AKADEMIAI KIADO

. UNIVERSITY of
S j¢. DEBRECEN

International Review of
Applied Sciences and
Engineering

14 (2023) 2, 263-269

DOI:

10.1556/1848.2022.00537
© 2022 The Author(s)

ORIGINAL RESEARCH
PAPER

R

Check for
updates

*Corresponding author.
Department of Civil Engineering,
National Institute of Technology,
Raipur-492010, India,

Tel.: +91-7974927762.

E-mail: sonaltikarihal5@gmail.com

’j Journals

Evaluating the performance of alkali activated
concrete with fly ash, lime and GGBS

Sonal Banchhor® @, Meena Murmu and Shirish V Deo

Department of Civil Engineering, National Institute of Technology, Raipur-492010, India

Received: June 8, 2022 e Accepted: October 12, 2022
Published online: February 13, 2023

ABSTRACT

Alkali Activated Concrete (AAC) is a moderately new form of concrete that has gotten a lot of interest
in recent decades owing to its environmental advantages and features. However, further research into
the effects of various proportions of fly ash, ground granulated blast furnace slag (GGBS), and lime on
the characteristics of calcium-based AAC is still needed. This work aims to provide detailed information
about the characteristics of AAC with various concentrations of fly ash, GGBS, and lime in order to
produce the best combinations for engineering applications. The alkali activators in this investigation
are sodium hydroxide and calcium silicate. All concrete mixes are examined for workability, strength,
and durability for knowing the impact of fly ash, GGBS, and lime on AAC performance. The results
specify that the increase in dosage of GGBBS diminishes the workability. The accumulation of only lime
and GGBS shows optimum strength and durability results. In this study further regression analysis has
been carried out for predicting the strength of the AAC. The regression equation was developed using
the response surface approach for reliably predicting experimental outcomes with an acceptable margin
of error.
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1. INTRODUCTION

Concrete is the most extensively employed material owing to the ease with which raw ma-
terials can be obtained, as well as its strength and durability. Cement is used as a binder in
concrete [1]. The cement manufacture emits a huge amount of greenhouse gases [2]. There is
a need to minimize the cement utilization in concrete. In this scenario researchers are studied
the utilization of alkali activated materials (AAM) in concrete [3, 4]. As a substitute to
Ordinary Portland cement (OPC), the use of AAM as a binder exhibits higher strength and
durability attributes [5]. To minimize the greenhouse gas excretion in cement manufacturing,
the use of AAM as a concrete binder has a considerable impact.

The development of AAM utilizes alkali activators and supplementary materials like
fly ash, silica fume, steel slag, and GGBS [6-9]. The hardened paste has been generated
and improves the strength and durability in AAC, by the chemical reaction between a
solid alumina silicate and an alkali activator [10, 11]. Industrial derivates like silica fume,
GGBS, fly ash, and steel slag are the primary precursors for AAM production. Due to the
inexpensive accessibility and sufficient composition of silica and alumina, fly ash has
been extensively used as appropriate raw material in AAC. When cured at high tem-
peratures, AAC produced with fly ash has exceptional strength and durability [12-15]. At
normal temperatures, fly ash’s reactivity is very low to activate by alkali activators [16—
18]. For precast concrete members, this curing condition may be appropriate, but not
appropriate for cast-in situ concrete in practise. In order to broaden the range of possible
applications for AAC, a new form of AAC that does not need a high temperature cure
must be developed. In addition, the heat curing process’s costs and energy usage will be
lowered.
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To overcome the limitations outlined above, researchers
aimed to improve the fly ash reactivity in an alkaline at-
mosphere [19]. The addition of calcium containing materials
along with fly ash in AAC would accelerate fly ash disso-
lution and increases the development of reaction products
[20]. The concrete properties are affected by the accumu-
lation of slag. Many researchers have explored the effect of
slag on performance of AAC considering type, dosage of
activator, water content and curing conditions [3, 21]. The
slag source and replacement level for fly ash can dominantly
influence the properties of AAC [3, 22].

Alternatively, the utilization of lime in OPC systems may
help with energy saving and carbon reduction, and this has
been widely used [23]. The accumulation of lime also im-
proves the performance by the filler effect [24]. The effect of
lime addition in AAC is studied in [25] and reported that the
results are comparable with Portland cement up to lime
content 68 wt%. There has been very limited research re-
ported on the properties of AAC with fly ash, slag, and lime.
The main endeavour of the work is to investigate the per-
formance of AAC with various dosages of GGBS and fly ash
were added together with lime.

