V. Alagarsamy et al.

Influence of alkaline binders on the workability and strength ...

Vigneshkumar Alagarsamy**Clementz Edwardraj Freeda
Christy*, Muthukannan Muthiah?, Ubagaram Johnson
Alengaram?®

'Department of Civil Engineering,Kalasalingam Academy of Research
and Education, Krishnankoil, Tamil Nadu, India, ?2Department of Civil
Engineering, KCG College of Technology, Karapakkam, Chennai, Tamil
Nadu, India, *Centre for Innovative Construction Technology (CICT),
Department of Civil Engineering, Faculty of Engineering, Universiti
Malaya, Kuala Lumpur, Malaysia.

Scientific paper
ISSN 0351-9465, E-ISSN 2466-2585
https://doi.org/10.62638/ZasMat1181

Zastita Materijala 66 (2)
280 - 291 (2025)

Influence of alkaline binders on the workability and strength
of self compacting geopolymer concrete

ABSTRACT

Selfcompacting geopolymer concrete (SCGC)is a promising alternative to traditional concrete due
to its environmental benefits. In SCGC, alkaline binders such as sodium hydroxide (NaOH) and
sodium silicate (Naz=SiOz)have the potential to influence both workabilityand strength.Particularly,
the ratio of alkaline binders impacts directly the overall performance of SCGC.In this research, five
SCGC mixes with various alkaline binder ratios between 0.40 to 0.60 in 50% fly ash (FA) and 50%
ground granulated blast furnace slag (GGBS),at a concentration of 14 M NaOH, superplasticizer
(9kg/m?®) and extra water (54kg/m®were investigated for the effect of alkaline binder ratio on
workability and mechanical strength properties. The study results showed that the fresh properties
of SCGC with A/B ratios of 0.4, 0.45 and 0.5 complied with EFNARC guidelines from the slump
flow test and the lowest Tsocm Slump obtained was 696 mm. The highest CS of 38.3 MPa, STS of
4.63 MPa, and FS of 5.85 MPa have been attained, which indicated better mechanical
performance of the SCGC mix with a 0.5 A/B ratio.Therefore, the 0.5 alkaline binder ratioswere
optimized at 14M of NaOH on rheological and strength properties.

Keywords:Fly ash, GGBS, NaOH, Na:SiOs,Alkaline binder ratio, Rheological and mechanical

properties.

1. INTRODUCTION

The world is focusing on sustainable and high-
performance building technology to minimize the
significance of construction on the environment and
human health, which has low harmful emissions[1].
Geopolymer concrete (GPC) is a greener option
because it reduces dependence on Portland
cement production[2]. In addition, GPC offers a
more sustainable and potentially higherperforming
alternative to conventional concrete[3].

The traditional concrete process generates sig-
nificant carbon emissions [4]. The GPC utilizes fly
ash (FA) and ground granulated blast furnace slag
(GGBS) and is widely recognized as valuable sup-
plementary cementitious materials (SCMs) in the
construction industry due to their pozzolanic and
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hydraulic properties, respectively [5,6]. At the same
time, GPC can achieve higher compressive (CS)
and tensile strengths (STS) than traditional
concrete. It also exhibits lower shrinkage and
cracking, leading to durable structures [7].
However, high viscosity nature of GPC makes it
prone to inadequate compaction [8]. The self-
compacting geopolymer concrete (SCGC) was
introduced to resolve this issue[9]. SCGC is a
pourable concrete mix that achieves compaction
under its weight, eliminating the need for
mechanical vibration during placement, which can
flow readily, filling complex shapes and congested
reinforcement areas without vibration [10,11].
Nevertheless, the concentration of the alkali
activator solution affects both fresh and hardened
properties [12]. Furthermore, a higher molarity of
alkali activator can enhance strength but may
decrease workability due to a faster setting [13].

