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ABSTRACT
This study evaluates the performance of PVCC (Polyvinyl Alcohol Cementitious Composite) layered beams 
(BP1 to BP5), basalt fiber fabric-wrapped beams (BB1 and BB2), and a control beam (B0). Results show that 
specimen BP3, with 1.2% PVA fiber in PVCC layered beam, and BB2, with basalt fiber fabric wrapped at the 
bottom up to the neutral axis, exhibit superior performance. BP3 delays first crack initiation, increases the 
ultimate load-carrying capacity by 19.87%, and achieves a remarkable 54.57% increase in maximum ductility 
compared to B0. BP3 also demonstrates 54.54% higher stiffness and notable energy absorption. Similarly, 
BB2 outperforms BB1 and B0 in first crack load, ultimate load carrying capacity, ductility, stiffness, energy 
absorption, and energy index. BB2 exhibits 2.10 times increase in ductility compared to B0. Incorporating PVA 
fiber in PVCC layered beams and basalt fiber fabric wrapping offers better improvements in crack resistance, 
load capacity, ductility, stiffness, and energy absorption, contributing to innovative and sustainable beam design 
in construction.
Keywords: PVCC layered beams; Basalt beams; Ductility enhancement; Sustainable beam design.

1. INTRODUCTION
Different techniques for the strengthening and repair of structural elements such as beams and columns as made 
in recent research. Major repairs will need for most of the reinforced concrete structures shortly to avoid partial 
or total collapse during earthquakes. And also, to reduce the considerable deformation of the structural elements 
in the structure, new composites or technique is needed [1]. Strengthening existing structures is the biggest 
challenge that civil engineers are facing these days [2]. For strengthening the reinforced concrete structural 
members, a new technique through fiber cementitious composites and external wrapping with fiber fabric 
was proposed in this study. The advantages of using fiber cementitious composites and wrapping increase the 
flexural, shear, axial load carrying capacity, and seismic behavior of the reinforced concrete structures [3].

BROWN et al. [4] in their work reported that the weakening of concrete structures due to steel corrosion 
is a significant concern since repairing these structures has shown to be a costly process. They also stated that 
reinforcing the concrete structures with fibers is one of the possible ways and there is an increasing worldwide 
interest in utilizing fiber-reinforced concrete structures for civil infrastructure applications [5]. SEN and REDDY [6]  
reported that the materials chosen for structural up gradation must, in addition to functional efficiency and 
increasing or improving the various properties of the structures, should fulfill some criterion, for the cause of 
sustainability and better quality [7]. DOMKE et al. [8] have reported that considerable efforts have been taken 
worldwide to utilize local natural waste and by-products materials as supplementary cementing materials to 
improve the properties of cement concrete [9]. LEPECH and LI [10] deal with the importance of sustainability of 
the environment in which the structure is being built in making infrastructure design and maintenance decisions. 
A preliminary case study is being done on the green material design framework [11]. To improve the sustainability 
of the structure, a new cement-based composite is required, and it is being analyzed by application in the green 
material design framework. A large number of substitutes including industrial wastes were used to gauge their 
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properties with ECC. Among them, green foundry sand, fly ash, and cement kiln dust show a greater tendency 
to replace certain raw materials within ECC composites [12]. The addition of green foundry sand reduces the 
tensile strain capacity of ECC. By Re-engineering the fiber-matrix interface, the multiple cracking behavior and 
strain hardening capacity is being restored. The result of this paper indicates the application of Micromechanics 
and sustainable infrastructure design performance. AHMED and MIHASHI [13] discuss the various properties 
of PVA fiber-reinforced cementitious composites. The test is being done for different hybrids of PVA fibers of 
varying lengths. The composite containing finer lightweight sand has higher ultimate strength than that of a 
composite containing coarser lightweight sand [14]. The lightweight hybrid PVA fiber-reinforced cementitious 
composite has a higher strain hardening capacity. The result shows that the ultimate load of lightweight hybrid 
fiber is lower than that of natural silica, but the cmod at peak load is higher than normal silica sand. KENDALL 
et al. [15] deal with the life cycle of structures utilizing ECC composites. The sustainability of a material can be 
evaluated based on the life cycle of the structure. The life cycle can be assessed by proposing a framework [16].  
This framework is applied to ECC used as a link slab in bridge decks. This modeling shows various waste 
materials used to retain adequate durability process. In bridge deck construction and rehabilitation works, it 
generates a greater life cycle of the structure. KIM et al. [17] deal with the study of wet mixtures suitable for the 
shotcreting process in the fresh state. This can be developed by creating micromechanics and rheological design. 
Due to the controlled rheology of the fiber matrix and dispersion of fibers, the spray ability and pumpability of 
ECC are enabled [18]. The result shows that an ECC having pump ability and spray ability properties at fresh 
and strain-hardened states has been developed by rheological and micromechanical design [19]. Fiber composite 
strengthening in concrete has many advantages. The usage of fiber composite strengthening materials has higher 
ultimate strength compared to normal composite materials. Moreover, the irregularities in the shape of the 
concrete surface can be taken up by these fiber composite materials. The steel plate used in concrete has to be 
pre-bent to the required radius since the material can follow a curved profile. Similarly, the material fibers and 
resins are durable, and it requires little maintenance if it is correctly specified [20–23].

