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1-Interduction

Alkali-activated concrete (AAC) has emerged as a
sustainable alternative to Portland cement due to its
significantly lower carbon footprint, reduced energy
demand during production, and superior chemical
resistance. Among various aluminosilicate sources, slag-
based alkali-activated binders have demonstrated excellent
mechanical performance and exceptional durability when
exposed to aggressive environments, particularly sulfuric
acid, due to their dense reaction products and low
permeability [1-3]. At the same time, the global
accumulation of end-of-life tires have intensified interest
in incorporating crumb rubber as a partial fine aggregate
replacement. Although the inclusion of rubber particles
often reduces compressive and tensile strength because of
their low stiffness and weak interfacial bonding, such
environmental benefits make their use increasingly
attractive. This drawback, however, can be mitigated
through the addition of reinforcing fibers. Polyolefin fibers
are particularly effective in enhancing crack-bridging
capacity, improving tensile behavior, and limiting the
formation of interconnected pathways for chemical
ingress, thereby increasing overall durability.

In this study, slag-based AAC mixtures were developed
using 0%, 10%, and 20% slag replacement levels,
combined with 10% volumetric crumb rubber and
polyolefin fibers at dosages of 0%, 0.5%, and 1%. The
fresh and hardened properties were evaluated after dry
curing at 60°C, while long-term acid resistance was
investigated through immersion in 1% sulfuric acid for 7,
28, 60, and 120 days. Microstructural evolution was
assessed using SEM, complemented by ultrasonic pulse
velocity measurements to characterize damage and
durability performance.

2-Materials and Experimental Methods
This study utilized Type Il Portland cement and ground
granulated blast-furnace slag (GGBFS) as the principal

binders. Slag was incorporated at replacement levels of
0%, 10%, and 20% to assess its influence on alkali-
activated concrete performance. Cement and slag
complied with EN 197-1 and ASTM (C989/C989M
standards. Natural washed sand with a fineness modulus of
2.85 and crushed coarse aggregates (maximum size 19
mm) meeting ASTM C33 requirements were used.

Recycled crumb rubber from waste automobile tires
replaced 10% of the fine aggregate volume. The rubber
was introduced in three particle-size ranges (0—1 mm, 1-3
mm, and 3-4.75 mm), all approximately spherical. The
replacement reduced the unit weight of the mixtures.
Polyolefin fibers conforming to ASTM D7508/D7508M
were incorporated at 0%, 0.5%, and 1% by volume, each
with a length of 30 mm and a diameter of 0.8 mm.

The alkaline activator consisted of 12 M sodium
hydroxide (NaOH) and sodium silicate (Na,SiO;). The
mass ratio of sodium silicate to sodium hydroxide was
fixed at 2.5, while the alkaline-to-binder ratio was
maintained at 0.4 according to [4]. Based on these
parameters, nine mix designs were developed combining
different levels of slag, rubber, and fiber content. A control
mix with 100% slag and no rubber or fibers was also
prepared.

Dry materials were first blended uniformly, followed by
gradual addition of the alkaline activator solution. The
fresh mixtures were cast into molds and dry-cured at 60°C
for 48 hours, then stored under ambient conditions.
Mechanical properties were assessed through compressive
and tensile strength tests. Durability performance was
evaluated by immersing samples in 1% sulfuric acid for 7,
28, 60, and 120 days. Microstructural examination using
scanning electron microscopy (SEM) and ultrasonic pulse
velocity (UPV) testing was conducted to characterize
internal damage and degradation mechanisms.
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3-Results and Discussion

The results indicate that replacing Portland cement with
slag significantly improves both tensile and compressive
strengths of alkali-activated concrete, although the
increase in tensile strength is less pronounced at higher
replacement levels (20%) compared to 10%. Additionally,
adding up to 1% polyolefin fibers markedly enhances
tensile and compressive strengths, with the highest
strengths observed in mixes containing 20% slag
replacement and 1% fibers. This improvement is attributed
to the combined hydration reactions and enhanced bonding
within the concrete matrix, which strengthen the
mechanical performance.
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Figl. Compressive and tensile strength of samples under
normal conditions

