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Abstract: The present study is conducted with standard test methods for determining the mechanical
behavior of the FRP composites as well as with developing new materials for use in engineering
applications. In the tensile tests for tensile strengthening evaluation, the tensile properties of basalt-fiber
reinforced polymers (BFRP) are found to be equivalent to glass-fiber reinforced polymers (GFRP). For
flexural strengthening values, the basalt fiber strengthening improved both the ultimate flexural strength
and residual strength in the flexural tests at different temperatures. In contrast to GFRP, BFRP flexural
strength reduction is very minimal at higher temperatures. From the impact results, basalt fiber appears to
be a good material for high temperature applications than glass-fiber. This work confirms the applicability
of basalt fiber as a reinforcing agent in polymer composites, and also suggested the application of basalt
laminate as a strengthening material to be useful for joining of composite structures. The fractured surfaces
of tested specimens are examined using Scanning Electron Microscopy (SEM) to identify the failure modes
of FRP specimens.
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1. Introduction

Glass-fiber reinforced plastics (GFRP) have been increasingly used in civil, aerospace and automobile
applications due to advantageous properties such as high specific strength, stiffness, low weight and
corrosion resistance [1]. Basalt is a natural material that is found in volcanic rocks originating from frozen
molten rock. Basalt rocks are melted at approximately between 1500°C and 1700°C.Basalt fiber made from
extremely fine fibers of basalt, which is composed of the minerals, plagioclase, pyroxene and olivine as its
natural fiber [2]-[3]. Basalt fibers are mineral fibers which are 100% inorganic. Fiber compatibility to
matrix resins is ensured by using organic sizing agents [4]-[5]. Lopresto et al. [6] studied the mechanical
characterization of GFRP and BFRP subjected to tensile, bending and compressive standard tests. They
concluded that BFRP composites have better tensile strength compared to GFRP composites. Liu et al. [7]
investigated the mechanical properties of basalt fiber materials for applications in transportation. They
concluded that glass fiber is replaced with basalt fiber as filler in the epoxy matrix for engineering
applications. No significant difference in tensile, flexure, shear, and compression strengths was found
between basalt epoxy and corresponding glass epoxy [8]. Sim et al. [9] investigated the mechanical
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properties and the durability of the basalt fiber and evaluated the flexural strengthening performance for
concrete structures. They concluded that basalt fiber is to be useful in civil engineering applications and
good alternative methodology among other fiber reinforced polymer (FRP) strengthening applications.
Glogar et al [10] studied the mechanical properties of unidirectional composites polysiloxane-derived
matrix and continuous basalt- fiber reinforced plastics (BFRPs) using hot-air treatment (650°C-750°C).
Park et al. [11] conducted the fragmentation test on epoxy-based reinforced (basalt fibers and SiC fibers)
composites to investigate the strength and failure mechanisms. Experimental investigations were carried
out on FRP by Mohamed bak et al. [12-13] to explore the feasibility of identifying the failure modes under
tensile loading and also SEM was used to characterize the failure modes such as matrix cracking, interfacial
failure and fiber failure.

Glass fiber and basalt fiber were selected to be used due to their widespread applications in various
industries. The type of fibers is selected depending on the applications and the fiber characteristics with
respect to zero degree fiber orientation. The experimental study is conducted to investigate the applicability
of the basalt fiber as a strengthening material compared with glass fiber for joining of composite structures.

2. Specimen Preparation for Mechanical Characterization Studies

Fig. 2. ASTM D790 standard flexural test specimens: (a) BFRP (b) GFRP

Fig.3. ASTM D5628 standard impact test specimens: (a) BFRP (b) GFRP

GFRP and BFRP laminates of size 300 x 300 mm?2 are fabricated with required layers of unidirectional
glass fibers and unidirectional basalt fibers with LY556 epoxy matrix as the binding medium and cured at
ambient temperature for 24 hours. After that, the composite laminates were cut according to American
Society for Testing and Materials (ASTM) standards and the size of test specimens was verified. ASTM
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D3039 standard [14] tensile specimens of size 280 x 18 x 3 mm3are shown in Fig. 1. ASTM D790 standard
[15] flexural test specimens of size 130 x 18 x 3 mm3 are shown in Fig. 2, were cut from the fabricated
laminates using a water jet cutting machine to avoid machining defects and to maintain good surface finish.
Aluminum tabs of size 25 mm x 25 mm x 3 mm were used in the specimen to reduce the noise produced
during testing and prevent the unexpected failures on grip length of the specimens. The impact test
specimens (60mm x 60mm x 3 mm) are fabricated according to ASTM D5628 standard [16] as shown in Fig.
3.