This work aims to find out the alternative composites/techniques by the evaluation of its characteristics 
in reinforced concrete structures. In this work, a new composite named Polyvinyl Alcohol Cementitious 
Composites (PVCC) was developed and it is provided at the bottom of the beam at the cover zone instead of 
cover thickness with various dosage levels of Polyvinyl Alcohol (PVA) fiber addition, and also new wrapping 
technique using natural-based basalt fiber fabric was used in this work to strengthen the beams. This natural-
based basalt fiber fabric was bonded externally by epoxy resin at the bottom alone and bottom with side faces 
of the beam up to the neutral axis. The developed PVCC was registered for a patent in the name of “PVA 
Concrete Composite panel”.

2. MATERIALS AND SAMPLE PREPARATION
Ordinary Portland Cement (OPC) of Grade 53 was used. The cement used for this study conforming to IS 
12269–1987 [24]. Testing was carried out on cement samples by IS: 4031 [25]. Fly ash used for this work was 
attained from Mettur Thermal Power Station, Tamilnadu. The vital role of adding class F fly ash is to supply 
additional fines for compaction [26]. Naturally available river sand with a fraction passing through 4.75 mm 
sieve and retained on the 600 µm sieve was used for casting specimens and sand passing through 4.75 mm and 
retained on 200 µm sieve was used for casting Polyvinyl Alcohol Cementitious Composites with a specific 
gravity of 2.70 [27–29]. Crushed blue granite coarse aggregates of particle size 20 mm were used for the present 
investigation, and it is confirmed as per IS 383–1970 [30] with a specific gravity of 2.68 [31]. Available tap 
water in the laboratory was used for mixing and curing the specimens as well. Polyvinyl Alcohol fiber purchased 
from Spinning King Limited, Gujarat was used in this research work. Basalt fiber fabric was formed by melting 
the Basalt rock at high temperature (1450°C) and rapidly drawn it into a continuous fiber, and it was made as 
fabric. It is commonly known as Basalt Fiber Fabric [32]. Basalt fiber fabric of 320 grams per meter square was 
purchased from Arrow Textile Technical Limited, Mumbai. The developed PVCC was provided in the bottom 
of the beam at cover zone instead of cover thickness during casting of specimens. The PVCC layered beam was 
cast by providing PVCC layer with a various dosage level of PVA fiber such as 0.40%, 0.80%, 1.20%, 1.60%, 
and 2% by volume of the composite [33].

3. EXPERIMENTAL STUDY 
Totally eight numbers of the test specimen were cast for the study of the structural behavior of PVCC layered, 
and basalt fiber fabric wrapping reinforced concrete rectangular beams [34]. Among all the eight beams, out of 
which one is taken as a control beam. The five beams were cast as PVCC layered beams by providing a PVCC 
layer in the bottom of the beam at the cover zone instead of cover thickness with a various dosage level of PVA 
fiber such as 0.4%, 0.8%, 1.2%, 1.6%, and 2% by volume of the composite and other two beams were wrapped 
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with basalt fiber fabric after casting which is provided at the bottom alone and bottom with side faces of the 
beam up to neutral axis [35]. 

