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ABSTRACT

This paper deals with the experiment investigations on the Basalt Fibre Reinforced Polymer composites wrapped concrete
specimens for determining the mathematical prediction for retrofitting of concrete specimens. For the past three decades,
fibres are being effectively utilized in engineering fields. Some countries do not have specified codes for structural
designing of Fibre Reinforced Polymer composites. Especially for this situation, the mathematical predictions were
determined by experimentally for Basalt Fibre Reinforced Polymer composites retrofitted concrete. For this experiment,
cubes, cylinders and prisms were cast using Mzo grade concrete to analyze the characteristic strengths. The tests were
carried out with and without Basalt Fibre Reinforced Polymer wrapping and retrofitted after 0%, 30%, 60% and 90%
fatigue loaded or preloaded specimens. The retrofitted specimens with Basalt Fibre Reinforced Polymer wrapping, even
after 90% fatigue loaded possess higher strength than conventional one. The observed readings were analyzed and
mathematical prediction was developed by using readings and graphical representations. From the study, similar results
were observed through experiments and mathematical predictions.
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1.INTRODUCTION

Retrofitting means strengthening the deteriorated or damaged structures with suitable technology for keep the originality
for long service. Retrofitting needs for safeguard the structure for long service and upgrade the load bearing capacity of
structure. Generally, a structure is designed for a particular service period. In this period the structures may be affected
due to fatigues, creep loss, wear, gradual loss of strength, multiple environments effects, natural hazards, etc. In these
conditions, the structures should be retrofitted for extending the service life. In engineering field lot of retrofitting methods
available such as coating, external stressing, grouting, guniting, jacketing, overlaying, re-baring, sealing, stitching,
wrapping, underpinning etc. From these, the wrapping method is very simple and handy method to retrofit structures.
Besides, it does not require heavy tools & skilled labours. In this paper fatigued concrete specimens retrofitted with Basalt
Fibre Reinforced Polymer composite (BFRP) wrapping for determining the strength by mathematical predictonly.
According to that lot of research papers were reviewed and Fibre Reinforced Polymer (FRP) composite wrapping
technique was studied.

The mathematical model was found to predict the effects of FRP lamination and the reduction in the steel reinforcement
area due to corrosion on the beam. This model predicts the flexural response of corroded RC beams laminated using
Carbon Fibre Reinforced Polymer composites (CFRP). Ten identical corroded FRP beams were experimented for
compressive strength and flexural strength. Besides, computed with ACFRP-04 program and examined the accuracy of
the mathematical model and it was found that the model accurately predicted the load-deflection relationship of corroded
FRP beams which was observed in the laboratory [1]. Non-linear analysis had been made to predict the behaviour of
CFRP confined concrete. Using finite element (FE) method, specific expressions for modeling of the non-linear behaviour
of confined concrete specimens were presented. Using this expression CFRP confined specimen was modeled with
ANSYS software. The presented expressions were verified with the results of experiments conducted for axial load and
flexural moment. The result showed suitability of the model in terms of accurately representing the experimental results.
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Using this model, a variety of studies can be done on the confined RC column [2]. Steel fibre reinforced concrete (SFRC)
had been experimented for split tensile strength and a mathematical model was created to predict tensile strength,
knowing the values of % of fibre and aspect ratio. The 50, 60 and 67 aspect ratio fibres in 0%, 1% and 3% volume fraction
were used. SFRC with 3% steel fibre and 50 aspect ratio concrete gave higher tensile strength. Tensile strength was
increased from 9 to 29% by using steel fibre. Besides, experimental results were compared with mathematical model; it
shows fairly accurate results [3]. The compressive and split tensile strength of concrete with 0% to 3% plastic fibres had
been observed and test results were compared. At 1% fibre content get maximum compressive strength, tensile strength
and concrete become light in weight. The experimental results were compared with predicted equation that results were
slightly low while compare with experimental results [4]. Comparison of compressive strength was carried out between
GFRP and CFRP confined concrete after 7 days and 28 days water curing. An empirical model was created to predict the
compressive strength of FRP confined concrete cylinders. Compressive strength of specimens, having fibres along the
circumference was higher than that of the specimen with fibre along the length direction. CFRP specimens were attained
more strength than GFRP specimens [5]. The reliability comparison was done between conventional RC members and
steel fibre RC members using reliability index, which was derived from first order second moment method. Using C**
programme moment carrying capacity of a RC beams with 1% reinforcement and 0.75% steel fibre with aspect ratio of 90.
SFRC absorbed a large amount of energy and hence increased cracking moment and serviceability of the structure. There
was an increase of 72% in the reliability index value [6]. A prediction equation had been presented to study the parameters
of GFRP strengthened corrosion damaged RC columns. An accelerated corrosion technique was used to vary the level of
corrosion on specimen as 0%, 15% and 30% level. Specimens were tested to examine the effectiveness of GFRP
corrosion damaged RC columns. The GFRP wrapping was done with 3 mm and 5 mm thickness for each configuration.
Experimental values were predicted with reasonable accuracy by regression model [7]. Author of this paper determined
the performance of BFRP wrapped specimens under compressive, split tensile and flexural loads with single and double
layer of unidirectional fibre and compared with conventional specimens after 7 days, 14 days and 28 days curing. The
BFRP double wrapped specimens showed more strengths than conventional and single wrapped specimens [10].
Moreover, made clear investigations were carried out on the BFRP retrofitted specimens’ performance. For retrofitting, the
conventional specimens were preloaded to 30%, 60% and 90% of ultimate load of conventional elements; preloaded
elements were retrofitted with BFRP composites by wrapping in two layer. Characteristic strength of 90% preloaded and
retrofitted specimens were relatively more than conventional specimens [11-12]. In addition to this, studied durability
aspects of the BFRP wrapped specimens by examining its resistance against heat and acid attack. Retrofitted specimens
were much durable than conventional specimens [13].