Generally, FA contributes to better workability
in SCGC due to its finer particle size and spherical
shape, which improve particle packing and
lubrication within the mix, allowing for smoother
flow [14,15]. Regardless, GGBS reacts more

280 ZASTITA MATERIJALA 66 (2025) broj 2


https://doi.org/10.62638/ZasMat1181

V. Alagarsamy et al.

Influence of alkaline binders on the workability and strength ...

rapidly with the alkaline activator when compared
to FA, which translates to faster setting times and

higher early strength development, making it
beneficial for precast applications [16,17].
Furthermore, the volume fraction and size

distribution of coarse aggregates affect the packing
density and workability of SCGC [18,19]. For
instance, proper grade aggregates with a suitable
particle size can help to aid the packing of particles
within the concrete matrix, which improves its
mechanical properties and workability [20,21].
Typically, angular and irregularly shaped
aggregates with rough surfaces provide better
interlocking and resistance to segregation
compared to rounded aggregates [22]. At the same
time, the particle size and shape of fine aggregates
also influence the rheology and flow characteristics
of SCGC [23]. Commonly, the finer particles
improve the packing density and fill voids between
coarse aggregates, enhancing the homogeneity
and workability of the mix [24]. Fine aggregates
contribute to the overall surface area available for
geopolymerization reactions. In addition,
superplasticizer (SP) are high-range water
reducers that disperse cementitious particles more
effectively, reducing the watertobinder ratio without
sacrificing workability [25]. In SCGC, where
geopolymer binders are used instead of Portland
cement, SP helps in achieving the desired flow
ability and filing ability necessary for self-
compaction [26,27]. The use of superplasticizer in
SCGC can lead to reduced water and cementitious
material content, resulting in economic savings and
environmental benefits [28].

The alkaline binder ratio (A/B ratio) has the
potential to influence directly and initiate the
progression of the geopolymerization reaction,
including forming the three-dimensional network of
aluminosilcate gel that binds the concrete together
[29,30]. Additionally, it can accelerate the
geopolymerization process, leading to faster setting
times and early strength development in higher
ratios [31]. It largely affects the rheological
properties of SCGC, including workability, flow
ability, and viscosity [32]. In contrast, sodium
silicate (NazSiOs) can sometimes lead to delayed
setting times in SCGC mixes, especially in high
concentrations andimproper optimization of the A/B
ratio [33]. On the other hand, excessive amounts
of NazSiOs candecrease the workability of SCGC
mixes, which aredifficult to place and compact[34].
According to the study, adjusting the A/B ratio can
facilitate a more fluid mix, whichimproves
workability and aidsthe self-compaction nature of
GPC[35]. Therefore,it must ensure that SCGC can
flow to fill intricate formwork and densely reinforced
areas without the external need for vibrationby
optimizing the A/B[36]. At the same time,the A/B
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ratio hasa significant role in controlling the early-
age and long-term strength of SCGC[37]. For
instance, the higher activator concentrations
promote faster strength gain due to accelerated
geopolymerization kinetics[38]. However, excess
high activator ratios may lead to rapid stiffening
and premature strength development, which
leadsto workability compromiseinthe long term [39].

On the other hand, NazSiOsproduction is a
highly energy-intensive process, which has high
carbon footprints for GPC [40]. In NazSiOs
production, soda ash and silica sand are mixed and
heated in a furnace at temperatures above 1300°C,
which forms NazSiOzalong withcarbon dioxide
gas[41].Accordingly, optimizing the A/B ratio may
require a loweramount of Naz2SiOs, which can help
to decrease carbon footprints and support
environmental protection[42].This research
explores the effect of different alkaline binder ratios
of 040 to 0.60 with an interval of 0.050n
rheological and mechanical behaviorsof FA (50%)
and GGBS (50%)based SCGC, and the ratio of
Na2SiOs to NaOH as 1:2.5 at a concentration of 14
M NaOH, superplasticizer (9kg/m®) and extra water
(54kg/m?3) and then tests were conducted including
slump flow test, Tsocm Slump flow test, V-funnel and
L-box to assess the rheological properties of
SCGC. The Compressive Strength (CS), Split
Tensile Strength (STS) and Flexural Strength (FS)
of SCGC were examined at 7 and 28 days. Also,
this study provides suggestions and
recommendations for A/B ratio optimization.