3.1. Preparation of beam specimen
The design of beam was carried out using Limit state method using IS 456:2000 [36] and detailing were made as 
per IS 13920:1993 [37]. The beam with 2 nos. of 20 mm diameter bar and 2 nos. of 16 mm diameter bar is used 
as tension and compression reinforcement [38]. As per IS 13920:1993, the transverse reinforcement is provided 
with 8 mm diameter bar at 50 mm c/c from both the end at a length of 300 mm and rest of the length is provided 
with 100 mm c/c [39]. The detailing figure of the rectangular beam is shown in Figure 1. By using the concrete 
mixer, the mixing is done, and the beams were kept for 28 days curing [40]. The plywood sheet mould is used 
for making beam specimens with the size of 170 mm × 250 mm × 1400 mm [41]. The typical representation of 
Control, PVCC layered, and Basalt Fiber Fabric Wrapped Rectangular Beam [42]. The typical representation 
of Control, PVCC layered, and Basalt Fiber Fabric Wrapped Rectangular Beam is shown in Figure 2. The 
developed PVCC was provided in the bottom of the beam at the cover zone instead of cover thickness during 
the casting of specimens. By providing PVCC layer at the cover zone may assist the tension face concrete to 
arrest tension cracks. To evaluate the structural behavior of the wrapped RC Rectangular beam, the natural-
based basalt fiber fabric wrapping was provided at bottom alone and bottom with side faces of the beam up to 
the neutral axis [43]. These wrapping may assist the tension face of concrete to arrest tension cracks and also 
assist side faces of concrete to arrest shear cracks.

Figure 2: Control, PVCC layered, and basalt fiber fabric wrapped rectangular beam.

Figure 1: Detailing of reinforced concrete beam.



PRASANTHNI, P., PRIYA, B., PALANISAMY, T., et al.,  revista Matéria, v.29, n.1, 2024

3.2. Experimental test setup for beam specimen
The test was carried out in 100 T loading frame. The testing beam was rested on the two simply supported 
rollers. By using hand operated hydraulic jack, the load was gradually applied to the specimen. The load is 
applied at an increment of 10 kN up to the failure of the specimen. To measure the deflection, the LVDT was 
used at mid-span and l/3 distance from the end support [44, 45]. Figure 3(a) shows the experimental test setup 
of beam specimen. Figure 3(b), 3(c), 3(d) shows the failure pattern of control B0, PVCC layered beam specimen 
(BP3) and Basalt fiber fabric beam specimen (BB1). Figure 3(d) shows the experimental test setup Basalt fiber 
fabric beam specimen (BB2).

4. TEST RESULTS AND DISCUSSION
In this section, structural evaluation of PVCC layered reinforced concrete beam under static loading are 
discussed. The results and discussion section include two parts. The first part deals with the structural behavior 
of PVCC layered reinforced concrete beam and second part deals with the structural behavior of the basalt  
fiber fabric wrapped reinforced concrete beam [46]. It is noticed that all the beams have failed in a flexural  
mode [47]. The first crack load, ultimate load carrying capacity, load deflection curve, ductility factor, stiffness, 
energy absorption capacity and energy index are presented and discussed in the following section.

4.1. PVCC layered reinforced concrete beam

4.1.1. First crack load
For PVCC layered, the first crack load of control reinforced concrete beam (B0) and PVCC layered reinforced 
concrete beams (BP1 to BP5) are shown in Figure 4. For the control specimen (B0) the first crack was initiated 
at 80 kN and it is occurred at the bottom face of the beam. With the addition of 0.4%, PVA fiber in PVCC lay-
ered concrete beam (BP1) shows the first crack at the load level of 84 kN. For the specimen BP2 and BP3 with 
PVA fiber addition of 0.8% and 1.2% in PVCC layered beam, there is an increase in the first crack load, and it is 
found as 88 kN and 92 kN, respectively. The first crack was noticed soon for the specimen BP4 and BP5 when 
compared with BP3 specimen, and it is found as 86 kN and 82 kN with 1.6% and 2% addition of PVA fiber in 
PVCC layered concrete beam, respectively.