The main objective of this research is to find out the mathematical prediction for specimens retrofitted with BFRP wrapping
and validate it with experimental results.

2. MATERIALS AND METHODS

For this experiment 43 grade OPC cement was used as binding material and its properties were tested as per
specifications of IS 8112 & IS 4031 (part 4 to 15) [14-15].

Table 1. Properties of ingredients

Description of Properties of materials

Materials
Cement — OPC 43 Specific gravity -3.15 kg/m; fineness -227.8 m°/kg; initial setting time -45 min; Final setting
Grade time -585 min; standard consistency -36%.
Fine Agareqate Good river sand; size - 4.75 mm and down size; specific gravity -2.8 kg/m>; Fineness modulus
9greg -3.1%; water absorption -0.5%; surface texture —Smooth; particles shape- Angular.
Coarse Aqaregate Specific gravity -2.8 kg/m>; fineness modulus -7.5%; Impact value -15.2; water absorption -
9areg 0.5%; Particle shape —Angular; crushing value -18.6; particles shape- Angular.
Water Good potable; p” Value- 7.61; chloride - 420 ppm; sulphite -10ppm; suspended (TDS) - 890
ppm.
Basalt Unidirectional Structures weaving — UD; weight — 450 gram/m?; thickness — 0.36 mm; width 600 mm; warp
Fabric alone.

Aspect (visual) - white viscous paste; viscosity at 25 °C - 70000 - 90000 [mPa s]; density at 25
°C (ISO 1675)- 1.0 [g/cm3]

Aspect (visual)- clear, pale yellow liquid; viscosity at 25 °C (ISO 9371B) - 10000 - 12000 [mPa
s]; density at 25 °C (ISO 1675) - 1.15 - 1.20 [g/cm3].

Epoxy (Hardener)

Epoxy (Resin)

Steel — RTS — Fe 415 Yield strength — 469.3 N/mm”
Water Good potable; p" Value- 7.61; chloride - 420 ppm; sulphite -10ppm; suspended (TDS) - 890
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Locally available river sand were used as fine aggregate. The properties of both fine aggregates and coarse aggregates
were tested as per IS 383 — 1970 specifications [16]. The properties of water were tested as per IS 3025 [17]. Basalt uni-
directional fibres were used for confinement of specimens by using epoxy adhesive; the properties were obtained from the
technical data sheet which was collected from manufacturer's m/s GBF Zhe Jiang Basalt Fibre Co., Ltd., China [18].Epoxy
properties were collected form manufactures website [19]. Based on the materials test results, the M30 grade concrete
was designed for specimens casting and testing as per IS code 10262 — 2000 [20].The properties of the ingredient
materials are enlisted in Table 1.Specimens like cubes (150mm x 150mm x 150mm), cylinders (150 mm dia. & 300mm
length) and prisms (100mm x 100mm & 500 length) were cast and tested for finding out the characteristic strengths such
as compressive, split tensile and flexural strengths respectively after 7 days, 14 days and 28 days of curing as per Table 2
schedule. The tests were carried out in compressive testing machine and UTM as per IS code 516 — 1954 [21].
Experimental results were observed, analyzed and tabulated in Table 3.

ppm.

