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The corrosion of steel reinforcement is a major challenge for concrete structures in marine  Received: Mar 15, 2025
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leading to surface cracking and loss of bond strength over time. While steel fibers are commonly
used in Fiber Reinforced Concrete (FRC), their susceptibility to corrosion and pitting has led ) .
researchers to explore non-metallic alternatives. Basalt fiber, a non-metallic material, offers Basalt Fiber Reinforced
numerous advantages, including high tensile strength, non-toxicity, and excellent resistance to Concrete (BFRC)
acidic and corrosive environments. In recent years, the global trend toward sustainable and high- Twisted Basalt Fiber
durability construction materials has further increased the attention given to basalt fibers, Crack, Corrosion
particularly in infrastructures located in coastal or offshore regions. This study investigates the pyapjlity

mechanical and durability properties of Basalt Fiber Reinforced Concrete (BFRC) with twisted
basalt fibers at different volume fractions. Four mixtures containing 0%, 0.5%, 1%, and 1.8%
fiber content were prepared and compared to Normal Concrete (NC). Mechanical properties,
including compressive strength, splitting tensile strength, and modulus of rupture (MOR), were
assessed. The results indicated that compressive strength marginally increased from 48.4 MPa for
NC to 51.3 MPa for BFRC-1.8, representing a 6% improvement attributed to the crack-bridging
action of the fibers. More notable were the enhancements in splitting tensile strength, which
increased from 2.8 MPa in NC to 4.1 MPa in BFRC-1.8, reflecting a 46% gain. The incorporation
of twisted basalt fibers also shifted the failure mode from brittle to ductile, enabling the concrete
to absorb and dissipate more energy before failure. Flexural performance, measured via MOR,
improved by 15%, 40%, and 81% for fiber additions of 0.5%, 1%, and 1.8%, respectively, with
corresponding increases in toughness values reaching up to 364%. These results demonstrate the
superior energy absorption and resilience of BFRC under loading. Durability properties,
including water penetration depth, electrical resistivity, and performance under accelerated
corrosion testing, were also evaluated. Durability assessments showed marked improvements
with increased fiber content. Water penetration depth decreased substantially (by 18-53%),
confirming the ability of fibers to reduce porosity and fill microcracks, thereby protecting
internal steel from ion ingress. Electrical resistivity tests revealed that greater fiber content
produced higher electrical resistance, further impeding the initiation and progression of
corrosion. Results from accelerated corrosion testing demonstrated that twisted basalt fibers are
highly effective in mitigating steel rebar corrosion. Corrosion rates were substantially reduced
from 0.55 mm/year in NC to 0.25, 0.16, and 0.09 mm/year for BFRC-0.5, BFRC-1, and BFRC-
1.8, respectively. Similarly, rebar weight loss decreased from 49.9% in NC to 22.7%, 14.1%, and
8.6% in the respective BFRC mixtures. The time to the first visible crack caused by corrosion
was delayed, increasing from 55 days in NC to 74 days in BFRC-1.8. These findings indicate that
twisted basalt fibers effectively impede the passage of aggressive ions, markedly improving the
durability of reinforced concrete in severe environments. In summary, incorporating twisted
basalt fibers into concrete blends offers measurable benefits in both mechanical and durability
properties, with a pronounced effect in suppressing steel reinforcement corrosion, making BFRC
a highly promising, sustainable material for marine infrastructure.
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Fig. 1. Geometry and size of twisted basalt fibers: a) Twisted
basalt fiber; b) Length of twisted basalt fiber
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Table 1. Physical and mechanical properties of twisted basalt fiber

Sample Length Aspect Ratio  Density  Tensile strength  Elastic Modulus ~ Number of
P (mm) (L/d) (gr/m®) (MPa) (GPa) fiber per Kg
Twisted basalt fiber 43 61 2.1 1000 44 27400
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Table 2. Mix proportions of concrete (kg/m?)

Specimen Cement Water Sand Gravel S200 S400 Microsilica SMF  SNF  Fiber
NC 424 208 1066 458 130 435 43 7.5 - -
BFRC-0.5 424 208 1066 458 130 435 43 9 1.2 105
BFRC-1.0 424 208 1066 458 130 435 43 1055 24 21
BFRC-1.8 424 208 1066 458 130 435 43 13 4.3 38
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Table 3. Flexural properties of NC and BFRCs

Maximum load and
corresponding deflection

Modulus of

Toughness indices

M Load (kN) Deflection (mm) Rupture (MOR) (MPa) Toughness gf&()) fkﬁ()) {kel\ol(; {k1'§l(; {I:'(\)l(; '(Tk1§|(;
BFRC-1.8 24 1.496 9.6 255 4.9 42 196 17 12 239
BFRC-1.0 18.4 1.391 7.4 15 4.9 18 195 07 1.1 132
BFRC-0.5 15.3 1.262 6.1 115 5.3 11 212 04 14 104

NC 13.2 1.107 5.3 5.5 5.3 - 2.14 - 1.6 55
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