3. Experimental Set-up

3.1. Tension and Flexural Testing Setup

The basic mechanical properties of materials are generally determined by applying tensile, flexural and
impact loadings. Three mechanical tests are carried out, according to the ASTM specifications, on both
basalt-fiber reinforced plastic (BFRP) and glass-fiber reinforced plastic (GFRP) specimens: tensile, flexural
and low-velocity impact tests. The ASTM standard specimens were subjected to uni-axial tension in an
INSTRON 3367 universal testing machine (UTM). The UTM fixture for gripping the specimen was designed
to make sure that the loading direction passes through the centre line of test specimen. The UTM fixture
was fabricated with help of supplier and guided by Centre for Aerospace Research, MIT campus, and used
for flat specimens. The tensile tests were conducted at a crosshead speed of 0.5 mm/min. Figs. 4(a) and (b)
show the photographs of tensile and flexural test setup.

Fig. 4. (a) Tensile test setup (b) flexural test setup
3.2. Impact Test Setup
—

Fig. 5. Impact test setup
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The impact test specimen(60mm x 60mm x 3 mm)are fabricated according to ASTM D5628 standard and
were subjected to drop impact at three different temperatures using a fractovis drop impact tower as shown
in Fig. 5. The parameters such as impact energy (5 J) and velocity (2 m/s) are recorded. The specimens
were impacted from heights of 250 mm with corresponding energy level. Therefore, it is important to
develop a good understanding of impact-induced damage with varying temperature (ambient/50°C/75°C)
effects in basalt fiber composite laminates constant in impact energy.

4. Results and Discussion of Mechanical Characterization for Composite Laminate

4.1. Tensile Test

Tensile test is used to measure the tensile properties of GFRP and BFRP laminates. The specimen was
mounted on the Universal Testing Machine (UTM) and dimension of the specimens were entered into the
software. The tensile test experiments were conducted at the crosshead speed of 0.5 mm/min by
computer-controlled INSTRON 3367 UTM. The specimens were subjected to uni-axial tension until
specimens failed. Figs. 6 (a) and (b) show the stress-strain graph for GFRP and BFRP test specimen. The
applied load increases steadily as the displacement increases until specimen fails. Tensile tests of three
specimens each were carried out with GFRP and BFRP laminates and standard values of ultimate tensile
strength of specimens were found as shown in Fig. 7(a)and Table 1. From the results, it was found that
BFRP composites have marginally higher tensile strength compared to GFRP composites [6-7].
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Fig. 6.  Stress-strain behavior of tensile test (a) GFRP specimens (b) BFRP specimens

Table 1. Standard Deviation Values of Ultimate Tensile Strength and Flexural Strength of GFRP And BFRP
Test Specimens

Material
Strength
GFRP BFRP
Ultimate tensile strength (MPa) 345+10 355+ 5
Flexural strength (MPa) 195+ 30 210 20

