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Abstract

The impact of Engineered Cementitious Composite (ECC) on the performance of RC beam column joints
under cyclic load has been examined in the current study. Using the programme Ansys 18.1 to model T-
shape and plus (+) shape beam column joints, analysis was performed both with and without PVA (polyvinyl
alcohol) fibres. PVA fibres were added at the junction of the beam column with percentage increases of
0%, 0.375%, 1.75%, 1.125%, and 1.5%. With these different PVA fibre addition percentages, the behaviour
of the beam column was observed. The load deflection relationship, load bearing capability, stress-strain
curves, and SN curve are among the primary factors taken into account. The analytical findings
demonstrated a significant improvement in load carrying capacity and a decrease in deformation as the
percentage of PVA was increased. The beam column joints with PVA fibres demonstrated incremental load
resistance when compared to beam column joints without PVA, and an increase in stress was noted with
the application of PVA in beam column joints. The analytical findings indicate that replacing PVA fibres in
beam column joints by up to 1.5% can significantly improve structural behaviour.
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1. INTRODUCTION

Reinforced concrete (RC) buildings are the most often built types nowadays. Every day,
new techniques are proposed to enhance the functionality of RC structures and get rid of
their defects. One of the key issues that still confronts these buildings is the inherent
brittleness of concrete. Connections are the most vulnerable and most susceptible
portions of concrete buildings against seismic loads, according to prior earthquake
experience.

Due to the concrete's brittleness in tension and shear under seismic pressures, the
connecting core experiences a brittle shear failure, which causes building structures to
lose their lateral stability. Engineered Cementitious Composites, or ECC for short, exhibit
pseudostrain hardening behaviour with a variety of tensile strain and are categorised as
one of the fibre reinforced cementitious composites. Steel reinforced cementitious
composites, such as ECC, can be used as structural components. Several scientific
institutions have experimented with members.

Because they are used as energy-absorbing components for structural control, improved
materials for flexural members, and other factors, the majority of those specimens are of
the flexural yielding type. For the purpose of designing structural performance, shear
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behaviour must be understood just as flexural behaviour is. Furthermore, it is crucial that
the tensile behaviour of ECC be accurately assessed and that structural performance of
ECC components may be foreseen and developed from the assessment of tensile
behaviour.

Fig 1: Polyvinyl alcohol fibre (PVA)

It was discovered that polyvinyl alcohol can be used as a modifier, aggregate surface pre-
treatment agent, and fibre reinforcement in cement-based composite materials, which is
one of the important uses of PVA. PVA fibres are monofilament fibres that propagate all
through the concrete matrix, producing a multi-directional fibre network, offering
shrinkage supervision, resistance to abrasion, and shielding from thermal expansion and
contraction. It was discovered that polyvinyl alcohol can be used as a modifier, aggregate
surface pre-treatment agent, and fibre reinforcement in cement-based composite
materials, which is one of the important uses of PVA. PVA fibres are monofilament fibres
that propagate all through the concrete matrix, producing a multi-directional fibre network,
offering shrinkage supervision, resistance to abrasion, and shielding from thermal
expansion and contraction. PVA used as a fibre reinforcer PVA fibre, which has higher
strength and elastic modulus than other fibre types (such as polypropylene fibre, nylon
fibre, polyethylene fibre, and others) that are typically used for cement reinforcement, has
the qualities that make it an effective reinforcement for cement-based composite
structures. PVA fibre has several benefits over other fibres, including improved bonding
capabilities with cementitious materials, a strong tensile strength, high elastic modulus,
good dispersibility, great hydrophilicity, and nontoxicity.

2. ANALYTICAL STUDY
Properties of PVA fibres are:
e Densityis 1.3 g/cm3.

e Diameter: 0.039 mm
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e length: 6, 8, and 12 millimetres
e Materials with specific gravities between 1.2 and 1.3 (1200-1300 kg/m3)

e The modulus of elasticity is greater than that of natural fibre, ranging from 25 to 40
Gpa.

e PVA fibre elongation ranges from 6 to 10%.
PVA fibre has a tensile strength range of 880 to 1600 Mpa

The process employed by the Ansys programme is depicted in the flow chart, which starts
with the modelling of beam-column joints, characteristics specification and assignment,
connections meshing, loads and support conditions, and analysis is then carried out to
generate the required results. The T-shape beam-column junction is shown in Fig. 4.1
Auto cad 2D plan. The beam-column measures 400 mm by 400 mm. Four 16 mm dia
bars are used for major reinforcement, and stirrups with two 8 mm dia legs are positioned
300 mm apart. ANSYS 18.1 software is used to model and analyse the beam column
joints with appropriate loads and boundary conditions. There are 2 options for creating
the geometry of the model, the first one is by creating geometry in ANSYS design modeler
and the second one by importing from other design software in particular format like igs,
step, etc. In this present study beam column joints were simulated using ANSYS design
modeler and later analysis has been carried out. Meshing one among the most important
steps in performing an accurate simulation using FEA. The ability of Ansys to mesh helps
to cut down on the time and effort required to btain precise results. Ansys contributes by
creating more effective and automated meshing tools since meshing often takes up a
large percentage of the time needed to obtain simulation results.

Fig 2: AUTOCAD 2D plan of T shape beam column joint
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Fig 3: AUTOCAD 2D plan of Plus (+) shape beam column joint

The crucial processes in performing an effective simulation using FEA is meshing. A
mesh is composed of components that have nodes in them that represent the geometry’s
form.

Uneven forms are difficult for a FEA solver to deal with, but typical shapes like cubes
make it much happy. The action of meshing is the transformation of amorphous forms
into more recognisable volumes, or “elements.”

