais and O 2 44 TRE
2002]. On the other hand, some materials such as My ash (FA) and ground granulate -

lmace slag (GBES) can be used supplementary cementing material, or artific po N ! - 0.1

i conerete industry. The reactivity of FA and GBES is supposed to be particularly influenced A 2.2 12.40 0.8 075

by the plass content and its composition.

. ﬂ“._ Lows on ignition

v moulds according to TS EN 196-1, 71
il atter 1oday and were then cured i |
lnng strength test. AL the end of the ¢
swere subjected o compressive strength te

In this study, influence of blended cements produced with different types of pozzolans on
ASR resistance of conerete was investigated. For thi reason, Mamsa bnli M ung crush
by-product natural zcolite (clinoptilolite) and two different types of industrial by-produet ol
Kiitahya Tungbilek Thermal Power Plam fly ash (FA) and Eregli lron and Sicel Factory |
fumace slag (GBES) were used in blended cement production. The first roup sy
composition cements are produced by grinding different pozzolans re lacing  clinker
provided from imsa Cement Factory, af the ratios of 10, 20, 30, 40 and 45% topether w
Lypsum stone m a ball mull. The second Eroup composite cements are produced with 20-30°,
replacement  ratios  in binary replacement compositions.  According 0 mechan
performance of these blended cements, ASR experiments were carried out in accordance witl

mortar specimens were removed Trom the
uraded water at 2001°C until the age off
1 peniod (207, 28 and 180 days), mortar
[1S BN 196-1 2002).

w

swere prepared in accordance with ASTM C 1260 in dimension with 25x25x285
woonder lo determine the length change of different types of produced blended cements.
preparation was aomix ol two kinds o sand i order o
the hardened mortar specimens. Thes oS are

PO apprepate used i cement mo
ve sthea enviranme
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el tor 24 halter the NS Were ¢
24h Afierwards, the specimens were immersed in
days. The comparator reac nes ol the mortar bars were carried ol g
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“or 14
4, 8 and 14 days.

RESULTS AND DISCL

SION
Compressive strength
According o compressive strength test results, the optinum usage of mineral

blended cement mixtures was found as 30% replacement ratio. For th
istance tests were carried on 30

additive
reason the sulfay
blended cements. The first group blended cementy
compressive strength test results are given in Table 2. as seen from Table 2 carly age strenpily
development of GBFS blended cements are better than zeolite and FA blended cements
Furthermore, it can be concluded that 20 and 30% replacement ratio of mineral additive js
optimum usage of zeolite, FA and GBIS blended cements.

Table 2. Compressive Strength of Single Composition Blended Cements

Cement
Code

CEM 1425
ZBC-10

Compressive Strength, MPa
7 Days 28 Days
304 45.2

180 Days
50.7

7BC-45

FBCA0
FI3C-45
SBC-10

SBC-20

SBC-30
SBC-40
SBC-45

Z: Zeolite, S: Ground G

wilated 131

The replacement ratio of binary and
and 30% depending on the
cements given in

iple composition blended cements were chosen as 20%
compressive strength test results of single composition blended
Table 2. Compressive strength test results of (he binary and
composition blended cements are given in ‘Table 3. Test results showed similar be
single: composition blended  cements ab carly ages. However, the 2% and
compressive strengths of the second group blended cements are better espe
and GBES blended cements,

triple
WIOr i
180 days
y Tor zeolite

Table 3. Compressive Strength of Different Composition Blended Cements

—

IR0 Days

eth. M
I Days

M (1200 classifies aggregates with l4-day expunsions greater than 0.2% as _,,.....__,.,,:,‘%
.&_:___..., with expansions between 0.1 m_:__.__ :.mﬁ. as potent Iy reactive. \__r._:_w___._w__.m,v .__(_

».._,___7. originally designed for quickly identilying reactive agpregales, it __ﬂ.&, _7?: fcﬂ:.
i élfective in determining the ability of zcr_u_n.sn:::u. cementing :.E_E.E._v w :._:_.x_.. ”
g lted expansion (Maas). The ASR experiments were carried on _:__ 7 ..___.~_nF.:_ _w__..urw _.,_.
: .E_& cements, The chemical composition of __E. blended cements c-:u__ﬁ.._._:__: XR F_,_“
Juven i Table 4. As scen from Table 4 the E_:E:_n__,_ =_.r‘..___ content ::ﬁ_. Jof the __,.r...n co
&H".:_.. are lower than reference cement. EAC plays a significant role on ASR expansion.

o

L. Chemical Composition of Blended Cements Used in ASR T'ests

Cement Code
212
o V]
R|E
32.80 | 28.65
741 [ 831
287 | 448 |
204 | 2.94
0.06 | 0.09
42
034 36|03
246 295 | 2.99 |
0.011 0210012
117 087 | 0.97

LA Bguivalent alkalt content

e ASR expansion test results of fust group smgle composition bl _.”;_ _,..___Cd:_, o .:J o
copdacement ratio are given i Figure 11t can be clearly sand that reference _a KM 1425
the 1.2% I mit (0.252) at the end of the 16 day

| cement passes over
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Fhe ASR crack formation on the surface of the CEM 1425 relerence specimen
._:._ seen clearly with naked eye as given in Figure 2, The ¢
nterior of the agprepate |

. Curing Time (days)

ks radiate from

cle and in the ambient cement paste i 5 »
‘ paste. : __.,.. Length Change of Second Group Mortar Bar Specimens

ASR Cracks L ONCLUSIONS

wving the durability of ¢
mnable development in structure industry, Prolonging the service lile of conerete in

iive environments s possible with increasing the durability ol 1
t ol concrete s related with the EAC, re i :

crete structure members s an unportant point o achieve a

¢ members,
ient of the apgrepate

s the carly age strengl concrete. Howewve
iposite specimens reduces depending on
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