2. METHODS

2.1. Materials

In this work low calcium fly ash, GGBS and lime were uti-
lized as a precursor and calcium silicate, sodium hydroxide
are alkali activators. Energy Dispersive X-ray Analysis
(EDX) is an X-ray technique used to identify the elemental
composition of materials. The samples are examined at
30-35kV accelerating voltages by an SEM (Zeiss EVO50).
Samples were gold coated before samples were taken to
examination, using sputter coating Emitech K575. The
elemental composition of GGBS and fly ash are listed in
Table 1. As fine aggregate, locally accessible river sand
conforming to Zone-II specifications was utilized. The nat-
ural sand having maximum size of 4.75 mm with specific
gravity of 2.69 was chosen as fine aggregate. In accordance
with IS: 383-2016 [26] coarse aggregates of 10 and 20 mm
with specific gravity of 2.6 and 2.7 are utilized. The alkaline

Table 1. The elemental chemical composition of fly ash and GGBS

Component Fly ash (Wt. %) GGBS (Wt.%)
O 42.34 34.23
AL 9.87 6.98
Na 0.54 0.49
Ca 19.72 42.67
Au 2.40 1.39
Si 19.12 13.43
Cl 0.96 -
K 1.63 0.12
Fe 2.03 0.67
S 1.39 0.02

activator was developed by combining sodium hydroxide
(NH) with potable water and calcium silicate solution (CS).

2.2. Concrete mix proportions

In this study the AAC mix proportions are prepared by
varying different proportions of fly ash and GGBS along
with lime as shown in Table 2. Also, the parameters
considered in this work are illustrated in Table 2. The
mixing of concrete has been done in the concrete laboratory
at National Institute of Technology Raipur. The coarse
aggregate, fine aggregate, and admixtures were poured into
the mixer and mixed for 2min. For proper mixing, half
quantity activators were added to concrete and it was mixed
thoroughly for two minutes. The remaining quantity of ac-
tivators was added and concrete was mixed for 2-4 min up
to getting a homogeneous mix. The casting of cubes and
beams start after the testing of fresh concrete properties such
as slump cone.

The mix proportion details are listed in Table 3. Using
the factors that have the greatest impact on compressive
strength, eleven trial mixes were created by altering the slag
and fly ash concentration, along with the lime content.
Binder content, CS/NH ratio, density, and activator to
binder ratio, were all maintained at the same level. The
aggregates, GGBS, fly ash, and lime were mixed well along
with activators, super plasticizers and mixed for around 5
min. Following mixing, the concrete is poured into steel
moulds for preparing the concrete samples for testing.
Following casting, the test specimens are allowed to cure in
the open air for a period of time before being kept at room
temperature. The test was performed on 7 and 28-day ma-
turities. To get the findings, the test was conducted on three
distinct samples.

For the mix proportions listed in Table 3 workability
tests are conducted by slump cone test, strength tests are
carried out by compressive and flexural strength tests.
Similarly, durability tests are carried out by electrical re-
sistivity and acid attack tests.

2.3. Testing methods

The workability of AAC is often poorer than OPC concrete,
due to the existence of silicate in AAC, which causes it to be
sticky. Nonetheless, even with a low slump value, AAC
compacts nicely on a vibrating table. As a result, the
workability of AAC is graded according to the compaction
condition, as illustrated below [27]. When AAC reaches 90
mm or more slump, it is considered a very workable. Due of
the high vibration of compaction, AAC with slump values

Table 2. Details of parameter used in this study

Parameter Proportion
Binder Content 400kg m~?
CS/NH 2.46
Al/Bi 50%
Density 2,400 kg m~’
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Table 3. Mix proportions of concrete

Ingredient contents (kg m™)

