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Abstract

Objectives — The goal of this article is to examine the
behavior of reinforced concrete (RC) rays that strengthen
superficially the basalt fiber-reinforced polymer (BFRP)
fabrics. We found out that one ray without BFRP and seven
rays enveloped within numerous lay-up arrangements.
The importance of the study is to improve the flexural
capacity of rays, using fiber-reinforced polymer procedure
and examine the over-reinforcement technique.

Methods - Interestingly, we have examined under two-
point loading, one BFRP fabric sheet flexure.

Results — Loads corresponding to the first crack/delami-
nation and ultimate failure of the beams have been veri-
fied. Moreover, we have recognized the types of failure and
load contrasted with deflection graphs that have been stra-
tegized at outstanding ray locations.

Novelty — Our investigation has unraveled the increased
flexural strength of the strengthened RC rays after using
coating. Additionally, we have applied pressure to the
BFRP fabrics on both sides of the beams. Moreover, we
have improved performance with flexural strength, ducti-
lity, and failure. Our results are novel and show that the
flexural capacity of the wrapped RC rays increases by
46.6%. The ductility increased by 84%, and unfortunately,
we had failed the FRB and the concrete had crushed.
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1 Introduction

Production of novel fiber-reinforced polymer (FRP) is gaining
increased attention worldwide [1-7]. Basalt fiber-reinforced
polymer (BFRP) is a novel kind of inorganic fiber that is
robust and armored. As the name suggests, basalt fiber is
composed of pure natural basalt, which is less expensive
than carbon fibers. Basalt fiber is unique because of its
high strength, good durability, remarkable fire resistance
and electrical insulation, and resistance to acid, alkali, and
chemical corrosion [8-10]. A considerable number of research
works have investigated fiber. Nevertheless, some of it has
been performed on the consolidation of reinforced concrete
(RC) beams/girders using lightly joined BFRP laminates/sheets.

Other researchers have examined the mechanical and
basalt fibers' stability and concluded that they display dur-
able stability weathering. Moreover, it showed high-tem-
perature criteria as associated with glass or carbon fibers
[11]. Likewise, basalt fibers originate from volcanic rock
[12]. Fabric, along with other forms, might be used as clearly
combined combinations for consolidation and recovery of
various structural components. The superficially fused FRP
combinations in solidification beams in flexure reach the
limit of their presence with the fibers involved in the long-
itudinal route. According to Sim et al. and Lihua et al., BFRP
is noticeably devoted when used as a flexural hardening
agent for RC beams. The modifications fortified RC rays
with variable numbers of layers positioned to one direction
BFRP sheets and learned that a higher number of layers of
BFRP augmented beams with final measurements. Never-
theless, these experiments found that if sparse distance is
selected, failure by interfacial deboning can arise, which is
unwanted.

Fiore et al. [13] have indicated that based on the mechan-
ical properties of BFRP, the load capacity of the structural
element has improved. Additionally, owing to the high com-
pressive properties of BFRP, RC components have a greater
strength capability based on the experimental study com-
pleted. According to Pawlowski and Szumigala [14], the RC
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beam increased by BFRP acted as linearly as possible for failure.
According to Shen et al. [15], the central assumptions have been
reported that the RC box beam repaired with BFRP reduces the
progress of concrete flaws. Moreover, the toughness and nat-
ural frequency of the renovated beam were increased by 16.6
and 8.0%, respectively, in comparison to the naked ray.

According to the experimental work of Qin et al. [16],
the application of a two-point load has twisted severely
pre-cracked RC beams braced with BFRP sheets to their
intact state.

According to the experimental studies conducted by
other researchers [17,18], pre-cracks in the concrete had no
effect on the RC ray enhanced by BFRP. The cost of structural
element remediation is nearly equal to the cost of permuta-
tion, so the process would become cost-effective. Ma et al. [19]
reported that the flexural capacity of RC specimens strength-
ened with BFRP sheets can be significantly improved, and the
BFRP sheets can limit the crack propagation of concrete struc-
tures and improve their ductility [20].

Several researchers have documented the use of BFRP
sheets in the seismic solidification of building and bridge
structures. Lu et al. [21-23] conducted a training on the
seismic earthquake-damaged concrete edge joints covered
with BFRP. Only a few studies on the use of BFRPs in con-
crete beams for flexural strengthening are available [24].
As a consequence, analysis of the use of BFRP materials for
flexural RC beams is considered necessary. As a matter of
fact, this article offers a presentation test of RC beams
reinforced with basalt fabrics as a composite.