Table 2. Schedule for casting and testing of specimens

Conventional BFRP single wrap BFRP double wrap
Specimens Orientation
7 14 28 7 14 28 7 14 28 of fibre
days days days days days days days days days
Cubes 3 3 3 3 3 3 3 3 3 Hoop
Cylinders 3 3 3 3 3 3 3 3 3 Hoop
Prisms 3 3 3 3 3 3 3 3 3 Vertical

Experimental test results shows that BFRP wrapped specimens obtained more strength than conventional specimens.
BFRP double wrapped specimens possess more strength than that of conventional specimens and single wrapped
specimens. Based on the initial studies, BFRP double wrapping was adopted as the retrofitting technique for the further
studies as it can bear more loads.

Table 3. Mean ultimate characteristicstrengths of concrete specimens

2
Specimens & Geometries in Curing Ultimate characteristic stress in N/mm
mm period Conventional Single BFRP Double BFRP
wrapping wrapping
7 days 26.37 32.67 36.67
Cube &150 x 150 x
150(Compressive strength) 14 days 31.18 85.77 47.25
28 days 35.70 41.40 53.77
7 days 3.13 4.12 5.75
Cylinder &150 @& 300
length(Split tensile strength) 14 days 3.53 5.2 7.64
28 days 3.97 6.25 8.18
7 days 2.64 4.81 7.08
Prism &100 x100 x 500 length
(SFlexural strength) 14 days 3.59 6.75 8.10
28 days 4.18 9.28 10.15

The following procedures were followed for preparation of concrete specimens for retrofitting works. After 28 days of
normal curing, the conventional specimens were fatigue load or preloaded with 30%, 60% and 90% of ultimate
characteristic loads. Then the preloaded specimens were confined or wrapped with basalt uni-directional fibre by using
epoxy adhesive with cited orientation; it is given in Table 2. After that the specimens were kept idle for 36 to 48 hours for
setting of BFRP wraps. After setting, the specimens like cubes, cylinders and prisms were tested in compressive testing
machine and UTM for finding out the compressive strength, split tensile strength and flexural strength respectively. The
test setups are given in Figure 1. The test results were obtained, analyzed and tabulated in Table 3 and plotted in Figure
2-4.
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Fig. 1: Concrete specimens casting and testing details
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Cylinders split tensile strength
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Fig. 3: Split tensile test on cylinders
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Fig. 4: Flexural test on prisms

3. RESULTS AND DISCUSSION
3.1 Performance of specimens

The mean compressive strength of conventional, BFRP single wrapped, BFRP double wrapped cube specimens are 35.70
N/mm?, 41.40 N/mm? and 53.77 N/mm? respectively which is tabulated in Table 3. The double BFRP wrapped specimens
showed more strength than conventional and BFRP single wrapped cube specimens. This increment in strength is due to
the enhancement of stiffness and slight increase in moment of inertia caused by the BFRP layers.

Figure 2 shows that the cube specimens retrofitted with BFRP double wrapping after 30% 60% and 90% of fatigue loading
or preloading were attained more compressive strength than conventional specimens. The double layer wrapping of BFRP
on 90% fatigue loaded cube specimens showed 1.42 times increase of strength than the conventional specimens.

Similarly, the mean split tensile strength of conventional, BFRP single wrapped, BFRP double wrapped cylinder
specimens are 3.97 N/mm?, 6.25 N/mm? and 8.18 N/mm? respectively as tabulated in Table 3. The double layer BFRP
wrapped specimens possess more strength than conventional and BFRP single wrapped specimens.

Figure 3 shows that the cylinder specimens retrofitted with BFRP double wrapping after 30% 60% and 90% of fatigue
loading or preloading attained more split tensile strength than conventional specimens. The double layer wrapping of
BFRP on 90% preloaded elements enhances the strength by 1.86 times than the conventional specimens.