Figure 3: (a) Experimental test setup of beam specimen. (b) Failure pattern of control B0 beam specimen. (c) Failure pattern 
of PVCC layered BP3 beam specimen. (d) Failure pattern of basalt fiber fabric wrapped BB1 beam specimen. (e) basalt fiber 
fabric wrapped beam specimen.
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4.1.2. Ultimate load carrying capacity
The ultimate load carrying capacity for control reinforced concrete beam (B0) and PVCC layered reinforced 
concrete beams (BP1–BP5) are shown in Figure 5. The ultimate load for the control specimen was found to 
be 113 kN. The ultimate load for control beam was attained at the load level of 113 kN. With the addition of 
0.4% and 0.8% PVA fiber in PVCC layered beam obtains the ultimate load of 125 kN and 132 kN, respectively 
for the specimen BP1 and BP2. The specimen BP3 with the addition of 1.2% of PVA fiber in PVCC layered 
beam reaches the ultimate load of 141 kN. The ultimate load caring capacity of BP4 and BP5 specimen with 
the addition of 1.6% and 2% of PVA fiber in PVCC layered beam shows a slight decrease in load level and it 
is noted as 137 kN and 122 kN, respectively. Figure 6 shows the comparison of first crack and ultimate load of 

Figure 6: Comparison of first crack load and ultimate load carrying capacity of control and PVCC layered beams.

Figure 5: Ultimate load carrying capacity of control and PVCC layered beams.

Figure 4: First crack load of control and PVCC layered beams.
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control and PVCC layered beam. The optimum dosage level of addition of PVA fiber in PVCC layered beam 
was derived as 1.2%. Beyond this dosage level the cement mortar become less due to increasing fiber content. 
Due to bonding problem the strength may tend to decrease beyond this limit.

4.1.3. Load deflection behavior
For control reinforced concrete beam (B0) and PVCC layered reinforced concrete rectangular beam (BP1 to 
BP5), the load deflection behaviors were drawn and it is shown in Figure 7. The specimen BP3 carries more 
load and resist more deflection due to existence of the optimum fiber content in the PVCC layered mixtures 
when compared with all other PVCC layered reinforced concrete beams. While increasing the load, multiple 
cracks have been developed and propagated without splitting of beam. Whenever PVCC layered beam specimen 
subjected to formation and propagation of cracks, there is a change in slope of the load deflection curve. The first 
crack was initiated at the bottom of the beam at a load of 80 kN for control beam specimen B0, and the related 
deflection is noted as 2.38 mm. At the load of 113 kN, the beam specimen B0 reaches the ultimate load and, 
the corresponding deflection is recorded as 6.4 mm. At the load of 84 kN, the first crack with the corresponding 
deflection of 1.98 mm. The specimen BP1 obtained the ultimate load of 125 kN with a deflection of 4.44 mm. 
For the beam specimen BP2, the first crack and ultimate load are recorded as 88 kN and 132 kN and its deflection 
is noted as 1.62 mm and 4.72 mm. The first crack was developed at 92 kN and the ultimate load is found to be 
141 kN for the PVCC layered beam specimen BP3. Deflection of 1.27 mm was noted for first crack load and 
5.14 mm was noted for ultimate load. The first crack load and the ultimate load for the PVCC layered beam 
specimen (BP4) was noticed at 86 kN and 137 kN. The corresponding deflection for the first crack and ultimate 
load was recorded as 1.21 mm and 4.52 mm. 

The first crack was observed at the load of 82 kN and the deflection was marked as 1.88 mm for the 
PVCC layered beam specimen (BP5). The ultimate load tends to decrease gradually, when compared to other 
PVCC layered mixtures and it reaches the load level of 122 kN with deflection of 4.33 mm. Comparison of load-
deflection curves for control and PVCC layered beams are shown in Figure 7. Beam BP1 to BP5 showed better 
performance when compared to control beam B0.The mode of failure observed for the all the specimen BP0 to 
BP5 is a flexural failure.

4.1.4. Ductility behavior
In this investigation ductility factor was calculated by maximum deflection to the yield deflection. The ductility 
value of 2.68 was calculated for the control beam specimen (B0). With the addition of 0.4% of PVA fiber in 
PVCC layered beam specimen (BP1) increases the ductility value of 1.37 times and addition of 0.8% PVA 
fiber in PVCC layered beam (BP2) increases the ductility value of 1.76 times when compared with the control 
beam specimen (B0). Figure 8 displays the ductility factor value for the control and PVCC stacked beams. By 
adding 1.2% PVA fiber to the PVCC layered beam, the ductility value of 5.90 was achieved, which is a 2.20-fold 
increase over the control beam specimen (B0). With 1.6% and 2% of PVA fiber added, the PVCC layered beam 
specimens BP4 and BP5 had ductility values of 4.96 and 4.38, respectively. These values are lower than those 
of the BP3 specimen but greater than those of the control specimen (B0).