2 Experimental program

The current study uses a trial to extrapolate the structural
behavior of RC beams by wrapping those beams in BFRP
fabric. Different BFRP wrapping patterns were used to achieve
the aim of this work. Eight RC beams were prepared and
tested. One of these beams was used as a reference beam
(without using BFRP fabric). The strategy for testing the RC
beams was by applying the two-point loading. All the beams
have the same dimensions. The material qualifications are
presented in the following sub-sections.

2.1 Material properties
2.1.1 Ordinary Portland cement
A Portland cement CEM I 42.5R based on Turkish qualifica-

tions TS EN 197 [25] was used in this work to manufacture
self-compacting concrete (SCC) for comparison purposes.
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2.1.2 Fly ash (FA)

Class F. FA was utilized for fixing the RC specimens, as
shown in Figure 1. Furthermore, FA is a very beneficial
material, which has a spherical microstructure and affords
high flow ability. It was delivered by warm air control
Ceyhan Sug6zi Turkish herb [26].

2.1.3 Aggregates

The local coarse aggregate was used with a nominal size of
10 mm, while the river sand and fine crushed stone were
used as the fine aggregate with a maximum size and spe-
cific gravity of 2.6. Figure 2 shows the aggregate used in the
mix design of all samples, while Figure 3 shows the volu-
metric pitches of the rough and fine collections.

2.1.4 Superplasticizer

Figures 3 and 4 show that sulfonated naphthalene formal-
dehyde has a declining additive specific gravity of 19. The
superplasticizer was transformed across the mixing pro-
cess in order to improve the assortment’s workability.
Superplasticizer was purchased from a neighborhood pro-
vider; all information is shown in Table 1.

2.1.5 BFRP fabrics and resin

In this study, the RC beams were strengthened using unidirec-
tional BFRP fabric. This type of fabric was chosen because of its
fire resistance, availability, smooth consistency, resilience, low

Figure 1: FA picture that was employed in the fixing RC.
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Figure 3: Gradients of volume for rough and small smash aggregate.

price, and high tensile as compared to fabric. The mechanical the BFRP fabric on the exterior concrete side. According to the
features of the fabric are displayed in Table 2. More details of company, the epoxy resin had a compressive strength greater
the epoxy used, Master Brace 4500 epoxy resin, were linked to  than 60 MPa, a bending strength greater than 50 MPa, and a
bond strength greater than 3 MPa. The necessary amount of
epoxy (A + B) is added in a 3:1 ratio. Figure 5 displays epoxy
resin that connects to BFRP sheets. The procedural text deter-
mined upon the presentation of the bonding agent to the ray

Table 1: Characteristics of superplasticizer

1'%

Belongings Superplasticizer

Term Viscocrete 30

Color Dark brown

State Liquid

Specific gravity (kg/l) 1.07

Chemical composition Modified polycarboxylic-type polymer
Amount 1-2% (% binder content)

Figure 4: Superplasticizer used in our study.
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Table 2: Dimensions and properties of basalt fiber fabric
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Tensile strength (MPa) Tensile modulus of elasticity (GPa)

Elongation (%) Thickness (mm) Area weight (g/mz)

2,100 105

2.6 0.3 300

examination samples. The mechanical characteristics of the
used epoxy resin have been described in detail by an indepen-
dent group of scientists [27].

3 Specimen preparation

The theoretical capacity of beams depends on external
reinforcement. The dimensions and system of steel reinfor-
cement for all specimens were similar. The dimensions of
each specimen were 100 mm x 150 mm x 1,000 mm. In
addition to the 8 mm stirrups that measure 75 mm from
center to center, the specimens' system of reinforcing
bars consists of four longitudinal steel bars, two of which
have a diameter of 10 mm at the tension zone, and the
other two bars have a diameter of 8 mm at the compres-
sion zone. For 8 and 10 mm steel bars, respectively, the
produce asset of reinforcement bars is 550 and 485 MPa,
and the ultimate strength is 640 and 595 MPa. The concrete
cover for all beams was 25 mm. Figure 6 shows the beam
dimensions and reinforcement facts.