Similarly, the mean flexural strength of conventional, BFRP single wrapped, BFRP double wrapped prism specimens are
4.18 N/mm?, 9.28 N/mm? and 10.09 N/mm? respectively; it is also given in Table 3. The double BFRP wrapped specimens
were attained more strength than conventional and BFRP single wrapped specimens.
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Figure 4 shows that the prism specimens retrofitted with BFRP double wrapping after 30% 60% and 90% of fatigue
loading attained more flexural strength than conventional specimens. BFRP double wrapping on 90% preloaded
specimens enhances the strength by 2.25 times the strength of conventional specimens. The orientation of the fibre warps
along the vertical direction plays a predominant role in enhancing the flexural and tension strength of the prism specimens.
From the experimental results and observed data, mathematical predictions were determined with constants for
compressive stress, split tensile stress and flexural stress of cubes, cylinders and prisms respectively.

3.2 Determination of mathematical prediction for cube compressive stress

Characteristic compressive strength of the concrete mix fck = 30 N/mm2 (1)
Experimental characteristics compressive stress of concrete cubes fcke = k1l fck (2
Where, klis a constant and its value is arrived as 1.19 for all design calculation.

Characteristic compressive stress of BFRP double wrapped concrete cube fckw = fcke Cc ?3)
Where, Cc is a concrete cube constant and its value is arrived as 1.5 for all design calculation.

Compressive strength of retrofitted concrete cubes fckr = fckw Re or k1fck CcRe 4)

Where, the value of Rc retrofitting constant is taken from graph shown in Figure 5 which is arrived based on experimental
results.

For BFRP double wrapped cube specimens preloaded to 30%, the mean compressive strength of conventional cube is
calculated from constants as follows:

Using eqn. (4) Ultimate stress of retrofitted specimens fckr=  fckw Rc or k1 fck CcRc
Rc value is taken as 0.994 from graph shown in Figure 5.

=1.19 x 30x 1.50 x 0.994

=53.22 N/mm2

BFRP double wrapped cube specimens preloaded to 60%, the mean compressive strength of conventional cube is
calculated from constants as follows:

Rc value is taken as 0.98 from graph shown in Figure 5.
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Fig. 5: Retrofitting constant R; for compressive strength
Using eqgn. (4) Ultimate stress of retrofitted specimens fckr =1.19x 30 x1.50 x 0.98
=52.47 N/mm2

BFRP double wrapped cube specimens preloaded to 90%, the mean compressive strength of conventional cube is
calculated from constants as follows:

Rc value is taken as 0.90 from graph shown in Figure 5.

Using eqn. (4) Ultimate stress of retrofitted specimens fckr =1.19x 30x 1.50 x 0.90
=50.33 N/mm2

3.3 Determination of mathematical prediction for split tensile stress
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For M30 grade concrete cylinders, split tensile stress fc = 0.7Vfck N/mm2 5)
Experimental characteristic split tensile stress of concrete cylinders fce = k1fc (6)
Where, klis a constant and its value is arrived as 0.996 for all design calculation.

Characteristic split tensile stress of BFRP double wrapped concrete cylinders fcw = fce Ct @)
Where, Ctis a concrete cylinder constant and which is arrived as 2.145 for all design calculation.

Split tensile strength of retrofitted concrete cylinder fckr = few Rt or k1fc CtRt (8)

Where, Rt retrofitting constant value is taken from graph shown in Figure 6 which was developed based on experimental
results.

For BFRP double wrapped cylinder specimens preloaded to 30%, the mean split tensile strength of conventional cylinder
is calculated from constants as follows:

Using eqn. (8) Ultimate stress of retrofitted cylinder specimens fckr = fcw Rt or k1fck Ct Rt
Rt value is taken as 0.8725 from graph shown in Figure 6.

=0.996 x (0.70 V30) x 2.145 x 0.8725

=7.146 N/mm2
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Fig.6: Retrofitting constant Rt for split tensile strength

For BFRP double wrapped cylinder specimens preloaded to 60%, the mean split tensile strength of conventional cylinder
is calculated from constants as follows:

Using eqn. (8) Ultimate stress of retrofitted cylinder specimens fckr = fcw Rtor k1fck Ct Rt
Rt value is taken as 0.8685 from graph shown in Figure 6. =0.996 x (0.70 V30) x 2.145 x 0.8685 = 7.113 N/mm2

BFRP double wrapped cylinder specimens preloaded to 90%, the mean split tensile strength of conventional cylinder is
calculated from constants as follows:

Using eqn. (8) Ultimate stress of retrofitted cylinder specimens fckr = fcw Rtor k1fck Ct Rt

Rt value is taken as 0.85 from graph shown in Figure 6.
=0.996 x (0.70 V30) x 2.145 x 0.85
=6.962 N/mm2

3.4 Determination of mathematical prediction for flexural stress
For M30 grade concrete prisms, flexural stress fp = 0.7Vfck N/mm2 9)
Experimental characteristic flexural stress of concrete prisms fpe = k1fp (20)

Where, k1lis a constant and its value is arrived as 1.085 for all design calculation.