Figure 7: Comparisons between load deflection curves of control and PVCC layered beam.
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4.1.5. Stiffness
The stiffness value for control and PVCC layered reinforced concrete beams is shown in Figure 9. The slope 
of the tangent drawn to load deflection curve gives the stiffness of the beam. The stiffness value increases 1.32 
times and 1.46 times when compared to control specimen (B0) with the addition of 0.4% and 0.8% PVA fiber 
in PVCC layered beam specimen BP1 and BP2. By comparing to control specimen (B0), the addition of 1.2% 
PVA fiber in PVCC layered beam (BP3) shows greater stiffness value which was 2.22 times higher. The stiffness 
value for the beam specimen BP4 and BP5 with the addition of 1.6% and 2% PVA fiber in PVCC layered 
mixtures slightly reduced when compared to BP3 beam specimen but it gets increased 1.98 times and 1.37 times 
when compared with control specimen (B0). 

4.1.6. Energy absorption
Energy absorption capacity of the beam was calculated by the area of the curve under the specimen during 
loading. Whenever, a structure is subjected to loading some energy is absorbed by the specimen. The structural 
safety under strong earthquake motion may be evaluated by the comparison between the input energy of structures 
imparted by earthquake and energy absorption capacity. Energy absorption capacity is used in earthquake design 
of structures. The energy absorption capacity for control and PVCC layered reinforced concrete beams are 
shown in Figure 10. For control beam specimen (B0) the energy absorption was calculated as 356.08 kN mm. 
The energy absorption value gained around 1.04 and 1.20 times with the addition of 0.4% and 0.8% PVA fiber 
in PVCC layered beam BP1 and BP2 when compare to control concrete beam (B0). The beam BP3 with the 
addition of 1.2% PVA fiber in PVCC layered mixture gives higher energy absorption when equating with control 
concrete beam (B0). The energy absorption capacity decreases with the addition of 1.6% and 2% of PVA fiber in 
PVCC layered beam BP4 and BP5, when compared with the specimen (BP3). In PVCC layered beam the higher 
energy absorbed by BP3 beam with 1.2% addition of PVA fiber in PVCC layered mixture which is 1.49 times 
more than control concrete specimen.

Figure 9: Stiffness of control and PVCC layered beams.

Figure 8: Ductility factor of control and PVCC layered beams.
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4.1.7. Energy index
The ratio of total energy absorbed by the specimen up to ultimate load and energy absorbed by the specimen 
till the first crack gives energy index of the specimen. The energy index for control beam specimen and PVCC 
layered beam specimen are illustrated in Figure 11. For the control concrete beam (B0) energy index value found 
as 3.66. With the addition of 0.4% and 0.8% of PVA fiber in PVCC layered beam increases 1.01 and 1.38 times 
when compared with a control concrete beam (B0). At 1.2% PVA fiber addition in PVCC layered beam (BP3) 
gives 1.53 times higher energy index value when compared to control concrete beam (B0). The beam specimens 
BP4 and BP5 show a slight decrease in energy index value when compare with BP3 beam specimen, but it 
increases 1.23 and 1.02 times when compared with control concrete beam specimen (B0). When compared with 
control and other PVCC layered beam specimens, the beam BP3 with 1.2% PVA fiber addition gives maximum 
energy index value.

4.2. Basalt fiber fabric wrapping of reinforced concrete rectangular beam

4.2.1. First crack load
For control concrete beam the first crack load was witnessed at 80 kN.The first crack was observed at the load of 
85 and 96 kN for basalt fiber fabric wrapping at bottom alone (BB1) and bottom with side faces of the beam up 
to neutral axis (BB2), respectively. Figure 12 shows the first crack load of control concrete beam (B0) and basalt 
fiber fabric wrapped beams BB1 and BB2. The first crack was noticed at flexural zone of the beam.

