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Abstract - In this work, the durability and mechanical performance of geopolymer concrete (GPC) without the usage of
reinforcing fibers is examined utilizing a hybrid binder made of fly ash and ground granulated blast furnace slag (GGBS). By
altering the activator ratio (Na2SiO3/NaOH) throughout M30 and M40 grades and adding micro silica at weights of 3%, 6%, and
9% by binder, the mix design was changed. Rapid chloride penetration tests (RCPT) and compressive strength results
demonstrated that adding up to 6% micro silica greatly improves strength and durability.
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. INTRODUCTION

The most popular building material in the world is ordinary Portland cement (OPC) concrete, yet the manufacture of this
material greatly increases greenhouse gas emissions. Researchers are looking into alternative binders like geopolymers because
of the demand for a more environmentally friendly building material. In order to create geopolymer concrete (GPC), alumino-
silicate-rich industrial by-products such as fly ash and GGBS are alkali-activated to create a stiff, three-dimensional
aluminosilicate network.

By combining fly ash and GGBS, hybrid binder systems can maximize the advantages of both materials: GGBS improves early
strength and setting properties, while fly ash offers long-term strength and durability. However, unless appropriately densified,
GPC tends to show excessive porosity and permeability. By filling up gaps and encouraging further geopolymerization, micro
silica, a highly reactive pozzolan, enhances the microstructure of the matrix.

The goal of this study is to design geopolymer concrete for M35 and M40 concrete grades utilizing hybrid fly ash-GGBS
binders and different micro silica contents. Furthermore, utilizing RCPT, the impact of activator ratio on performance is
investigated, with a focus on durability during chloride ion exposure.

1. LITERATURE SURVEY

Among the first to show that fly ash might be used as a raw material for GPC were Hardjito and Rangan (2005). According to
their research, when properly activated, fly ash-based GPC could equal or surpass the strength of OPC concrete. Fly ash by
itself, however, is less practical in outdoor settings since it needs higher curing temperatures to generate strength.

Several researches suggested using GGBS in addition to fly ash to remedy this. Calcium is added to the mixture by GGBS,
which promotes quick setting and ambient curing. According to Nath and Sarker (2015), hybrid GPC mixes containing GGBS
demonstrated decreased porosity and enhanced early-age strength. The filler impact of micro silica and its capacity to create
more compact and impermeable matrices were also studied.

Kumar et al. (2020) highlighted the importance of microstructure refinement in regulating chloride ion penetration in their
durability investigations. A common test method (ASTM C1202) for assessing a concrete's resistance to ion infiltration is the
Rapid Chloride Penetration Test (RCPT), which is crucial for buildings subjected to coastal or deicing environments.

Building on previous discoveries, this study examines the combined impact of activator ratios, micro silica, and hybrid binders
in concrete grades M35 and M40, which are frequently utilized in structural applications.

. MATERIALS AND METHODS
A. Materials Used :-

o Fly Ash: The primary source of alumino-silicate was Class F fly ash, which was acquired from a thermal power
plant.

o GGBS: 40% of the total binder is made up of this finely ground by-product of the steel making process.

e Micro Silica: Add 3%, 6%, and 9% of the binder weight of commercial-grade silica fume.
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e Alkaline Activator Solution: Made up of two distinct ratios (1.5 and 2.5) of 12M sodium hydroxide solution and
sodium silicate solution.

e River sand is used as a fine aggregate, and crushed stone is used as a coarse aggregate (20 mm maximum size).

e  Water: The NaOH solution was made entirely with water.

B. Mix Design

All samples had the same mix proportions; the only differences were in the activator ratio and micro silica content. The
M35 and M40 grades of concrete were intended to have compressive strengths of 35 MPa and 40 MPa, respectively.

Mix ID Micro Silica Activator Grade Binder
(%) Ratio (FA:GGBS)
H1 3 15 M35 60:40
H2 6 15 M35 60:40
H3 9 15 M35 60:40
H4 3 25 M40 60:40
H5 6 2.5 M40 60:40
H6 9 2.5 M40 60:40

Table 1: Mix Design as per ratio
C. Testing and Curing

Steel molds were used to cast the specimens, which were then demolded after a day. Real-site conditions were

simulated by using ambient curing. Cubes were evaluated for compressive strength in accordance with 1S:516 after 28
days, and cylindrical slices were evaluated for chloride ion permeability using RCPT (ASTM C1202).

. RESULTS AND DISCUSSION

The compressive strength and RCPT results showed that increasing micro silica content improved performance up to 6%,
beyond which marginal gains were observed. Higher activator ratios favored better polymerization and strength development
in M40 mixes. RCPT values indicated that mixes with 6% micro silica had the lowest chloride ion penetration, reflecting high
resistance to aggressive environments.

Compression

Increased micro silica content, especially up to 6%, clearly improved the compressive strength values at 28 days. Strength
was marginally impacted after this point since the mixture became unduly dense and difficult to deal with.

HB1: 34.8 MPa

HB2: 37.5 MPa

HB3: 36.9 MPa

HB4 :39.6 MPa

HB5: 43.1 MPa

HB6: 42.3 MPa

The strongest mixture was HB5 (6% micro silica, M40 grade).
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Compressive Strength at 28 Days
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Fig2: RCPT Results

I11. CONCLUSIONS

The study finds that the best mechanical and durability performance in M35 and M40 grade geopolymer concrete is obtained with
a hybrid binder system that consists of 60% fly ash and 40% GGBS, modified with 6% micro silica and an activator ratio of 2.5.
In terms of strength and resistance to chloride, HB5 performed the best out of all the mixes that were evaluated. This combination
provides a long-lasting and environmentally friendly substitute for OPC-based solutions in structural concrete applications
exposed to chloride.
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