4 Mixture casting and curing
condition

4.1 Mix design

The preparation of SCC has differed from that of conven-
tional concrete due to the difference in placing and filling
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Figure 5: Epoxy resin used for bonding and BFRP sheets.

manner. SCC was chosen for use in experimental investiga-
tions since it included FA. SCC improves concrete-to-con-
crete interaction and eliminates the need for a compression
process. In addition, FA is a very advantageous material,
has a sphere-shaped microstructure, and offers excellent
fluidity. Supplemental materials were also used to make
SCC with the required fresh properties, such as superplas-
ticizers and crushed stones. Table 3 shows the mixing
ratio of SCC [28].

4.2 Casting and curing condition

Table 3 shows the weighted quantities of required mate-
rials needed for the two batches. First, the fine and coarse
aggregates were mixed in dry conditions for 2 min. Then,
the binder materials containing cement, FA, and crushed
sand were added with half the amount of the water and
mixed for 1min. Finally, the remaining water and super-
plasticizers were pre-mixed and poured into the mixture
with another 2min of mixing to consist of the mixture
contents. After the mixing procedure was complete, the
concrete was poured into the molds immediately without
compaction. The steps of casting and curing are illustrated
in Figure 7. The beams are covered and left for 24 h in the
casting room. After completion of concrete casting, all
tested beams were cured in a water tank at laboratory
temperature for 28 days. Before starting the test procedure,
the compressive strength test was made for six cylinders
(100 mm x 200 mm).
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Figure 6: Dimensions and reinforcement of RC beam.

5 Surface and wrapping
preparation

(a) Preparing the concrete surface,
(b) Preparing BFRP, and
(c) Impregnating and applying the BFRP fabric.

As shown in Figure 8, a concrete mincer with a
rotating disk was served to form the concrete surface by
expelling a laitance layer and concrete crumpling. Beams’
lower sides were rotated with a radius of about 0.5 in. [29] to
evade the concentration stress, which led to premature rupture
of the BFRP sheets in accordance with ACI 440.2R [30].

6 Wrapping of BFRP fabrics

Wet lay-up technique (ACI 440 2008) was used to construct
the BFRP laminate system [31,34,35].

Table 3: Mixing ratio and concrete properties [28]

To complete the implementation of the research, the
test was performed for eight RCs.

The first BFRP free beam sheet was categorized as Bl
and presented in Figure 9.

The second beam, known as B2 (Figure 10), had a single
layer of BFRP textiles covering it entirely at the lowest
point and at a height of 25 mm on both sides from the
bottom.

The third beam, designated as B3, was entirely covered
with BFRP fabrics at the lowest part and 75 mm high at
both edges from the lowest part in one layer. It is shown
in Figure 11.

The fourth beam, designated as B4, was coated comple-
tely with BFRP fabrics at the bottom portion and 105 mm high
at both sides from the bottom in one layer (Figure 12).

The fifth beam, designated as B5, was covered comple-
tely with BFRP sheets just at the lowest part in one layer
(Figure 13).

The sixth beam, designated as B5, was wrapped BFRP
with three stirrups in the flexural zone; the distance
between stirrups is 10 cm (Figure 14).

Cement FA (kg/m3) Coarse River sand Crushed sand Water Superplastici-  f’ (MPa)  Density

(kg/m?) aggregate (kg/m®) (kg/m?) (kg/m®) zer (kg/m?) (kg/m3)
(kg/m3)

275 285 710 651 217 188.1 2.77 41.0 2338.27
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Figure 7: Steps casting and curing.

The seventh beam, designated as B7, was covered com-
pletely with BFRP fabrics at the lowest portion, plus stir-
rups in the flexural zone in one layer (Figure 15).

The eighth beam, designated as B7, was covered com-
pletely with BFRP sheets except for the upper surface part
in one layer (Figure 16).

All samples were kept for 1 week air curing at a tem-
perature of 27 + 2°C before starting the test.
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7 Flexural test setup and
instrumentation

RC beams, both with and without BFRP fabrics, every
single sample, were investigated under a static two-point
load. For the assessment process, an INSTRON testing
machine, as demonstrated in Figure 8, was utilized, which
includes a hydraulic with a load size of 250 kN with a
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Figure 8: Configuration steps of the preparation surface RC beams to increase the adherence of BFRP by epoxy
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Figure 9: The control beam B1.