Mix proportions Fly ash Lime GGBS Calcium silicate Sodium hydroxide Fine aggregate Coarse aggregate
AACO 400 0 0 143.0 58.0 650.0 1,150
AAC1 320 80 0 143.0 58.0 650.0 1,150
AAC2 310 80 10 143.0 58.0 650.0 1,150
AAC3 298 80 22 143.0 58.0 650.0 1,150
AAC4 282 80 38 143.0 58.0 650.0 1,150
AAC5 266 80 54 143.0 58.0 650.0 1,150
AAC6 250 80 70 143.0 58.0 650.0 1,150
AAC7 170 80 150 143.0 58.0 650.0 1,150
AAC8 90 80 230 143.0 58.0 650.0 1,150
AACY 10 80 310 143.0 58.0 650.0 1,150
AAC10 0 80 320 143.0 58.0 650.0 1,150

between 50 and 89 mm is classed as medium workability,
while AAC with below 50 mm slump is treated as poor
workability. As a result, these criteria were used in this work
to assess the best AAC concrete mix in terms of workability.
After mixing of concrete for all concrete mixes the slump
cone test has been conducted to study the workability as per
IS: 1199-2004 [28]. After testing the workability of concrete
the cube specimens having size of 100 X 100 X 100 mm and
beam specimens having size of 100 X 100 X 500 mm are
casted for testing the compressive and flexural strength of
concrete. The samples are cured in normal room conditions
having temperature 24-26°C and a relative humidity of
55-65%. All the concrete samples were tested in triplicate for
a curing interval of 7 and 28 days as per IS: 516-2006 [29].
A Leader RCONTM Concrete Electrical Resistivity Meter
was used for measuring the concrete electrical resistance. For
this study, 100 X 100 X 100 mm cubes were used. The test
has been performed on 7 and 28 days cured samples on
triplicate. The test has been performed as per ASTM C 1202
standards [30]. The acid resistance of concrete cube speci-
mens was determined using the ASTM C 267 standards. The
28 days samples of size 100 X 100 X 100 mm were utilized
for this test. These cubes kept in water containing 5% of
H,SO, solution in plastic tubs for 28 days. The weight and
strength loss of cubes immersed in H,SO, solution as
compared to initial samples has been recorded for under-
standing the acid attack on AAC mixes.

3. RESULTS AND DISCUSSION

3.1. Workability

The slump cone test details are depicted in Fig. 1. From
Fig. 1 it is recognized that concrete mix AACO and AACI
has a slump value of over 90 mm and these mixes are
regarded as highly workable mixes. The remaining other
mixes slump values are ranges in between 60 and 89 mm and
these mixes are regarded as medium workable mixes. The
accumulation of only fly ash as binder in AAC mix shows
optimum enhancement in workability. At the same time, the
accumulation of GGBS in AAC mix as replacement to fly
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Fig. 1. Slump cone test results

ash diminishes the workability. The mix AACI10 contains
320 kg of GGBS and 80 kg of lime shows 33% decrease in the
workability of concrete as compared to the mix AACO
containing 400 kg of fly ash as binder. This is due to the
faster calcium reaction and the angular form of slag [31].

3.2. Compressive strength

The utmost essential mechanical quality of concrete is its
compressive strength. According to ACI 318 M-05 [32],
concrete 28-day compressive strength must reach 28 MPa
for basic industrial implementations. Concrete must have a
minimum compressive strength of 35 MPa in order to pre-
vent concrete reinforcing against corrosion. Using these
parameters, the best AAC mixes for compressive strength
was identified in this research. Figure 2 depicts the strength
results of all mixes. From Fig. 2 it is recognized that the 28
days strength results of mixes AAC0, AACI, AAC2, and
AACS3 are below the 28 MPa and are not suitable for engi-
neering applications. Also, the strength results of mixes
AACO to AACS5 are below 35 MPa, for these mixes have less
corrosion protection. The addition of only lime and GGBS
shows optimal development in the compressive strength in
comparison with the mixes containing fly ash. Similar
pattern of results has been noticed in both 7- and 28-day
samples. The increasing in the quantity of GGBS enhances
the strength. This is due to the development of C-A-S-H
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Fig. 2. Compressive strength test results

gels, which lower the porosity of the AAC matrix and im-
proves the microstructure [33].

