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Fly ashes are obtained from thermal power plants and they are pozzolanic materials, which can act as
partial replacement material for both portland cement and fine aggregate. With their economical advan-
tages and potential for improving fresh and hardened concrete performance, they have some benefits for
using in concrete industry. In this study, the objective was to find the efficiency factors of Turkish C and F-
type fly ashes and to compare their properties. Three different cement dosages were used (260, 320,
400 kg/m?), two different ratios (10% and 17%) of cement reduced from the control concretes and three
different ratios (depending on cement reduction ratio) of fly ash were added into the mixtures. At the
ages of 28 and 90 days, compressive strength, modulus of elasticity and ultrasound velocity tests were
carried out. From the compressive strength results, the k efficiency factors of C and F-type fly ashes were
obtained. As a result, it is seen that efficiency factors of the concrete produced by the replacement of F

and C type fly ashes with cement increase with the increase in cement dosage and concrete age.

Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.

1. Introduction

The cement which is one of the main component of the concrete
has an important place in the cost of concrete. The environmental
damage of cement production is substantially higher; approxi-
mately 1 ton of CO, gas is emitted for every ton of cement pro-
duced [1]. In addition, production of cement requires more
amount of energy. Today, using various pozzolanic materials
instead of cement in concrete production, tends to be more
economical.

Pozzolan has non-binding properties when it is stand alone, but
it has binding properties just after being granulated finely and
chemical reaction with the calcium hydroxide at the normal tem-
perature and humidity [3]. The most common pozzolan is fly ash.
This material is a by-product of burning granulated coals in the
thermal power plants. It is obtained by cumulating fine particles
in the dust collection system before leaving the flue gases into
the atmosphere [2].

Fly ash particles are generally spherical with a diameter of 1-
150 pum [4]. Chemical composition and properties of fly ash de-
pends on the structure and composition of coal and the process
of burning [5]. Fineness of fly ash significantly affects pozzolanic
activity. Fly ashes are classified as F-type and C-type [4]. There
are 11 thermal power plants actively working in Turkey but F-type
fly ash is obtained only from Catalagzi Thermal Power Plant, fly ash
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of all other plants is C-type. The annual fly ash production in the
world is approximately 450 million tons, but that only 6% are used
in cement and concrete industry [6]. In Turkey, the annual produc-
tion is approximately 15 million tons, but usage is low in the
industry. There are two reasons:

e Inadequate information about the fly ash properties.
o Fly ash properties are not always uniform [7,8].

Fly ashes consist mainly of SiO,, Al,0s, Fe;0s, and CaO and some
impurities. According to ASTM C618 [9], fly ash belongs to Class F
if (SiO; + Al,05 + Fe;03) > 70%, and belongs to Class C if (SiO, +
Al,03 + Fe,03) > 50%. Usually, Class F fly ashes have a low content
of CaO and exhibit pozzolanic properties, but Class C fly ashes con-
tain up to 20% CaO and exhibit cementitious properties [10].

In the available literature, many studies regarding the effect of
optimum use of fly ash may be found. Oner et al. [10] found that
strength increase with this study showed that strength increases
with increasing amount of fly ash up to an optimum value, beyond
which strength starts to decrease with further addition of fly ash.
The optimum value of fly ash for the four test groups is about
40% of cement. Fly ash/cement ratio is an important factor deter-
mining the efficiency of fly ash.

Papadakis and Tsimas [11] and Papadakis et al. [12] investi-
gated the efficiency factor and supplementary cementitious mate-
rial [SCM] design in concrete and reported that when SCM replaced
aggregates, higher strength values compared to the control mix-
tures were obtained. Papadakis also studied low-calcium fly ash
in portland cement systems in other works and reported these
two results:
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o If low lime fly ash-aggregate changing is done, higher strength
is obtained after 14th day but it is obtained after 91th day if
low lime fly ash-cement changing is done.

o If aggregate content is reduced and high lime fly ash is added,
beginning from starting of hydration, higher strength and lower
porosity are observed. But if cement is reduced instead of aggre-
gate strength remains stable [13].

Ganesh Babu and Rao [14] researched the efficiency factor of fly
ashin concrete, considering the strength to water/cement ratio rela-
tions, age and percentage of replacement. It is reported that the
overall cementing efficiency (k) of fly ash was established through
ageneral efficiency factor (kp), which depends on the age of concrete
specimen and replacement percentage, respectively.

In this study, an experimental investigation of optimum use of
fly ash in concrete was carried out. Optimum efficiency of fly ash
amount was determined for concrete with various cement dosages.
From the compressive strength results and water/cement ratios,
the k efficiency factors of F and C type fly ashes were obtained
using Bloomy formula.