There two primary categories of meshing in ANSYS workbench:
e Tetrahedral element meshing (tet)
e Hexahedral element meshing (hex)

In comparison to tetrahedral elements, hexahedral elements frequently yield more
accurate outcomes at lower element counts. Tetrahedral components could be the best
option if the geometry is complicated.

These automated or default meshing techniques could be sufficient to get the outcomes
we need. There are other approaches, though, that might give you greater mesh control.
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Fig 4: Hexahedral meshing of T shape and plus (+) shape bean column joint

The boundary condition for the beam column joints were taken as fixed supports at the
two ends of the column, and far end of the beam kept as free. In the static analysis the
loads are applied on the free end of the beam and in dynamic analysis cyclic load has
been applied. The provision for use of PVA fibres in concrete mix ranges from 0.1% to

1.5%, the increase in percentage of PVA fibre used for different shapes and specimens
are 0%, 0.375%, 0.75%, 1.125% and 1.5%.

Table 1. Alternating stress values details

SL NO. CYCLES ALTERNATING STRESS (MPa)
1 10 3999
2 20 2827
3 50 1896
4 100 1413
5 200 1069
6 2000 441
7 10000 262
8 20000 214
9 1E+05 138

10 2E+05 114
1 1E+06 86.2

3. VALIDATION

The below Fig shows the auto cad 2d plan of beam column joint which is used in the
experimental work in journal. Validation has been made to verify the beam column joint
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analytical results extracted from the Ansys 18.1 software with the experimental results of
beam column joints of selected journal paper.
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Fig 6: Deformation of T-beam

Sl | PVA Experimental results Analytical results
No. | % Load (kN) Displacement (mm) | Load (kN) | Displacement (mm)
1 2% 30 15.08 30.125 13.595
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Fig 7: Comparison graph of experimental and analytical results

In the experimental findings, the breaking point of the specimen was at 30 kN for 15.08
mm of displacement for replacement of 2% PVA fibres in the concrete joints. Table 6.2
above illustrates the experimental and analytical results of maximum load and maximum
displacement of beam column joint. Using Ansys 18.1 software, analysis was performed
for identical dimensions and material properties, and the breaking point was found to be
at 30.125 kN, which is nearly identical to the experimental load, and 13.595 mm of
displacement was observed at 2% replacement of PVA fibre. Fig 7 shows a comparison
graph of the experimental and analytical results of load vs. displacement. The difference
between experimental and analytical work can be observed to be within 10%.
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Fig 8: Stress diagram
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4. RESULTS AND DISCUSSION
a. T- Shape Beam Column Joints

Fig 9: Deformation of T-beam
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Fig 10: Comparison of load vs displacement
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Fig 11: Comparison of max and min Load vs Displacement

The comparison of maximum and minimum loads versus displacement of T shape beam-
column joint is shown in the Fig 11. For the 0% PVA specimen, the breaking load was
discovered to be 57.32 kN for a displacement of 38.359 mm, and the specimen with 1.5%
PVA fibre is the specimen with excellent results when compared to other percentages of
PVA fibre and obtained 65.48 kN load at 33.60 mm displacement. These analytical
findings lead to the conclusion that specimens with PVA fibres perform better than
specimens without PVA fibres.
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Fig 12: Comparison of Stress vs strain
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Fig 13: Comparison of max and min Stress vs strain

The comparison of the maximum and minimum stress vs strain of T-shaped beam-column
joints with and without PVA fibres is shown in Fig. 13 above. In the specimens without
PVA fibre, 338.79 Mpa stress was recorded at 0.3639 strain, whereas specimens with
1.5% PVA fibre content showed a higher response to stress vs strain, with 343.07 Mpa
stress recorded at 0.3748 strain. These analytical results allow us to draw the conclusion
that specimens containing PVA fibre with a 1.50% PVA concentration responded more
favourably to stress-strain relationships.

b. Plus (+) Shape Beam-Column Joints
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Fig 14: Stress diagram
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Fig 15: Deformation of plus (+) beam column
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Fig 16: Comparison of Load vs Displacement
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Fig 17: Comparison of max and min Load vs Displacement
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The comparison of maximum and minimum loads versus displacement of Plus (+) shape
beam-column joint is shown in the Fig 17. For the 0% PVA specimen, the breaking load
was discovered to be 63.42 kN for a displacement of 52.15 mm, and the specimen with
1.5% PVA fibre is the specimen with excellent results when compared to other
percentages of PVA fibre and obtained 70.32 kN load at 43.996 mm displacement. These
analytical findings lead to the conclusion that specimens with PVA fibres perform better
than specimens without PVA fibres.
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Fig 18: Comparison of Stress vs strain

The comparison of the maximum and minimum stress vs strain of T-shaped beam-column
joints with and without PVA fibres is shown in Fig. 19. In the specimens without PVA fibre,
390.32 Mpa stress was recorded at 0.509 strain, whereas specimens with 1.5% PVA fibre
content showed a higher response to stress vs strain, with 402.56 Mpa stress recorded
at 0.4953 strain. These analytical results allow us to draw the conclusion that specimens
containing PVA fibre with a 1.50% PVA concentration responded more favourably to
stress-strain relationships.
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Fig 19: Comparison of max and min Stress vs strain
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5. CONCLUSION
The conclusions that may be derived from the findings are as follows.

As the percentage of PVA fibre increased in beam column junction, the load carrying
capacity increased up to 1.5% of fibre replacement.

The section under goes a decrease in deformation as the fraction of PVA fibre in the
beam column junction increases.

Increase in stress was observed as the percentage of PVA fibre increased in beam
column junction.

Analytical results show that specimens of T-shape and plus (+) shape beam-
columns with PVA fibres in the junctions perform better than specimens without PVA
fibre in the junction.
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