Characteristics flexural stress fckwof BFRP double wrapped concrete cube is fpw = fpe Cf (112)
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Where, Cf is a concrete prism constant and its value is arrived as 2.426 for all design calculation.

Flexural strength of retrofitted concrete prism fckr = fpw Rf or k1fck Cf Rf (12)
Where, Rf retrofitting constant value is taken from graph shown in Figure 7 which was arrived based on experimental
results.
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Fig. 7: Retrofitting constant Rf for flexural strength

For BFRP double wrapped prism specimens preloaded to 30%, the mean flexural strength of conventional prisms is
calculated from constants as follows:

Using eqn. (12) Ultimate stress of retrofitted prism specimens fpr = fpw Rf or k1fck Cf Rf

Rf value is taken as 0.97 from graph shown in Figure 7.
=1.085x (0.70 \/30) X 2.426 x 0.97
=9.789 N/mm2

BFRP double wrapped prism specimens preloaded to60%, the mean flexural strength of conventional prisms is calculated
from constants as follows:

Using eqn. (12) Ultimate stress of retrofitted prism specimens fpr = fpw Rf or k1fck Cf Rf

Rf value is taken as 0.94 from graph shown in Figure 7.
=1.085 x (0.70 V30) x 2.426 x 0.94
=9.486 N/mm2

BFRP double wrapped prism specimens preloaded to 90%, the mean flexural strength of conventional prisms is calculated
from constants as follows:

Using eqn. (12) Ultimate stress of retrofitted prism specimens fpr = fpwRf or k1fck CfRf

Rf value is taken as 0.91 from graph shown in Figure 7.
=1.085 x (0.70 V30) x 2.426 x 0.91
=9.183 N/mm2

From the Table 4, the values of the mathematical prediction resemble with the experimental results; no major changes are
observed between them. Hence, the mathematical prediction can be incorporated for calculation of the strength of
retrofitted specimens theoretically.

Table 4. Theoretical and Analytical Results
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Characteristic stress of BFRP double
wrapped concrete specimens in N/mm?2
Type of specimens
Experimental Mathematical
Results Prediction

BFRP double wrapped cubes 53.77 53.77
30% Preloaded & Retrofitted with BFRP cubes 53.24 53.22
60% Preloaded & Retrofitted with BFRP cubes 52.75 52.47
90% Preloaded & Retrofitted with BFRP cubes 50.73 50.33
BFRP double wrapped cylinders 8.18 8.18
30% Preloaded & Retrofitted with BFRP cylinders 7.32 7.10
60% Preloaded & Retrofitted with BFRP cylinders 7.22 7.07
90% Preloaded & Retrofitted with BFRP cylinders 7.12 6.92
BFRP double wrapped prisms 10.09 10.09
30% Preloaded & Retrofitted with BFRP prisms 9.93 9.78
60% Preloaded & Retrofitted with BFRP prisms 9.91 9.48
90% Preloaded & Retrofitted with BFRP prisms 9.37 9.18

4. CONCLUSION

The experimental results prove that BFRP wrapping aids in increasing the strengths both in normal concrete and
retrofitted specimens. The BFRP retrofitted after 30%, 60% and 90% of fatigue loading or preloading cube specimens
withstood compressive strength 1.49 times, 1.47 times and 1.42 times more than the conventional ones. Similarly, the
cylinders withstood split tensile strength 1.91 times, 1.89 times & 1.86 times and the prisms withstood flexural strength
2.38 times, 2.38 times & 2.25 times more than the conventional ones. The BFRP wrapped in length directions resist
against deformations and thus enhancement in tensile strengths. BFRP warp orientation in hoop direction over the
specimens withstands more compressive strength and split tensile strength than conventional specimens. Moreover, the
elastic behaviours of BFRP wrapped specimens are more effective than the conventional. The novelty mathematical
prediction evaluated from this study; can be used for finding out the strength parameters of fatigue loaded and retrofitted
specimen. The formula can also be used to find out the load carrying capacity of retrofitted existing structural elements on
site. Future research should be made to focus on the application of this prediction in designing of RCC elements and
preparation of standards.
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