2. Experimental work
2.1. Materials

In this study, CEM I 42.5 Portland cement, Class C and F fly ashes were used
as binding materials. Their chemical compositions and properties are shown in
Table 1. Both C and F class fly ashes were obtained from power plants in Turkey.
25% natural sand with density of 2.66 g/cm?, 19% of fine aggregate, 29% of crushed
stone no 1% and 27% of crushed stone of no 2 are used in concrete mixtures. The
fineness modulus of the mixture is 4.09. Volume percentages of aggregates were
kept constant in all mixtures. 36 series of concretes containing fly ash and 3 series
of control mixtures were produced in order to calculate the Bolomey coefficient
(Kg)
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2.2. Specimen preparation and curing

In each series, 6 cube specimens (15 x 15 x 15 cm) and 3 cylinder specimens
(20 cm length and 10 cm radius) were produced. Three different cement dosages
were used (260, 320, 400 kg/m>) two different ratios (10% and 17%) of reduced ce-
ment from the control concretes and three different ratios (depending on cement
reduction ratio) of fly ash were added into the mixtures.

The workability values of mixtures were similar to each other with a slump of
140-170 mm. The main variable in the mixtures was the cement, fly ash and the
water content. The mixture proportions of concrete are shown in Tables 2 and 3.
The raw materials of concrete were put in a forced mixer at the same time and were
mixed for 3 min. The workability of fresh concrete including slump was measured
immediately after the mixing was completed. The results are listed in Tables 2 and
3. Slump, density and the air content of fresh concrete were obtained. The mixtures
were cast into test specimens in mould by vibration. After casting, the specimens
were demolded after 1 day and were cured in water at 23 °C until testing.

2.3. Testing

At the ages of 28 and 90 days, ultrasound velocity (according to ASTM C469 -
10) and compressive strength tests were carried out on cube specimens. As for cyl-
inder specimens elasticity modulus tests (according to ASTM C597 - 09) and ultra-
sound velocity were carried out at 28th day. For all results, the average of
experimental results from three identical specimens was adopted.

3. Results
3.1. Compressive strength

In compressive strength test, the loading rate for cube speci-
mens was 13 kN/s. The specimens were tested until complete
crushing. The results of the compressive strength tests are given
in Tables 4 and 5 and Figs. 1-4.

Table 1

Chemical compositions (%) and properties of binding materials.
Binder H,0 SiO, Al,03 Fe,05 Cao MgO SO; Na,O K0 Cl LOI Free CaO SG gr/cm®
Chemical compositions (%)fly ash (F) 0.2 58.58 234 6.97 1.55 2.76 0.45 0.46 411 0.0319 0.2 0.1 3.12
Chemical compositions (%)fly ash (C) 0.2 46.38 13.9 8.26 15.1 6.68 426 213 278 0.0638 022 0.15 1.84
Chemical compositions (%) cement 20.63 4,71 3.41 63.64 1.24 2.98 0.23 091 0.0357 1.25 1.1 2.34

Loss on ignition (LOI), specific gravity (gr/cm®) (SG), specific surface (cm?/gr) (SS).

Table 2

Mix proportioning (kg/m?) of concrete.
Concrete type Cement (kg/m®) Remove (%) Fly ash (kg/m?) Added (%) Water (kg) Air content (%) Slump (cm)
F TYPE
C260F0 (%0KO0) 260 0 0 0 199 2 15,5
C234F39 (%10K1,5) 234 10 39 15 195 2.1 16
C234F52 (%10K2) 234 10 52 20 196 1.9 15.5
C234F65 (%10K2,5) 234 10 65 25 197 2.2 14
C216F44 (%17K1) 216 17 44 17 196 2.4 15.5
C216F66 (%17K1,5) 216 17 66 25.5 196 1.7 14
C216F88 (%17K2) 216 17 88 34 197 2 14
C320F0 (%0KO0) 320 0 0 0 205 2.3 15.5
C288F32 (%10K1) 288 10 32 10 186 1.6 15.5
C288F48 (%10K1,5) 288 10 48 15 192 1.6 15
C288F64 (%10K2) 288 10 64 20 201 1.8 14.5
C266F54 (%17K1) 266 17 54 17 196 1.9 14.5
C266F81 (%17K1,5) 266 17 81 25.5 201 2.1 16
C266F108 (%17K2) 266 17 108 34 203 2 16
C400F0 (%0KO0) 400 0 0 0 172 3 15
C360F40 (%10K1) 360 10 40 10 160 2.5 17
C360F60 (%10K1,5) 360 10 60 15 162 2.7 17
C360F80 (%10K2) 360 10 80 20 170 2.2 17
C332F68 (%17K1) 332 17 68 17 165 2.4 16
C332F102 (%17K1,5) 332 17 102 25.5 164 2.4 17
C332F136 (%17K2) 332 17 136 34 180 3 15.5
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