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Abstract: Self compacting geopolymer concrete (SCGC) is becoming an innovative
sustainable engineered material for industrial ecology that doesn’t require both vibration and
cement. In this study, SCGC mixes were manufactured using class F fly ash (FA) and ground
granulated blast furnace slag (GGBS) in 50:50 proportions with 100% manufactured sand
(MS). All mixes had a fixed water-to-geopolymer solids ratio of 0.4 by mass and a constant
total binder content of 450 kg/m’. The present investigation is mainly focused on the fresh
and compressive strength properties of SCGC by varying the molarity of sodium hydroxide
(NaOH) from 8 M to 12 M. Test methods such as slump flow, Tspem, V-funnel and L-box
were conducted to assess the fresh properties. Compressive strength of SCGC was
determined after 7, 28 and 56 days of curing at ambient room temperature. The contribution
of GGBS helps the SCGC mixes to attain significant compressive strength development
during all curing periods at ambient room temperature itself. Studies also revealed that the
increase in NaOH molarity decreased the fresh properties, however it increased the
compressive strength of SCGC.
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1. Introduction

Concrete is the backbone of all the construction and development activities around the world. Ordinary
Portland cement (OPC) is the key ingredient of concrete. The current concrete construction practice can be
considered unsustainable as it consumes enormous quantities of natural resources such as stone, sand, water,
and 2-% billion tones of OPC per year. From environment point of view, production of OPC is not an
environmentally friendly aspect as it consumes large amount of natural resources and releases a significant
amount of green-house gases [1]. The geopolymeric binders introduced by Davidovits shows promising area of
research in construction industry as alternative binders to OPC. These geopolymers could be developed by a
polymeric reaction of alkaline liquids with the silicon (Si) and aluminium (Al) source materials of naturally
available resources or by-products such as fly ash (FA), ground granulated blast furnace slag (GGBS), rice husk
ash (RHA) etc [2]. Naturally available Si-Al minerals, low calcium fly ash, metakaolin and combination of
GGBS and metakaolin [3-5] have been studied as source materials. Both FA and GGBS in certain proportions
were found to be geopolymer source materials to obtain sufficient strengths of geopolymer concrete (GPC).
Many of the GPC mixes investigated earlier required the use of high temperature curing [6]. Palomo et al.
concluded that the curing temperature significantly affected mechanical properties of the fly ash based GPC [4].
However, recent studies revealed that GPC mixes can be developed for ambient room temperature [7]. Hardjito
et al. [8] noticed that fresh GPC was highly viscous with low workability and hence, superplasticizer (SP) was
found to be used to attain adequate workability. Generally, the combination of sodium hydroxide (NaOH) or
potassium hydroxide (KOH) and sodium silicate or potassium silicate solution can be considered as alkaline
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liquid in the geopolymer technology [3-5]. Increase in NaOH concentration and curing time resulted higher
compressive strength values of fly ash based GPC mixes [6].

Geopolymeric materials have become the focus of interest and received the considerable attention
because of the environmental benefits, such as the reduction in consumption of natural resources and the
decrease in production of CO,. Geopolymers does not require a high level of energy consumption than Portland
cement [9 & 10]. Therefore, the use of geopolymer concrete technology not only significantly reduces CO,
emissions but also utilizes the industrial waste and/or by-product, converting a potentially hazardous material to
a valuable construction material. To sustain the environment from sand mining in rivers, manufactured sand
(MS) is being used as an alternative to sand as the demand and cost of river sand is becoming high. To
overcome the problems encountered in conventional concrete (CC), recently, self compacting concrete (SCC)
has been encouraged in the construction industry as it fills each and every corner of the structural element under
its own weight without any segregation or bleeding. This makes self compacting concrete (SCC) particularly
useful wherever placing is required in heavily reinforced concrete members or in complicated formworks [11].

Self compacting geopolymer concrete (SCGC) is an innovative concept in the field of concrete
technology that addresses two fold problems such as placing the concrete in complicated structural formworks
and utilizing the industrial wastes. Memon et al. studied effect of curing temperature on strength of fly ash
based SCGC and concluded that compressive strength of SCGC was increased with the increase in temperature
from 60°C to 70°C, but beyond 70°C strength was decreased [12]. Memon et al. concluded that compressive
strength of fly ash based SCGC increased with the increase in molarity of NaOH from 8 M to 12 M, but further
increase in moloarity (14 M) decreased the strength of SCGC. They also concluded that the increase in molarity
decreased the fresh properties of SCGC [13]. Nuruddin et al. observed that the alkaline solution,
superplasticizer and extra water should be premixed before adding to the dry mix of concrete to get improved
workability of SCGC [14].