150 mm

Figure 11: Beam B3 covers the BFRP sheets.
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Figure 12: Beam B4 details of covering with BFRP sheets.
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Figure 13: Beam B5 covers with BFRP sheets.
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Figure 14: Beam B6 covers BFRP sheets.
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Figure 15: Beam B7 covers with BFRP sheets.
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Figure 16: Beam B8 covers with BFRP sheets.

closed-loop servo-hydraulic testing system digital controller
(Figure 17).

Finally, the beam was removed from the test equip-
ment, and the concrete surface was examined at various
angles; these tests were performed at Gaziantep University’s
College of Engineering in Gaziantep, Turkey.

8 Results and discussion of RC
beams

The visuals of load vs mid-span deflection and the collapse
shapes of all samples are included in the results. The reinforced
beam’s increased load-bearing capability, ductility, and crack pat-
tern are investigated. Finally, the outcomes of the tests are reached
and employed to compare the efficacy of BFRP laminates.

8.1 Relationships and failure modes of
load-deflection

We studied the failure mode of each RC beam. Generally,
the strengthened RC beam failure involved flexural cracks,
crushing concrete, and BFRP rupture (Figure 18).

Figure 17: The flexure test setup.
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Beam (B1): To assess the behavior of the strengthened
RC beams, the results of the unstrengthen control beam
were used as a benchmark. The data were utilized to
draw the load versus mid-span deflection curve, as shown
in Figure 18. The ultimate load of 53.1 kN that corresponds
to a deflection of 5.81 mm of the control beam is recorded.
The failure deflection value was 15.82 mm. The beam failed
in a typical flexural mode in which the reinforcement bars
were deformed, followed by the crushing of the concrete
on the upper surface of the beam in the middle section. The
failure was mild, and there was adequate warning of
impending failure,

Beam (B2): The RC beam strengthened was covered
completely with BFRP sheets at the lower section and
25 mm height at both edges from the bottom in one layer
has been tested to fail. From the test, as shown in Figure 18,
the load versus mid-span deflection records were obtained.
The obtained ultimate load was 72.82 kN, which corresponds
to 13.76 mm vertical deflection. The recorded deflection value
in the middle area of the failure was 13.94 mm. The percen-
tage increase within the flexural capacity was 37%. The per-
centage decrease in ultimate and failure ductility values
was 81 and 29%, respectively. The beam failed in a typical
flexural mode in which the reinforcement bars were
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Figure 18: Load vs deflection for all beams.

deformed, followed by the crushing of the concrete on the
upper surface of the beam in the middle section. The mode of
failure was sudden, accompanied by the crushing of the com-
pression concrete zone and a partial debonding of the BFRP.
Beam (B3): The RC beam strengthened was covered
completely with BFRP sheets at the lower section and
75 mm height at both edges from the bottom in one layer
has been tested to fail. The load versus mid-span deflection
records were obtained from the test and presented in
Figure 18. The obtained ultimate load was 76.55 kN that
corresponds to a deviation of 14.58 mm. The deflection
value in the middle area of the failure was 16.39 mm. The
percentage increase within the flexural capacity was 44%.
The percent reduction in ultimate and failure ductility
values was 85 and 23%, respectively. The beam failed in
a typical flexural mode in which the reinforcement bars
were deformed, followed by the crushing of the concrete
on the upper surface of the beam in the middle section. The
mode of failure was sudden, with partial debonding of
the BFRP sheet, which failed due to concrete crushing in
the compression zone and some tearing-off of BFRP.
Beam (B4): The RC beam strengthened was covered
completely with BFRP sheets at the lower section and
105 mm height at both edges from the bottom in one layer

has been tested to fail. The load versus mid-span deflection
records were obtained from the test, as shown in Figure 18.
The obtained ultimate load was 80.55 kN that corresponds
to a deflection of 18.53 mm. The deflection value in the
middle area of the failure was 19.17 mm. The percentage
increase within the flexural capacity was 52%. The percen-
tage decrease in ultimate and failure ductility values was
89 and 28%, respectively. The beam failed by yielding the
reinforcement rebar, tearing off the BFRP, and concrete
crushing in the compression zone. The failure occurred
with little obvious sign of impending collapse before the
element failure.