3.3. Flexural strength

The test has been conducted to all mixes in triplicate as per
IS: 516-2006 [29]. The test results are represented in Fig. 3.
From Fig. 3 it is recognised that the addition of GGBS and
lime without fly ash indicate optimum augmentation in
flexural strength in comparison to concrete mixes contain-
ing fly ash. The alternative of fly ash with GGBS also in-
creases the flexural strength. The interaction of alkali
activators with the SiO, and Al,O3 in the GGBS aids in the
development of C-A-S-H, C-S-H, and N-A-S-H, gels in
AAC [34]. The development of these gels is responsible for
the increase in strength. The inclusion of GGBS results in
greater early strength, for the reason that the nucleation
impact of Ca®" accelerates the hydration process of AAC
[35]. Furthermore, the release of Ca®" from lime and its
topographical features may contribute to the development of
strength and pore structure modification by providing
additional surface binding inside the particles, thereby
enhancing the overall structure [36].
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Fig. 3. Flexural strength test results
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3.4. Acid attack

Figures 4 and 5 illustrate the test results of acid attack in
terms of weight loss and strength loss. From Figs 4 and 5 it is
noticed that the strength loss and weight loss are following
the same trend for all concrete mixes. The mix AACI0
shows better acid attack resistance as compared to all other
mixes. The mix AACI10 contains only GGBS and lime as
binder. The accumulation of GGBS as substitute to fly ash
along with lime shows dense structure that enhances the
resistance towards acid attack.
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Fig. 4. Weight loss of mixes due to acid attack
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Fig. 5. Strength loss of mixes due to acid attack
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Fig. 6. Electrical resistivity test results

3.5. Electrical resistivity

Electrical resistivity testing was done on concrete to assess
the quality of the material in terms of pores and micro-
cracks. The bulk electrical resistivity test was conducted as
per ASTM C 1202. The electrical resistivity of AAC was
measured utilizing Eq. (1) [37].

A
=— X 1
p=7 %Xz (1)

Where, (p) is the resistivity of AAC (k§2-cm),

(A) is the cross-sectional area of the specimen (cm?),
(L) is the length of the specimen (cm) and
(Z) denotes the impedance measured by the device (k).

The test was conducted to all mixes in triplicate
respectively. Figure 6 denotes the electrical resistivity test
results of AAC mixes. From Fig. 6 it is noticed that the
electrical resistivity results followed the similar pattern as of
strength results. The mix AACI shows 5% improvement in
electrical resistivity in comparison to the mix AACO. The
mix AAC5 shows 93% enhancement in electrical resistivity
as compared to the mix AACO. Similarly, the mix AAC6
shows 123% enhancement in electrical resistivity of concrete
in comparison with the mix AACO. As the proportion of
GGBS increases as alternative to fly ash, the electrical re-
sistivity of AAC also increases. The addition of only GGBS
along with lime shows optimum results in electrical re-
sistivity test results. The GGBS and lime content as binder
gives dense structure to AAC by minimizing the voids and
pores in micro-structure. Thus, the electrical resistivity of
concrete enhances.

4. REGRESSION ANALYSIS

Regression analysis is a sophisticated arithmetical method
for examining the correlation between two or more variables
of interest. In this study regression analysis has been per-
formed to predict the compressive strength of concrete
considering the dosage of fly ash, dosage of GGBS and age of
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sample as input variables. The regression analysis yielded the
following regression Eq. (2).

Compressive Strength = -13.14 4 0.053x + 0.175y
+0.722z (2)

Where,

x = Dosage of fly ash (kg)
y = Dosage of GGBS (kg)
z = Age of sample (Days)

The experimental and predicted compressive strength
results are depicted in Fig. 7. From Fig. 7 the disparity in
total variance is just 0.04 percent, the created model’s co-
efficient of determination (R*> = 0.960) demonstrates that it
falls within a permissible error range. Considering the R*
value of the developed model it is a good fit model.

5. CONCLUSIONS

The effect of different proportions of fly ash and GGBS
along with lime on properties of AAC was studied. The
accumulation of only fly ash in AAC is optimum for
enhancing the workability. The increasing the proportion of
GGBS as replacement to fly ash diminishes the workability.
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The strength results confirm that addition of GGBS along
with lime shows optimum results as compared to the mixes
containing fly ash. Further the acid attack and electrical
resistivity test results also confirm that the addition of GGBS
along with lime as binder in AAC provides dense structure
to the concrete by minimizing voids and micro-cracks in
concrete. The utilization of calcium based activators along
with lime enhances the performance of concrete. Further,
regression analysis has been used to build up a model for
predicting the compressive strength of AAC. The coefficient
of determination (R?) value confirms that the developed
model is a good fit model and predicts the compressive
strength accurately. From the results it was suggested that
the addition GGBS and lime in AAC mixes enhances the
properties of AAC.
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