Exposure to sulfuric acid reduces the compressive strength
of alkali-activated concrete, especially in mixes with
higher cement content due to acid attack on calcium-based
phases like C-S-H. Samples with slag replacing cement
showed better acid resistance. Adding polyolefin fibers
significantly improved compressive strength and helped
mitigate acid damage across all mixes. Overall, lower
cement content combined with fiber reinforcement
enhances durability and long-term performance in acidic
environments.
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4-Conclusion

This study investigated the effects of partial slag
replacement with Portland cement and the incorporation of
polyolefin fibers on the mechanical and durability
performance of slag-based alkali-activated concrete
(AAC) containing crumb rubber, under both ambient
conditions and sulfuric acid exposure.

Under ambient conditions, replacing slag with Portland
cement up to 20% generally enhanced mechanical
performance. In AAC containing crumb rubber and
polyolefin fibers (0—1% by volume), increasing the cement
content from 0% to 20% led to a consistent increase in
tensile strength. The highest tensile strength of 4.87 MPa
was obtained for the mixture with 20% cement
replacement and 1% polyolefin fibers. Similarly, in fiber-
free AAC, compressive strength increased from 35.3 MPa
in the cement-free mix to 42.7 MPa at 20% cement
replacement. The optimum mixture under ambient
conditions was the AAC containing 10% crumb rubber and
1% polyolefin fibers with 20% cement replacement, which
achieved compressive and tensile strengths of 44.6 MPa
and 4.87 MPa, respectively. SEM observations confirmed
the reinforcing effect of polyolefin fibers through
improved bonding at the fiber—-matrix interface.

Under sulfuric acid exposure, the role of cement
contrasted sharply with ambient behavior. Increasing the
polyolefin fiber content from 0% to 1% significantly
enhanced both compressive and tensile strengths and
improved acid resistance, whereas higher Portland cement
content intensified chemical degradation. After 120 days
in sulfuric acid, weight loss increased from 5.9% in the
cement-free mix to 9.6% at 20% cement replacement due
to the formation of expansive gypsum and other calcium-
based hydrates. The highest compressive strength in acid
(29 MPa) was recorded for the cement-free AAC
containing 1% polyolefin fibers, while the mix with 20%
cement replacement and no fibers showed the lowest
strength (16 MPa. Overall, the results indicate that
minimizing Portland cement and incorporating polyolefin
fibers are key strategies for enhancing the chemical
resistance of slag-based AAC with crumb rubber
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Investigation of the Effect of Polyolefin Fibers and Cement Replacement with Slag on the Strength of
Alkali-Activated Concrete Containing Rubber Particles in Normal and Acidic Environments

Bahram Bolouri Kashli Iman Mohammadpour Nikbin Mohammad Javad Mahdizadeh

Abstract Slag-Based Alkali-Activated Concrete, as a Sustainable Alternative to Cementitious Concrete, Has Been
Developed by Reducing Greenhouse Gas Emissions and Utilizing Industrial Waste Materials Such as Slag and Rubber
Particles. In this study, the effects of replacing cement with slag (0%, 10%, and 20%) and adding rubber particles (10%
by volume of fine aggregate) on the mechanical properties of polyolefin fiber-reinforced alkali-activated concrete (0%,
0.5%, and 1% by volume) were investigated. The specimens were cured under dry conditions at 60°C and subjected to
compressive and tensile strength tests in both normal and sulfuric acid environments. The results showed that replacing
20% of cement with slag and adding 1% fiber led to the highest compressive (44.6 MPa) and tensile (4.87 MPa) strengths
under normal conditions. In the acidic environment, the specimen without cement (100% slag) and reinforced with 1%
fiber exhibited the lowest compressive strength loss (a 32.1% decrease from 42.7 MPa to 29 MPa). Microstructural
analyses and ultrasonic pulse velocity measurements confirmed the improvement in mechanical properties and durability
of the specimens.

Key words Slag-Based Alkali-Activated Concrete, Polyolefin Fibers, Cement Replacement with Slag, Acid Resistance
of Alkali-Activated Concrete.
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