4.2.2. Ultimate load carrying capacity
The ultimate load carrying capacity for control reinforced concrete beam (B0) and basalt fiber fabric wrapped 
beams BB1 and BB2 are shown in Figure 13. The ultimate load was recorded at 148 kN for basalt fiber fabric 
wrapping at the bottom alone (BB1) and basalt fiber fabric wrapping at the bottom with side faces of the beam 
up to neutral axis (BB2) was witnessed as 160 kN. The ultimate load for basalt fiber wrapping at bottom alone 
(BB1) and bottom with side faces of the beam up to neutral axis (BB2) showed 1.06 and 1.2 times, respectively 
more than control concrete beam (B0). The comparison between the first crack and the ultimate load for basalt 
fiber fabric-wrapped reinforced concrete beams is shown in Figure 14.

4.2.3. Load deflection behavior
The load deflection behavior for control concrete beam specimen (B0) is shown in Figure 15. The first crack 
load and corresponding deflection were noted as 80 kN and 2.38 mm for the specimen (B0). The load carrying 
capacity was increased to 113 kN with deflection of 6.4 mm. For beam specimen (BB1) with basalt fiber fabric 
wrapping at bottom alone shown the first crack load of 85 kN and ultimate load of 148 kN and their corresponding 
deflection registered was 1.02 and 4.72 mm. The load deflection for basalt fiber fabric wrapping at bottom alone 
is shown in Figure 15. The first crack and ultimate load formed at the load level of 96 kN and 160 kN with the 
deflection of 1.24 mm and 4.15 mm, respectively for the basalt fiber fabric wrapping at bottom with side faces 
of the beam upto neutral axis (BB2). Comparison of load-deflection behavior of control beam (B0), basalt fiber 

Figure 10: Energy absorption of control and PVCC layered beams.
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Figure 11: Energy index of control and PVCC layered beams.

Figure 12: First crack load of control and basalt fiber fabric wrapped beams.

Figure 13: Ultimate load carrying capacity of control and basalt fiber fabric wrapped beams.
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Figure 14: Comparison of first crack load and ultimate load carrying capacity of control and basalt fiber fabric wrapped 
beams.

Figure 15: Comparisons of load deflection curves between control and basalt fiber fabric wrapped beams.

fabric wrapped beam at bottom alone (BB1) and basalt fiber fabric wrapped at bottom with side faces of the 
beam up to neutral axis (BB2) are presented in Figure 15.

4.2.4. Ductility behavior
The ductility factor for the specimen B0, BB1, and BB2 is shown in Figure 16. The ductility value for the beam 
with basalt fiber fabric wrapping of the beam at bottom alone (BB1) is 1.53 times more than control specimen 
B0. In same while the ductility value for specimen wrapped with basalt fiber fabric at the bottom with side faces 
up to neutral axis (BB2) is 5.94 which is 2.10 times more than control specimen. The ductility of the member get 
increased for the specimens wrapped with basalt fiber fabric wrapping at bottom alone and at the bottom with 
side faces up to neutral axis compared to control specimen.

4.2.5. Stiffness
The stiffness value was calculated for the control and basalt fiber wrapped specimens from the load deflection 
curve and it is shown in Figure 17. For the control concrete the stiffness was calculated as 30 kN/mm. The 
stiffness value obtained for BB1 and BB2 is 45.03 kN/mm and 68.24 kN/mm respectively, which is about 1.50 
and 2.27 times more when compared to control concrete beam (B0).
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Figure 16: Ductility factor value for control and basalt fiber fabric beams.

Figure 17: Stiffness of control and basalt fiber fabric beams.

4.2.6. Energy absorption
The beams with basalt fiber fabric wrapping at bottom alone (BB1) and bottom with side faces of the beam up to 
neutral axis (BB2) show maximum energy absorption value which is 1.25 and 1.71 times higher value than with 
control concrete beam (B0). The beam BB2 results in maximum energy absorption when equating with control 
beam (B0) and basalt fiber fabric wrapping at bottom alone (BB1). For control and basalt fiber wrapping beams, 
the energy absorption value is shown in Figure 18.

4.2.7. Energy index
The energy index value for control and basalt fiber fabric wrapped beam is shown in Figure 19. For control 
concrete, the energy index was calculated as 3.66. The basalt fiber fabric wrapping at the bottom alone (BB1) 
gives energy index value of 4.54 and the beam with basalt fiber fabric wrapping at bottom with side faces up to 
neutral an axis (BB2) tends energy index value as 6.12, which is 1.24 and 1.67 times greater when compared to 
control concrete beam (B0).
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Figure 18: Energy absorption of control and basalt fiber fabric beams.

