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ABSTRACT

Understanding the key variables that affect the performance of lightweight
self-compacting geopolymer concrete (LSGPC) is essential for harnessing
its technical and environmental benefits in real-world applications. This
study aims to investigate the effect of NaOH concentration (6, 8 and 10M)
and Na>SiOs/NaOH ratio (0.5, 1.5 and 2.5) on the performance of LSGPC
containing scoria. For this purpose, 10 LSGPCs were produced and tested
for slump flow, Tso, visual stability index, V- funnel and J-ring in the fresh
state and compressive strength, splitting tensile strength and water
absorption in the hardened state. Results showed that using 100% scoria
as a substitution of coarse aggregate reduces slump flow and increases
Tso and V- funnel times due to the reduction in the weight of the mixture.
Moreover, NaOH concentration and Na»SiOs/NaOH ratio with a change
in the viscosity of the mixture are the factors influencing the fresh state
performance of LSGPC. Microstructure observation of LSGPC samples
by using SEM images revealed a stronger interfacial transition zone
between the geopolymer paste and aggregate which improves the
mechanical properties as the NaOH concentration increases from 6M to
10M. Furthermore, Na:;SiO3/NaOH ratio of 1.5 in LSGPC mixture had the
best performance in terms of increasing mechanical properties and
reducing water absorption. In general, considering optimum
concentration of NaOH and Na>SiOs/NaOH ratio, it is possible to produce
LSGPC containing 100% scoria with acceptable fresh state properties as
well as compressive strength categorized as lightweight structural
concrete.
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Introduction

Although, using geopolymer paste in the
production of different types of concrete has
been proposed by different researchers,
lightweight  self-compacting  geopolymer
concrete (LSGPC) has not received the
required attention. LSGPC combines the
benefits of wusing lightweight geopolymer
concrete with the favorable characteristics of
self-compacting  concrete. ~ Noted  that
geopolymer paste is prepared by combining
aluminosilicate materials with an alkaline
activator and therefore, LSGPC properties
mainly depend on the alkali activator’s
characteristics. In this regard, this study
evaluates the effect of NaOH concentration
and Na,SiO3;/NaOH (NS/NH) ratio on self-

compacting geopolymer concrete containing
scoria aggregate.

Experimental program

To assess the study scope, ten concrete
mixtures were produced, as detailed in Table
1. Accordingly, the concrete mixtures are
classified into two groups of normal weight
(N) and lightweight (L). Each group included
three concretes with NaOH concentrations of
6M, 8M, and 10M (NS/NH=1.5) and two
mixtures with NS/NH ratio of 0.5 and 2.5.
Concrete samples were tested for slump flow,
Tso, visual stability index, V- funnel, J-ring,
compressive strength, SEM analysis, tensile
strength and absorption.

Table 1. Mix proportions of concrete

Mix ID Slag NaOH (Kg/m®) Na,Si0; Sand Gravel Scoria Extra water SP
) (Kg/m® | 10M | 8M | 6M (Kg/m®) Kgm®) | Kg/m’) | (Kg/m’) (Kg/m?) (Kg/m®)
N10MI1.5NN 550 1o | - - 165 770 612 - 48 38
L10M1.5NN 550 1o | - - 165 770 - 399 48 38
N8M1.5NN 550 - 10 | - 165 770 612 - 48 38
L8M1.5NN 550 - 1o | - 165 770 - 399 48 38
N6M1.5NN 550 - - 110 165 770 612 - 48 38
L6M1.5NN 550 - - 110 165 770 - 399 48 38
N8MO.5NN 550 - 183 | - 92 770 587 - 48 38
L8MO0.5NN 550 - 183 | - 92 770 - 384 48 38
N8M2.5NN 550 - 79 | - 196 770 622 - 48 38
L8M2.5NN 550 - 79 | - 196 770 - 407 48 38
ReSUIts and dISCHSSIons 900 -+ Normal weight -o-light weight
The slump flow of the LSGPC is shown £ o0
in Fig. 1, while Fig. 2 presents the Tso and V- E s
. . . .. 3z 750
funnel times. Accordingly, using scoria in S 0
. -
LSGPC decreased the slump flow while g 50
increased the Tsp and V-funnel times. With & 60 / -
increasing NaOH concentration, the concrete 550
500

mixtures become more cohesive which caused
a decrease in the slump flow. The viscosity of
both lightweight and normal-weight concretes
increases with a higher NS/NH ratio.
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The compressive and splitting tensile
strengths of all concrete mixtures are given in
Figs. 3 and 4. Accordingly, the porous nature
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Fig. 3. Compressive strength of concrete mixtures at different (a) NaOH concentrations and (b) NS/NH ratio.
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Fig. 4. Splitting tensile strength of concretes

The compressive strength of normal
weight and lightweight concrete enhanced by
20.3 and 15.9%, respectively, depending on
the curing age, as the NaOH concentration
increased from 6M to 10M. A similar trend
was also observed in the tensile strength. SEM
analysis also shows an improvement in the
ITZ and matrix densification in geopolymer
concrete prepared with a NaOH concentration
of 10M. Increasing the NS/NH ratio from 0.5
to 1.5, increased the compressive and splitting
tensile strengths of the normal weight concrete
by 20.1% and 17.8%, and the lightweight
concrete by 10.1% and 12.3%, respectively,
depending on the curing age. As can be seen in
Fig. 5, the use of scoria lightweight aggregate
increases the water absorption of concrete
samples.

Conclusion

This study aims to evaluate the properties
of self-compacted geopolymer concrete con-
taining scoria. Results show that the fresh
properties of concrete samples were mainly
influenced by NaOH concentrations and

of scoria compared to natural aggregate caused
a reduction in the compressive strength of
LSCGP samples.
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NS/NH ratio. Nonetheless, it is possible to
produce structural lightweight concrete by
100% replacing natural coarse aggregate with
scoria.
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Fig. 5. Water absorption of concrete samples
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