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This study investigates the effect of replacing fly ash with ground
granulated blast furnace slag (GGBFS) in lightweight geopolymer
concrete. Given that geopolymer concrete eliminates the use of
Portland cement, thereby contributing to reduced cement
consumption and mitigating its negative environmental impacts, this
topic holds particular significance. In this research, lightweight
expanded clay aggregate was employed as coarse aggregate, and the
activator-to-binder ratio (Al/Bi) was set at 0.5. The specimens
included cubes for compressive strength, cylinders for tensile
strength and elastic modulus, and notched beams for fracture testing.
Curing was performed at 80 °C for 24 hours. The results revealed that
a20% slagreplacement led to a 16% increase in compressive strength
compared to the control specimen. Furthermore, fracture energy and
fracture toughness reached their maximum at 30% slag replacement,
with an improvement of approximately 63% relative to the slag-free
specimen. However, further replacement levels of 40% and 50%
resulted in a decline in these properties. The findings indicate that a
slag replacement range of 20-30% provides the optimum balance for
enhancing both the mechanical performance and fracture behavior of
geopolymer concrete. These results underscore the substantial
importance of such mixtures in advancing sustainable construction
materials and reducing Portland cement consumption.
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EXTENDED ABSTRACT

Introduction

The production of ordinary Portland cement (OPC) is associated with high energy
consumption and considerable carbon dioxide emissions, making the development of
environmentally sustainable construction materials an important research priority. Fly
ash-based geopolymer concrete (GPC) has emerged as a promising alternative because it
utilizes industrial by-products and exhibits excellent durability and mechanical
performance. Nevertheless, the fracture behavior of lightweight geopolymer concrete
containing ground granulated blast furnace slag (GGBFS) has not yet been sufficiently
investigated, particularly regarding the relationship between slag replacement, fracture
parameters, and microstructural evolution. Since fracture properties govern crack
initiation and propagation in structural concrete, understanding these mechanisms is
essential for the safe design of geopolymer concrete structures. Therefore, this study aims
to evaluate the influence of different GGBFS replacement levels on the mechanical
properties, fracture behavior, and microstructure of lightweight Class C fly ash-based
geopolymer concrete.

Methodology

Lightweight geopolymer concrete mixtures were prepared using Class C fly ash as the
primary aluminosilicate precursor while partially replacing it with different percentages
of GGBFS. Expanded lightweight aggregate (LECA) was used as the coarse aggregate, and
alkaline activation was achieved using sodium hydroxide and sodium silicate solutions
under controlled curing conditions. Compressive strength and splitting tensile strength
tests were performed to evaluate the mechanical behavior of the mixtures. Fracture
parameters, including fracture energy (Gf), fracture toughness (KIC), and characteristic
length (Cf), were determined using the Size Effect Method (SEM). Furthermore, scanning
electron microscopy (SEM) was employed to investigate the microstructural
characteristics of the geopolymer matrix and to explain the fracture mechanisms
associated with different slag replacement levels.

Results and discussion

The experimental results demonstrated that partial replacement of fly ash with GGBFS
significantly enhanced both the mechanical and fracture performance of lightweight
geopolymer concrete. Increasing the slag content up to an optimum level produced a
denser geopolymer matrix, improved interfacial bonding, reduced internal porosity, and
increased compressive strength, tensile strength, fracture energy, and fracture toughness.
Microstructural observations confirmed the formation of a more compact reaction
product due to the higher calcium content contributed by GGBFS, resulting in improved
resistance to crack initiation and propagation. However, excessive slag replacement
reduced fracture performance because of microcracking associated with rapid reaction
kinetics and excessive calcium-rich phases. The combined mechanical and microscopic
analyses demonstrated a strong correlation between microstructural refinement and
fracture resistance.

Conclusion

The findings confirm that controlled partial replacement of Class C fly ash with GGBFS
is an effective strategy for improving the fracture behavior of lightweight geopolymer
concrete while preserving the environmental advantages of geopolymer technology. The
integration of fracture mechanics with microstructural characterization provides a
comprehensive understanding of the mechanisms governing crack resistance and
structural performance. The proposed approach offers practical guidance for designing
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durable and sustainable lightweight geopolymer concretes for structural applications and
contributes to the broader development of low-carbon construction materials.
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