2.MATERIALS AND METHODS

2.1. Fly ash and GGBS

An FA (class F) was acquired from the Tamil
Nadu Coal-fired Thoothukudi power plant and used
for this study. The specific gravity of the FA is 2.1.
GGBS is a feedstock material used in SCGC that
comes from the massive amounts of solid waste
produced as a product of the iron and steel
industries[43]. The specific gravity of GGBS
acquired from the JSW (Jindal Steel Works) plant
in Madurai, was 2.9. FA and GGBS morphology
was examined using a Scanning Electron
Microscope (SEM) ZEISS EVO 18, manufactured
by ZEISS (Japan). The SEM was fitted along with
EDX (EDAX APEX systems) and was used to
analyze the microstructure of SCGC. The minerals
and crystalline structure present in FA and GGBS
were analyzed using an X-ray diffractometer
(BRUKER D8 model), with XRD patterns recorded
in the 20 range of 10° to 80°. Using Bruker S8
Tiger (Germany) XRF spectroscopy, a qualitative
and quantitative analysis of the material
composition was carried out.
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2.2. Alkaline activator

The alkaline solution is essential to the
geopolymerization process because it initiates the
reaction between aluminosilicate minerals that
forms the geopolymer structure. An alkaline
mixture containing solutions of sodium hydroxide
(NaOH) and sodium silicate (Na2SiO3) in 1:2.5 ratio
was used in this study. With the specific gravities of
1.47 and 1.6respectively, these solutions were
thoroughly mixed and agitated for 24 hours before
casting the specimen.

2.3. Aggregates

In this study, 12.5 mm sizes coarse aggregate
(CA) andfineness modulus of 7.16with 2.83 of
specific gravity were adopted.Manufacture sand
(M-sand) the by-product of crushing from quarries
as fine aggregate with 2.65 of fineness modulus
and 2.73 ofspecific gravity was utilized.

Tablel. Mix the proportion of SCGC

2.4. Superplasticizer

Superplasticizer plays a vital role in achieving
the desired workability.MasterGlenium Sky 8233 is
a new generation superplasticizer based on modi-
fied polycarboxylic ether purchased from Astra
Chemicals, Chennai. It has density of 1080 kg/m?3,
which was used to improve the process ability and
flow.

2.5. Mix Proportion

The SCGC mixes were completed in
accordance with the EFNARC SCC criteria. The
mix proportion of SCGC is tabulated in Tablel.The
mix designations with a total binder content of 450
kg/m3as 50% of FA and50% of GGBS.The ratio of
sodium silicate to sodium hydroxide was 1:2.5 at a
concentration of 14 M sodium hydroxide. The alkali
solution to binder was 0.40 to 0.60 and 2% (9
kg/m®) superplasticizer and 12% (54 kg/m®)extra
waterwas used in this research.

. Fine Coarse : Extra
l\I/IIIDX Q/t% kF/A 3 GGB? aggregate | aggregate NaOI—3| Na28|(33 Molarity SP 3 water
g/m kg/m kg/m? kg/m? kg/m kg/m (kg/m3) (kg/m?)
S1 | 040 | 225 225 961.08 786.33 53.27 133.75 14 9 54
S2 | 045| 225 225 961.08 786.33 57.86 144.66 14 9 54
S3 | 050 | 225 225 961.08 786.33 62.14 155.37 14 9 54
S4 | 055 | 225 225 961.08 786.33 66.15 165.39 14 9 54
S5 | 0.60 | 225 225 961.08 786.33 69.91 174.79 14 9 54

| Fly GGBS |

—>

!

O > | GeopolymerConerete | o

z

Self Compacting Geopolymer
Concrete

\; | Determination of optimum A/B ratio in SCGC

Figure 1.SCGC production process
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2.6. Blending, casting, processing, and curing

FA, GGBS and aggregates in a saturated,
surface-dry state were mixed in 100-litre pan
mixers for about 2.5 minutes. This dry mixing
process ensures an even distribution of aggregate,
FA and GGBS. After dry mixing, a liquid mixture of
an alkaline solution, SP and additional water were
added to the mix. Wet mixing was continued for 3
minutes andensures thorough incorporation of the
liquid mixture into the dry components. Finally, the
specimens were removed from the molds and the
SCGC specimens were cured at room temperature
until they were ready for testing at all stages of
cure. The SCGC manufacturing process is shown
in Figure 1.