Beam (B5): The RC beam strengthened was covered
completely with BFRP sheets just at the lower section in
one layer and was tested to fail. The load versus mid-span
deflection records were found from the test, as shown in
Figure 18. The obtained ultimate load was recorded to a
value of 72.56 kN, which corresponds to a deflection of
9mm. The deflection value of the mid-span at failure was
recorded as a value of 14 mm. The percentage increase in
the flexural capacity was recorded to a value of 36%. The
percentage decline in the ultimate and failure ductility
values was equal to 17 and 32%, respectively. The yielding
of the reinforcement rebar caused the beam failure,
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followed by BFRP debonding and failed due to concrete
crushing in the compression zone, and the failure was
relatively sudden and without warning.

Beam (B6): The strengthened RC beam was wrapped
by BFRP fabrics as stirrups in the flexural zone portion in
one layer was tested to fail. The load versus mid-span
deflection records were gained from the test, as shown in
Figure 18. The obtained ultimate load was recorded to a
value of 58.28 kN, which corresponds to a deflection of
6.49 mm. The value of mid-span deflection at failure was
recorded to a value of 16.20 mm. The percentage increase in
the flexural capacity was recorded to a value of 9.4%. The
percentage decline in the ultimate and failure ductility read-
ings was equal to 5 and 0.2%, respectively. The yielding of the
reinforcement rebar caused the beam failure, followed due to
concrete crushing in the compression zone; the failure was
not as mild as for the unstrengthen element but could not be
described as “sudden.”

Beam (B7): The strengthened RC beam was covered
with BFRP fabrics just at the bottom with stirrups in the
flexural zone portion in one wrap and was tested to fail.
The load versus mid-span deflection records were gained
from the test, as shown in Figure 18. The obtained ultimate
load was recorded to a value of 73.56 kN, which corre-
sponds to a deflection of 9.10 mm. The value of mid-span
deflection at failure was recorded to a value of 14.25mm.
The percentage increase in the flexural capacity was recorded
to a value of 38.53%. The percentage decline in the ultimate
and failure ductility readings was equal to 19 and 33%, respec-
tively. The yielding of the reinforcement rebar caused the
beam failure, followed by BFRP debonding and concrete
crushing in the compression zone. The failure happened sud-
denly and without warning.

Beam (B8): The RC beam enforced was wrapped at the
bottom and two sides completely with one layer of BFRP
fabric was tested to fail. The load versus mid-span deflec-
tion records were gained from the test, as shown in Figure
18. The ultimate load obtained was recorded to a value of
82.55 kN, which corresponds to a deflection of 15 mm. The
value of mid-span deflection at failure was recorded as
16.64 mm. The percentage increase in the flexural capacity
was equal to 56%. The percentage decrease in the ultimate
and failure ductility readings was equal to 44 and 45%,
respectively. The failure occurred suddenly, and there
was no warning of impending failure from the deflections
of cracking patterns. The destruction of BFRP and concrete
crushing in the compression zone as.

When the fail modes of the various strengthened
beams are compared in Table 4, it can be observed that
the strengthened RC beams by one-wrap BFRP fabrics had
the superior failure mode. The failure of these beams is
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Table 4: Brief of ultimate loadings and failure modes

Sample Py (kN) Py (kN) R, (kN) B[Py
Control B1 19 50.48 53.1 —
B2 29 64.74 72.82 1.37
B3 44 66.35 76.55 1.44
B4 63 72.70 80.55 1.51
B5 31 66.55 72.56 1.36
B6 35 55.59 58.28 1.09
B7 43 67.58 73.56 1.38
B8® — 73.92 82.54 1.55

due to BFRP wrap falling-out, indicating that the ultimate
capacity of the BFRP wraps had been reached and the
strengthening system was completely used [35].

8.2 Ductility

The most widely used methods for calculating ductility from data
are divided into two methods. The first one was the deflection
ductility index (uA), which is represented in equation (1) [32]

Au
A=—.
U Ay ()]
A similar behavior was also observed. Attari et al. [33]
also noticed that all of the strengthened specimens showed
lower ductility than the control specimens.
The second method of estimating ductility was the

energy ductility index (ug) by using equation (2) [32]
Ug = —. 2

Tables 5 and 6 summarize the measured ductility indi-
cations for total tested specimens.