The present research examined the potential of SCGC made with the available constituent materials by
examining its basic fresh and strength properties. The present work is investigated SCGC properties by varying
the molarity of sodium hydroxide (NaOH) from 8 M to 12 M. In this study, class F fly ash (FA) and ground
granulated blast furnace slag (GGBS) were blended equally at 50% replacement level (FA50-GGBS50).
Manufactured sand (MS) was used as fine aggregate. As per EFNARC [11], test methods such as slump flow,
Ts0em Slump flow, V-funnel and L-box were used to assess the fresh properties of SCGC. Compressive strength
of SCGC was determined after 7, 28 and 56 days of curing at ambient room temperature.

2. Experimental details
2.1. Materials

The materials used in this study were class F fly ash (FA), GGBS, MS and coarse aggregate,
superplasticizer, alkaline solution and water. Class F fly ash (ASTM 618) [15] obtained from Rayalaseema
Thermal Power Plant (RTPP), Muddanur, A.P and GGBS produced from the Vizag steel plant, A.P were used
in the manufacturing of SCGC. The chemical and physical properties of binders (FA and GGBS) are shown in
Table 1. Locally available crushed coarse aggregate (CA) of maximum size 14 mm having specific
gravity of 2.66 was used for all mixes. The coarse aggregate was used in saturated surface dry (SSD)
condition. Manufactured sand (MS) having specific gravity of 2.61 and the fineness modulus of 2.69 was
used as fine aggregate.

Sodium silicate (Na,Si0;) and sodium hydroxide (NaOH) solution was used as alkaline solution. The
sodium silicate solution (Na,O= 13.7%, Si0,=29.4%, and water=55.9% by mass) was purchased from a local
supplier. The sodium hydroxide (NaOH) in flakes or pellets from with 97%-98% purity was also purchased
from a local supplier. NaOH solution concentration was varied from 8 M to 12 M. The mass of NaOH solids in
a solution varied depending on the concentration of the solution. The alkaline solution was prepared 24 hrs
before to use. To attain higher workability of the fresh concrete, commercially available superplasticizer
(SKY 8630) was used. It is a blended version of both superplasticizer (SP) and viscosity modifying agent
(VMA). A specified amount of extra water (other than the water used for the preparation of sodium
hydroxide solution) was also used in the preparation of SCGC. The properties of the chemical admixture as
obtained from the manufacturer are presented in the Table 2.
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Table 1: Chemical and physical properties of FA and GGBS

Particulars Class GGBS
F fly ash
Chemical composition
% Silica(Si0,) 65.6 30.61
% Alumina(Al,O;) 28.0 16.24
% Iron Oxide(Fe,03) 3.0 0.584
% Lime(CaO) 1.0 34.48
% Magnesia(M gO) 1.0 6.79
% Titanium Oxide (Ti0O,) 0.5 -
% Sulphur Trioxide (SO3) 0.2 1.85
Loss on Ignition 0.29 2.1
Physical properties
Specific gravity 2.13 2.9
Fineness (m”/Kg) 360 400

Table 2: Properties of chemical admixture

Chemical Relative . o .
Admixture density pH Chloride content (%) Main component
SKY 8630 1.08 >6 <0.2% Polycarboxylate ether

2.2. Mix proportions

In this experimental work, three different mixtures with the same binder (FA+GGBS) content of 450
kg/m’ were prepared to study the influence of sodium hydroxide concentration on fresh properties and
compressive strength of SCGC. The NaOH solution was varied from 8 M to 12 M. The alkaline solution-to-
binder ratio (AS/B) was kept constant at 0.45. All mixes had a fixed water-to-geopolymer solids ratio of 0.4 by
mass, whereas the ratio of sodium silicate to sodium hydroxide was kept at 2.5. As per SCC guidelines, coarse
aggregate (CA) content was maintained at 30% of concrete volume [11]. In order to obtain the required fresh
properties of SCGC, a water content of 25% and superplasticizer dosage of 3% by mass of the binder were also
used. The SCGC mix designations and details are given in Tables 3 and 4 respectively.