3. EXPERIMENTAL PROGRAMS

3.1. Rheological properties of SCGC

Slump flow, Tsoem slump flow, L-box, and V-
funnels tests were conducted on the SCGC
mixture. The slump flow test estimates the
flowability of the SCGC mix by observing the
spreading diameter of the concrete when it slumps
after demolding from conical molds. It provides

information on the workability and filling capacity of
the concrete mix. The 50 cm flow test measures
the time it takes for the mix to spread a diameter of
50 cm after it has been removed from a mold,
thereby assessing the quantitative filling and flow
ability of the concrete[44]. Testing with L-boxes
was performed to determine the concrete's
resistance to reinforcement. L-box tests consider
the flow heights of the concrete based on the
vertical section (Hi) and the horizontal component
(H2). The V-funnel test evaluates the flowability and
consistency of the concrete by measuring the flow
with a funnel from a standardized opening. It
provides information on the flow properties and
workability of the fresh self compacting concrete
mix.

3.2. Mechanical properties of SCGC

The analysis of SCGC based on FA and GGBS
for compressive, split tensile, and flexural at
various curing periods of all ageswas carried out.
For the CS test, cube specimens of 100 mm x100
mm x 100 mm (Figure. 2a)and cylindrical
specimens with100 mm diameter and 200 mm
height were cast for the STS test(Figure. 2b).

Figure 2.(a, b, ¢ and d) examination of SCGC's mechanical characteristics

Prismatic specimens measuring 100 mm x 100
mm x 500 mm were cast for the FS test. Cube-
shaped specimens were tested using a
Compression Testing Machine (CTM) according to
the IS: 516-1959 after 7 and 28 days for CS [45].
The STS tests were carried out for all ages
according to the IS: 5816-1999 [46]. FS of SCGC,
prism-shaped specimens were tested using a
Universal Testing Machine (UTM) with a capacity
of 400 kN after 7 and 28 days as per IS: 516-1959
to determine the FS shown in (Figure. 2 c) [45].
The modulus of elasticity of SCGC was carried out
in accordance with IS: 516-1959 on cylindrical
specimens with a diameter of 150 mm and a height
of 300 mm at the age of 28 days for the ratio of
stress to strain under the action of loads. An
extensometer with a dial gauge was placed at the
centre of the cylindrical specimen to measure the
deformation of the SCGC cylindrical specimen. The
specimens were compressed under the action of a
unidirectional compressive load, shown in Figure
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2d, and loaded at a displacement rate of 1.4 to 1.6
kg/minute.
4. RESULTS ANDDISCUSSION

4.1. Characterization of FA and GGBS

The FA and GGBS were characterized to utilize
of SCGC’s precursors. From Figure 3. (A&B), the
SEM demonstrates that the FA particles are
smooth-surfaced as well as spherical in shape. The
rough surfaces and irregular shapes of GGBS are
depicted in Fig. 3 (C&D). X-ray diffraction was used
to analyze the elements of FA and GGBS, as seen
in Figs. 4 and 5. Figure 4. displays the elements
present in FA derived from an EDAX spectrum.
The principal ingredients are aluminium (15.3%)
and silicon dioxide (22.3%). The minor components
of FA are potassium (1.2%), magnesium (1.2%),
and iron (3.7%). According to GGBS's elemental
study (Figure 5), silicon dioxide (12%) and calcium
(22.5%) formulate the majority of the material. In
GGBS, magnesium (4.3%) and aluminum (7.4%)
are the two most significant constituents.
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Figure 4. Elemental study of FA with Energy-Dispersive X-rays
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Figure 5. Elemental study of GGBS with Energy-Dispersive X-ray
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The purity of FA was obtained with X-ray
diffraction (XRD) Quartz (silicon dioxide, SiO2) and
mullite (aluminium oxide, Al203) are its two primary
crystalline phases. GGBS, as illustrated in Figure
6, has an amorphous phase of calcite (CaCOs3) and
a semi-crystalline structure of gypsum (CaSos).

