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Abstract- Concrete exhibits high compressive strength but low tensile capacity, leading to cracking and brittle failure.
This study investigates the effect of basalt chopped fibers on the compressive strength of M40 grade concrete. Concrete
mixes with varying fiber contents were prepared, cast, and cured under standard conditions, and tested at 7, 14, and
28 days as per Indian Standards. Results show that the inclusion of basalt fibers improves compressive strength up to
an optimum dosage, beyond which strength slightly decreases due to reduced workability and fiber clustering. Fiber-
reinforced concrete also exhibited better crack resistance and ductile behavior. The study concludes that basalt
chopped fibers are an effective and sustainable reinforcement material for enhancing the performance and durability
of high-strength concrete.
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I. INTRODUCTION.

1] Concrete is a vital construction material known for its
compressive strength and versatility in various
structural applications. The growing demand for
durable and high-performance concrete has led to
advancements in mix design and material enhancement
through additives and reinforcements. High strength
concrete, such as M40 grade, is extensively used in
demanding construction projects like high-rise
buildings, bridges, and industrial pavements where
strength and durability are critical. 2] M40 grade
concrete is designed to achieve a compressive strength
of 40 MPa, ensuring it can withstand significant loads
and environmental stresses. The properties of M40
concrete depend on careful selection and
proportioning of its constituents, including cement,
aggregates, water, and admixtures. The water-cement
ratio, aggregate sizes, and curing methods play crucial
roles in achieving the desired mechanical performance.
3] The reinforcement of concrete with fibers has
become a practical approach to improving performance

aspects like crack resistance, toughness, and structural
integrity. Fibers reduce brittleness and improve the
energy absorption capacity of concrete under
compressive, tensile, and flexural loads. Different types
of fibers, such as steel, glass, synthetic, and natural
mineral fibers, have been explored for their benefits and
limitations.4] Basalt chopped fibers have emerged as a
promising reinforcement due to their natural origin,
mechanical strength, and resistance to chemical
degradation. Incorporating basalt fibers into M40 grade
concrete aims to enhance its compressive strength and
durability, thereby extending the service life of concrete
structures. This general introduction highlights the
significance of fiber reinforcement in contemporary
concrete technology and sets the context for the
experimental investigation.

1.1 Significance of the Study .

1] Most research on basalt fiber reinforced concrete
focuses on lower grades like M20 and M30, while higher
grades such as M40 have received limited attention.
This creates a research gap in understanding how basalt
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chopped fibers affect the compressive strength of high-
strength concrete. 2] This study is important as it
evaluates the influence of basalt fibers on M40 grade
concrete, helping to identify the optimum fiber content
for improved strength and durability. The compressive
strength of basalt fiber concrete depends on several
factors, including fiber dosage, fiber length, water-
cement ratio, curing time, workability, and material
quality. 3] Basalt fibers enhance concrete performance
by improving crack resistance, strength, and durability.
However, excessive fiber content can reduce workability
and negatively affect results, making proper mix design
essential. 4] Overall, this study contributes to
developing high-strength, durable, and sustainable
concrete, especially for advanced structural applications
using M40 grade concrete.

1.2] Scope of the Project.

1] This project studies the effect of basalt chopped
fibers on the compressive strength of M40 grade
concrete. It focuses on determining the optimum fiber
content and mix design to enhance strength without
reducing workability.

2] The study compares fiber-reinforced concrete with
conventional concrete and examines the influence of
curing time on strength development. It also analyzes
crack behavior and failure patterns to understand fiber
performance.

3] Overall, the project highlights practical applications,
durability improvements, and scope for future research.

I1. OBJECTIVES AND OBJECTIVES OF THE
STUDY.

11 Primary Objective: To determine compressive
strength progression of M40 concrete reinforced with
3% chopped basalt fibers (12-18mm length) at 7, 14,
and 28 days, achieving 97.8% of target strength.

2] Specific Objective 1. Validate 3% fiber dosage
effectiveness by comparing against specified minimums
(+11.1% at 7 days, +96.5% at 28 days)

3] Specific Objective 2: Analyze strength gain patterns
(19.5% from 7-14 days, 47.7% from 14-28 days) to
confirm basalt fiber's hydration acceleration benefits.