Table 5 shows that beam B6 had a maximum ductility
of 5%, while beam B4 had a minimum ductility of 89% in
RC beam ductility compared with the un-strengthened
beam. Generally, the ductility decreased with increasing
amounts of strengthening.

Table 6 shows that the failure deflection index at beam
B6 had a maximum of 0.5%, while the minimum failure
index at beam B8 was 45% compared with the un-strength-
ened beam.

8.3 Crack patterns

As can be seen from the results presented, crack propaga-
tion in strengthened elements differs significantly from
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Table 5: Brief of the deflection and ductility results
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Sample Deflection at yield (mm) Deflection at ultimate (mm) Deflection at failure (mm) Ductility index

uh Increase % ue
Control B1 471 6.01 15.79 127 — 1.4
B2 5.75 13.25 13.85 2.30 81 3.5
B3 6.27 14.84 16.27 2.36 85 33
B4 7.50 18.09 19.05 2.4 89 4.4
B5 6.11 9.12 13.91 1.49 17 1.69
B6 4.81 6.49 16.20 134 5 15
B7 6.19 9.45 14.03 1.52 19 1.75
B8 8.69 16.02 16.25 1.84 49 4.01

Table 6: Summary of the failure deflection index (If)

Specimen I; = Af Ay E/L? Decrease %
Control B1 3.35 1 —
B2 2.44 0.7 29
B3 2.59 0.77 23
B4 2.54 0.75 25
B5 2.27 0.67 33
B6 3.36 1 0.5
B7 2.26 0.67 33
B8 1.86 0.55 45

L. is the failure index of the control beam.

that of normally reinforced elements. This is to be expected
as strengthened elements can be considerably stiffer than
their non-strengthened counterparts, which understand-
ably affects their behavior under loading.

Beam B1 control specimen has been loaded in a four-
point bend test setup as described previously. The beams
have been loaded with equal force on the two load points
until the beams are deformed. The damage in the beams

started with bending cracks in the central region of the
beam, as shown in Figure 19. The first crack was observed
at 19 kN. As load reached 52 kN, more cracks were observed.
Almost all cracks were vertical. Near top and bottom edge
sub-cracks were generated connecting to the main crack. The
first crack generated was between the left point load and the
beam center. The second crack was just inside the right point
load. The third and fourth cracks generated were between the
center point of the beam and the right point load. The fifth
crack was just outside of the right point load. The sixth crack
was between the third and fourth cracks. Major cracking was
observed at 53.1 kN, and the beam stopped taking load after
this point.

Beam B2, when load was applied on the beam, the first
crack was observed at 29 kN. Spalling started at 52 kN load.
The crackling sound of laminates was observed at 29 and 57 kN.
Again, spalling was observed at 67 kN, as shown in Figure 20.
Laminate failed at 72.82 kN by interfacial debonding. Loading
was stopped after laminate failure.

Beam B3, when loading was started new crack was
observed at 44 kN. The crackling sound was there at 69,

Figure 19: Crack pattern for beam B1.
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Figure 20: Crack pattern for beam B2.

71, and 72 kN. Spalling started at 75 kN. Also, crackling sound
was there in fibers at 75 kN as well. BERP failed at 76.55 kN load,
making the sound like a blast. Partial peeling off and partial
debonding failure were observed, as shown in Figure 21.
Beam B4, when the load was applied on the beam, the
first crackling was shown at 63 kN, and after that, again at

Beams can reinforce material

69, 71, and 76 kN, sound of the BFRP sheet was heard.
Concrete crushing in compression at the top, as shown in
Figure 22. The beam stopped taking further load at 80.55
kN. As compared to laminates, sheets did not fail over large
area; only debonding was there in the bottom center.
Debonding was not throughout the width of the beam.

Figure 21: Crack pattern for beam B3.

Figure 22: Crack pattern for beam B4.
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Figure 23: Crack pattern for beam B5.

Figure 24: Crack pattern for beam B6.

An increase in load-carrying capacity was observed as the
beam with BFRP failed at 80.55 kN.

Beam B5, the first crack, was observed at 31 kN. As load
reached 58 kN, more cracks were observed. Almost all
cracks were vertical; near the top and bottom edge sub-
cracks were generated connecting to the main crack. Major
cracking was observed at 69 kN. The beam stopped taking

load at 72.56 kN. Partial debonding failure was observed in
the tension zone, as shown in Figure 23.