Figures. 7 and 8 illustrate the chemical
composition of GGBS and FA. From XRF findings,
63.16% of SiO2 and 29.69% of Al203 were found
predominantly in the FA the XRF result indicates
that the main concentrations of 37.37% of CaO,
35.14% of SiO2, 16.81% of Al20s and 7.24% MgO
were predominantly found in the GGBS.

4.2. Rheological properties of SCGC

The rheological properties, which describe the
flow behavior and workability of SCGC, are often
assessed using several standard tests. These tests
include the slump flow test, Tsocm Slump flow test,
V-funnel test, and L-box test. Table 2.Rheological
characteristics of SCGC mix.

Table2.Rheological characteristics of SCGC mix

Mix | Slump flow | Tsoem flow | V —funnel L-

ID (mm) (Sec) (Sec) BOX
S1 762 2.6 7.4 0.95
S2 733 3.4 8.5 0.91
S3 696 4.3 9.8 0.86
S4 642 5.9 12,5 0.79
S5 617 7.8 14.4 0.77

4.2.1.Slump flow test

The slump flow test is carried out to assess the
workableness and processability of SCGC.It
measures the flow spread diameter of the concrete
mixture when it slumps after being released from a
conical mold. The results are shown in Table 2 and
Figure9.

900

alkaline binder Mix ID - S1 to S5 was attained as
762mm, 733mm, 696mm, 642 mm, and 617mm
respectively. The maximum flow has achieved as
762mm at Mix ID - S1 and minimum flow was
received as 617mm for Mix ID -S5.

It was found that the slump flow of the SCGC
mixtures decreases with increasing alkaline binder
content.

4.2.2.Tsocmflow test

The time it takes for the concrete to spread at a
diameter of 50 cm is analyzed utilizing the Slump-
Tsoem testas shown in Table 2 and Figure 10. It can
be seen that except for Mix ID S4 and S5 and five
SCGC mixes, the allowable limits specified by
EFNARC (2-5 sec) were achieved. It varies
between 2.6 and 7.8 and the lowest value of 2.6
sec is reached for Mix ID -S1.Tsocm time from Mix
ID- S1 to S5 has received 2.6, 3.4, 4.3, 5.9 and 7.8
respectively. It can be observed that increasing the
alkaline binder content increases the Tsocm time.

10

EFNARC range 2-5 seconds

T sgem Slump flow

S3
Mix ID

EFNARC range 650-800mm

850

80 - - m e, e, e, - ——-——-—— - -

750

700 4

Slump flow (mm)

650 4—

600

550

S3
Mix ID

Figure 9.Slump flow test

It shows that all blends are within the EFNARC
range of 650 mm to 800 mm. Slump flow from
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Figure 10.Tsocm flow test

4.2.3. V-funnel flow time

The V-funnel test serves as a crucial method
for evaluating the flowability and workability of
SCGC mixtures. This test assesses the time it
takes for the concrete to flow through a V- funnel,
providing insights into its rheological properties and
suitability for various construction applications. The
observed values are shown in Table 2 and Figure
11

The flow time is between 7.4 and 14.4 sec. All
three SCGCs met the acceptable flow time other
than Mix ID - S4 and S5. The v-funnel flow time
from Mix ID - S1 to S5 has received 7.4, 8.5, 9.8,
12.5, and 14.4 sec respectively.
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EFNARC range 6-12 seconds

16

14

R4 - —mmm—— - — -~

V-funnel (S)

Mix ID

Figure 11. V-funnel test

4.2.4.L-box test

The L-box test is one of the most common and
effective methods for determining the passing
ability of SCC. The blocking ratio (H2/H1) of SCGC
is shown in Table 2 and Figure 12. According to
EFNARC, the permissible range for SCGC is
between 0.8 and 1.0.

The observation shows that the Ha/Hi ratio
decreases with increasing proportions of alkaline
binders. It can be seen that with the exception of

Table 3.Strength characteristics of SCGC mix

Mix ID - S4 and S5 and the other SCGCs, the
allowable range for SCGC is below 0.8 to 1.0
compared to all other mixtures. This test height
ratio of Mix ID - S1 to S5 has obtained 0.95, 0.91,
0.86, 0.79 and 0.77 respectively.