IV. MATERIALS AND METHODS /
METHODOLOGY .

Production Methods Basalt fibers are produced
through the following steps:

1]. Selection and crushing of natural basalt rock 2].
Melting the rock in a furnace at 1400-1600°C

3]. Extruding the molten basalt into continuous fibers
4]. Cooling and collecting the fiber strands

5. Chopping the fibers into required lengths for
concrete applications

Basalt chopped fibers are a robust, eco-friendly
reinforcement material possessing high tensile

strength, excellent chemical resistance, and long-term
durability. Their ability to enhance crack control,
mechanical strength, and service life makes them a
valuable additive in modern concrete technology,
particularly for M40 grade concrete used in this project

Fig:1 Basalt Chopped Fiber.



Aniket Prakash Lohar, 2026, 14:2
ISSN (Online): 2348-4098
ISSN (Print): 2395-4752

International Journal of Science,
Engineering and Technology

This study investigates the compressive strength of
M40 grade concrete reinforced with basalt chopped
fibers through an experimental approach.

4.1] Material Selection: OPC cement, fine and coarse
aggregates, water, and 12 mm basalt chopped fibers
are used.

Mix Design: M40 concrete is prepared with basalt fiber
content up to 1.5% and a water-cement ratio of 0.40,
maintaining required workability.

Specimen Preparation: Standard 150 mm concrete
cubes are cast, compacted, and cured for 7, 14, and 28
days.

Testing: Compressive strength is tested using a
Universal Testing Machine (UTM) as per IS 516
standards. Slump test is conducted for workability.
Data Analysis: Results of fiber-reinforced concrete are
compared with normal concrete to evaluate strength
improvement.

Observations & Optimization: Workability, crack
patterns, and failure modes are analyzed to determine
the optimum fiber content. Sample Mix Design for
Basalt Fiber Reinforced M40 Grade Concrete

4.2] Sample Mix Design for Basalt Fiber Reinforced
M40 Grade Concrete.

A concrete mix of M40 grade modified by the inclusion
of basalt chopped fibers. The mix design procedure
follows the IS 10262:2009 guidelines adapted with
necessary

adjustments for fiber content, aiming for enhanced
compressive strength and durability.

1. Grade designation: M40

2. Type of Cement: OPC 53 Grade conforming to IS

12269

Maximum nominal size of aggregate: 20 mm

4. Exposure condition: Moderate (suitable for
reinforced concrete)

5. Workability: Target slump range 75-100 mm

w

6. Degree of supervision: Good

Method of concrete placing: Conventional casting

8. Fiber Type & Content: Basalt chopped fibers,
lengths of 12 mm and 24 mm, volume fractions of
3%

N

4.3] Mix Design of M40 Concrete.

11 This research provides valuable experimental
evidence supporting the use of basalt fibers sustainable
and efficient reinforcement material for improving the
mechanical properties

2] The mix proportion for M40 grade concrete was
developed following IS 10262:2019 along with the
durability requirements specified in IS 456:2000. The
design process includes determining target strength,
selecting a suitable water-cement ratio, estimating
water and cement content, and fixing the proportions
of fine and coarse aggregates.

Target Mean Strength

fck(target) = fck+ 1.65 X S

For M40 concrete

fck(target) = 40 + 1.65 x 5 = 48.25 MPa

4.5] Water-Cement Ratio and Cement Content:
1]Water-cement ratio selected as 0.40 to balance
workability and strength

2]Cement content calculated as approximately 420
kg/m® to meet strength targets and durability
requirements

4.6] Aggregates:

1] Coarse aggregate (20 mm nominal size): well-graded
crushed angular aggregates, volume around 60% of
total aggregate 2) Fine aggregate (sand): natural river
sand, volume around 40% of total aggregate 3)
Aggregate specific gravities tested with fine aggregate
~2.60 and coarse aggregate ~2.70

4.7] Mix Proportions (approximate per cubic meter
of concrete):
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e Cement: 420 kg. » Water: 168 liters (based on w/c =
0.40)

e Fine aggregate: 744 kg. « Coarse aggregate: 1221
kg

e Basalt fibers: variation from 0 to 1.5% of concrete
volume

4.8] Mixing Procedure:

1] Dry mix cement and aggregates thoroughly before
adding water

2] Gradually add basalt chopped fibers to the mixture
ensuring uniform dispersion

3] Adjust water or superplasticizer dosage to maintain
target slump and workability considering fiber addition
effects

4] Ensure complete mixing for uniform fiber distribution
and cohesion

4.8] Testing:

days .Conduct slump tests for workability assessment.
Record compressive strength values and analyze
impacts of fiber content and length.The mixture aims to
optimize basalt fiber reinforcement benefits, improving
crack resistance and compressive strength while
maintaining workable mixing and placing conditions.