Table 3: SCGC mix designations

. Binder CA ms | NaOH Na;SiOs | Extra
Mix AS/B Ke/m3 Ko/m® Ko/m® Solution Molarit Solution | Water SP
g g & Kg/m’ Y1 Kgm® | %) | (%)
M1 0.45 450 790 960 58 8 145 25 3
M2 0.45 450 790 960 58 10 145 25 3
M3 0.45 450 790 960 58 12 145 25 3
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Table 4: SCGC mix details

Class F fly ash (kg/m’) 225
GGBS (kg/m’) 225
Coarse aggregate (kg/m’) 790
Manufactured sand (kg/m") 960
Sodium silicate solution (kg/m’) 145
Sodium hydroxide solution (kg/m") 58 (8M, 10M, 12M)
Superplasticizer (%) 3
Extra water (%) 25
Na,Si0;3/ NaOH by mass 2.5

Alkaline solution/ binders 0.45
Water/ geopolymer solids (by weight) 0.4

2.3. Mixing, testing, casting and curing of SCGC

Mixing process was done in two stages. Initially, manufactured sand, coarse aggregate in saturated
surface dry condition and binder (FA+GGBS) were mixed together in 100 liter capacity concrete mixer for 2.5
minutes. At the end of this dry mixing, a well-shaked and premixed alkaline solution, super plasticizer and extra
water was added in the concrete mixer and the wet mixing was continued for another 3 minutes [14]. To ensure
the good homogeneity in the mix fresh concrete was mixed for another 2 to 3 minutes. To assess the
characteristics of SCGC, a freshly prepared wet mix was used to test the workability. As per EFNARC [11], test
methods such as slump flow, Tsy., Slump flow, V-funnel and L-box were carried out to assess the fresh
properties of SCGC. The fresh concrete mixture was then cast in 150 mm x 150 mm x 150 mm cube moulds.
After demoulding, the specimens were kept at ambient curing for various curing periods. The specimens were
tested for compressive strength as per IS 516 [16] after 7, 28, and 56 days of curing.

3. Results and Discussion

This section discusses the effect of sodium hydroxide concentration on the fresh properties and
compressive strength of SCGC.

3.1. Effect of sodium hydroxide concentration on SCGC fresh properties

The fresh properties of SCGC were tested by as per SCC guidelines [11]. The experimental results of
various fresh properties are presented in Table 5.

Table 5: Fresh properties of trial mixes

Mix Molarity | Slump flow Ts0em Slump V-funnel | V-funnel at | L-box ratio
No. M) (mm) Flow(sec) (sec) T smin (S€C) (hy/hy)
MI 8 690 3.5 9.5 10 1.00
M2 10 690 3.5 10 10.5 0.92
M3 12 670 4.0 11 12 0.90
SCC acceptance criteria as per EFNARC [11]
Minimum 650 2 6 9 0.8
Maximum 800 5 12 15 1

It is seen from the Table 5 that the three mixes M1 (8M), M2 (10M) and M3 (12M) have met the SCGC
acceptance criteria [11]. From the results it is observed that the mix M1 with 8M of NaOH has attained
excellent fresh properties when compared to those of the other two mixes. It is noted that the increase in
molarity of NaOH increased the viscosity of the mix and thus caused in the reduction of SCGC fresh properties.
This trend is in line with the results obtained in the earlier investigations [13 & 17]. Hence, it is concluded that
the increase in NaOH molarity in the mix decreased the fresh properties of SCGC. Various tests conducted on
SCGC mixes are shown in Figs 1, 2 and 3.
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Fig 1: V-funnel test Fig 2: L-box test
- = =

Fig 3: Slump flow test

Slump flow test is the most commonly used test that assesses the horizontal free flow of fresh concrete.
The results of the slump flow test are shown in Fig. 4. It is seen that slump flow results of all mixes were within
the EFNARC range of 650-800 mm [11]. A maximum slump flow value of 690 mm was observed for the mix
with 8 M. With the increase in molarity from 8 M to 12 M, the slump flow value was decreased from 690 mm
to 670 mm. This reduction is mainly due to the increase in the viscosity of mix [14].