Beam B6 shows similar behavior as beam B1. Therefore,
steel was yielded in the specimen. The damage in the beams
started with bending cracks in the central region of the beam,
as shown in Figure 24; first crack was observed at 35 kN. As
load reached 55 kN, more cracks were observed. Almost all

Figure 25: Crack pattern for beam B7.
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Figure 26: Crack pattern for beam B8.

cracks were vertical, and near the top and bottom edge sub-
cracks were generated connecting to the main crack. The
beam stopped taking load at 58.28 kN.

Beam B7, the first crack, was observed at 43 kN. As load
reached 54 kN, more cracks were observed. Almost all
cracks were vertical, and near the top and bottom edge
sub-cracks were generated connecting to the main crack.
Major cracking was observed at 63 kN. The beam stopped
taking load at 73.56 kN, as shown in Figure 25.

Beam B8, U shape wrapped therefore no cracks could not
be observed. The crackling sound was heard when loading
was applied. The beam failed by flexural failure, rupture of
BFRP, and crushing of concrete at the loaded point as shown
in Figure 26. The beam stopped taking further load at 88.55
kN. The failure sound heard like a blast.

As can be seen from the results presented, crack pro-
pagation in strengthened elements differs significantly
from that of normally reinforced elements. This is to be
expected as strengthened elements can be considerably stiffer
than their non-strengthened counterparts, which understand-
ably affects their behavior under loading. The reason for this
is that the presence of the basalt fiber composites helps to
better distribute the tensile forces at the soffit of the element,
which results in a reduction of the width and length of cracks
that would normally be expected in an un-strengthened ele-
ment. Due to debonding total utilization of the strength of the
BFRP sheet was not achieved.

9 Conclusions

BFRP is considered a green material and has been illu-
strated to be a proper material for developing the infra-
structure sustainability of RC members. This study has
pointed out the need to enhance the knowledge of RC

beams after strengthening by basalt fiber fabric. From
the experimental test results presented, the following gen-
eral conclusions can be drawn:
¢ The flexural capacity of the wrapped RC beams increases
in percentage varied from 94 to 56% over the unwrapped
beam.
By comparing between the strengthened beams and un-
strengthened beams, the percentage decline in the duc-
tility varies from 5 to 89%.
* RC beams wrapped with a sheet of BFRP fabrics failed by
FRP failure, taking into consideration that this FRP strength-
ening approach was completely used to its highest capacity.
Excessive deformation occurs, and failure of the BFRP
composites takes place. It should be noted that not all
fibers may reach the ultimate limit state at the same
time, which can result in a more gradual release of the
stored elastic energy. This took place during the failure
of beam B8, where distinct sounds of fibers snapping
were noted before ultimate failure was reached.
 The adhesive bond between the fiber and the concrete
substrate fails, resulting in a peeling off of the fiber com-
posite sheet or plate along part or all of its length. This
normally initiates at the end of the sheet or plate but, in
some cases, can start elsewhere and propagate in two
directions until failure occurs. Additionally, it is often
the case that a delamination failure, as it propagates
along the length of the beam, will become a tearing-off
type failure. This occurs when the delaminating fiber
composite sheet encounters a crack that is severe enough
to allow the concrete cover to be torn away from the
soffit of the beam, while remaining attached to the sheet.
An example of this type of failure can be seen in B2, B3,
B4, and B5.
* When an element is over-reinforced and/or over-strength-
ened in tension, the development of high compressive
stresses in the compressive concrete zone results in a
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sudden, sometimes “crushing,” compressive failure of the
concrete. In fact, the internal steel reinforcement has not
normally even reached its yield point. An example of this
type of crushing failure can be seen in all specimens.
Crack propagation of crack widths for elements with
externally bonded basalt fiber composites was investi-
gated. It had already been shown that the occurrence
of surface cracking in strengthened elements varied con-
siderably from that of their unstrengthen counterparts.
The main differences for strengthened elements can be
summarized as follows and are attributable to the ability of
the BFRP composites to better distribute the stress in the
element soffit, resulting in a more consistent crack distribu-
tion: There is a higher number of surface cracks. Both the
maximum and average crack lengths are shorter.
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