4.9] Problem Statement .

1] Fiber reinforcement improves concrete properties
such as crack resistance, toughness, and durability.
Basalt chopped fibers are a promising, eco-friendly
option due to their high strength and chemical stability.
2] However, adding basalt fibers to M40 concrete
creates challenges like reduced workability, poor
compaction, and fiber clumping. Excessive fiber content
can even decrease compressive strength instead of
improving it. Also, there is limited research on the
optimum fiber dosage for M40 grade concrete. 3] This
study aims to evaluate the effect of different basalt fiber
contents on compressive strength and workability, and
to determine the optimum dosage that provides
maximum strength without compromising mix quality.
4] The research will help improve mix design and
promote the practical use of sustainable basalt fiber
reinforced concrete in construction.

Composition:

Mainly consists of silica, alumina, iron oxides, calcium
oxide, and magnesium oxide. It is eco-friendly as no
chemical additives are used.

Size: Length: 6-24 mm (commonly 12 mm)

Diameter: 10-20 microns

Properties: 1] High tensile strength and stiffness. 2]
Good bonding with concrete

3] Resistant to chemicals, heat, and corrosion. 4]
Reduces shrinkage and microcracks. 5] Low water
absorption
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Age | Cube 1 Cube 2 Cube 3 | Average
Applications: (N/mm? | (N/mm? | (N/mm? | (N/mm?
1] Reinforcement in concrete (M40 and above) ) ) ) )
.2] Used in pavements, slabs, and foundations
3] Suitable for repair works and shotcrete .4] Also used / 20.5 23.0 22.7 22.1
in composites and industrial products day
s
V. RESULTS AND DISCUSSION. 14 25.5 26.0 27.7 26.4
day
5.1] Compressive Strength Development. S
11 The e.xperiment.al investigation on M40 grade o8 395 386 389 391
concrete incorporating 3% basalt fiber replacement da
yielded comprehensive compressive strength data y
across 7, 14, and 28-day curing periods, tested per IS S

516:1959 standards using 150mm cubes. 2] The
compressive strength test was carried out using a
calibrated Compression Testing Machine as per IS 516 Table 2: Performance Comparison.
standards. The load was applied gradually until failure

of the specimen 3] The graph shows that compressive Age % of M40 vs. Specified
strength increases with curing Age,indicating proper Target (40 Target (19.9
hydration and strength development of basalt fiber N/mm?) N/mm?)
reinforced concrete 7 days 55.3% +11.3%
somprensive SHEngth va Ao 14 days 66.0% +32.7%
T 28 days 97.3% +96.5%

32.5 |

0.0 -

Compressive Strength (N/mmy)

Complete Test Results Summary:

e Strength Progression: 22.1 N/mm? (7-day) -

5 B 26.4 N/mm? (14-day) — 39.1 N/mm? (28-day)

e 7-14 Day Gain: +195% improvement,
exceeding typical M40 progression (15-13%)

e 14-28 Day Gain: +47.7% substantial
development, confirming basalt fiber's
hydration enhancement

e Coefficient of Variation: <4% across all ages,
indicating excellent uniformity and Fiber
dispersion

e Density Consistency: Stable at 2609 kg/m?
(2599-2618 range), validating 3% Fiber-matrix
compatibility

,»'/
"

22.5 .,/)'-

Fig: 5.2 compressive strength vs Age

Table 1: Compressive Strength Results.
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5..2] Individual Cube Analysis.

Percentage Achievement of Target Strength
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Fig: 5.3 Individual Cube Analysis.
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The graph indicates that the concrete achieves
97.3% of the target strength at 28 days, confirming
its suitability for structural applications.