Figure 19: Energy index of control and basalt fiber fabric beams.

4.3. Analytical modeling
The analytical study was carried out to investigate the behavior and strength of PVCC layered and Basalt Fiber 
Fabric Reinforced Concrete beam by developing a numerical model based on finite element method using 
ANSYS. The analysis is performed to correlate this result with the experimental test result of the specimen. 
The concrete was modeled by using the Solid 65 element and steel by Link 8 element. After the solid model is 
constructed, it is meshed to form the finite element model. The material properties such as Poisson ratio, Young’s 
modulus, Density and Tensile strength were adopted while modeling the specimen. The boundary conditions 
used for beam are simply supported condition. The type of analysis done for the entire beam is linear analysis. 
Figure 20 shows the finite element modeling of control, PVCC layered and basalt fiber fabric wrapped beams. 
The loads were applied on the rectangular beam, with an increment load of 10 kN. Then the deflection and 
corresponding load were taken from the solution process. Figure 21 to 22 shows the deflection diagram for 
control, PVCC layered and basalt fiber fabric wrapped beam, respectively. The comparison of the ultimate load 
with experimental test results and analytical test results is shown in Table 1. The analytical ultimate load of 
the control specimen B0 has a 7.07% difference when compared to the experimental result. For the specimen, 
BP3, BB1, and BB2 the difference between the two results is about 4.2%, 4.05%, and 2.5%, respectively. The 
experimental results show higher values than analytical values which are less than 7%. The comparison in 
deflection of experimental test results with analytical test results are shown in Table 1. The difference of 9.84% 
is obtained for B0 specimen. For BP3, BB1and BB2 specimens the difference obtained were 9.33%, 8.4% and 
11.08%, respectively. The analytical deflection values and experimental deflection result shows the difference 
less than 11.08%.
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Figure 20: Finite element model of beam (a) control beam (b) PVCC layered beam and (c) basalt fiber fabric of beam at 
bottom with side faces up to neutral axis.

Figure 21: Deflection diagram for control concrete beam and PVCC layered beam specimen (BP3).

Figure 22: Deflection diagram for basalt fiber fabric beam wrapped at bottom and bottom with side faces up to neutral 
axis.
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5. CONCLUSION
From the evaluation of structural behavior of Polyvinyl Alcohol Cementitious Composite layered and basalt 
fiber fabric wrapped beam, the following conclusions were arrived:

By evaluating the test results of all PVCC layered beam (BP1 to BP5), basalt fiber fabric wrapped beam 
(BB1 & BB2) with control beam (B0), the specimen BP3 and BB2 showed better performance than all other 
specimens. The initiation of first crack was prolonged for the beam specimen BP3 with addition of 1.2% PVA 
fiber in PVCC layered beam. 

For the specimen BP3 with the addition of 1.2% of PVA fiber in PVCC layered beam the ultimate load 
carrying capacity increases by 19.87% when compared with control beam specimen B0. The maximum ductility 
was obtained by the addition of 1.2% PVA fiber in PVCC layered beam which is increased by 54.57% when 
compared to control beam specimen (B0).

The specimen BP3 with the addition of 1.2% PVA fiber in PVCC layered beam shows greater stiffness 
value and it is 54.54% higher than control beam specimen B0. There is a notable energy absorption capacity and 
energy index value is seen for all PVCC beam when compared to control concrete specimen B0.

For the specimen BP3 the energy absorption capacity is increased by 33.08% and energy index is 
increased by 34.99% when compared to control beam specimen B0. For basalt fiber fabric wrapped beam, the 
BB2 specimen in which the basalt fiber fabric wrapped at bottom with side face of the beam up to neutral axis 
performed well when compared to BB1 and B0 specimen.

The first crack load and ultimate load carrying capacity for the basalt fiber fabric wrapped at the bottom 
with side face of the beam up to neutral axis (BB2) was increased than BB1 and B0 specimen. The ductility 
value for the specimen BB2 in which the basalt fiber fabric wrapped at the bottom with side face of the beam up 
to neutral axis is increased by 2.10 times than control specimen B0. The stiffness, energy absorption and energy 
index value of basalt fiber fabric wrapped at the bottom with side face of the beam up to neutral axis shown 
noticeable development when compared to BB1and B0 specimen.
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