4.2. Flexural Test at Different Temperatures

The flexural test specimens according to ASTM D790 standard, working span of 100 mm was positioned
in the INSTRON-UTM setup for flexural test. Load was applied in the middle of the span and the crosshead
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speed 0.5 mm/min was maintained. For this study, GFRP composite laminates and BFRP composite
laminates were used to trigger the flexural strength when subjected to flexural test (three-point bending) at
different temperatures. Flexural test were carried out in impacted specimen at different temperatures (30°C,
50°C, 70°C). Fig. 7 (b) and Table 2 show that, in contrast to GFRP, BFRP flexural strength reduction is very
minimal at higher temperatures. GFRP strength reduced to more than 30%, whereas BFRP strength
reduction is less than 10% at 75°C. Due to the high temperature, at 70°C, there are significant changes on
flexural strength for glass composites. When the fibers were exposed to a high temperature at over 70°C,
only the basalt fiber maintained its volumetric integrity and strength. In fact, basalt fiber composite showed
a 5-10% higher tensile strength as well as a better residual flexural strength and flexural behavior
compared to glass fiber composite.
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Fig. 7.  Standard deviation values of (a) ultimate tensile strength (b) flexural strength for composite
laminates
Table 2. Flexural Test Results at Different Temperatures
Material | Temperature Flexural Force | Deformation Flexural strength
P test specimen (N) (mm) (MPa)
30°C CF1 413.5 12.7 242
Glass/ 50°C GF2 380.7 11.25 179
epoxy
75°C GF3 228.2 10.34 158
30°C BF1 524.7 13.4 246
Basalt/ 50°C BF2 504.5 12.77 205
epoxy
75°C BF3 438.9 12.25 178
4.3. Impact Test Results at Different Temperatures

The force and energy absorption were observed for basalt fiber laminate at varying temperatures,
whereas an energy absorption capability is noted for glass fiber laminate as shown in Fig. 8(a) and Table 3.
The study on energy absorption by impact damage shows that relatively higher energy is absorbed in the
case of basalt/epoxy laminate. Barely visible impact damage was achieved at low-velocity impact. When the
temperature is increased, energy absorbed and deformation gradually increases as shown in Fig. 8 (b). It is
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important to develop a good understanding of impact-induced damage with varying temperature effects in
BFRP laminates. The compliance of the BFRP laminates increases with rise in temperature compared to
GFRP laminates. The basalt fiber attained good energy absorption and improved deformation due to higher
interfacial bonding strength and less fracture energy at high temperature.

Scanning Electron Microscopy (SEM) was performed on the failure surfaces to characterize the failure
modes such as matrix cracking, fiber-matrix debonding and delamination fracture as shown in Fig. 9. SEM
was used to categorize the defects in the specimen post yielding, and identify them. SEM as complementary,
post-test inspection method was used to find microscopic evidence for the assumed assignment of failure
modes.
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Fig. 8. (a) Temperature (°C) vs impact energy (b) Temperature (°C) vs Peak deformation for GFRP and BFRP
specimens

Table 3. Impact test results at different temperatures

Impact Peak Deformation
Material Temperature pac force Energy (]J)
test specimen (N) (mm)
30°C GF1 1002 3.0 2.6
Glass/ 50°C GF2 821 4.0 2.6
epoxy
75°C GF3 668 4.8 2.5
30°C BF1 1054 35 3.2
Basalt/
epoxy 50°C BF2 1050 6.0 3.6
75°C BF3 954 6.5 3.9

Fig. 9. SEM image representation of (a) matrix cracking (b) fiber-matrix debonding (c) delamination
fracture
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5. Conclusion

The present work conducted to investigate the applicability of basalt fiber as a strengthening material to
be useful for composite structural applications compared with glass fiber.

(i) On the basis of the data presented in Tables 1, 2 and 3, the mechanical behaviors of the two
materials were found through the three mechanical tests. In the tensile tests for tensile strengthening
evaluation, the tensile properties of basalt-fiber reinforced composites are found to be equivalent to
glass-fiber reinforced composites.

(ii)  For flexural strengthening values, the basalt fiber strengthening improved both the ultimate
strength and residual strength in the flexural tests at different temperatures. In contrast to GFRP, BFRP
flexural strength reduction is very minimal at higher temperatures.

(iii) From the impact results, basalt fiber appears to be a good material for high temperature
applications than glass-fiber reinforced polymer. During impact tests at different temperatures, 28% more
energy was absorbed by BFRP laminates compared to GFRP laminates.

(iv)  This work confirms the applicability of basalt fiber as a reinforcing agent in polymer composites,
and also suggested the application of basalt laminate as a strengthening material to be useful for composite
structural applications. This is due to the higher interfacial bonding strength of basalt fiber/epoxy
specimens compared to glass fiber/epoxy specimens.

The fractured surface areas of the specimens were examined directly using a scanning electron
microscope and also identified the failure modes of FRP composites.
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