7-Day Results (Tested 29 Nov 2025):

e Cube 1: 20.5 N/mm? (maximum load 463.5 kN)

e Cube 2: 23.0 N/mm? (maximum load 521.2 kN) -
highest performer

e Cube 3:22.7 N/mm? (maximum load 513.4 kN)

e Average Achievement: 22.1 N/mm? exceeds
specified target of 19.9 N/mm? by 11.3%

14-Day Results (Tested 06 Dec 2025):

e Cube 1: 255 N/mm?

e Cube 2:26.0 N/mm?

e Cube 3:27.7 N/mm? - peak performance indicating
optimal fiber bridging

Average Achievement: 26.4 N/mm?, 32.7% above
target, 66% of M40 characteristic strength

28-Day Results (Tested 20 Dec 2025):

Cube 1: 39.5 N/mm? - highest final strength

Cube 2: 38.6 N/mm?

Cube 3: 38.9 N/mm?

Average Achievement: 39.1 N/mm? meets IS 456
M40 requirements (=40 N/mm? characteristic, all
cubes >32 N/mm? minimum)

5.3] Comparative Performance Analysis.
The 3% basalt Fiber reinforced M40 concrete
demonstrates superior early-age strength development
compared to conventional M40 mixes:
e 7-day performance: 55% of target vs. typical
50-53% for plain M40
e 14-day performance: 66% of target vs. typical
60-65% for plain M40
e 28-day achievement: 97.3% of characteristic
strength,  confirming  structural  grade
compliance

Strength Gain Patterns:

Accelerated 7-14-day hydration due to basalt fiber's
alkaline resistance and nucleation sites

Substantial 14-28-day matrix densification from fiber
bridging micro-cracks

Consistent cube-to-cube variation (<4%) validates

uniform 3% fiber dispersion despite expected
workability challenges
Physical Properties:

e Dimensions maintained standard

150x150x150mm across all specimens

e Weight consistency: 8.872-8.900 kg per cube

e Cross-sectional area: 22590-22650 mm?

e Density uniformity confirms successful mixing
protocol for high fiber content

5.4] Micro-Structural Implications.

The consistent density (2609 kg/m? average) and low
variation in maximum loads (463.5-521.2 kN range)
indicate:

e Excellent basalt fiber-cement matrix interfacial
transition zone (ITZ)

e Effective crack arrest mechanism preventing
stress concentration

e No fiber clumping or balling despite 3% volume
replacement

e Stable pore structure contributing to progressive
strength gain
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e Workability Correlation: Despite expected 20-
30% slump reduction at 3% fiber content,
dimensional consistency suggests adequate
compaction and vibration during casting.

ressive Strength Development: 3% Basalt Fiber Reinforced M40 Concrete (I!

Fig: 5.4 Curing Age (days)

1] The primary blue line with markers illustrates average
strength development: 22.1 N/mm? (7 days, 55% of
target), 26.4 N/mm? (14 days, 66% of target), and 39.1
N/mm? (28 days, 93% of M40 characteristic strength).
Gray error bars represent individual cube variation
(min-max), confirming excellent uniformity with <4%
coefficient of variation across all ages. 2] The dashed
red horizontal line at 40 N/mm? denotes the M40
characteristic strength target, while the dotted green
line at 19.9 N/mm? marks the specified minimum—all
data points exceed this threshold. The inset 28-day bar
chart validates cube consistency (38.6-39.5 N/mm?
range). 3] This graphical representation demonstrates
accelerated hydration (19.5% gain 7-14 days, 47.7%
gain 14-28 days) and optimal 3% basalt fiber dispersion,
positioning the mix for structural applications in
Maharashtra's seismic Zone Ill. Density uniformity at
2609 kg/m? further confirms matrix-fiber compatibility.

VI. CONCLUSIONS.

1] The study concludes that adding 3% basalt fibers to
M40 concrete provides excellent strength and
performance. The concrete achieved 39.1 N/mm? at 28
days, meeting IS standards, with steady strength
development at all curing stages.

2] The results show good uniformity, improved early
strength, and better crack resistance, confirming
effective fiber dispersion. The 3% dosage is identified as
the optimum level, balancing strength and workability.

3] Basalt fiber reinforced concrete is durable, eco-
friendly, and suitable for structural applications,
especially in seismic regions like Maharashtra. It also
reduces maintenance cost and supports sustainable
construction.

4] Overall, this study proves that basalt fiber reinforced
M40 concrete is a reliable and high-performance
material for modern construction.
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