1.2

EFNARC range 0.80-1.0

7| 1 S I S P S g S A E S SRS e

0.8 -

L-box

0.6 4

0.4 4

0.2 4

0.0

S3
Mix ID

Figure 12. L-box test

4.3. Hardened properties of SCGC

CS, STS, and FS are indeed crucial for
evaluating the mechanical properties of SCGC.
Table 3.Strength characteristics of SCGC mix.

Compressive strength | Splitting tensile strength Modulus of elasticit
Mix ID P (MPa) 9 pitting (MPa) 9 Flexural strength (MPa) (MPa) y
7 days 28 days 7 days 28 days 7 days 28 days 28 days
S1 20.8 28.3 2.6 3.84 3.64 4.86 26599
S2 25.1 34.5 2.9 4.14 3.91 5.24 29368
S3 27.6 38.3 34 4.63 4.28 5.85 30943
sS4 25.4 36.6 3.2 4.39 4.16 5.52 30249
S5 23.8 34.2 31 4.03 3.83 5.3 29240
4.3.1.Compressive strength 45 ‘
. . .. . W 7 Days
CS is indeed a crucial characteristicevaluating 40 4 B 25 Doy

the performance and quality of concrete. The CS
for all five components after 7 and 28 days is
shown in Table 3 and Figure 13. A maximum of
27.6 MPa and 38.3 MPa was observed for mix ID -
S3 after 7 and 28 days. The 7-day CS for Mix ID -
S2 to S5 developed a strength increase of 17.13
%, 24.63 %, 18.11 % and 12.60 % compared to the
control sample of Mix ID -S1.

The 28-day CS for Mix ID -S2 to S5 developed
a strength increase of 17.97 %, 26.10 %, 22.67 %
and 17.25 % compared to the control sample Mix
ID -S1. Overall, the CS of the SCGC improved by
12.78 %

ZASTITA MATERIJALA 66 (2025) broj 2
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S3

Mix ID

Figure 13. Compressive strength test
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The 28-day CS for Mix ID -S2 to S5 developed
a strength increase of 17.97 %, 26.10 %, 22.67 %
and 17.25 % compared to the control sample Mix
ID -S1. Overall, the CS of the SCGC improved by
12.78 %.

4.3.2.Split tensile strength

The results of STS tests for SCGCs with
different alkaline binder correspondences for all the
five mixtures are shown in Table 3 and Figure 14
after 7 and 28 days. STS is observed for S3 at 7
and 28 days, with maximum STS of 4.63 MPa and
3.4 MPa, respectively.

HEHE 7 Days
[ 28 Days

Split tensile strength (MPa)

S3

Mix ID

Figure 14. Split tensile strength test

The 7-day STS for mixtures ID-S2 to S5
resulted in an increase in strength of 10.34 %,
23.52 %, 18.75 % and 16.12 % compared to the
control samples of mixture ID-S1. The 28-day STS
for the mixtures ID -S2 to S5 resulted in a strength
increase of 7.24 %, 17.06 %, 12.52 % and 4.71 %
compared to the control mixture ID -S1. Overall,
the STS of the SCGC improved by 11.44 %. The
results of the STS test confirm the behavior of the
results of the CS test.

4.3.3.Flexural strength

The FS test for SCGCs with all five correlatives
is shown in Table 3 and Figure 15. The maximum
FS value for mixture ID -S3 was determined to be
4.28 MPa and 5.85 MPa after 7 and 28 days
individually.

The 7-day FS for Mix ID -S2 to S5 developed a
strength increase of 6.90 %, 14.95 %, 12.50 % and
4.96 % compared to the control sample of Mix ID -
S1. The 28-day FS for Mix ID -S2 to S5 showed an
increase in strength of 7.25 %, 16.92 %, 11.95 %
and 8.30 % equal to the control sample Mix ID -S1.
Overall, the FS of the SCGC improved by 10.59 %.

288

HHIEEE 7 Days

6 - 28 Days

Flexural strenth (MPa)

Mix ID

Figure 15.Flexural strength test

4.3.4. Modulus of elasticity

Figure 16 shows in Table 3 and the modulus of
elasticity (MOE) for different SCGC mixes (S1 to
S5) after 28 days of curing. The results show
varying degrees of stiffness improvement
compared to the MOE of the S1 control SCGC mix.
The MOE of S1 was 26599 MPa, which was used
as the base value at 100%.

