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The demand for environmentally responsible construction materials has
accelerated research into alternatives to ordinary Portland cement-based
concrete. Self-compacting geopolymer concrete (SCGC) has gained attention
due to its low carbon footprint and excellent workability; however, its brittle
nature, cracking susceptibility, and durability concerns under aggressive
environments limit its wider application. This study presents the development
of an ambient-cured fibre-reinforced self-compacting geopolymer concrete
(FRSCGC) incorporating stainless steel fibres to enhance mechanical
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72?_72 S performance, dimensional stability, and resistance to chemical attacks. Fly
) ash and ground granulated blast furnace slag were used as aluminosilicate

Corresponding Author: precursors, while a sodium-based alkaline activator facilitated

Dr. Parth Verma geopolymerisation at room temperature. The durability performance of

SCGC and FRSCGC was evaluated through sulphate resistance, acid
resistance, rapid chloride permeability, drying shrinkage, and microstructural
investigations. Experimental results demonstrated that the inclusion of
stainless steel fibres significantly reduced mass loss, expansion, and
permeability while improving compressive strength and ductility. Drying
shrinkage was substantially reduced in FRSCGC compared to the control
mix, indicating superior dimensional stability. Microstructural observations
confirmed effective crack-bridging and a denser interfacial transition zone,
contributing to enhanced durability. The outcomes highlight FRSCGC as a
sustainable and durable material suitable for infrastructure exposed to
aggressive environments.
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1. Introduction

Concrete remains the backbone of modern infrastructure; however, its long-term durability is
often compromised when exposed to aggressive environments such as sulphate-rich soils, acidic
conditions, and chloride-laden marine atmospheres. Chemical ingress can trigger expansive reactions,
leaching, and microstructural degradation, leading to cracking and premature failure of structures.
Although ordinary Portland cement concrete is widely used, its vulnerability to chemical attack and
high carbon emissions have driven the search for sustainable alternatives.
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Geopolymer concrete has emerged as a promising substitute due to its reduced greenhouse gas
emissions and improved resistance to chemical deterioration. Nevertheless, conventional geopolymer
systems frequently require heat curing and mechanical vibration, limiting their field applicability.
Recent developments in self-compacting geopolymer concrete combine the advantages of geopolymer
binders with the superior flowability of self-compacting concrete, enabling placement without
vibration under ambient curing conditions. Despite these benefits, SCGC still exhibits brittle behaviour
and susceptibility to cracking, particularly under chemical exposure.

Fibre reinforcement has been widely recognised as an effective approach to enhance ductility
and crack control in cementitious composites. Among various fibre types, stainless steel fibres offer
high tensile strength and excellent corrosion resistance, making them suitable for aggressive
environments. This study aims to develop a high-strength, ambient-cured FRSCGC incorporating
stainless steel fibres and to systematically evaluate its durability and mechanical performance in
comparison with conventional SCGC.

2. Materials and Mix Proportions

Fly ash and ground granulated blast furnace slag were used as the primary binder materials to
promote ambient curing and achieve adequate early-age strength. Natural river sand and crushed gravel
served as fine and coarse aggregates, respectively. A sodium hydroxide and sodium silicate solution
was adopted as the alkaline activator system. Hooked-end stainless steel fibres of micro and macro
lengths were incorporated to improve crack resistance and post-peak behaviour.

The mix design was optimised to ensure high flowability and stability required for self-
compacting behaviour. A hybrid fibre dosage of 2% by volume, consisting of equal proportions of
micro and macro fibres, was selected to balance workability and mechanical enhancement.

Table 1. Materials and Mix Proportions

Fi teel
, Fly Ash | GGBS e Coarse | | tivator/Binder | >
Mix ID (ke/m?) (kg/m?) Aggregate | Aggregate Ratio Fibres

. . (kg/m?) | (kg/m’) (%)
SCGC | 350 150 720 780 0.45 0.0
FRSCGC | 350 150 710 760 0.45 2.0

3. Experimental Program

3.1 Workability and Mechanical Testing

Fresh-state behaviour of the developed concretes was evaluated through slump flow diameter,
T500 flow time, and J-ring passing ability tests to confirm self-compacting performance. These tests
ensured adequate filling ability, flowability, and resistance to segregation. Compressive strength was
determined using cylindrical specimens after 28 days of ambient curing to assess the load-bearing
capacity of both mixes.
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Table 2. Mechanical Properties

Mix 28-day Compressive Strength (MPa)
SCGC 48.2
FRSCGC 56.8

3.2 Durability Assessment

Durability characteristics were investigated using sulphate resistance, acid resistance, rapid
chloride permeability, and drying shrinkage tests. Specimens were exposed to aggressive chemical
environments for an extended duration to simulate severe service conditions. Changes in mass,
dimensional stability, ultrasonic pulse velocity, and stress—strain response were recorded to evaluate
degradation mechanisms.

3.3 Microstructural Analysis

Scanning electron microscopy was used to examine the internal morphology and fibre—matrix
interaction before and after chemical exposure. Emphasis was placed on crack development, pore
distribution, and the integrity of the interfacial transition zone.

4. Results and Discussion

4.1 Workability and Strength

The incorporation of stainless steel fibres resulted in a marginal reduction in flowability;
however, all fibre-reinforced mixes satisfied the acceptance criteria for self-compacting concrete. The
observed increase in flow resistance was attributed to fibre interlocking and increased internal friction.
Despite this, uniform filling and passing ability were maintained without segregation.

Fibre-reinforced specimens exhibited enhanced compressive strength compared to the control
mix. The improvement was primarily associated with the crack-bridging action of stainless steel fibres
and improved stress transfer across microcracks.

4.2 Sulphate and Acid Resistance

Fibre-reinforced specimens demonstrated superior resistance to sulphate and acid
environments compared to the control mix. Reduced surface deterioration, lower expansion, and
diminished mass loss were observed in FRSCGC specimens throughout the exposure period.

Ultrasonic pulse velocity measurements further confirmed the enhanced internal integrity of
fibre-reinforced mixes. FRSCGC retained higher pulse velocity values, suggesting limited

microstructural damage.

4.3 Chloride Penetration and Drying Shrinkage
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Rapid chloride permeability results indicated a substantial reduction in ionic charge passed
through FRSCGC specimens, reflecting a denser and less permeable matrix. Fibre reinforcement
effectively restricted crack formation, thereby limiting pathways for chloride ingress.

Drying shrinkage measurements revealed that fibre-reinforced mixes experienced significantly
lower shrinkage strains throughout the monitoring period. Stainless steel fibres restrained volumetric
contraction by bridging microcracks and redistributing tensile stresses.

Drying Shrinkage Comparison
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4.4 Microstructural Observations

SEM analysis confirmed a denser geopolymer matrix and enhanced interfacial transition zone
in FRSCGC. Fibres bridged microcracks and delayed crack coalescence, contributing to improved
durability and toughness.

5. Conclusions

This study demonstrated that stainless steel fibre reinforcement significantly enhances the
mechanical and durability performance of self-compacting geopolymer concrete cured under ambient
conditions. The developed FRSCGC exhibited improved strength, reduced shrinkage, and superior
resistance to sulphate, acid, and chloride attacks. The findings support the potential application of
FRSCGC as a sustainable and durable construction material for infrastructure in aggressive
environments.
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