Effect of molarity on

slump flow
g 700
=
3
= 650
% sodium hydroxide

solution(Molarity)

Fig 4: Slump flow test results of SCGC mixes

Fig. 5 shows the results of the Tso., slump flow. It gives an indication of the relative viscosity and
provides a relative assessment of the unconfined flow rate of the SCGC mixes. Test results of Tspe, slump
flow shows that all the three mixes were qualified the permissible limits (2-5seconds) given by EFNARC [11].
An increase in the quantity of NaOH increased the viscosity and reduced the fluidity of concrete which
in turn increased the Tso.m value.
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Effect of molarity on T50cm
slup flow
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sodium hydroxide solution(Molarity)
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Fig 5: T 50cm Slump flow test results of SCGC mixes

V-funnel test is primarily used to measure the filling ability (flowability) of SCC. Fig. 6 illustrates the
V-funnel test results. All the results were within the permissible limits as shown in Table 5. With the increase in
NaOH molarity, the filling ability was decreased and consequently V-funnel time was increased.

Effect of molarity on v-funnel

m V-funnel

B V-funnel@T5min

V-Funnel (sec)

8M 10M 12M

sodium hydroxide solution(Molarity)

Fig 6: V-funnel test results of SCGC mixes

L-box test is used to assess the filling and passing ability of SCGC. Fig. 7 shows L-box test results. All
the results were within the permissible limits as shown in Table 5. With the increase in NaOH molarity, the

blocking ratio (hy/h;) was decreased.

Effect of molarity on L-
ox(h2/h1)
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Fig 7: L-box test results of SCGC mixes
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From the above results, it can also be concluded that for the given coarse aggregate content of 30%, the

paste content of 36.4% can be considered as adequate paste content to attain successful SCGC mixes.

3.2. Effect of sodium hydroxide concentration on SCGC compressive strength

From the results obtained in the fresh properties of SCGC as shown in Table 5, the mixes were
considered as successful SCGC mixes. Compressive strength results of SCGC mixes after 7, 28 and 56 days of
curing at ambient room temperature are presented in the Table 6 and their comparisons in their molarity are
shown in Fig 8.

Table 6: Compressive strength values of SCGC

Mechanical Molarity (M
property Age (days) SM 103( ) 12M
Compressive 7 35.445 37.334 40.595
strength, 28 40.352 43.045 45.667
e (MPa) 56 46.155 49.615 51.177

Effect of molarity on

60 Gompressive strength
50 + -

u7
Days

cube compressive
strength MPa

8M 10M 12M

Fig 8: Compressive strength results of SCGC mixes

Fig. 8 illustrates the effect of NaOH molarity on the compressive strength of SCGC mixes. Test results
shown that the increase in molarity increased the compressive strength of SCGC. It is due to the better
geopolymer synthesis. The increase in NaOH molarity increases the dissolution of initial solid materials and
increases the geopolymerization reaction. This improves the micro structure of the mix and increases the
compressive strength [18-20]. That’s why all mixes have attained excellent values of compressive strength at all
curing periods at ambient room temperature. Another reason is also due to 50%-50% blending proportions of
FA and GGBS. The contribution of GGBS helps the mix to attain early and rapid strength development at
ambient room temperature curing.

From the results, it is revealed that the increase in NaOH molarity decreased the fresh properties, but
however it enhanced the strength properties of SCGC. No adverse effects have been observed when SCGC
mixes prepared with manufactured sand (MS). So, successful SCGC mixes can be achieved using MS and there
by natural resources can be saved.

4. Conclusions
Based on the results of this experimental investigation, the following conclusions can be drawn:

. The increase in the concentration of sodium hydroxide from 8 M to 12M increased the viscosity
and reduced the fresh properties of SCGC mixes, nevertheless, all the three mixes still met the
requirements of SCC suggested by EFNARC.

. The increase in the NaOH molarity increased the compressive strength of SCGC.
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The contribution of GGBS helps the mix to attain early and rapid strength development at ambient
room temperature curing.

No adverse effects have been observed when SCGC mixes prepared with manufactured sand (MS).

For the given coarse aggregate content of 30%, the paste content of 36.4% can be considered as
adequate paste content to attain successful SCGC mixes.
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