35000

-28(lﬂ_\'s
30000
E
= 25000
z
= 20000
o]
= 15000
o
=2
£ 10000
=
5000
0
S1 S2 83 S4 S5

Mix ID

Figure 16. Modulus of elasticity test

The stiffness of mixture of S2, with a slightly
higher MOE of 29368, has increased by 10.41%
compared to compound S1. Mixture S3 has the
highest stiffness with an MOE of 30943 MPa,
shows the greatest improvement with an increase
of 16.33% compared to the control. Mixture S4 with
an MOE of 30249 MPa shows an increase of
13.72%, while mixture S5 with an MOE of 29240
MPa shows an increase of 9.92% compared to S1.
These comparisons show that mixture S3 has the
largest increase in stiffness compared to the
control mixture S1.
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5. CONCLUSIONS

The following conclusions were drawn based

on the research results:

The fresh properties of the SCGC with A/B
ratios of 0.4, 0.45, and 0.5 (Mix ID -S1, S2, and
S3) have complied with EFNARC guidelines
from the slump flow test. The lowest T50cm
slump and time of 696 mm as 4.3 sec were
obtainedfor SCGC with an A/B ratio of 0.5. The
V-funnel test also indicated a minimal flow time
of 9.8 sec at 0.5 A/B ratios. The height ratio of
fresh SCGC was achieved at 0.91 and 0.95 for
an A/B ratio of 0.4 and 0.45, respectively.
Hence, better workability was attained at an
A/B ratio of 0.5 in the SCGC.

The hardened properties of the SCGC with an
A/B ratio of 0.5 was achieved with the highest
CS of 38.3 MPa, STS of 4.63 MPa, and FS of
5.85 MPa after 28 days.

Overall, the A/B ratio of 0.5 was found to be
optimal for the FA and GGBS-based SCGC,
showing effective improvement in workability
as well as increase in strength thereby,
resulting in a concrete mix with satisfactory
mechanical properties suitable for various
construction  applications spanning  from
infrastructure projects to architectural design,
repair, and rehabilitation.
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UTICAJ ALKALNIH VEZIVA NA OBRADLJIVOST | CVRSTOCU
SAMOSKUPLJAJUCEG GEOPOLIMER BETONA

Samozbijajuci geopolimer beton (SCGC) je obecavajuca alternativa tradicionalnom betonu zbog svojih
ekoloskih prednosti. U SCGC, alkalna veziva kao $to su natrijum hidroksid (NaOH) i natrijum silikat
(NazSiOs) imaju potencijal da uticu na obradivost i snagu. Konkretno, odnos alkalnih veziva direktno
utice na ukupne performanse SCGC. U ovom istrazivanju pet SCGC se meS$a sa razlicitim odnosima
alkalnog veziva izmedu 0,40 i 0,60 u 50% leteceg pepela (FA) i 50% mlevene granulisane Sljake visoke
peci (GGBS), u koncentraciji 14 M NaOH, superplastifikator (9 kg/m3). ) i dodatne vode (54 kg/m3)
ispitan je uticaj odnosa alkalnog veziva na obradivost i svojstva mehanicke cvrstoce. Rezultati studije su
pokazali da su sveza svojstva SCGC-a sa A/B odnosima od 0,4, 0,45 i 0,5 u skladu sa smernicama
EFNARC-a iz testa sleganja, a najnizi dobijeni pad T50cm bio je 696 mm. Postignut je najveci CS od
38,3 MPa, STS od 4,63 MPa i FS od 5,85 MPa, sto ukazuje na bolie mehanicke performanse SCGC
meSavine sa odnosom A/B od 0,5. Zbog toga su odnosi alkalnog veziva od 0,5 optimizovani na 14 M
NaOH na reolo$kim svojstvima i svojstvima Evrstoce.

Kljuéne reci: lete¢i pepeo, GGBS, NaOH, Na:SiOs, odnos alkalnog veziva, reoloska i mehanicka

svojstva.
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